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Dual Effect of Calcium on Erythrocyte
Membrane Contraction

L. MIRCEVOVA, L. VIKTORA, H. REHACKOVA

Institute of Haematology and Blood Transfusion, U nemocnice 1, 128 20 Prague 2,
Czechoslovakia

(Received 10 August, 1987; accepted 16 November, 1987)

Effect of different calcium concentrations on erythrocyte ghost shape and size
has been studied. Erythrocyte ghosts are smallest at approximately 10 «M of total
calcium content and in the absence of EDTA; both decrease and increase of free Ca?™
results in expansion of ghosts. Changes in erythrocyte ghost size occur at equal Ca**
concentrations which, as it has been already found, alter ATPase activity of contractile
membrane protein. The possibility is discussed that under physiologic conditions
contractile membrane protein causes weak membrane contraction which differs from
aphysiologic membrane shrinkage brought about particularly by cross-bridges at
high Ca*™ concentrations.

Keywords: calcium, contractile membrane protein, erythrocyte ghost shape,
physiologic membrane contraction

Introduction

Since the 1960-s it has been known that ATP depletion accompanied by
Ca** accumulation is responsible for expressive alterations in erythrocyte shape
viz. disc-sphere transformation [1, 2]. Moreover, ATP and Ca** are known to
produce erythrocyte ghost contraction [3—5], and to effect the size of Triton
shells [6, 7] and the viscosity of erythrocyte membranes [8, 9].

Our assumption that most of these alterations are caused by conformation
and association changes of a contractile membrane protein has been confirmed
by the detection of myosin in the erythrocyte membrane [10]. Studying its ATPase
activity (previously termed Mg-ATPase or spectrin-dependent ATPase), we ob-
served that it is unusually dependent on Ca** concentrations. ATPase activity is
low in the absence of, or at very low concentrations of Ca**; with increasing Ca**
concentration it increases towards maximum (apparent dissociation constant
K, is 0.61 uM). After achieving the maximum, further increase of Ca** con-
centration inhibits the ATPase activity — the higher the Ca”** concentration, the
stronger the inhibition of the ATPase activity [11].

The aim of our work was to determine whether there is an analogy between
the effect of Ca®* on the ATPase activity of contractile protein and its effect
on the shape and/or size of erythrocyte ghosts. Our results indicate an analogy
— when Ca®* concentration is physiologic, the membrane is slightly contracted.

VSP Utrecht, Tokyo
1* Akadémiai Kiado, Budapest



4 L. Miréevova, et al.: Erythrocyte membrane and calcium

Materials and Methods
Preparation of erythrocyte ghosts

Fresh blood from healthy donors was used. Four parts of blood were added
to one part of ACD solution (1.4 g sodium citrate, 0.5 g citric acid, 2.5 g glucose,
H,O ad 100 ml). Erythrocytes were isolated by centrifugation and washed with
saline. One part of washed erythrocytes was hemolysed with 18 parts of 10 mM
Tris-HCI buffer (pH = 7.4) or 10 mM HEPES buffer (pH = 7.3) with 1 mM
NaCl and 9 mM KCI and with or without addition of 1 mM ATP, 2 mM MgCl,,
0.1 mM EDTA and CaCl, at different concentrations. Erythrocytes were hemo-
lysed for 10 minute at 4 “C, then hypotonic hemolysates were adjusted to isotonic-
ity by addition of 2 parts of hypertonic solution and incubated for 30 minutes at
37 °C; the procedure resulted in formation of erythrocyte ghosts with a certain
amount of hemoglobin (dark sites on microphotographs). The composition of
the final isotonic solutions was 10 mM Tris-HCI buffer (pH = 7.4) or 10 mM
HEPES buffer (pH = 7.3), 125 mM NaCl, 25 mM KClI with or without addition
of I mM ATP, 2 mM MgCl,, 0. mM EDTA and CaCl, at different concentra-
tions. The concentration of calcium given in the “Results™ is the calculated con-
centration of free Ca** ions (hereafter called Ca®*); the calculation of Ca** has
been described in our previous work [11].

Fixation by glutaraldehyde

Two parts of glutaraldehyde solution (1% glutaraldehyde in 0.135 M of
phosphate buffer, pH = 7.2) were added to | part of the erythrocyte ghost sus-
pension (see above). After 30-minute standing at room temperature, the ghost
suspension was centrifuged and one part of 509, ethylalcohol, was added to one
part of packed ghost. The obtained suspension was used for the preparation of

smears.
Evaluation of preparations

Morphologic evaluation of native preparations was performed using a phase
contrast microscope. A light microscope was used for evaluation of stained prepa-
rations both fixed and unfixed by glutaraldehyde. Staining was performed accord-
ing to the Pappenheim technic, using May-Griinwald and Giemsa solutions.

Results
Native preparations of erythrocyte ghosts were studied in a moist chamber

and compared with those evaluated after fixation and staining. The latter were
more convenient for evaluation, as they were in a static condition and their struc-
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ture was more distinct, however, they were less homogeneous than those in the
native preparations; the stained preparations without fixation by glutaraldehyde
were very similar to those fixed by glutaraldehyde, but less dsitinct.

Further on, erythrocyte ghosts were denominated for simplification as nor-
mocytes, microcytes, macrocytes, echinocytes, etc.

In the presence of ATP and magnesium changes in Ca®* concentration caused
the following changes in the shape of erythrocyte ghosts:

After addition of 0. mM EDTA, i.e. at Ca®* concentration lower than

L3
Fig. 1. Effect of 0.1 mM EDTA and 10 mM Ca®* on erythrocyte ghost shape in the presence
of 1 mM ATP and 2 mM MgCl,. Given Ca*" concentration is the initial concentration of
Ca®" added to erythrocyte ghosts before their resealing and 30-minute incubation (at 37 °C)
in Tris buffer (pH = 7.4). Photographs of stained preparations. a) + 0.1 EDTA;
b) + 10 mM Ca**. Bar = 10 um

Haematologia 22, 1989



6 L. Miréevova, et al : Erythrocyte membrane and calcium

10 nM, smooth macrocytes were present in the preparations (Fig. l1a). In some
samples, however, the erythrocyte ghosts were rather crenated.

At 0.6 uM and 50 uM Ca** concentrations, the shape of erythrocyte ghosts
was much alike; the smooth erythrocyte ghosts were somewhat larger (Fig. 2b)
than the control samples to which no Ca** and EDTA were added (Fig. 2a). In
some preparations echinocytes of the same size as control samples occurred most
frequently. At 2 uM and 10 uM Ca** concentrations, erythrocyte ghosts were
slightly crenated normocytes.

Fig. 2. Effect of 50 um Ca*" on erythrocyte ghost shape in the presence of | mM ATP and

2 mM MgCl,. Given Ca*" concentration is the initial concentration of Ca** added to ery-

throcyte ghosts before their resealing and 30-minute incubation (at 37 “C) in HEPES buffer

(pH = 7.3). Photographs of stained preparations after fixation by glutaraldehyde. a) control

without addition of Ca**; b) 4+ 50 uM Ca**. Bar = 10 um, i.e. the same magnification as
in Fig. 1

Haematologia 22, 1989
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At 200 uM Ca** concentration anisocytosis was found. Apart from smooth
macrocytes, ghosts of different size and of different degree of crenation occurred.
The anisocytosis was even more apparent after addition of 1 mM Ca®*. In the
samples macrocytes of different size prevailed; some of them were smooth, others
crenated and with some invaginations remindig of erythrocyte ghosts illustrated
in Fig. 3a.

At 10 mM Ca’* concentration, smooth macrocytes with atypical cup-like
shape were most frequent, some of them were wrinkled (Fig. 1b).

Fig. 3. Effect of 10 uM Ca®T and 100 M Ca*™ on erythrocyte ghost shape; no ATP and
MgCl, added. Given Ca** concentration is the initial concentration of Ca** added to ery-
throcyte ghosts before their resealing and 30-minute incubation (at 37 °C) in HEPES buffer
(pH = 7.3). Photographs of stained preparations after fixation by glutaraldehyde. a) 4+ 10
uM Ca*t; b) 4+ 100 uM Ca**. Bar = 10 um, ie. the same magnification as in Fig. 1

Haematologia 22, 1989



8 L. Miréevorva, et al.: Erythrocyte membrane and calcium

In samples with no ATP and magnesium added, alterations in the shape of
erythrocyte ghosts appeared in response to even smaller changes in Ca®* con-
centration than is samples with ATP and magnesium.

In the presence of 0.1 mM EDTA, without addition or at a low concentra-
tion of Ca**, erythrocyte ghosts were hardly visible or even desintegrated. There-
fore we evaluated only control samples and samples with Ca**, but without addi-
tion of EDTA. Control erythrocyte ghosts incubated without addition of ATP
and magnesium were somewhat larger than those incubated in their presence and
their diameter was similar to ghosts shown in Fig. 2b.

The addition of 10 uM Ca** only caused significant changes in the shape
and size of erythrocyte ghosts. Macrocytes, either smooth or with some invagina-
tions and protrusions, prevailed in the samples and also atypical echinocytes were
present (Fig. 3a). Further increase of Ca®* concentration up to 100 uM Ca**
caused a further enlargement of erythrocyte ghosts (Fig. 3b). Most of the macro-
cytes had a smooth atypical cup-like shape and were larger than erythrocyte
ghosts incubated with 10 uM Ca®*.

Discussion

When calculating the initial concentration of Ca**, the linkage of Ca®* to
different binding sites in the membrane has not been included in the calculation.
The membrane has several calcium binding sites; to some of these Ca** binds
already at physiologic concentrations [12—15], and to others only at high aphys-
iologic concentrations [12, 15].

The actual Ca®* concentrations in erythrocyte ghosts at the time of their
morphological evaluation were substantially lower than the initial high Ca**
concentrations stated above since, in the presence of ATP and magnesium, Ca®*
is expelled from erythrocyte ghosts by the Ca-pump.

Homogeneity of ghost samples is probably influenced by the difference in
age of erythrocytes; older erythrocytes contain a higher amount of calcium in
their membrane, and their ghosts are therefore more sensitive to further addition of
calcium than the ghosts from younger erythrocytes [16].

Smooth normocytes were prepared in control samples in which total calcium
level, measured by an atomic absorption spectrophotometer, was about 10 M.
At this concentration ATPase activity of contractile membrane protein was high
[11]. At 0.6 uM Ca** concentration, which corresponds to the value of apparent
dissociation constant for ATPase activity of contractile membrane protein, ery-
throcyte ghosts were somewhat larger than the control samples incubated without
addition of Ca®* and EDTA} in some samples crenated normocytes were found.
As we failed to prepare smooth normocytes using Ca-EDTA solutions, we were
unable to determine the exact Ca®* concentration needed for their existence.

Our results demonstrate that large, smooth erythrocyte ghosts occur at
both low and high Ca*' concentrations when ATPase activity of contractile
membrane protein is inhibited [11]. Initial 10 mM Ca®* concentration seems to

Haematologia 22, 1989
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be rather high, but due to Ca-pump activity, the actual Ca** concentration is
reduced after 30-minute incubation with ATP and magnesium at 37 °C. At this
Ca®* concentration the shape of erythrocyte ghosts is probably not an artefact,
since much larger macrocytes can be found in samples incubated at 100 uM Ca®*
or even at 10 uM Ca** concentration without addition of ATP and magnesium.

The formation of macrocytes observed at low concentrations of Ca®* confirms
the hypothesis that the membrane, due to Ca®" release, expands [17]. However,
the membrane expands also at high Ca** concentrations. Rand [18] reported that
there is a tension in the membrane of normal smooth biconcave erythrocytes.
We suggest that this tension is the result of a weak physiologic membrane con-
traction brought about under physiologic conditions by a contractile membrane
protein. Both at low and at high Ca®* concentrations this contraction is weaker
or it does not occur at all — and the membrane expands. The physiologic contrac-
tion rather differs from aphysiologic membrane shrinkage which at high Ca**
concentrations in erythrocytes is due to the formation of aphysiologic cross-
bridges [19] — and probably also to the formation of the bridges among negative
charges in the membrane [20].

We suggest that macrocytes and echinocytes do not differ as much as they
may seem to at first glance. The membrane contraction is decreased in both
macrocytes and echinocytes. This decrease is homogeneous in macrocytes, while
in echinocytes protrusions appear on the membrane surface. Of course, there are
also other factors responsible for the formation of echinocytes; they may be
formed, e.g., by interference with a lipid bilayer [21].

The way in which Ca®* effects the membrane contraction has not been
precisely defined yet. In theory, the following events may occur: altered interaction
of actin with myosin or with spectrin and band 4.1 [22], the effect of Ca** on the
interaction of myosin with tropomyosin which has been demonstrated in the
erythrocyte membrane, too [23]; the effect of Ca** on actin polymerization [24],
which may be of particular importance when actin is present in the membrane in
a filamentous form as suggested by Weinstein et al. [25].

The formerly rather static conception of the membrane structure is today
gradually replaced by a more dynamic view. We suggest that the shape of a
smooth biconcave normocyte depends on dynamic equilibrium among particular
membrane components where actomyosin contractile protein plays an important
part — and Ca®* is one of the regulators of its activity.
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Alpha Fetoprotein Inhibits Aggregation of
Human Platelets
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The effect of human alpha-fetoprotein (AFP) on platelet aggregation induced
by physiological (ADP, PAF, collagen, arachidonic acid) and aphysiological (iono-
phore A 23 187) activators was investigated

It was found that AFP at the concetrations of 60— 750 ug/ml, i.e. far below that
observed in human blood, inhibits platelet aggregation induced by physiological acti-
vators.

Platelet aggregation induced by arachidonic acid was two-four times more
sensitive to inhibition by AFP than that induced by other physiological agonists,
whereas aggregation induced by A 23 187 was not affected by AFP even at concentra-
tion of 750 pg/ml.

Keywords: human alpha-fetoprotein, human platelets, platelet aggregation

Introduction

Alpha-fetoprotein (AFP) is the major plasma protein of vertebrate embryos
including man [1]. Mammalian AFP is a 70.000 dalton glycoprotein mainly
synthesized by the fetal liver and yolk sac [1, 2, 3]. AFP present in fetal blood in
milligram amounts [2, 4] disappears during the postnatal period, decreasing to
nanogram amounts normal in the blood of adults [5].

Structural [6, 7] and immunochemical [8] similarities of AFP to albumin
as well as the fact that the concentrations of AFP and albumin in fetal and normal
adult blood are in inverse relation [2, 4, 5] suggest that AFP is a fetal analogue of
albumin. Like albumin, AFPs from different species, including man, are capable
of binding estrogens [9], bilirubin [10], copper [11] and polyunsaturated fatty
acids [12, 13, 14].

The biological significance of AFP during embryogenesis has not been
completely elucidated. Some authors suggest that it may be related to the fact that
this protein shows an extremely high capacity for binding fatty acids, mainly
docosahexaenoic (22: 6) and arachidonic (20: 4) acids [15].

Recent observations of Aussel et al. suggest that one of the best ligands
binding with AFP is arachidonic acid [16, 17]. Since arachidonic acid is the major
substrate in blood platelets for the synthesis of thromboxane A, and some
prostaglandins, which are crucial for platelet activation, we were interested in
whether AFP affects platelet aggregation.

VSP Utrecht, Tokyo
Akadémiai Kiads, Budapest



12 M. Czokalo, M. Tomasiak : Alpha-fetoprotein and platelet aggregation

Materials and Methods

Collagen was the product of Hormonchemia, Munich, FRG. ADP (Na
salt), arachidonic acid and crystalline human albumin were from Sigma (St.
Louis, MA., USA). Tonophore A 23187 and synthetic PAF (1 —0-alkyl-2-acetyl-
sn-glyceryl-2-phosphorylcholine) were supplied by Calbiochem (La Jolla, CA.,
USA).

Alpha-fetoprotein (AFP) was isolated from serum of human cord blood
taken during preterm labor, according to the method described previously;
purified and tested by polyacrylamide gel electrophoresis, isoelectric focusing and
immunoelectrophoresis [18].

Albumin was defatted as described by Chen [19] and dialysed according to
Hanson and Ballard [20].

Preparation of platelet rich plasma

Blood from non-pregnant healthy volunteers (25—40 years of age) who
had not taken any medication for at least 10 days was collected into 3.8 9, (w/v)
sodium citrate, one volume per nine volumes of whole blood. Platelet rich plasma
(PRP) was obtained by centrifugation of the blood in plastic tubes for 20 min
at 120 g at room temperature. Platelet number in PRP was determined with a
phase contrast microscope according to standard laboratory technique and adjust-
ed to 250 000/mm® by mixing of PRP with platelet poor plasma.

Assay of aggregation

Platelet aggregation was followed turbidimetrically according to Born [21]
by recording the light transmission through a stirred platelet suspension in a
plastic cuvette of an aggregometer at 37 “C. Samples of PRP (300 ul) were incu-
bated for 2 min at 37 “C without (control) and with AFP in an aggregometer.
Samples were stirred before the inducer was added. For each PRP sample, the
threshold aggregating concentrations (TAC), defined as the minimum amount
of the stimulus that induced at least 709, increase in light transmission within
3 min was selected. Inducers were used at their threshold aggregating concentra-
tions, or at the concentration which was two times higher than the threshold
one. Solutions of arachidonic acid and A 23 187 were prepared as previously
described [22, 23]. ADP was dissolved in 0.15 M NaCl and the pH of the solution
was adjusted to 7.3 by 0.2 M NaOH. AFP was used as a solution in phosphate
buffered saline. No additions exceeded 30 ul. All experiments were performed at
least in triplicate, using 7— 10 different platelet preparations.

Haematologia 22, 1989



M. Czokalo, M. Tomasiak : Alpha-feroprotein and platelet aggregation 13

Results

The arachidonic acid-induced aggregation curves are shown in Fig. 1. The
aggregation of platelets induced by threshold aggregating concentration of agonist
was almost totally inhibited when the concentration of AFP reached 125 pg/ml
(Fig. 1A). The aggregation induced by a higher than threshold aggregating con-
centration of arachidonic acid was inhibited by an approximately two times higher
(i.e. 250 pug/ml) concentration of AFP (Fig. 1B).

Figures 2 and 3 show the results of similar experiments with ADP and PAF
as agonists. In these cases, a dose-dependent inhibition of platelet aggregation by
AFP was observed, and the inhibitory effect was much weaker when the aggrega-
tion was induced by higher than threshold aggregating concentrations of ADP
(Fig. 2B) and PAF (Fig. 3B). In these cases the total inhibition of platelet aggrega-
tion (at threshold aggregating concentrations of ADP and PAF) induced by both
agonists was observed at higher concentration of AFP, i.e. about 250 ug/ml
(Figs 2A and 3A).

Figure 4 demonstrates similar results, i.e. dose-dependent inhibition of
collagen induced platelet aggregation with weaker inhibitory effect at higher than
threshold aggregating concentration of agonist. In these case, however, the total

2 100~ & 100~
5 5
g a) 8 b)
: ;
[}
€ V 0
: 0 = 125
£ &d £
o o
g =
50+ 50 —
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l 250
1 125
fo] = ,___11""" ot 1min

Fig. 1. Arachidonic acid (AA) induced platelet aggregation without (O) and in the presence
of AFP (60— 250 xg/ml of PRP). Threshold aggregating concentrations (TAC) of arachidonic
acid (A) and that double of TAC (B) were used to induce aggregation
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Fig. 2. ADP induced platelet aggregation without (O) and in the presence of AFP (125— 500
ug/ml of PRP). Threshold aggregating concentrations (TAC) of ADP (A) and that double

of TAC (B) were used to induce aggregation
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Fig. 3. PAF induced platelet aggregation without (O) and in the presence of AFP (60— 250
ug/ml of PRP). Threshold aggregating concentrations (TAC) of PAF (A) and that double of
TAC (B) were used to induce aggregation
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Fig. 4. Collagen induced platelet aggregation without (O) and in the presence of AFP (250—
750 ug/ml of PRP). Threshold aggregating concentrations (TAC) of collagen (A) and that
double of TAC (B) were used to induce aggregation

inhibition of aggregation (at threshold aggregating concentration of agonists)
was observed in the presence of AFP at the concentration of 500 pg/ml.

Table 1 shows that AFP did not affect platelet aggregation induced by
ionophore A 23 187 even at very high concentrations. Defatted human albumin
at concentrations of up to 1000 ug/ml did not affect platelet aggregation induced
by all the tested stimuli.

Discussion

Our results indicate that AFP concentrations much lower than the usual
physiological level in fetal blood can inhibit platelet aggregation. The inhibitory
effect of AFP on platelet aggregation seems to be specific to this protein since the
purified (defatted and dialysed) human albumin did not affect platelet aggregation
even at a higher concentration than that of AFP (Table 1). These observations allow
us to suggest that the other important physiological function of this protein might
be its participation in the regulation of platelet functions. But why does AFP
inhibit platelet aggregation induced by physiological agonists? AFP was suggested
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Table 1

The effect of alpha-fetoprotein and albumin on platelet aggregation induced by
various stimuli

AFP concentration Albumin concentration
(ug/ml) (ug/ml)
Stimulus e R o = N S e e
60 125 250 500 750 750 1000

Inhibition of aggregation (per cent)

Arachidonic acid

0.5 mM* 5 95 100 n.d. n.d. 0 0

1.0 mM 0 6 90 n.d. n.d. 0 0
ADP

4.5 uM* n.d. 50 82 100 n.d. 0 0

9.0 uM n.d. 12 41 56 n.d. 0 0
PAF

0.15 pg/ml* 50 75 95 100 n.d. 0 0

0.3 pg/ml n.d. 40 70 n.d. n.d. 0 0
Collagen

2.0 pg/ml* n.d. n.d. 42 95 100 0 0

4.0 pug/ml n.d. n.d. 10 45 79 0 0
A 23 187

15 uM* 0 0 0 0 0 0 0

30 uM 0 0 0 0 0 0 0

n.d. — not determined; * — threshold aggregating concentrations.

The results of one (one out of seven) representative experiment are presented.

to be involved in the regulation of cellular growth [24, 25], lymphocyte [26, 27]
and ovarian functions [28]. All the three above mentioned processes are known to
be at least partly regulated by prostaglandins. There is also increasing evidence
of the transport function of AFP [9—17]. It has been suggested that AFP may
transport and deliver polyunsaturated fatty acids to the cell [15].

Taking all this in account and the fact that the aggregation of platelets in-
duced by arachidonic acid was the most sensitive to inhibition by AFP (Fig. 1,
Table 1) and the aggregation induced by A 23 187 (which is independent of ara-
chidonate metabolism) was not affected by AFP (Table 1), it is possible that AFP
affects platelet aggregation by complex forming with arachidonate or its metabo-
lites. Such a possibility seems to be supported by the fact that the inhibitory effect
of AFP on platelet aggregation is at least partially reduced by the increase of the
concentration of the platelet activators (Figs 1 —4, Table 1).

The interaction of AFP and platelets might be of some importance in
post-natal life also. It is known that the synthesis of AFP reappears in adults as a
consequence of certain pathological conditions such as hepatocellular carcino-
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mas or teratocarcinomas [l, 29]. Although tumor cells have been reported to
possess both a platelet-activating material and a procoagulant activity [30, 31],
the results presented here suggest that at least some of them that produce AFP
might deliver material which is able to inhibit platelet aggregation.
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Childhood Erythroleukaemia
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A six-hour culture of unstimulated peripheral blood from a patient with child-
hood erythroleukaemia was examined for chromosome karyotype. The characteristic
chromosomal abnormalities of erythroleukaemia del (5q) and monosomy 7 were
found in this case together with a marker chromosome and other chromosomal abnor-
malities. The results suggest the usefulness of this simple method in the cytogenetic
diagnosis of some types of leukaemias.

Keywords: childhood erythroleukaemia, chromosome examination, short
term culture

Introduction

Erythroleukaemia (EL) (FAB type M6) is a relatively rare disease in child-
hood, occurring in only 0.8 —1.09, of childhood leukaemia [1]. EL is a haemato-
poietic malignancy with an abnormal proliferation of both erythroblasts and
myeloblasts. Both the clinical and haematologic pictures suggest that the child-
hood and adult version of EL represent the same disease [1].

The characteristic chromosomal abnormalitics of EL are as follows: —5
or del (5q); —7 or del (7q); —3 and t(3;?); dup (1); +8 [1, 2, 3, 4, 5].

In our study chromosome examinations were made on unstimulated periph-
eral blood from a nine-year-old boy with EL in the course of chemotherapy.
He had an unusually long preleukaemic phase, a rapid progression refractory to
the treatment and a very poor prognosis.

Case report

H. P., a nine-year-old boy, was admitted with purpura and extremely low
platelet counts in May, 1986. His disease was classified as an amegakaryocytic
form of thrombocytopenic purpura, and he was treated with prednisolone and
supportive measures. Pancytopenia developed later, with a latent haemolytic
process, but no specific cause could be identified on detailed investigation including
repeated bone marrow examinations. In December, 1986, progressive anaemia
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20 A. Selypes, et al.: Chromosomes in childhood erythroleukemia

(hematocrit: 269%) and hepatosplenomegaly developed. At this time, the bone
marrow contained about 80 %, erythroid elements (atypical and dyserythropoietic
forms in 25%). WBC was 16.0 x 10%/1 with 5%, neutrophils, 7% myelocytes, 3%
metamyelocytes, 3% monocytes, 679, lymphocytes, 129/ lymphoblasts and 39
erythroblasts; platelet count 25.0 x 10°/1. A diagnosis of EL (FAB type M6)
was established, in agreement with the cytochemical findings. Results of marker
analysis of a bone marrow specimen:

Sm Ig* lymphocytes: P19
E-rosettes: 289, (possibly peripheral elements)
VIB-C57 cells: 0%
VIL-AI cells: 0%
VID-1* cells: 32%;
VIP-11 cells: 277
VIP-267 cells: 289
VIT-67 cells: 0%
VIT-3b* cells: 31%
VIM-DS5 cells: 239
VIM-2% cells: 269,
VIM-12% cells: 10%
VIM-13" cells: 0%
VIE-G4 7 cells: 1%
TdT -
cyt-Ig =

Immunological analysis and consultations were made at the Hungarian
Pediatric Oncology Group, Acute Leukaemia Study Center, Budapest. The in-
vestigations and clinical data indicated that this case represents a rare type of
acute leukaemia in childhood, with an unusual long preleukaemic phase and a
rapid progression refractory to treatment with Alexan, Lanvis and Methipred.
Patient died on 3rd February 1987. The post mortem results were fully consistent
with the clinical diagnosis.

Cytogenetic study

A six-hour culture of unstimulated peripheral blood cells from the patient
was examined for chromosome karyotype using a standard technique [6, 7].
Briefly, 2 ml of peripheral blood was incubated in 10 ml of TC 199 medium at
37 °C for six hours. Vinblastin (0.5 gg/ml medium) was added to block the mitoses
one hour before harvest. The fixed cells were transferred to glass slides, treated
with trypsin, stained with Giemsa, and examined under a microscope at a magni-
fication of 1600 x. Karyotypes were analysed according to ISCN [8].
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Results

Forty mitoses were investigated under the microscope; 5 were hyperdiploid
(containing 47 chromosomes), 4 were hypodiploid (containing 45 chromosomes in
2 cases, and 32 and 39 chromosomes in a single case each), and the remaining 31
were diploid.

Table 1 shows the results of karyotyping. Of the 19 cells examined only 2
karyotypes (119;) were normal; all the others (89 %) had numerical or structural

Table 1

Numerical and structural chromosome aberrations

Type of aberration Number of mitoses

39, X, —7, —8, —10—17, —18—21, —Y, del (3) (p24-pter), del (6)

(pll.1-pter) 1
45, X, —18, —Y, + mar, del (6) (pll.1-pter) 1
46, XY 2
46, XY, del (5) (q13—ql¥5) 4
46, XY, —7, +mar, del (5) (q21—q23) 2
46, XY, —7, +mar, del (14) (q21—qg24), t (17; ?) (925; ?) 2
46, XY, —7, +mar, del (5) (q21—q23), inv (14) (qll1 g24), t (17; 7

@25; 2 1
47, XY, +mar, del (5) (q21—q23) 3
47, XY, +mar, inv (14) (q11 q24), t (17; ?) (q25; ) 1
47, XY, + mar, del (5) (q21—q23), del (14) (q21—q24), t (17; ?)

(G25: ) 1

48, XY, —17, del(1) (p34-pter), t (17; 21) (q25; qll) +3 mar 1

abnormalities. The most frequent aberrations were as follows: del (5)(q21-q23)
in 7 cases (37%); —7 in 7 cases (379%); del (5)(q13-q15) in 4 mitoses (21 %,); del
(14)(g21-q24) in 3 cases (16%); inv (14)(q11g24) in 2 mitoses (9.6%); 17q+ in
5 mitoses (26 %), and a marker chromosome was detected in 7 cases (37 %,).

Discussion

In accordance with earlier data [1—35, 9], we found the characteristic chro-
mosomal abnormalities of EL (del 5q), —7, and abnormalities of chromosome 17
(in the six-hour culture of unstimulated peripheral blood from our patient). At
the time of the investigation these dividing leukaemic cells were in the late S
or G, phases of the cell cycle at the start of culturing. The time of G, is four
hours in human leukocytes [10], and leukaemic cells have a longer generation
time [10, 11] than normal cells. In contrast with our method, the peripheral
blood cells were cultured at least for 24 or 48 hours without PHA for conventional
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Fig 1. The karyotype shows the aberrations as follows: 48, XY, —7, del(1)(p34-pter),
t(17; 21)(g25; ql11) + 3 mar
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Fig. 2. Aberrations of chromosome 5 in EL: del(5)(q21-g23); b. del(5)(ql3-ql5)

cytogenetic analysis of leukaemic cells from unstimulated peripheral blood of
patients with leukaemia [9, 12— 14]. Monosomy 5 or del (5q) and monosomy 7
or del (7q) are the most common abnormalities in human preleukaemia [9, 15].
The other changes, such as del (6)(pll.1-pter), del (14)(q21 —q24) and inv (14)
(q11g24) may be secondary chromosome changes. The same marker chromosome
(small acrocentric chromosome) was found in 7 mitoses.

The simple six-hour culture of unstimulated peripheral blood from our
patient with EL was suitable for detection of the characteristic chromosomal
abnormalities of this disease, which suggests the usefulness of this method in the
cytogenetic diagnosis of some types of leukaemias (e.g. in AML and CML, but not
in ALL — manuscript is under preparation).
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The CFU-GM and T cell contents of human fetal livers were studied at various
times between 6— 14 weeks of gestation. The number of CFU-GM increased parallel to
gestational age, especially after week 10. Cells bearing mature T cell markers, however,
were found only in one case out of 35 fetal liver samples.

Cryopreservation of fetal liver cells hardly affected the viability and proliferative
capacity of CFU-GM in the sample.

According to these findings fetal liver is, at least up to the 14th gestational week,
practically free of mature T cells but it does contain a considerable amount of CFU-
GM (an accepted indicator of pluripotent stem cell content), consequently fetal liver
can be considered as a valuable source of haemopoietic stem cells for allogeneic bone
marrow transplantation for children.

Keywords: human fetal liver cells, myeloid progenitors, mature and progenitor
T cells, cryopreservation

Introduction

On the basis of animal experiments and clinical experiences, transplantation
of fetal liver cells (FLC) seems to offer a promising substitute for MHC-incompat-
ible bone marrow transplantation [1]. In animals, since the first studies of Uphoff
1958, most of the subsequent investigations have shown that FLC induces no or
only moderate graft-versus-host disease (GVHD) in strongly histoincompatible
donor recipient pairs in mice [2, 3], rabbits [4], dogs [5, 46], horses [6] and mon-
keys [7].

In man, following the initial trial by Scott et al. 1961, a series of FLC trans-
plantation have been performed in SCID patients with aplastic anaemia [8, 9, 10,
11], severe combined immunodeficiency [12, 13], acute lymphoid and non-
lymphoid leukaemia [14, 15], and in individuals suffering from inherited enzym-
deficiencies [16]. In general, GVHD in humans occurred rarely, durable engraft-
ment and successful reconstitution of bone marrow functions and cellulae
immunity were found in aplastic anacmia patients and SCID, respectively.
However, successful FLC transplantations were limited due to insufficient graft
size [17].

VSP Utrecht, Tokyo
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Theoretically, as emphasized by Buckley et al. 1976 [18], fetal donors from
less than 10 weeks of gestation should be the most suitable sources of FLC trans-
plantation. Heit et al. 1980 [19], on the other hand, proposed fetal liver (FL) as
the optimal source for grafting at the gestational age of 18 to 20 weeks since in
the number of haemopoietic stem cells obtained from a fetal liver in this period
was equivalent to, er even higher than the number of stem cells in a bone marrow
graft harvested in the extrauterin life. Most of the clinical reports, however, do
not deal with the haemopoietic stem cell content and the relative immune proper-
ties of fetal liver grafts. Concerning routine clinical bone marrow transplantation,
the correlation between the rate of engraftment and the amount of donor nucle-
ated cells of CFU-GMs infused has been studied. A positive correlation was
found with engraftment in some studies [20, 21], but not in others [22, 23]. Most
recently, Ma et al. 1987 [24] reported, however, that the correlation between the
number of progenitor cells grafted and the haemopoietic recovery was not linear.
This implies that there is a threshold for the successful engraftment. To contribute
to a better understanding of the optimal conditions for the engraftment of FLC,
we studied in the present work the ontogenetic development of T lymphocytes,
and the numbers of haecmopoietic stem cells (CFU-GM) in livers of 6 —14 weeks
old human fetuses.

Materials and Methods

Fetal livers: 35 fetal livers were studied. The age of the fetuses ranged be-
tween 6 and 14 weeks. The age distribution and the number of livers are listed in
Table 1. Fetal livers were removed from the fetuses within 10 min after abortion
and placed into cold RPMI-1640 medium supplemented with 109 inactivated
FCS, heparin and antibiotics, and stored at 4 °C until cell separation. The livers
were washed three times to eliminate blood contamination, then homogenized
with gentle aspiration, and the cells were suspended in cold medium. After cell
counting the cell suspensions were layered over Ficoll-Hypaque (density 1.077

Table 1

Morphological distribution (%) of liver cells in human fetuses by gestational ages
between 6 and 14 weeks

Gestational age (weeks)

Morphology R L. S i iV e e Tl
6UF 70N 8® 9 10m 1@ 3@ 403
Blasts 10 11 5 7 8 13 6 6
Lymphoid 2 3 6 5 T 6 7 9
Myeloid 3 5 3 4 4 2 4 5
Erythroid 81 78 83 80 ] 78 83 74
Unidentified 4 3 3 4 6 1 0 4

* Number of samples
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g/ml) [25], and mononuclear cells were collected and washed two times with cold
medium. After these procedures, the ratio of living cells was over 959, as deter-
mined by trypan blue dye exclusion.

Indirect immunofluorescence (IF) staining: 1F staining was performed by a
method described previously [26, 27], with the following reagents: MoAbs speci-
fic to CD,, CD,, CD,, CDy antigens (Ortho, Raritan, NJ, USA), and rabbit anti-
mouse [gG-FITC (DACKO, Denmark). Per cent of positive cells was determined
by fluorescence microscopy and flow cytometry-FACS-STAR (Becton Dickinson
Mountain View, CA, USA).

E rosette formation: The method was based on that published in the literature
[28], using sheep red blood cells (SRBC) treated with AET (2-aminoethylisothio-
uronium bromide, Calbiochem, USA) [29].

Culture of myeloid progenitor cells: Granulocyte-macrophage progenitors
(CFU-GM) were cultured in a semisolid agar medium by the method of Pike and
Robinson [30], using human placental conditioned medium (HPCM) as a
source of colony-stimulating activity [31]. Colonies grown from FLC were
usually larger and denser than those of the adult bone marrow (Fig. 1).

Fig. 1. Granulocyte-macrophage colony obtained from 10-week old fetal liver cells. Magni-
fication X 63

Cryopreservation of FLCs: One ml of FLC suspension (about 5x10° to 107
viable cells/ml) in RPMI-1640 medium supplemented with 209, FCS and 109
dimethylsulphoxide (DMSO) was put in 2-ml cryotubes (Nunc, Denmark) and
frozen in a programmed freezer [32]. The frozen cells were stored in liquid nitro-
gen for two months.

The protocol of the experiment is shown in Fig. 2.
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Fig. 2. Scheme of the investigations on human fetal liver cells. FLNCs: fetal liver nucleated
cells; FLMCs: fetal liver mononucleated cells

Results

Cellular composition of fetal liver: More than 759, of the FLCs were ery-
throid and 2 — 59, were myeloid cells. The number of blast cells decreased parallelly
with the gestational age (from 109, to 6%), whereas the ratio of lymphoid cells
increased with the maturation of the fetuses (from 2% to 9%;) (Table 1).

Table 2

Detection of surface markers of T lymphocytes on human fetal liver cells

Gestational age
(week)

n e Sl e W e N S S,

ER CD1 CD2 CD3 CD4 CD8
6 1 0 0 0 0 0 0
7 3 0 0 0 0 0 0
8 8 0 0 0 0 0 0
9 5 0 0 0 0 0 0
10 7 0 0 0 0 0 0
11 2 0 0 0 0 0 0
12 4 0 0 0 0 0 0
12 2 0 0 0 0 0 0
14 3 0 0 0 128 0 0

* 29 of the cells were positive
ER: E rosette
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Mature and progenitor T cells: We found mature T cell associated antigen
possessing cellsin only one liver of a 14 wk old fetus out of the studied 35 fetal
livers (Table 2). In this case, 2%, of the fetal liver mononuclear cells reacted with
anti-CD3 MoAb, whereas in the other cases neither E rosette formation nor
positive reaction with anti-T cell MoAbs was found (Table 2). We attempted to
establish T cell colonies from the various FLC suspensions, but no T colony form-
ing cells could be detected. Moreover, preincubating fetal liver mononuclear
cells with PMA (phorbolmyristateacetate) by the method described by Sazawar
et al. [33], neither cells bearing markers of the mature T cells (E rosette, CD,) nor
T-CFCs were found. (Data not shown)

Nucleated cell and granuloid progenitor contents of fetal liver: The number
of nucleated cells and GM-CFU were assayed in each FL-s. The amount of nucle-
ated cells increased parallel with the gestational age. The youngest livers (6
weeks old) contained 14.8 x 10° cell which increased to 1.7 x 10® cells per liver at
week 14 of gestation (Fig. 3). To study the relationship between the number of
plated cells and GM-CFU colonies at the different stage of embryonic develop-
ment different number of FLC were plated. This experiment was carried out by
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Fig. 3. Nucleated cell content of fetal livers at different ages of gestation. Dots indicate
individual livers, the mean for each age-group is presented by a column
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Fig. 4. The relationship between GM-CFU and the number of FL cells plated. Each point
represents mean for triplicate culture
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Fig. 5. Total number of GM-CFU obtained from fetal livers at different ages of gestation.
Dots indicate individual livers, the mean for each age-group is presented by a:column
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Table 3

Recovery of cryopreserved fetal liver cells stored in liquid nitrogen for two months

Number of cells < 10° CFU-GM/10° plated cells

Age of
Mo fetuses i = Recovery — -— = Recuvery
exp. (week) Before/After (%) Before/After (%)
storage storage
1 12 5.6 4.8 85 Tl o= 2% 65 3% 78
2 8 6.6 6.0 90 66+ 3 54+ 6 74
3 12 10.4 8.2 78 97+ 6 76+ 5 61
4 8 3.0 2.4 80 62+ 4 52k 2 83
) 8 10.0 9.4 94 89 + 12 0% 35 78]
6 10 8.4 8.0 56 oRak 5 98+ 3 101
7 14 12.2 6.7 67 125 4 201 - 20 101
Mean + SD (%) 78.54 13.2 81.5+ 14.8

* experiment was performed in triplicate

plating FLC from 10, 11 and 14 week old fetuses. The relationship between plated
cell number and colony formation proved to be linear in each case, but the con-
centration of CFC-GM increased parallel with the age of the FL-s (Fig. 4). The
total amount of FL CFU-GM is also increased parallel with the age of the fetuses
(Fig. 5).

Recovery of cryopreserved FLCs: In order to obtain data on survival of
FLCs after cryopreservation, recovery of CFU-GM was studied. In the average
of 7 experiments 78.5%, of nucleated cells and 81.59%, of CFU-GM could be
recovered from cryopreserved FLCs. The results indicate that human FLCs can
be stored in liquid nitrogen for long periods without considerable loss of
hemopoietic stem cells (Table 3).

Discussion

The aim of this study was to obtain data on the cellular composition of fetal
liver as a source for bone marrow grafting. The E rosette formation test, IF-FACS
analysis with anti-T specific MoAbs including CD,, CD,, CD,, CD,, CDy, and
T-colony formation assay were used to detect mature and progenitor T cells and
we failed to detect either mature T cells, or T progenitors in the FL of young
fetuses. However, it could not be excluded, that our test systems were not sensitive
enough to detect premature or T “stem” prethymic cells in the fetal liver. Previous
studies, in which T lymphocyte phenotypes were examined, indicate that the ear-
liest fetal thymocytes that show E rosette formation and give proliferative response
to PHA and histocompatibility-associated antigens appear about 10 weeks after
conception [34], then, from the 15th week on, the thymic cells express antigens
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Table 4

Number of granulocytic-monocytic progenitor cells per 10° nucleated cells cultured

Adult human bone marrow Human fetal liver cells
Gestational No of Donas Age No of
age (week) CFU-GM (yr) CFU-GM

6 66 1 30 4334+ 2.0
i 70.0+ 6.2 2 26 46.9 + 9.0
8 74.1+ 11.6 3 10 38.3 4 7.6
9 834+ 5.5 4 43 480+ 1.5
10 85. 74 8.5 5 13 39.343.0
11 94.0+ 9.9
12, 95.7 + 126
13 90.0+ 11.3

14 104.0 + 18.7

of mature T cells [35]. In other studies, the fetal liver was found to contain a few
(0-59;) cells bearing the pan-T antigens during the the most active phase of
hemopoiesis in the fetal liver [35, 36]. It has also been reported that fetal liver cells
showed a weak response to mitogens or allogeneic cells. This response of FLCs
reflects rather a non-specific response of immature hemopoietic cells than a ma-
ture T cell function [37].

Morphologically, the lymphocytes in our samples amounted to 2—99,
but they proved to be predominantly B-cell and NK-cells [38], correspording to
the fact that experimental and clinical FLC transplants produced GVHD very
rarely [2, 8, 9, 10, 15]. These evidences, again, were consistent with the view that
fetal liver as well as fetal bone marrow might be human ““bursa equivalent’ organs
[39, 40]. However, it has been reported that the liver of older human and murine
fetuses (after 15 weeks or 15 days or more, respectively), contains cells bearing
pan-T cell antigens or T progenitor cells [35, 36, 41].

In the present study, we found that the 10— 14 week old fetal livers contained
a considerable amount (about 6—20 x 10") of CFU-GM (Fig. 5). Based on results
reported by Ma et al. 1987 about the requested dose of CFU-GM per kg body
weight [24], the number of FL CFU-GM (20 x 10* CFU-GM per liver) detected
in our fetuses were sufficient to treat recipients under 20 kg body weight.

We also found morphologically that erythropoiesis prevails in fetal liver.
More than 759 of the fetal liver nucleated cells were erythroid cells (Table 1).
This is consistent with previous observations [19, 35, 42, 43]. However, 3—59%,
mature myeloid cells (Table 1) and a considerable number of granulocyte-macro-
phage progenitors (Fig. 5) were also found in our fetuses. Again, this is consistent
with the fact that myeloid-associated antigens are early expressed on FLCs,
including those of very young (6 wk old) fetuses [44] and that high number of
CFU-GM can be obtained from fetuses older than 15 wks [17, 19, 45].
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In conclusion, the results of the present studies on FLCs of young fetuses

indicate that mature and progenitor T cells were absent, while myeloid progenitors
were developed in an early stage of embriogenesis. The FLC of 10— 14 wk old
fetuses may be considered as a valuable source of haemopoietic stem cells free
from mature T lymphocytes for allogeneic BMT, particularly for recipients with
low body weight, who have no HLA-sibling donors.

10.

12:
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The activity of glutathione reductase (GR) is closely associated with the ribo-
flavin level in diet. Dietary deficiency of this water-soluble vitamin causes glutathione
reductase deficiency. Furthermore, a variable frequency of GR variants with reduced
activity has been reported in several populations. In an attempt to determine GR defi-
ciency due to genetic (GR variant) and acquired causes (riboflavin deficiency), red
cell GR activity was estimated in 461 male and female Saudis from the South-Western
province of Saudi Arabia. The frequency of genetic GR deficiency (GR variant) was
24.5% in Saudi males and 20.3 %, in females. The frequency of acquired GR deficiency
(riboflavin deficiency) was 17.8 % and 22.4 %, respectively. Interaction between genetic
GR deficiency and other genetic abnormalities, i.e. sickle cell gene and glucose-6-
phosphate dehydrogenase deficiency were also estimated. No specific link could be
demonstrated.

Keywords: glutathione reductase, riboflavin, Saudi Arabia

Introduction

Glutathione reductase (GR; EC 1.6.4.2) is associated with the hexose
monophosphate shunt, and catalyses the reduction of oxidised glutathione (GSSG)
to reduced glutathione (GSH) using cither NADPH or NADH as a proton donor
[2]. This reaction is of special significance for the stability and integrity of the
red cells, since low GSH levels are shown to be associated with drug induced
haemolytic anaemias [3].

Several studies have shown a variable frequency of GR deficiency in different
populations. It has been suggested that GR deficiency is either due to the presence
of GR variants with slightly reduced or very low activity [14, 21] or to a nutritional
deficiency of riboflavin [16, 17]. The close association between GR activity and
riboflavin status is due to the fact that flavin adenine dinucleotide (FAD), the
co-enzyme form of riboflavin, is required by GR as a co-factor [16]. This latter
form of deficiency can be easily managed by the correction of the diet.

We conducted this study on the population of the South-Western province
of Saudi Arabia to determine the prevalence of genetic and nutritional GR defi-
ciency and to investigate the frequency of association of GR deficiency with
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sickle cell and glucose-6-phosphate dehydrogenase deficiency genes which are
reported to occur at a high frequency in this population [4, 5].

In this paper our results are presented and discussed in the light of prevailing
environmental and genetic factors.

Materials and Methods

A total of 461 male and female Saudis attending outpatient clinics in the
Ministry of Health hospitals for minor illnesses were investigated. Two ml of
blood was collected by venipuncture in tubes containing acid-citrate dextrose
(ACD), and haematological parameters were estimated using Coulter Counter
ZF6 with a haemoglobinometer attachment. The plasma was separated from the
red cells by centrifugation at 1000 RPM for 5 min and the cells were washed twice
with cold physiological saline. Haemolysates were prepared by adding cold dis-
tilled water or 0.2 % digitonin.

The haemoglobin phenotypes were determined by electrophoresis at alkaline
[18] and acid pH [20]. The activity of GR was determined in presence and absence
of flavin adenine dinucleotide (FAD) using a spectrophotometric method de-
scribed by Beutler [1]. The decrease in absorbance was measured for 3 min at
340 nm in a test system at 30 °C containing 2 ml of 0.1 M Tris-HCl buffer (pH 8.0),
0.5 M EDTA, 2 mM NADPH (0.1 ml), 1 mM oxidized glutathione (ImM) and
0.1 ml of the haemolysate.

The activity coefficient (AC) of GR was calculated for each sample as fol-
lows:

AC Decrease in absorbance with added FAD
" Decrease in absorbance without FAD

G-6-PD activity was determined in each sample using kits from Boehringer Mann-
heim GmbH.

Chi square analysis was used to obtain the significance of difference in
results between different groups. P < 0.05 was considered significant.

Results

The mean and normal range for GR activity, established by using 82 normal
individuals, was 3.7 + 1.3 IU/mg Hb in absence of FAD and 3.9 + 1.2 IU/gm
Hb in the presence of FAD. Samples with low GR activity (less than 2.00 1U/gm
Hb) both in the presence and absence of FAD and an AC between 0.9 —1.2 were
considered GR deficient. (A change in OD 340 less than 0.01/min was considered
partially deficient [9].) Samples with AC equal to or above 1.3 were considered
riboflavin deficient [22].
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Table 1

Frequency of partial GR deficiency in the Saudi males and
females in South-Western province of Saudi Arabia

Frequency of GR deficiency

" No. . Due to riboflavin
Sex investigated Due; to 'variant deficiency

No. Frequency No. Frequency

Male 269 66 24.5Y% 48 17.8%

Female 192 39 20.3.7% 43 2249,

None of the samples in the male and female populations indicated complete
GR deficiency, however, several samples showed a partial GR deficiency. In
vitro addition of FAD did not improve the GR activity in these cases. Samples
with reduced GR activity due to riboflavin deficiency showed an increase in the
GR activity when FAD was added in vitro. The frequency of partial GR deficiency
and riboflavin deficiency in the male and female population was calculated and
the results are presented in Table 1.

The individuals were classified on the basis of their haemoglobin phenotypes
as normal (Hb AA), heterozygotes to sickle haemoglobin (Hb AS) and homozy-
gotes tosickle haemoglobin (Hb SS). The frequency of GR deficiency in the different

Table 2

Frequency of partial GR deficiency in individuals with different haemoglobin genotypes

Frequency of

Frequency of

Hb No. . G-6-PD
Genotype Sex investigated GR c(le"ﬁflency deficiency

* (%)

AA M 208 26.4 14.4

|2 155 22,5 T

AS M 41 26.8 14.6

F 33 12.1 3.0

SS M 3 = 33.0

F 4 — 25.0

groups was calculated and presented in Table 2. The frequency of G-6-PD de-
ficiency was also calculated in the groups and the results are presented in Table 2.
None of the samples revealed simultaneous G-6-PD and GR deficiency. No GR
deficiency was encountered among the sickle cell homozygotes (Hb SS).
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Discussion

Riboflavin plays a significant part in the normal functions. Activity of GR
and deficiency of riboflavin in diet is a common cause of reduced GR activity
[16, 17]. In addition, GR variants with reduced activity have been reported in
several populations, these are either partial or complete GR deficiencies [9, 12, 13,
14, 21, 23]. The estimation of GR in presence and absence of FAD and determi-
nation of activity coefficient (AC) of GR has been employed successfully for the
differentiation of nutritional and genetic GR deficiency [19, 22].

The AC value which represents the degree of saturation of the apoenzyme
with riboflavin differentiates between cases of riboflavin deficiency and geneti-
cally determined GR deficiency. An AC range of 0.9—1.2 has been considered
as the normal range [15], and samples with AC value of 1.3 or more are riboflavin
deficient, while the GR deficient samples have low GR activity both in the pres-
ence and absence of FAD, and the AC is in the normal range.

The results of this study show that riboflavin deficiency is a common cause
of GR deficiency in the population of the South-Western province, which is
probably due to their nutritional habits. In addition, gastro-intestinal problems
may also influence the absorption of riboflavin.

Furthermore we found a high frequency of partial GR deficiency in this
population. This is higher than the frequency of GR deficiency encountered in
populations in other regions of Saudi Arabia [9, 11] and confirms our previous
suggestion that GR deficiency resulting from partially inactive mutants of GR is
probably quite common in different populations. Other populations reported
to have partial GR deficiency include South Vietnamese, Iranians, Ethiopians,
Afro-Americans, European Americans [13], Sudanese [21] and Spanish [14].
Frequencies ranging between 0.3—229] have been reported. In this respect the
population in the South-Western province of Saudi Arabia has the highest fre-
quency of partial GR deficiency compared to all other populations investigated
so far.

GR deficiency was also encountered in association with sickle cell gene.
However, no specific correlation could be demonstrated between the different
red cell genetic abnormalities. In this population the frequency of these abnormal
genes is high [4, 5]. As there is a high rate of consanguinity, two or more abnormal
genes are often inherited by an individual [6, 7, 8, 9, 10]. This is believed to play a
role in the resistance of the carrier of the abnormal genes against the environmen-
tal and genetic factors.

The high frequency of partial GR deficiency in the Saudi population, which
most likely results from GR variants with reduced activity both in homozygotes
and heterozygotes, may, in some unknown way, protect the individual carrier
against environmental or genetic factors. Further studies are required to identify
the genetic variants of GR and to determine the possible benefit to the carrier of
the variants.
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A patient with non-cutaneous lymphocytic lymphoma with leukaemic spread
is reported. The large majority of the peripheral blood mononuclear cells formed ro-
settes with sheep erythrocytes (E), had receptors for the Fc portion of IgG (Fcy R) and
displayed an unusual enzymatic profile. Part of these cells had also labile bound sur-
face membrane 1gG. The leukaemic cells were morphologically characterized as large
granular lymphocytes (LGL) and consisted of two different types of cells: lymphoid
cells and monocytoid cells. The histopathological diagnosis was T-cell lymphoma,
pleomorphic type, diffuse. Despite their morphological heterogeneity, all the prolife-
rative cells had the same immunological phenotype, showed normal ADCC activity
but no NK activity. After three months, without specific treatment, the surface pat-
tern changed: the cells resembled mature LGL and the NK activity increased. The
cytochemical study of the leukaemic cells revealed an enzymatical peculiarity: besides
an enzymatic profile characteristic for relatively mature LGL, the cells also displayed
peroxidase activity. This unusual aspect — the expression by an individual malignant
cell of markers believed to be restricted to a single cellular lineage — might be interpreted
as a lineage infidelity or lineage promiscuity. The observation that this lymphoma devel-
oped in a patient with a long history of hypogammaglobulinaemia is of particular
interest.

Keywords: hypogammaglobulinaemia, LGL lymphoma, lineage infidelity

Introduction

Recent studies on monoclonal antibodies against lymphocyte subpopulations
have demonstrated that not all the sheep-rosette forming cells bearing receptors
for the Fc portion of IgG (Fcy R) express the myelomonocytic M, antigen and
some cells lack both the T-cell and the monocytic determinants [1]. A peculiarity
of the Fc receptors is that they bind serum IgG at 4 °C and release it at 37 °C.
Due to the presence of these labile IgG determinants, the Fcy R-positive cells
are referred to as L cells”. The mature forms of these cells have a typical mor-
phology characterized by the presence of intracytoplasmic azurophilic granules,
and are usually referred to as large granular lymphocytes (LGL). These cells
are positive for acide hydrolase and negative for peroxidase. Some of the LGL
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are unable to form rosettes with sheep erythrocytes, others lack the ability
of expressing T-cell antigens. The heterogeneity of their phenotype reflects the
existence of a unique cell population in different stages of maturation. The L cells
are divided into precursor cells, immature cells and functional competent cells
[1]. It has been demonstrated that the natural killer (NK) and antibody dependent
cell mediated cytotoxic (ADCC) activities in humans are confined to a LGL
enriched fraction. Some authors favour the hypothesis that these cells belong to a
separate cellular lineage [1].

In this paper we describe a case of LGL lymphoma presenting unusual
laboratory findings.

Materials and Methods

Patient. A 39 year old man was admitted to the hospital in June 1985, with
fever and asthenia. A palpable spleen, enlarged liver, and lymph-node involve-
ment were found. The leukocyte count was 11.000/mm* with 809 LGL. The pa-
tient had a long history (ten years) of bronchopulmonary infections, urinary in-
fections and recurrent arthritis. Determination of serum immunoglobulins showed
severe hypogammaglobulinaemia: IgG 353 mg/dl, IgA 107 mg/dl ard 1gM 12
mg/dl. The patient was investigated both on admission and three months later.
The patient received antibiotics and gammaglobulins. No chemotherapy had
been administered. After admission the patient’s treatment remained the same.

Cell population. The peripheral blood mononuclear cells were obtained from
heparinized venous blood, by sodium metrizoate — Ficoll centrifugation [2]. The
resulting cell population consisted of over 959, LGL.

Monoclonal antibodies. The murine OKT monoclonal antibodies directed
against the Ty, T,, T4, Ty, Ty4, By, By, By, My and HLA-DR lymphocyte membrane
antigens were kindly supplied by Dr. Chan-Yi Wang (Memorial Sloan Kettering
Cancer Center, New York).

Staphylococcus protein A (SpA) coated erythrocytes (ES reagent). Bovine
erythrocytes were coated with SpA as previously described [3].

ES-rosettes assay. Monoclonal antibodies were used in an ES-rosettes assay
as already described [4]. Briefly, the suspension of cells in culture medium (2.5 x
10°) is incubated for 30 min in ice, with the respective monoclonal antibodies
(0.005 ml). After three washings in cold culture medium, the cells were suspended
in 0.2 ml culture medium and treated with 0.015 ml ES-reagent. The mixtures
were centrifuged at 100 g for 10 min and incubated for 2 hours or overnight at
4 °C. The pellett was gently resuspended and treated with 0.030 ml of 0.29%;
toluidine blue in phosphate buffered saline.

Indirect immunofluorescence assay was performed according to the already
described technique [4].

Assay for labile smlgG. Freshly prepared peripheral blood mononuclear
cells (10%0.5 ml) were mixed with ES reagent and centrifuged at 4 °C for 10 min
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at 100 g. The samples were stored at 4 °C overnight. The cells preincubated at
37 °C for 2 hours were washed with culture medium and rosetted with ES reagent
in the same conditions.

EA,, rosettes assay. Freshly prepared mononuclear cells (10°/0.5 ml) were
mixed with EA,, reagent (human erythrocytes group O, Rh-positive, sensitized
with human anti-CD serum 1 : 16.000). After centrifugation at 4 °C for 10 min
at 100 g the sample was stored for 30 min at room temperature, or overnight at
4 °C.

Cell mediated cytotoxicity assays. Both spontaneous cell mediated cytotoxi-
city (NK) and antibody-dependent cellular cytotoxicity (ADCC) were carried out
at an effector: target cell ratio of 100 : 1 and 10 : I as previously described [S].
The results were expressed as specific release of >'Cr. The phytohaemagglutinin
(PHA — Difco) was used in a final concentration of 29,. Pokewed mitogen (PWM)
was obtained in the Cantacuzino Institute, Bucharest, from Phytolaka Americana,
according to the method described by Bodger et al. [6]. This mitogen was used in a
concentration of 20 gamma per tube.

Cytochemistry. Smears of leukaemic cells and EA,, rosettes were stained
for the following enzymes: acid-naphtol AS-BI phosphatase (ACNP) [7], alpha-
naphtol acetate acid esterase (ANAE) [7], naphtol AS-D chloroacetate esterase
(NCAE) [8], lysosomal acid glycerophosphatase (AcGP) [9] and endopeptidazic
proteolytic enzymes: catepsin B [10], neutral BANA endopeptidase (trypsine-
like) [11], alkaline B-PhNA endopeptidase (chimiotrypsine-like) [11] and leucin-
aminopeptidase (LANA) [11].

Ultrastructural processing and staining for peroxidase was performed ac-
cording to the Graham and Karnovski [12] technique.

Results
Clinical evaluation

The clinical state of the patient did not change during the period of obser-
vation.

Surface markers

Since the malignant cells expressed Fcy receptors in a high percent, the
possibility of unspecific binding was excluded by using indirect immunofluores-
cence method in addition to the mAb-ES-rosette assay. The values obtained by
both techniques were similar.

Tables 1 and 2 give the results obtained by the investigation of the patient’s
malignant cells on the first examination and after three months. On admission,
the patient’s cells presented high levels of E receptors and Fcy R, smlgG labile
bound and were positive simultaneously for T, T,, T,, T, T, and HNK-1 anti-
gens. Immunologic evaluations were done at different bleedings and showed con-
stant results during the first months after admission. Three months later the cellular
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Table 1

Reactivity with monoclonal antibodies of the leukaemic cells

Monoclonal
antibody

OKTI
OKT3
OKT4
OKT8

OKTI11
HLA-DR

HNK-1

Patient Controls*
Reported — e e ey
specificity July November Tuly Nov.
1985 1985
Pan T 92 42 68.5 70
Pan T 94 43 70.2 69.9
helper cells 90 25 41.5 42.3
cytotoxic/suppressor
T cells 98 75 21.9 24.8
sheep erythrocytes receptor 96 712 69.8 70
B-cells, monocytes activated
T cells, leukaemic cells 51 10 20.5 24.2
LGL 96 12 16.5 18.2

* Twenty normal donors.

SRFC
S. SREC
FcyR
smlgG
1. 1gG

([T |

Table 2

Surface markers of the patient’s leukaemic cells

Positive cells (%)

Surface —
markers July 1985 November 1985
SRFC 915 67
S. SRFC 24 s
FceyR 72 53
smlgG 14 15

1. 1gG 14 14

sheep rosette forming cells
stable (at 45 °C) sheep rosette forming cells

cells bearing receptors for the Fc portion of IgG

surface membrane 1gG
labile bound IgG

phenotype was changed: part of the cells lost the E receptors and Ty, T, Ty, Ty,
T,; and HNK-1 antigens. The malignant cells were negative for monocytic

(OKM,) and B-cell (OKB,, OKB,, OKB,) determinants (data not shown).

Functional activities

Table 3 gives the results of the tests for natural killer and antibody depen-
dent cytotoxicity at different effector: target ratios, in the patient’s and in the
control’s cells. On the first examination, the percentage of target cell lysis was
very low, in both the 100 : 1 and 10 : 1 effector : target ratios. On the contrary,
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Table 3

NK and ADCC functions of malignant cells

Function First examination After three months Normal***

controls

NK* 100 51 = 3.18 100 : 1 = 12.45 40— 50

1) =1 =0 10 41 = 037 6 — 8

10:14+ PHA= 5.2 10 : 1 + PHA = 37.15 20— 100

10: 14+ PWM = 17.15 10 : 1+ PWM = 20.24 20— 100

ADCC** 100 =1 = 70.17 100 : 1 = 78.08 50— 100
10 &1 =10 1021 =

28.06 10

100 : 1 effector : target ratios
10:1

* Percents of specific ?'Cr-release from K3562 labelled target cells; ** Percents of
specific *'Cr-release from RL" 31 labelled target cells; *** the extreme values of four normal
donors tested in concomitance.

the ADCC activity of malignant cells was normal. The patient’s LGL showed
a weak response to PHA, but a better response to PWM. Three months later,
the cellular cytotoxic activity was much improved. At this time the cells were able
to kill the targets not only in the 100 : 1, but also in the 10 : | ratio. In the presence
of PHA, the stimulation index was also improved (from 5.2 to 37.15).

Morphology

The different types of malignant cells were detected in the peripheral blood by
light microscopy as well as by transmission electronmicroscopy (TEM):

1) Lymphoid cells with rather abundant cytoplasm. In TEM (Fig. 1b)
the plasma membrane showed numerous filiform extensions. The nucleus was
irregular, bean-shaped, or indented. The chromatin was concentrated in clusters
throughout the nucleoplasm. Occasionally, peroxidasc-positive granules were also
present.

2) Monocytoid cells (Fig. la). The plasma membrane showed numerous
fingerlike extensions. The abundant cytoplasm was sometimes vacuolated. The
nucleus was irregular, with moderately condensed chromatin. A large number of
primary granules were scattered throughout the cytoplasm, most of them peroxi-
dase positive. Both cell types were present at each examination. The proportion
of monocytoid cells was 209, and 259, respectively.

Histopathological evaluation

The normal structure of the examined lymph nodes was almost completely
effaced, a diffuse proliferation of malignant cells was observed. The whole lymph
node consisted of lympoid tumour cells, reactive cells and numerous blood vessels,

Haematologia 22, 1989



48 S. Berceanu, et al.: LGL lymphoma

Fig.1. TEM micrograph representing the two different types of peripheral blood leukaemic

cel's, stained for peroxidase: a) monocytoid cell showing irregular nucleus and a large number

of granules, most of them peroxidase positive; b) lymphoid cell, showing a bean shaped

nucleus and rather abundant cytoplasm. Note peroxidase positive granules. (original magni-
fication X 4500)

which were lined with thick endotelium. The vessels were full of malignant cells
and rare eosinocytes. The tumour cells varied in size and appearance. The smallest
cells had dark chromatin and very irregular nuclei. Large cells with irregular nu-
clei containing 2—3 prominent nucleoli were observed among these cells. The
cytoplasm of all tumour cells was abundant and pale. The histopathological
diagnosis was T-cell lymphoma, pleomorphic type, diffuse.

Enzymatic equipment

The results obtained in the leukaemic cells and EA,, rosettes are presented
in Table 4. Most of the cells showed high positivity for acid phosphatase NCAE
and proteolytic enzymes. The enzymatic reactions in the lymphoid cells were
granular, especially along the plasma membrane. Only the monocytoid cells

displayed alpha-naphthylacetate esterase (ANAE) and acid glycerophosphatase
(AcGP) activities, but of very low intensity.
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Table 4

Cytochemistry of the leukaemic cells

Positive cells (%)

Enzymes — - ——
Lymphoid cells Monocytoid cells
ANAE 2 18
Ac. GP 3 20
Per 20 51
Ac. P. 73 65
NCAE 100 100

PE 100 100

ANAE = alpha naphtyl acetate acid esterase; Ac. GP = lysosomal acid glycero-
phosphatase; Per = peroxidase; Ac. P = acid phosphatase; NCAE = naphtol AS-B cloro-
acetate esterase; PE = endopeptidase proteolytic enzymes.

On the basis of the above described enzymatic profile (AcP™ NCAE* PE*
ANAE +) the malignant cells could have been classified as relatively mature
LGL, but part of them also displayed peroxidase activity.

Discussion

A case of non-cutaneous lymphocytic lymphoma with leukaemic spread
has been described. On admission, a leukaemic population morphologically
characterized as LGL, consisting mainly of two different types of cells was found.
The histopathological diagnosis was T-cell lymphoma, pleomorphic type diffuse.
The histological preparations also revealed two types of malignant cells. Despite
their morphological heterogeneity, all the proliferative cells had the same immuno-
logical phenotype. The presence of Fcy R (among the mononuclear cells only
LGL are EACD-positive), of labile ., I¢G, of HNK-1 antigen and of the T,, T,
and T,, antigens suggested that the malignant cells belong to the LGL lineage.

The cell surface antigenic pattern showed a particular feature: the coexpres-
sion of T, antigen in the same percentage as T,, T,, Ty and T,, antigens. Three
months later the immunologic phenotype had changed: a number of cells had
lost E receptors and T, T,, T,, Ty and HNK-I antigens, thus becoming probably
a more differentiated leukaemic population. It is known that in the differentiation
(maturation) process the normal LGL lose T-cell antigens, and only about 309
of the mature LGL express T-cell markers [I]. Therefore, in our opinion, the
patient’s leukaemic cells were detected in two discrete stages of maturation. The
two morphological types of malignant cells might correspond to the normal
counterparts of mature LGL, as described by Semenzatto et al.[15].

The LGL represents a heterogenous cell population, and it is currently not
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clear if they derive from T or monocytic lineage, or whether they represent a sepa-
rate cellular lineage. Therefore, the cells’ features are often characterized by
ambiguity, as demonstrated by Pandolfi et al. [16]in two cases of LGL lymphoma.

The malignant cells had a normal ADCC activity but a very low NK activity,
thus showing a functional discrepancy which has already been reported in malig-
nant cells [17]. At the same time it is still contraversial whether or not in normal
subjects NK and ADCC activity is mediated by the same cell with mutiple func-
tions, or is the production of multiple cells with separate specificities. Our data
are in agreement with those reported by Abo et al. [16] who sustain that OKT,*
HNK-1" cells are less effective in NK activity compared to OKT;~ HNK-1".
Functional activities of the patient’s malignant cells are closely related to those
described by Pandolfi et al. [16] in one case of LGL lymphoma with OKT;*
OKT " HNK-1* M, cells. The increased NK activity in the presence of PWM
might be explained by the fact that Ty-positive cells stimulated with PWM ex-
press T,. antigers, thus leading to cell mitosis and therefore to increased functional
activity [13]. It seems likely that the increased killing is the result of better binding
to the target cells. The preexisting hypogammaglobulinaemia, in our case, might
have been enhanced by the suppressor function of the leukaemic cells. Further-
more, the impaired response to PHA might be the effect of anincreased ““in vivo™
suppressor activity. The occurance of the T, antigen on the LGL might also have
a suppressor function, since it is known that in some circumstances the T, antigen
may have a suppressor function. Besides, recently, a discrete subpopulation of
lymphocytes sharing several phenotypic characteristics with NK cells was identi-
fied within the circulating pool of human lymphocytes that bear T, marker (229,
of the T, cells) [14].

Our cytochemical study revealed some enzymatical peculiarities. Besides
the high positivity for AcP, the low levels of ANAE and AcGP are of interest,
since these enzymes have been found to be expressed only on mature T-cells and
their appearance follows the expression of AcP during cellular maturation [7].
The high naphtol AS-BI acid phosphatase, NCAE and proteolytic enzyme activ-
ities are known to be characteristic for mature LGL. According to some authors
[15, 16] intense NCAE activity represents a cytochemical marker for the LGL
population. The features of these malignant cells resemble those observed by
Chan et al. (1984) who identified intense AcP reaction in a LGL subset, charac-
terized by E* T,* T+ M, ~ phenotype with marked ADCC activity but no NK
activity. The cytochemical phenotype was characterized by ambiguity, since
besides the enzymes characteristic for LGL, the malignant cells also displayed
peroxidase activity. This peculiarity might be interpreted as a lineage infidelity.
An increasing number of authors report cases in which individual leukaemic cells
coexpress markers normally believed to be restricted to a single lineage. This has
been interpreted by McCulloch et al. as aberrant programming, or lineage in-
fidelity [18]. Graves et al. [19] suggest that lineage infidelity does not reflect gene-
tic misprogramming, but rather, the existence of a transient phase of limited pro-
miscuity of gene expression occuring in normal bipotential or multipotential
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progenitors, which may be preserved as a relic in leukaemic cell populations that
are in a maturation arrest.

In our case, the immunoenzymatical discrepancy might be the result of
the persistence of some features characteristic to a common progenitor for LGL
and monocytic lineages.

The observation that this lymphoma appeared in a patient with a long history
of hypogammaglobulinaemia is of particular interest. The predisposition for, and
the association with malignant lymphoproliferations in immunodeficient subjects
is now a well known fact. The first data related to this observation [20, 21, 22, 23,
24, 25] have drawn attention to the fact that hypogammaglobulinaemia creates
a predisposition for borderline or lymphomalike lesions (Fig. 2). Dutz et al.
[26], Lennert et al. [27], Mathé et al. [28] presented new arguments which con-
firmed this point of view.

Fig. 2. Mechanisms of malignant transformation in the immune
cellular system
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The clinical features and course of the disease in our patient was somewhat
similar to a non-Hodgkin lymphoma of T,* T " T,,* phenotype (Lukes and
Meyer classification), with mild, non-progressive evolution, thus showing that
the main characteristics of these malignant cells of particular nature, were cyto-
toxic lymphoid cells, the monocytic features having apparently no influence upon
the clinical picture. In agreement with other workers [19], some of our unpublished
observations have shown that in acute promyelocytic leukaemia (APL) with
malignant cells which displayed peroxidase activity and expressed T-cell markers
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(surface antigens), the chemotherapy for APL was inefficient, the prompt recovery
of the blood abnormalities being observed only when chemotherapy for acute
lymphoblastic leukaemia was started. Therefore in some cases of lineage infidelity
the cell surface phenotype seems to be responsible for the evolution of cells and
the patients’ response to therapy.
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Frepuency of Lewis Group Substances
in Patients with Cancer of Stomach

E. CsATO, E. Vass

Blood Transfusion Centre, “*JOosa Andras™ Memorial County Hospital, H-4401 Nyiregyhaza,
P.O.Box 159, Hungary

(Received 30 June, 1987; accepted 21 April, 1988)

Authors examined the frequency of Lewis group substances in red blood cells
(RBC) and saliva of 293 patients with cancer of stomach, and of 760 healthy volunteers.
Lewis (a-b-) substances on RBC surfaces were significantly more frequent in patients
with cancer of stomach compared to normal controls.

Most patients with cancer of stomach who had Lewis (a-b-) type red blood cells
had Lewis -a and Lewis -b substances in their saliva.

The deficiency of Le® substance and the loss or weakening of Le" antigen on
RBCs may be a prognostic and diagnostic indicator in patients with cancer of stomach.

Keywords: Lewis group substance, cancer of stomach

Introduction

Many reports have been published on the possible relationship between blood
groups and diseases. Most of these papers have discussed the relations between the
ABO system and certain diseases. Data on the association of other blood systems
and diseases are scarce.

Authors studied the possible association between the Lewis blood group
substances and the frequency of stomach cancer.

In 1978 E. Csato [1] found a significantly higher ratio of Le (a—b—) type
RBCs in patients with stomach cancer. Due to the growing interest in the Lewis
system, the authors’ newest findings are presented.

The studies of the incidence of Le?, Le® antigens in patients with stomach
cancer were performed together with those of the ABH antigen frequency and the
secretor — nonsecretor character.

Picard et al. [2] and Furukawa et al. [3] examined the incidence of ABH,
Le*and Le® antigens in extracts of gastric mucosa. As only few samples were exa-
mined, no conclusion was drawn regarding the link between Lewis group substan-
ces and the cancer of stomach. No report on this subject has been published in the
German Humangenetik [4].

According to Mourant et al. [5] up to the present no association has been
found between the Lewis system and other diseases. This is why no report on this
topic was presented in their manual either.

VSP Utrecht, Tokyo
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Mourant discovered the antigens of the Lewis system in 1946 [6]. Lewis
group substances may be present on red blood cells, in some tissues and in body
fluids.

According to our present knowledge, antigens of the Lewis system consist of
water soluble mucoids. Japanese authors [7] state that Lewis substances may be
produced in the gastric mucosa.

In the last decade the importance of the Lewis system has been recognized in
connection with organ transplantation [8]. The Lewis antigens are considered to be
additive transplantation antigens. In cases of kidney transplantation it has been
proved that when the recipients were Le (a—b—) and their donors were Le antigen
positive the tolerance to the transplanted organ was significantly lower.

Sneath and Sneath [9] stated that Lewis antigens present in plasma are
passively attached to red blood cell surfaces. This is attributed to an enzymatic
function. Results of recent studies indicate that the presence of Lewis substances
can be determined from samples of saliva.

In 1948 Grubb [10] observed a correlation between the Lewis system and the
secretion of ABH blood group substances in body fluids.

Subjects of Le (a+b—) type secrete Le® but not ABH substances into the
body fluids.

Subjects of Le (a—b +) type secrete ABH, Le” and Le® substances in to their
body fluids.

The majority of Lewis (a—b—) type subjects secrete ABH and Le®™, while
Le® substance is not detectable in their body fluids.

The Le (a—b—) type is the only group where the occurance of the Le®
substance is exceptionally low.

Ceppelini [11] reported two cases in which Le® substance was detected in the
saliva of a Le (a—b—) subject. In 1957 Iseki, Masaki and Shibasaki [12] discovered
Le® antigen in Le (a—b—) subjects.

According to Gunson and Latham [13] Le* substance exceptionally detected
in the saliva of Le (a—b—) persons is identical to Le® antigen.

In 1970 Potapov [14] discovered Le" antigen on the surface of RBC of
nonsecretor Le (a—b—) subjects. Thus, the RBCs of Le (a—b—) nonsecretors are
Le(a—b—c—d+).

According to Race and Sanger [15] the so-called European average of the
frequency of the best known antigens Le* and Le® were as follows:

Le(a+b—)=22%: Le(a—b+)=72%: Le(a—b—)=06%.

Materials and Methods
Between 1966 and 1984 the blood and saliva samples of 293 patients with
cancer of stomach were studied. Lewis group substances were determined in saliva

and blood samples, ABH antigens were detected in the saliva of the patients. 206

Haematologia 22, 1989



E. Csaté, E. Vass: Frequency of Lewis Group Substances in Patients 37

males and 87 females were included in the study. Samples were obtained from pati-
ents treated in the Ist and 2nd Department of Surgery of the County Hospital
Nyiregyhaza, 2nd Department of Medicine of the the Medical School at Debrecen,
and the County Oncological Care Centre at Nyiregyhdza, Hungary.

The diagnosis was established by endoscopical and histological examinations.
Our studies were completed by similar ones performed on 760 heatlhy controls
(480 males and 380 females), donors at the County Blood Transfusion Centre in
Nyiregyhdaza.

Lewis antigens were determined with antisera supplied by Biotest Serum
Institute GmbH, Frankfurt am Main (FRG), Ortho Diagnostics Inc. (USA) and
Cilag AG, Schaffhausen (Switzerland).

ABH antigens were detected by serotypes provided by Human Co., Budapest
(Hungary).

Assays on saliva and blood samples were performed within three days after
sampling.

Lewis group substances and ABH antigens in saliva were detected by the
agglutination inhibition test.

Le* ™ and Le®* test cells served as controls.

Results

Table 1 demonstrates the incidence of Le (a—b—) types in patients with
stomach cancer and in healthy donors. The data show that the frequency of Le
(a—b—) was 6.3% in healthy controls and 16% in patients. Le" substance was

Table 1

The frequency of the Lewis group in healthy persons and in patients with gastric cancer

Red blood cell Lea+b— Lea—b+ Lea—b—
PATIENTS 19 227 47
n= 293 6.4% 7745 16%
SALIVA Lea+ SALIVA Le2—
26 21
55.3% 44.7%,
HEALTHY 150 562 48
n= 760 19.7% 73.9% 6.3%
SALIVA Lea+ SALIVA Le2—
2 46
43% 95.7%

x? probe = 46.769
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detected in 2 cases (4.3 %) in healthy Le (a—b—) controls, and in 26 cases (55.3 %)
among patients. This was interesting because Le®substance occurs rather rarely in
the saliva of Le (a—b—) subjects.

To our best knowledge no report was published on a comparison of the
incidence of Le® substance in the saliva of patients with stomach cancer and in
healthy controls.

Discussion

Judd et al. [16] assume thatmalignant tumours secrete steroidhormone-active
substances which diminish the expression of Le® genes on RBCs. Two such cases
have been reported. The tumour of the oesophagus has also been listed in this
group.

A similar mechanism is assumed to explain the inagglutinability of Lewis
antigens on the RBC surfaces of patients with gastric cancer, altough to our best
knowledge the malignant tumours of the stomach do not produce steroid-active
substances.

In our opinion the examination of Lewis antigens may be diagnostic and
prognostic indicators in cases of stomach cancer.

H. Koprowski et al. [17] assumed that the incidence of Le (a —b—) is higher
in patients with gastric cancer.

In 1986 we found that the incidence of Le* ™ in patients with gastric cancer
was 8.8 % lower, in nonsecretor type than in healthy controls whose mean value
was 229 [18].

The absence of Le®*on RBCs, the diminished expression of Le® gene on RBC
appears to be much more frequent in patients with stomach cancer. This fact
supports the probability of an association between the Lewis system and gastric
cancer.

Further investigations are neede to solve this problem.
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Thrombin-induced membrane depolarization
of plateles and its inhibition by cetiedil.
A. Yamaguchi, H. Azuma, S. Sekizaki, H.
Suzuki, K. Tanoue, and H. Yamazaki (De-
partment of Cardiovascular Research, The
Tokyo Metropolitan Institute of Medical
Science, Bunkyo-Ku, Tokyo 113, Japan).
J. Biochem. 103, 787 (1988).

When 50 M cetiedil alone was added to a
platelet suspension, increase in Na™ content,
decrease in Kt content, and depolarization of
platelet membrane were observed without
change in the intracellular concentration of
free Ca®** ([Ca®*);) or in the morphology of
platelets. The cetiedil-induced depolarization
was attenuated by the reduction of extra-
cellular sodium concentration, while sodium
transport inhibitors such as procaine and
tetrodotoxin failed to modify the depolari-
zation. On the other hand, thrombin
caused such changes in platelets as increases
in Nat content, *Na space and [Ca®*"],
decrease on K1 content, and membrane
depolarization. All these changes caused
by thrombin were inhibited by cetiedil. It
is suggested that cetiedil brought the incre-
ased ion transport and subsequent partial
depolarization, which might lead to modifica-
tion of the reaction of platelet membrane
induced by thrombin. G. Gardos

Ca** mobilization can occur independent of
acceleration of Na*|H™ exchange in thrombin-
-stimulated human platelets. G. B. Zavoico
and E. J. Cragoe (Hematology Division,
Department of Medicine, Brigham and Wo-
men’s Hospital, Boston, Massachusetts).
J. Biol. Chem. 263, 9635 (1988).

Intracellular free Ca*% ([Ca*'],) and
pH (pH,) were measured simultaneously by
dual wavelength excitation in thrombin-sti-
mulated human platelets double-labeled with

the fluorescent probes fura-2 and 2°, 7'-bis
(carboxyethyl)-5, 6-carboxyfluorescein to de-
termine the relationship between changes in
[Ca*"]; and pH,, respectively. At 37°C,
thrombin (0.5 or 0.1 units/ml) increased
[Ca®"]; with no detectable lag period to
maximum levels within 13 s followed by a
slow return to resting levels. There was a
transient decrease in pH; within 9 s that was
immediately followed by an alkalinization
response, attributable to activation of Nat/HT
exchange, that raised pH; above resting
levels within 22 s. At 10—15 °C, thrombin-
-induced changes in [Ca®t];, and pH, were
delayed and therefore better resolved, altho-
ugh no differences in the magnitude of chang-
es in [Ca®*t]; and pH; were observed. Howev-
er, the increase in [Ca%"]; had peaked or was
declining before the alkalinization response
was detected, suggesting that Ca®*T mobili-
zation occurs before activation of Nat/HT
exchange. In platelets preincubated with
5-(N-ethyl-N-isopropyl)amiloride or gel-fil-
tered in NaT-free buffer (Na™ replaced with
N-methyl-D-glutamine) to inhibit Na®/H"
exchange, thrombin stimulation caused a
rapid, sustained decrease in pH;. Under
these conditions there was complete inhibi-
tion of the alkalinization response, whereas
Ca*"™ mobilization was only partially inhibit-
ed. Nigericin (a K*/H™" ionophore) caused a
rapid acidification of more than 0.3 pH unit
that was sustained in the presence of 5-
(N-ethyl-N-isopropyl)amiloride. Subsequent
stimulation with thrombin resulted in slight
inhibition of Ca®** mobilization. These data
show that, in human platelets stimulated with
high or low concentrations of thrombin,
Ca®™ mobilization can occur without a
functional Nat/H" exchanger and in an
acidified cytoplasm. Therefore, Ca** mobili-
zation does not require activation of Nat/H™
exchange or preliminary cytoplasmic alkali-
nization. G. Gardos
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Immunocytochemical localization of the Ca**
-ATPase polypeptide in human platelets. G. H.
Herbener and W. L. Dean (Departments of
Anatomical Sciences and Neurobiology and
Biochemistry, University of Louisville School
of Medicine, Louisville, KY 40292). Biochem.
Biophys. Res. Comm. 153, 848 (1988).

Specific  polyclonal antibodies raised
against purified human platelet Ca**-ATPase
were used with protein A-gold immuno-
cytochemistry to localize this protein in hu-
man platelets. Immunolabeling specifically
detected Ca®*-ATPase over the surface con-
nected membrane system (SCS) in sections
of paraformaldehyde-fixed, Lowicryl-em-
bedded platelets. The maximum density of
label, determined by quantitative morpho-
metric techniques, was observed overelectron-
dense regions within the SCS which may
represent specialized structures for uptake
and release of Ca*". Less intense immunola-
beling was observed over cytosol and may
represent localization over the dense tubular
system (DTS) which was not readily visualiz-
ed under the processing procedures employed.

G. Gardos

Effect of PCR 4099 on ADP-induced calcium
movements and phosphatidic acid production
in rat platelets. R. Feliste, M. F. Simon, H.
Chap, L. Douste-Blazy, G. Defreyn and J. P.
Maffrand (Inserm Unité 101, Biochimie des
Lipides, Hopital Purpan, Toulouse, Toulouse,
France). Biochem. Pharmacol. 37,2559 (1988).

Antiplatelet activity of PCR 4099, an
analogue of ticlopidine, resides in its specific
effect against exogenous as well as released
ADP. This study investigated in rat platelets
the effects of the drug on ADP-induced shape
change, elevation of cytosolic free Ca*"
concentration ([Ca*']) and hydrolysis of
inositol phospholipids, monitored as [**P]
phosphatidic acid formation. Shape change
and influx of Ca®" ions across the plasma
membrane were not modified after PCR 4099
administration using aspirin-treated platelets.
On the other hand, phosphatidic acid for-
mation and calcium mobilization from inter-
nal stores were strongly inhibited. These
results suggest that PCR 4099 leaves intact
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the machinery involved in ADP-induced
platelet shape change and influx of calcium
ions, but inhibits an early step in the ADP-
-response coupling leading to inositol phos-
pholipid hydrolysis and aggregation.

G. Gardos

Fura-2 used as a probe to show elevated
intracellular  free calcium in platelets of
Dahl-sensitive rats fed a high salt diet. S.
Vasdev, P. Thompson, C. Triggle, P. Fer-
nandez, P. Bolliand V. S. Ananthanarayanan
(Disciplines of Medicine, Basic Sciences and
Biochemistry, Memorial University, St.
John’s, Newfoundland, Canada). Biochem.
Biophys. Res. Comm. 154, 380 (1988).

Elevated intracellular free calcium con-
centration [Ca®**]; in vascular smooth muscle
cells has been implicated in the pathophysio-
logy of hypertension. Platelet [Ca®"]; was
measured using the fluorescent indicator,
Fura-2, in Dahl sensitive (DS) and resistant
(DR) rats given high (8% NaCl) and low
(0.4, NaCl) salt diets, as well as in the spon-
taneously hypertensive (SHR) and Wistar-
-Kyoto (WKY) rats. The aim of this study
was to show whether [Ca®"]; is elevated in
salt induced hypertension. Platelet [Ca**];
and systolic blood pressure (SBP) were higher
(p < 0.001) in DS rats given a high than low
salt diets. In contrast, no changes in platelet
[Ca®*"]; and SBP were observed in DR rats.
In SHR, platelet [Ca®**],and SBP were higher
(p < 0.001) than in the WKY rats. Platelet
[Ca*"]; correlated with SBP in all groups of
rats (r= 0.929; p < 0.001, n= 38). The
parallel increase in SBP and [Ca®*"]; in the
DS high salt rats and the SHR suggests that
an increased [Ca2"]; is involved in the patho-
physiology of hypertension in the two models
which differ with respect to the pathogenesis
of their hypertension. This increase in [Ca** J;
therefore seems to reflect an abnormality on
[Ca*"]; handling in hypertension regardless
of its cause.

G. Gardos

The effect of ATP, intracellular calcium and
the anion exchange inhibitor DIDS on con-
ductive anion fluxes across the human red
cell membrane. P. Bennekou and P. Stampe
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(August Krogh Institute, Zoophysiological
Laboratory B, University of Copenhagen,
Copenhagen, Denmark). Biochim. Biophys.
Acta 942, 179 (1988).

The influence of ATP depletion, the intra-
cellular ionized Ca-concentration, anion
substitution and DIDS on the conductive
anion fluxes across the human red cell mem-
brane has been examined. Under physiological
or near physiological conditions it is not
possible to observe conductive anion fluxes
across the erythrocyte membrane in that
anions totally dominate the membrane
conductance. Consequently anions are at
electrochemical equilibrium and the netflux
is zero. However, conductive anion fluxes can
be induced by raising the potassium conduc-
tance, either by addition of valinomycin, or
by triggering the native calcium activated
potassium channel by addition of the Ca**"
ionophore A23187 to cells suspended in a
calcium containing medium. The interpreta-
tion of data from experiments with valino-
mycin induced netfluxes has normally been
done according to a constant field model, and
the results have consequently been given as
permeabilities. Since it has been demonstrat-
ed recently, that these cation pathways do not
conform to a constant field scheme, it has
been chosen, instead of permeabilities, to
calculate the ion conductances from net
efflux data, using an independent estimate of
the membrane potential. The main result
reported, is that only component is found for
the conductive anion fluxes in the presence of
DIDS using the latter theoretical framework,
whereas a sizeable DIDS-insensitive compo-
nent is found when the constant field analysis
is used. Furthermore it is found that ATP
and intracellular calcium do not influence the
anion conductances.

Ilma Szasz

Red blood cell membrane microviscosity
correlates with posttransfusion survival. L. R.
McLean,. C. Grote, E. B. Silberstein, and M.
McGill (Merrell Dow Research Institute, and
Department of Pharmacology and Cell
Biophysics, University of Cincinnati College

of Medicine, Cincinnati, Ohio, USA).
Biochem. Biophys. Res. Comm. 154, 387
(1988).

The cholesterol/phospholipid and sphin-
gomyelin/phospholipid ratios of red blood
cells stored for 42 days were unchanged after
storage. However, the total phospholipid
concentration in the red cells decreased
suggesting a loss of red cell membrane during
storage. The 24 h survival of the stored red
cells was assessed by the °'Cr technique in
homologous donors. A decrease in fluores-
cence polarization of diphenylhexatriene
incorporated into the membrane was obser-
ved following storage which correlated with
survival. Thus, molecular defects in the lipid
bilayer are associated with long-term storage
of red blood cells.

Ilma Szas:z

Sites of p-chloromercuribenzene sulfonate in-
hibition of red cell urea and water transport.
D. M. Ojcius and A. K.Solomon (Biophysical
Laboratory, Department of Physiology and
Biophysics, Harvard Medical School, Boston,
MA). Biochim. Biophys. Acta 942, 73 (1988).

The mercurial sulfhydryl reagent, p-chlo-
romercuribenzene sulfonate (pCMBS), inhi-
bits water and urea fluxes across the human
red blood cell membrane. The kinetics and
affinities for pCMBS binding to separate wa-
ter transport and urea transport inhibition
sites were previously determined by Toon and
Solomon (1986) in red cells that had been
treated with N-ethylmaleimide (NEM) to
block five of the six sulfhydryls on the red
cell anion exchange protein, band 3. It has
been used autoradiographs of gels from NEM
-treated cells, labeled with **Hg-pCMBS, to
localize these water and urea transport inhi-
bition binding sites separately and find that
both are on band 3. Each site is saturable and
the time course of each uptake can be fitted
to the equation for a bimolecular association
(with negligible dissociation) with time cons-
tants in agreement with those of Toon and
Solomon. Determination of the binding
stoichiometry shows one urea inhibition site
and three water inhibition sites for every four
band 3 molecules. These results inidicate
that band 3 plays a role in both urea and
water transport and suggest that the functio-
nal unit may be a tetramer.

Ilma Szdsz
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Platelet Survival Studies

The International Committee for Standardization in Haematology has revis-
ed its earlier recommendations for Platelet Survival Studies. Radioactive indium
(*"* In) has advantages over *'Cr as a platelet label because of its short half life,
higher photon yield and greater affinity for platelets. Standardized methods are
described for labelling an autologous platelet sample with indium oxine or tropolo-
ne and for analysing the data by an iterative “multiple hit”” method.

This document has been published in Journal of Nuclear Medicine, 29, 4:
564 —566 (April 1988).

Reprints are available from ICSH Secretariat, ¢/o R. L. Verwilghen, Univer-
sity Hospital, Herestraat 49, B-3000 Leuven, Belgium.

A computer program for estimating the mean platelet survival is also available
on request.
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The Effect of Alkaline Phosphatase on Platelet Aggregation
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Elevated concentrations of alkaline phosphatase occur in a variety of diseases.
The effect of alkaline phophatase on platelet aggregation was tested. Adenosine di-
phosphate-induced aggregation was inhibited at the highest concentrations of alkaline
phosphatase employed. Similar results were observed when epinephrine, collagen and
arachidonic acid were used as aggregating agents. A dose-dependent inhibition of risto-
cetin-induced aggregation by alkaline phosphatase was observed. These results were
confirmed using plasma from patients with cholestatic disease and elevated concentra-
tions of alkaline phosphatase similar to those used in the in vitro studies. These data
indicate that patients with significantly elevated levels of alkaline phosphatase may be
predisposed to a thrombocytopathy.

Keywords: adenosine diphosphate, alkaline phosphatase, platelet aggregation,
ristocetin, thrombocytopathy

Introduction

Serum contains alkaline phosphatase, an enzyme which hydrolyzes synthetic
phosphate esters at pH 9. This enzyme is produced by many tissues (especially
liver, bone, intestine and placenta) and is excreted in bile. Increased alkaline phos-
phatase occurs in patients with a variety of diseases, including hepatitis, cirrhosis,
biliary obstruction, Paget’s disease, bone metastases and metastatic liver disease
[1].

The physiologic agent responsible for platelet aggregation is adenosine di-
phosphate (ADP), which is released from platelets during exposure to collagen or
ADP [2]. Other effectors of platelet aggregation include epinephrine, ristocetin,
thrombin and products of arachidonic acid metabolism [3].

Deaggregation occurs when local ADP is degraded by plasma as well as
platelet ATPase and ADPase [4]. Because alkaline phosphatase is also capable of
hydrolyzing ADP, platelet aggregation may be affected in patients with elevated
concentrations of this enzyme.

Materials and Methods

Platelet-rich plasma was prepared from venous blood, anticoagulated with
3.8 per cent (wt/vol) trisodium citrate, and centrifuged at 200g for seven minutes.

1% VSP, Utrecht, Tokyo
Akadémiai Kiado, Budapest



66 A. B. Weitherg: Alkaline phosphatase’s effect on platelet aggregation

The platelet count was then adjustad to 300 x 10" per liter, by dilution with autolo-
gous platelet-poor plasma. In some experiments, plasma from patients with extra-
hepatic cholestasis was used. Several plasma samples from different patients were
used for this purpose. Platelet-rich plasma of a healthy donor was mixed with the
patient’s plasma sample to achieve the platelet count as noted above. Platelet
aggregation was recorded in a Payton dual-channel aggregometer. The aggregating
agents used were adenosine diphosphate, epinephrine, collagen, ristocetin and
sodium arachidonate (Sigma Chemical Co., St. Louis, MO) alone or in the presence
of increasing concentrations of alkaline phosphatase (Type I, 1 —3 units/mg solid,
Sigma Chemical Co.). Alkaline phosphatase was measured on an American Moni-
tor KDA using a modification of the method of Bowers and McComb.
Student’s ¢ distribution was used for all statistical analyses.

Results

As shown in Table 1, ADP-induced aggregation was reduced significantly
in the presence of the highest concentrations of alkaline phosphatase tested. Similar
results were observed with epinephrine, collagen and arachidonic acid. In the pres-
ence of alkaline phosphatase, a dose-dependent inhibition of ristocetin-induced
aggregation was observed. When aggregation was not inhibited, alkaline phospha-
tase had no effect on the rate of aggregation.

Table 1

The effect of alkaline phosphatase on platelet aggregation as measured by the maximal change
in optical density (%) ~

Alk. Phos. ADPI1* ADP2* Epi* Coll* AA* Risto*

(1u/L)
None 86% 88 % 90 %, 90%, 88 959/
63 86% 887 90% 897 RS 94%
126 85% 87% 899 88 80 36%**
315 82, 87% 89% 88 % 550,% 320/%%
630 54 9%+ 64%** 86 % 86 50 9%* 22 %~ ~
1260 50 %% 5890%* 36 95** 41 57* 46 95** 129~ ~

Abbreviations: Alk. Phos.-Alkaline Phosphatase, ADP-Adenosine diphosphate, Epi-Epineph-
rine, Coll-Collagen, AA-Arachidonic Acid, Risto-Ristocetin.

~ Pooled data from 3 separate experiments

* ADPI: 107°M, ADP2: 2x 1076M, Epi: 2X 107%M, Coll: 107°M, AA: 5x 107°M, Risto:
2X 1075M

~~ p<.0005 vs. control (none)

** p<.001 vs. control (none)
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Similar results are shown in Table 2 when patients’ plasma containing elevat-
ed concentrations of alkaline phosphatase was added to normal platelets and ag-
gregation measured.

Table 2

The effect of alkaline phosphatase on platelet aggregation using patients’ plasma as measured
by the maximal change in optical density (%) ~

A<]:(£,!,PL}1)0S‘ ADEL ADP2* Epi* Coll* AA* Risto*
None 859/ 87 909/ 909/, 87% 94
62 86 88 91 909, 86 959
138 86% 87% 889 89% 81% 35 94%*
324 81% 87 % 88 % 889/ 54.9/%* 31 9**
. 53 4 627> 86 % §1% S0%**  20%~~
100 49 7% 57%5%* 355 40 ,** 459 10%~~

Abbreviations: Alk. Phos.-Alkaline Phosphatase, ADP-Adenosine diphosphate, Epi-Epineph-
rine, Coll-Collagen, AA-Arachidonic Acid, Risto-Ristocetin.

~ Pooled data from 3 separate experiments

* ADP1: 107°M, ADP2: 2x 107¢M, Epi: 2x 107¢M, Coll: 1075M, AA: 5% 10~°M, Risto:
2X 107°M

~~ p,.0005 vs. control (none)

** p<.001 vs. control (none)

Discussion

This study demonstrates that elevated concentrations of alkaline phosphatase,
similar to those observed in vivo, inhibit platelet aggregation in vitro. The fact
that high concentrations of the enzyme were necessary to abrogate the effect of
ADP may be related to the fact that small concentrations of ADP are capable of
inducing platelet aggregation. Concentrations of alkaline phosphatase <630 TU/L
may not hydrolyze enough ADP to inhibit aggregation.

The results with epinephrine and collagen are consistent with the observation
that they induce platelet aggregation by stimulating ADP release. The effect of
alkaline phosphatase on arachidonate- and ristocetin-induced aggregation cannot
be explained by the enzymatic degradation of ADP. These substances cause platelet
aggregation by mechanism usually not involving ADP. However, it is known that
alkaline phosphatase decreases the negative platelet surface charge which may be
involved in aggregation using these agents [6].

These data suggest that in disease states characterized by elevated levels of
alkaline phosphatase, platelet function may be impaired. Using plasma from pa-
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tients withelevated levels of alkaline phosphatase, platelet aggregation was inhibited
in a manner similar to the results observed in vitro. Patients with significantly
elevated concentrations of alkaline phosphatase, therefore, may be at increased risk
for bleeding.
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Microspectroscopy of Red Blood Cells
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Spectroscopic techniques have been widely employed to analyze properties of
macromolecules and dynamics of intracellular events on bulk preparations of cells.
The development of computer controlled microspectrophotometers has made possible
the study of the same events in single cells, often providing significant and unexpected
results.

This paper briefly reviews experimental works carried out in our laboratories on
single red blood cells. Microspectrophotometric techniques were applied which make
usc of the fact that ligand binding to intracellular haecmoglobin is associated with optical
changes.

Information on the relative abundance of different haemoglobin components
inside single erythrocytes of trout blood was obtained from spectra of air equilibrated
samples, taking advantage of the extreme pH sensitivity of one of the four haemoglo-
bin components.

The kinetics of oxygen and carbon monoxide binding to haemoglobin has been
followed and demonstrated to correspond to a zero order process, with a rate much
slower thant that characteristic for haemoglobin in solution. These results demonstrate
that the process is diffusion limited; computer simulations suggest that ligand uptake is
limited by the time required for the diffusion from the extracellular space of enough
ligand molecules for total saturation of intraerythrocytic haemoglobin.

Finally, oxygen dissociation curves in single red blood cells can be obtained by
means of particular flow cell, with promising results for the study of physiological and
pathological processes (namely red cell sickling in drepanocytosis).

Keywords: single cell microspectroscopy, erythrocyte, ligand diffusion

Introduction

In the last decade, quantitative investigations of biochemical processes have
been progressively extended from the study of the isolated micro and macromolec-
ular components to the study of interactions of more integrated systems, such as
the whole cell. Often the classical approach of cell disruption is required to follow
the biochemical event under examination. Optical microscopy is generally used on-
ly to acquire morphological information on fixed specimens with limited applica-
bility to the in vivo situation.

V'SP, Utrecht, Tokyo
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70 M. Brunori et al.: Microspectroscopy of RBC

In this review we present some results obtained by a combination of high
resolution optical microscopy with quantitative spectrophotometry to follow time-
dependent intracellular phenomena in intact cells under physiological conditions
(see also Hofrichter, 1979, Hofrichter and Eaton, 1976, and Coletta et al., 1982).
This approach, as applied to single red blood cells, makes use of a computer con-
trolled scanning microspectrophotometer (Benedetti et al., 1976) coupled with a
photochemical device to induce gas exchange and thus to follow reactions in single
erythrocytes starting from the photolabile complex of haemoglobin (Hb) with
carbon monoxide (CO) (Antonini et al., 1978, Antonini et al., 1982). The studies
described in this paper deal with two principal lines of research which were under-
taken in our laboratories during the last decade and are still in progress, namely:

1) spectrophotometric and functional investigations in single red blood cells
to determine the distribution of haemoglobin components among individual
erythrocytes whenever the haemolysate is known to contain several molecular spe-
cies;

A)
a)
| | |
415 540 580
A,nm
b)
| | 3
415 540 580
\ A, nm
| c)
| | |
415 540 580
A,nm
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Fig. 1. Panel A: Absorption spectra of single red blood cells from trout (Salmo irideus) blood.
Conditions: A: air equilibrated isotonic phosphate buffer pH 7.6. B: isotonic phosphate buffer
pH 7.6 plus sodium dithionite (no oxygen present). C: air equilibrated isotonic phcsphate
buffer pH 6.
Panel B: Oxygen saturation in air of the two main hemoglobin components from trout blood,
i.e. Hb I (pH insensitive) and Hb IV (displaying the Root effect)

2) kinetic events involved in gas dissociation and uptake by haemoglobin
in singleerythrocytes, and the effect of these processes on varying cellular morpholo-
gy and intracellular conditions. Such measurements have been carried out in
erythrocytes of species other than human, such as Camelus dromedarius, the trout
Salmo irideus and the clam Scapharca inaequivalvis.

The present results suggest future developments of dynamic microspectros-
copy for the study of normal and abnormal processes in red blood cells.

Methods

Measurements in single erythrocytes have been undertaken with a computer-
controlled microscpectrophotometer equipped with a fast moving condenser
similar to the prototype described elsewhere (Benedetti et al., 1976). The diameter
of the monochromatic analysis beam from a Xenon arc lamp XBO75W2 (Osram)
can be changed, with a diaphragm, to 1 —2 um? Furthermore, during wavelength
scanning, the moving condenser under the control of a PDP 11/23 Digital computer
allows the analysis beam to be shifted into two positions (i.e. outside and inside the
single cell). Light transmittance in the two different locations can be compared,
thus allowing a measure of optical density. With this method, absorption spectra
of haemoglobin in single red blood cell can be collected over a wavelength region
ranging from 360 to 760 nm (see Fig. 1).

Haematologia 22, 1989
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The photolysis source necessary to carry out the kinetic experiments is a
mercury arc lamp HBO 100W (Osram), rendered monochromatic by a proper
interference filter (Balzers, 4/ = 546 nm). Steady state photodissociation can be
achieved by opening a shutter (rise time = [ ms).

The optical and mechanical setup is connected ““on-line” to the computer for
real time control, data aquisition and processing.

Applications

A) Intracellular distribution in various species

The collection of absorption spectra in the single red blood cell can be very
important in detecting inhomogencous distribution of components in heterozy-
gotes, or, in species containing different types of haemoglobins, in the haemolysate.
If the various components display different spectral features, such as met Hb Fe
(IIT) and oxy Hb Fe (1), the most straightforward way of quantitating such a het-
erogenous distribution is by optical absorption of several individual erythrocytes
over the whole spectral range. However, in most cases, the intrinsic spectroscopic
features of the haemoglobin components are similar, and therefore the solution to
the problem must reside in determining different functional properties of the various
haemoglobin components.

A very interesting example of the latter approach is represented by the blood
from the trout Salmo irideus, which contains four types of haemoglobin; three of
these, namely component I and Il on the one hand (309%,) and component 1V on
the other (65 %) represents 959, of the proteins in the haemolysate. Exploiting the
different functional properties of these two components, the problem of determin-
ing their distribution in individual erythrocytes has been solved. In fact, trout Hb I
and II are characterized by a pH-independence of oxygen affinity, whereas in the
case of trout Hb IV a decrease in pH decreases oxygen affinity to such an extent that
at pH 7.0 the protein is incompletely saturated with the gas even at atmospheric
pressure (Brunori, 1975). Therefore, comparison of the optical absorption spectrum
of oxygenated red blood cells from trout between pH 8.0 and pH 6.0 makes possible
the estimation of the fraction of deoxygenated sites within any particular cell (Fig.
1). If the expected oxygen saturation of the various haemoglobin components in
the solution is independently known, the percentage of each component in the
single erythrocytes can be calculated. The conclusion of this analysis is that (1) the
percentage of each component is similar in every cell examined; (2) each type of
haemoglobin is present in every red blood cell in a proportion similar to that
of the haemolysate. Such a conclusion is relevant to the physiological role play-
ed by these functionally different haemoglobins in the oxygen transport process, as
discussed by Brunori et al. (1974).

As a recent and more sophisticated development of this approach we have
set up a method to determine oxygen equilibrium binding curves by collecting
spectra in single red blood cells under controlled gas pressure, employing a flow
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0.4+

Optical density

0.1 | | | >
380 400 420 440

Fig. 2. Absorption spectra of a human red cell equilibrated at different oxygen partial pressures:
A: 152 mm Hg; B: 10 mmHg; C: 7 mmHg; D: 2.8 mmHg. Other conditions: isotonic phos-
phate buffer pH 7.4, t = 27 C

cell to change conditions at will. An example of spectra collected at various oxygen
concentrations is given in Fig. 2. This method, which is being developed in our
laboratories, will prove to be very useful in analyzing the functional properties of
red blood cells at various stages of maturation and for testing the effect of drugs

on the oxygen carrying properties in living cells.
B) Intracellular uptake and release of gaseous ligands

The study of intracellular ligand binding kinetics in single erythrocytes makes
use of the photosensitivity of the complex between haemoglobin (Hb) and carbon
monoxide (CO), according to the following equations:

-+ hv (light)

Hb CO

Hb+CO (1)

(dark) Scheme 1

Hb+CO ——— HbCO (2)
When a bright light is switched ““on™, starting from a system completely saturated
with CO, deoxygenated haemoglobin is rapidly produced (reaction 1); this process,
driven by light, achieves completion because of the outward diffusion of CO due
to the concentration gradient between the inside ([Hb] = [CO] = 20 mM) and
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Fig. 3. Time course of transmittance changes at 434 nm following irradiation (546 nm) of CO

equilibrated human red blood cells. The top trace is obtained in the absence of oxygen, the

bottom one in the presence of 0.08 mM oxygen; CO was present in both experiments at a

concentration of 0.1 mM. Upward deflection (at the left) indicates accumulation of deoxy Hb,

which in the presence of oxygen (bottom trace) disappears to yield oxyhemoglobin (see scheme

IT); the photodissociation beam is kept ““on™ from time zero to 1 sec, and then switched off
(arrow). Conditions: isotonic phosphate buffer pH 7.4, T = 27 C

the outside ([Hb] = 0; [CO] = I mM) of the RBCell. When the photodissociating
light is turned “‘off”, rebinding occurs (reaction 2) (see Fig. 3), at a rate which is
dependent on the concentration of free CO in solution.

Similarly, kinetics of oxygen binding to intraerythrocytic haemoglobin can
be followed taking advantage of the very low photosensitivity of the HbO, complex
and of the higher affinity of haemoglobin for CO (Antonini and Brunori, 1971).
Thus, under appropriate CO/O, concentration ratios, the intracellular haemoglobin
is fully saturated with CO in the dark, while irradiation with a stationary light
brings about the following reaction (see also Fig. 3):

Hb CO + 0, == Hb + CO + 0,+> HbO, + CO (Scheme IT)
() @) 3)

Thus, under these conditions deoxy Hb is transiently accumulated in the cell
(state 2), and formation of the oxygenated complex (HbO,) under stationary light
can be followed (state 3).

In both cases, i.e. for oxygen and CO, ligand rebinding follows a zero order
time course (see Fig. 3), with an apparent rate constant which is 30 to 50 times
slower than that measured for haemoglobin in solution (Antonini and Brunori,
1971).

The two characteristic features suggest that rebinding of the gas (O, or CO)
to intracellular haemoglobin is rate limited by the ligand diffusion from extra-
cellular space into the erythrocyte (Antonini et al., 1978). The very high intracel-
lular haemoglobin concentration (20 mM heme, i.e. 20 times higher than that of
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the extracellular ligand) accounts for the fact that the gaseous ligand is ““sucked”
from the bulk into the cell, and for a large part of the overall rebinding process the
free ligand inside the cell is rapidly captured by the excess Hb molecules; therefore,
its steady-state concentration is kept close to zero.

It is relevant to point out that in our experimental set-up., in contrast to
previous studies by rapid mixing techniques (Coin et al., 1979), the erythrocytes
were sitting in a stationary system, which enhanced the effect of ““depletion™ of the
ligand from the unstirred layer of solvent around the cell. Moreover, the analysis
beam is perpendicular to the thinner axis of the cell (Z-direction, see Fig. 4);
therefore, inhomogeneous temporal evolution of the recombination process along
the Z-axis cannot be resolved. In fact, experimental observations in different posi-
tions of the same red blood cell have shown that the same time course is obtained
in different sections of the cell, even though, because of the discoid shape of the red
blood cell, the diffusional contribution is larger in the Z-direction (Fig. 4).

The physics of the system has been described by a unidimensional model
(Crank, 1975), in which the diffusional contribution takes place only in the Z-
direction (Coletta et al., 1987).

Transmittance, arbitrary units

|
|
|
|

| 20pm Ji
Time, s G

Fig. 4. Time course of transmittance changes at 434 nm after complete photolysis of CO equi-
librated red cells from Scapharca inaequivalis. The photolytic beam was switched off after 1
sec irradiation (arrow). As depicted on the right of each trace, the three panels refer to setting
of the observation light beam in different points of the cell: A: lateral border; B: intermediate
position; C: center. Conditions: isotonic phosphate buffer pH 7.4, T = 27 C
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According to a recent analysis based on this unidimensional model, and in
agreement with the original observations by Antonini et al. (1978), the temporal
evolution of the formation of CO haemoglobin is rate limited by the time necessary
for the ligand molecules to diffuse from a region of space around the cell to the
inside through the membranes, and thereafter within the cell. The role of ligand
diffusional processes inside the erythrocyte has been tested by altering the intra-
cellular total volume. Swollen camel red blood cells were used for this experiment,
which are known to resist hyposmotic conditions (down to 50 mOsm/1) doubling
their original volume without haemolysis (Perk, 1963). The result of Coletta et al.
(1985) suggests that, besides the role of the extracellular unstirred layer, intracellu-
lar diffusion also appears to contribute — under some critical conditions — to the
observed CO recombination process.

To test the possible effect of intracellular diffusion of haemoglobin on the
rate process, we have studied human erythrocytes reacted with glutaraldehyde,
which can be used to cross-link extensively and to fully polymerize intracellular
haemoglobin, thereby abolishing altogether its translational motion. With these
modified RBCells it was found that the kinetics of CO rebinding followed in single
erythrocytes is essentially unchanged, as compared to non-modified human RB-
Cells. This result is in complete agreement with the fact that the translational diffu-
sion coefficient of CO (8 x 10~%) is much larger than that ofhaemoglobin (7.5 x 10~8:
see Vandegriff and Olson 1984b), since cross-linking by glutaraldehyde freezes
haemoglobin completely: the effect on the diffusion of small molecules, such as CO,
is negligible.

It should be made clear that the unidimensional formalism described above
(Crank, 1975) is an approximation and cannot reproduce, even qualitatively, the
rate constant enhancement observed by lowering the osmotic pressure suggesting
that in this case the X and Y component are not negligible. A more complex three
dimensional model is required, and in fact in a fully developed three dimensional
diffusion model for red blood cell oxygenation (Vandergriff and Olson, 1984a)
intracellular diffusion of both haemoglobin and the gas, as well as the intrinsic
association and dissociation kinetic constants, were all taken into account.

Conclusion

The brief review of results obtained by the application of single cell micro-
spectroscopy to the dynamics of cellular reactions outlines the potentialities of this
approach for a quantitative study of cell biophysics.

We have shown that quantitative spectrophotometry can be used to deter-
mine the distribution of different haemoglobin components and to estimate the func-
tional homogeneity in a population of cells. This possibility is of interest in studies
of cell aging and/or cell differentiation, for it may allow the detection of the
distribution of microscopic states which may be crucial to the understanding of
these complex processes.
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Furthermore, observations on the dynamics of photoinducible reactions are
possible down to the millisecond time range. In this area, the physiological signifi-
cance of gas diffusion inside the red blood cell as a function of flow turbulence
around the cell is of interest. Moreover, studies of molecular events involved in the
pathological state characteristic of sickle cell anaemia (Eaton and Hofrichter,
1987) are important. Thus rapid photodissociation of bound ligand can mimick
oxygen unloading in the capillaries, while recombination in the dark may mimick
oxygen rebinding in the pulmonary district. These investigations are in progress
and indicate that the microspectrophotometric technique can provide a unique
insight into the molecular physiopathology of sickle cell anaemia.
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3P NMR Studies on Rejuvenation of Outdated
Red Blood Cells: Complete Regeneration of ATP
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We used *'P Nuclear Magnetic Resonance (NMR) spectroscopy to investigate
whether regeneration of ATP in outdated human blood is accompanied by Mg-ATP
recomplexation. We found that the loss of ‘total ATP’ (i.e. the sum of ATP*~+ Mg-
-ATP?7) which occurs during blood storage is completely reversible by treatment of
RBC with precursors for purine nucleotide salvage. The magnesium-ATP complex,
however, is only partially (709%,) recovered due to a continuous decline of cytosolic
free Mg*t with increasing RBC age. Total RBC magnesium, as measured by flame
absorption spectroscopy, did not show any significant change under these conditions.

Keywords: *'P, NMR spectroscopy, ATP regeneration, blood storage, Mg-ATP
recomplexation

Introduction

Storage of red blood cells (RBC) under blood bank conditions leads to a
decrease in 2,3-diphosphoglycerate (DPG), ATP and intracellular pH [l —4].
Regeneration of DPG and ATP can be accomplished by incubation of outdated
RBC with precursors for purine nucleotide salvage [4 5]. In comparative studies,
Nakao et al. [5, 6] showed that optimal regeneration is achieved by the use of
relatively large amounts of adenine and inosine in an isoosmotic sucrose medium.
Although it has been established that regeneration of ATP has a beneficial effect
on RBC viability and stability [5], there is evidence that other, unknown factors
affect cell survival [7, 8]. The extent of Mg-ATP complexation might be one of
these factors. Recently, Bock et al. [1] described a sizable decrease in the extent
of Mg** complexation of ATP and a substantial decrease in free Mg** during the
shelf-life of blood stored in Acid Citrate Dextrose (ACD) or Citrate Phosphate
Dextrose Adenine-1 (CPDA-1).

The purpose of the present study is to investigate whether ATP-regeneration
in a medium comparable to that used by Nakao et al. [5] is accompanied by Mg-
ATP recomplexation. *'P nuclear magnetic resonance (NMR) spectroscopy was
used to measure the intracellular concentrations of phosphorus-containing metab-
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olites in fresh blood, outdated blood from a blood bank and outdated blood
during treatment with rejuvenation medium. Intracellular pH was estimated
from the difference in chemical shift between the peaks of inorganic phosphate and
an external standard of methylenediphosphonate in the NMR spectra. The
amounts of MgATP and ionized Mg " were calculated from the distance (in Hz)
between the o- and f-phosphate resonances of ATP, and the intracellular pH [1].
Whereas the concentration of total ATP, ie. the sum of ATP'~ + MgATP*~,
could be returned to its original level by treatment of RBC with precursors for
purine nucleotide salvage, the magnesium-ATP complex was only partially restored
due to a continuous decline of intracellular free Mg** with increasing RBC age.

Materials and Methods

The following rejuvenation medium was prepared and sterilized at 120 °C
for 20 min: 25 mM K,PO,, 30 mM inosine, 5.5 mM adenine, 5 mM EDTA-K,,
3% mannitol, 1 g/1 gentamicin, pH adjusted to 7.9 with 4 M HCI. Somewhat higher
concentrations than stated were initially made by leaving out enough water to
compensate for the 50 ml/1 of 209, (human) albumin which was added aseptically
after autoclaving and cooling. All chemicals, except gentamicin and the human
albumin, were of biochemical grade. Due to the addition of mannitol, mini-
mal haemolysis occurred during the 45 day incubation with precursors for purine
salvage, as has been described previously [9, 10].

Outdated, 4 weeks old, buffy-coat depleted, CPDA-1 blood was centrifuged
and filtered under sterile conditions through cotton wool to remove white blood
cells and platelets as described [10, 11]. Part of this saline washed RBC served as
‘untreated outdated blood’. Approximately equal volumes of another portion of
the washed RBC concentrate (with a PCV of 709) and the rejuvenation medium
were mixed under sterile conditions in a blood bag. The final PCV was 359% and
the final pH was 6.9 (20 °C). During occasional mixing, aliquots of about 6 ml
were aseptically filtered through the connecting tube into sterile 6 ml screw-capped
glass bottles in a laminar flow cabinet [10, 11]. All blood samples were stored at
4 °C until the time of analysis by NMR.

“Fresh” blood was drawn from an antecubital vein into an EDTA-K,-
containing Vacutainer (Becton Dickinson) tube and measured within 30 h
(including a ca. 20 h postal delay).

For NMR-measurements, ca. 6 ml of blood were centrifuged for 5 min at
1000 g and 1.5—2 ml of the RBC concentrate of a PCV of ca. 80 9 were transferred
to a 10 mm glass NMR tube. During acquisition of the spectra, the tube was spun
at a rate of 10 revolutions per s. *’P-NMR spectra were acquired on a Bruker
WM-300 spectrometer operating at 121.5 MHz in the Fourier Transform mode.
Two thousand transients were averaged using 8192 data points and a spectral width
of 6000 Hz. A 60° pulse was used with a relaxation delay of 1 s after each transient.
A co-axially placed capillary, containing 20 mM methylene diphosphonic acid in
5% D,O, served both as an external reference and a field-frequency lock standard.
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The intracellular pH was determined from the difference in chemical shift between
the methylphosphonate and the inorganic phosphate peaks in the NMR spectra.
Exponential noise filtering, causing a 10 Hz increase in line widths, and zero filling
unto a size of 32678 data points were applied prior to Fourier transformation.
Chemical shifts are quoted relative to external 859, orthophosphoric acid.

For determinations of total (bound +free) magnesium, RBC and rejuvena-
tion medium were separated by short centrifugation (2.5 min at 12,000 g, Eppendorf
centrifuge). Pellet and supernatant were separated and stored in a low-temperature
freezer (—80 °C). On the day of measurement, 50 ul of supernatant or pellet were
mixed with 100 ul concentrated HNO, and heated to 90 °C during a period of 2 h.
The digested pellets were subsequently diluted with 5 mM EDTA to a volume of
10 ml. Magnesium was measured in the digests by atomic absorption spectrophoto-
metry, using a calibration curve which ranged from 0 to 100 uM MgSO,.
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Fig. 1. 3"P-NMR spectra (121.5 MHz) of RBC from outdated human blood which had been
resuspended in isotonic saline (A) or rejuvenation medium (B) during 7 days at 4 °C. Reso-
nances are those of : 1. External standard (20 mM methylene diphosphonic acid in D,0, co-axial
capillary); 2. Sugar phosphates (position of dihydroxyacetone phosphate); 3. Sugar phosphates
(position of fructose 1,6-diphosphate); 4. and 5. 2- and 3-phosphate groups of 2,3-diphos-
phoglycerate; 6. Inorganic phosphate; 7. y-phosphate of ATP, with underlying f-phosphate
of ADP; 8. z-phosphate of ATP, with underlying x-phosphate of ADP and phosphate group
of NAD; 9. f-phosphate of ATP
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Results

Figure 1 shows the *'P-NMR spectra of RBC from outdated blood resuspend-
ed in isotonic saline (A) or in the adenine and inosine containing rejuvenation
medium (B) for 7 days at 4 °C. It is evident that the rejuvenation medium causes
substantial increases in the intensities of the resonances of DPG (nos 4 and 5) and
the f-phosphate of ATP (no. 9).

The Table shows the levels of free Mg, total Mg, Mg-ATP, ATP, ADP,
DPG, NAD and inorganic phosphate, besides the values of the intra- and extra-
cellular pH in fresh blood, untreated outdated blood and outdated blood at various
periods of cold (4 °C) rejuvenation. Differences between groups were tested by
Wilcoxon’s Q-test; a single-tail probability smaller than 59 was considered
statistically significant.

Figure 2 depicts the time course changes in ATP, MgATP and DPG during
a 45 day period of cold rejuvenation. It is clear that the loss of ‘total ATP’ during
blood storage is completely reversible, albeit only temporarily, whereas Mg-ATP
is partially recovered.

Figure 3 illustrates that the partial recovery of the magnesium-ATP complex
is due to a continuous decline of intracellular free Mg>* with increasing RBC age.
The fraction of total ATP not complexed to magnesium (&) thus shows a steady
increase during the 45 day period. Total (i.e. bound +free) magnesium in the red
blood cell is not significantly changed under these conditions. During the whole
period of cold rejuvenation, the total magnesium concentration is maintained at
the level observed in fresh blood (Table 1, [1]). Extracellular magnesium ranged
from 40 to 90 uM and it did not correlate with age.
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Fig. 2. Time course changes in ATP (@), MgATP (. ) and DPG (M) during the 45 day-treat-
ment of outdated blood with precursors for purine salvage. Metabolite levels are expressed as
percentages of the mean value of three fresh blood control samples
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Fig. 3. Time course changes in the concentration of intracellular free magnesium (@) and the
fraction of total ATP not complexed to magnesium ([]) during the 45 day-treatment of out-
dated blood with precursors for purine salvage

Figure 2 also exhibits time course changes of DPG during the rejuvenation
period. In contrast to ATP, DPG is only partially recovered, the maximum value
amounting to ca. 459, of the concentration observed in fresh blood.

The time course of intra- and extracellular pH is illustrated in Fig. 4. Both
pH’s show a continuous decline due to production of lactate via anaerobic gly-
colysis. At the end of the rejuvenation period the pH-gradient over the cell mem-
brane decreases, probably due to end product (lactate and H*) inhibition of the
glycolytic chain.

pH
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Time,d

Fig. 4. I?ecline of the intra (O) and extracellular (@) pH’s of outdated blood during the treat-
ment with precursors for purine salvage. Extracellular pH was directly measured with a pH
electrode and an electronic pH meter (Radiometer Copenhagen)

_ Table 1 finally indicates that NAD-levels are not raised by incubation of RBC
with precursors for the salvage pathway.
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Table 1

Intracellular magnesium and metabolite concentrations, as well as intra- and extracellular pH’s in fresh blood and in outdated blood at

various stages of cold (4 “C) rejuvenation. Values for ATP, MgATP, ADP, P,, DPG and NAD are in umoles/ml packed cells; those for

Mg*t and total Mg are in nmoles/ml packed cells; those for the distance between the «- and f-phosphate resonances for ATP are in Hz;
those for @ (fraction of total ATP not complexed to magnesium) are without dimension

Fresh blood Untreated outdated blood Outdated blood 10 d of rejuvenation Outdated blood 36 d of rejuvenation

Eassmicion x+S.D. X4+S.D. F X+S.D. F U x+S.D. F U
ATP 1.14+0.11  0.2940.04 < 0.005 1.24+0.05 NS < 0.005 0.70+0.10 <0005 < 0.005
Mg-ATP 0.96+0.19 0.15+0.04 < 0.005 0.66+ 0.04 <0.025 < 0.005 0.29+ 0.05 < 0.005 <0.025
DPG 9.40+2.41 0.40+0.10 < 0.005 3.68+0.38 <0.01 < 0.005 0.2210.22 < 0.005 NS
ADP 0.31+0.21 0.46+0.11 NS 0.16+0.12 NS <0.05 0.82+0.15 <0.025 <0.025
NAD 0.39+0.15 0.1440.06 NS 0.16+0.03 NS NS 0.08+0.01 < 0.025 NS
P; 4.05+2.19 6.04+0.45 NS 6.36+0.91 NS NS 13.294+1.76 < 0.005 < 0.005
o, f-ATP 1072+ 11 1161463 NS 1154412 < 0.005 NS 120142 < 0.005 NS
Mg+ 276473 122496 NS 9449 <0.025 NS 63+ 3 <001 NS
%) 1574.037 3244 .124 NS 430+ .041 < 0.005 NS .5874.007 < 0.005 <0.005
total Mg n.d. 20144205 — 2056+ 123 — NS 1974+ 82 — NS
pH; 7.0940.01 6.724+0.05 < 0.005 6.7440.05 < 0.005 NS 6.4340.03 < 0.005 < 0.005
pH. n.d. 6.87+0.01 n.d. 6.914+0.07 n.d. NS 6.53+0.09 <0.005 <0.005

F = statistical significance of the difference between an experimental group and the value for fresh blood, tested by Wilcoxon’s Q-test.
U = statistical significance of the difference between an experimental group and the value for untreated outdated blood, tested by
Wilcoxon’s Q-test. NS = Not significant (p > 0.05); ND = Not determined
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Discussion

Measurements of total ATP in RBC may be misleading as a measure of
metabolic integrity. It is the MgATP complex, rather than ATP*~ that is involved
in most energy-requiring metabolic processes. Measurements of the MgATP
complex and of free magnesium in intact cells are only possible by the use of
3IP-.NMR. Recently, Bock et al. [1] demonstrated a substantial decrease in free
Mg”* during storage of blood. The decline occurs in all common storage media;
it is not due to the presence of extracellular citrate [12]. Total (free +bound) mag-
nesium in the erythrocytes, as measured by atomic absorption spectrometry, re-
mained constant under these conditions. Therefore, the lowering of the free mag-
nesium concentration seems to be due to increased intracellular binding of Mg+
[1]. Accumulation of low-molecular weight chelators (like pyrophosphate) does
occur, but the binding capacity of this compound is much too low to explain the
phenomenon [12].

Although the decline of intracellular free magnesium during the shelf-life
of blood has been well established [1], no information was available about the
behavior of this parameter during erythrocyte rejuvenation. The present study
shows that during incubation of RBC with precursors for purine nucleotide sal-
vage, a similar decline of free magnesium is observed as during normal storage [1].
Apparently, the increases of the ATP and DPG concentrations which are induced
by the rejuvenation medium do not reverse the process which leads to increased
binding of Mg**. The disappearance of ATP and DPG during blood storage can
therefore not be the cause of the decline of the free magnesium concentration.

It is known that magnesium binds to macromolecules like proteins. In eryth-
rocytes, the ion is associated with the inside of the plasma membrane. Lowering
of the pH from 7.5 to 6.5 results in a twofold increase of magnesium retention by
erythrocyte ghosts [13]. The decline of the intracellular pH which occurs during
storage could therefore be the factor responsible for increased binding of Mg*™*.

However, this explanation can be ruled out on the following grounds. When
the intracellular pH of intact erythrocytes is lowered from 7.16 to 6.65 by the
addition of extracellular HCI or lactic acid, the intracellular free magnesium con-
centration increases rather than showing a decline [12]. In the present study, we
performed the opposite experiment by adding rejuvenation medium to outdated
erythrocytes. This results in an initial increase of the intracellular pH from 6.74 to
7.15. Intracellular free magnesium was decreased rather than increased. Therefore,
the drop of the intracellular pH cannot be the direct cause of increased magnesium
retention.

During storage, the erythrocytes enter an unfavorable energetic condition,
causing potassium efflux and sodium influx. It is therefore theoretically possible
that an increase of the intracellular Na, K-ratio causes increased magnesium
retention. This hypothesis can also be ruled out on two grounds. Bock et al. [12]
have shown that an experimentally induced increase of the intracellular Na,K-ratio
by treatment of RBC with gramicidin does not decrease the intracellular free mag-
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nesium concentration. We have added a large amount of extracellular potassium
to outdated RBC in order to decrease the intracellular Na, K-ratio. Nevertheless,
the intracellular free magnesium concentration was not increased, but showed a
similar behavior as during normal storage.

While some possible explanations are refuted by of the experimental evid-
ence discussed above, the reason for the decline of free Mg in stored blood
remains unclear. Fresh plasma contains unknown factor(s) which induce a re-
versal of the process [12]. Identification of these factors might lead to an im-
provement in storage techniques.

Every effort should be made towards a better understanding of blood storage
lesions with the ultimate aim of better utilization of stored blood. In blood banks
a substantial number of blood bags inevitably get outdated, ca. 2%, in The Hague’s
blood bank, yiclding several hundreds of bags per year [11].

Although our experiments are mainly aimed at possible in vitro applications
[11], they might eventually be of significant importance for in vivo use [5]. The
drawbacks of pretransfusional washing of the RBC to remove toxic (e.g. K™,
adenine, inosine) or poorly soluble (e.g. hypoxanthine, uric acid) substances might
be offset by the advantages of substantially longer stability of RBC [5].
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Room Temperature Storage of Pooled Platelet
Concentrates in Gas-permeable Plastic Bags for Five Days
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Pooled platelet concentrates of different platelet count and volume were stored
in gas-permeable plastic bags. Adequate oxygen supply kept the glucose consumption
and therefore the lactic acid production relatively low. The change of pH seemed to
depend largely on the platelet count and on the volume of the concentrate. The in vitro
functions showed a decrease together with the adenine nucleotide content. The reduced
in vivo viability of stored platelets corresponded to decreased hypotonic stress response,
as well as to lowered ATP content. The results suggest that storage of platelets in gas-
permeable bags may extend the shelf-life of pooled platelet concentrates, but the actual
amount of platelets present should be taken into consideration.

Keywords: platelet function, life-span, storage

Introduction

Freeze-storage permits an extended preservation of platelets in the frozen
state, while room temperature storage in the conventional PVC plastic bags is
adequate only for 2—3 days. With the use of gas-permeable plastic bags, shelf-life
of liquid-preserved platelets may be lengthened, as in the presence of oxygen supply
lactic acid accumulation is decreased. It is possible that the enhanced carbondi-
oxyde diffusion properties of the new containers also help to preventa drop of pH.
As the pH of the medium remains relatively high, the deterioration of platelets due
to the acidic environment can be abolished.

We studied several functions of pooled platelets after 120 hours of storage,
and attempts were made to determine factors to be taken into consideration for
storage of pooled platelet concentrates.

In previous studies [17, 19, 23, 24] platelet concentrates were made from sin-
gle units of blood in relatively small volumes. In contrast, in this present study we
used pooled platelet concentrates in a higher volume produced by the buffy coat
technique [14].

Materials and Methods

Platelet concentrates were obtained from CPD blood (400 ml blood to 63 ml
CPD) by the buffy coat technique [14]. Briefly, blood was centrifuged at 1800g
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for 12 min at 20 °C. Then the buffy coat portions of 3—4 ABO and Rh identical
blood units were pooled (the work with the bags was carried out in an aseptic
laminar air-flow box). The pooled buffy coat was centrifuged at 180g for 12 min at
20 °C; conventional PVC bags were used. After the second centrifugation the
platelet-containing suprnatant was transferred into a transfer pack for platelet
harvesting (PL 1240 container, Fenwal, USA). The plasticizer in this bag is tri-
(2-ethylhexyl)-trimellitate. For comparison of the different storage conditions,
platelet concentrates of different platelet counts (0.52 —2.00 x 10%ul) and different
volumes (55—400 ml) were made.

These platelet concentrates were stored on an elliptical platelet rotator (six
rpm, Fenwal, USA). Platelet functions, pH and glucose content of the medium
were measured before and after 120 hours (= 5 days) of storage at +22+1 °C.

A light microscope was used for platelet counting. The pH was measured with
a pH meter (Radelkis, Hungary), while the glucose content was determined with an
Eppendorf ACP 5040 analyzer (Eppendorf, Austria). Aggregation, response to
hypotonic stress and clot retraction tests were performed with platelet suspensions
adjusted to a concentration of 300,000 per ul. As platelet aggregation is slightly
inhibited at the physiological pH value, it was adjusted to pH 7.6 to achieve an
increased aggregation response.

ADP-induced aggregation was studied at 37 °C (HU Aggregometer, H.
Upchurch and Co. Ltd., Leicester, England) by using a final concentration of 50
1M adenosine-diphosphate and 2.5 mM of calcium chloride added. After the reac-
tion 125 uM of epinephrine was added to induce a maximal aggregation response
[4]. The maximum change in light transmission was expressed as a percent of the
original span between upper and lower limits set with platelet-poor plasma and
the platelet suspension.

As aggregometer oscillations correlated well with platelet shape [1], the
platelet shape was characterized by the amplitude of oscillations on the aggregome-
ter (before addition of ADP).

The response to hypotonic stress was measured by the aggregometer at 37 °C,
0.5 ml of distilled water (test) or physiological saline (blank) was added to 1 ml of
platelet suspension. Reversal determined 2 min after the addition of distilled water
was expressed as the percent of the original maximal change in light transmission.

Clot retraction was determined according to Breddin [3].

Intracellular and extracellular acid phosphatase activities were measured by
using p-nitrophenylphosphate substrate [2], incubation time was 10 min. Results
were given as A'f/g‘/lo8 platelets and A!5§7/0.20 ml supernatant plasma, respectively.

Malondialdehyde production was studied as described by Stuart et al. [25]
with the following modifications: 2 x 10’ platelets suspended in 1.9 ml of phosphate
buffered saline medium, pH 7.6, were reacted with 50 1U of thrombin in 0.1 ml
volume (Topostasine, La Roche, Switzerland) for 10 min at 37 °C. After adding
2 ml of the thiobarbituric acid reagent, the mixture was placed into a boiling water
bath for 15 min. This was followed by rapid cooling to 10 °C, centrifuging and
measuring of the clear supernatant at 532 nm against a reagent blank.
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The amount of adenine nucleotides (ATP and ADP) were tested with
Boehringer kits (Boehringer Mannheim GmbH, FRG).

All results were expressed as mean + SD.

In vivo recovery and survival were determined after *'Cr labelling [13] of
platelets and infusing them into healthy volunteers with their consent (homologous
transfusions to simulate normal clinical practice). In vivo behaviour of fresh plate-
lets was studied in four volunteers (one of them did not return on the day following
the infusion of platelets and on the 7th day). Characteristics of stored platelets
were studied in three volunteers. Results are given in percent recovery of radio-
activity.

Results

Platelet concentrates with different cell counts and different volumes were
used for the experiments. Mean values, the range of platelet count, volume, change
of pH and glucose consumption are presented in Table 1.

Table 1

Experimental conditions used, glucosc consumption, and
pH after 120 hours of storage (n = 23)

Platelet count/ulx 10° 1.10+0.40 (0.52—2.00)
Volume of platelet concentrate, ml 162.61+66.74 (55—400)
Total number of platelets in the bags X 10'! 1.59+0.42 (0.45—2.20)
ml/10'" platelets (derived from data above) 105.78+440.51 (50—190.5)
™ ™ T ——
Glucose, mmol/1 25.73:1:1.08 16.414+5.35
Glucose consumed, mmol/1 9:53:45.37
pH 7.2140.09 6.60+0.45
Drop of pH 0.784+0.36

Due to different platelet counts and fluid volumes, the resulting drop in pH
was also different. The linear regression analyses (Fig. 1) indicate that the paramet-
ers studied (platelet concentration, total platelet count and the volume of plasma
in which 10" platelets are suspended) significantly influence the pH change. Glu-
cose consumption and drop of pH are strongly correlated.

Decrease of platelet count was not observed during the storage experiments.

Decreased in vitro functions of platelets after 120 hours of storage are shown
on Table 2. The amount of adenine nucleotides (ATP and ADP) clearly reveal that
the platelets have lost a substantial part of their intracellular contents. This loss is
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Fig. 1. Effect of platelet concentration (A), total platelet count (B), volume/10'" platelets (C),
and glucose consumed (D) on drop of pH

not the result of a simple platelet lysis, for the number of platelets did not decrease
during the storage period, nor is it reflected by the minor change of extracellular
phosphatase activity.

The in vivo survival of platelets stored for 5 days seemed to be reduced when
compared to fresh platelets (Fig. 2). This is not the result of platelet deterioration
due to low pH values, as all the three platelet concentrates tested in in vivo studies
had pH values well above 6.0 (7.25, 7.05 and 6.70, respectively).

The average viability index, compared to that of fresh platelets (ratio of
areas under the survival curves) is 0.3, i.e. only 30 per cent. This figure is similar
to the figure, which can be calculated from the hypotonic stress response [7].
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Table 2
In vitro functions and biochemical characteristics
Before storage 120 hours storage
Platelet shape (oscillations), % 491+1.84 5.1742.37
n=23 n=23
Aggregation, %, 86.60+ 6.65 24.624+15.46
ADP n=23 n=23
+epinephrine 45.67+19.16
n=16
Hypotonic stress, 9, 38.714+8.50 19.56+20.18
n=20 n=18
Clot retraction, 9 89.024+4.70 52.10:£ 1572
n=16 n=16
MDA, nmol/10? 5.2542.23 091+1.15
n=16 n=16
Intracellular phosphatase 0.460+0.126 0.399+0.110 p> 0.10
AlST/108 platelets n=16 n=16
Extracellular phosphatase 0.107+0.020 0.266+0.188 0.005> p
ALSm/0.20 ml supernatant n=16 n=16
ATP, umol/10" 491+0.64 2.09+1.22 0.001 > p
n=16 n=15
ADP, umol/10" 3.261+0.90 2.1941.66 0.05> p
n=19 n=15
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o
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Fig. 2. In vivo recovery and survival of platelets labelled by *'Cr. -~ --- and O fresh platelets,

— and @ stored platelets. Viability index of stored platelets is 0.3.
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Discussion

The essential problem of long-term platelet preservation in the liquid phase
(at room temperature) is whether the life-span of platelets can be prolonged or not.
The significance of pH drop during room temperature storage has been known for
some time [13], while the improved gas permeability of storage bags has resulted
in a better maintenance of pH at a relatively high value [8, 17, 19, 23, 26].

In our studies platelet concentrates prepared by the buffy coat technique
were tested, thus our results may differ a little from those of other investigators
using the platelet-rich plasma technique [18, 19, 23, 24, 26].

Moroff et al. [11] studied individual platelet concentrates prepared by the
platelet-rich plasma technique and therefore the total platelet count in the bags
was generally under 1 x 10" platelets. In our experiments the pooled platelet con-
centrates of 55—400 ml volume contained a mean of 1.59 x 10" (Table 1) with a
maximum of 2.3 x 10" platelets (Fig. 1). Moroff et al. [11] experienced a striking
change of pH in specific platelet concentrations after storage. In ourexperiments the
variation seems to be smaller, which is probably due to the use of pooled platelets.

Our results showed that not only platelet concentration and total platelet
count influence pH, it is also affected by platelet concentrate volume. This role of
volume was already stated by Rock et al. [15]. In contrast to their explanation,
it is more likely that the volume of plasma has a role in the oxygen accumulation
in the suspending medium, thus it provides improved oxygenation for the platelets.
It can be calculated from the regression lines that a maximum of 1.0 unit of pH
drop may be expected after storing for 120 hours, if the bag (R 9056, nominal
capacity 400 ml, surface about 355 cm?) contains about 2 x 10" platelets in about
120 ml volume. In a higher volume, the drop of pH should be smaller, even at
higher platelet count.

The aggregation response of stored platelets was weak — including pairs
of aggregating agents [4] —, but it is a commonly experienced fact at room tem-
perature storage.

The clot retraction activity and malondialdehyde formation show reduced
platelet activity. The shape character of stored platelets is statistically not different
from that of fresh ones (see oscillations), but the increase of the mean value of
light scattering may be a result of the appearence of altered platelet morphology [6].

ATP and ADP content decreased to 40— 70 per cent of original values, thus
representing a substantial drop of adenine nucleotides of the metabolic pool [9].
Filip et al. [5] reported a 27 9%, decrease of ATP+ ADP after 72 hours of storage.
In our experiments, the descrease is 48 percent after 120 hours of storage, which is
perfectly proportional to time. Another group, Kotelba — Witdowska et al. [10]
noted a 25— 32 percent drop of platelet ATP content after 3 days of storage at high
pH values maintained by ion-exchange resins.

Snyder [21] and Snyder et al. [22] experienced a substantial release of beta-
thromboglobuline and lactate dehydrogenase during storage of platelet concen-
trates, while in our experiments there was no significant release of lysosomal acid
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phosphatase. From these facts it is concluded that small stimuli during platelet
storage may result in a dense-granule and alpha-granule release, but no lysosomal
release.

Hypotonic stress response decreased by 50 per cent as compared to fresh
platelets. This decrease corresponds to 30 percent in vivo viability according to Kim
and Baldini [7], and this value was confirmed by our actual in vivo experiments
(see Fig. 2). Actual viability index was reduced in accordance with other findings
following 96 hours of storage [20].

From the work of Slichter and Harker [20] and Murphy and Gardner [13]
it may be concluded that the pH of tested platelet concentrates probably has an
influence on the in vivo behaviour of platelets, and there exists an optimal range
of pH in regard to in vivo platelet viability. Rzad et al. [18] experienced a mean of
6.3 days life-span with a mean of 7.17 pH of transfused platelets after 7 days of
storage. Snyder et al. [22, 24] reported 6.3 —8.6 days of survival, mean pH of the
concentrates was 7.16 after 5 days of storage. In our experiments the mean pH of
the concentrates tested was 7.0 and the mean survival was 5 days (homologous
infusions). The same survival was reported by Rock et al. [16] with platelets stored
in CLX bags also for 5 days, but using autologous infusions.

Storage bags made from gas-permeable material seem to be beneficial for
platelet storage [8, 16, 17, 18, 19, 22, 23, 24]. From the experimental facts we con-
cluded that the gas-permeation capacity of the bags examined makes storage of
about 1 x 10" platelets possible for 5 days without substantial deterioration of
functions. This amount of platelets can be harvested in the form of individual
platelet concentrates from one unit of blood by the platelet-rich plasma technique.
If the buffy coat technique is used [14] the pooled platelet concentrate contains
about 1.9—2.5x 10" platelets in 150 —200 ml volume. This concentrate can also
be stored in PL 1240 plastic bags, but because of the high amount of platelets
present the storage should be limited to less than 5 days (3—4) to avoid harmful
pH drop and to preserve biological functions. The lengthened shelf-life of platelet
concentrates, however, seems to shorten in vivo survival of transfused platelets.

Actual keeping of quality is affected by the results of sterility tests; this
aspect still needs to be cleared.
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A rapid phenotyping method for human complement factor B (Bf) was worked
out using high voltage acetate electrophoresis. The results were compared with those
obtained by conventional agarose gel electrophoresis. Separation of the bands was
performed in the same way, but only 2.5 hours were required for the evaluation of 24
samples. Furthermore, at least ten times less specific antibody was needed than for the
conventional technique.

Keywords: rapid determination, complement factor B phenotypes

Introduction

Factor B (Bf)is a limiting component in the alternative pathway of comple-
ment activation. The Bf phenotype is inherited as an autosomal co-dominant trait
which is encoded on the short arm of the sixth chromosome. Two other comple-
ment proteins (C2, C4) are encoded in this chromosome between the I and II class
MHC genes [1] resulting in an extended haplotype. Both the mean level and the
haemolytic capacity show strong correlation with the particular Bf phenotype in
the order BfF (fast) > BfFS (fast-slow) > BfS (slow). Interestingly, however, the
phenotype frequencies are 60.49%, for BfS, 31.79% for BfFS and 4.49, for BfF.
The residual 3.5 stands for the rare phenotypes[2]. The common allotypes F and
S reside in the Ba, while most rare variants are located in the Bb fragment of factor
B [3]. Evidence for autosomal co-dominant inheritence of at least four alleles was
presented. There is an increased risk for insulin dependent diabetes mellitus in
carriers of the extended haplotype HLA-BI18, C2*C, Bf*F1, C4A*3, C4B*QO,
HLA-DR3 [4]. BfF1 may also play a role in the pathogenesis of idiopathic mem-
branous nephropathy and the BfF allotype may be associated with the production
of cytotoxic antibodies in multiparous women [5].

The Bf phenotyping was introduced by Alper et al. [3] using agarose gel
electrophoresis followed by immunofixation. This method gives strong bands
which can easily be evaluated. The electrophoresis takes about 3 hours and the
immunofixation another hour. Then the gel is washed overnight, dried and stained.
For the immunifixation of approximately 20 samples half a ml of specific antisera
is required. By modifying the method of Martin and Ziegler [6] we worked out a
rapid and more economical method for the determination of factor B phenotypes.
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Materials and Methods

Sera or EDTA-plasma samples of healthy individuals were collected and
stored at — 70 °C until used. Conventional agarose gel electrophoresis followed by
immunofixation was performed according to Alper et al. [3]. Reference samples
were run by Prof. C. A. Alper (The Center for Blood Research, Harvard Medical
School, Boston). Cellulose acetate electrophoresis was carried out on a Shandon
electrophoresis system using 60 x 150 mm cellulose diacetate membranes (Shandon
Southern Product Limited, United Kingdom). Approximately 0.2 ul of each of the
eight samples were applied onto one membrane. Electrophoresis was performed at
400 V (10 mA) for 70 minutes in a Tris-glycin buffer (21.95 g glycin, 4.55 g Tris
and 0.369 g Ca-lactate to 1 liter), pH 8.6 at room temperature. The Shandon
apparatus allows the simultaneous use of three membranes (24 samples). After
electrophoresis 70 ul of five times dliuted specific anti-human properdin factor B
IgG fraction (Atlantic Antibodies) was applied onto the middle of each membrane.
After 10 minutes of immunofixation the membranes were washed for 2 x 15 minutes
in saline, containing TWEEN 20 (one drop/1). The membranes were stained with
Coomassie BBR250 and destained with 509, methanol plus 109, acetic acid.
Densitograms were recorded using a Shandon Cello 3 densitometer.

Results and Discussion

In this study we developed a rapid method for the determination of Bf
phenotypes.

Figure 1/A shows the mobility of bands obtained by cellulose acetate electro-
phoresis followed by immunofixation. The respective densitograms are depicted
on Figure 1/B. Positions of Bf*F or Bf*S correspond to those of respective bands
of Bf*FS. We compared the results obtained by agarose gel electrophoresis with
those of cellulose acetate electrophoresis for 14 samples. Two of these samples were
BfF, another two were BfF'S and one was BfF1S. The remaining samples were BfS.
Both methods gave identical results. Different dilutions of the anti-human proper-
din factor B were used. The best resolution could be obtained by five times diluted
antisera, and the whole procedure took only 2.5 hours.

We performed population studies with this method, phenotyping 198 healthy
individuals living in Budapest, the capital of the country. The allotype frequencies
for Bf*F, Bf*S, Bf*F1 and Bf*S0.7 alleles were found to be 0.194, 0.795, 0.002 and
0.008, respectively. These data correlate well with those of Mauff [7]. In his study
these frequencies belong and fit well into the Central-European average.

Phenotyping of some complement proteins (C2, C4 and Bf) together with
HLA group typing is an indispensable tool in discovering correlation between
certain diseases and extended haplotypes. Our rapid and economical procedure
may facilitate a further extension of these experiments.
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Fig. 1 A. Mobility of the common phenotypes on cellulose acetate membrane; B. Densitogram
of the three most common Bf phenotypes using Shandon Cello 3 densitometer
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We report the cytochemical and immunologic features of lymphocytes of 31
patients (26 with haemophilia A and 5 with haemophilia B) chronically treated with
commercial clotting factor concentrates. 6 patients, asymptomatic for AIDS were
anti-HIV positive. In comparison to aged cross-matched male controls, significant
increases of absolute number of lymphocytes and of T and B cell subpopulations
with significant reduction of the percentages of CD;, CD,, CD,, CD;, slg, and CD,;
cells was found in haemophiliacs. PAS reaction showed a lower grading score in haemo-
philiacs and the staining for NBE, AP, NABG revealed a significant reduction of the
percentage of the lymphocytes with dot-like positivity in the same patients. The per-
centage number of AP reactive lymphocytes with dot-like positivity was directly related
to the percentage of CDy, and CD, cells. The anti-HIV positive patients presented
lower percentages of CD, and of dot-like reactive lymphocytes.

Keywords: AIDS, cytochemistry, haemophilia, lymphocytes

Introduction

Haemophilia patients, chronically treated with clotting factor concentrates
obtained from large pool of donors, present abnormalities of immunologic status
related to AIDS virus exposure [1, 2] or to some undefined antigenic stimulation
induced by frequent transfusions [3—5].

Changes of T cell subsets characterized by low CD,/CDy ratios and polyclo-
nal activation of the B cells are the main features described by several authors in
these patients [3—9].

On the other hand, cytochemistry may represent an alternative method of
investigating lymphocyte patterns; in fact, the expression of hydrolase such as
acid phosphatase (AP), N-acetyl-f-glucosaminidase (NABG), acid o«-naphtyl
acetate esterase (ANAE) and a-naphtyl butyrate esterase (NBE) have been shown
to discriminate T/non T cells [10, 11]. Furthermore, PAS reaction may be consid-
ered a useful marker of the glycogen content in lymphocytes exposed to viral or to
other antigenic stimuli [12].

The aim of investigation was to characterize the lymphocytes of haemophilic
patients receiving commercial clotting factor concentrates in relation to the pres-
ence of antibodies to HIV with immunologic and cytochemical methods.
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Materials and Methods

We studied 31 patients (26 with haemophilia A and 5 with haemophilia B),
aged between 10 and 44 years. All the patients were being treated with commercial
clotting factor concentrates ranging in amounts from 5000 to 50.000 U/year/patient.

Each patient was carefully followed for symptoms or signs indicating LAS,
ARC or AIDS according to the criteria suggested by the NIH AIDS Working
Group [13].

After the patient had fasted overnight, venous blood samples were collected
to perform the tests as described below.

Haematologic and cytochemical methods

Leukocyte counts were performed on EDTA anticoagulated blood using an
automated blood cell analyzer. The following specific cytochemical staining tests
were performed on peripheral blood smears: PAS [14], AP [15], NABG [16],
ANAE [17] and NBE [18]. PAS positivity was scored in 100 lymphocytes. The
following criteria were used: 0 = no PAS positive granules, 1 + = only few and
scattered granules, 2+ = larger granules with an incomplete ring distribution,
3+ = many granules forming one or more complete perinuclear rings. The inten-
sity of AP staining in 100 consecutive lymphocytes was scored as follows: 0 =
negative, 1 + = 1 to 5 scattered granules, 2+ = 5 to 10 granules or 1 larger plus
2 to 5 small granules, 3+ = more than 10 granules. NABG activity was graded as
follows: O = no activity, 1 + = 1 large or 1 to 5 small granules, 24+ = 5 to 10
small granules or 1 large plus 2 to 5 small granules, 34+ = 10 to 15 granules, 4+ =
15 or more granules. The total activity score was the sum obtained by multiplying
the number of cells by the observed grade. Moreover, in each case, the percentage
of cells with at least 1 large granule was evaluated.

For the ANAE and NBE reactions only lymphocytes with a coarse block of
localized reaction were considered to be positive; in each case the percentage of
positive lymphocytes was evaluated.

Immunologic Methods

Peripheral blood mononuclear cells were isolated from heparinised blood by
using the Ficoll-Hypaque density centrifugation. Lymphocyte surface markers
were assessed by an indirect immunofluorescent method using an anti-mouse
Ig-FITC in the second step. We used the following MoAb reactants:

a) with T cells (19): CD, (T,), CD, (T,), CDg (T,), CD, (Ty1), CD;s (Ty),
(Coulter Ltd., USA).

b) with B cells (20): I, (I,,, DR), CD,, (B,), slg (Coulter Ltd., USA).

¢) with NK cells: CD, (Leu;;) (Becton-Dickinson, USA).
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Virological studies

Anti-HIV Ig antibodies were determined by ELISA method according to
Vezinet-Brun [21] with a slight modification. Virus grown on a T-lymphoblastoid
cell line (CEM) was used as antigen to coat the plates at a protein concentration
of 50 ng/wall.

Sera were considered positive when the differential optical density obtained
on viral and control antigens (a cytoplasmic extract of uninfected cells) was over
0.3. The positivity of the sample was confirmed by Western blot technique.

Normal range values for all parameters tested were obtained from 30 healthy
male subjects cross-matched for age.

Statistical analysis was performed using Student’s 7 test and simple linear
regression when appropriate.

Results
All patients involved had a good clinical status. Six patients were anti-HIV

positive, three of them presented LAS. No patient showed symptoms or signs
indicating AIDS or ARC.
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Fig. 1. Immunologic characterization of lymphocyte subpopulations in haemophilic patients
and in normal subjects. (Mean values + SD)
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Fig. 2. Cytochemical behaviour of lymphocytes in haemophilia and in controls. (Mean values
+SD)

In haemophiliacs we observed a significant increase in the absolute number
of lymphocytes and in T and B cell subpopulations, and a significant reduction in
percentage of CD,, CD,, CD,, CDj, slg and CD,, (Fig. 1). All the six patients with
anti-HIV antibodies had CD, below the normal range values. Furthermore, the
percentages of other types of leukocytes were not increased. Figure 2 shows cyto-
chemical staining in the patients and controls. PAS positivity of patient lympho-
cytes was significantly lower than in control lymphocytes. The AP score was signifi-
cantly increased in the lymphocytes of the patients, but the percentage of dot-like
reactive cells was sharply reduced in the same subjects. NBBG reaction was similar.
The proportion of NBE and of ANAE reactive lymphocytes was significantly lower
in the haemophiliacs. No differences were found in the anti-HIV positive and nega-
tive patients, nevertheless the proportion of dot-like AP reactive cells was lower in
patients with antibodies to HIV (Fig. 3). The percentage of AP dot-like reactive
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Fig. 3. Cytochemical features of lymphocytes in patients with and without antibodies to HIV.
(Mean values + SD). The area between the horizontal lines represent the range of normal
values

lymphocytes was directly related to the CD, (p < 0.001) and CD cells (p < 0.05)
(Fig. 4).

No relationships were observed between immunologic and cytochemical
features for the other reactions studied.

Discussion
It is well known that in normal lymphocytes there is a close relationship

between the expression of some acid hydrolyses and membrane phenotype [22—
24]. Our data show that also in haemophilia the cytochemical features are in

Haematologia 22, 1989



106 G. Gamba et al.: Lymphocyte cytochemistry in haemophilia

A r=057
2o 18L= y=0.264 x-11.26 .
w15
o’ 12
< 9
6
3
0 >
45 S50 55 60 65 70 75 80 85 90 95 100
CD;. °le
A F=0.37
y=1142 x+0095
2 .IE— .
o 151+
a 12+ . °
= (=] . . .
,':)__
s . T i O AR 0 NS

5 10 15 20 25 30 35 40 45 SO S5
o, , °ls

o

Fig. 4. Significant relationships between the AP dot-like reactive lymphocytes and lymphocyte
subsets immunologically detected in haemophilic patients

agreement with the immunologic characterization of lymphocytes. In fact, the
lower number of lymphocytes with dot-like NABG, AP and NBE reactions corre-
sponds to the reduction of CD, observed in haemophilia patients. A significant
positive linear correlation between the percentages of AP dot-like reactive lympho-
cytes and CD, cells was found. The specific tropism of HIV virus for CD, cells
[25, 26] may explain the low percentage of CD, cells in patients with antibodies to
HIV. Therefore, in anti-HIV positive patients the AP reaction showed a particular-
ly low number of dot-like reactive lymphocytes.

On the other hand, the increase of the absolute number of T and B cells as
well as the higher score of AP and NABG, and the reduction of PAS score may be
attributed to chronic antigenic stimulation from repeated infusion of lyophilised
concentrates containing allogenic proteins [27] and several viruses [28, 29, 30],
rather than to HIV infection.

In conclusion, acid hydrolase cytochemistry, especially the dot-like AP reac-
tion may represent a useful, simple and unexpensive method for following modifi-
cation of CD, subset in patients with HIV infection at risk of developing AIDS.
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A case of neonatal alloimmune thrombocytopenia due to fetomaternal incom-
patibility against the platelet specific antigen P1** (Zw®) is described. Anti-P1*? antibo-
dies were present in the maternal serum together with anti-HLA antibodies. Initial
identification of the platelet-specific antibodies was achieved by using chloroquine-treat-
ed PI*'(+ ) and PI*'(—) platelets. Antibody specificity was later confirmed using a panel
of platelets of known phenotype.

Keywords: Anti-P1*? (Zw®) antibodies, neonatal alloimmune thrombocytopenia

Introduction

Neonatal alloimmune thrombocytopenia (NAITP) is a rare but clinically
significant disorder caused by placental transfer of maternal alloantibodies
against platelet specific antigens inherited from the father. The specificity of
the alloantibodies in NAITP is frequently found to be anti-PI1*' (Zw*) [1—4].
Occasionally other antibody specificites have been implicated in this disorder.
namely anti-DUZO [5], anti-PI¥? [4], anti-Bak® [6], anti-Yuk® [7], anti-Yuk®
[8] and anti-PI*? (Zw") [9]. Recently, we have observed a second case of
NAITP due to anti-P1*? antibodies.

Case History

The neonate was the first child of a 21 year old healthy mother (M. Dan.) with
no history of haematological disorders or blood transfusions; all haematological
indices at the time of delivery were within the normal range. At delivery, the child
appeared normal although a subcutaneous haematoma in the regionis occipitale
was observed. Two days later the child developed purpura (platelet count: 28 x
10%1), became anaemic (Hb: 12g/dl) and icteric (bilirubin: 325 umoles/l). The
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spleen was not palpable and there were no signs of septicemia. Plasma coagulation
studies revealed no abnormalities and the direct antiglobulin test was negative.

The neonate was transfused with 50 ml of fresh blood on the 5th and 6th
days after birth and the platelet count increased to 60 x 10”/1. Subsequently, the
platelet count decreased to 30 x 10%1 (day 13) but thereafter steadily increased to
normal levels without further treatment. Full recovery was achieved after four
weeks.

Materials and Methods

ABO and Rh antigens and red cell-bound immunoglobulins were detected
by conventional serological techniques. HLA-A, B, C typing was performed using
the standard two-stage NIH lymphocytotoxicity test (LCT). HLA-DR typing was
performed using B lymphocyte preparations in the LCT with prolonged incubation.
Platelet antigens were detected by the platelet suspension immunofluorescence test
(PSIFT) [10].

Serum samples were screened for platelet reactive antibodies using the platelet
agglutination test (PAT) [11] and the PSIFT (utilising both untreated and chloro-
quine-treated target platelets [12]). The functional activity of the anti-platelet
antibodies in the maternal serum was assessed by measuring the interaction between
opsonised platelets and normal human monocytes in a chemiluminescence assay
(CLT). Results of the CLT were expressed as an opsonic index by dividing the
response of monocytes to platelets opsonised by the test serum by the mean
response of monocytes to platelets incubated with five normal controls [13].
Anti-HLA antibodies were detected using the LCT. Identification of antibodies
was performed against a panel of lymphocytes of known HLA phenotype and
againsta panel of platelets of known ABO, HLA and P1*!, P1*?, Ko*, Ko® and Bak®
phenotype.

Results
Preliminary studies

Serum obtained from the mother 11 days after delivery contained IgG
antibodies which reacted strongly in the PSIFT with the father’s platelets. Anti-
platelet antibodies were not detectable in the child’s serum.

Anti-PI*" typing sera revealed that the mother’s platelets were PI*'(+)
while those of the father were PI*'(—). (Table 1 shows the ABO, Rh(D), HLA, PI*
and Bak® phenotypes of the mother, father and child.) The maternal serum did not
react with platelets from a patient with Glanzmann’s thrombasthenia. These find-
ings suggested that the anti-platelet antibodies in the maternal serum might be
specific for P1*%. However, further investigation was complicated by the presence
of polyspecific (but predominantly anti-B14) anti-HLA antibodies in the serum.
Chloroquine-treated platelets (which no longer express HLA antigens [12]) were
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Table 1
Blood groups, HLA and platelet phenotypes of family Dan

ABO Rh(D) HLA Platelet antigens
Mother A 4= A25, A32 PI(Al1+, A2—) Bak(a+)
B35, Bw57
Cw4, Cw7
DRw6, DR7
Father A + A29, — PI(A1—, A2+) Bak(a—)
B14, B27
Cws, Cw7
DRw3, DRw6
Child A + n. d. 1, ks n:.d:
n. d. = not determined

therefore used as target cells in the PSIFT. Positive reactions were observed when
maternal serum was incubated with untreated P1*'(—) platelets from four donors
(including the father). Chloroquine-treated platelets from these donors also gave
positive reactions although the intensity of the reaction was reduced. In contrast,
reactions with PI*!(+) platelets became negative after chloroquine treatment.
Only IgG anti-platelet antibodies were detected in the PSIFT.

The maternal serum also opsonised PI*'(—) platelets for recognition by
human monocytes in the chemiluminescence test [13] (opsonic index: 2.5; normal
range: 1.0+0.5)

Table 2

Reactivity of maternal serum (M. Dan) against a panel of platelets of known phenotype

Platelets
Father Panel Donors
Methods Pal—, PIAI—,  PIAL—, PI(Al+, PIAlI+, PIAL+, PIAL+,
A24) i A2+4) A24) A2+4) A2—) A2-) A2—)
Bak.(af) Bak(a ) Bak(a +) Bak(a ) Bak(a +) Bak(a—) Bak(a—)
i Ko(a +, Ko(a—, Ko(a—, Ko(a+, Ko(a—, Ko(a—,
da b+) b+) b+) b-+) b+) bt)
PSIFT +4++  +++ 4+ + - + +
PSIFT-CQ 4 4 % - - ” =

PAT n. d. S + = = = =

PSIFT — utilising untreated platelets; PSIFT-CQ — utilising chloroquine-treated platelets;
— negative reaction; 4+, ++ + : graded positive reactions: n. d. — not determined
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Antibody identification using a platelet panel

Strong positive reactions were observed in the PSIFT when the maternal
serum was incubated with both untreated and chloroquine-treated platelets from
individuals homozygous for the P1*? antigen. Positive reactions were also observed
in the PAT after maternal serum was incubated with homozygous PI*? platelets.
The pattern of reactivity against the platelet panel excluded the presence of anti-
-PIAY, anti-Bak®, anti-Ko® and anti-Ko® antibodies in this serum. The presence
of anti-Bak® antibody specificity in the maternal serum could not be excluded
by the lack of reaction with chloroquine-treated Bak® negative platelets (Table 2).

The anti-PI*? antibodies could only be detected in undiluted maternal serum
samples taken in the two months after delivery; serum taken after six months
contained no detectable anti-P1** antibodies.

Discussion

Clinically, this case presented as a typical example of NAITP. However, the
thrombocytopenia appears to have been caused by anti-P1*? antibodies. The data
presented suggests that during her first pregnancy, the PI(A1 4+, A2—) mother was
immunized by fetal PIA? antigen inherited from the PI(Al —, A2+) father. The
maternal serum contained anti-P1*? 1gG antibodies, although the weak positive
reactions in the PAT suggest that IgM antibodies were also present. The anti-P1*?
antibodies opsonised PI*'(—) platelets for recognition by human monocytes in
the CLT and this may reflect one mechanism by which these antibodies initiate
platelet destruction in vivo [13].

In the only previously reported case of immunization against PI*? causing
NAITP [9], only platelet-specific anti-P1*? antibodies were detected. In contrast,
the present case was complicated by the presence of anti-HLA antibodies and
required the use of chloroquine-treated platelets to determine the specificity of the
anti-platelet antibodies involved. In both cases, the anti-P1*? antibodies were pres-
ent only transiently in the maternal serum and disappeared after six months.
This report confirms that anti-P1** antibodies can mediate NAITP and illustrates
the value of using chloroquine-treated platelets to identify platelet-specific anti-
bodies in sera also containing anti-HLA antibodies.
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The adhesive properties of human peripheral lymphocytes (HPL) towards immo-
bilized substrate in vitro have been investigated. The role of plasma fibronectin was
studied in two different systems: a) immobilized fibronectin as a model of cell adhesion
in the tissues; b) soluble fibronectin as a model for cell adhesion in blood circulation.
Collagen (Type 1) or collagen-fibronectin-coated surfaces were used as substrate for
lymphocyte adhesion in system b. A very smallamount of HPL (5.14 1.29) was attached
to the collagen surface. The adhesion to fibronectin or to collagen-fibronectin surfaces,
however, was substantially higher, reaching a value of 34.1+3.8% and 32.7+5.8%,
respectively. The addition of soluble fibronectin to system a leads to a competitive in-
hibition of adhesion. On the contrary, in the presence of soluble fibronectin, the aug-
mentation of the lymphocyte adhesion to collagen was found to be dose-dependent and
nearly 4 times higher as compared to the control level. This effect was found to be maxi-
mal at fibronectin concentrations of 250— 300 zg/ml.

The data demonstrate the important role of plasma fibronectin in the adhesive
interactions of lymphocytes.

Keywords: adhesion, collagen and fibronectin-coated surfaces, peripheral
lymphocytes

Introduction

Fibronectin is a large glycoprotein whose major functional properties are
related mainly to its adhesion capacity [1, 2]. It is widely accepted that fibronectin
participates in numerous biological phenomena including mediation of cell adhe-
sion and migration, embryonic differentiation, malignant transformation, wound
healing etc. [3].

Fibronectin is a normal component of blood plasma [3, 4] and is identical
with the cold insoluble globulin [4] or CB-glycoprotein [5]. The physiological
role of plasma fibronectin is not fully understood [3]. The circulating fibronectin
is supposed to facilitate phagocytosis in the reticuloendothelial system (RES) [4, 6]
and takes part as a co-factor in coagulation [3], but similarly to the structurally
slightly different cellular fibronectin, it can also mediate cell adhesion and spread-
ing [3]. It has been shown that plasma fibronectin can increase the adhesive prop-
erties of some blood cells, such as monocytes [7], neutrophil granulocytes [8],
platelets [9] and haemopoietic cells [10], which suggests another functional role of
this protein. There are few data [11], however, concerning the role of fibronectin on
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the adhesive properties of lymphocytes. It has been demonstrated in vitro that
these cells show an ability to adhere to glass [12, 13], other synthetic materials [14]
or to foreign (target) cells [15]. In spite of the fact that lymphocytes continuously
recirculate between the blood and lymph organs, a major part of them were found
in immobilized state, closely adhered to definite regions of the lymph nodes pholli-
culous [16] or other tissue structures. This is why specific interactions between
these cells and the extracellular matrix components, such as fibronectin and colla-
gens may be expected [3, 17].

In the present paper the solid surface-immobilized fibronectin and the soluble
fibronectin were tested in systems modelling lymphocyte adhesion in tissues and
blood circulation conditions, respectively.

Materials and Methods
Preparation of lymphocyte suspension

The experiments were performed with human peripheral lymphocytes (HPL)
obtained from 4 healthy volunteers (drawn repeatedly). Sodium citrate (3.8 %) in
9 : 1 ratio was used as an anticoagulant. The lymphocytes were prepared from
blood diluted 1 : 1 with PBS by centrifugation on Limphoprep (TM, Nyegard &
Co. A/S. Oslo, Norway) at 800¢g for 20 min, according to the method of Boiim
(1974). The lymphocytes were washed three times with PBS and were resuspended
in TC medium 199 (Difco) to a final concentration of 5 x 10" cells/ml. The purity
of the lymphocyte suspension (measured microscopically) was: 94—98 % lympho-
cytes, 1 —59% monocytes and 1 —39% red blood cells. Viability was determined by
trypan blue exclusion test and was usually higher than 95 9.

Purification of fibronectin

Acid citrate dextrose plasma (ACD-plasma) was collected from healthy do-
nors. Aliquots of the plasma were stored at —40 °C and were used only after 1
hour preincubation at 37 °C. The fibronectin was prepared by affinity chromatog-
raphy on gelatin-sepharose 4B according to the method of Engvall and Rouslahti
[18], and stored in 4 M urea. Before use the fibronectin was transferred to 50 mM
Tris pH 7.3 by gel filtration with Sephadex G-25. The purity of the fibronectin was
assayed by SDS polyacrylamide electrophoresis (10 %, gel). A single band at 220
kDa was observed.

Measurement of the lymphocyte adhesion
The adhesion assay was carried out in 96 wells tissue culture polystirol plates

(Linbro), which were coated with various proteins as described below. 5x 10°
cells in 0.1 ml were pipetted into each well and the plates were incubated at 37 °C
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for 60 min in a humidified 5% CO,-air incubator. At the end of incubation the
nonadherent cells were removed by washing twice with PBS. The cells adhered to
the bottom of the wells were fixed in 3%, formaldehyde and stained with 19, tolu-
idine blue for 15 min. In some cases the supernatant from each well was resuspended
gently and collected, in order to estimate the concentration of unattached cells.

The degree of adherence was assayed in two ways: (a) by counting the unat-
tached cells and calculation of 9 adhesion, and (b) photometrically, by measuring
the optical density of the bound to the attached cells.

In assay (a) the supernatant from each well was gently collected and counted
in a haemocytometer. A trypan blue exclusion method was used to determine the
number of viable unattached cells. The percent of adhesion was calculated from the
following formula:

NUMBER OF VIABLE CELLS AFTER INCUBATION
ADHESION (%) = ——— - x 100
NUMBER OF VIABLE CELLS BEFORE INCUBATION
In assay (b) a method similar to those published in reference [19] was used,
applying another dye (toluidine blue). After staining the attached cells (see above)
10 1 1% SDS were pipetted to each well (for extraction of the dye) and absorbance
was estimated after 30 min at 650 nm in an ELISA processor (Sumal, Zeiss, DDR).
The results obtained using this method gave a satisfactory correlation compared
to method (a). These data are suitable only for comparative experiments. The main
advantages of this technique are higher sensitivity, quickness and possibility for a
multiplication of the experiment.

Preparation of fibronectin and collagen coated surfaces

The collagen coated surfaces were prepared by adding to the wells 50 ul acid
soluble collagen type 1 in conc. 1 mg/ml and drying them overnight at 37 °C. The
collagen was prepared according to reference [20] by extraction from rat tail
tendons using 0.1 9 acetic acid. Before use the wells were rinsed 5 times with PBS.

Fibronectin adsorption to the surface was performed in two ways: (a) directly
on polystirene by preincubation of the wells with various concentrations of protein
in 50 mM Tris, pH 7.3, at room temperature for 2 hours, and (b) adsorption to
collagen-coated surfaces in the same buffer at 37 °C for 30 minutes.

Any uncoated sites were further filled by coating the wells with 2 mg/ml
BSA (Sigma) for 30 min. For control the wells were coated with BSA only.

Results

Adhesion of HPL to immobilised fibronectin

The solid surface-immobilised fibronectin was accepted as a model of lym-
phocyte adhesion in the tissues. In the course of our experiments the fibronectin
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Fig. 1. Adhesion of HPL to various surfaces: (a) polystyrol, (b) polystyrol in the presence of
59 BSA, (c) albumin-coated surface, (d) collagen-coated surface, (¢) fibronectin-coated surface
and (f) collagen-fibronectin-coated surface. The calculation of the adhesion in percentage 1s
described under Materials and Methods. Fach value is mean + Confidence Limit from five
different experiments. The measurements were performed in triplicates

e f

was immobilised to the surface either by direct binding to the polistyrol or by
adsorption to the surface precoated with collagen.

Our initial aim was to achieve a maximal diminution of the nonspecific cell
attachment to the surface and to specify the optimal conditions for fibronectin,
collagen or fibronectin-collagen coating. As shown in Fig. 1 the HPL displayed a
high tendency of nonspecific adherence to polistyrol. Under our experimental
conditions nearly one fifth of the settled lymphocytes (18.3+1.4%) was attached
to the bottom of the wells. Addition of 59 BSA to the medium resulted in a nearly
two-fold but not complete inhibition of adhesion (8.9+2.1). Substantial blocking
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Fig. 2. Adhesion of HPL to surfaces coated with different concentrations of fibronectin.

Different concentrations of fibronectin in 50 mM Tris buffer, pH 7.4, were used to coat the

polystyrol (— @ ) or collagen (—0—) surfaces. The degree of adherence was assayed photo-

metrically as described under Materials and Methods. Each pointismean + S. E. M. from four
experiments
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Fig. 3. Morphology of HPL adhered to fibronectin-coated surface. HPL were incubated for 1
hour at 37 “C in tissue culture polystyrol plates coated with 20 xg/ml fibronectin (see Materials
and Methods)

of the nonspecific lymphocyte adhesion to polystyrol (4.2 4+ 0.2 %) was also attained
after pretreatment of the wells with 2 mg/ml BSA.

Coating with collagen alone did not support significant adhesion of lympho-
cytes (5.1+1.2) compared to the albumin coated surface (Fig. 1). Coating of the
substrate with fibronectin, however, dramatically increased HPL adhesion in both
types of protein immobilisation: the adhesion for fibronectin-coated-alone surfaces
was 34.143.89 and for collagen-fibronectin surfaces —32.7+5.8 9.

Various concentrations of fibronectin were tested in order to establish the
optimal protein coating. In general, the extent of adhesion was proportional to the
fibronectin concentration used to precoat the wells. Although the maximal adhe-
sion in both systems was similar (Fig. 1 and Fig. 3), we observed different kinetics
of the adhesion processes depending on the method of protein immobilisation (Fig.
2). It was estimated that the maximal adhesion for fibronectin-coated surfaces was
reached at about 2—4 pg/ml, whereas it was nearly 15—30 pug/ml for collagen-fi-
bronectin surfaces (Fig. 2).

The morphology of the adherent cells was studied by phasecontrast micro-
scopy and we found that most of the lymphocytes showed a typical round shape
(Fig. 3). None of them was observed to spread on surfaces coated with fibronectin.

Effect of soluble fibronectin on the HPL adhesion
The effect of various concentrations of soluble fibronectin on the adhesive
properties of HPL to immobilized fibronectin and collagen was tested, in order to

modelling blood circulation conditions. The results indicate that lymphocyte adhe-

Haematologia 22, 1989



120 G. Altankov— L. Smilenov: Plasma fibronectin and HPL

Adhesion Egqonm

0 100 200 300
Fn-concentration, pg/ml

Fig. 4. Inhibition of HPL adhesion to fibronectin (—e—) or collagen-fibronectin-coated sur-

face (—o—) in the presence of various concentrations of soluble fibronectin. The degree of

adherence was assayed photometrically as described under Materials and Methods. Fach point
is mean + S. E. M. of from four experiments

sion to solid phase immobilised fibronectin could be inhibited by addition of soluble
fibronectin to the system (Fig. 4). This effect was concentration dependent and
substantially higher for collagen-fibronectin surfaces.

In contrast, HPL adhesion to collagen-coated surfaces increased in the
presence of soluble fibronectin (Fig. 5). This effect was also dose dependent and
maximal adhesion was reached at fibronectin concentration of 250 —300 ug/ml.
Further increase of fibronectin concentration was found to be uneffective.

o
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Fig. 5. Adhesion of HPL to collagen-coated surface in the presence of different concentrations
of soluble fibronectin. The degree of adherence was assayed photometrically as described under
Materials and Methods. Each point is mean + S. E. M. from four different experiments
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Discussion

Our results suggest the presence of a lymphocyte subpopulation which shows
an ability to interact with both immobilized and soluble fibronectin. In experiments
with solid phase-immobilized fibronectin (a model for tissue interactions) approxi-
mately one third of HPL adhered to fibronectin-coated surfaces. The process is
specifically connected with this protein, since it is competitively inhibited by addi-
tion of soluble fibronectin. Our preliminary data indicate that both T and B lym-
phocytes are equally engaged in the adhesion process (results not shown). IPL do
not interact directly with collagen (type 1), but preadsorbtion of fibronectin en-
hanced lymphocyte adhesion in the same manner as it does on the fibronectin coat-
ed surface. In the latter system the adhesion was inhibited even more by addition of
soluble fibronectin, this effect being more pronounced compared to fibronectin-
coated surfaces. This is probably due to differences in the amount of absorbed
fibronectin molecules (see below). Some conformational differences should not be
eliminated, however, which undoubtedly require more profound investigations.

The results could be explained with the existence of specific fibronectin re-
ceptors on the surface of the adherent lymphocytes. In our concept, the interaction
of these receptors with solid phase-immobilized fibronectin leads to the process of
cell adhesion (Fig. 6a), while preliminary saturation of the receptors with soluble
fibronectin induces a competitive inhibition of the process, similarly to other cell
systems [3] (Fig. 6b). The latter fact is of particular importance as it could explain
the “nonadhesive” behaviour of lymphocytes in a circulation where a great
amount of soluble fibronectin is present (approx. 300 pg/ml). In a recent paper of
Liao et al. (1987) concerning the adhesion of different lymphoid cell lines to fibro-
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Fig. 6. Model for dualistic effect of fibronectin on the lymphocyte adhesion. (a) Model for
lymphocyte adhesion in tissue conditions. The interaction of solid phase immobilized fibro-
nectin with cell receptors leads to the process of lymphocyte adhesion. (b) Model for lympho-
cyte adhesion in blood circulation conditions. An excess of soluble fibronectin leads to a
competitive inhibition of lymphocyte adhesion to fibronectin-coated surface
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nectin-coated surfaces, a similar fibronectin receptor has been identified on MOPS-
-315 lymphoma cells [21]. It has been shown that the receptor was identical with
the 140 kDa fibronectin receptor of CHO cells [11]. Nevertheless, it is obviously
necessary to confirm these results with normal lymphocytes.

Our data showed that preincubation of polystyrol substrate with 2—4 pg/ml
fibronectin is sufficient to saturate the surface, whereas 15—20 pg/ml (a nearly 10
fold higher) concentration is necessary to saturate the collagen substrate. Data
suggest a difference in the fibronectin binding capacity of these two surfaces. This
is in a good accordance with previously reported results [21].

The effect of soluble fibronectin was tested, since this protein is a normal
component of the plasma and is known to mediate adhesion of a wide variety of
cells [1,2,3,7,8,9, 10]. We found that the soluble fibronectin is able to promote
HPL adhesion to collagen coated surface. The effect was dose dependent and
reached a plateau between 250—300 pg/ml. It is noteworthy, that the observed
saturation concentration of fibronectin coincides well with the physiological
plasma concentration of this protein (approx. 300 ug/ml) [3,4]. As faras the satura-
tion effect for collagen surface was observed at relatively low fibronectin concen-
tration 15—20 pg/ml (as discussed above), evidently the observed effect could be due
to saturation of the cell receptors. One can presume that there is a close dependence
between the lymphocyte fibronectin receptor synthesis and the local concentration
of the ligand. The changes of this concentration-saturation ratio could be a reason
for alteration of the lymphocyte adhesive behaviour.

In conclusion, the present study established the ability of plasma fibronectin
to promote adhesion of certain part of HPL. Since fibronectin is a major component
of ECM [3], this observation is important for elucidation of the adhesive inter-
actions of lymphocytes in tissues during their continuous recirculation in the organ-
ism. On the other hand, the results obtained with soluble fibronectin, made us
suggest, that the concentration of this protein in the blood (or other biological
fluids) could be an important factor for modulation of the lymphocyte adhesive
properties.
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DNA repair in lymphocytes from humans and
rats with chronic iron overload. A. Pietrangelo,
A. Cossarizza, D. Monti, E. Ventura and C.
Franceschi (Institutes of Medicine and Gen-
eral Pathology, University of Modena, Mo-
dena, Italy). Biochem. Biophys. Res. Comm.
154, 698 (1988).

A marked reduction of the proliferative
capability after a mitogenic stimulus and a
dramatic decrease of the capacity to repair
DNA damages were found in lymphocytes
fromiron overloaded rats. These immunolog-
ical parameters were not significantly differ-
ent from controls in peripheral blood lym-
phocytes from patients with primary iron
overload: hereditary hemochromatosis and
porphyria cutanea tarda. This discrepancy
could be due to the accelerated modality of
iron overload in the rat model and to the
fact that rat lymphocytes were obtained from
an highly iron repleted microenvironment
(i.e. spleen). These data indicate that iron
overload can affect the structure and/or the
function of cellular DNA thus offering new
insights on the close association of iron
overload conditions and cancer.

A. Egved

Membrane transport of non-transferrin-bound
iron by reticulocytes. E. H. Morgan (Depart-
ment of Physiology, University of Western
Australia, Nedlands, Western Australia,
Australia). Biochim. Biophys. Acta 943, 428
(1988).

The transport of non-transferrin-bound
iron into rabbit reticulocytes was investigated
by incubating the cells in 0.27 M sucrose
with iron labelled with *Fe. In most experi-

Abstracts

ments the iron was maintained in the reduced
state, Fe(Il), with mercaptoethanol. The iron
was taken up by cytosolic, haem and stromal
fractions of the cells in greater amounts than
transferrin-iron. The uptake was saturable,
with a K, value of approx. 0.2 M and
was competitively inhibited by Co*", Mn2?",
Niz" and Zn*". It ceased when the reticu-
locytes matured into erythrocytes. The uptake
was pH and temperature sensitive, the pH
optimum being 6.5 and the activation energy
for iron transport into the cytosol being
approx. 80 kJ/mol. Terric iron and Fe(Il)
prepared in the absence of reducing agents
could also be transported into the cytosol.
Sodium chloride inhibited Fe(Il) uptake in
a non-competitive manner. Similar degrees
of inhibition was found with other salts,
suggesting that this effect was due to the
ionic strength of the solution. Iron chelators
inhibited Fe(IT) uptake by the reticulocytes,
but varied in their ability to reclease **Fe
from the cells after it had been taken up.
Several lines of evidence showed that the
uptake of Fe(Il) was not being mediated by
transferrin. It is concluded that the reticulo-
cyte can transport non-transferrin-bound
iron into the cytosol by a carrier-mediated
process and the question is raised whether
the same carrier is utilized by transferrin-
iron after its release from the protein.

A. Egved

Effect of phenyilhydrazine on red blood cell
metabolism. M. Magnani, L. Rossi, L. Cuc-
chiarini, V. Stocchi and G. Fornaini (Istituto
di Chimica Biologica, Universita degli Studi,
Urbino, Italy). Cell Biochem. and Function 6,
175 (1988).
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In addition to the well known effect of
phenylhydrazine on red blood cells (methazmo-
globin and Heinz body formation, auto-
logous IgG binding, lipid peroxidation, etc.)
an increased glucose utilization was observed.
Measurement of 'CO, formation from
[1—"C]-glucose showed a maximum value
at 2 mM phenylhydrazine followed by a
progressive inhibition on increasing the drug
concentration to 16 mM. Concomitantly it
was found a reduction in the reduced gluta-
thione concentration but not a corresponding
increase in the level of oxidized glutathione.
Phenylhydrazine also causes ATP depletion.
The ATP is in part dephosphorylated to
ADP and AMP and in part converted to
inosine monophosphate and hypoxanthine.
Measurement of the cell content of reduced
and oxidized pyridine nucleotides was also
performed and showed a progressive increase
in the reduced forms of these coenzymes.
Thus phenylhydrazine promotes cellular
ATP depletion followed by adenine nucleo-
tide catabolism that is not effciently counter-
acted by an increase in glucose utilization.
The relevance of these data to the mechanism
of phenylhydrazine-induced anemia is dis-
cussed.

G. Gardos

The use of cis-parinaric acid to determine
lipid peroxidation in human erythrocyte
membranes. Comparison of normal and sickle
eryvthrocyte membranes. J. J. M. Van den
Berg, F. A. Kuypers, J. H. Qju, D. Chiu, B.
Lubin, B. Roelofsen and J. A. F. Op den
Kamp (Department of Biochemistry, State
University of Utrecht, Utrecht, The Nether-
lands). Biochim. Biophys. Acta 944, 29 (1988).

The recently developed parinaric acid
assay is shown to offer possibilities for study-
ing peroxidation processes in biological
membrane systems. Taking the human ery-
throcyte membrane as a model, several
initiating systems were investigated, as well
as the effect of residual hemoglobin in ghost
membrane preparations. The effectivity of a
radical generating system appeared to be
strongly dependent upon whether radicals
are generated at the membrane level or in
the water phase. Thus, cumene hydroper-
oxide at concentrations of 1.0-1.5 mM was
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found to be a very efficient initiator of per-
oxidation in combination with submicromo-
lar levels of hemin-Fe?" as membrane-bound
cofactor. In combination with cumene
hydroperoxide, membrane-bound hemoglo-
bin appeared to be about 6-times more effec-
tive in promoting peroxidation than hemoglo-
bin in the water phase. Results comparing
the behaviour of normal and sickle erythro-
cyte ghost suspensions in the peroxidation
assay suggest that the increased oxidative
stress on sickle erythrocyte membranes
could be due to enhanced membrane binding
of sickle hemoglobin, but also partly to a
characteristically higher capability of sickle
hemoglobin to promote peroxidation. The
order of peroxidation-promoting capabilities
that could be derived from the experiments
was hemin > sickle hemoglobin > normal
hemoglobin.

G. Gardos

Deficiency of protein 4.2 in ervthrocytes from
a patient with a Coombs negative hemolytic
anemia. Evidence for a role of protein 4.2 in
stabilizing ankyrin on the membrane. A. C.
Rybicki, R. Heath, J. L. Wolf, B. Lubin
and R. S. Schwartz (Childrens Hospital-
Oakland Research Institute, Oakland, Cali-
fornia, USA). J. Clin. Invest. 81, 893 (1988).

A patient with a mild hemolytic anemia
and osmotically fragile, spherocytic erythro-
cytes was studied. Analysis of the erythrocyte
membrane proteins by SDS-PAGE revealed
a deficiency of protein 4.2 (< 0.10% of nor-
mal). The protein 4.2-deficient erythrocytes
contained normal amounts of all other
membrane proteins, although the amount of
band 3 was slightly reduced and the amount
of band 6 (G3PG) was slightly elevated. The
spectrin content of these cells was normal,
as measured by both SDS-PAGE and radio-
immunoassay. Erythrocytes from the pa-
tient’s biologic parents were hematologically
normal and contained normal amounts of
protein 4.2. Immunological analysis using
affnity purified antibodies revealed that the
patient’s protein 4.2 was composed of equal
amounts of a 74-kD and 72-kD protein
doublet, whereas the normal protein was
composed primarily of a 72-kD monomer.
Proteolytic digestion studies using trypsin,
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z-chymotrypsin and papain demonstrated
that the patient’s protein 4.2 was similar
but not identical to the normal protein.
Binding studies showed that the protein
4.2-deficient membranes bound purified
protein 4.2 to the same extent as normal
membranes, suggesting that the membrane
binding site(s) for the protein were normal.
Depleting the protein 4.2-deficient mem-
branes of spectrin and actin resulted in a loss
of nearly two-thirds of the membrane an-
kyrin, whereas similar depletion of normal
membranes resulted in no loss of ankyrin.
Repletion of the protein 4.2-deficient mem-
branes with purified protein 4.2 before
spectrin-actin extraction partially prevented
the loss of ankyrin. These results suggest that
protein 4.2 may function to stabilize ankyrin
on the erythrocyte membrane.

Ilma Szdsz

Kinetic independence between red cell anion
exchange and urea transport. O. Frohlich
and S. C. Jones (Emory University School of
Medicine, Atlanta, GA, USA). Biochim.
Biophys. Acta 943, 531 (1988).

Urea equilibrium exchange fluxes were
measured in human red cells under condi-
tions which recruit the anion transporter
into an outward-facing or an inward-facing
state (with respect to the anion transport
site). Regardless of these conditions, urea
transport always occurred at the same rate:
41 4+ 2 mol. (kg cell solids - min)~! with
1.5 M urea at 0 °C. These data suggest that
the pathway on the band-3 protein which
mediates anion transport is kinetically un-
coupled from urea transport and is probably
not involved in the transport of urea across
the red cell membrane.

B. Sarkadi

Preparative separation of human B and T
lymphocytes by free flow electrophoresis. T.
G. Baier, G. Weber, K. Hartmann, U.
Heinrich, and D. Schonberg (Division of
Pediatric Endocrinology, Department of
Pediatrics, University of Heidelberg, F. R.
G.). Anal. Biochem. 171, 91 (1988).

An electrophoretic method for the quan-
titative separation of human B and T lympho-

5)

cytes in a carrier-free system is presented.
The method is based on the fact that B and
T lymphocytes show marked overlap in
their size and density characteristics, but
differ suffciently in surface charge to be
separable by electrophoresis. The technique
is performed in phosphate-buffered saline
and appears to be especially suitable for the
enrichment of nonstimulated, functionally
intact lymphocytes which can be directly
used for further immunological or biochemi-
cal studies.

B. Sarkadi

Human monoclonal antibodies produced by
primary in vitro immunizaton of peripheral
blood lymphocytes. C. A. K. Borrebaeck, L.
Danielsson, and S. A. Moller (Department
of Biotechnology, University of Lund, Lund,
Sweden). Proc. Nat. Acad. Sci. 85, 3995
(1988).

A general procedure is described for the
production of human monoclonal antibodies
from peripheral blood [ymphocytes immu-
nized in vitro against T-cell-dependent anti-
gens. These lymphocytes immunized in cul-
ture were used to produce human-human
or human-mouse hybridomas secreting mo-
noclonal antibodies specific for digoxin,
hemocyanin, a recombinant fragment of
the gpl120 envelope glycoprotein of human
immunodeficiency virus (PBl), or a mela-
noma-associated antigen (p97). Depletion of
a lysosome-rich cell population, containing
large granular lymphocytes, monocytes, cy-
totoxin T cells, and a subset of CD8-positive
T cells, was shown to be crucial before the
cells could be immunized in vitro. This
depletion was accomplished by treating the
peripheral blood lymphocytes with the lyso-
somotropic agent L-leucine methyl ester. In
addition, the in vitrro immunization had to
be supported by interleukin 2, y-interferon,
and B-cell growth and differentiation factors,
derived from irradiated poke-weed-mitogen-
stimulated human T cells. The production of
human monoclonal antibodies from primary,
antigen-specifically — activated  peripheral
lymphocytes might obviate the need to im-
munize volunteers or patients.

B. Sarkadi
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Molecular cloning and expression of the major
protein kinase C substrate of platelets. M.
Tyers, R. A. Rachubinski, M. I. Stewart,
A. M. Varrichio, R. G. L. Shorr; R. J.
Haslam and C. B. Harley (Department of
Biochemistry, McMaster University, Hamil-
ton, Ontario, Canada). Nature 333, 470
(1988).

In platelets, agonists that stimulate
phosphoinositide turnover cause the rapid
phosphorylation of a protein of apparent
relative molecular mass (M;) 40-47.000, cal-
led P47, by protein kinase C (PKC). Diverse
identities have been ascribed to P47 in-
cluding lipocortin, inositol 1,4,5-trisphosphate
S5-phosphomonoesterase, pyruvate dehydro-
genase z subunit and an actin regulatory
protein. It have been isolated human P47
clones by immunological screening of a 7
gtll complementary DNA library from
HL-60 cells, a human promyelocytic leu-
kaemia cell line. P47 recombinants thus iden-
tified hybridized to a 3.0 kilobase (kb) mes-
senger RNA in mature white blood cell lines;
the same mRNA was induced in HL-60 cells
during differentiation. A 1.050 base pair
(bp) open reading frame that could encode
a protein of M; 40.087 was confirmed by
comparison with peptide sequences from
platelet P47, and by expression of the puta-
tive recombinant P47 in E. coli and in vitro.
The P47 sequence appears to have been
conserved throughout vertebrate evolution,
and is not similar to any other known se-
quence including human lipocortin and the
% subunit of pyruvate dehydrogenase. The
P47 protein contains a potential Ca®’-
binding. “EF-hand™ structure and a region
that strongly resembles known PK C phospho-
rylation sites. B. Papp

Fluoride-dependent calcium-induced platelet
procoagulant activity shows thar calpain is
involved in increased phospholipid transbilaver
movement. P, F. J. Verhallen, E. M. Bevers,
P. Comfurius and R. F. A. Zwaal (Depart-
ment of Biochemistry, University of Lim-
burg, Maastricht, The Netherlands). Biochim.
Biophys. Acta 942, 150 (1988).

Treatment of platelets with fluoride (10
mM) was found to result in a transient

Haematologia 22, 1989

increase in Ca”-permcabilily of the plate-
let plasma membrane. This phenomenon was
used to provide supplementary evidence for
the suggestions made earlier, that cytoskele-
tal disrupture by calpain is involved in the
process leading to transbilayer movement of
phosphatidylserine during expression of
platelet procoagulant activity. This was
achieved by relating both calpain activity and
exposure of phosphatidylserine with platelet
procoagulant activity. It was found that
only upon addition of extracellular Ca2™ to
fluoride-treated platelets, procoagulant activ-
ity, expressed as prothrombinase activity,
and calpain activity, estimated from protein
patterns after gel electrophoresis, were gener-
ated. Both Ca*"-inducible prothrombinase
activity and calpain activity followed an
identical time-course during incubation with
fluoride: after a time-lag of about 10 min
they sharply increased towards a peak level.
Upon further incubation with fluoride, both
activities decreased towards a final plateau,
still above basal level. The presence of
leupeptin during incubation with fluoride
was found to inhibit Ca2"-inducible calpain
activity and prothrombinase activity in an
identical way. Ca®*-inducible exposure of
phosphatidylserine, as determined with extra-
cellular phospholipase A,, showed a similar
pattern as Ca®'-inducible calpain activity
and prothrombinase activity. T'rom the
strict parallelism between prothrombinase
activity, calpain activity and exposure of
phosphatidylserine, it is concluded that
calpain plays an important role in the activa-
tion-dependent transbilayer movement of
phosphatidylserine during expression of
platelet procoagulant activity. It is suggested
that degradation of the platelet membrane-
skeleton by calpain disturbs the structural
organization of the lipid bilayer of the plate-
let plasma membrane leading to enhanced
transbilayer movement of phospholipids and
appearance of phosphatidylserine at the
platelet outer surface.

B. Papp

Effects of two methylxanthines, pentoxifvlline
and propentofylline, on arachidonic acid
metabolism in platelets stimulated by throm-
bin. L. Rossignol, M. Plantavid, H. Chap
and L. Douste-Blazy (Inserm Unité 101,
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Biochimie des Lipides, Hopital Purpan,
Toulouse, France). Biochem. Pharmacology
37, 3229 (1988).

[*H] Pentoxifylline and [*H] propentofyl-
line were taken up by human platelets in
a dose-dependent manner probably involving
a passive diffusion through the plasma
membrane. /n vitro, the two drugs were able
to inhibit platelet activation induced by
thrombin. Serotonin secretion was reduced
from 579; to 389, and 289, in the presence
of 1 mM pentoxifylline and 1 mM propento-
fylline, respectively. Platelet aggregation was
inhibited in the same way Modifications of
[MC] arachidonic acid metabolism in human
platelets stimulated by thrombin were then
measured in the presence of drugs. Preincu-
bation of platelets with 1 mM pentoxifylline
or propentofylline inhibited the production

of [MC] arachidonic acid metabolites, with-
out any accumulation of free arachidonic
acid, suggesting an action at a step preceding
its conversion. Phosphatidylinositol and
phosphatidylcholine hydrolysis measured
upon thrombin treatment as well as phospha-
tidic acid production were reduced or sup-
pressed in the presence of the drugs. A dose-
dependence study showed that phosphatidyl-
choline hydrolysis was totally inhibited at
5.107*M propentofylline, while phosphatidic
acid formation was reduced by only 40%,.
Propentofylline was in general more efficient
than pentoxifylline in inhibiting cvents oc-
curing upon thrombin stimulation. The re-
sults suggest that the two methylxanthines
inhibit both phospholipase A, and phospho-
lipase C, the former displaying a greater
sensitivity to the two drugs.

B. Papp

Haematologia 22, 1989
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GUIDELINES ON SELECTION OF LABORATORY TESTS
FOR MONITORING THE ACUTE-PHASE RESPONSE

Quantitative measurement of acute-phase proteins in blood is a valuable
indicator of the presence of an inflammatory response to tissue damage. An expert
panel on blood rheology of the International Committee for Standardization in
Haematology (ICSH) has prepared guidelines on the selection of laboratory tests
for detecting and subsequently monitoring the protein component of the acute-
phase response. The guidelines recommend quantitative assay of C-reactive pro-
tein when short-term changes (less than 24 hours) occur. Appropriate tests for
monitoring longer-term changes (more than 24 hours) include the erythrocyte
sedimentation rate and plasma viscosity — the latter having several advantages.
The guidelines, which have now been published in the Journal of Clinical Pathology
(1988; 41, 1203-1212), include recommendations on standardisation of these
methods and their quality control.

Adoption of the ICSH guidelines should improve comparability between
diagnostic laboratories and lead to more selective use by clinicians of tests such as
the erythrocyte sedimentation rate.

Copies of the guidelines are available from Professor J. Stuart, Chairman,
ICSH Expert Panel on Blood Rheology, Department of Haematology, Medical
School, University of Birmingham, Birmingham B15 2TJ, UK.

VSP, Utrecht, Tokyo
Akadémiai Kiado, Budapest
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Dynamism of the Development of ““Fc Receptor-blocking

Antibodies” after Immunization with Buffy Coat

ILDIKG B. PETRLY, EVA GYOD, G. KAISER!, M. Kassar®, G. Gy. PETRANYI®

1 Blood Transfusion Centre, H-6701 Szeged, P.O.Box 464, Hungary * National Institute of
Haematology and Blood Transfusion, H-1502 Budapest, P.O.Box 44, Hungary ® County

Hospital, H-6800, Hodmez6vasarhely, Hungary

(Recieved 28 January, 1988; accepted 1 June 1988)

Eight healthy male blood donors who had not recieved transfusion previously,
were immunized 5 times at 6-week intervals. The immunization was carried out with
“buffy coat” separated from 400 ml freshly obtained donor blood. Donor-recipient
pairs showed a mismatching for 1 to 4 HLA antigens. The production of HLA antibo-
dies could be demonstrated in 4 patients during the repeated immunizations.

Fc receptor-blocking antibody activity was determined with the erythrocyte
antibody inhibition (EAI) method in serum samples for the recipients. An increase in
the Fc receptor-blocking antibody serum level could be detected already on the second
day after the first immune stimulus. Fc receptor-blocking activity was maximum on the
10th day after immunization. After repeated immune stimuli, the increased non-specific
Fc receptor-blocking antibody activity was demonstrated independently of the appea-
rance of specific HLA cytotoxic antibodies.

Keywords: immunization, Fc receptor-blocking antibody, immunosuppression

Introduction

Fc receptor-blocking antibodies have been demonstrated with the EAT meth-

od in anti-Rh(D) gammaglobulin preparations [1], the effect is independent of the
anti-D activity. Similar antibodies have been detected in serum samples after blood
transfusions, promoting the in vivo survival of transplants [3]. These antibodies
were shown to be absent in patients after spontaneous abortion [4]. Different
authors reported prevention of recurrent spontaneous abortion with leukocyte
transfusions [5] or with a purified lymphocyte preparation from the husband [6],

but anti-paternal antibodies or cytotoxic antibodies could not be measured in all
of them.

The present work sets out no explain the period of formation of Fc receptor-

-blocking antibodies following repeated immunization with buffy coat and to
establish whether they may be detected in the serum with the EAI method.

VSP Utrecht, Tokvo
Akadémiai Kiado, Budapest
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Materials and Methods

Eight healthy males, previously unstimulated volunteers were immunized
with “buffy coat” separated freshly from 400 ml donor blood. The interval bet-
ween two stimuli was 6 weeks. The donor-recipient pairs were incompatible for 1
to 4 HLA-ABC and 1 HLA-HLA-Dr antigen (Table 1).

For in vitro testing, blood was taken before the start of immunization and 2,
4,7, 10, 15 and 21 days following a stimulus. Recipient serum samples were inacti-
vated for 30 min at 56 °C; after ultracentrifugation (10°g for 90 min), samples
were stored at —20 °C before testing. Pooled serum samples of 3 healthy, non-
-immunized blood donors were used as controls.

EALI (erythrocyte antibody inhibition) was carried out as described previously
[2]. Blood samples of donors, recipients and outsider donors (third-party donors)
were treated with colloidal iron powder (GAF, USA), and the lymphocytes were
separated on a Ficoll-Uromiro gradient [7]. T cells depleted by rosetting fractions
[8], referred to as B cells, were incubated with ultracentrifugated (10°g, 90 min)
test serum samples from recipients in 20%, concentration for 30 min at 4 °C.
After washing, the cells were incubated overnight at 4 °C with 2% human
Rh(D) erythrocytes previously incubated with anti-D antibodies. A rosette was

Table 1

HLA types of donor-recipient pairs

3 HLA types
Pairs o b Lo — -
7¥77*A a3 7B ,,,7,C,,,,, ,,DRk,,, R = =
1. Donor 24.32 5,wdl w2 3 after 2. immunisation
Recipient 3 35,51 — 4.w8 anti-HLA A9 antibody (1:8)
2. Donor 11,w33 18,w55 wl 5
Recipient 11 18.21 — 3w8
3. Donor 1.32, 18,w52 — 2:5 after 3. immunisation
Recipient 1332, 18.27 wl 5 anti-HLA Bw52 antibody (1:8)
4. Donor 1.29 12,w52 — 5.7
Recipient 1.23 w52,w60 — w6.7
5. Donor 2.24 1335 - 55l after 5. immunisation
Recipient 2.24 27 w2 w6.7 anti-HLA B35 antibody (1:1)
6. Donor 2.3 21.35 w4 4.5
Recipient 2:3 12.35 w4 34
7. Donor 31.32 35.40 - wb6.w8
Recipient 1.31 7.35 w4 4.w6
8. Doqo_r 2.11 1535 w3.4 5.w6 after 5. immunisation
Recipient 1.31 39 — w6.w8 anti-HLA A2 antibody (1:2)
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defined as 3 or more RBC lymphocytes, and 200 lymphocytes were counted. The
percentage EAI was calculated:

in the test
EAI (%) = ]OO X 1 A EA rosettes in e tes

EA rosettes in control pooled serum)

The separated B cell suspension contained 45-70%; rosetting cells. The cell
suspension with control pooled serum contained 40-65 9 rosetting cells.
The sera of the recipients were tested for anti-HLA antibodies on the 10th

day after each immunization, by the standard NIH lymphocyte cytotoxicity
microtest.

Results

The sera of eight immunized healthy male blood donors were examined for
antibody production. The circumstances of immunization (antigen input and time)

were identical, and anti-HL antibodies were detected independently of the number
of immunizing stimuli (Table 1).

patients Number of immunizations EAL
A
2)i 2 3 4. 5
| | |
1 ' 1 R S SR
100
Bm_/\/\/v e
40
¢ M 100
A = 40
100
6
o 40
100
5

oSS 40
= 100
’ f Ab
£ 40
54 T —o—————— — > 100
2 f
o Sy pRAnTE .y 40
: — 100
- s ot 40
247810815 e 21 24 71015 21 108571 10 10

days

Fig. 1. Dynamism of production of Fc receptor-blocking antibodies following repeated
immunization
®: Detection of activity of Fc receptor-blocking antibody with EA inhibition of a foreign
(third-party) indicator B lymphocyte.
HLA type: HLA-A 2,3: B 8,40; DR 2,4
Ab: Appearance of complement dependent cytotoxic HLA antibody
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Table 2

Serum titration on EAI with autologous cells (A), foreign donor cells (B) and the immunizing
donor cells (C)

Serum

D Number of immunization After 1
Patients dilution
in RPMI 0 1 2 3 4 5 AR

A 6 Ut = 8 10 10 12 =
1:10 = = 3 e = = =

1:20 - - - — - - -

1:50 — - - - - ~ -

7 cc 8 5 10 11 15 10

1:10 — - - - —

1220 — - - — — ND —

1.:50 = = —- — — -

B 6 cc 15 65 85 87 90 90 60
15310 — - 40 40 50 50 50

1320 — - - - 41 50 19

1250 - - - - — — —
7 ce 30 56 60 70 78 50

1:10 — 10 10 20 40 45

1:20 — - — 10 10 ND -

150 - - - - - -

C 6 cc 21 60 78 90 90 90 71
1210 — 40 50 70 65 67 45

10520 = — 10 70 60 65 —

1:50 - - - - - - —

74 cc 21 50 78 90 90 65

1:10 = = = 30 60 =

1220 — — — - 10 ND -

1 50 = — = = — —

Patient 6.7 see in Fig. 1.

The autologous B cells were separated 1 year after the last immunization in cases
N°.6 and 7.

Serum samples were take for testing on 10 day after each immunization and stored at
—20°C.

HLA type of foreign donor cell: HLA-AI, 25; B8, 12+ DRI, 7

ND: not done

1) Even after five stimuli no anti-HLA antibodies could be detected in 50%,
of the recipients (recipients 2, 4, 6, 7)

2) though 100% of the same recipients produced the Fc receptor-blocking
antibodies.

Fc receptor-blocking antibodies were demonstrated already on the second
day after the first injection. Maximum EA blocking was attained on the 10th day
of the immunization (Fig. 1) (see a representative experiment tested on third-party
indicator B cells). Values lower than 40 % EA blocking before immunization were
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found in recipients 1, 6, 7, 8. Recipients 2, 3, 4 and 5 hand starting values around
or higher than 409, EA inhibition. After repeated immunizations under similar
antigen conditions, an increased EAT activity was observed in the sera of recipients
tested on third-party indicator cells.

The Fc receptor-blocking exerted on the autologous cell was below 15%,
(Table 2a) in each case, in serum dilutions the above mentioned effect could not be
detected. The same activity reached 909, third-party indicator cells (Table 2b).
Following the first immune stimulus the level of Fc receptor-blocking antibodies
increased after repeated immunization. This activity decreases after a year but can
still be demonstrated.

Testing the Fc receptor-blocking antibodies on the immunizing donor lym-
phocytes, the effect was almost similar to results found in third party indicator cells
(Table 2c¢).

Cytotoxic HLA antibodies appeared in 50 % of the cases independently of the
number of immune stimuli. The stimulator of anti-HLA-A 9 was the HLA-A 24
antigen in the case of recipient No. 1, following repeated immunization not only
the split (A 24 antibody) was produced, but a specificity appeared against the broad
antigen.

Discussion

We have reported the detection of Fc receptor-blocking antibodies in anti-
-Rh(D) hyperimmune preparations earlier [2]. Antibodies resulting in Fc receptor
blockade on lymphocytes are likely to cause decreased Fc receptor functions in vivo
as well. Neppert et al. [9] discussed the Fc receptor blocked of different commercial
IgG and anti-D IgG products detected with the method of immune phagocytosis
inhibition. These inhibiting factors represent non-cytotoxic antibodies to HLA or
HLA-related monocyte antigens.

Immunosuppressive effect detected in MLR was found in cases of recurrent
spontaneous abortion after immunization with paternal lymphocytes or platelets
[10]. Similarly, we observed Fc receptor-blocking antibodies by EAI, with the
same dynamism after platelet transfusion (unpublished data) and buffy coat as
well.

It is, in fact, possible that an Fc receptor-blocking antibody produced just
after immunization may result in a suppression which may protect the actual
pregnancy [11]. These antibodies have been correlated with improved allograft
survival [12]. Joseph and co-workers demonstrated [13] that antibodies against
husband-specific idiotypes on wife’s lymphocytes could be induced by pregnancy.
The MLC-inhibitory activity in the sera of parous women was on the I1gG fraction,
but absent in women who had had abortion(s).

The distribution of Fc receptors and the variety of functions suggested that
they comprise a heterogeneous group of proteins. For example, human T and B
lymphocytes and monocytes possess Fc receptors of different molecular weights
[14], and have been shown to possess Fc receptors with different avidities for IgG
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[15]. Moreover, two types of Fc receptors could be distinguished: membrane-labile
(FcRI) and membrane stabile (FcRII) forms [16]. The two types of receptors
coexist on the same cell type [17], but they appear to be antigenically distinct.
According to the latest results the Fc receptor-blocking IgG antibody may not
react primarily with the Fc receptor but with an alloantigen in close relation with
the Fc receptor [18]. This structure is expressed on T and B lymphocytes, poly-
morphs and platelets.

The present work has proved the appearance of the Fc receptor-blocking
antibodies in the serum following the immune stimulus. These antibodies can be
detected already on the second day after the immune stimulus and the maximal
effect can be demonstrated on the 10th day. One year after the repeated immune
stimuli a low EAT activity can still be demonstrated. Our findings have some impor-
tant clinical implications. High-dose intravenous immunoglobulin (IVIG) has
been shown to be an effective method for treating immune thrombocytopenic
purpura (ITP) [19]. One possible explanation of this therapeutic effect is the Fc
receptor-blocking of immune competent cells [20] through antibody mediated
inhibition of antigen presentation. The direct B cell inhibitory effect was proven
by an other author as the target cell of polyspecific monomeric IgG [21].

Panzer et al. reported an increased number of platelets in ITP patients during
both anti-D IgG and high-dose 1VIG treatment. The therapeutic response to high-
-dose IVIG and anti-D IgG is independent of the degree of induced haemolysis [22]
and thus the Fc receptor-blocking antibodies present in anti-D preparations are
likely to result in a good therapeutic effect independently of the anti-D activity.
Other authors [23] describe the suppression of maternal antibody synthesis when
Rhesus haemolytic disease was treated with high-dose IVIG. A further, possibly
similar situation may be the protective effect of small transfusions before kidney
transplantations [24].

In our testing system we detected specific (HLA) antibodies and non-specific
(Fc receptor-blocking) antibodies as well. Fc receptor-blocking antibodies ap-
peared very quickly after immunization, much earlier than the HLA-related ones.

Fc receptor-blocking activity in anti-D IgG preparations are well producible
by active immunization. This opinion is supported by the fact that in the sera of
Rh immunized subjects this non-specific blocking activity is often maintained
many years after stimuli which have not been repeated.

Fc receptor blockade, as part of the immune regulation, may be helpful in
several clinical conditions, like autoimmune diseases, cases of recurrent spontane-
ous abortion and possibly also in the course of immunosuppressive therapy after
organ transplantation.
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The cytochemical distribution of dipeptidylaminopeptidase IV (DAP IV) was
studied in 5 cases of T lymphoblastic leukaemic lymphoma and 12 cases of acute T
lymphoblastic leukaemia, in order to ascertain differences between the enzyme positi-
vity patterns of T cells at different stages of differentiation. Early thymic phenotype
cases were almost completely negative; those of intermediate and mature thymic
phenotype showed positivity in various percentages of blasts: either a single coarse
granule or many coarse and small granules were detected. In mature phenotype cells a
particularly intense DAP IV reaction was observed. In conclusion, our findings suggest
that DAP 1V reaction could be a useful tool for the cytochemical characterization of
T acute leukaemia subtypes.

Keywords: cytochemistry, dipeptidylaminopeptidase 1V, T lymphoblasic
leukaemia, T lymphoblastic lymphoma

Introduction

Several authors have suggested that, among lymphoid subpopulations, DAP
IV (dipeptidylaminopeptidase 1V, glycylproline-napthylamidase, E.C 3.4.14.4) is
expressed mainly by the helper subset of T cells in a manner similar to that of alpha-
naphthyl-acetate esterase [1 — 8].

However, only a few cytochemical studies have been done on DAP 1V distri-
bution in malignant T lymphoblasts.

In the present paper we report a cytochemical study of DAP IV activity in T
lymphoblastic leukaemia-lymphoma cells, designed to discover relationships bet-
ween cytochemical reactivity and membrane phenotype.

Materials and Methods

Seventeen patients, 5 females and 12 males, aged 4 to 49 years, with acute T
lymphoid malignancies were studied. Five cases of T lymphoblastic leukaemic
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lymphoma (T-LbLy) and 12 cases of acute T lymphoblastic leukaemia (T-ALL)
were included.

We also studied 27 cases of common (¢) ALL and 10 cases of acute non-
lymphoid leukaemia (ANLL). Diagnosis was made on the basis of morphological,
cytochemical and immunological criteria.

Immunologic studies were carried out on cell suspensions from bone marrow
aspirates. The following tests were performed: E rosette test [9], detection of surfa-
ce immunoglobulins [10], analysis by immunofluorescence using OKB-cALLa
(CD10), OKTI1I1 (CD2), OKT6 (CDI1), OKT4 (CD4), OKTS (CDS8), OKT3 (CD3)
(Ortho) and Leu 9 (CD7) (Becton-Dickinson) [11] monoclonal antibodies.

DAP IV activity was examined in bone marrow smears of leukaemic patients
according to Lojda’s method [12]. Preparations were fixed in formaldehyde vapours
for 4 minutes and then incubated in the following medium: 4 mg glycyl-prolyl-4-
-methoxy-2-naphtyl-amide (Sigma) dissolved in 0.5 ml N,N-dimethylformamide
and 10 mg Fast Garnet GBC Salt (Sigma) dissolved in 10 ml 0.1 M phosphate
buffer pH 7.2. Incubation was carried out for 90 minutes at 37 °C. After incubation

Table 1

T lymphoblastic leukaemia-lymphoma patients:
clinical and immunologic features

Medi- Immunologic Phenotype*
astinal -
mass

WBC Blasts

Case Sex Age Diagnosis .
x10%/1 %

GcALLa TIL T6 T4 T8 T3 LEUY
CDI0 CD2 CDI CD4 CD8 CD3 CD7

I M 24 TLbLy 7 35 — + + B =
SN A5 TAhEy F 48 o = b == H o= &

3 M 49 T-LbLy 99 24 + e = oy v b

4 M 14 T-ALL 22 80 + e Y

5N 9 TAEL IF W o~ = o e = e o= &
§ F 7 Tall 995 0 = = i = = = = &
7 F3p TALL 15 B = =~ & F & #H =
§M B AR 38 3 = = & N A
DM 28 TARL F 100 = F = e B
0 M 4 TIbly 30 £ +. + + 4+ % = % F
i B 9 TALL 188 30 4 o= e e e ome ose | e
3 F 5 CAIE 3% W0 4 9~ # + 4+ + = %
5 M 7BADL 74 8B 3 = o = e e 4
14 M 5 T-ALL 161 98 — — AT P

5 B T TALL "3 % 4+ = & CE T
16 M 8 T-LbLy 66 98 + — + + + - o+
17 M B el camt, ol G e el

10 T-ALL 295 100

* 4+ = over 25% of leukaemic cells reactive
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the smears were washed in water and counterstained with Mayer’s haematoxylin
for 2 min.

Besides DAP 1V reactivity, the following cytochemical reactions were studied
in all bone marrow smears: peroxidase [13], acide phosphatase (AP) [14], alpha-
-naphtyl-acetate esterase (ANAE) ata pH 6.1 [15], N-acetyl-beta-glucosaminidase
(NABG) [16].

Each enzyme activity was evaluated by determining the percentage of positive
blasts.

Results

The results of clinical, immunological and cytochemical studies in T LbLy
and ALL cases are reported in Tables 1 and 2. Six cases (numbers 5, 6, 11, 13, 14
and 17) showed an early thymic phenotype; 9 cases (1, 3, 4,7, 8, 10, 12, 15 and 16)
an intermediate thymic phenotype and 2 cases (2, 9) a mature thymic phenotype
(Table 1). DAP 1V reaction was completely negative in almost all the cases of
early thymic phenotype, while the cases with intermediate and mature thymic
phenotype showed DAP IV positivity in various percentage of blasts (m 44.09+
31.9): either a single coarse granule or many coarse and small granules, generally
focally distributed were detected (Fig. 1). The highest percentages of positive blasts
were observed in the T4™ T8~ cases, where a significant positive linear correlation
was found between the percentage of OKT4 and DAP 1V positive cells, while
the blasts of the only T4~ T8 case were completely DAP 1V negative.

In T lymphoblasts no significant linear correlation between DAP IV positivi-
ty and the reactivity of acid phosphatase or N-A-f-Glucosaminidase was found
(Table 2). The only significant linear correlation found was between DAP IV
activity and the focal distribution of a-NAE (Fig. 2).

Fig. 1. DAP IV reactivity in T lymphoblasts: cells of case 15 (Table 1) are positive with a single
coarse granule or many small granules, focally distributed
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Table 2

T lymphoblastic leukaemia-lymphoma patients:
results of cytochemical reactions

Percentage of positive blasts

Case S B & ket i
DAP IV AP focal o gy

1 90 50 45 100

2 40 0 44 68

3 15 48 10 77

4 40 88 90

5 0 73 0 64

6 0 46 18 89

7 25 60 30

8 0 90 15 95

9 48 84 78 100
10 85 80 100 75
11 0 10 36 69
12 4 80 66 80
13 24 77 56 100
14 2 20 38 40
15 55 73 76 93
16 83 77 65 84
17 ) 95 50 90

mean 30.3 48.0 61.8 81.6

+SD 32.1 28.6 28.8 16.7

All non-T cases of ALL and also the ANLL cases were almost completely
DAP 1V negative.

AP and ANAE reactions in non-T cases of ALL were either completely
negative or showed just a weak fine granular positivity. Only very few blasts dis-

Table 3

Results of the cytochemical reactions in non T-ALL cases

Percentage of positive blasts

DAP 1V AP ANAE NABG
mean 0.3 4.6 8.2 31.5
SD 1.1 12.7 13.8 23.6

range 0—-5 0—65 0—53 6—173
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100 .

°le ANAE positive blasts

r=063

1 1
0 50 100
°s DAP IV positive blasts

Fug. 2. Correlation between DAP IV positivity and focal reactivity of ANAE in T lympho
blastic leukaemia lymphoma patients

played focal positivity. NABG was generally very strong, expressed by either a
single coarse drop-like granule or multiple fine and coarse granules scattered within
the cytoplasm (Table 3).

Discussion

Previous cytochemical studies reported by several authors led to the opinion
that a strong DAP 1V positivity is characteristic for both normal and neoplastic T
helper lymphocytes [1 —8]. Peripheral T helper cell malignancies, such as T-chronic
lymphocytic leukaemia and T-prolymphocytic leukaemia were found to be strongly
positive, whereas B-lymphoproliferative disorders were completely DAP 1V negati-
ve [4, 5, 6, 8, 17].

Controversial results were found in the studied T-ALL cases (1, 6, 17, 18, 19).
In fact, whereas non-T ALL cases were always almost completely negative, DAP
IV reactivity was absent or expressed in a minority of T blasts in the few cases des-
cribed by Wertmiiller et al. [5], Crockard et al. [6] and Srivastava et al. [19], but
present in many blasts from some T-ALL patients reported by Feller [18]. Fur-
thermore, in leukaemic human cell lines no correlation was found between DAP
IV activity and OKT4 positivity or maturation stage in T cells and DAP IV was
seen also in B cells [19].

The results of our study have shown variable reactivity in lymphoblasts of T
cell malignancies, too. We observed DAP 1V activity only in lymphoblasts dis-
playing either intermediate or mature thymic phenotype. Positivity was stronger
at the more advanced stages of cell maturation. It is worth noting that 8 out of
10 T4" cases presented more than 259, DAP IV positive blasts, while the only
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T4~ T8" case was DAP 1V negative. No distinguishing clinical features of DAP IV
positive versus DAP IV negative T cases were observed.

Our data, in partial disagreement with the results of Crockard et al. [6] and
Srivastava et al. [19] who, however, studied very few patients, indicate that DAP
IV reaction could be a useful tool for the cytochemical characterization of a parti-
cular T acute leukaemia-lymphoma subtype. This reaction is therefore much less
apt than AP reaction to recognize T cell malignancies, in particular the more im-
mature cases, and its expression, peculiar to T4 cells only, seems to parallel that
of aspecific esterase. It is, however, much more specific than other hydrolases re-
actions: in fact, with very few exceptions, this enzyme activity has only been found
in T cells.
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Serum IgE levels were determined in 318 Hungarian blood donors by PRIST
technique. Age-dependent decrease of IgE and higher values in males than in females
were found. Commercial IgG preparations contained variable amounts of IgE related
to the procedures for purification. The normal IgE level in healthy Hungarian adults
were compared to the reported normal values of other countries.

Keywords: blood donors, IgE, IgG, normal level, serum

Introduction

Since the discovery of IgE, many studies have been performed to investigate
the IgE serum levels in human populations with different genetic andenvironmental
backgrounds [1, 2, 3]. When comparing different populations, the problems of
methodology also need to be considered. Early data obtained by RIA are not
comparable with the more recent ones, which have been found with the PRIST or
ELISA methods. [4, 5, 6].

In our study we measured the IgE levels in Hungarian blood donors of differ-
ent ages, which means that we tested a sample of the adult Hungarian urban popu-
lation. Our results appear to support earlier data on a higher average IgE level in
the Central European area compared to North America or Scandinavia. The ques-
tion is whether high IgE levels in donor blood or plasma play a role in the safety
of haemotherapy.

Materials and Methods

Blood samples were taken from 318 Hungarian blood donors living and
working in Budapest, in different districts. The sera were stored frozen until use.
To achieve an even sex and age distribution, the sera of 164 males and 154 females
between the age of 18 — 60 years were collected. Eight age groups were formed and
in each 20 — 20 samples were tested. The blood donors were found healthy according
to the medical examination and tests performed before blood donation. The sampl-
ing period lasted from November till March to avoid the influence of the pollen
season.
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IgG preparations were collected from different sources. The available intra-
venous gamma globulin preparations were obtained from the respective manufac-
turers (Venoglobulin, Merieux, Lyon; Intraglobin and Pentaglobin, Biotest,
Frankfurt; Endobulin, Immuno, Vienna; Sandoglobulin, Sandoz, Bern; Institute
HUMAN, Budapest, National Institute of Haematology and Blood Transfusion
(NIHBT), Budapest) an intramuscular gamma globulin of Institute HUMAN,
Budapest and an instramuscular IgG of the NIHBT prepared for anti-D-prophy-
laxis were also included in the study.

The IgE levels were determined by the IgE PRIST test (Pharmacia), and the
values were expressed as kU/1 (1kU = 2,4 ug). The values obtained were transfor-
med into logarithms and statistical analysis was performed afterwards.

L0 j

20

T T ¥ T T T
g 7123 § 5 857 8 8§
IgE
Fig. 1. Distribution of the IgE serum levels in adult males. The IgE values were trans-
formed into logarithms and the frequency distribution of the different categories is
shown. Categories: 0—1 = below 2 kU/1; 1—2= 3-—5 kU/1; 2-3 = 6—15 kU/I;
3—4=16—40kU/1; 4—5=41—100kU/1; 5—6 = 101—250 kU/1; 6—7 = 251— 700 kU/1;
7—8 =701— 1800 kU/1; 8—9 = 1801—4000 kU/1
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Fig. 2. IgE levels in female blood donors. For other explanations see Fig. 1

Haematologia 22, 1989



K. Merétey et al.: IgE in normal sera and 1gG preparations 153
10
L]
o .
« 2 o ®
TEr ; 5 2O
ol R B dec by
L‘L_.J,, A e ! s 0 ! . : .
— ' ' o
SEE e
L] M .
| JEL l 2
SERE R E
% r ‘ o & ®
O -
i (1 1 1 It
0 20 40 60 80
Age (years)

Fig. 3. Age dependent changes of IgE serum values. The logarithms of the IgE values

(ordinate) are plotted against the age of the donors (abscisse: ages are grouped by 5

years). The numbers show the cases of identical values. The slope showed a statistical sig-
nificance p = 0.05

After establishing the individual IgE values a questionnaire on family- and
personal history of possible allergic problems and smoking habits was sent to those
with high IgE levels.

Results
1gE levels in males and females

The IgE levels were evaluated separately in males and females. Figure 1 and 2
demonstrate that in males the IgE levels are higher than in females. The maximum
was shifted to the right by one category and the highest values were found in males.

Age related changes of IgE levels

The IgE levels were plotted against the age of the persons studied. Figure 3
shows that the IgE levels decrease with aging. The slope of the regression line is at
the borderline of significance.

The background of the high IgE levels

A questionnaire was sent to the 23 persons with IgE levels higher than 499
kU/1 (Table 1). The answers were evaluated according to the personal features
possibly related to IgE production and the allergic disease within the first degree
relatives. Four women had some allergic problems while among the male patients
there were 4 without any possibly “allergic’’ complaints. Twelve of the persons
with high IgE were regular smokers. However, there were 2 males without any of
the known causes or predisposing circumstances of high IgE (SP, DI).

Haematologia 22, 1989



154 K. Merétey et al.: IgE in normal sera and IgG preparations

Table 1
Background of high TgE levels

Name Sex Allergy Fa:;‘}i?h:i_sgtry Smoking kllgjl/sl
CsK F urticaria + + 900
NL F drug allergy 4 - 900
RA F pollen sens. 2 + 900
DP F pruritus — + 500
SP M = = - 3000
DI M — — — 1000
PM M — — + 1500
GyL. M — = ++ 890
BI M = = + 540
MS M drug allergy - ++ 1100
ZT M urticaria — ++ 800
PI M rhinitis — ++ 800
LGy M penicilline + — 660
KL M fuel oil RS + 2300
KE M pollen sens. L ++ 600
Table 2
IgE content of commercial IgG preparations

s M o I TSR
Venoglobulin ¥ 5 120 2.4
Venoglobulin P4 S 76 1.5
Intraglobin 5 200 4.0
Endobulin 5 160 3.2
Pentaglobin 462086 5 10: 0.2
Sandoglobulin S2 pH4 + trypsine 3 80 0.2
Sandoglobulin S4 pH4 + trypsine 3 T4 2.5
HUMAN
vénagamma 107 ethanol fract. 6 400 6.7
vénagamma 109 ethanol fract. 6 430 7.2
HUMAN gamma globulin ethanol fract. 16 1600 10.0
NIHBT D IgG 018701 ethanol fract. 4.8 100 2.1

028301 ethanol fract. 5.4 150 2.8

038701 cthanol fract. 5.4 115 2.2
NIHBT i.v. gamma globulin Chromatography 7.5 11 0.2
NIHBT i.v. gamma globulin Chromatography 1.5 20 0.4

Haematologia 22, 1989



K. Merétey et al.: IgE in normal sera and IgG preparations 155

IgE levels in the IgG preparations

We have measured the IgE amount in the commercially available IgG prepa-
rations (Table 2). The IgE levels varied with the source of IgG and the batches,
too. The preparations isolated by different techniques showed marked differences.
The highest value was found in the preparation of HUMAN (Budapest) prepared
for intramuscular use. The lowest values were measured in the Pentaglobin of
Biotest, declared a specially IgM rich preparation. The chromatographically
purified IgG seems to be free of the IgE.

Discussion

The normal serum IgE level is subject to several influences. Several studies
have confirmed that the serum IgE levels show a bimodal distribution suggesting
that the population is not homogenous for the IgE producing capacity [2, 7, 8].
Most of the studies are concordant with the two allelic genetic background of
IgE levels, where the gene responsible for the low IgE level is dominant [9].

Apparently differing IgE levels may stem from variations in the method used
for IgE determination [4, 6, 10, 11]. Higher values have been obtained with the
Phadebas IgE test widely used in the last decade than with the PRIST technique.
Therefore, in earlier publications, the normal limits of IgE levels were higher than
in the recent ones (Table 3).

Indeed, in some studies using older techniques the normal values are much
higher than ours. In some of the published results the sex ratio was not taken into
consideration and this might cause further variations.

The different environmental influences can also modify the mean values of
normal IgE levels. Smokers have higher IgE levels than nonsmokers [12, 13].
The exhaust dust from Diesel oil increases the IgE levels in animals [14]. We have
no data on human studies. The pollution of the living area could increase the IgE
levels in children [15]. The difference in IgE levels between NorthAmerica, Western
Europe on the one hand and Hungary (and probably the neighbouring countries)
on the other hand may result either from a different genetic background, from cert-
ain environmental circumstances, or both. Similarly, higher normal IgE serum
levels were reported from Italy than from Sweden [16]. The Budapest area, where
the donor samples were taken, can be suspected to provide stimuli for the enhance-
ment of IgE. The finding of relatively high IgE content in gamma globulin pre-
parations manufactured in Hungary, however, may suggest that the incidence of
high IgE levels in blood donors is not restricted to the capital as the plasma source
is collected in the whole country.

We attempted to elucidate the background of the high IgE level in the res-
pective individuals by the use of questionnaires. Nobody appeared to be infected
by parazites, but some donors were possibly atopic. None of them was taking
antihistamines showing that among the blood donors involved there was no severe
case.
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Table 3

Comparison of data from different countries, measured by different techniques

Reference

Country = No. of cases Range of age Geometric. mean
Africa 23 39 adults 149*
USA 2 73 adults 105"
USA 23 95 adults 179%
USA 24 102 adults 103%%%
USA 25 106 2—55 55
USA 27 2743 6— 80 32.1*
249 6—14 79
472 15—24 53.1
393 25— 34 36.4
236 35—44 34.1
333 45— 54 28.2
400 55— 64 21.6
USA 26 5 19—24 19— 49*
USA 28 12 adults 60*
USA 29 330 3—60 <20 = 609, <40 = 20%*
<80 = 10%, >80 = 10¥%
Canada 3 110 nsm 20—65f 11.8*
185 sm 20— 65 f 23.6
62 nsm 20— 65 m 12.6
301 sm 20— 65 m 27.9
Sweden 37 175 adults 14*
Sweden 4 19 14 20*
Spain 15 245 0—12 14%*
Belgium 30 27 adults 2 **
Germany 2 355 11-70 55%
Germany 1 30 20—40 42%
Austria 31 43 <65 32%%
Austria 32 100 509, >S50 3%
Czechoslovakia 33 30 22—58 220%
Hungary 34 22 11-52 245*
Hungary 35 26 adults 265*
Hungary 36 25 adults 54*
Our data 164 m 18— 60 64%*
154 f 18— 60 34*

nsm = nonsmoker, sm = smoker, f= female, m = male, IgE measured by: t=

Phadebas IgE test; © ¥ = ELISA; * = IgE PRIST; ** = PACIA; *** = RIA
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The IgE values in the IgG preparations show that IgE is usually a trace com-
ponent. Tovo et al. [17] suggested that the IgE present in the 1gG given intraveno-
usly can be the cause of some side effects. Considering that the IgG preparations
are produced from large pools of plasma, the presence of natural anti- IgE anti-
bodies is likely [18, 19]. These latter can form complexes after injection capable
of enhancing the known biological effects. In a recent study Paganelli et al. [19]
presented data suggesting that IgE plus anti-IgE content of intravenous IgG
preparations might be responsible for some minor side effects, although no evi-
dence of immediate-type reactivity was found.

When whole blood transfusion is given, a high IgE level in the donor blood
may imply the infusion of leukocytes carrying high numbers of adsorbed IgE
molecules. A possible reaction of such cell-bound IgE with anti-IgE factors may
result in symptoms of intolerance. Transfusion of leukocyte-depleted blood can
solve this problem.

The method of purification of IgG seems to be very important in view of the
IgE content. The fractionation by ethanol seems to cofractionate most of the IgE.
On the other hand, the IgE type hypersensitivity to allergens and drugs can be
transferred not only by donor bone marrow cells to recipients [20], but, temporari-
ly, by preformed IgE type antibodies, too. This can cause side-effects not predicted
by any recorded characteristic of the recipients. As a conclusion, we draw attention
to the fact that apparently healthy blood donors may carry high circulating IgE
levels, therefore a more through evaluation of allergic symptoms in the donor’s
anamnesis appears advisable. Procedures eliminating major portions of plasma
IgE the final product may promote avoiding possible side effects due to IgE.
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Relationship Between Adenosine Deaminase Activity (ADA)
and Inosinemonophosphate (IMP) Accumulation in Fresh
Erythrocytes Incubated with Adenosine and Dipyridamole
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Fresh human erythrocytes were incubated in two media: a) adenosine (10 mM),
pyruvate (10mM), phosphate (50 mM) (APP medium); b) APP medium enriched with
100 #mol/l dipyridamole (APPD) medium. The amount of IMP in fresh erythrocytes
was 0.18+0.09 #mol/g Hb, after incubation in APP medium it was 1.52+0.78 umol/g
Hb, and after incubation in APP medium it was 1.524+0.78 pumoi/g Hb, and after
incubation in APPD the amount was 5.28+ 0.94 umol/g Hb.

ADA activity was measured simultaneously. The mean activity (+SD) of ADA
fresh red cells was 1.29+ 0.36 U/g Hb, after 2 h incubation in APP medium it was 1.71+
0.38 U/g Hb, and after 2 h incubation in APPD medium an activity of 2.68+0.95 U/g
Hb was found. A highly significant correlation between the accumulation of IMP and
the activity of ADA in fresh erythrocytes (r = 0.93; p = <0.001) and in erythrocytes
incubated in APPD medium (r = 0.97; p = <0.001) was found.

Keywords: adenosine deaminase activity, inosinemonophosphate accumulation,
fresh erythrocytes

Introduction

Adenosine deaminase (ADA); adenosine aminohydrolase (EC 3.5.4.4) are
widely distributed enzymes which catalyze the conversion of adenosine and deoxy-
adenosine to inosine and deoxyinosine respectively. This enzyme plays a key role
in the normal catabolic pathway of adenine nucleotides and in the production of
hypoxanthine in the purine salvage pathway. Clinical interest in this enzyme has
been revived by the discovery of a syndrome of severe humoral and cellular immun-
odeficiency associated with deficiency of ADA in erythrocytes [5].

Dipyridamole; a pyrimido-pyrimidine (2,6-bis [diethanolamino]-4,8-dipipe-
ridino-pyrimido-(5,4-d)-pyrimidine; persantin) vasoactive substance is a well
known inhibitor of nucleoside uptake in various animal cells [8, 10, 17]. Persantin
first of all inhibits the uptake of adenosine into red blood cells [2]. Inhibition of
adenosine deaminase is well recognized, too [3].

Already previously we found a 50%, inhibition of 8"*C-adenosine penetration
into red blood cells in the presence of dipyridamole in APPD medium (containing
adenosine pyruvate and inorganic phosphate) [9]. The incorporation of 8'*C-ade-
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nosine into nucleotides of erythrocytes by this drug was 18% [9]. Dipyridamole?
however, did not inhibit the synthesis of IMP, but even greatly increased it, which
has remained unexplained so far.

The aim of the present work was a) to examine the effect of a two hour incu-
bation of fresh erythrocytes in APP medium enriched with 100 umol/l dipyridamole
on ADA activity and IMP accumulation; b) to study the relationship between the
two events.

Materials and Methods

Fresh human blood was collected from healthy donors into heparinized glass
bottles. Erythrocytes were washed in an excess of 0.9 9/ saline solution and treated
with perchloric acid for removing soluble phosphate compounds [14]. Incubation
of erythrocytes was performed at 37 °C in (1) APP medium, i.e. a solution contain-
ing 10 mmol/l adenosine, 10 mmol/l pyruvate, 50 mmol/l inorganic phosphate and
75 mmol/l NaCl, or (2) APPD medium, i.e. APP medium containg 100 gmol/l
dipyridamole. The pH of the two media was adjusted to 7.35 and they were added
to the washed erythrocytes to obtain a haematocrit of about 209%,. After a two
hour incubation, samples of erythrocytes were removed and rapidly chilled in an
ice-bath. The cells were washed three times with an excess of cold 0.9% NaCl.
Acid soluble phosphate compounds were extracted in the elsewhere described
manner [14]. Separation of phosphate compounds was achieved by means of co-
lumn ion-exchange chromatography with Dowex-1, in the formate form [13].
Hypoxanthine and adenine nucleotides in eluates were determined spectrophoto-
metrically [20]. Identification of IMP was performed as described previously [20,
21]. The results were expressed in umol nucleotide/g Hb.

Before and after incubation of erythrocytes in APP and APPD media, activi-
ty of adenosine deaminase in lysates was measured by modified Hopkinson’s
method [7]. The enzyme activity was assayed kinetically by a coupled enzymatic
system, in which adenosine is converted into inosine with uric acid as the final
product by the action of nucleoside phosphorylase and xanthine oxidase. The
reaction mixture had a total volume of 3.06 ml and contained 1.0 mmol/l of adeno-

Table 1

Comparison of ADA activities in control — fresh erythrocytes and after
incubation in APP and APPD media

ADA activity U/g

Hb at 37 °C mean n p
+—SD
Control (fresh RBC) 1.294 —0.36 17
Incubation in APP medium 1.714 —0.38 17 <0.001

Incubation in APPD medium 2.684—0.95 17 <0.001
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Table 2

Comparison of IMP accumulation in control erythrocytes and after
incubation in APP and APPD media

Content of IMP

umol/g Hb - P
Control (fresh RBC) 0.184—0.09 17
Incubation in APP medium 1.524+—0.78 17 <0.05

Incubation in APPD medium 5.284—0.94 17 <0.001

sine, 0.04 U of xanthine oxidase (from cow milk, in 3.2 mol/l ammonium sulfate,
Boehringer Mannheim GmbH), 0.1 mol/I of Na-phosphate buffer pH 7.5 and 50 ul
lysate of erythrocytes. Formation of uric acid was monitored at 293 nm and 37 °C.
A unit of ADA activity was defined as the enzyme activity that catalysed the con-
version of 1 umol of adenosine to uric acid in 1 min at 37°C (¢ = 12.5x10*
liter/mol x cm).

For statistical evaluation of the results, means and standard deviations were
calculated. The coefficient correlations were tested for significance with the Stu-
dent’s r-test. Only p < 0.05 was regarded to be significant.

Results

In fresh human erythrocytes 0.18 +0.09 umol/g Hb of IMP was found. After
a two hour incubation of erythrocytes in APP medium, the contents of IMP
increased to 1.52+0.78 umol/g Hb. The incubation of erythrocytes in APPD me-
dium resulted in further increase of IMP to 5.30+0.94 umol/g Hb.

N
o
T

y =3.593x+0.633

Activity of ADA U/gHb
o
L3

0 r r=093
p<0.001
05
1 It 1 1 L
01 02 03 04 05

pmol IMP/gHb

Fig. 1. Relationship between accumulation of IMP (umol/g Hb) and ADA activity (U/g Hb)
in fresh erythrocytes
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Fig. 2. Relationship between accumulation of IMP (zmol/g Hb) and ADA activity (U/g Hb)
in erythrocytes after 2 hours of incubation in APPD medium

Activity of ADA in fresh erythrocytes was 1.29+0.36 U/g Hb at 37 °C, after
a 2 hour incubation of erythrocytes in APP medium it increased to 1.71 +0.38 U/g
Hb, after 2 hours incubation in APPD a further increase to 2.68+0.95 U/g Hb
was observed. The results are summarized in Tables 1 and 2.

A highly significant correlation (r = 0.93; p < 0.001) between the activity
of ADA and accumulation of IMP in fresh human erythrocytes (Fig. 1) and corre-
lation (r = 0.97; p < 0.001) between the activity of ADA and accumulation of
IMP in erythrocytes incubated in APPD medium (Fig. 2) were found.

Discussion

Purine bases and their nucleosides easily penetrate the red cell membrane
[18]. However, in view of the fact that adenosine passes across the cell membrane
quickly, its intracellular concentration is regulated by the enzymes which metaboli-
ze it [11, 12]. Inside the red cell adenosine was subjected to two processes:
a) phosphorylation which leads to the formation of AMP and later ADP and ATP,
and
b) deamination to inosine [8].
The inosine thus formed may undergo direct phosphorylation to IMP. According
to Banaschak [1] this is a side pathway, and only a small amount of inosine under-
goes such a transformation. The main pathway of inosine transformation is pro-
bably its phosphorolytic cleavage to hypoxanthine and ribosephosphate. Under the
influence of hypoxanthine-guanine phosphoribosyltransferase(HGPRT EC 2.4.2.8)
and with a contribution 5-phosphoribosyl-1-pyrophosphate (PRPP) hypoxanthine
becomes transformed into IMP [21, 22].
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According to Parks et al. [16] the key factor deciding whether adenosine will
undergo phosphorylation or deamination is the relative value of Km of adenosine
for two enzymes: adenosine kinase (EC 2.7.1.20) and adenosine deaminase
(EC 3.5.4.4).

We have shown that dipyridamole inhibits about 50% of 8 ~'* C-adenosine
penetration into red cells incubated in APPD medium [9]. Bretschneider et al. [2]
have shown that in the case of blood platelets the inhibition of penetration is higher
and reaches ca 80%,. Authors generally agree that dipyridamole inhibits the adeno-
sine penetration to erythrocytes and reduces the incorporation 8 ~'* C-adenosine
into nucleotides and synthesis of phosphate compounds. Zachara suggests [25] that
the main cause of the slower rate of phosphorylated compound synthesis inerythro-
cytes incubated in APPD medium is the insufficiency of Pi inside the red cells.
This is because dipyridamol considerably reduces the penetration of that ion
through red cell membranes [6, 19, 25].

The reduction of nucleotide synthesis did not affect IMP. The quantity of
IMP in the APPD medium incubated erythrocytes was 3.5 times higher than in
those incubated in APP medium, i.e. 5.30 umol/g Hb and 1.52 umol/g Hb, res-
pectively. This increase of IMP synthesis is surprising and difficult to explain.
IMP may be generated by AMP deaminase (EC 3.5.4.6) from AMP or from inosine
formed of adenosine by adenosine deaminase.

In our present investigation we studied the influence of incubation of fresh
human erythrocytes in APP and APP with dipyridamole media on the activity of
adenosine deaminase. During incubation of erythrocytes in APP medium a statis-
tically significant (31 %) ADA activity increase was found (p < 0.001). Incubation
of erythrocytes in APPD medium caused still greater ADA activity (increase —
about 93%), also statistically significant (p < 0.001). So dipyridamole does not
inhibit ADA activity under these conditions, but stimulates it, and this increased
activity of ADA may be responsible for the increased IMP synthesis. Dipyridamole
is a competitive inhibitor of ADA, and at a concentration of 100 gmol/l can be
displaced from the active centre by adenosine, which is in excess in APPD medium
10 mmol/1.

Bunag et al. [3] proved that persantin only inhibitits the action of adenosine
deaminase in whole human blood, but not in haemolysates. This is also true for
incubating media containing an excess of adenosine. Correlation was found between
the accumulation of IMP and the activity of ADA in fresh human erythrocytes
(n = 17) (r = 0.93; p < 0.001) and in erythrocytes incubated in APPD medium
(n = 17)(r = 0.97;p < 0.001). This correlation suggests that adenosine deaminase
is involved in the increase of IMP accumulation in erythrocytes incubated in APPD
medium.
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Clinical Features of Hepatic Sequestration in Sickle Cell
Anaemia
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Episodes of hepatic sequestration were seen in four patients with sickle cell anae-
mia (SCA). One case presented a severe and fatal sequestration crisis whereas the oth-
ers showed mild episodes associated with less striking haematological and clinical
changes. These clinical pictures are similar to those seen in the splenic sequestration
crices of children with SCA. Different causes of liver enlargement in SCA suggest that
the clinical spectrum representing intrahepatic trapping of blood could range from the
acute sequestration crisis to chronic sequestration events which very probably should
play any role in the pathogenesis of the hepatomegaly frequently found in these
patients.

Keywords: sickle cell anaemia, hepatic sequestration, painful crisis, hepatic
crisis

Introduction

Infants and young children with sickle cell disease may suddenly have intras-
plenic trapping of vast amounts of blood, which result in the so-called acute splenic
sequestration crisis [1, 2]. Sudden trapping of blood in the liver may also occur [3].
This complication has been recently emphasized and it has been considered that
hepatic sequestration in sickle cell anaemia (SCA) may be more common than
currently realized and may result in considerable morbidity [4, 5].

In this paper the clinico-haematological features of four homozygous sickle
cell disease patients with different degrees of hepatic sequestration are presented,
and several causes of liver enlargement with intra hepatic trapping of blood in SCA
are discussed.

Case reports
Case 1

A 25 year old male who had repeatedly suffered painful crises since childhood
experienced mild leg pain in the morning one day before hospitalization. He was
treated with non-narcotic analgesics at home. This symptomatic therapy provided
complete pain relief and in the evening he was asymptomatic. The following morn-
ing he felt very weak, faint and complained of abdominal discomfort. The parents
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noted that he was extremely pale. On admission he was moribund, in profound
circulatory collapse with a distended abdomen and a tender liver extending to the
pelvis brim. The haemoglobin concentration was 2.1 g/dl with 189 reticulocyte
count. He died shortly after a blood transfusion was started. Permission for autopsy
was not obtained.

Case 2

A 17 year old male was admitted to hospital with fever, weakness and mild
jaundice. A week before admission his haemoglobin had been 7.2 g/dl with 109,
reticulocyte count, the liver was palpable 2 cm below the right costal margin.

On admission respiratory and cardiovascular examinations gave normal
results, and his liver was palpable 4 cm below the right costal margin. Initial inves-
tigations showed: haemoglobin concentration 7.8 g/dl with 169, reticulocyte
count; white blood cell (WBC) count 9.4 x 10”1 with 31 % neutrophils, 4 %, mono-
cytes and 65 9, lymphocytes, platelet count 322 x 10%1. The peripheral blood smear
showed 9 nucleated red blood cells/100 WBC. The serum urea, creatinine, glucose
and urinalysis findings were within normal limits. Hepatitis B virus surface antigen
(HBs Ag) was negative. Repeated blood cultures and a chest X-ray were negative.
He was treated with bed rest and intravenous fluids. Four days later he was afebrile,
but his liver was enlarged 6 cm below the right costal margin, and the haemoglobin
concentration had fallen to 6.8 g/dl with a reticulocyte count of 20 %,. Liver function
tests showed bilirubin concentration 3.5 mg/dl (normal = 0.2—1.2 mg/dl) with
1.9 mg/dl indirect fraction; serum glutamic pyruvic transaminase (SGPT) activity
28 TU/L (normal = 0-16 1U/l), and serum alkaline phosphatase (SAP) activity
75 TU/L (normal = 25-92 1U/I).

Two units of packed red cells were transfused. His haemoglobin concentra-
on rose to 9.2 g/dl, the liver rapidly regressed to 4 cm an ¢ Fis liver function impro-

Fig. 1. Liver biopsy showing sequestration of large number of sickled erythrocytes in the
hepatic circulation (Fuchsin & Ponceau 2R, x 200)
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ved, but, because the liver remained enlarged, a laparoscopy and liver biopsy were
performed. At laparoscopy the liver was congested. The most prominent micros-
copic hepatic feature was distention of the sinusoids by red blood cells. Mild round
cell infiltration was seen in some portal areas (Fig. 1). Over several weeks his liver
spontaneously returned to 2 cm.

Case 3

A 27 year old male was admitted with severe weakness and mild jaundice.
Four days earlier he had generalised bone pain, dark urine and was slightly jaun-
diced. He was successfully treated with intravenous fluids and analgesics, after
which the painful crisis disappeared and the urine became clear. His haemoglobin
concentration at presentation was 8.9 g/dl with a reticulocyte count of 119,. The
liver extended 3 c¢cm below the right costal margin. On admission, examination
showed tender hepatomegaly which was palpable 6 cm below the right costal
margin. Results of initial investigations were: haemoglobin concentration 7.6 g/dl
with 199 reticulocyte count; bilirubin concentration 8.0 mg/dl with 6.3 mg/dl
indirect fraction; SGPT activity 17 1U/l and SAP activity 73 1U/l; HBs Ag was
negative; glucose — 6 — phosphate dehydrogenase (G6PD) activity was 14.9
1U/g Hb, and the electrophoretic pattern was G6PD B. He was only treated with
bed rest and intravenous fluids. Over the subsequent few days there was clinical
improvement, although his liver remained 5 cm below the right costal margin.
His haemoglobin concentration rose spontaneously to 8.9 g/dl with 109 reticulo-
cyte count, and his bilirubin concentration fell to 4.8 mg/dl with 3.6 mg/dl indirect
fraction, SGPT activity was 20 1U/l and SAP activity 56 1U/I.

Because hepatomegaly remained, the patient underwent laparoscopy and
liver biopsy. At laparoscopy the enlarged red smooth surface liver with mild fibrotic
areas was observed. Liver biopsy disclosed markedly dilated sinusoids packed with

Fig. 2. Liver biopsy specimen showing sickling of red cells in dilated hepatic sinusoids (Fuchsin
& Ponceau 2R, % 450)
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red blood cells, most of which were sickled. Additional findings included scarce
focal areas of mild parenchymal degeneration and necrosis which tended to be
centrolobular and mild round cell infiltration in few portal areas (Fig. 2).

A month after hospitalization his liver was palpable 4 cm below the right
costal margin, and the haemoglobin concentration was 8.4 g/dl. Over several weeks
the liver returned to 3 cm.

Case 4

A 28 year old female was hospitalized with generalised bone pain. Respira-
tory and cardiovascular examinations gave normal results. Her liver was palpable 2
cm below the right costal margin.

Initial investigations showed: haemoglobin concentration 6.9 g/dl with 9%,
reticulocyte count; WBC 13.3 x 10”/1 with 87 % neutrophils 1 %, monocytes and 12%,
lymphocytes ; platelet count 200 x 10Y/1. The peripheral blood smear showed 9
nucleated red blood cells/100 WBC. She was treated with bed rest, analgesics and
intravenous fluids. Two days later her bone pain had disappeared, but she was
weak and complained of abdominal discomfort. Her liver was enlarged 10 c¢cm
below the right costal margin and the haemoglobin concentration had fallen to
3.4 g/dl with a reticulocyte count of 109,. The bilirubin concentration was 6.1
mg/dl with 4.1 mg/dl direct fraction. Four units of packed red cells were transfused.

The following day she was pyrexial, and a chest radiograph showed slight
cardiac enlargement and mild inflammatory infiltrates in both lungs. Repeated
blood cultures and sputum cultures were negative. She was treated with intravenous
fluids and broad spectrum antibiotics. In a few days there was a complete
resolution of pulmonary infiltrates and she became afebrile. Two weeks later her
liver had returned to 2 ¢m, bilirubin concentration showed normal values, and
haemoglobin concentration was 9.7 g/dl with a reticulocyte count of 8 %/.

Discussion

In a study of 100 patients with SCA (50 adults and 50 children) performed
in our institution, all cases were noted to have enlarged liver with a mean value of
3.8 ¢cm below the right costal margin in adults and of 3 c¢cm in children [6, 7].
As it has been previously observed [8], hepatomegaly was soft, smooth, not tender,
and there was no evidence that the liver had been displaced downwards, neither
was there any evidence of a raised central venous pressure to account for the enlar-
gement. In some patients liver biopsy was performed. Most adult patients studied
in the steady state and those studied immediately after recovery of generalised
bone pain, showed distended hepatic sinusoids containing sickle red blood cells.
In children, during the steady state, nearly half the patients had distended and
congestive hepatic sinusoids most of them containing sickle red blood cells [6, 7].
These histological data give evidence that trapping of red blood cells in hepatic
sinusoid in SCA patients is a very frequent event even during the steady state.
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Liver enlargement in SCA patients has been emphasized by various authors
[3, 8—11] including the observation that the liver may suddenly increase in size
during episodes of acute vaso-occlusive crises being usually smooth and tender,
and frequently returning to normal in a few days [9].

Recently, episodes of acute hepatic enlargement associated with a rapid fall
in haemoglobin concentration have been reported in SCA patients [4, 5] showing
a clinical picture similar to that seen in the splenic sequestration crisis of early life.
Concerning acute splenic sequestration, in addition to the classical life-threatening
attacks, minor episodes associated with less striking haematological and clinical
changes have often been recognised [2]. These minor episodes usually resolve
spontaneously.

Evaluation of clinico-haematological features of our cases and of those
recently reported [4, 5] suggests that the clinical picture of acute hepatic sequestra-
tion, like acute splenic sequestration, includes attacks of severe and sometimes fatal
sequestration, and the more frequent mild episodes associated with less striking
haematological and clinical changes and, furthermore, acute hepatic sequestration
should be excluded whenever a fall in haemoglobin concentration with an increase
in the reticulocyte or in normoblast count occurs in SCA patients.

We agree with the opinion that acute hepatic sequestration in SCA is probab-
ly more common than is recognized, since this complication — mainly the mild
episodes — may be overlooked.

Factors precipitating episodes of acute splenic sequentration have not been
identified. The role of bacterial infection in the pathogenesis of this event is diffi-
cult to define, but present evidences suggest that bacterial infection is not an impor-
tant precipitating factor and it is possible that viral infection may be more signifi-
cant [2].

Of the three recently reported cases with acute hepatic sequestration, in one
with several episodes of hepatic sequestration this complication was always pre-
ceded by a painful crisis; in another it was preceded by an infection of the chest,
and, in the third, by an upper respiratory tract infection and a painful crisis. Of our
4 cases 3 had painful crisis before the hepatic complication and in the third fever
of probable viral origin preceded the sequestration event. It seems possible that at
least in these cases infection and vaso-occlusive crises may have played certain role
as precipitating factors.

Patients with SCA may have also attacks characterized by hepatomegaly and
jaundice often called “‘hepatic crisis [12, 13]. The most prominent and constant
microscopic feature observed in the liver of these cases has been severe distention
of the sinusoids by sickled red blood cells. Occasional bile stasis and mild centrolo-
bular necrosis have been seen, but no evidence of obstruction in the biliary system
has been described [6, 12— 14].

The sinusoidal stagnation of sickle red blood cell in the liver may decrease
circulation through hepatic sinusoids with possible implication in the pathogenesis
of hepatic crisis [13—16].

All these facts taken into account suggest that the clinical spectrum represent-
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ing intrahepatic trapping of blood in SCA could range from the acute sequestration
crisis to chronic sequestration events, which very probably should play some role
in the pathogenesis of the hepatomegaly frequently found in these patients. Accord-
ing to previously observed histological hepatic features, the so-called “hepatic
crisis” could be located between these two extreme ends of the spectrum as aclinical
expression of the disease where subacute sequestration episodes may exist. Further
studies on this matter surely will contribute to a better understanding of the hepatic
complications of SCA.
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Several factors are implied in the haematological and clinical picture of sickle
cell anaemia. Attention has been focused on the concomitant presence of —x-thalassemia
and high levels of HbF, but contradictory results have been reported in different popu-
lations.

We compared the blood cell density profile, obtained by the phtalate esther
method, of normal subjects with those of patients with sickle cell anaemia — with or
without heterozygous »-thalassemia.

We found that the density profile of both groups of patients differs from normal
subjects, and that a difference can also be demonstrated between normal = genotype
patients with sickle cell anaemia and patients with heterozygous »-thalassemia.

These results are in agreement with the findings obtained in other countries in
which a gene from Caucasian to African populations have been demonstrated, and are
different from the results obtained in populations of more pure African ancestry.
It can be suggested, therefore, that these data, in addition with findings of other authors
in different geographical areas, support the hypothesis that the genetic make up plays
an important role in the haematologic and clinical picture of sickle cell anaemia.

Keywords: x-thalassemia, cell density profile, HbF, sickle cell disease

Introduction

Sickle cell anaemia is a genetic disease characterized by an extremely variable
clinical expression, due to genetical and environmental factors. «-thalassemia
associated with sickle cell anaemia has been the subject of many studies. These
studies have reported o-thalassemia to lower mean corpuscular haemoglobin
(MCH), mean corpuscular volume (MCV) and mean haemoglobin concentration
(MCHC) [1, 2]. These changes are assumed to be beneficial for patients with sickle
cell anaemia, since the corpuscular haemoglobin concentration (CHC) is an im-
portant factor for the kinetics [3] and extent [4] of intracellular polimerization.
Thus, the proportion of dense erythrocytes, which are a fraction of cells containing
irreversible sickled cells (ISC), should also be reduced. In fact, recent studies by
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Noguchi et al. [5]‘and Baudin et al. [6] showed when sickle cell anaemia is associa-
ted with homozygous a-thalassemia (o-/a-) the high proportion of dense cells and
the broad distribution in erythrocyte density are reduced. The density profile,
however, in cases of sickle cell anaemia heterozygous for a-thalassemia (x-/at) did
not differ from that observed in subject of normal « genotype with sickle-cell
disease. On the contrary, Fabry et al. [7] found a significant reduction in the num-
ber of dense cells in cases of (x-/aot) genotype compared to sickle cell anaemia
subjects of normal (xo/oor) genotype.

For further information we compared the density profile of sickle-cell patients
with normal number of «-genes (xa/oo) to subjects heterozygous for a-thalassemia
(ot-/or) with phtalate ester method of Danon and Marikovsky [8].

Materials and Methods

We studied 34 patients with sickle cell anaemia heterozygous for x-thalasse-
mia (x-/o), 31 patients with sickle-cell anaemia and a normal « genotype (/o)
attending the Institute of Hematology and Immunology in Havana, and 31 subjects
with a normal haemoglobin phenotype and normal o« genotype. These patients had
had no crisis episodes and had not received blood transfusions during the preceed-
ing three months.

The analysis of the o genes was carried out by restriction endonuclease analy-
sis of the DNA obtained from peripheral blood leukocytes. DNA was digested
with Bam HI, electrophoresed on agarose gel, transferred to a nitrocellulose filter
and hybridized with a *dATP nick-translated a-globin specific plasmid (JW 101)
as previously described [9].

Phatalate esters were prepared by the method of Danon and Marikovsky [8]
by mixing various concentrations of dimethyl phtalate (Sp. gr. 1.189) and N-butyl
phtalate (Sp. gr. 1.042), purchased from Fischer Scientific Co. In this way 20 stock
solutions of specific gravities ranging from 1.060 to 1.136, with increments of 0.004
between successive solutions were prepared. For each density point a microcapilla-
ry tube was loaded with approximately 5 mm of phtalate ester, filled with blood
and clay-sealed at the phtalate end. After centrifugation at 12.000 RPM for 7 min
at room temperature the height of the packed cells above and below the phtalate
layer were measured and the “fraction under” calculated as follows:

“fraction under” = height (mm) under/total height (mm).

The phtalate ester profile was obtained by representing the ““fraction under”
(i.e. the proportion of cells is more dense than the marker) as a function of the
density. The histogram for the density distribution corresponds to the first deriva-
tive of the curve thus obtained. The profiles were further characterized using the
parameters selected by Noguchi et al. [5]:

1) the D, represents the median cell density;
2) the Ry, indicates the spread in the density, i.e. the density range obtained after
subtracting the lightest 209, and most dense 209, of cell fractions, and
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3) the percent of packed cells (density > 1.12 which corresponds to a CHC > 37
g/d]) that is an indication of the proportion of very dense cells.
Fetal haemoglobin (HbF) was determined by the alkali denaturation method
of Betke et al. [10].

Results

The average density profiles of normal individuals, sickle-cell patients with a
normal o gene number (xot/axr) and patients with heterozygous a-thalassemia (o-/ocor)
are shown in Fig. 1 in which the respective density distribution is also plotted.

Table 1 summarizes the analysis of the D, the R, and the percent of packed
cells showing a density > 1.12 in the above three groups. These results show a
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Fig. 1. Mean density profiles (A) for normal individuals and individuals with sickle cell anemia

without »-thalassemia (xx/xx) and (B) with heterozygous «-thalassemia (— /ae). The profile for

normal individuals is indicated by dashed lines. The histograms for the density distributions are
from patients
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Table 1

The median density (D50), the R60 and the percent of packed cells 1.12 for normal individuals
and HbSS patients without «-thalassemia (zx/xx) and with heterozygous x-thalassemia

(x=/22)

AA SS (xot/xex) A (z— %)

(n= 31) (n= 34) (n = 31)
D 50 1.100+ 0.004 1.1104 0.004 1.105+0.006

(p < 0.001)
R 60 0.0074 0.001 0.019+0.003 0.018+0.006
N.S.
Percent of packed cells 0.2+0.4 177473 11775

>1.12 (p < 0.01)

D 50 and R 60 are expressed in density units

The three paremeters differ significantly (p < 0.001) between the group of normal individuals
and both subgroups of HbSS patients.

N.S.: Not significant

significant difference (p < 0.001) between both subgroups of sickle-cell patients
and the group with a normal haemoglobin phenotype.

When the two subgroups of patients were compared we found that the density
profile for the group of (x-/ax) genotype is shifted toward lower values. The Dy,
was reduced and fewer dense cells were observable (Fig. 1 and Table 1), but the
spread in density distribution was not statistically different between the two sub-
groups of patients.

We calculated the Pearson Correlation Coefficient between the HbF levels and
the percent of dense cells in both groups of sickle cell patients, and found that in
the group of patients with normal (xo/or) genotype there was an inverse correlation
(r = —0.408 at p < 0.05). However, the correlation was not significant in (x-/ocot)
genotype patients. Logarithmic transformation of the HbF values was not used
since we corrected its normal distribution using the Kolmogorov-Smirnov test.

It is of interest that while a difference in the correlation dense cells vs.
HbF could be demonstrated, there was no statistical difference between the per-
centages of HbF in the two groups (xot/aor = 4.1 + 2.59; and o-/axr = 4.0 + 3.5%).

Discussion

The results of this study confirm the data of others [5, 11] which demonstrate
an increase in the percent of dense cells and aconcomitant broader rangeof erythro-
cyte density in patients with sickle-cell disease compared to normal subjects (Fig.
1 and Table 1).

On the other hand, conflicting results have been published on the erythrocyte
density distribution observed in sickle-cell patients with a normal (oa/a) genotype
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and in patients in whom the disease is associated with heterozygous (u-/ao) thalasse-
mia. Noguchi et al. [5] and Baudin et al. [6] found no significant different between
the two groups, whereas Fabry et al. [7] found that the percentage of dense cells
determined by the Percoll-Stractan method is higher in (xo/o) genotype patients
than in those of (z-02) genotype. Embury et al. [12] analysing the effect of the «-
-globin gene number on erythrocyte density used a twelve-step analytic Stractan
gradient and found that the percentage of dense cells in the presence of four a-gens
is higher than in cases of sickle cell anaemia associated with 3 or 2 «-globin genes.

Our results are in agreement with these studies and show that in cases of sickle
cell anaemia of («-/xx) genotype individuals the density profile is shifted to the left
compared to those with a normal numter of «-genes. This indicates that the cells
have a lower D, and that a smaller percent of dense erythrocytes (CHC > 37 g/dl)
is present, although the density distribution is still broader than in normal subjects
(Fig. 1).

These changes in density distribution toward lower values are in agreement
with the results of Higgs et al. [1] and Embury et al. [2] who found a significant
reduction of the MCHC in sickle cell patients with heterozygous a-thalassemia.
Thus the difference in MCHC is reflected in the density cell profile.

Our results are in keeping with the hypothesis that the beneficial effects of
a-thalassemia in sickle cell disease are due to a reduction of the MCHC. Other
unknown genetic and/or environmental factors may also play an important role in
the clinical variability of sickle cell disease [13].

It has been suggested that HbF level is one of the factors influencing the clini-
cal picture, since HbF has been shown to inhibit sickling [14]. Thus high levels of
HbF are expected to decrease the production of dense cells. Our results show that
there is an inverse correlation between the percent of dense cells and the percent of
HbF in non-thalassemia patients only. No correlation was found in («-/ac) geno-
type sickle cell patients. These findings agree with the results of Fabry et al. [7].
They suggested that either the decrease of MCHC values and the inhibitory effect
of HbF are not additive, or the preservation of splenic function for a longer period
of time in (u-/ox) patients makes the removal of dense cells in sickle cell patients
with low levels of HbF more efficient.

The results presented in this paper intend to add further information on the
heterogencity of the haematological picture and on the effects of the concomitant
presence of a-thalassemia in sickle cell disease.

The contradictory results obtained in different populations [1, 2, 5—7] are
not easily explained, but the fact that patients with high interbreeding with Cauca-
sian populations [15, 16] show similar results when compared to populations of a
more pure African ancestry [5, 6], suggests that the genetic make-up plays an
important role in the haematologic and clinical picture of sickle cell anaemia.
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Preparation of Leukocyte-poor Platelet Concentrates for
Transfusion by Filtration Through a New Cellulose Acetate
Filter
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The preparation of leukocyte-poor platelet concentrates using a new cellulose
acetate filter was evaluated. The platelet loss was 9% when freshly prepared platelet
concentrates were filtered. The platelet loss was more variable and about 16 % (p <0.05)
when 5 day old platelets were filtered. The leukocyte removal was not influenced by
storage time. The mean absolute number of leukocytes was about 1x 107 and 3x 107 for
freshly prepared or 5 day old platelet concentrates, respectively (p <<0.05).

The leukocyte-poor platelet concentrate prepared by the described filtration
procedure may be used as a blood component in transfusion therapy to prevent or
delay platelet alloimmunization.

Keywords: filtration, HLA-alloimmunization, leukocyte-poor platelet concen-
trates, platelet function

Introduction

Poor survival of the transfused platelets because of HLA-alloimmunization is
often seen in thrombocytopenic patients after repeated platelet transfusions [1, 2].
35—909 of the multitransfused patients have problems due to anti-HLA antibo-
dies [3], whereas refractoriness caused by platelet specific antibodies is less a
problem [4, 5]. The incidence of HLA-alloimmunization may be reduced by the
transfusion of leukocyte-poor platelet concentrates (PC) [6 —8]. It has been shown
that filtration of PC currently is the most efficient method with regard to removal of
leukocytes and platelet yield [9, 17]. We have evaluated a new filter Miropore PLT
made from cellulose acetate for preparing leukocyte-poor PC.

Materials and Methods
Preparation of PC

PC from random donors were prepared from 500 ml whole blood in CPD-AI
as described previously [10]. Briefly, whole blood was centrifuged at 2,400¢g for 4
min. Platelet-rich plasma (PRP) was then expressed into a satellite bag until reach-
ing the buffy coat about 1 cm above the red cell layer. Then the PRP was centrifuged

4 VSP, Utrecht, Tokyo
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at 3,100g for 20 min. The platelet button was left undisturbed for 1 h at 20—24 °C
and 70 ml of plasma was left on the platelet button. PC were stored with end-over-
-end agitation (Helmer rotator) at 6 rpm for 5 days in the 5-day platelet bag at
20—24 °C (Biotest Pharma, Frankfurt, FRG) [11].

Just before removing the leukocytes by filtration, 6 or 7 PC were pooled.

Filtration

Miropore PLT was used (manufacturer: Miramed S.p.A., Mirandola, Italy,
code 620 000 000; batch 87 10 03) for removing leukocates from PC. The filter
was made from cellulose acetate. This material has a well defined adsorbent activity
for leukocytes, lymphocytes and polymorphonucleated cells. The filter functions as
a depth filter, its volume is about 150 ml. The filter was applied according to the
instruction of the manufacturer. The filter was primed with 150 ml saline to wet it
and to expell air. Thereafter, the pooled PC, volume 420 ml, was passed through
the filter without pressure. The filter was then rinsed with 120 — 150 ml of saline.
Total filtration processing time, including priming and washing of the filter, was
about 15— 20 minutes.

A total number of 192 random PC, each obtained from 500 ml blood collected
in CPD-Al were studied.

Platelets were counted on a TOA counter (TOA-Medical-Electronics, Japan).
Leukocytes were counted manually in duplicate by microscope. In vitro platelet
function was determined by aggregation induced by ADP or collagen and by
platelet response to hypotonic shock as described previously [12]. The morphologic
score was evaluated by the method of Kunicki et al. [13] using the following sequ-
ence of changes: discs, spheres, dendrites and ballons. The precentage of each
morphologic type, assessed by phase microscopy, was multiplied by a series of
arbitrary factors as follows: discs x 4, spheres x 2, dendrites x 1, ballons x O.
The morphologic score was defined as the total of the four numbers thus derived.
At least 200 platelets were determined. The most superior morphology, or 1009,
discs, was scored as 400.

Experiments

1. Filtration of fresh PC, after preparation, up to 1 day old

2. Filtration of old PC, stored for 5 days

3. Filtration of PC with increasing white cell contamination (capacity of filter)

4. The possibility of removing leukocytes from the filter by additional rinsing with
saline and knocking at the filter

S. In vitro platelet function pre- and post filtration.

Statistical analysis

The p values were calculated with Student’s 7 test. Results with p less than or
equal to 0.05 were considered to be significant.
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Results

Filtration of fresh PC and PC stored for 5 days

The yield of platelets and the removal of leukocytes is shown in Tables
1 and 2.

When the PC was filtered on the day of preparation, the platelet loss was
about 9%. However, when the PC filtered after 5 days of storage, the platelet loss
was about 16 % (p<0.05) showing a variable platelet loss of 5—28 9. No difference
was observed in the leukocyte removal of fresh or stored PC (p > 0.05). The
absolute number of leukocytes is about 1 —3 x 107, in 25% of filtration there were
no detectable leukocytes in the counting chamber. To evaluate the absolute number
of the leukocytes after filtration, the filtered PC was centrifuged once more at
3,000¢ for 30 min to pellet the residual leukocytes. The absolute number of leuko-
cytes was below 6 x 10° per filtered platelet pool.

Table 1

Leukocyte-poor platelet concetrate by filtration of fresh platelets
(filtration after preparation)
total number of platelet concentrates: 72

Pool Platelets > 10!

) - Yield (%)
pre post e -
12 4.2240.61 3.854+0.57 91+2
(range: 88— 94 %)
leukocytesx 10% loss (%)

12 1.07+0.4 0.1240.05* >85

*in 4/12 no detectable leukocyte in the counting chamber

Table 2

Leukocyte-poor platelet concentrate by filtration, storage time: 5
days, total number of platelet concentrates: 84

Pool Platelets x 10't

. o i Yield (%)
m pre post
14 4.040.68 3.384-0.61 8447
(range: 72—95%)
leukocytesx 10% loss (%)

14 2.0+1.21 0.3010.27* >80

*in 4/14 no detectable leukocyte in the counting chamber
Leukocytes after centrifugation of the filtered platelet
concentrate (3.000 g/30 min): 6x 10° leukocytes (0.8—12x 10%)
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Table 3

Platelet yield after filtration in

relation to initial platelet number;

n = 20 pools (platelet storage time:
5 days)

Platelet yield
after filtration

%

Platelet before
filtration x 10'*

3.14 75
3.37 95
3.42 74
3.50 72
3.52 91
3.55 88
3.63 82
3.67 85
3.72 89
3.73 88
3.77 80
3.80 89
3.81 83
4.08 95
4.39 84
4.49 88
4.59 92
4.71 86
5.08 93
5.78 76
mean: 84+7%;
+5.d.; range: 72— 95 9%
median: 84

The variable results of the filtration of stored platelets were analyzed for
initial platelet number and platelet yield after filtration (Table 3). There is no
correlation (r = 0.1178) of platelet yield and initial platelet number.

Capacity of the filter for leukocyte removal

The capacity of removal of leukocytes of the filtered PC is shown in Table 4.
Increasing volumes of buffy coat cells (leukocytes separated one day after blood
donation) were added to the pooled PC. There is a good removal of 98 % of leu-
kocytes up to 2.5 x 10° white cells. Normally, these numbers of leukocytes are never
reached in single platelet concentrates when preparation is under good quality
control, but in cytapheresis preparations this number is not uncommon.

Haematologia 22, 1989



K. Koerner: Leukocyte-poor platelet concentrates 185

Table 4

Capacity of leukocyte removal of Miropore PLT. Increasing numbers of
leukocytes were added to platelet concentrates; total number of platelet
concentrates: 42, storage time: 5 days (pool n = 4)

o Platelets =< 10! Seield % 7 LeuEOf:ites x 1(3‘ - Looss

pre post pre post 8

3.72 3.30 89 13.4 0.11 99

3.55 3.13 88 17.5 0.45 97

3.42 2.53 74 213 0.34 98

3.52 3.22 91 24.7 0.46 98
storage time: fresh platelets, after preparation (pooln = 2)

3.93 3.45 88 Tl 0.19 98

2.69 251 93 12.3 <0.1 99

Stability of the adsorbed leukocytes

The washing out rate of leukocytes and platelets by additional rinsing of the
filter with 100 ml saline and by knocking the filter was studied. No leukocytes were
found in the filtrate by manual counting in the chamber, and 2.24+0.49% of the
filtered platelets were additionally recovered (n = 7).

Platelet function after filtration

The in vitro platelet function pre- and post filtration was studied. There was
no significant change in the morphological score after filtration (Table 5.1). The
hypotonic shock response is slightly, but statistically not significantly, reduced
after filtration. The same result was seen when platelet aggregation was induced
by 50 uM and 5 pM ADP. The aggregation response induced by collagen, however,
was reduced to 159 and 259, using 5 ug and 2.5 ug collagen, respectively.

Discussion

The benefit of leukocyte depletion of blood components in reducing HLA
alloimmunization was shown in some studies [6—8].

Recent studies of Murphy et al. [2] confirmed these results, where 169/ of
patients with acute leukaemia undergoing initial chemotherapy and receiving
leukocyte-poor blood components developed lymphocytotoxic antibodies, compa-
red with 48 9/ of patients in a control group receiving non-leukocyte-depleted blood
components. Combining the use of HLA-matched donors for platelet transfusion
with leukocyte-poor blood components, none of the patients developed lymphocy-
totoxic antibodies in this study [2]. Recently Andreau et al. [14] found that in
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Table 5

In vitro platelet function pre-and postfiltration of
fresh platelets (filtration after preparation)

5.1. Morphologic score (Kunicki et al.):

n=17
pre filtration: 287+17
post filtration: 282+ 14 p > 0.05
5.2. Hypotonic shock response (HSR)
n=i§
Vmax (A620 nm)
x10 * ?0
filtration pre 13.2:22 100
post 12.7+2.5 96

5.3. Aggregation induced by ADP

Vmax (cm/min) %

50 uM ADP
pre 8.81+0.9 100
post 8.4+1.1 95+9
5 uM ADP
pre 49+1.1
post 48+1.4 96416

5.4. Aggregation induced by collagen

Vmax (cm/min) %,

Sug

pre 7:6:+1.2

post 6.440.8 85+9
2.5ug

pre 5.440.8

post 4.14+1.0 TS5 15

oncohaematologic patients filtration of PC using cotton-wool filters reduced
HLA-immunization in polytransfused patients significantly (p < 0.05).

Leukocyte-poor PC can be prepared by differential centrifugation [15, 16]
by a special platelet pooling system [9] or by filtration through cotton-wool filters
[17, 18]. Using cellulose acetate filters (Sepacell®), the platelet recovery was only
409 [19]. A new polyester depth filter, Sepacell R-500A made by Asahi Medical
Co., Ltd. (Tokyo, Japan) removed approximately 98 % of the platelets from stored
PC:

The new Miropore® PLT filter evaluated in this study resulted in good remo-
val of leukocytes of PC compared to cotton-wool filters [9]. The higher leukocyte
count after filtration of stored PC, which was not significantly different compared
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the leukocyte count after filtration of fresh PC, may be caused by leukocyte

fragments. The only change of the in vitro function tested was seen in the aggre-
gation response induced by collagen. Whether this phenomenon influencesin
vivo recovery and function, is to be shown in transfusion studies. The platelet
yield but not the leukocyte removal depends on the storage time of PC. Therefore,
if stored PC is filtered, the platelet yield has to be considered for adequate platelet
increments in the patients.
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A traditional esterolytic assay, a commercial chromogenic assay and an in-house
chromogenic assay were compared for suitability in estimating C 1 esterase inhibitor
(C 1 INH) activity in plasma and fractions obtained during preparation of a clinical
concentrate of C 1 INH. The esterolytic and both of the chromogenic assays showed
similar C 1 INH activity in unfractionated plasma samples. However, the esterolytic
assay was significantly influenced by the buffer pH and concentration in fractionated
plasma samples, and this often resulted in a significant overestimation of C 1 INH in
some fractions. Similarly, the commercial C 1 INH assay kit did not always reliably
estimate C1INH activity in fractions derived from plasma. A modified in-house functi-
onal assay was found to be more reliable in measuring C 1 INH in fractionated plasma
samples. There was a good correlation between this activity assay and immunological
assay estimates of C 1 INH in fractions derived from plasma.

Keywords: C 1 esterase inhibitor, clinical concentrates, functional assay

Introduction

There are a number of published functional assays for estimation of C 1 INH
in normal plasma and patients with hereditary angioneurotic edema [1, 2, 3, 4].
The traditional assay is based on the hydrolysis of an amino acid ester titrating
released H + as a means of following the activity of C 1 esterase (C Is) [1]. More
recently specific chromogenic peptide substrates for C Is have been identified,
and the use of these substrates in a functional chromogenic C 1 INH assay has been
reported [2]. Most of these methods have been developed for estimation of C 1
INH in plasma. In our experience both the esterolytic and chromogenic methods
are well suited for the determination of C 1 INH in both normal and abnormal
plasma samples. However, we have often noted some inconsistencies when different
methods were used to estimate C 1 INH in fractions derived from plasma. These
fractions may contain significantly different concentrations of buffers and salts
and differing levels of potentially interfering contaminating proteins.

In this report we used the traditional esterolytic assay, a commercial chromo-
genic kit, an in-house chromogenic assay and the standard immunological assay for
C 1 INH. These assays are compared for reliability in estimating C 1 INH levels
in fractions obtained during preparation of a clinical C 1 INH concentrate.

VSP, Utrecht, Tokyo
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Materials and Methods

Plasma samples: Individual blood samples were collected by clean vene-
puncture into 10 ml Vacutainer brand tubes (Becton-Dickinson, USA) containing
0.1 x volume of 0.13 M Trisodium citrate. The samples were centrifuged and the
obtained plasma stored at — 30 °C until assayed. A pool of 20 plasma donations
prepared as a freeze-dried in-house coagulation factor standard was used for
calibration of all assays on a day to day basis.

Reagents: CNBr activated Sepharose CL6B (Pharmacia, Uppsala, Sweden);
human IgG prepared from outdated plasma by ion exchange chromatography on
DEAE-Sephadex as described by Hoppe et al. [5]; chromogenic peptide substrate
H-D-Valine-Serine-Arginine-pNa (KabiVitrum, Sweden); acetyl-tyrosine-ethyl
ester (ATEE) and aprotonin (Sigma Chemical Co., St. Louis, MD, USA); poly-
brene (Aldrich Chemical Co. Inc., Milwaukee, WI, USA) were used. All other
chemicals and reagents were analytical laboratory reagent grade from either Serva,
Heidelburg, FRG or Sigma Chemical Co., St. Louis, MD, USA.

C 1 esterase preparation.: Highly purified C | esterase was prepared by affinity
chromatography on Human IgG Sepharose as described by Assimeh et al. [6]. The
purified, active C 1s was diluted with 0.15 M NaCl to give an activity in the stand-
ard assay of 4.5 uM pNa released/min/ml (extinction coefficient for pNa = 9920).

C | INH concentrate preparation: C 1 INH was prepared from 15— 30 1 pools
of normal human plasma by a modification [7] of the methods of Vogelaar et al.
[8] and Wickerhauser et al. [9]. Samples were taken at each stage of the process and
stored at — 30 °C until assayed.

In-house C 1 INH assay.: A modification of Wiman and Nilsson [2] was used.
500 pl Tris buffer (0.1 M Tris-HCI1 pH 7.3, containing 50 mg/l polybrene and 100
mg/l aprotonin) was preincubated with 100 ul C Is and 50 ul of sample for 5 min
at 37 °C. After preincubation, 50 ul of pre-warmed 5 mM chromogenic substrate
was added and the reaction was monitored at 37 °Cin a 10 nm path length cuvette
at 405 nm in a Shimadzu UV 160 spectrophotometer. The linear change in absor-
bance over the first 90 seconds of the assay was calculated by the kinetic rate reac-
tion program of the spectrophotometer. This activity was calibrated against a
standard curve constructed by using several dilutions of a normal plasma pool.

ATEE assay: was performed by a modification of the method of Levy and
Lepow [1]. The change in H + concentration in the buffer mixture was continuous-
ly monitored by an Orion semi-micro pH probe coupled to an Orion 811 pH meter
(Orion Research, Cambridge, MA, USA) and a Cole Parmer single channel chart
recorder (Cole Parmer Instrument Co., Chicago, IL, USA). The linear change in
H + concentration was converted to units C 1 INH/ml by calibration against a
normal plasma pool.

Commercial kit: The Berichrom C 1 Inactivator chromogenic peptide substrate
assay kit was obtained from Behring Institute (Hoechst, FRG) and used exactly
as recommended by the manufacturer. Two different batches of kit (Lot No.
T8478 Expiry 12/88 and Lot No. 18987 Expiry 12/89) were used.
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C 1 INH antigen assay: Electroimmunoassay of C 1 INH was performed as
described by Laurell [10] using rabbit anti-human C 1 esterase inhibitor (Dakopatt,
Denmark).

Results

The mean value and standard deviation of 25 random normal plasma samples
assayed by each of the functional methods is shown in Table 1. All assays showed
similar normal plasma levels of C 1 INH. The functional and immunological assay
methods were used to assess C 1 INH levels in fractions obtained from 6 production
batches of a C 1 INH concentrate (Table 2). For clarity, the data were corrected for
a starting plasma C 1 INH level for each assay of 1009%,. Both the commercial
chromogenic kit and the ATEE assays overestimated the C 1 INH in several frac-
tions. In addition, both assayswere unreliable and gave poor reproducibility, parti-
cularly with fractions containing salt concentrations greater than 0.18 M (final

Table 1

Mean assay values and standard deviations for C 1 INH activity in
random normal plasma samples

n =25 Behring assay (U/ml)* ATEE assay (U/ml* In-house assay (U/ml)*

0.87+/—0.1

0.98+/—0.13 1.094/—0.14

*(C 1 INH units per ml of normal plasma calibrated against a
20 donor pool of normal plasma)

Table 2

Comparative analyses of C 1 INH recovery in fractions from production batches of concentrate

7Beﬁring ‘ATEE In-house Antigen
n==6 assay assay assay assay
(%) (%) (%) (%)
Starting plasma 100 100 100 100
Supernatant plasma 165 30 34 29
DEAE eluant 39 50 27 40
PEG supernatant NR* 30 32 41
PEG precipitate NR* 23 4 5
Final concentrate 95 71 25 30

(Values are expressed as a percentage of the total amount of C 1 esterase inhibitor present in
the starting plasma)
*NR — No result due to extreme non-linearity of the assay.
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Table 3

Correlation coefficients of assays for the estimation of C 1
INH in fractions derived from plasma

In-house ATEE Antigen
ATEE 0.81 e o
Antigen 0.98 0.85 =
Behring 0.21 0.30 0.131

concentrate fraction). The correlation between the results obtained with the diffe-
rent assay methods for fractions from the C 1 INH concentrate preparation are
presented in Table 3. There was a poor correlation between the Behring commercial
assay and all the other assays. The in-house chromogenic method gave a good
correlation with the immunological assay at all stages of the process. The ATEE
assay correlated well with the in-house and antigen assays except in the fractions
containing increased NaCl concentration.

Discussion

The in-house assay gave a good, reproducible linear standard curve and
highly repeatable estimations of C 1 INH activity in both plasma samples and plas-
ma derived fractions. The assay was not significantly influenced by different buffers
in the different fractions or by moderate variation in the pH or the salt concentra-
tion of the fractions. Therefore a correction for the background non-Cls catalysed
chromogenic activity observed in some fractions was possible. In contrast, the
commercial chromogenic assay was supplied with the enzyme as part of the buffer
reagent. Thus, the estimation of the background chromogenic activity was not
possible. Moreover, it was impossible to construct a reliable standard curve using
dilutions of normal plasma in saline, as the reproducibility of both the dilutions
and the saline blank was very poor.

The ATEE assay, the in-house chromogenic functional assay and the immu-
nological method all gave good linear standard curves over the range of 0.1 —1.2
units C 1 INH per ml.

The antigen assay gave repeatable estimation of the total C 1 INH content in
both plasma and plasma fractions, and a high coefficient of correlation of 0.98
with the in-house activity assay. For this reason the immunological assay is a useful
and reliable routine method for analysis of fractions obtained during concentrate
preparation.

We found the chromogenic substrate method of Wiman and Nilsson [2] to
be the most reliable for the functional determination of C 1 INH activity in normal
or abnormal plasma samples and in fractions derived from plasma.
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Central Nervous System Acute Promyelocytic Leukaemia:
a Report of Three Cases
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Authors report 3 cases of acute promyelocytic leukaemia, in which the central
nervous system was involved in the first period of relapse. The clinical features of these
patients are discussed. Authors conclude that central nervous system involvement in
acute promyelocytic leukaemia must be considered a very bad prognostic sign, because
in these cases a rapidly progressive course may be expected.

Keywords: acute promyelocytic leukaemia, central nervous system

Introduction

The incidence of central nervous system (CNS) involvement during the course
of acute non-lymphoblastic leukaemia (ANLL) has become more common [I, 2,
3]. It is more frequent in M5 F.A.B. subtype patients [4, 5], whereas it is a rare
event in the course of acute promyelocytic leukaemia (APL); in fact, to date only
few cases of APL with CNS involvement have been described [6, 7, 8, 9, 10, 11].
In our study we report 3 cases of APL who developed CNS infiltration during the
first relapse of leukaemia.

Case report

Between January 1983 and June 1986, 21 cases of APL were seen for the
first time in the Divisions of Haematology of the Catholic University, Rome and
Pescara Hospital. Among the 12 patients who achieved complete remission (CR)
1 died in CR, 3 are still in CR and 8 had a bone marrow relapse; in 3 of the latter
CNS involvement developed.

* To whom correspondence should be addressed.

VSP, Utrecht, Tokyo
Akadémiai Kiado, Budapest
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Case No. 1

A 51 year old man was first seen on August 3, 1983, with a one-month history
of fever and asthenia. Physical examination did not reveal any relevant pathological
sign. A haemogram showed a haemoglobin level of 13.3 g/dl, a leukocyte count of
1.700/mm?® without peripheral blasts and a platelet count of 176.000/mm?®. Bone
marrow examination demonstrated 55 9% malignant promyelocytes and a diagnosis
of acute promyelocytic leukaemia was made.

Cytogenetic study was not available because of poor examination material.
The coagulation study was within the normal range. As the patient was resistant
to the treatment with 2 courses of Daunoblastin (DNR) 60 mg/mq 1-3, a second
line therapy with pOMp combination was started [12] (3 courses). CR was achieved
in November 1983, and a consolidation therapy with TRAP combination [13] was
begun. All therapy was stopped in June 1984. The patient remained in CR until
January 1985 when asthenia, restlessness, vomiting and fever (40.7 °C) arose.
The patient died in February 1985, unresponsive to chemotherapy (high doses of
Aracytin). Autopsy revealed a diffuse leptomeningeal promyelocyte leukaemic
infiltration.

Case No. 2

A 57 year old woman was first seen in August 8, 1985 for fever and mucocu~
taneous haemorrhages. Physical examination showed hepatomegaly and submandi-
bular lympadenopathy. Haemoglobin level was 6.7 g/dl; leukocyte count7.700/mm?®
with 92% blasts; platelet count was 17.000/mm?®. Malignant Auer-positive promy-
elocytes consisted of about 809, bone marrow cells. Cytogenetic study was no

Fig. 1. Case N°2 — malignant promyelocytes in CSF (May— Grundwald— Giemsa 400x)
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performed. Coagulation study demonstrated a mild disseminated intravascular
coagulipathy (DIC). Cerebrospinal fluid (CSF) examination did not reveal any
abnormality. The patient was given DNR 2 mg/kg on days 1 to 6 and achieved CR
in September 1985. Consolidation therapy was performed with 4 courses of DAT
combination [14]. The therapy was stopped on December 26, 1985. In August
1986 the patient presented headache followed by diplopia, paresis of VI and VII
pairs of cranial nerves, papillhoedema and polineuritis. CT scan did not demonstra-
te any pathological findings. Haemogram and coagulation parameters were normal.
The patient refused admittance to the hospital until 20 days later, when cutaneous
haemorrhages appeared. CSF examination showed malignant promyelocytes (Fig.
1); the bone marrow was also infiltrated by the same cells. The patient received
Methotrexate intrathecal therapy and Aracytin systemic therapy, but died due to
sepsis after a few days.

Case No. 3

A 53 year old man was first seen on February 17, 1986 with a 15 day story of
fever, asthenia and mucocutaneous haemorrhages. Physical examination revealed
a mild hepatomegaly, but neither splenomegaly nor adenopathy. A haemogram
showed a haemoglobin level of 7.8 g/dl; a leukocyte count of 42.000/mm® with 70 %
blasts and a platelet count of 50.000/mm?®. Bone marrow examination revealed the
presence of 909, Auer-positive malignant promyelocytes. The bone marrow cyto-
genetic study demonstrated a 46 xy +(15; 17) (q22; q11) and 47 xy +8 (15; 17)
pattern. Coagulation study showed a DIC. The patient received DNR 2/m/kg

Fig. 2. Case N°3 — infiltration of cerebral and cerebellar nervous parenchyma by malignant
promyelocytes (May— Grundwald— Giemsa 250x)
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on days 1 to 6 and achieved CR in March 1986; then he was given a consolidation
therapy with DAT combination. In May 1986, at the 3rd course the chemotherapy
was stopped because of viral hepatitis. On August 6, 1986, a bone marrow exami-
nation was performed while the patient did not take any medicine. It showed 29,
of blasts; the cytogenetic study did not reveal any abnormality. On August 22,
1986, the patient was admitted to a surgical division of our hospital because of a
10 day history of low back pain followed by an abdominal tenderness suspected
to be an intestinal occlusion. After 2 days he developed a spastic paraplegia.
A bone marrow examination showed a promyelocytic infiltration and the first
coagulation study did not reveal any abnormality. A CSF examination showed the
presence of a large number of blastic cells (glicorrachia 47 mg/dl; proteinorrachia
1328 mg/dl; malignant promyelocytes 408/mm?®). On August 25, 1986, the patient
had a seizure and hyperthermia (41.7 °C). The patient died on August 26, 1986,
before antiblastic therapy could be started. Autopsy showed a diffuse cerebral and
cerebellar involvement; the infiltration was massive and subarachnoidal space was
filled with ““a band™ of promyelocytic cells, without direct invasion of cerebral or
cerebellar nervous parenchyma and without forming ““a mass” (Fig. 2).

Discussion

In our patients at the onset of ANLL no clinical or laboratory features were
present which might have been prognostic for CNS involvement. Bone marrow
cytogenetic study was performed only in the patient with 42.000/mm® leukocytes;
this demonstrated the existence of a chromosomic abnormality. Trisomia 8 has
been reported to be the second most frequent cytogenetic abnormality in cases of
acute myelomonocytic leukaemia with CNS involvement [9]. For this reason it is
worthwhile to perform diagnostic lumbar puncture periodically in APL patients
with this cytogenetic abnormality in order to evaluate the relationship between
CNS infiltration and trisomia 8.

To date only few cases of APL with CNS involvement have been described
[6, 7, 8,9, 10, 11], and some studies with a large number of APL patients do not
report cases of neuromeningosis [15, 16]. Therefore the relatively high incidence of
CNS infiltration in our patient may be casual. However, it must be considered that
leukaemic patients with CNS involvement sometimes have only CSF blastic cells
without clinical signs of neuromeningosis [5]. As lumbal puncture is not routinely
performed, the frequency of this complication in APL could be underestimated.
This fact, together with the rapid progression of the leukaemia observed in our
patients with CNS involvement and in the cases reported in the literature seem to
make a diagnostic lumbar puncture advisable when CR is achieved and therapy
is terminated.
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Macrophage recognition of periodate-treated
ervthrocytes: Involvement of disulfide forma-
tion of the erythrocyte membrane proteins.
M. Beppu, H. Ochiai and K. Kikugawa
(Tokyo College of Pharmacy, Tokyo, Japan).
Biochim. Biophys. Acta 979, 35 (1989).

Upon exposure to 2 mM periodate at 0°C
for 15 min, mouse erythrocytes underwent
membrane lipid oxidation, oxidation of cell
surface sialyl residues into aldehyde-bearing
derivatives, and oxidation of SH groups of
the membrane proteins into disulfides. The
periodate-treated erythrocytes exhibited a
remarkable increase in rosette attachment
to resident mouse peritoneal macrophages
in the absence of serum. The relationship
between the oxidation of the membrane con-
stituents and the macrophage recognition of
these cells was investigated. Periodate tre-
atment of erythrocytes in the presence of
butylated hydroxytoluene, an inhibitor of
lipid oxidation, did not affect the subsequent
attachment of the erythrocytes to the macro-
phages. Reduction of the periodate-treated
erythrocytes with borohydride or cyano-
borohydride did not affect the erythrocyte
attachment. Neuraminidase treatment of
erythrocytes before periodate did not affect
the attachment either. On reduction of the
disulfides of the membrane proteins with
dithiothreitol, the periodate-treated erythro-
cytes lost their ability to attach to the
macrophages. Erythrocytes treated with an
SH--oxidizing agent, diamide, were then
examined for the macrophage recognition.
The diamide-treated cells also showed
rosette attachment to the macrophages
in the absence of serum, but did not

when reduced with dithiothreitol. These
results indicate that oxidation of the SH
groups of the membrane proteins to disul-
fides causes reversible membrane changes
that macrophages recognize, and it is this
mechanism that is responsible for the macro-
phage recognition of the periodate-treated
erythrocytes.

G. Gdrdos

Covalent modification of serum transferrin
with phospholipid and incorporation into lipo-
somal membranes. P. Afzelius, E. J. F. De-
mant, G. H. Hansen and P. B. Jensen (De-
partment of Biochemistry C, Panum Insti-
tute, University of Copenhagen, Copenha-
gen, Denmark). Biochim. Biophys. Acta 979,
231 (1989).

A method is described for incorporation
of water-soluble proteins into liposomal
membranes using covalent protein-phospho-
lipid conjugates in detergent solution. A di-
sulfide derivative of phosphatidylethanol-
amine containing a reactive N-hydroxysucci-
cinimide ester group is synthesized, and the
derivative is reacted with serum transferrin
in deoxycholate-containing buffer. Disulfide-
linked transferrin-phosphatidylethanolamine
conjugates containing up to 6 mol phospho-
lipid/mol protein are prepared. The amphi-
philic conjugates have solubility properties
very similar to integral membrane proteins.
The conjugates self-associate to form pro-
tein micelles of narrow size distribution
(Stokes radii 6—7 nm), and in the presence
of excess phospholipid (egg phosphatidyl-
choline), they readily incorporate into lipo-
somal membranes upon removal of deter-
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gent. Stable incorporation into liposomes
requires the introduction of two molecules
of phosphatidylethanolamine into the trans-
ferrin. Using the disulfide linker to release
transferrin from the liposomes, evidence is
presented for a function of the phosphatidyl-
ethanolamine as an anchor-molecule into the
liposomal lipid. Optimal conditions for pre-
paration of homogeneous liposomes with
diameters in the range 30— 125 nm and with
a varying content of transferrin are defined.
The liposomes appear well suited for studies
on liposome-cell membrane interactions.

G. Gardos

Room temperature electron spin resonance of
superoxide dismutase-loaded liposomes and
ervthrocytes. A direct approach to the inter-
action of O3 with cells. L. Marcocci, 1. Ma-
velli, A. Di Guilio, J. Z. Pedersen, A. Desi-
deri and G. Rotilio (Department of Biology,
Tor Vergata University of Rome, Rome,
Italy). Biochim. Biophys. Acta 979, 99 (1989).

Human erythrocytes were enriched with
bovine superoxide dismutase by fusion with
liposomes containing the entrapped enzyme.
Liquid solution ESR of intact cells at room
temperature was used to measure directly
the increase in the superoxide dismutase
content. From the spectral characteristics
(g-value and hyperfine splitting tensor), the
structural integrity of the Cu site of the
enzyme was found to be unaffected by the
liposome preparation procedure or the in-
cubation with cells. Changes in the ESR
signal size were used to test directly the inter-
action of superoxide with the enzyme en-
trapped in liposomes or delivered to erythro-
cytes. It was found that the liposome-en-
trapped enzyme does not react with extern-
ally generated O, , but once delivered to red
blood cells this reaction can take place. This
is the first demonstration of O, -scavenging
activity by superoxide dismutase delivered
into an intact cell structure and is therefore
to be considered as strong evidence for
activity of this enzyme under in vivo con-
ditions.

G. Gdrdos
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Inhibition of inorganic anion transport across
the human red blood cell membrane by
chloride-dependent — association of dipyrid-
amole with a stilbene disulfonate binding site
on the band 3 protein. B. Legrum and H.
Passow (Max Planck Institute fiir Biophysik.
Frankfurt am Main, FRG). Biochym. Bio-
phys. Acta 979, 193 (1989).

The inhibition of inorganic anion trans-
port by dipyridamole (2,6-bis(diethanolami-
no)-4,8-dipiperidinopyrimido [5,4-d] pyrimi-
dine) takes place only in the presence of Cl~,
other halides, nitrate or bicarbonate. At any
given dipyridamole concentration, the anion
flux relative to the flux in the absence of di-
pyridamole follows the equation: J, =
(14 %, [CI]” /(1 + x4[Cl”]) where «, and
x4 are independent of [Cl™ ] but dependent
on dipyridamole concentration. At high
[CI7] the flux approaches x,/x,, which de-
creases with increasing dipyridamole con-
centration. Even when both [Cl™] and di-
pyridamole concentrations assume large va-
lues, a small residual flux remains. The equa-
tion can be deduced on the assumption that
Cl™ binding allosterically increases the af-
finity for dipyridamole binding to band 3
and that the bound dipyridamole produces a
non-competitive inhibition of sulfate trans-
port. The mass-law constants for the bind-
ing of CI- and dipyridamole to their re-
spective-binding sites are about 24 mM and 1,5
«M, respectively (pH 6.9, 26 °C). Dipyrid-
amole binding leads to a displacement of
4,4’-dibenzoylstilbene-2,2’-disulfonate (DB-
DS) from the stilbenedisulfonate binding
site of band 3. The effect can be predicted
quantitatively on the assumption that the
Cl -promoted dipyridamole binding leads
to a competitive replacement of the stilbene-
disulfonates. For the calculations, the same
mass-law constants for binding of CI~ and
dipyridamole can be used that were derived
from the kinetic studies on Cl~ -promoted
anion transport inhibition. The newly de-
scribed Cl~ binding site is highly selective
with respect to Cl~ and other monovalent
anion species. There is little competition
with SO}, indicating that ClI~ binding in-
volves other than purely electrostative forces.
The affinity of the binding site to Cl~ does
not change over the pH range 6.0 —7.5. Di-
pyridamole binds only in its deprotonated
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state. Binding of the deprotonated dipyrid-
amole I1s pH-independent over the same
range as Cl~ binding.

B. Sarkadi

Membrane proteins in senescent erythrocytes-
T. Suzuki and G. L. Dale (Department of
Basic and Clinical Research, Research In-
stitute of Scripps Clinic, La Jolla, CA, USA).
Biochem. J. 257, 37 (1989).

The examination of erythrocyte sen-
escence has been facilitated by recent adv-
ances in techniques for the isolation of aged
red cells. One of these methods, which uses
biotinylated rabbit erythrocytes, has been
used to examine the state of membrane
proteins in effete cells. These aged red cells
were found to have normal rations of x-
spectrin and f-spectrin as well as normal
levels of ankyrin. The observation concern-
ing ankyrin is particularly important due to
the sensivitity of this protein to proteolysis
and the postulated action of proteinases in
the aging process. The senescent erythro-
cytes were also found to have an altered
ratio of bands 4.1a and 4.1b without any
apparent change in the total level of 4.1.
In addition, the analysis of the aged cell
membranes did not show any large-mole-
cular-mass aggregated protein at the origin
of the SDS/polyacrylamide gels, indicating
a lack of transglutaminase activity in the
senescence process for rabbit erythrocytes.
These results indicate that aging of the rab-
bit erythrocyte is not accompanied by gross
proteolytic degradation or transglutamin-
ase-catalysed cross-linking of membrane com-
ponents.

Ilma Szasz

Ca*" -mediated activation of human erythro-
cyte membrane Ca2T-ATPase. K. S. Au, M.
F. Lee and Y. L. Siu (Department of Bio-
chemistry, University of Hong Kong, Hong
Kong). Biochim. Biophys. Acta 978, 197
(1989).

Ca?T-ATPase of human erythrocyte
membranes, after being washed to remove
Ca" after incubation with the ion, was
found to be activated. Stimulation of the
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ATPase was related neither to fluidity change
nor to cytoskeletal degradation of the mem-
branes mediated by Ca*". Activation of the
transport enzyme was also unaffected by
detergent treatment of the membrane, but
was suppressed when leupeptin was in-
cluded during incubation of the membranes
with Ca**. Stimulation of the ATPase by a
membrane-associated Ca2+-dependent pro-
teinase was thus suggested. Much less
138kDa Ca*"-ATPase protein could be
harvested from a Triton extract of mem-
branes incubated with Ca%" than without
Ca**. Activity of the activated enzyme
could not be further elevated by exogenous
calpain, even after treatment of the mem-
branes with glycodeoxycholate. There was
also an overlap in the effect of calmodulin
and the Ca?t-mediated stimulation of mem-
brane Ca?’-ATPase. While K (ATP) of the
stimulated ATPase remained unchanged, a
significant drop in the free-Ca?* concentra-
tion for half-maximal activation of the en-
zyme was observed.

B. Sarkadi

Inhibition of the glycolytic pathway by me-
thylglvoxal in human platelets. G. Leoncini,
M. Maresca and E. Buzzi (Istituto Poli-
cattedra di Chimica Biologica, Universita di
Genova, Genova, Italy). Cell Biochem. Funct.
7, 65 (1989).

The incubation of human platelets with
methylglyoxal and glucose produces a rapid
transformation of the ketoaldehyde to d-
lactate by the glyoxalase system and a partial
reduction in GSH. Glucose utilization is af-
fected at the level of the glycolytic pathway.
No effect of the ketoaldehyde on glycogeno-
lysis and glucose oxidation through the
hexose monophosphate shunt was demon-
strated. Phosphofructokinase, fructose 1,6-
diphosphate (Fl, 6DP) aldolase, glyceralde-
hyde 3-phosphate dehydrogenase and 3-
-phosphoglycerate mutase were mostly in-
hibited by methylglyoxal. A decrease in
lactate and pyruvate formation and an accu-
mulation of some glycolytic intermediates
(fructose 1,6 diphosphate, dihydroxyacetone
phosphate, 3-phosphoglycerate) was ob-
served. Moreover methylglyoxal induced a
fall in the metabolic ATP concentration.
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Since methylglyoxal is an intermediate of the
glycolytic bypass system from dihydroxy-
acetone phosphate to d-lactate, it may be
assumed that ketoaldehyde exerts a regulat-
ing effect on triose metabolism.

Agnes E nyedi

Release of C at by inositol 1,4,5-triphosphate
in platelet membrane vesicles is not dependent
on cyclic AMP-dependent protein kinase. F.
O’Rourke, G. B. Zavoico and M. B. Fein-
stein (Department of Pharmacology, Uni-
versity of Connecticut Health Center, Farm-
ington, CT, USA). Biochem. J. 257, 715
(1989).

In contrast with previous reports, it was
found that membrane-protein phosphoryla-
tion by the catalytic subunit (CS) of cyclic
AMP-dependent protein kinase had no ef-
fect on Ca®™ uptake into platelet membrane
vesicles or on subsequent Ca®" release by
inositol 1,4,5-trisphosphate (IP,). Further-
more, 1P-20, a highly potent synthetic peptide
inhibitor of CS, which totally abolished
membrane protein phosphorylation by endo-
genous CS, also had no effect on either Ca?™
uptake or release by IP,. Commercial pre-
parations of protein kinase inhibitor pro-
tein (PKI) usually had no effect, but one
preparation partially inhibited Ca®™ uptake,
which is attributable to the gross impurity
of the commercial PKI preparation. IP,-
induced release of Ca®" was also unaffected
by the absence of ATP from the medium,
supporting the conclusion that Ca2* release
by IP, does not require the phosphorylation
of membrane protein.

Agnes Enyedi
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Abstracts

Stimulation of phosphatidylinositol 4,5-bis-
phosphate phospholipase C activity by phos-
phatidic acid. S. Jackowski and C. O. Rock
(Department of Biochemistry, St. Jude Chil-
dren’s Research Hospital, Memphis, Ten-
nessee, USA). Arch. Biochem. Biophys. 268,
516 (1989).

Phosphatidic acid was a potent activator
of the phosphatidylinositol 4,5-bisphosphate
(PtdIns-P,) phospholipase C activity associ-
ated with human platelet membranes. Lyso-
phosphatidic acid was half as active as phos-
phatidic acid, and shortening the fatty acid
chain reduced the effectiveness of the cor-
responding phosphatidic acid. Compounds
lacking either the phosphate group (diacyl-
glycerol or phorbol ester) or the fatty acid
(glycerol phosphate) were not activators.
When the negative charge was contributed
by a carboxyl group (fatty acid or phosphati-
dylserine), stimulation of phospholipase C
was weak but detectable. Structural analogs
of phosphotidic acid (lipopolysaccharide,
lipid A, and 2,3-diacylglucosamine 1-phos-
phate) were less effective but also enhanced
PtdIns-P, hydrolysis. Phosphatidic acid po-
tentiated the activation of phospholipase
C by x«-thrombin, chelators, and guanine
nucleotides. Phosphatidylinositol  4-phos-
phate and PtdIns-P, were also effective
activators of PtdIns-P, degradation. Other
phospholipids were without effect. The pro-
duction of inositol 1,4,5-trisphosphate and
diacylglycerol via the activation of phospho-
lipase C provides a rationale for the cellular
responses evoked by phosphatidic acid and
the ability of this phospholipid to potentiale
and initiate hormonal responses.

Agnes Enyedi



Book Review

BLOOD SUBSTITUTES. Edited by
Thomas M. $. Chang and Robert P. Geyer.
1989. 736 pages, bound, illustrated. $ 99.75
(U.S. and Canada); $ 119.50 (All other
countries). ISBN: 0— 8247—8027— 2. (Prices
subject to change without notice.)

The AIDS epidemic has accentuated
such haematological problems as a short-
age of donor blood and possible complica-
tions with transfusion blood. As a result,
clinicians and researchers have become in-
creasingly interested in developing blood
substitutes for transfusions as well as for
therapeutic uses and research.

BLOOD SUBSTITUTES— written by 350
leading international experts—covers a wide
variety of important clinical topics, includ-
ing transfusion, blood replacement, hemorr-
hagic shock, exchange transfusion, cancer
therapy, heart and brain ischemia, surgery,
inhalation anesthesia, and organ perfusion.

The result of the Third International Sym-
posium on Blood Substitutes organized by
the Artificial Cells and Organs Research

Centre of McGill University, BLOOD SUB-
STITUTES gives a balanced, comprehensive
perspective of the subject unavailable else-
where . . . indicates future trends in such
arcas as perfluorochemical, stroma-free, mic-
roencapsulated, conjugated, and bovine he-
moglobins, synthetic hemes, red blood cell
engineering, and cofactor incorporation . . .
evaluates commercial and experimental emul-

sion in biological research ... and much
more!
READERSHIP: Hematologists; bio-

chemists; cardiovascular surgeons; physio-
logists; blood bank personnel; biotechno-
logists; oncologists; pharmacologists; cyto-
logists; biomedical engineers; protein and
polymer chemists; critical care and emer-
gency room physicians; transplantation and
artificial organs biomedical researchers; an-
cillary reading for graduate/medical courses
in hematology, physiology, or surgery; and
professional seminars and continuing educa-
tion courses on hemorrhagic shock, AIDS,
transfusion, and trauma, emergency, or car-
diovascular surgery.
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Epidemiology of Leukaemia*

JEAN BERNARD

Institut de Recherches sur les Maladies du Sang,
Hopital Saint-Louis, 2 Place du Docteur-Fournier,
75475 Paris Cedex 10, France

(Received 5 September, 1988; accepted 28 September, 1988)

The history of the epidemiology of leukaemia provides us with models which
are very useful even today and their implications for the future are still more important.
Thus, in the present study, we shall review the history and present state of the epidem-
iology of leukaemia, as well as its future prospects.

In the fifth century B. C. Hippocrates already advocated studying the climatic,
geographical and physical environment as well as the behaviour of individuals and of
their eating and drinking habits in order to understand the origin of a disease.

At present, the epidemiology of leukaemia is still based on these ancient precepts.

Keywords: leukaemia

History of the epidemiology of leukaemia

There are three periods in the history of the epidemiology of leukaemia.
Each will be described here with reference to recent developments.

First period
The first period was marked by three main features:

— the description of occupational and therapeutic leukaemia,
— virus-induced leukaemia in animals, and
— the concept of geographical haematology.

Occupational leukaemia

A. Radiation. The history of the various types of leukaemia induced by
radiation, which must be considered first, includes two opposite evolutionary
trends and one uncertain trend.

* Lecture presented at the XXII. Congress of the International Society of Haematology,
Milano, 1988

1* VSP, Utrecht, Tokyo
Akadémiai Kiado, Budapest



202 J. Bernard: Epidemiology of leukaemia

Table 1

Chinese study on cancer among medical diagnostic X-ray workers

Diagnostic Other medical

X-ray workers specialists
27.011 25.782
Leukaemias 30 8

Lung cancer 22 25

1. First off all, a net reduction in the frequency of radioleukaemia among
physicists (for instance, among the members of the Curie family, with their glori-
ous but tragic record of five Nobel Prizes and two cases of leukaemia), radio-
logists and patients (including those with spondylosis, children irradiated during
pregnancy and above all the number of patients with cancer of the corpus of the
uterus).

Where protection is not correct and radiation exposure remained high as in
China in 1950, the risk of leukaemia persisted, as shown below by the large
Chinese study concerning cancer among medical diagnostic X-ray workers
(Table 1)

2. Secondly, the recent increase in the frequency of leukaemia caused by war
injuries, with the three findings made at Hiroshima:

— the rise in the number of cases of leukaemia,

— the periods elapsing before their manifestation, and

— the unequal degrees of sensitivity of the persons exposed to war in-

juries.

3. Thirdly, the element of uncertainty, and the fact that it is at present im-
possible to evaluate correctly the possible effects of the peaceful uses of nuclear
energy and of accidents in nuclear industries.

Radiogenic leukaemia revisited:

Table 2

Frequency of leukaemia after radiotherapy for cancer of the corpus uteri

First cancer Leukaemia
All sites 1.6
Trunk sites 2.4
Breast cancer 2.2
Cancer of the corpus uteri 10.3
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Table 3

Rate of clonal chromosomal aberrations in patients with radiotherapy related leukaemias

Clonal chromo-
Leukaemias Parients somal
aberrations

A.N. L. L. 8 3
A. L. L. 3 2
3 3

C. G L.

The clinical forms and evolution of radiogenic leukaemia vary, depending
on its etiology. In a recent study entitled Radiogenic Leukaemia Revisited a
distinction was drawn between the two classes of leukaemia observed in Japan
after the atomic bomb explosions: 1) the class similar to the cases observed after
irradiation for cancer of the uterus, which are the same as the de novo adult
types, 2) the class similar to the cases observed after irradiation for spondylitis,
often preceded by a period of myelodysplasia, and expressed in erythromyelo-
blastic and megakaryoblastic forms.

The frequency of leukaemia after radiotherapy for cancer of the corpus
uteri has also been evaluated and found to be as shown in Table 2.

B. Chemicals and Industry. The second main type of occupational leukaemia
is that induced by chemicals, particularly benzene. The stages in the history of
benzene-induced leukaemia include.

— the first descriptions,

— the complete study which, together with Leon Braier, we presented at
the Second International Congress of Haematology in Cambridge in 1950.

The importance of the cytogenetic studies has frequently been noted.

In a recent work e.g. Philip and Pedersen-Bjorgaard (1988) found the foll-
owing rate of clonal chromosomal aberrations in patients with radiotherapy
related leukaemias (Table 3):

— subsequent debates, and

— the present state.

A recent remarkable Chinese study by Yen, Zhang and Wang (1987) seems
to make it possible to end the controversy regarding the effects of chemical sub-
stances.

Table 4 summarizes the results of the comparison they made between
cohorts comprising equal numbers of workers exposed or not exposed to benzene
respectively.

Recently Flandrin et al. (1984, 1987) have discovered that patients with
hairy cell leukaemia were frequently exposed to radiations and chemicals. It may
be compared with another B-cell neoplasm, myeloma, the frequency of which
was augmented in Hiroshima whereas B-CLL does not seem to be caused by
such events.

Haematologia 22, 1989
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Table 4

Comparison of workers exposed to and not exposed to benzene

Plants using benzene Plants not using benzene
233 83
Workers exposed to benzene Workers not exposed to
benzene
28.460 28.257
Years of exposure Years of non exposure
178.556 199.200
Number of leukaemia cases Number of leukaemia cases
30 4

(14/100.000) (2/100.000)

In connection with the history of chemically-induced leukaemia I should
mention the experimental leukaemia induced in the rat by intramedullar injection
of tar by Jean Bernard between 1933 and 1936, or of hydrocarbons by Storti in
1936 (Bernard 1934, 1950).

Therapeutic leukaemia. The number of leukaemia cases induced by certain
types of chemotherapy is much larger than the number of cases of occupational
leukaemia.

Over the past twenty years, research in this field has revealed:

1. the existence of therapeutic forms and their relative frequency, which
varies from 2 to 10%;

2. the diversity of the diseases treated, expecially Hodgkin’s disease and
various forms of myeloma, as well as non-malignant diseases such as polyarthritis
and psoriasis. Curiously, there have been few or no cases of therapeutic leukaemia
after treatment for chronic lymphocytic leukaemia;

3. the nature of the medical drugs responsible, including first and foremost
long alkilating chemotherapy (chlorambucil, melphalan) extending over con-
siderable periods but not necessarily very aggressive.

4. the two kinds of diversity characterizing the preleukaemic period: di-
versity of duration (from one to ten years) and diversity of expression, in most
cases completely silent, sometimes with successive phases of medullary insuffici-
ency and oligoblastosis before leukaemia, and sometimes with non-specific chromo-
somal abnormalities

S. the very severe nature of therapeutic leukaemia, which is usually myelo-
blastic and poorly responsive to treatment, and

6. the different etiologies of post-therapeutic leukaemia and lymphoma, of
leukaemia as a complication of chemotherapy, lymphoma as a complication of
bone marrow transplantation with immune deficiency.

Although cigarette smoke is not generally thought to be associate with
increased leukaemia risk, some studies have reported increased risk for leukaemia
among smokers.
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In a large cohort study in the United States, leukacmia risk among smokers
compared with non smokers was increased by 409, at ages 45-64 years and by
709, at ages 65-79 years. In contrast in a 10 years follow up study of 40.000
patients, British physicians found leukaemia mortality for smokers to be lower
than for non smokers.

Viruses and leukaemia in animals

The role of viruses in the etiology of animal leukaemia was first acknow-
ledged in 1908 by Ellerman and Bang.

Subsequent research was orientated in three directions:

I.In chicken, for the diverse forms of avian leukaemia, analysis of epi-
demiological data and (at least for one variety of chicken) Marek’s disease, and
lastly, for effective vaccination.

2. In rodents, particularly laboratory mice, with the discovery of the role
of viruses thanks to Ludwig Gross (1951) and subsequently, remarkable studies
of the relationship between viruses and leukaemic cells.

3. In wild and domestic animals not kept in the laboratory, including cattle,
pigs, dogs and especially cats. The remarkable studies by Jarret (1984) in this field
revealed:

a) the role of retroviruses, especially FeL'V in the cat.

b) the responsibility of retroviruses like FeLV for both malignant and non-
-malignant diseases including, in the latter case, anaemia, aplasia and sterility.

¢) knowledge of the various modes of transmission, which in chickens vary
according to the species (congenital via the egg, or later, by contact, inhalation
or ingestion) and in cats according to whether they live in a group or isolated.

d) knowledge of certain genetic co-factors for cattle and pigs.

e) the absence — in the present state of the art — of any relationship be-
tween the epidemiologies of these forms of animal leukaemia and the epidemiology
of human leukaemia. However, it is to be mentioned that bovine leukaemia virus
can possibly be transmitted to sheep as indicated by Stirizinger.

Geographical haematology and leukaemia

The concept of geographical haematology proposed in Paris in 1963 can be
expressed in the following simple terms: “The characteristics of a man’s blood
depend on the place where he lives and the place where his ancestors lived.”
Later, the same principle inspired Doll’s important work on the geography of
cancer.

The uneven geographical distribution of leukaemia was acknowledged in
the initial studies inspired by this concept. The criticism they aroused (imprecise
diagnosis, uncertainty, inadequate classification) gave rise to more rigorous
epidemiological research, and several types of geographical inequality were sub-
sequently defined:
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1. The unequal frequency of leukaemia in the different age groups was con-
firmed, with peaks in childhood and old age.

The following findings were made in this connection:

a — The frequency of acute leukaemia in children seems to be a recent
phenomenon.

b — In all countries, age is an important prognostic factor. The evolution
of acute lymphoblastic leukaemia in children, which is often favourable, contrasts
with the persistent gravity of the same type of leukaemia in adults.

¢ — Hodgkin’s disease is frequent in adults and rare in children in Europe
and North America, but the contrary is true for Africa and South America (where
it is rare in adults and frequent in children).

Two findings were recently reported on:

a) the relationship between economic status and the age at which peak
frequency is observed for leukaemia:

2 to 5 years in wealthy countries, and

10 to 15 years in poor countries (Africa, India, Madras).

b) the relationship between economic status and the frequency of leukaemia
among the general population:

In Ibadan, e.g. a relationship was observed between socioeconomic status
and the rise in the frequency of leukaemia among children.

2. The uneven geographical distribution of leukaemia was confirmed in
countries with haematologist experts of the same rank.

— The frequency of the disease in Sweden is double of that of in Italy.

— In the United States, large differences were found from one state to
the other, and leukaemia was rare among American Indians.

— In Italy, there were also great differences between the various provinces.

— In Britain, leukaemia was especially frequent in the Midlands, and lym-
phoma in the rural districts of Yorkshire.

3. This uneven geographical distribution of leukaemia depends, perhaps,
on the patient’s occupation.

— In this respect some peculiar facts have been observed but not inter-
preted, e.g.:

— The high frequency of Waldenstrom’s disease among Heads of State: 4
cases — 1/25 — i.e. 10.000 times more frequent than among the general population.

— The reports (as yet unconfirmed) that leukaemia is frequent among hair-
dressers and wood workers.

— The frequency of leukaemia in various rural populations, including
farmers in Nebraska (no connection with epizootic disease among cattle), and
New Zealand farmers.

— Despite certain claims to the contrary, the frequency of leukaemia
among doctors who are not radiologists and among male nurses is no higher
than among the general population.

— Contradictory data have been reported about the frequency of
leukaemia in male nurses working in hospital haematology departments:
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increased risk Finland
no risk Sweden

— Higher frequency of leukaemia was reported among children whose
parents work in certain type of plants

occupational exposure of the father to:
chlorinated solvents,

spray paint,

dyes and pigments;

father working in industries manufacturing:
transportation equipment;

parents using pesticides in the home.

4. Much more reliable, although as yet unexplained, are the data concerning
the unequal distribution of the different types of leukaemia and related diseases,
and more especially

a — the rareness of chronic lymphocytic leukaemia in China, Japan and
South-East Asia and the relative frequency of this form of leukaemia among
young adults in Africa.

b — the relative frequency of acute myeloblastic leukaemia and African
children’s chloroma, in both Uganda and Nigeria, and the appearance in Africa
of chronic myeloid leukaemia at a younger age than elsewhere.

¢ — and above all, the different geographical distributions of leukaemia and
lymphoma as if the former were linked to wealth and the latter to poverty (leukae-
mia in Israel, lymphoma in Gaza).

Second period

The second period in the history of leukaemia may be termed the Burkitt
period. It is hardly necessary to recall the importance of the research done by
Denis Burkitt in Uganda, under very difficult conditions, in a country of lions,
giraffes, bougainville and tribal feuds; his first studies, the first description of a
geographical tumour, the confirmations and consecrations, the new orientation
he gave to the epidemiology of lymphoma, and beyond lymphoma, to leukaemia
and cancer as a whole.

Burkitt’s discoveries had two main consequences:

I. in fundamental biology, they revealed the role of the Epstein-Barr virus,
the oncogenes, the immunoglobulin genes and the links connecting them.

2. in epidemiology proper, they gave rise to the notion of multifactorial
causes, including observations in which he discovered the importance of the type
of cradle — covered or uncovered —, thereby permitting or blocking the access
of vector insects and their bites; the importance of the way in which “infants”
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pap is prepared, because prior chewing by the mother transmits the virus; the
fortunate consequences of the rise in the general population’s standard of living
in Tanzania, including the reduction in the frequency of Burkitt’s lymphoma.

More generally, this type of lymphoma has been a veritable Rosetta stone
for the study of leukaemogenesis and of multifactorial carcinogenesis in general.

Third period

The third period in the history of leukaemia was initiated by Japanese and
American discoveries later extended in several senses.

The discovery phase

— began with the communication at the 16th International Congress of
Haematology in Tokyo regarding the frequency of T-cell lymphoid leukaemia in
South Japan, particularly on the Islands of Kyushu (Takatguki, 1976).

— next discovery was made by Gallo in 1980 on the HTLV retrovirus,
isolated from a cell line derived from fungoid mycosis and then from a case of
Sézary’s syndrome.

— the subsequent discovery stated that the same retrovirus was the origin
of leukaemia in Japan.

The discovery of the first retrovirus was extremely important as it completed
the circle of retroviruses present in all animal species, from fish to primates and
man.

The extension phase can be discussed in four senses:

1. the extension of methods of detection thanks to the progress of serological
techniques for the detection of antibodies against viral proteins or against certain
virus-specific polypeptides. This detection enabled healthy carriers to be identified
and consequently, there again, to acknowledge that etiology may be multifac-
torial, 1.e.

— to note the existence of familial clusters, and

— to rule out any connection with the HLA system.

2. Geographical extension

— first of all, in Japan, extension from the coastal area of Kyushu, the
most south-westerly of the four main Japanese islands, to the neighbouring
islands, Okinawa and the Pacific coastal areas. These areas have in common a
rural environment, hot climate and abundant rainfall.

Concomitantly with the observations regarding this extension, Japanese
authors gave a precise description of the disease:

— it appears in the age-group of the sixties, and the two sexes are equally
affected;

— its manifestations are lymphadenopathies, hepatomegaly, skin lesions
and hypercalcaemia;

— sometimes its form is leukaemic, and sometimes that of a non-leukaemic
lymphoma
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— it is histologically characterized by plenohomorphous lymphoma lesions
with giant cells with a cerebriform nucleus;

— itsevolution is rapid, and death is often due to an opportunistic infection.

Outside Japan, the extension of leukaemia has been observed:

— In China, along the Yang Tse river, where climatic conditions are the
same as those in Japan, the proportions of subjects with positive antibodies
against HTLV are in

men: 2.0 37
monkeys: 8to15%

— In Korea this proportion in man is very small, whereas in the Caribbean
islands high.
— In Central and West Africa:

Gabon: A

elsewhere: %%

Catarrhinian African monkeys had positive antibodies against HTLV.

These studies of the areas of extension, expecially those conducted in Japan,
show the importance of two types of survey:

— familian surveys. Comparing, for instance, the frequency of seropositive-
ness among healthy members of the families of leukaemic subjects. This frequency
IS

high for T-cell leukaemia,
nil for myeloblastic leukaemia.

— surveys dealing with migrants, in which the results for T-cell leukaemia
suggest contamination in childhood.

The results of recent Japanese studies may be recalled here concerning:

1. Epidemiological feature of HTLV I carriers and incidence of ATL in a
ATL endemic island, (A report of a community based cooperative study in
TSUSHIMA, JAPAN) (Tajima et al., 1987).

2. Mother to child transmission of HTLV I establishing that seropositive
children are all born from seropositive mothers (Kasunara et al., 1987.)

3. Anatomicoclinical extension, when in the same geographical area the same
HTLV I virus is recognized as the origin of spastic paralysis and other serious
diseases of the nervous system.

4. Virological extension, when viruses are isolated which are at once close
to and different from the HTLV 1 virus.

In general, one can no longer accept the claim made in 1970 that retroviruses
constitute the final common pathway of all human and animal carcinogenesis
and leukaemogenesis. Modern epidemiologists consider that viruses are leukaemo-
genic agents in the environment, in the same way as radiation and chemical
agents.
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Present data

Such is the history of the epidemiology of leukaemia.
As to the present, there are strong points and weaknesses: the strong points
reside in the data acquired and the weaknesses in the gaps in present knowledge.

Data acquired

Two kinds of diversity have been established by the epidemiological studies
made so far:

Firstly, the diversity of the etiological factors, which can be classified into
two categories:

1. general (radiation and chemical substances), and

2. specific to an animal species, such as viruses, which are of two kinds:

— Herpes viruses (such as the one found in Marek’s disease, or the Epstein—
Barr virus), )

— retroviruses (e.g. HTLV I or FeLV) with different epidemiologies for
each type of virus.

The importance of virus-induced types of leukaemia should be stressed
in three aspects:

— the hope for the eventual finding of antiviral vaccines,

— the fact that they permit early detection of the types of leukaemia con-
cerned, as well as that

— the treatment should suppress the action of certain cofactors at various
stages in leukaemogenesis.

Secondly, the diversity of the combinations of etiological agents. Sometimes
several different etiological agents are involved, the model of this type of etiology
being that of Burkitt’s disease (Epstein—Barr virus + haematozoon + chromoso-
mal abnormality + poverty).

Other cases comprise a combination of two factors:

— this was demonstrated, for instance, in Henry Kaplan’s famous experi-
ments with radioleukaemia involving radiation + a virus.

— such a combination probably applied to certain cases of leukaemia at
Hiroshima (fortunately, it was not always present).

— its existence is uncertain in other cases like T-cell leukaemia in Japan
and in the Caribbean, which might be due either to HTLV I alone or to its com-
bination with other factors.

Weaknesses of the present situation: inadequate elements and uncertainties

The field in which our knowledge is insufficient includes epidemiology.

Epidemiology. For a long time, this was confined to the study of infectious
diesases, but great progress has been made in this field in the past few years and
epidemiology has become a veritable science. However, it still suffers from the
diversity and divergence of the methods used, which means, for instance, that the
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rigorous precision of molecular biology must be combined with the uncertain
nature of surveys concerning cultural factors.

The inadequate classification of the various forms of leukaemia accounts
for many of the difficulties encountered in epidemiological survey. (Not so long
ago, a symposium of the Blood Cell Club could be entitled “*Classification of
Unclassified Types of Leukaemia™!)

The description of the forms of T-cell leukaemia in Japan is one of the first
examples of the importance of these new immunological and cytogenetic criteria.
For instance, a work on the geography of chronic myeloid leukaemia, published
after this description, was constructively based on the absence or presence of the
Philadelphia Chromosome.

Future Prospects — New Lines of Research

The strong and weak points in the present state of the art as regards the
epidemiology of leukaemia are the elements that will determine the main lines
of future research in this field as the end of the century approaches. This research
will be oriented in three directions — induction, prediction and correlation.

Induction

The question arises whether the data established for a rare type of leukaemia
peculiar to a limited geographical region have more general implications. For
instance, will studies of T-cell leukaemia remain confined to the uncommon form
found in south Japan and the Caribbean, or will they prove to be of more general
interest? This could be the case if one or more of the following conditions were
to occur:

— if new surveys reveal a great extension of the geographical area affected
by T-cell leukaemia;

— if, above all, the general body of data acquired because of the existence
of this form enables it to be considered as a model;

— if the epidemiological methods to which it has given rise make it possible
to establish new facts concerning the various stages in the genesis of the different
types of leukaemia and their physiopathology, and lastly,

— if relationships are established between epidemiological research on
leukaemia and other fields of epidemiological and haematological research.

Prediction — limitations and potentialities.

1. Until now, prediction has been limited to a few cases, namely,

— the frequency of Down Syndrome leukaemia, which we had already
noted in 1955, even before trisomy 21 was discovered, and which was later exten-
sively confirmed. At the same time, leukaemia was also frequently reported among
children with other chromosomal abnormalities;

— frequent concordant leukaemia among monozygous twins (incidence
1/5 as compared with 1/20.000 in the general populations);
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— the frequency of leukaemia — or rather lymphoma — during congenital
agammaglobulinaemia and Chediak’ syndrome, and the frequency of chronic
lymphoid leukaemia in patients with rheumatoid arthritis.

2. A prediction that will have to be extended during the next few years.
The relationship established in Eastern China between the fact of belonging to
an HLA subgroup and developing cancer of the rhinopharynx is exemplary.
The results of their first surveys, conducted in 1965 with J. Dausset and F. Kou-
rilsky, were not significant. However, further information has been acquired since
then. Thus Bortin, d’Amara, Bach, Rim and Van Rood who studies 1834 cases
of acute leukaemias have shown:

a) a significant rise in the frequency of the presence of the CW3 and CW4
antigens in acute leukaemia and,

b) a drop in the frequency of the presence of the AW19 antigen.

The progress made in acquiring knowledge of the HLA system and in
passing from immunology to molecular biology should provide the stimulus for
new investigations of the HLA system or other as yet undiscovered predictive
system.

Correlation — the most important line of research.

This involves correlating epidemiological findings with those acquired in
other fields implicated in exploring the causes of leukaemia: such correlations
will necessarily require changes in methods and concepts.

In other fields of pathology, the correlations established between epidemio-
logy and other branches of science were very simple for a long time. These bran-
ches included:

— bacteriology in the case of plague,

— toxicology in that of lead poisoning, and

— chemistry for diseases involving haemoglobin.

For certain other pathological states, constant effects were established in
order to assess the respective responsibilities of environmental factors and innate
characteristics.

As regards the epidemiology of leukaemia, the whole situation changed
with the progress made in virology and the improved knowledge of the biology
and mode of action of viruses, with the progress achieved in cytogenetics, rapidly
followed by the description of the chromosomal abnormalities peculiar to each
form of leukaemia, and with the strides made in the field of immunochemistry,
and above all with the discovery of oncogenes.

It will not be possible in the future — in fact it is already no longer possi-
ble — to study the epidemiology of chronic and acute leukaemia en bloc. Correla-
tions will have to be established between epidemiological data and the data supp-
lied by the study of the environment on the one hand, and of chromosomal
abnormalities, viral intervention and oncogenes on the other.

On this kind of solid basis. the epidemiology of leukaemia will be able to
fulfil its objectives of prediction and prevention. In addition, it will perhaps
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become possible to elaborate effective vaccines — at least against certain forms
of leukaemias and certainly to limit its frequency by improved knowledge of
risk factors.

h—t
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S. Miwa

Okinaka Memorial Institute for Medical Research, 2—2—2
Toranomon, Minato-ku, Tokyo 105, Japan

(Received 10 September, 1988; accepted 30 September, 1988)

In the past few years, very rapid advances have been made in the field of red
cell enzymopathies associated with hereditary nonspherocytic hemolytic anemia,
particularly in molecular basis. Nucleotide sequence and amino acid sequence of
normal human red cell enzymes have been clarified in phosphofructokinase, aldolase,
triosephosphate isomerase, phosphoglycerate kinase, pyruvate kinase, diphospho-
glycerate mutase, glucose 6-phosphate dehydrogenase, adenylate kinase and adenosine
deaminase. Furthermore, in aldolase-, triosephosphate isomerase-, diphosphoglycerate
mutase-, glucose 6-phosphate dehydrogenase-, and adenylate kinase deficiency, single
nucleotide changes which cause single amino acid substitutions and finally hemolysis,
have been found.

Keywords: aldolase deficiency, erythroenzymopathies, glucose 6-phosphate
dehydrogenase deficiency, hereditary nonspherocytic hemolytic anemia, molecular
basis, phosphoglycerate kinase deficiency, pyruvate kinase deficiency, red cell enzymo-
pathies

Introduction

Since the discovery of glucose 6-phosphate dehydrogenase deficiency in
1956 [1], and of pyruvate kinase deficiency in 1961 [2], red cell enzymopathies
associated with hereditary nonspherocytic hemolytic anemia (HNSHA) have
been extensively investigated [3, 4]. Up to the present, fourteen red cell enzyme
deficiencies in the Embden-Meyerhof glycolytic pathway, the Rapoport-Lue-
bering cycle, the hexose monophosphate pathway, glutathione metabolism and
nucleotide metabolism have been found to cause HNSHA. In addition, a marked
increase of apparently normal red cell enzyme, adenosine deaminase is also known
to cause HNSHA. With the exception of adenosine deaminase overproduction,
kinetic and electrophoretic studies have shown that most, if not all, red cell
enzymopathies associated with HNSHA are considered to result from the pro-
duction of structurally abnormal and functionally defective enzymes. Under-
standing the pathogenesis of these disorders requires knowledge of the amino
acid sequences of both normal and abnormal enzymes, but it had not been easy
to purify and to characterize these enzymes because of their low levels in red cells.

* Plenary lecture presented at the XXII. Congress of the International Society of
Haematology, Milano, 1988
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So far, the primary structures of red cell phosphoglycerate kinase [5, 6],
adenylate kinase [7], triosephosphate isomerase [8] and diphosphoglycerate mu-
tase [9] have been determined using protein samples. Purified protein samples
from one electrophoretic variant as well as three patients deficient in phospho-
glycerate kinase activity have clearly shown that the deficiency is caused by sub-
stitution of a single amino acid [10-13]. Gene cloning of these enzymes have been
difficult because messenger RNA (mRNA) is present in trace amounts, between
0.01 and 0.19 of the total mRNA in reticulocytes. However, in these few years,
recent advances in recombinant DNA technology have made possible the isolation
of the genes for human aldolase A [14], phosphoglycerate kinase [15], glucose
6-phosphate dehydrogenase [16, 17], adenosine deaminase [18 20], phospho-
fructokinase [21, 22], triosephosphate isomerase [23], diphosphoglycerate mutase
[24] and pyruvate kinase [25]. In some of them, genomic DNA analysis has bzen
made. Quite recently, single base changes which resulted in single amino acid
substitutions have been clarified in patients with triosephosphate isomerase de-
ficiency [26], aldolase deficiency [27], diphosphoglycerate mutase deficiency [28],
glucose 6-phosphate dehydrogenase deficiency [29-31] and adenylate kinase de-
ficiency [32].

Table 1

Summary of the molecular basis of red cell enzymes, deficiency or overproduction which
can cause hereditary non-spherocytic hemolytic anemia

Single base

Nucleotide e ol ,“mf”“r Chromosome
: single amino locus of red cell
Names of red cell enzymes B ol ey acid enzyme
acid substitution (Chromosome
seuences in patients number)
with HNSHA

Hexokinase — — 1
Glucosephosphate isomerase — — 19
Phosphofructokinase + — M 1. L 21
Aldolase + + 16 [99]
Triosephosphate isomerase £ + 12
Phosphoglycerate kinase + + X
Pyruvate kinase + - L= R) 1
2.,3-Diphosphoglycerate mutase + + 7 [100]
Glucose 6-phosphate dehydrogenase + + X
Gamma-glutamylcysteine synthetase — - 2
Glutathione synthetase - — 2
Glutathione peroxidase + [101] — 3 [102]
Adenylate kinase == + 9
Pyrimidine 5’-nucleotidase — - e
Adenosine deaminase (overproduction) - + 20

Haematologia 22, 1989



S. Miwa: Red cell enzymopathies and hemolysis 217

In this review article, recent advances of molecular biology in the field of
red cell enzymopathies associated with HNSHA is reviewed, and the relationship
between the enzyme defect and metabolic alteration which results in hemolysis,
in part, is summarized based on our own results.

Hexokinase Deficiency

Of all the red cell glycolytic enzymes, hexokinase (Hx) has the lowest activ-
ity and is the most age-dependent [33]. There are four isozymes (Hx I, II, 111 and
IV), and the Hx in the red cell is mainly type I, whih has three major forms,
la, Ib and Ic. In young red cells, Hx Ib is predominant. The mature red cells
contain Hx ITI; which is not found in the fetal cell. The structural gene locus
for Hx I is on chromosome 10 [34]. The electorphoretic pattern of the enzyme
from two of the patients showed a decrease of Hx I and a relative increase of
Hx 111 [35, 36]. The cloning of hexokinase I has not been made. Hence, the
molecular basis of Hx deficiency is unknown.

Glucosephosphate Isomerase Deficiency

A single genetic form of glucosephosphate isomerase (GPI) is synthesized
in all cells of the body [33]. The structural gene locus for GPI is on chromosome
19 [37]. The characteristic of GPI deficiency is thermal instability of the enzyme
and normal affinity for the substrate, with two exceptions, GPI Cowen [38] and
GPI Kaiserslautern [39]. Single amino acid substitutions of genetic GPI variants,
namely, Sigh variant [37] and PHI (GPIl) 5-1 [40] have been identified,
although the primary structure of GPI is unknown.

Phosphofructokinase Deficiency

Phosphofructokinase (PFK) is a tetrameric enzyme, and three types of
subunits, muscle-type (M), liver-type (L) and fibroblast or platelet type (F or
P) subunits, exist in human tissues [33, 41]. Red cell PFK consists of a hetero-
zygous mixture of five tetramers (M,, ML, M,L,, ML; and L,) [42]. Biochemical
and immunological studies show that red cell PKF deficiency may involve a
defect of either the M or L subunits, and in most cases, the defect probably results
from the synthesis of a mutant subunit [43, 44].

Recently, cloning of both human L- and M-type PFKs have been made
[21, 22]. M-type PFK has 779 amino acid residues and homologies between
human and rabbit M-type PFK were 969, of the amino acids and 899, of the
nucleotides in the coding region. Cloned human M- and L-type PFK cDNAs
will help to identify the molecular defect in patients with PFK deficiency associated
with HNSHA and patients with glycogenosis type VII. Gene loci encoding L-
and M-type PFKs reside on chromosome 21 [45], and 1 [46], respectively.
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Aldolase Deficiency

Three aldolase isozymes are found in human tissues; A in the muscle and
red cells, B in the liver and C in the brain together with A [33]. Recently, genes
for aldolases A and B have been cloned and characterized [14, 47-49]. While
aldolase B deficiency causes fructose intolerance, aldolase A deficiency causes
HNSHA. The latter is very rare, and only two kindreds have been reported [50,
51]. The patient described by Beutler et al. [SO] showed many dysmorphic fea-
tures, with mental and growth retardation. The patient’s red cell enzyme showed
no structural abnormalities by electrophoretic and kinetic studies. The proband
reported by us [51] had only HNSHA. The patient’s red cell aldolase was un-
stable to heat and had an increased Michaelis constant for fructose 1,6-diphos-
phate. Our case suggested a structural gene mutation. A cooperative study with
Kishi et al. [27] succeeded in cloning and characterizing the patient’s aldolase A
¢cDNA. Compared with normal human aldolase A cDNA, A — G change was
found to occur in the codon for the 128th amino acid, resulting in an amino acid
substitution from aspartic acid (GAU) to glycine (GGU). Southern blot analysis
of the genomic DNA showed the patient carried a homozygous mutation in-
herited from his parents. The patient’s enzyme from red cell and from cultured
lymphoblastoid cells was found to be highly thermolabile. The thermal stability
of aldolase A of the patient and of a normal control, expressed in Escherichia coli
using expression plasmids, confirmed the thermolabile nature of the mutant
enzyme. The same '"Gly variant form made by oligonucleotide directed muta-
genesis technique also showed thermolability.

28 Asp has been shown to be well conserved in all aldolase isozymes examined
so far, including human, rat, and rabbit A-type, human, rat and chicken B-type,
rat and mouse C-type aldolases and even in Drosophila aldolase.

The tertiary structure of rabbit skeletal muscle aldolase A, was clarified by
Sygusch et al. in 1987 [52]. Based on the assumption that human aldolase A has
an almost similar structure to that of the rabbit A-type due to the high homology,
25Asp is located very close to the f-barrel structure which is important to the
enzyme activity expression. Substitution of asparagine which has negative electric
charge into chargeless glycine will probably make the enzyme molecule unstable.
This will result in the structural change of the enzyme molecule, and hence, in
decreased specific activity.

Triosephosphate Isomerase Deficiency

Triosephosphate isomerase (TPI) is a dimeric enzyme:; the subunit’s size
is 26.5 kDa [33]. Human TPI exists in multiple electrophoretic forms probably
as the consequence of minor postsynthetic alterations of form A, the three major
ones being A, B and C [53]. The TPI A and B isozymes are products of the same
structural locus on chromosome 12 [54]. TPI deficiency is a rare disease character-
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ized by HNSHA, progressive neurological impairment and in some instances,
recurring bacterial infections. In 1985, Maquat et al. [23] determined human
TPI ¢cDNA sequence. In 1986, Daar et al. [26] succeeded in determining the
molecular basis of this disorder. A TPI allele from two unrelated patients homo-
zygous for TPI deficiency was compared with an allele from a normal control.
Each disease-associated sequence harbors a GC — CG transversion in the codon
for the 104th amino acid, resulting in an amino acid substitution from glutamate
to aspartate. The importance of '"'Glu to the enzyme structure and function is
implicated by its conservation in the TPI of all species that have been characterized
to date, including Bacillus stearothermophilus, Escherichia coli, Saccharomyces
cervisiae, coelecanth, chicken, rabbit and man. The Glu — Asp substitution
results in a thermolabile enzyme as demonstrated by assays of TPI activity in
cultured fibroblasts of each patient and cultured Chinese hamster ovary (CHO)
cells that were stably transformed with the mutant alleles. The X-ray crystal
structure analysis of chicken TPI indicates that the loss of a side-chain methylene
group is sufficient to disrupt the counterbalancing of charges that normally exists
within a hydrophobic pocket of the native enzyme.

Phosphoglycerate Kinase Deficiency

Human phosphoglycerate kinase (PGK) in red cells and other tissues, except
for sperm, is controlled by a single structural gene lccated on the long arm of the
X chromosome [33]. The complete amino acid sequence of human PGK was
determined in 1980 in Yoshida’s laboratory [5, 6], and the nucleotide sequence
of human PGK ¢cDNA was made in 1983 by Michelson et al. [55]. Enzyme protein
analysis of human PGK showed that it consisted of 417 amino acid residues;
compared with that predicted from the full-length cDNA, it had an extra lysine
residue. Human PGK determined from nucleotide sequence [55] and horse PGK
[S56] both have 416 amino acids. There are only 11 differences (nonhomology of
39,) between the human and horse sequences. The tertiary structure of horse
PGK has been identified [56].

PGK deficiency is associated with HNSHA and also often with mental
retardation [33]. PGK II [10], PGK Miinchen [I11], PGK Uppsala [12] and PGK
Tokyo [13] had single amino acid substitution; the correlation between the func-
tional and structural abnormalities of these variants has been clarified based on
the tertiary structure of horse PGK. The structural abnormality of PGK I,
which is fairly common in Southern Pacific populations and 1s an asymptomatic
variant, is a single amino acid substitution from threonine to asparagine at 352.
This substitution does not change the enzyme activity, but causes strong binding
of the variant enzyme with citrate. The structural abnormality of PGK Miinchen
is a single amino acid substitution at 268, from aspartic acid to asparagine. PGK
Miinchen is associated with red cell enzyme deficiency and heat instability, but
shows no signs of hemolysis. The negative charge of an aspartyl residue at the
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site of substitution must maintain the stability of the molecule. The structural
abnormality of PGK Uppsala is a single amino acid substitution from arginine
to proline at 206, and is associated with severe red cell enzyme deficiency, hemo-
lytic anemia and mental disorders. The variant enzyme has lower specific activity,
thermal instability, and higher-than-normal Michaelis constant for the substrates.
The structural abnormality of PGK Tokyo is a single amino acid substitution,
from valine to methionine at 266. PGK Tokyo is associated with enzyme deficiency
HNSHA and neurological disturbances. This variant enzyme was purified from
cultured lymphoblastoid cells. PGK Tokyo has a lower specific activity, higher-
-than-normal Michaelis constant for the substrates, acidic shift in pH optimum
and thermal instability. The substitutions of PGK Uppsala and PGK Tokyo are
proximal to the site of substrate binding. Substitutions at such a position are likely
to induce a dislocation of the ATP and ADP binding sites, resulting in markedly
disadvantageous enzyme properties and severe clinical symptoms.

Pyruvate Kinase Deficiency

Pyruvate kinase (PK) has four isozymes (L., R, M, and M,) that are encoded
by two different genes. The L (liver)- and R (red cell)-type PK differ from M,
(muscle)- and M,-type PK by their enzyme kinetic, electrophoretic and immuno-
logical properties, and they are under the control of different genes at least in rat
[58], and very likely to be so in human. In rat, differential splicing was considered
to be involved in the production of L- and R-type PK, and M,- and M,-type PK,
respectively, from L and M genes [59, 60]. PK ¢cDNA and genomic ¢cDNA from
non-human species, namely, yeast PK, chicken M,-PK, rat M;- M,-, L- and R-
-type PK have been isolated by several investigators [59-66]. The structure of
cat muscle PK has been analyzed extensively [67]. In man, structural abnormal-
ities of the L-(=R)-type PK are considered to be responsible for HNSHA due
to PK deficiency. For the purpose of clarifying the PK deficiency at the gene level,
we isolated the partial L-type PK ¢cDNA in 1987 [68], and assigned the human
L-type PK gene on chromosome 1 at band q21 [68, 69]. Recently, we succeeded
in isolating and determining the full-length sequence of human L-type PK ¢cDNA
[25]. The cDNA contains 1629 base pairs of coding for 543 amino acids. The
homology between human and rat L-type PK was 86.9 % at the nucleotide sequence
level, and 92.49 at the amino acid sequence level. It also had 68 base pairs of
S’-noncoding sequence and 734 base pairs of 3’-noncoding sequence. The full-
length L-type PK ¢cDNA was placed under the promotor of simian virus 40 and
introduced into monkey COS cells. Human L-type PK activity was detected in the
extract of COS cells by the classical PK electrophoresis, confirming that this cDNA
is the actual structural L-type PK gene. The availability of human full-lengthcDNA
for L-type PK will be useful to clarify the molecular basis of PK deficiency associat-
ed with HNSHA.
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Leukocyte PK and platelet PK are known to be M,-type, while red cell
PK is R-type. As there are multipotent hematopoietic stem cells in bone marrow,
and red cells, leukocytes and platelets differentiate from these stem cells, there
must be an isozyme switch from M,-type to R(= L)-type PK during the differentia-
tion step of erythroid cells. The relationship between erythroid cell maturation
and the change of PK isozymes was studied using anti-rat-L-type-PK fluorescent
antibody techniques in normal subjects [70], in PK deficiency subjects [71], as
well as with K562 cells [72]. The results indicated that the conversion of PK
isozymes from M,-type to L-type in erythroid precursor cells occurred in the early
stage of maturation, and that compensatory M,-type PK production occurred
in the erythroblasts of patients with PK deficiency. The experiment using K562
cells showed that after hemin induction, change from M,-type to L-type PK
appeared along with the appearance of hemoglobin F synthesis.

In 1979, the working group in the Expert Panel of Red Cell Enzymes of the
International Committee for Standardization in Haematology (ICSH) issued the
recommended methods for characterization of PK variants [73]. The procedures
enabled us to compare the results obtained in different laboratories. Our results
of the enzyme characteristics of 8 PK variants obtained from 8 true homozygous
PK deficient patients showed that all of them had high Km for phosphoenol-
pyruvate, 6 out of 8 had thermal instability, and half of them showed low Ki for the
product, ATP, and half of them showed decreased fructose 1,6-diphosphate
activation. Although, Zanella et al. [74] recently reported that no correlation
was found between the severity of anemia and either the enzyme activity or specific
biochemical enzyme abnormalities in 11 compound heterozygous patients, our
data showed that in many variants, high Km for phosphoenolpyruvate and thermal
instability seemed to play roles in causing HNSHA. It is worth noting that 3 out
of 8 had higher than normal enzyme activity and an additional case showed normal
activity when PK was assayed using conventional assay procedure which contained
high phosphoenolpyruvate concentration. Hence, in order not to overlook such
patients, it is necessary to usec a much lower substrate concentration for activity
assay [73], or to see accumulation of intermediates upstream of the PK step, such
as phosphoenolpyruvate, 3-phosphoglycerate and 2,3-diphosphoglycerate.

PK deficiency is the most common enzyme deficiency in the Embden—
~Meyerhof glycolytic pathway associated with HNSHA, and more than 300 cases
have been reported. We found 63 cases with PK deficiency in Japan.

Recently, Tani et al. [75] succeeded in clarifying the complete nucleotide
sequence of M,-type PK ¢cDNA and assigned the gene locus on chromosome
22 at q22.

2,3-Diphosphoglycerate Mutase Deficiency
2,3-Diphosphoglycerate mutase (DPGM) deficiency has been known to

cause either HNSHA [76] or polycythemia [77] due to marked decrease of 2,3-
-diphosphoglycerate in the red cell. DPGM Créteil was initially found by Rosa
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et al. [77], and the patient showed polycythemia. Quite recently, Rosa et al.
succeeded in defining the molecular basis of DPGM Crétail.*’Arginine was re-
placed by cysteine [28]. “Arg is next to the *Gln which is presumed to be in the
active site of the enzyme. Hence, it is conceivable that a change from arginine
to cysteine at the 87th position causes profound ill-effect to the enzyme function.
They assume that the patient is a compound heterozygote of this abnormal gene
and of a non-expressed gene, although it has not been proven as yet.

Glucose 6-Phosphate Dehydrogenase Deficiency

Human glucose 6-phosphate dehydrogenase (G6PD) was first purified to
homogeneity from red cells by Yoshida in 1966 [78]. Single amino acid substitu-
tion was described by Yoshida in two variants, G6PD A + [79] and G6PD Hek-
toen [80] in 1969 and 1970, respectively, although at that time the primary struc-
ture of human normal G6PD was unknown.

Takizawa et al. [29] clarified that a single nucleotide base transition is the
molecular basis of the common G6PD A + variant. AT to GC transition occurred
in the variant A+ gene, thus producing the amino acid substitution from aspera-
gine to aspartic acid at 142. The nucleotide change created an additional Fok I
cleavage site in the variant A+ gene. Thus, G6PD A + can be differentiated from
that of normal G6DP B subjects by Southern hybridization using a restriction
endonuclease Fok I. Hirono and Beutler [30] clarified the molecular basis of
G6PD A —, showing that A— mutation has two base changes, of which one is
the same as seen in A+ subjects. An additional base transition from G to A at
202 occurred, resulting in a single amino acid substitution from valine to methio-
nine. That G6PD A+ and G6PD A— contain the same mutation strongly sug-
gests that the latter occurred as a result of an additional base change in a carrier
of the former.

Quite recently, Vulliamy et al. [31] reported the molecular basis of several
other G6PD variants, including a common variant, G6PD Mediterranean.

Adenylate Kinase Deficiency

Adenylate kinase (AK) has two isozymes, AK-1 (muscle type) and AK-II
[33]. Red cell AK is AK-I. Human AK-I has been characterized and primary
and tertiary structure were analyzed by von Zabern et al. in 1976 [7]. AK-I has
been assigned to a gene locus on chromosome 9 and consists of 194 amino acids.
Nucleotide sequence of human AK-I ¢cDNA and genomic DNA has been de-
termined by Nakazawa et al. (personal communication). AK deficiency is a very
rare disorder [33]. As I had a case with AK deficiency associated with HNSHA
[81], we have done a cooperative study with them to clone and characterize the
patient’s AK-I gene using cultured lymphoblastoid cells of the patient. Pre-
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liminary data revealed that a single base change from C to T which resulted in
amino acid substitution from arginine to tryptophane at 128 in one allele while
the other allele was normal. This finding confirmed the fact that the patient had
about 509 of normal red cell AK activity and was thought to be heterozygote.
Since chicken AK-I is highly homologous to human AK-I with respect to the
amino acid sequence, we introduced the Arg to Trp substitution to chicken AK-I
gene at the same position by oligonucleotide-directed mutagenesis. The mutant
chicken AK-I expressed in Escherichia coli showed a reduced catalytic activity
as well as a decreased solubility and a charge in affinity to phosphocellulose.
Thus, it seems that the observed C to T transition is a cause of the decrease in
AK-I activity of the patient’s red cell. Analysis on phosphocellulose chromato-
graphy of red cell AK-I of the patient and the parents revealed that the mutant
allele of the patient was derived from her mother. As "Arg is in an «-helix which
locates just outside of the active center and substrate binding site, it appears to
play an important role in the regulation of enzyme activity. In this case, the
question why the heterozygous patient showed HNSHA, but a similar hetero-
zygous sister and the mother did not show HNSHA remains to be solved. Another
unknown factor may be responsible for the fact that the proband shows hemolysis
in addition to AK deficiency.

In this connection, it is worth mentioning that a case with AK deficiency
reported by Beutler et al. [82] in 1983, in spite of marked decrease in the red cell
enzyme activity, lacked evidence of hemolysis. Thus, the mechanism of hemolysis
in AK deficiency is puzzling.

Adenosine Deaminase Overproduction

Two forms of adenosine deaminase (ADA) have been characterized. The
small form (38 kDa) of the enzyme predominates in the spleen, stomach and red
cells, while the large form (298 kDa) predominates in the kidney, liver and skin
fibroblasts. The small form can be converted to the large form by complexing
with a 200 kDa protein known as the ADA binding protein [33]. The structural
gene locus for ADA (small form) is on chromosome 20 [83]. Low levels or the
absence of ADA is associated with one form of severe combined immunodefici-
ency disease [84].

Markedly increased ADA activity in red cells develops into HNSHA. The
mode of inheritance is autosomal dominant. Only four such families have been
reported, including our two [85-88]. We purified red cell ADA from normal
subjects and from a patient with increased ADA activity [89]. There were no
differences in the enzymatic and chemical properties. The accumulation of ADA
in our patient’s red cells seemed to be due to increased synthesis of structurally
normal emzyme [90].

Clones encoding human ADA were isolated and characterized by three
groups [18-20]. which enabled the investigation of the molecular mechanisms

Haematologia 22, 1989



224 S. Miwa: Red cell enzymopathies and hemolysis

of this interesting disease. Chottiner et al. [91] presented the data in a case repor-
ted by Valentine et al. [85]. Western blots demonstrated a corresponding increase
in red cell ADA. Analysis of genomic DNA revealed no evidence for amplification
or major structural changes in the ADA gene. ADA-specific mRNA from a
patient’s reticulocytes was comparable in size and amount to mRNA from reti-
culocytes of a normal control subject. Translation of a patient’s poly A + reticulo-
cyte mRNA in a rabbit reticulocyte lysate system and immunoprecipitation of
#35-labelled protein products with anti-ADA antibody yielded a band of 42 kDa
that was undetectable in translation products from control reticulocyte mRNAs.
These data suggest that the increased ADA activity in red cells in this disorder
results from the increased translation of an aberrant ADA mRNA.

In our laboratory, Kanno et al. [88] performed molecular analysis in a
recently discovered case. Southern blot analysis, Western blotting of partially
purified ADA, as well as dot blot analysis to determine ADA mRNA showed
essentially the same results as those of Chottiner et al. However, in a further ex-
periment, the 2.2 kb ADA promotor DNA fragment of these clones was fused
to the chloramphenicol acetyl transferase (CAT) gene, and transfected to human
erythroid cell line, K562. One out of three of these clones expressed 2.6 times
higher CAT activity than the normal ADA promotor fused to CAT gene in K562,
but such enhancement was not seen in human non-erythroid cell lines, HL 60 and
Raji. From these results, it is likely, though not conclusive, that the 5° promotor
fragment of the ADA gene of the patient is responsible for the cell-specific enhance-
ment of protein synthesis. From our own studies, we speculated the two molecular
mechanisms. One is increased translational efficiency of aberrant ADA mRNA,
and the other is the transient increase of the transcription of ADA gene in the red
cell precursor cells of the patient. The latter possibility may occur for the following
reasons. First, it takes over 100 hours for the erythroid precursor cells to mature,
whereas most of the mRNA species have much shorter half-lives, which range from
30 minutes to 17 hours. Second, the rate of mRNA synthesis rapidly declines in
late stages of erythroid maturation. Thus, an accumulation of ADA can occur
without an accumulation of reticulocyte ADA mRNA.

Quite recently, Chottiner etal. [92] described in an abstract that Northern
blot analysis performed under stringent conditions confirmed a markedly increased
amount of reticulocyte ADA mRNA in the patient, and they concluded that this
disorder probably occurs at the level of transcription in erythroid precursors.
If it is true, then our first hypothesis is wrong while the second hypothesis is similar
to their conclusions. However, even so, he molecular basis to cause this
increased transcription efficiency needs further study.

Pyrimidine 5’-Nucleotidase Deficiency

Pyrimidine 5’-nucleotidase (PSN) deficiency seems to be one of the more
common causes of HNSHA. Swallow et al. [93] and Paglia et al. [94] found, in-
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dependently, that PSN-deficient patients had a marked deficiency in P5N activity
when uridine monophosphate (UMP), cytidine monophosphate (CMP), or de-
oxycytidine monophosphate (dCMP) were the substrates, but near-normal levels
of activity when deoxyuridine monophosphate (dUMP) or deoxythymidine mono-
phosphate (dTMP) were the substrates. In our laboratory Hirono et al. [95]
separated human red cell PSN into two subclasses, PSN-I and -11, by DEAE gel
chromatography. The PSN-II from the five patients with this disorder had normal
activity. However, the PSN-I from these patients had abnormal properties, and
were heterogeneous. These results strongly suggest that the main cause of P5N
deficiency 1s an abnormality of P5N, probably arising from a structural gene
mutation. It should be added that when dUMP was used as a substrate, all these
P5SN deficient patients showed normal P5N activity.

Conclusion

In these few years, very rapid advances have been made with respect to the
molecular basis of red cell enzymopathies associated with HNSHA as summarized
in Table 1. It is expected that the comming few years will be more fruitful in clar-
fying the relationship between abnormal structure(s) and function(s) and finally
the molecular mechanisms of hemolysis in HNSHA.

However, I must stress that it is the concensus of investigators in this field
that pathogenesis in about 3/4 of HNSHA patients remain unknown even after
adequate red cell enzyme studies as well as Carrell’s isopropanol test for unstable
hemoglobin have been made [96, 97]. We have to think about it and make efforts
in order to unravel new red cell enzymopathies. A most recent report by Beutler
et al. [98] on red cell glutathione S-transferase deficiency is regarded to be one
of these examples.
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Congenital agranulocytosis is a rare and frequently fatal infantile disease
characterized by recurrent bacterial infections, persistent absence of neutrophils in the
peripheral blood and an arrest of myeloid maturation at the promyelocyte/myelocyte
stage. The effect of human recombinant Granulocyte-Macrophage colony stimulating
factor (GM-CSF) alone and in combination with retinoic acid, dimethylsulphoxide or
actinomycin-D on the proliferation and differentiation of bone marrow cells from a
child with congenital agranulocytosis was studied. Cells were treated at a concentration
of 1x 10> per ml in in-vitro culture with GM-CSF alone and in combination with
retinoic acid, dimethylsulphoxide or actinomycin-D for 7 days at 37 “C in humidified
incubator containing 5% CO, in air. GM-CSF showed a profound stimulatory effect on
the proliferation of myeloid progenitors from the child bone marrow and restored
colony numbers in the retinoic acid-, dimethylsulphoxide- and actinomycin-D-in-
hibited cultures.

Keywords: cell differentiation, cell proliferation, congenital agranulocytosis,
congenital neutropenia, dimethylsulphoxide, colony-stimulating factor, Kostmann
syndrome, retinoic acid

Introduction

Human recombinant Granulocyte-Macrophage colony stimulating factor
(rHu GM-CSF) has been reported to enhance proliferation and differentiation of
normal and leukaemic myeloid bone marrow cells [13, 14, 15]. Partial differentia-
tion of the human myeloid leukaemia cell line KG-1 has been induced by rHu
GM-CSF [16]. It has also been reported to restore the growth inhibition caused
by dimethylsulphoxide in human promyelocytic leukaemia cell line HL-60 [17].

In the present study, the effect of human recombinant GM-CSF alone and in
combination with retinoic acid, dimethylsulphoxide and actinomycin-D on the
proliferation and differentiation of bone marrow myeloid progenitors from a
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child with congenital agranulocytosis has been studied. Retinoic acid, dimethyl-
sulphoxide and actinomycin-D induce differentiation of cells from several myeloid
leukaemia cell lines [18] and from patients with acute myeloid leukaemia [19].

Materials and Methods
Preparation of bone marrow cells

Bone marrow was obtained by aspiration from the posterior iliac crest of
a 6-months female child with congenital agranulocytosis into a sterile syringe
containing preservative-free heparin after an informed consent from her parents.
Her blood count showed: Hb 100 g/L, platelets 800 x 10Y/L, nucleated cells
10 x 10%L, eosinophils 0.8 x 10%/L, monocytes 1.8 x 10’/ and complete absence of
neutrophils. Her bone marrow aspirate showed normal cellularity with normal
erythropoiesis and megakaryocytes and a maturation arrest at an early myelocyte
stage. Non-adherent monomuclear marrow cells were prepared as described
before [20].

Preparation of human recombinant GM-CSF

rHu GM-CSF was generously provided by Dr. R. E. Marcus from the
Department of Haematology of Addenbrooke’s Hospital, Cambridge, at a con-
centration of 1x 10° units per ml in medium containing 0.1 % bovine serum
albumin (BSA). It was diluted to a final concentration of 100 Units/ml before
addition to culture.

Preparation of retinoic acid

A stock solution of 107*M retinoic acid was prepared as described before
[20]. Before use, it was serially diluted to provide final concentrations of 107"M,
107°M., 10~“M, and 10~°M. All tubes were covered with aluminium foil and the
manipulations were carried out in subdued light.

Bone marrow culture

Non-adherent mononuclear bone marrow cells were plated at a concentra-
tion of 1x10° cells/ml in 35 mm Petri dishes containing 0.8 %, methylcellulose,
RPMI 1640 culture medium 309 fetal calf serum, 19, bovine serum albumin and
10~*M 2-mercaptoethanol in a total volume of I ml, rHu GM-CSF was added at a
concentration of 100 Units/ml. Retinoic acid was added at the concentrations of
10-"M, 10~*M, 10~ "M and 10~"M. Dimethylsulphoxide was added at a concentra-
tion of 100mM and actinomycin-D at a concentration of 5SnM. A control plate
containing neither rHu GM-CSF nor any differentiating agent was also set up in
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conditions otherwise identical. Triplicate plates of each of the culture conditions
were set up in a humidified incubator containing 5%, CO, in air at 37 °C for 7 days.
After days of incubation, colonies of 40 or more cells were counted using an
inverted microscope.

Assessment of differentiation at day 7

On day 7, cells from each 35 mm Petri dish were resuspended to produce a
mononuclear suspension. Morphological maturation was assessed on cyto-
centrifuge smears using Hyel-Romanowsky stain. Functionally, the differentiation
was estimated by the nitroblue tetrazolium dye reduction test which was performed
as described before [20].

Results

The mean number of CFU-GM per 1 x10° cells in control cultures with
no additions was 39 + 12. Human recombinant GM-CSF at a concentration of
100 Units/ml markedly increased the CFU-GM in the congenital agranulocytosis
bone marrow cells by more than five times the control level (Table 1). Moreover,
it was able to restore the growth inhibition caused by the three differentiating
agents: retinoic acid, dimethylsulphoxide and actinomycin-D by 339%, 459, and
359, respectively. The enhancement of proliferation of the progenitor cells was

Table 1

Effect of human recombinant GM —CSF alone and in combination with differentiating
agents on the colony formation of congenital agranulocytosis bone marrow cells

CFU-GM on Day 7%

without rHu with rHu

Differentiating agent

) ) GM-CSFf GM-CSF

Control 39 12%* 202.8:+5.7
Retinoic acid (107 M) 46.8+5.9 205.1+ 4.8
Retinoic acid (107 M) 44.8+5.9 202.84- 5.7
Retinoic acid (10 % M) 23.4+ 8.6 200.2+6.2
Retinoic acid (10-% M) 239+49.2 179.44+17.1
Actinomycin-D (5 nM) 20.8+ 6.5 182.0+9.2
Dimethylsulphoxide (100 mM)

15.6+6.1 175.5+9.4
Cells were cultured at a concentration of 1x 10°/ml for 7 days in 35 mm Petri culture
dishes. All experiments were performed in triplicate.
* represents the number of colonies on day 7, each colony contained 40 or more cells;
** Mean + Standard Deviation
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Table 2

Effect of Human Recombinant GM-CSF alone and in combination with differentiating
agents on the differentiation of congenital agranulocytosis bone marrow cells

%, of nitro-

s B
Morphology (%, of cells) Bluetetrazoliim

Differentiating agent

lmmﬁluiric";rNilntermedia(eb Mﬁulicc - Othersd Reducing cells )
Control* 81.54+2.4*%* 11.0+4.5 5.5+ 2.1 4.04+1.2 4.5+3.5
GM-CSF alone
(100 U/ml) 8.01+-1.9 3L04-2.7 29.04 2.1 22.5-F2.4 46.0+4.2

GM-CSF 4+ RA 10°*M 3:04+1.2 17.0+ 1.4 81.54+2.5 7.0+3.5 80.0+1.2
GM-CSF + RA 10~*M 2L5-F 157 16.5£ 1.2 83.5+4.6 2.5:4=1.9 81,529
GM-CSF + RA 10°"M 1.5-E2.1 15:54=1.6 84.5+3.8 2.0+1.2 82.5:2.5
GM-CSF 4+ RA 107°M 1:0-t412 14.04+1.2 84.5+3.2 10413 82.5:2.7
GM-CSF + DMSO

100 mM 1.0+ 1.4 35.5+ 5.9 55.5+24 9.0+ 1.4 53.5:£3.5
GM-CSF + Act-D

5nM 1.0+ 1.6  440+42  345+17  205+29  49.5+2.4

Cells were cultured at a concentration of 1x 10°/ml for 7 days. All experiments were
performed in triplicate.

RA: Retionic acid, DMSO: dimethylsulphoxide, Act-D: actinomycin-D; * Contains
neither GM-CSF nor any agent; ** Mean + Standard Deviation. a: myeloblasts and pro-
myelocytes, b: myelocytes, ¢c: metamyelocytes and mature granulocytes, d: eosinophils and
monocytes.

accompanied by the partial differentiation when rHu GM-CSF was used alone
(Tables 1, 2).

Morphological examination of cytocentrifuge smears of cells from treated
cultures revealed an increase in the number of mature granulocytes from 5.5% in
the controls to 299, with rHu GM-CSF (Table 2). The addition of dimethyl-
sulphoxide and actinomycin-D to rHu GM-CSF cultures increased the percentage
of mature granulocytes to 54 % and 559 respectively (Table 2). When the marrow
was incubated with rHu GM-CSF and retinoic acid, over 809, of the resulting
cells on day 7 were metamyelocytes and mature granulocytes (Table 2).

We studied the ability of human recombinant GM-CSF alone and in com-
bination with retinoic acid, dimethylsulphoxide or actinomycin-D to induce a
functional differentiation in the cultured cells by assessing their ability to reduce
the nitroblue tetrazolium dye. While only 4.59( of cells from the control cultures
were able to reduce the dye, 469, of those from rHu GM-CSF treated cultures,
reduced it (Table 2). The addition of retinoic acid to rHu GM-CSF treated
cultures increased the number of nitroblue tetrazolium reducing cells to more than
809 (Table 2).
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Discussion

The pathological basis for congenital agranulocytosis remains obscure.
The condition affects only neutrophils with platelets, red cells and more signif-
icantly eosinophil production remaining normal. No immunological basis either
humoral or cellular has been consistently shown to be responsible for the failure of
maturation observed.

Our findings show that rHu GM-CSF profoundly enhanced the proliferation
of myeloid progenitors derived from the bone marrow of a child with congenital
agranulocytosis and restored the growth inhibition caused by retinoic acid,
dimethylsulphoxide and actinomycin-D.

Also, we have shown little myeloid differentiation in the bone marrow
colonies on day 7 from a child with congenital agranulocytosis in the absence of
rHu GM-CSF. On incubation with rHu GM-CSF, however, a partial maturation
of these colonies took place showing that myeloid progenitors in this case were
sensitive to the differentiating effect of this human haemopoietic growth factor.
This effect was markedly enhanced on the addition of the differentiating agent:
retinoic acid.

Differentiation of myeloid progenitor cells in in-vitro culture by agents such
as retinoic acid, dimethylsulphoxide and actinomycin-D is usually at the expense of
proliferation [19]. We have shown that the combined incubation of human
recombinant GM-CSF with the above differentiating agents restores the inhibited
growth. The block in differentiation observed in this child may be overcome by a
combination of human recombinant GM-CSF and retinoic acid. Endogenous
GM-CSF levels were not assessed in the patient. Antigen density of GM-CSF
receptors in the myeloid progenitors similarly could not be established. Neverthe-
less we have demonstrated the ability of pharmacological dosages of a combination
of human recombinant CM-CSF and retinoic acid to differentiate the myeloid
progenitors in this case. This combination may be effective in the treatment of
children suffering from congenital agranulocytosis.
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Clinical and histopathological data of 307 patients with non-Hodgkin’s lymp-
homa (NHL) was reviewed applying the Kiel histopathologic classification scheme and
the Ann Arbor clinical and pathologic staging system.

The first group included 74 patients who were diagnosed as having lympho- and
reticulosarcomas during the 1965— 1974 period. The case histories and histological
diagnoses of these patients were retrospectively reevaluated. These patients were given
orthovoltic irradiation and single agent chemotherapy. The second group included 233
patients who were entered into a prospective study from 1975 onwards. These patients
were given combined pelychemotherapeutical regimes. The comparative investigation has
shown that the proportion of the low and high grade NHLs were the same in the
groups. The administration of the new chemotherapeutical regimes did not influence
significantly the survival of NHL patients.

Keywords: chemotherapy, non-Hodgkin lymphoma, survival probability

Introduction

Histopathology of lymphoma has changed during the last 20 years [1, 2, 3
4]. Modern classifications, such as the Kiel diagnostic scheme, were introduced
into our practice 13 years ago [5, 6, 7, 8, 9]. Around the same time new poly-
chemotherapeutic regimes have also been introduced. While the new classification,
helped evaluate the lymphomatous process in a more meaningful way [2, 4, 10, 11],
it became more difficult to compare the earlier single drug therapy and the new
polychemotherapy regimes. For this reason we decided to perform a retrospective
analysis and reclassify the early cases by the modern Kiel classification.

In this paper we describe the comparative analysis of the two different
therapeutic approaches on the basis of the unified diagnostic and clinical criteria.

VSP, Utrecht, Tokyo
Akadeémiai Kiado, Budapest
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Patients and Methods

The histological revision and reclassification of biopsy sections from 307
patients initially diagnosed as lymphosarcoma and reticulosarcoma was carried
out in 1976. Questionnaires were sent to the 152 patients with obtainable address.
More detailed information was gained for 74 cases from several clinics files, from
the patients and their relatives. 43 of our questionnaires remained unanswered:
we suppose some of these patients had alredy deceased by that time. The reexami-
nation of the ten patients still alive has been performed at our clinics in 1976.
The main modality of treatment in the first period was orthovoltic irradiation
while Degranol, Cyclophosphamide, Leukeran, Vinblastine, Prednisone were
used mostly as single agent therapy. Attempts to learn exact dosage were un-
succesful.

In the second ten year period, between January 1, 1975 and December 31,
1984, 233 NHL — patients were examined at the 3rd Department of Medicine
University Medical School of Debrecen. The diagnosis was based in all cases on
the detailed histologic study of the biopsy sample applying the Kiel scheme for the
classification [2].

Following clinical staging, patients were classified according to the Ann
Arbor criteria [12]. Patients were treated on the basis of published literature, as
well as comprehensive studies [13, 14, 15] and concepts described in the “Manual
of Cancer Chemotherapy™ [16]. Patients in the low grade malignancy group were
treated by the COP (Cyclophosphamide, Oncovine, Prednisone) protocol, with the
exception of CLL (chronic lymphocytic leukaemia) patients where the combination
of Prednisone and Leukeran or Prednisone monotherapy was applied. In the first
five years of the second ten-year period patients with high grade NHLs were
also treated by the COP scheme. In the case of unfavorable clinical effects we
changed to BACOP (Bleomycin, Adriamycin, Cyclophosphamide, Oncovine,
Prednisone) [17] or CHOP (Cyclophosphamide. Adriablastine Oncovine, Predni-
sone) [18] polychemotherapy. In the second five-year period patients with high
grade malignancy lymphomas were treated primarily according to the CHOP or
BACOP scheme, individual modifications were used as second treatment. Radio-
therapy was applied only in the I —1I clinical stages or as palliation, mostly on
vital indication to decrease the tumorous mass. Irradiation was administered at the
Clinic of Radiology, Cobalt Therapy Ward, with 40 Gy per region cumulative
dose, giving 2 Gy daily.

At the assessment of therapeutic effects we observed suggestions issued by
the “World Health Organisation™ in 1979.

Survival and follow-up data were obtained on 194 patients during the second
10 year period. We have no information on 39 patients; they were supposedly
rehospitalized elsewhere.

Survival data were processed by the method of Kaplan and Meier, with a
computer.
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Results

Among the NHL patients diagnosed between 1965 and 1974 we gained
evaluable clinical data in 74 cases. 46 were males (62.8 %) and 28 females (37.8 %).
The male — female ratio was 1.64 : 1. Mean age at diagnosis was 58.1 years
(22—79). Distribution of patients according to diagnosis is shown in Table 1.
69 9 of the patients belonged to the group with low-grade NHL,while31 9, were in
the group with high-grade malignancy. In this group of patients no case of T-cell
lymphoma was found. Though available data were not sufficient to evaluate
clinical stage and judgement of remission, nevertheless we were successful in
determining the survival time from diagnosis. At the time of the study 10 patients
were still alive, all of them belonged to the group with low-grade lymphomas.

In the course of the next 10 years we examined altogether 233 NHL-patients.
Among them 148 (63.5%) were male and 85 (36.59%)) female. The male-female
ratio was 1.75 : 1. The mean age of the patients was 58.47 (18 —89) years.

Table |

Distribution of histologic type of NHLs diagnosed between 1965 and 1974

Histological type of Number of
NHLs patients

Low-grade malignancy

CLL 24 32.45
Centrocytic 7 9.45
Centrocytic-centroblastic 2 2.15
Immunocytic 18 24.35
51 69.0

High-grade malignancy

Centroblastic 16 21.62

Immunoblastic 5 6.75

Centroblastic — immunoblastic 2 2.70
23 31.0

NHLs occured most frequently in old age. There was a difference in the age
distribution of the groups of low-grade and high-grade NHLs (Fig. 1). High-grade
lymphomas occured most frequently at an age 10 years earlier than low-grade
NHLs. No difference was found in the sexes in the different age groups. Summa-
rising the data obtained on histological evaluation (Table 2), 609, of the patients
belonged to the group with low-grade and 31.79% to the group with high-grade
lymphomas.
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Fig. 1. Age specific distibution of low and high grade NHLs

Table 2
Classifications of NHLs between 1975 and 1985

Histological type of Number of ’
NIiLs patients =

Low-grade malignancy

Lymphocytic type

CLL 56 24.0
Mycosis f., Sezary sy. 3 1.2
Hairy-cell leukaemia 2 0.9
Immunocytic 26 11.2
Plasmocytic 3 1.3
Centrocytic 24 10.3
Centrocytic — centroblastic 26 11.2
140 60.0

High-grade malignancy

Centroblastic 35 15.02
Immunoblastic 17 7.29
Lymphoblastic 17 7.29
Unclassified 5 2.14

74 31.74

Others 19 8.16
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Table 3

Distribution by clinical stage (1975— 1985)

Number of
Stage patients °

L 7 3.9
I1. 21 11.8
111. 47 26.8
V. 99 559
Unknown 3 1.6
All patients 177 100.0

+ CLL 56

233

Systemic symptoms (without CLL)

SO 16 9.0
B 124 70.1

Unknown 37 20.9

It was not possible to classify the biopsy specimens of 19 patients (8.16 %).

From the immunological point of view 198 NHL cases (84.99%) were of
B-cell type and only 10 cases (4.3 %) were of T-cell origin.

82.79% of our patients were diagnosed in progressive (I1I —1V) clinical stage
of the disease (Table 3) and the illness was accompanied by so called B symptoms
in 70.19% of the patients at diagnosis. The results of therapy could be evaluated
according to histological diagnosis and clinical stage in 158 patients. CLL patients
were not evaluated from this point of view as the concept of remission cannot be
applied to them.

Table 4

Comparison of survival data of the two main groups (mean + SE)

Mean survival time (months)

Diagnosis b Ay’ P ety I p-
19651974 19751985

NLH (with CLL)
with low-grade 25.5+5.4 31.0142.82 not significant
malignancy n= 5l n= 120

NHL
with high-grade 12.8+2.4 14.094 2.01 not significant
malignancy ni=23 n= 74

CLL 36.8+8.4 39.7+ 5.46 not significant
(alonc) n= 24 n= 47
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Fig. 2. Comparison of survival of patients with low and high grade lymphomas
(1975—1985)

Following the first treatment, 40.99%, of the patients with low-grade malig-
nancy obtained complete remission, the overall response rate was 73.2%,. Among
patients with high-grade NHLs complete remission was proven in 43.8% and the
overall response rate was 63.87 %,. Mean time of remission was 14.5 months in the
group with low-grade and 8.37 months in the group of high-grade malignancy.

Mean survival time of patients during the second 10 year period was 25.5 +
+ 5.4 months in the low-grade and 12.8 + 2.4 months in the high-grade malig-
nancy group. Looking at the CLL patients, their mean survival time was 36.85 +
+ 8.4 months (Table 4). Comparing mean survival times in the two 10 year
periods we found no statistically significant differences, but the mean survival time
of patients with low-grade lymphomas proved longer during the second 10 year
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Fig. 3. Comparison of survival of low and high grade NHLs between 1965 and 1974
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period. Treatment results of the second 10 year period were compared even in
5 year terms, but no important differences were found. Survival curves of patients
treated between 1975 and 1985 differ greatly according to histological type in
favour of the low-grade malignancy group (Fig. 2). These diferences are less
apparent in the first 10 year period (Fig. 3).

Discussion

Investigation of NHLs focuses on three major problems: histopathological
classification, determination of the clinical stage and therapy depending on both.

We evaluated the data of our own patients using the Kiel classification.
In accordance with the literature, we found that the appearence of NHLs means an
increasing risk for the elderly population (mean age 58 years) and occurs more often
in men than in women. Evaluating the histological diagnoses, the number of
centrum cell tumors was extremly high, higher as could be awaited on the basis of
international [19, 20] and national [8] data. The frequency of cases with low-grade
and high-grade: malignacy isinaccordance with the results of international and
national centres [2, 3, 8, 19, 20]. Immunological evaluation pointed to the pre-
dominance of B-cell tumors.

The clinical staging system is the same for Hodgkin’s and non-Hodgkin’s
lymphomas. In Hodgkin’s disease, however, it is of greater importance from the
point of view of both therapy and prognosis. The reason for this is, that in NHLs
in over 809, of patients (in our cases 82.8 %) the disease is generalised already at
first presentation [21] as it is rapidly progressive and certain forms are prone to
leukaemic transformation [13, 23, 24, 25]. On the other hand, the heterogeneity of
NHLs necessitated the modification of the staging system of mycosis fungoides
[21], gastrointestinal lymphomas [21] and last but not least the staging of CLL
[26] differ from the Ann Arbor criteria. It is important that mainly the high-grade
NHLs often are accompanied by central nervous system manifestations. This
makes prophylactic therapy for the protection of the central nervous system
necessary. In our patients treatment of lymphoblastic (mainly T-cell) lymphoma
has been combined automatically with BCNU and/or intrathecal Methotrexate.

Overall response rate and complete remission rate of our patients does not
reach published results based on the Kiel classification [19, 20]. A possible ex-
planation of this is that we treated patients at an advanced stage of the disease.

It was possible to compare results of the two 10 year periods from the point
of view of survival (Table 4). Though we used more modern diagnostic and thera-
peutic regimens, survival times of patients did not increase compared to the former
10 year period, when treatment consisted of radiotherapy and single agent chemo-
therapy.

In the case of NHLs there is essential difference between cases with low-
grade or high-grade malignancy. In the latter case, using aggressive therapy, the
rate of complete remission is certainly higher, the duration of remission is longer
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[22]. On the other hand low-grade NHLs remain stable without treatment and
even spontaneous regression may occur [22, 27], but they can also transform to
more aggressive disease. According to the observation of Smith et al., the duration
of complete remission is short and monoclonal B lymphocytes may remain in the
circulation even after treatment [23]. Presumably, the disease can almost never be
eradicated completely, only macroscopic signs are missing. This is the reason why
the principle of watchful waiting seems to be valid even today in the therapy of low
grade NHLs [22, 28, 29], all the more because the proliferative activity of these
tumours is low [22]. The high-grade lymphomas being tumours of high prolifera-
tive rate respond well to the first therapy. In the case of complete remission no
monoclonal B-cell population can be found in the circulation so there is hope for
complete recovery. One of the real possibilities is autologous bone-marrow
transplantation that has been introduced at the National Institute of Haematology
and Blood Transfusion.

Although watchful waiting, the frequent, systematic checkup of patients is
very important, it should be kept in mind that the majority of patients with low
grade NHL also die from the disease. We should make efforts to integrate the
results of immunology, cytogenetics and molecular biology not only into the
diagnostics, but also into the therapy of NHLs so that the chances of therapy
should improve. The therapy should not become by all means more aggressive,
but more specific in order to make complete cure of patients a reality.
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Uptake of ferritin and iron bound to ferritin
by rat hepatocytes.: modulation by apotrans-
Sferrin, iron chelators and chloroquine. J. C.
Sibille, H. Kondo and P. Aisen (Department
of Physiology and Biophysics, and Medicine,
Albert Einstein College of Medicine, New
York, N. Y., USA). Biochim. Biophys. Acta
1010, 204 (1989).

Rat liver ferritin is an effective donor of
iron to rat hepatocytes. Uptake of iron from
ferritin by the cells is partially inhibited by
including apotransferrin in the culture me-
dium, but not by inclusion of diferric trans-
ferrin. This inhibition is dependent on the
concentration of apotransferrin, with a 309
depression in iron incorporation in the cells
detected at apotransferrin concentrations
above 40 pg/ml. However, apotransferrin
does not interfere with uptake of '*I-labeled
ferritin, suggesting that apotransferrin decre-
ases retention of iron taken up from ferritin
by hepatocytes by sequestering a portion of
released iron before it has entered the meta-
bolic pathway of the cells. The iron chelators
desferrioxamine (100 M), citrate (10 mM)
and diethylenetriaminepentaacetate (100 .M)
reduce iron uptake by the cells by 35, 25 and

%, respectively. In contrast, 1 mM ascorba-
te increases iron accumulation by 20%,. At a
subtoxic concentration of 100 wM, chloro-
quine depresses ferritin and iron uptake by
hepatocytes by more than 509 after 3 h
incubation. Chloroquine presumably acts by
retarding lysosomal degradation of ferritin
and recycling of ferritin receptors.
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Role of phosphate-containing compounds in
the transfer of indium-111 and gallium-67
from transferrin to ferritin. R. E. Weiner
(Division of Nuclear Medicine, Department
of Radiology, Indiana University Medical
Center, Indianapolis, Indiana, USA). J.
Nucl. Med. 29, 70 (1989).

Physiologic concentrations of ATP sti-
mulate the translocation of gallium-67
(""Ga) from human transferrin (TF) to horse
ferritin (HoFE). The mechanism of this
translocation was examined. One millimolar
ATP did not speed the binding of *“Ga or
indium-111 (*"'In) to HOFE. ATP and pyro-
phosphate (PP;) at 1 mM, did not form high
affinity complexes with ®“Ga or "'In. ATP
and PP, interacted directly with the [$7Ga]TF
complex and could within minutes increase
the amount of nonprotein-bound *’Ga. Se-
rum HCOj concentration, 30 mM, prevented
the ATP-induced dissociation of #?Ga from
TF, whereas intracellular concentrations
(0.4 and 5 mM) did not. Using a dialysis
technique, ATP also stimulated the transloca-
tion of ""'In from TF to HoFE; however, this
process was much slower than with %7Ga.
ATP caused an increase in the nonprotein-
bound '"'In compared to the control. These
results suggest the formation of nonprotein-
bound nuclide by these phosphate-containing
compounds in a Kinetically labile form is
important to the translocation mechanism.

A. Egyed

VSP Utrecht, Tokyo
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Ca*" -activated K e filux limits complement-
mediated lysis of human erythrocytes. J. A.
Halperin, C. Brugnara and A. Nicholson-
Weller (Department of Cellular and Mole-
cular Physiology, Harvard Medical School,
Boston, MA, USA). J. Clin. Invest. 83, 1466
(1989).

The lytic effect of complement on human
erythrocytes has been reported by others to
increase when Na' is substituted for K™ in
the external medium. In this paper it is in-
vestigated the hypothesis that net loss of K
through a K" transport pathway protects
erythrocytes from complement-induced col-
loidosmotic swelling and lysis. Antibody-
sensitized human erythrocytes containing
different intracellular cation concentrations
(nystatin treatment) were exposed to low
concentrations of guinea pig serum in media
of different cation composition; complement
lysis was assessed by the release of hemoglo-
bin and the volume of the surviving cells
estimated by their density distribution pro-
fles. Complement-dependent swelling and
lysis of erythrocytes (a) were limited by the
presence of an outwardly directed K" elec-
trochemical gradient and (b) were enhanced
by carbocyanine, a specific inhibitor of the
Cazt-activated K transport pathway, and
by absence of Ca®™ in the external medium.
It is proposed that during complement acti-
vation a rising cytosolic calcium triggers the
Ca?t-activated K* permeability pathway,
the Gardos effect, produces a net K3, G
and water loss, and thus limits the colloidos-
motic swelling and lysis of erythrocytes

Ilma S:zas:z

Volume-sensitive, Cl-dependent K transport in

resealed human ervthrocyvte ghosts. W. C.
O’Neill (Department of Medicine, Emory
University School of Medicine, Atlanta,

Georgia, USA). Am. J. Physiol. 256, C8I
(1989).

Potassium influx and efflux in Cl and
NO, media were measured in resealed ghosts
prepared from human red cells. Cl-dependent
K influx was three times that in intact cells
and, as in intact cells, was partially supported

Haematologia 22, 1980

by Br but not by thiocyanate (SCN). In other
properties, this flux differed from that in in-
tacts cells: substitution of N-methylgluca-
mine for Na did not decrease but rather in-
creased Cl-dependent K influx, the affinity
for external K was reduced, with a K, of
21.3 + 12.5 mM, and inhibition by furose-
mide and bumetanide was incomplete. Furo-
semide at 1 mM inhibited Cl-dependent in-
flux by 26 and 519 at 4 and 20 mM K,
respectively. Bumetanide inhibited Cl-depen-
dent K influx by 0 and 55 %; at concentrations
of 10 puM and | mM, respectively, in 4 mM
K, with no further inhibiton at 20 mM K.
Neither the magnitude nor the properties of
the flux were altered by preparing ghosts in
the presence of 1,4-dithiothreitol, indicating
that sulfhydryl oxidation was not respon-
sible for the altered flux in ghosts. Treatment
with N-ethylmaleimide (NEM) either before
or after ghost preparation did not increase
Cl-dependent K influx. However, Cl-depen-
dent influx in ghosts could be augmented by
increasing ghost volume or ATP content.
Resealed human erythrocyte ghosts thus
exhibit a volume- and ATP-sensitive, Cl-de-
pendent K flux that differs substantially from
the putative Na-K-Cl cotransport in intact
cells in that it is independent of Na, is rela-
tively resistant to furosemide and bumeta-
nide, and has a low affinity for K. Its proper-
ties are identical to those of the putative
K-CI cotransport seen in swollen or NEM-
treated red cells, and the activation of this
K-ClI cotransport in the resealed ghosts may
be due to the initial cell swelling during ghost
preparation or to changes related to the
action of NEM in intact red cells.

Ilma S:zas=

Changes in the proteolyvtic activity of human
ervthrocyte membrane during red cell aging.
M. Gaczynska (Laboratory of Biophysics
of Development and Aging, Department of
Biophysics, University of Lodz, Poland).
Biochim. Biophys. Acta 981, 173 (1989).

The action of endogenous membrane
proteinases in membranes isolated from
human red cells of various ages was assayed
by three groups of methods: (1) determina-
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tion of the amount of protein fragments
released to the acid-soluble fraction; (2)
monitoring of changes in ESR spectra of
maleimide spin-labeled erythrocyte membra-
nes; (3) electrophoretic methods: a two-di-
mensional analysis of the activity inside
SDS-PAGE gels. For all the methods the
effects of proteinase action were highest in
ghosts isolated from the erythrocytes of mid-
dle age.

G. Gardos

A cAMP-reqgulated chloride channel in lym-
phocytes that is affected in cystic fibrosis. J.
H. Chen, H. Schulman and P. Gardner
(Department of Medicine, Stanford Univer-
sity, Stanford, CA, USA). Science 243, 657
(1989).

A defect in regulation of a chloride
channel appears to be the molecular basis
for cystic fibrosis (CF), a common lethal ge-
netic disease. It is shown here that a chloride
channel with kinetic and regulatory proper-
ties similar to those described for secretory
epithelial cells is present in both T and B
lymphocyte cell lines. The regulation of the
channels by adenosine 3°, 5-monophosphate
(cAMP)-dependent protein kinase in trans-
formed B cells from CF patients is defective.
Thus, lymphocytes may be an accessible
source of CF tissue for study of this defect,
for cloning of the chloride channel complex,
and for diagnosis of the disease.

B. Sarkadi

Effects of sodium removal on calcium mobi-
lization and dense granule secretion induced
by thrombin in human platelets. M. T. Alonso,
A. Sanchez and J. Garcia-Sancho (Departa-
mento de Bioquimica y Biologia Molecular y
Fisiologia, Facultad de Medicina, Univer-
sidad de Valladolid, Valladolid, Spain).
Biochim. Biophys. Acta 981, 367 (1989).

Removal of extracellular sodium dec-
reased calcium mobilization from intracellu-
lar stores induced by thrombin in aspirin-
treated human platelets. ATP and serotonin
secretion were also significantly reduced.
Secretion was positively correlated with

calcium mobilization, but the presence or
absence of sodium did not modify the slope
of the regression line. Half-maximal secretion
was reached when [Ca3+]i was increased by
about 0.1 wM. Calcium mobilization induced
by the divalent cation ionophore ionomycin
was not modified by sodium removal. Sec-
retion induced by ionomycin was much smal-
ler than the thrombin-induced one for the
same increases of [Ca?t ], These results sug-
gest that the presence of external sodium is
required for normal thrombin-induced cal-
cium release from the intracellular stores
and hence for dense granule secretion. How-
ever, secretion cannot by only attributed to
the increase of cell [Ca%™ ]; but also to other
process(es) which are not affected by external
sodium.

B. Sarkadi

Reversible electropermeabilisation of human
and rat blood platelets : evaluation of mor-
phological and functional integrity in vitro and
in vivo. K. Hughes and N. Crawford (De-
partment of Biochemistry and Cell Biology,
Hunterian Institute, Royal College of Sur-
geons of England, London, UK). Biochim.
Biophys. Acta 981, 277 (1989).

A high-voltage discharge procedure has
been developed for permeabilising the plasma
membranes of both human and rat blood
platelets. The cells can be resealed by incuba-
tion at 37 "C, show < 49 loss of lactate
dehydrogenase (LDH) implying minimal cell
lysis and also have well maintained mor-
phological and functional integrity. The
prototype apparatus used at field strengths
between 6 and 8 kV/cm produces membrane
pores which allow free diffusion of low mole-
cular weight substances such as adenine
nucleotides, inositol phosphate and fluores-
cent dyes. Two properties, namely Ca*"-in-
duced secretion of granule stored 5-hydroxy-
tryptamine (SHT) and inositol 1,4,5-tris-
phosphate (IP,)-induced release of intracel-
lularly sequestered 'Ca, which are both well
expressed immediately after permeabilisa-
tion, are essentially abolished after resea-
ling. The efficiency of permeabilisation and
resealing can be simply monitored by shifts
in “apparent platelet volume’ using a resis-
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tive particle counter (Coulter). Permeabilised
platelets show a shift in modal volumes
from a control range 4-7 fl to 10-15 fl.
Resealing restores these modal volumes to
the original control range. Encapsulation of
the fluorochrome, Lucifer yellow (M, 550),
during permeabilisation revealed that after
resealing > 859 of rat platelets, and close
to 1009% human platelets, contained the
encapsulated dye. The initial rates and %,
aggregation responses of both human and rat
platelets to collagen, thrombin and the
thromboxane A,-mimetic U46619 remained

Haematologia 22, 198%

Abstract

essentially normal after permeabilisation and
resealing further illustrating the maintenance
of functional competence following treat-
ment. Resealed rat platelets reinfused into
the circulation after labelling with ['''In]
indium oxine gave survival curves similar
to those of control platelets. Therefore, this
reversible permeabilisation procedure may
allow the use of autologous or heterologous
platelets as carrier vehicles for the delivery
of drugs and other agents ““in vivo™,

G. Gardos
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