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GREY MATTER ATROPHY IN PATIENTS SUFFERING FROM
MULTIPLE SCLEROSIS

Zsigmond Tamds KINCSES'-2, Eszter TOTH', Néra BANKO', Déniel VEREB', Nikoletta SZABO'2,
Gergd CSETE', Péter FARAGO', Andrds KIRALY', Krisztina BENCSIK', Laszlé VECSEI' 3
'Department of Neurology, Albert Szent-Gyérgyi Clinical Center, University of Szeged, Szeged, Hungary
2International Clinical Research Center, St. Anne’s University Hospital Brno, Brno, Czech Republic
SMTA-SZTE Neuroscience Research Group, Szeged, Hungary

White matter lesions are defining characteristics of multiple
sclerosis (MS), whereas grey matter involvement is a less
recognised attribute. Recent investigations using dedicated
imaging approaches have made it possible to depict cortical
lesions. Additionally, grey matter atrophy may be estimated
using various methods. Several studies have suggested that
grey matter atrophy closely correlates to clinical disability. In
this review we have collected information on grey matter
atrophy in MS and the effect of disease modifying therapies
upon brain atrophy.

Keywords: multiple sclerosis; atrophy, gray matter;
MRI; voxel based morphometry

SZURKEALLOMANYI ATROPHIA SCLEROSIS
MULTIPLEXBEN SZENVEDO BETEGEK ESETEBEN

Kincses ZsT, MD, PhD; Téth E, MD; Banké N, MD; Veréb D, MD;
Szabé N, MD; Csete G, MD; Faragé P MD; Kirdly A, MD;
Bencsik K, MD; Vécsei L, MD

Ideggyogy Sz 2014;67(9-10):293-300.

A fehéréllomanyi laesidk a sclerosis multiplex (SM)
meghatdrozé jellemzdi, a szirkedllomdny elvaltozdsai
kevéshé ismertek. A megfelel8 agyi képalkoté eligrasokkal
végzett Ujabb vizsgdlatokban lathatévd tudtdk tenni a kérgi
elvéltozdsokat. Emellett kilénféle médszerekkel felmérhetd a
szUrkedllomanyi atrophia. Szdmos vizsgdlat eredményei
szerint a szirkedllomany atrophidja szorosan korreldl a
klinikai rokkantsaggal. Osszefoglaljuk az SM-ben megfigyel-
het8 szirkedllomdnyi atrophidval kapcsolatos informdciékat
és a betegségmédosité terdpidk hatdsét az agyi atrophidra.

Kulcsszavak: sclerosis multiplex, atrophia, szirkedllomény,
MRI, voxelalapd morfometria

Correspondent: Zsigmond Tamés KINCSES MD, PhD, Department of Neurology, Albert Szent-Gydrgyi Clinical Center,
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Multiple sclerosis (MS) is an inflammatory,
neurodegenerative disease. The primary fea-
ture of MS is the demyelination paralleled by vary-
ing degrees of axonal damage'. The focal inflam-
matory demyelinating lesions in the white matter
are not only the hallmarks of the disease, but in vivo
demonstration of these lesions with MR imaging is
also part of the diagnosis®. Recently, it has become
clear that grey matter is also adversely affected.
This review aims to summarize the recent advances
made by studies assessing grey matter atrophy in
MS patients for both clinical and scientific purpos-
es.

Grey matter lesions
Early post-mortem histological studies established

the existence of grey matter lesions in MS
patients®*. Grey matter lesions are classified as

Types I to IV. Type I lesions, located at the border
of the grey and white matter, rarely occur. Type II
lesions occur within the cortex. Type III subpial
lesions are the most frequent. Type IV lesions cover
the full width of the cortex and occur infrequently.
While the neuropathological studies*® have provid-
ed insight into the cortical pathology, these studies
are limited by the inclusion of patients with differ-
ent disease types and stages, consequently restrict-
ing inter-study comparability. Advanced MRI
methods may offer an alternative approach to track
progression of the grey matter lesions and elucidate
their significance in the disease process. With mod-
ern MRI sequences, such as the double inversion
recovery'®!! it is possible to detect many more cor-
tical lesions than conventional T2 weighted
sequences. However, the detection rate is still only
around 20% when compared to neuropathological
investigations'?. Furthermore, the inter-rater agree-
ment in identifying lesions is rather low!®. Ultra-

Ideggyogy Sz 2014;67(9-10):293-300. 2 93
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high field imaging may facilitate increased sensi-
tivity and specificity of the grey matter lesion detec-
tion'3, although the modality is not widely available.

Grey matter atrophy

Apart from depicting grey matter lesions MRI
investigations are also capable of identifying grey
matter atrophy. There are several approaches avail-
able to evaluate grey matter atrophy. Apart from
manual segmentation, gross grey matter volume can
be estimated (cortical with or without subcortical)
by automatic segmentation of brain tissue types'+°.
Another approach for detecting atrophy is by meas-
uring cortical thickness. One of the most common
approaches for this is the voxel-wise comparison of
intensities (or more precisely the probability of tis-
sue types in individual voxels)'> 7. The advantage
of this method is that it can identify focal atrophy.
However, inter-subject registration is the critical
limitation of this method.

MRI studies employing various methodologies
agree on the significant grey matter atrophy in MS.
The earliest MRI study on gross brain atrophy using
manual measurements showed significant brain vol-
ume change in MS patients'®, as confirmed by semi-
automatic larger dataset studies'®?2. Likewise, the
brain parenchymal fraction (the ratio of the premor-
bid brain size -measured as intracranial volume- and
the brain parenchymal volume) is about 3-5% small-
er compared to normal controls?*-?* and considerably
smaller in secondary progressive MS*. Tissue type
segmentation made it possible to identify atrophy in
both grey?* 2628 and white matter®® %,

Voxel-based morphometry (VBM) studies
demonstrated that the grey matter atrophy is not uni-
form over the cortex (Table 1.). These studies
revealed that the grey matter pathology exhibits con-
siderable heterogeneity in patients, because a clear
pattern of grey matter atrophy cannot always be
established. Other studies failed to find atrophy in
MS patients when compared to controls subjects.
Audoin and co-workers found no difference between
control subjects and relapsing-remitting MS patients
early in their disease course. However over two
years, atrophy developed in the bilateral thalami and
the right frontal cortex®. Similarly Sepulcre et al.
found no focal grey matter atrophy in 31 primary pro-
gressive MS (PPMS) subjects, except in the cerebel-
lum when not correcting for multiple comparisons®'.
Nevertheless, if a specific pattern of grey matter atro-
phy is to be tentatively established, than the thalamus
is invariably affected, as well as the temporal, insular
and frontal lobes (often sensory-motor cortex).

The location of white matter lesions in MS or the
total lesion load only moderately correlate with clin-
ical symptoms and cognitive impairment (clinic-radi-
ological paradox*?). Several reports suggested that
disability has a closer relationship with grey matter
atrophy®. However, upon closer inspection of these
studies, using VBM approach correlation between
focal atrophy and disability was identified infre-
quently. Audoin found correlation between expand-
ed disability status scale (EDSS**) and focal atrophy
in the cerebellum®. With regard to the cognitive per-
formance, Morgen and co-workers found extensive
correlation with paced auditory serial addition test
(PASAT) scores®. Cerasa and colleagues, using
many cognitive tests, only found correlation with
performance on symbol digit modalities (SDM) and
controlled oral word association test (COWAT)?.

Moreover, global grey matter atrophy was found
to correlate with the clinical features of the disease
as measured via the EDSS!- 2526383 and cognitive
function tests*2.

Pathology and pathophysiology of grey
matter injury in multiple sclerosis

The methods for detecting grey matter pathology are
especially important, considering the grey matter
demyelination in MS. Gilmore et al. reported an
“overall 28.8% of the grey matter demyelinated as
compared with only 15.6% of the white matter”’.
Most of this demyelination (about 60%) is subpial®
and is present in the form of ribbon like demyelina-
tion often affecting several adjacent gyri. Impor-
tantly, based on post-mortem MRI imaging of three
MS cases there was no association between the corti-
cal demyelination and the focal or diffuse white mat-
ter pathology*. The various mechanisms behind the
lesions are indicated by the fact that in contradistinc-
tion to the white matter lesions, in cortical lesions
there is no inflammatory cell infiltration and foamy
macrophages, immunoglobulin deposition or com-
plement activation is scarce* . Meninges were also
shown to be affected in MS** 47, B-cell follicle-like
structures were described in the inflamed meninges.
More recently this meningeal inflammation was
hypothesized to be the major contributor to the corti-
cal pathology: the B-cell follicle-like structures were
associated with increased subpial demyelination and
cortical atrophy*®. Apart from the demyelination, a
gradient of neuronal loss was observed in the affect-
ed cortex, which was accompanied by astrocyte loss
and opposite to this gradient a microglia activation*,
These changes were suggested to be consistent with
a non-targeted general immunopathological response
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mediated by the CD8+ T cells via cytotoxic tissue
damage or indirectly through the activation of
microglia. Furthermore, neuronal loss was found in
layers III and V in regions where no B-cell follicle-
like structures were detected, this suggests that other
mechanisms are also involved in the atrophy.
Neurodegeneration due to inflammatory insults in
downstream white matter tracts, reduced synaptic
and glial density may also contribute to the atrophy**
50

Various mechanisms were proposed behind the
neurodegeneration in MS. Neuroinflammation can
directly induce apoptosis through various cytokines
and the oxidative burst arising from the activated
microglias may also contribute’!. As in many neu-
rodegenerative diseases’?, oxidative stress and
mitochondrial dysfunction are proposed to be a
major mediators of neurodegeneration and axonal
loss in MS**%, Another key component in MS neu-
rodegeneration is glutamate excitotoxicity>® and
recently a link between inflammation and excito-
toxicity was established”’. Furthermore, a possible
mechanism of neurodegeneration might be an
imbalance of neuroprotective and neurotoxic
agents, such as the metabolites of the kynurenine
pathway a major biochemical pathway in trypto-
phan metabolism3$-,

Grey matter atrophy as a biomarker
for therapeutic efficacy

It is becoming progressively more evident that grey
matter atrophy is a stronger predictor of disability
progression in MS than white matter pathology.
Moreover, it may also be used as a complementary
MRI method for disease progression instead of con-
ventional MRI techniques® 3% =63, Thus, making it
a promising biomarker for therapeutic response in
pharmacological studies.

INTRAMUSCULAR INTERFERON f-1A

A post hoc analysis of the MRI images from 140
patients (72 in the placebo arm, 68 in the treatment
arm) participating in a phase III clinical trial of
intramuscular interferonf-1a (INFB-1a, Avonex)
showed a reduced rate of the atrophy (brain
parenchymal fraction) in the treatment arm®. While
there was no difference between the two treatment
groups in the first year of treatment, during the sec-
ond year INF-1a reduced the rate of atrophy by
55%. In a subsequent study, treatment over two
years with intramuscular, subcutaneous INFB-1a
and glatiramer acetate (GA) resulted in a decreased

rate of reduction in brain gray matter fraction®. A
three-year period open-label study using intramus-
cular INFf-1a found a reduced whole-brain and
GM atrophy, as well as of T1-hypointense lesion
volume accumulation in the treatment group®.
When compared to year one weekly intramuscular
INFB-1a treatment data, the atrophy rate was
reduced in the second and third year of treatment’.
Subsequent analysis of a 138 patients subgroup
having frequent MRI scans, showed that the major-
ity of the atrophy during the first year (approximate-
ly 70%) occurred during the first four months™.

INTERFERON B-1B

Five years post INFB-1b clinical trials for patients
with PPMS, not only were motor and cognitive per-
formance better, but also the decrease of brain
parenchymal fraction was similarly smaller”. In an
earlier randomized study, which measured the
parenchymal volumes only in the central slab failed
to demonstrate a beneficial effect of INFB-1b76. A
smaller open-label study with RRMS patients also
failed to demonstrate completely the beneficial
effect of INFp-1b, a reduced rate of atrophy was
observed only in the second year, but not in the first
or third years of treatment”’.

SUBCUTANEOUS INTERFERON -T1A

In the PRISM trial neither high dose nor low dose
(22 and 44 pg three times weekly) INFfB-1a—Rebif
showed a beneficial effect against reduction of the
whole brain volume’®. In contrast, in the ETOMS
study, subcutaneous INFf-1a (once weekly 22 pg)
given to patients after the first attack, not only
delayed the appearance of a second relapse but also
reduced the rate of atrophy over two years as meas-
ured with SIENA®. Furthermore, in a comparative
study, glatiramer acetate, intramuscular and subcu-
taneous INF[3-1a was superior to placebo in reduc-
ing brain atrophy at 24 months, while no difference
between treatment outcomes was detected®. In
Gasperini’s study there was no difference in brain
atrophy using 11ug and 33 pg subcutaneous INFf3-
1b treatment (three times weekly)”.

GLATIRAMER ACETATE

In the open-label extension of the US GA trial, the
patients who were in the placebo arm originally had
more brain volume loss as compared to subjects
receiving glatiramer acetate (GA) treatment®. Kahn
and co-workers showed a significantly reduced loss
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Table 2. The effect of treatment on grey matter atrophy

First year Second year First two years
INFB-Ta i.m. Xeé s 6466t
INFB-1b - - -
INFB-Ta s.c. - - v 67
GA X¢8.69 Xttes 69 /6570
Natalizumab X7t 7! X7
Fingolimod V72 73t /73 /73
tpseudoatrophy, 118 months, tttthree years, fttat six months also
of brain volume in patients receiving disease-modi-  FINGOMILOD

fying therapy®! and having only minor progression
in their disability (EDSS). Ge and colleagues found
reduced rates of brain tissue loss over 24 months of
GA treatment in comparison to placebo treated sub-
jects’™. Conversely, a nine months placebo con-
trolled study showed no significant benefit of GA
on brain atrophy®. Importantly, in a comparative
study GA reduced the rate of atrophy more than low
and high doses of INFp-1a%', while low dose INFf3-
la was more effective than high dose®'. However,
Calabrese found the use of GA, intramuscular
INFp-1a or subcutaneous INFf-1a similarly effec-
tive in reducing grey matter atrophy®.

NATALIZUMAB

While natalizumab is effective in reducing MRI-
measured disease activity (T2 lesion load and
enhancing lesions) the results on brain atrophy are
controversial’!. In the first year of natalizumab
treatment a pseudoatrophy appears, which over the
next two years converts to a significant reduction of
brain volume reduction’#2. This phenomenon was
related to the cessation of inflammatory activity.

In comparative studies natalizumab was more
effective in reducing grey matter atrophy. The
analysis of the secondary and the tertiary MRI
measures in the SENTINEL study showed that
among beneficial effect of combined intramuscular
INFpB-1a and natalizumab (T2 lesion volume, T1
hypointense lesions, enhancing lesions) treatment
the atrophy rate was reduced when compared to the
group receiving INFB-1a alone®. In RRMS patients
enrolled in a non-randomised pilot study, signifi-
cantly lower changes in brain parenchymal volume
were recorded in those treated with natazilumab
(n=12) in comparison to those receiving INFf
(n=14)%. 1In a two-year-prospective study nata-
zilumab was also superior to the immunmodulatory
agents GA and INFf in reducing the accumulation
of cortical lesions as well as cortical atrophy®.

Fingolimod is a sphingosine-1-phosphate-receptor
modulator that prevents lymphocyte egress from
lymph nodes: it has shown clinical efficacy in phase
118 and III clinical trials”. The efficacy of the drug
was also proved with paraclinical measures. New
T2 lesions as well as the number of gadolinium
enhancing lesions were reduced in the group receiv-
ing fingolimod when compared to patients receiv-
ing intramuscular INFB"> 8. While in a six-month
phase II study, there was no improvement in the rate
of brain atrophy as compared to placebo arm?®.
However, the 12 months phase III study (TRANS-
FORMS) revealed significant improvement in the
brain atrophy rate in comparison to intramuscular
INF treatment’, this effect was evident in the sub-
group analysis also®”. Phase III (FREEDOMS)
study showed significant reduction of brain atrophy
rate in fingolimod treated patients at 6, 12 and 24
months™. Interestingly, this effect was unrelated to
the T2 lesion load or the number of enhancing
lesions (Table 2.)38.

Conclusions

Paraclinical examinations in the diagnosis of MS
such as MRI have a central role. However it is
important that conventional MRI modalities cannot
identify the full range of abnormalities. Sophis-
ticated analysis approaches have to complement the
expert eye of physician and advanced neuroimag-
ing have to complement traditional neuroradiology
in order to further elucidate the disease pathomech-
anism and tailor treatment efficacy.

ACKNOWLEDGEMENTS

The paper was supported by MTA-SZTE Neuro-
science Research Group, Szeged, Hungary, project
FNUSA- ICRC (no. CZ.1.05/1.1.00/02.0123) from
the European Regional Development Fund, an

Ideggyogy Sz 2014,67(9-10):293-300. 2 9 7



OTKA [PD 104715] grant, the National Brain
Research Program (Grant No. KTIA_13_NAP-A-
11/20.) and by the European Union and co-funded
by the European Social Fund (Project titles:
“Telemedicine-focused research activities in the

REFERENCES

11.

12.

13.

14.

. Keegan BM, Noseworthy JH. Multiple sclerosis. Annu Rev

Med 2002;53:285-302.

. Polman CH, Reingold SC, Edan G, et al. Diagnostic crite-

ria for multiple sclerosis: 2005 revisions to the “McDonald
Criteria”. Ann Neurol 2005;58:840-6.

. Brownell B, Hughes JT. The distribution of plaques in the

cerebrum in multiple sclerosis. J Neurol Neurosurg
Psychiatry 1962;25:315-20.

. Kutzelnigg A, Lucchinetti CF, Stadelmann C, et al. Cortical

demyelination and diffuse white matter injury in multiple
sclerosis. Brain 2005;128:2705-12.

. Bo L, Geurts JJ, Mork SJ, van der Valk P. Grey matter

pathology in multiple sclerosis. Acta neurologica Scan-
dinavica. Supplementum 2006;183:48-50.

. Bo L, Vedeler CA, Nyland HI, Trapp BD, Mork SJ. Subpial

demyelination in the cerebral cortex of multiple sclerosis
patients. Journal of Neuropathology and Experimental
Neurology 2003;62:723-2.

. Gilmore CP, Donaldson I, Bo L, et al. Regional variations

in the extent and pattern of grey matter demyelination in
multiple sclerosis: a comparison between the cerebral cor-
tex, cerebellar cortex, deep grey matter nuclei and the
spinal cord. Journal of Neurology, Neurosurgery, and
Psychiatry 2009;80:182-7.

. Vercellino M, Plano F, Votta B, et al. Grey matter patholo-

gy in multiple sclerosis. J Neuropathol Exp Neurol 2005;
64:1101-7.

. Kutzelnigg A, Faber-Rod JC, Bauer J, et al. Widespread

demyelination in the cerebellar cortex in multiple sclerosis.
Brain Pathol 2007;17:38-44.

. Turetschek K, Wunderbaldinger P, Bankier AA, et al.

Double inversion recovery imaging of the brain: initial
experience and comparison with fluid attenuated inversion
recovery imaging. Magn Reson Imaging 1998;16:127-35.
Geurts JJ, Pouwels PJ, Uitdehaag BM, et al. Intracortical
lesions in multiple sclerosis: improved detection with 3D
double inversion-recovery MR imaging. Radiology 2005;
236:254-60.

Seewann A, Kooi EJ, Roosendaal SD, et al. Postmortem
verification of MS cortical lesion detection with 3D DIR.
Neurology 2012;78:302-8.

Geurts JJ, Roosendaal SD, Calabrese M, et al. Consensus
recommendations for MS cortical lesion scoring using dou-
ble inversion recovery MRI. Neurology 2011;76:418-24.
Nakamura K, Fisher E. Segmentation of brain magnetic
resonance images for measurement of gray matter atrophy
in multiple sclerosis patients. Neuroimage 2009;44:769-76.

. Ashburner J, Friston K. Multimodal image coregistration

and partitioning—a unified framework. Neuroimage
1997;6:209-17.

. Smith SM, De Stefano N, Jenkinson M, Matthews PM.

Normalized accurate measurement of longitudinal brain
change. Journal of Computer Assisted Tomography 2001;
25:466-75.

. Smith S, Jenkinson M, Woolrich MW, et al. Advances in

functional and structural MR image analysis and imple-

field of Mathematics, Informatics and Medical

sciences” -

TAMOP-4.2.2.A-11/1/KONV-2012-

0073 and "National Excellence Program” -
TAMOP-4.2.4.A/ 2-11/1-2012-0001 .). We thank
Anne Frawley for the English editing.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

mentation as FSL. NeuroImage 2004;23 Suppl 1:5208-219.
Filippi M, Mastronardo G, Rocca MA, Pereira C, Comi G.
Quantitative volumetric analysis of brain magnetic reso-
nance imaging from patients with multiple sclerosis.
Journal of the Neurological Sciences 1998;158:148-53.

De Stefano N, Matthews PM, Filippi M, et al. Evidence of
early cortical atrophy in MS: relevance to white matter
changes and disability. Neurology 2003;60:1157-62.
Sharma J, Sanfilipo MP, Benedict RH, et al. Whole-brain
atrophy in multiple sclerosis measured by automated ver-
sus semiautomated MR imaging segmentation. AJNR.
American Journal of Neuroradiology 2004;25:985-96.
Bermel RA, Sharma J, Tjoa CW, Puli SR, Bakshi R. A semi-
automated measure of whole-brain atrophy in multiple scle-
rosis. Journal of the Neurological Sciences 2003;208:57-
65.

Vrenken H, Geurts JJ, Knol DL, et al. Whole-brain T1 map-
ping in multiple sclerosis: global changes of normal-appear-
ing gray and white matter. Radiology 2006;240:811-20.
Kassubek J, Tumani H, Ecker D, et al. Age-related brain
parenchymal fraction is significantly decreased in young
multiple sclerosis patients: a quantitative MRI study.
Neuroreport 2003;14:427-30.

Chard DT, Griffin CM, Parker GJ, et al. Brain atrophy in
clinically early relapsing-remitting multiple sclerosis.
Brain: a journal of neurology 2002;125:327-37.

Sanfilipo MP, Benedict RH, Sharma J, Weinstock-Guttman
B, Bakshi R. The relationship between whole brain volume
and disability in multiple sclerosis: a comparison of nor-
malized gray vs. white matter with misclassification cor-
rection. Neurolmage 2005;26:1068-77.

Tedeschi G, Lavorgna L, Russo P, et al. Brain atrophy and
lesion load in a large population of patients with multiple
sclerosis. Neurology 2005;65:280-5.

Sanfilipo MP, Benedict RH, Weinstock-Guttman B, Bakshi
R. Gray and white matter brain atrophy and neuropsycho-
logical impairment in multiple sclerosis. Neurology 2006;
66:685-92.

Sastre-Garriga J, Ingle GT, Chard DT, et al. Grey and
white matter volume changes in early primary progressive
multiple sclerosis: a longitudinal study. Brain : a journal of
neurology 2005;128:1454-60.

Tiberio M, Chard DT, Altmann DR, et al. Gray and white
matter volume changes in early RRMS: a 2-year longitudi-
nal study. Neurology 2005;64:1001-7.

Audoin B, Davies GR, Finisku L, et al. Localization of grey
matter atrophy in early RRMS: A longitudinal study.
Journal of Neurology 2006;253:1495-501.

Sepulcre J, Sastre-Garriga J, Cercignani M, et al. Regional
gray matter atrophy in early primary progressive multiple
sclerosis: a voxel-based morphometry study. Archives of
Neurology 2006;63:1175-80.

Kincses ZT, Ropele S, Jenkinson M, et al. Lesion probabili-
ty mapping to explain clinical deficits and cognitive per-
formance in multiple sclerosis. Multiple Sclerosis 2011;
17:681-9.

2 98 Kincses: Grey matter atrophy in patients suffering from multiple sclerosis



33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Geurts JJ, Calabrese M, Fisher E, Rudick RA. Measure-
ment and clinical effect of grey matter pathology in multi-
ple sclerosis. Lancet Neurology 2012;11:1082-92.

Kurtzke JF. Rating neurologic impairment in multiple scle-
rosis: an expanded disability status scale (EDSS). Neuro-
logy 1983;33:1444-52.

Audoin B, Zaaraoui W, Reuter F, et al. Atrophy mainly
affects the limbic system and the deep grey matter at the
first stage of multiple sclerosis. Journal of Neurology,
Neurosurgery, and psychiatry 2010;81:690-5.

Morgen K, Sammer G, Courtney SM, et al. Evidence for a
direct association between cortical atrophy and cognitive
impairment in relapsing-remitting MS. Neurolmage 2006;
30:891-8.

Cerasa A, Valentino P, Chiriaco C, et al. MR imaging and
cognitive correlates of relapsing-remitting multiple sclero-
sis patients with cerebellar symptoms. Journal of Neuro-
logy 2013;260:1358-66.

Fisniku LK, Chard DT, Jackson JS, et al. Gray matter atro-
phy is related to long-term disability in multiple sclerosis.
Annals of Neurology 2008;64:247-54.

Roosendaal SD, Bendfeldt K, Vrenken H, et al. Grey matter
volume in a large cohort of MS patients: relation to MRI
parameters and disability. Multiple Sclerosis 2011;17:
1098-106.

Amato MP, Bartolozzi ML, Zipoli V, et al. Neocortical vol-
ume decrease in relapsing-remitting MS patients with mild
cognitive impairment. Neurology 2004;63:89-93.
Calabrese M, Agosta F, Rinaldi F, et al. Cortical lesions
and atrophy associated with cognitive impairment in relaps-
ing-remitting multiple sclerosis. Archives of Neurology
2009;66:1144-50.

Batista S, Zivadinov R, Hoogs M, et al. Basal ganglia, thal-
amus and neocortical atrophy predicting slowed cognitive
processing in multiple sclerosis. Journal of Neurology
2012;259:139-46.

Bo L, Geurts JJ, van der Valk P, Polman C, Barkhof F.
Lack of correlation between cortical demyelination and
white matter pathologic changes in multiple sclerosis.
Archives of Neurology 2007;64:76-80.

Bo L, Vedeler CA, Nyland H, Trapp BD, Mork SJ. Intra-
cortical multiple sclerosis lesions are not associated with
increased lymphocyte infiltration. Multiple Sclerosis
2003;9:323-31.

Brink BP, Veerhuis R, Breij EC, et al. The pathology of
multiple sclerosis is location-dependent: no significant
complement activation is detected in purely cortical
lesions. Journal of Neuropathology and Experimental
Neurology 2005;64:147-55.

Serafini B, Rosicarelli B, Magliozzi R, Stigliano E, Aloisi
F. Detection of ectopic B-cell follicles with germinal cen-
ters in the meninges of patients with secondary progressive
multiple sclerosis. Brain Pathology 2004;14:164-74.
Magliozzi R, Howell O, Vora A, et al. Meningeal B-cell fol-
licles in secondary progressive multiple sclerosis associate
with early onset of disease and severe cortical pathology.
Brain : a journal of neurology 2007;130:1089-104.
Magliozzi R, Howell OW, Reeves C, et al. A Gradient of
neuronal loss and meningeal inflammation in multiple scle-
rosis. Annals of Neurology 2010;68:477-93.

Frischer JM, Bramow S, Dal-Bianco A, et al. The relation
between inflammation and neurodegeneration in multiple
sclerosis brains. Brain : a Journal of Neurology 2009;132:
1175-89.

Wegner C, Esiri MM, Chance SA, Palace J, Matthews PM.
Neocortical neuronal, synaptic, and glial loss in multiple
sclerosis. Neurology 2006;67:960-7.

Gebicke-Haerter PJ. Microglia in neurodegeneration:

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

molecular aspects. Microscopy research and Technique
2001;54:47-58.

Kincses ZT, Vecsei L. Pharmacological therapy in Parkin-
son’s disease: focus on neuroprotection. CNS neuroscience
& Therapeutics 2011;17:345-67.

van Horssen J, Witte ME, Ciccarelli O. The role of mito-
chondria in axonal degeneration and tissue repair in MS.
Multiple Sclerosis 2012;18:1058-67.

Campbell GR, Ziabreva, I, Reeve AK, et al. Mitochondrial
DNA deletions and neurodegeneration in multiple sclero-
sis. Annals of Neurology 2011;69:481-92.

Dutta R, McDonough J, Yin X, et al. Mitochondrial dys-
function as a cause of axonal degeneration in multiple scle-
rosis patients. Annals of Neurology 2006;59:478-89.
Gonsette RE. Neurodegeneration in multiple sclerosis: the
role of oxidative stress and excitotoxicity. Journal of the
Neurological Sciences 2008;274:48-53.

Degos V, Peineau S, Nijboer C, et al. G protein-coupled
receptor kinase 2 and group I metabotropic glutamate
receptors mediate inflammation-induced sensitization to
excitotoxic neurodegeneration. Annals of Neurology
2013.

Vecsei L, Szalardy L, Fulop F, Toldi J. Kynurenines in the
CNS: recent advances and new questions. Nature reviews.
Drug Discovery 2013;12:64-82.

Rajda C, Bergquist J, Vecsei L. Kynurenines, redox distur-
bances and neurodegeneration in multiple sclerosis. Journal
of Neural Transmission 2007;(suppl.):323-9.

Hartai Z, Klivenyi P, Janaky T, et al. Kynurenine metabo-
lism in multiple sclerosis. Acta Neurologica Scandinavica
2005;112:93-6.

Horakova D, Dwyer MG, Havrdova E, et al. Gray matter
atrophy and disability progression in patients with early
relapsing-remitting multiple sclerosis: a 5-year longitudi-
nal study. Journal of the Neurological Sciences 2009;282:
112-9.

Fisher E, Rudkic RA, Cutter G, et al. Relationship between
brain atrophy and disability: an 8-year follow-up study of
multiple sclerosis patients. Multiple Sclerosis 2000;6:373-
7.

Fisher E, Rudick RA, Simon JH, et al. Eight-year follow-up
study of brain atrophy in patients with MS. Neurology
2002;59:1412-20.

Rudick RA, Fisher E, Lee JC, Simon J, Jacobs L. Use of the
brain parenchymal fraction to measure whole brain atrophy
in relapsing-remitting MS. Multiple Sclerosis Collabora-
tive Research Group. Neurology 1999;53:1698-704.
Calabrese M, Bernardi V, Atzori M, et al. Effect of disease-
modifying drugs on cortical lesions and atrophy in relaps-
ing-remitting multiple sclerosis. Multiple Sclerosis 2012;
18:418-24.

Zivadinov R, Locatelli L, Cookfair D, et al. Interferon beta-
la slows progression of brain atrophy in relapsing-remit-
ting multiple sclerosis predominantly by reducing gray
matter atrophy. Multiple Sclerosis 2007;13:490-501.
Filippi M, Rovaris M, Inglese M, et al. Interferon beta-1a
for brain tissue loss in patients at presentation with syn-
dromes suggestive of multiple sclerosis: a randomised,
double-blind, placebo-controlled trial. Lancet 2004;364:
1489-96.

Comi G, Filippi M, Wolinsky JS. European/Canadian mul-
ticenter, double-blind, randomized, placebo-controlled
study of the effects of glatiramer acetate on magnetic reso-
nance imaging—measured disease activity and burden in
patients with relapsing multiple sclerosis. European/Cana-
dian Glatiramer Acetate Study Group. Annals of Neurology
2001;49:290-7.

Rovaris M, Comi G, Rocca MA, et al. Short-term brain vol-

Ideggyogy Sz 2014,67(9-10):293-300. 2 9 9



70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83

84.

ume change in relapsing-remitting multiple sclerosis: effect
of glatiramer acetate and implications. Brain : a journal of
neurology 2001;124:1803-12.

Ge Y, Grossman RI, Udupa JK, et al. Glatiramer acetate
(Copaxone) treatment in relapsing-remitting MS: quantita-
tive MR assessment. Neurology 2000;54:813-7.

Miller DH, Soon D, Fernando KT, et al. MRI outcomes in
a placebo-controlled trial of natalizumab in relapsing MS.
Neurology 2007;68:1390-401.

Cohen JA, Barkhof F, Comi G, et al. Oral fingolimod or
intramuscular interferon for relapsing multiple sclerosis.
The New England journal of Medicine 2010;362:402-15.
Kappos,L, Radue EW, O’Connor, P, et al. A placebo-con-
trolled trial of oral fingolimod in relapsing multiple sclero-
sis. The New England Journal of Medicine 2010;362:387-
401.

Hardmeier M, Wagenpfeil S, Freitag P, et al. Rate of brain
atrophy in relapsing MS decreases during treatment with
IFNbeta-1a. Neurology 2005;64:236-40.

Tur C, Montalban X, Tintore M, et al. Interferon beta-1b
for the treatment of primary progressive multiple sclerosis:
five-year clinical trial follow-up. Archives of Neurology
2011;68:1421-7.

Molyneux PD, Kappos L, Polman C, et al. The effect of
interferon beta-1b treatment on MRI measures of cerebral
atrophy in secondary progressive multiple sclerosis.
European Study Group on Interferon beta-1b in secondary
progressive multiple sclerosis. Brain: a journal of neurolo-
gy 2000;123(Pt 11):2256-63.

Frank JA, Richert N, Bash C, et al. Interferon-beta-1b slows
progression of atrophy in RRMS: Three-year follow-up in
NAb- and NAb+ patients. Neurology 2004;62:719-25.

Jones CK, Riddehough A, Zhao G, Paty DW. MRI cerebral
atrophy in relapsing-remitting MS: results from the
PRISMS trial. Neurology 2001;(Suppl. 3.):A379.
Gasperini C, Paolillo A, Giugni E, et al. MRI brain volume
changes in relapsing-remitting multiple sclerosis patients
treated with interferon beta-1a. Multiple Sclerosis 2002;
8:119-23.

Wolinsky JS, Narayana PA, Johnson KP, Multiple Sclerosis
Study, G, the, M. R. I. A. C. United States open-label glati-
ramer acetate extension trial for relapsing multiple sclero-
sis: MRI and clinical correlates. Multiple Sclerosis Study
Group and the MRI Analysis Center. Multiple Sclerosis
2001;7:33-41.

Khan O, Bao F, Shah M, et al. Effect of disease-modifying
therapies on brain volume in relapsing-remitting multiple
sclerosis: results of a five-year brain MRI study. Journal of
the Neurological Sciences 2012;312:7-12.

Magraner M, Coret F, Casanova B. The relationship
between inflammatory activity and brain atrophy in natal-
izumab treated patients. European Journal of radiology
2012;81:3485-90.

. Radue EW, Stuart WH, Calabresi PA, et al. Natalizumab

plus interferon beta-1a reduces lesion formation in relaps-
ing multiple sclerosis. Journal of the Neurological Sciences
2010;292:28-35.

Portaccio E, Stromillo ML, Goretti B, et al. Natalizumab
may reduce cognitive changes and brain atrophy rate in
relapsing-remitting multiple sclerosis: a prospective, non-
randomized pilot study. European journal of neurology :
the official journal of the European Federation of Neuro-
logical Societies 2013;20:986-90.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

Rinaldi F, Calabrese M, Seppi D, et al. Natalizumab
strongly suppresses cortical pathology in relapsing-remit-
ting multiple sclerosis. Multiple sclerosis 2012;18:
1760-7.

Kappos L, Antel J, Comi G, et al. Oral fingolimod
(FTY720) for relapsing multiple sclerosis. The New
England Journal of Medicine 2006;355:1124-40.

Cohen JA, Barkhof F, Comi G, et al. Fingolimod versus
intramuscular interferon in patient subgroups from
TRANSFORMS. Journal of Neurology 2013.

Radue EW, O’Connor P, Polman CH, et al. Impact of fin-
golimod therapy on magnetic resonance imaging out-
comes in patients with multiple sclerosis. Archives of
Neurology 2012;69:1259-69.

Prinster A, Quarantelli M, Orefice G, et al. Grey matter
loss in relapsing-remitting multiple sclerosis: a voxel-
based morphometry study. Neurolmage 2006;29:859-67.
Ceccarelli A, Rocca MA, Pagani E, et al. A voxel-based
morphometry study of grey matter loss in MS patients with
different clinical phenotypes. Neurolmage 2008;42:315-
22.

Khaleeli Z, Cercignani M, Audoin B, et al. Localized grey
matter damage in early primary progressive multiple scle-
rosis contributes to disability. NeuroImage 2007;37:253-
61.

Jehna M, Langkammer C, Khalil M, et al. An exploratory
study on the spatial relationship between regional cortical
volume changes and white matter integrity in multiple
sclerosis. Brain Connectivity 2013.

Nocentini U, Bozzali M, Spano B, et al. Exploration of the
relationships between regional grey matter atrophy and
cognition in multiple sclerosis. Brain Imaging and
Behavior 2012.

Duan Y, Liu Y, Liang P, et al. Comparison of grey matter
atrophy between patients with neuromyelitis optica and
multiple sclerosis: a voxel-based morphometry study.
European Journal of Radiology 2012;81:e110-4.

Raz E, Cercignani M, Sbardella E, et al. Clinically isolat-
ed syndrome suggestive of multiple sclerosis: voxelwise
regional investigation of white and gray matter.
Radiology 2010;254:227-34.

Battaglini M, Giorgio A, Stromillo ML, et al. Voxel-wise
assessment of progression of regional brain atrophy in
relapsing-remitting multiple sclerosis. Journal of the
Neurological Sciences 2009;282:55-60.

Bodini B, Khaleeli Z, Cercignani M, et al. Exploring the
relationship between white matter and gray matter dam-
age in early primary progressive multiple sclerosis: an in
vivo study with TBSS and VBM. Human Brain Mapping
2009;30:2852-61.

Sastre-Garriga J, Arevalo MJ, Renom, M, et al. Brain vol-
umetry counterparts of cognitive impairment in patients
with multiple sclerosis. Journal of the Neurological
Sciences 2009;282:120-4.

Senda J, Watanabe H, Tsuboi T, et al. MRI mean diffu-
sivity detects widespread brain degeneration in multiple
sclerosis. Journal of the Neurological Sciences
2012;319:105-10.

Ceccarelli A, Jackson JS, Tauhid S, et al. The impact of
lesion in-painting and registration methods on voxel-
based morphometry in detecting regional cerebral gray
matter atrophy in multiple sclerosis. AJNR American
Journal of Neuroradiology 2012;33:1579-85.

300 Kincses: Grey matter atrophy in patients suffering from multiple sclerosis



@® OSSZEFOGLALO KOZLEMENY

THE RELEVANCE OF TRAUMATIC LIFE EVENTS IN
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The central goal of this manuscript was to review literature
about the interconnections of traumatic life events and
symptoms of schizophrenia spectrum of the last 15 years.
First of all, the stress-diathesis model and the traumagenic
neurodevelopmental model are shortly presented.
Psychological effects of traumas and specific psychotic symp-
toms in connection with traumatic events are discussed. The
course of the disease in patients affected by previous trau-
mas and possible mediating factors are also addressed.
Studies of both clinical and community samples are cited. It
was also our aim fo review literature about the neurobiologi-
cal and neurocognitive processes in people affected by
schizophrenia and/or traumadtic life events. The role of pre-
frontal and medial temporal regions are explored with a
special emphasis on contextual memory and hippocampal
functioning. Finally, the possible effects of exploring tfraumat-
ic life events on the treatment of schizophrenia are dis-
cussed.
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Tanulmdnyunk célja az volt, hogy éttekintsik az elmdlt 15
évben megjelent, a traumatikus életesemények és a szki-
zofrénia tineteinek dsszefiggéseit targyalé szakirodalmat.
El8szdr a stressz-diatézis modellt és a fraumatogén idegfe|-
|86dési modellt mutatjuk be réviden. Ezt kévetéen a trau-
matikus események pszichés hatdsait targyaljuk, illetve az
egyes pszichotikus tinetek fraumatikus életeseményekkel
valé dsszefiggéseit tekintjuk at. Kitekintink arra, hogyan
befolydsoljgk a megel8z8 traumdk a betegség lefolydsat, és
elemezzik a lehetséges kozvetitd tényezSket. Tanulmdnyunk
célia volt tovabba a szkizofrénia és a stlyos traumatizacié
hatterében feltdrhaté neurobiolégiai és neurokognitiv
folyamatokat bemutaté szakirodalom dttekintése is.
Térgyaljiuk a prefrontdlis és a mediotemporalis tertletek
érintettségét, kildnds tekintettel a hippocampus mikédésére
és a kontextudlis emlékezetre. Tanulmdanyunkat annak a
kérdésnek a megfontoldséval zérjuk, hogy mennyiben jarul-
hat hozzd a traumatikus életesemények feltérdsa a szkizofré-
nia kezelésének sikerességéhez.
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here is a long history of searching for the possi-

ble connections of certain negative life events
to later psychopathology. In the case of a disease
with such a firm genetic basis as schizophrenia, it is
an especially interesting question to understand the
possible role of life events. In the last 15 years there
has been a growing interest in this subject, especial-
ly after the seminal article of Honig et al.! suggest-
ing a connection between auditory hallucinations
and the reactivation of previous trauma memories.

After the year 2000 several cross-sectional and lon-
gitudinal studies were performed. Our aim in this
paper is to review the connections of traumatic life
events and schizophrenia spectrum disorders docu-
mented in the literature of the last 15 years.

Out of the several competing models of schizo-
phrenia two are mentioned here. Walker and
Diforio’s diathesis-stress model? proposes that the
genetic predisposition of schizophrenia means an
increased vulnerability which takes the form of
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heightened sensitivity to stress. In terms of this
model, the predisposition to develop psychosis is
genetically and biologically determined and stress
only plays a role in precipitating symptoms that
would sooner or later develop®. Read’s* trauma-
genic neurodevelopmental model questions that
biological factors always come first in developing a
heightened sensitivity to stress. According to this
model, if the trauma itself is severe or long lasting
enough, it can determine the person’s oversensitivi-
ty for later stressors, regardless if they have a pre-
disposition for schizophrenia or not. The reason for
this is that early traumatic states cause long lasting
changes in the function of the HPA system and con-
sequently the dopamine regulation.

Later reviews of literature>’ are more cautious
about drawing causal conclusions and they stress
that very few longitudinal studies have been pub-
lished in support of the connections between early
traumatic life events and later psychotic symptoms
and recognizing possible confounders. This way, a
reversed relationship is also possible: maybe chil-
dren with predisposition to schizophrenia evoke
abusive actions of the environment. A further limit
is that the results published so far mainly come from
studies on community samples and only partly from
studies on psychiatric samples which are often very
small and mixed®.

What is a traumatic event and how can
it be connected to psychotic symptoms
and disorders?

PSYCHOLOGICAL EFFECTS OF TRAUMATIC EVENTS

The main psychological effect of traumatic life
events, that is such events where people feel their
own or somebody else’s life, health or integrity
threatened®, is the intense fear and helplessness.
According to the broadly applied cognitive model
of Ehlers and Clark®, at the moment of the trauma
the sensory impressions are not organized as a
meaningful and logical whole, but the victim of the
trauma switches to data-driven information process-
ing. As a consequence, their memories become sep-
arate fragments which don’t become a part of their
narrative memory, even on the long term. These
memory-fragments cannot be recalled intentional-
ly; they can return independent of or against the per-
son’s will as flashback memories which is the most
unpleasant symptom of post-traumatic stress disor-
der (PTSD). Flashback memories are from several
aspects similar to hallucinations: they are intense
visual and acoustic experiences in the absence of

external stimuli accompanied by strong emotions
and the feeling of reliving everything in the pres-
enth, 11.

There has been an extensive research on the rela-
tionship between psychotic symptoms and early
traumatic events, especially child physical and sex-
ual abuse'*"7and to a lesser extent physical and/or
emotional neglect and bullying'®. The way to deter-
mine and measure traumas has been relatively
inconsistent and trauma concepts behind the
hypotheses are often poorly defined®.

THE INTERDEPENDENCE OF TRAUMATIC LIFE EVENTS AND
PSYCHOTIC SYMPTOMS

Based on previous research on large community
samples, life events and especially early traumas are
positively connected to the development of psy-
chotic symptoms, mainly the positive ones'> '8 19,

In a study of 182 psychiatric patients and geo-
graphically matched controls Fisher and col-
leagues® found that abuse, especially physical
abuse committed by mothers before the age of 12
was three-fold in the history of people with psychot-
ic symptoms compared to controls.

In accordance with previous cross-sectional
research, in Lataster and colleagues’! 10-year fol-
low-up of a community sample of 3021 teenagers
and young adults, it was found that early adverse
experiences enhanced sensitivity to stressors in later
life which meant a greater risk of developing psy-
chotic symptoms. The effects of age, gender,
cannabis use and city life were controlled for.

In Cutajar and colleagues’?* cohort study psy-
chiatric symptoms of 2759 sexually abused children
were followed up for more than 30 years.
According to their results, people with a history of
child sexual abuse used medical services 3.56 times
more often than controls and the prevalence of sev-
eral psychiatric disorders (posttraumatic stress dis-
order, anxiety, depression, eating disorders) was
significantly greater in the abused group compared
to controls.

Galletly and colleagues? in their 20-year follow-
up of children surviving a natural disaster found that
the number and types of other traumas and the sup-
port from family members affected more the devel-
opment of psychotic symptoms later in life than the
natural disaster itself.

Arsenault and colleagues® followed 2232 chil-
dren and their families between the ages of five and
12. Children abused by adults or other children suf-
fered significantly more often than non-abused
peers from psychotic symptoms justified by a clini-
cal test in this sample. While accidents had a week
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and inconsistent correlation with symptoms later in
life, abuse with the intent to hurt significantly
increased the risk of later psychopathology, even
after gender, socio-economical status and 1Q were
controlled for.

CONNECTIONS BETWEEN SPECIFIC PSYCHOTIC SYMPTOMS
AND TRAUMATIC LIFE EVENTS

Based on several studies®2°, the association of trau-
matic life events seem to have a stronger associa-
tion with positive than with negative symptoms. As
regards to negative symptoms, no significant differ-
ence was found between abused and non-abused
patient groups®’°. Ross and colleagues® and Goff
and colleagues® found that negative symptoms
were slightly less frequent in abused than non-
abused patients. In contrast, Vogel and colleagues?!
in a sample of 25 patients with schizophrenia found
an association of childhood traumas and negative
symptoms. They assume negative symptoms to be
defence mechanisms that help patients exclude dis-
tressing emotional and cognitive stimuli, similarly
to avoidance in anxiety and post-traumatic stress
disorder.

However, in Resnick and colleagues’* study
avoidance as a posttraumatic stress symptom was
positively correlated with the positive symptoms of
schizophrenia in male patients. Kingdon and
Turkington* also stressed the association between
traumatic life events and positive symptoms and
regard traumatic psychosis as a subtype of schizo-
phrenia with the following criteria: 1) the role of
trauma in the development and the content of symp-
toms is justified, 2) frequent command hallucina-
tions and criticising voices, somatic and visual hal-
lucinations and persecutory delusions in connection
with the traumas, 3) fluctuating depressive symp-
toms, suicide phantasies, drugs, 4) therapy resist-
ance. In our pilot study of 25 hospitalised patients*,
trauma history was found to be more frequent in
patients with predominantly positive symptoms.

The association between traumatic life events
and hallucinations was found in several studies of
psychotic patients® 2%, Sexual abuse before the age
of 16 was found to be connected (in non-clinical
samples too'*34),

In clinical samples several results support the
significant association between early traumas and
delusions and/or hallucinations®® %%, Janssen and
colleagues® showed the association of traumatic
events and the development of psychotic symptoms
in a longitudinal setting, when possible confounders
(gender, age, previous psychiatric disorder, drug
abuse) were controlled for.
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In a small group of youngsters with prodromal
psychotic symptoms Thompson and colleagues®’
found that childhood abuse and symptom severity
were positively connected, especially in the case of
delusions of grandiosity. Bentall and colleagues®
showed that growing up in official care and being
abused were positively connected to developing
paranoid delusions.

In an early study?® positive correlation was found
between child sexual abuse and schizophrenic
thought disorder, but this finding has not been
repeated since** Read and colleagues®® found
thought disorder to be more frequents in people
with a history of child and adult sexual abuse.

TRAUMATIC LIFE EVENTS AND THE COURSE OF PSYCHOTIC
DISORDERS

It appears that apart from symptom development the
course and outcome of the psychotic disorder and
consequently quality of life and mood are also
affected by trauma history. Lardinois and col-
leagues*® argue that early traumas increase sensitiv-
ity to stress in psychotic patients which means an
acquired vulnerability independent of genetically
based vulnerability to stressful life events. This is
in accordance with Honig and colleagues’! results
that hallucinations are often precipitated by the acti-
vation of a traumatic memory. An important impli-
cation can be the necessity to emphasize stress man-
agement in the treatment of schizophrenic patients.

At the same time, it is widely supported that
there is more risk of substance abuse in psychotic
patients with a history of childhood abuse!”, com-
pared to non-abused controls with the same diagno-
sis. Psychotic patients who suffered early traumas
in the past need treatment at an earlier age, are hos-
pitalized more frequently and for a longer time, get
more medication and suffer from more severe cog-
nitive, autistic and depressive symptoms compared
to controls?> ¥, Traumatised patients with schizo-
phrenia find their own quality of life worse and
therefore are at a higher suicide risk*'. Read and col-
leagues*? found that child abuse was a better predic-
tor of adult suicidal behaviour in a mixed outpatient
sample than co-morbid depression.

At the same time, psychiatric intervention itself
can be a trauma for a large number of patients with
psychosis** 4,

WHY ARE PEOPLE WITH PSYCHOTIC DISORDERS ESPECIALLY
AFFECTED BY TRAUMA HISTORY?

Several data suggest that the connection between
early traumas and later psychopathology is general
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and not specific to a certain disorder, for example,
schizophrenia. Childhood abuse has been docu-
mented in patients with major depression, anxiety
disorders or personality disorders*. Vogel and col-
leagues®! for example found that various types of
childhood abuse and the dissociation connected to
them are in a close connection with positive symp-
toms, but this association was true for depressed
patients too. However, there are several studies sug-
gesting that early traumatic events are more com-
mon in patients with psychotic disorders than mood
disorders or alcohol dependence. According to
Bebbington and colleagues’*® national survey in the
United Kingdom, in the group of people with psy-
chotic symptoms sexual abuse was threefold and
domestic violence and bullying were twofold com-
pared to people with so called neurotic symptoms.
In Friedman and colleagues’¥ sample 78% of
patients with schizophrenia, but 26% of patients
with panic disorder, 30% of patients with anxiety
disorders and 42% of patients with major depres-
sion suffered child sexual abuse. In a sample of
Hungarian psychiatric patients Judit Nagy*® found
that the number of negative life events per person
was the highest in the group of suicidal depressive
patients in the last six months before the study, but
regarding the last two years, this rate was the high-
est in the group of patients with schizophrenia.
Unfortunately, the significance of these results is
not known.

TRAUMA AND PSYCHOSIS: POSSIBLE MEDIATING FACTORS

Several studies have been looking for the factors
that mediate the development of psychotic disor-
ders after previous traumas. The role of dissocia-
tion has been recognised in precipitating psychotic
(especially positive) symptoms'®:4%30.- According to
Vogel and colleagues’>! results, high dissociation
was associated mainly with child physical neglect.

Campbell and Morrison'®, Read and colleagues®
and Kilcommons and Morrison™ argue that apart
from dissociation negative thoughts about the self
were also associated with psychotic symptoms,
especially hallucinations in the victims of previous
abuse.

Based on studies of psychiatric samples, the
mediating role of post-traumatic stress and comor-
bid depression were also emphasised in the devel-
opment of psychotic symptoms=*32. Lysaker and
LaRocco* found that such post-traumatic symp-
toms as intrusion and avoidance had a significant
association with delusions, whereas hallucinations
were correlated with irritability and the severity of
post-traumatic stress symptoms. However, no such

connection was found in the case of psychotic
thought disorder and negative symptoms. Based on
their results, similarities of PTSD and psychotic
symptomatology were emphasized.

The idea of the similarity between these two dis-
orders was previously described in the review by
Morrison and colleagues!!. They argue that flash-
back memories and hallucinations, avoidance, flat-
tened emotion in PTSD and negative psychotic
symptoms are analogous phenomena, so that these
two disorders may be regarded as parts of the same
spectrum. This idea is supported by research data
that veterans and adults who previously had been
victims of child sexual abuse score the highest on
schizophrenia scale of MMPI> 34,

Questions for further research could be the fac-
tors determining the specific form of later psychi-
atric disorders and also the role specific elements of
the traumatic experience play in the development
of psychopathology.

Neurocognitive and neurobiological
processes as possible determinants of
the relationship between traumatic
experiences and psychotic symptoms in
schizophrenia

DISTURBANCES OF CONTEXT-DRIVEN DATA-PROCESSING
AND CONTEXTUAL MEMORY

Working memory and attention or the central exec-
utive system are usually disturbed in schizophre-
nia>% and the cause of this deficit is related to the
dysfunction of prefrontal cortex. Decreased activity
of this brain region has been demonstrated in sever-
al studies using mental imaging®’. However, there
is evidence that although the impairment of this
region is a major characteristic of schizophrenia,
cannot be specifically attributed to this illness>.

Dysfunction of context-driven data-processing
and contextual memory has also been widely
demonstrated and several studies suggest this medi-
al temporal lobe impairment to be primary deficit
in schizophrenia which is independent of impaired
executive functions®.

The precondition of context-driven data process-
ing is the complex mental representation of a cer-
tain set of stimuli or a certain event and all its sur-
roundings. Detailed and elaborated memories do
not only facilitate voluntary retrieval of memory
contents, but also enhance security of remember-
ing. Based on research data, it seems that patients
with schizophrenia can only partly capture and rep-
resent a complex set of stimuli and do not encode
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all the important details of an episode®. It is well
documented that patients with schizophrenia, even
if they remember a certain stimulus, they cannot at
all or can only partly recall its environment and to
solve a task they do not use all the contextual infor-
mation>*-*! This means that in certain tasks they per-
form worse than healthy controls but in those tasks
where data-driven information-processing is an
advantage, they outperform healthy controls®?. The
deficit of context-driven data processing in patients
with schizophrenia has been demonstrated by using
visual®: 8, verbal® and cognitive (eg. Wisconsin
Card Sorting Test)® tasks.

Based on several results, problems of context-
driven data-processing seems to be specific of
schizophrenia, in comparison to healthy controls
and patients with depression as well®>¢’, The latter
group mainly had problems with retrieval of mem-
ories. At the same time, deficits of context-driven
processing were documented in high schizotypes of
community samples®® ¢°. However, Kéri (2008)7°,
based on their own and others’ results, argues that
deficits of certain visual tasks are more specific to
schizophrenia, compared to depression than tasks
using the medial temporal cortex.

THE ROLE OF HIPPOCAMPUS AND AMYGDALA AND THEIR
CO-OPERATION WITH THE PREFRONTAL CORTEX

The role of hippocampus is central in long-term
memory and as a consequence, in contextual mem-
ory>’, however, the volume reduction of hippocam-
pus and amygdale in patients with schizophrenia is
well-documented®> 7" 7>, Hoy and colleagues’
found in the MR-study of a small group of first psy-
chotic episode patients that childhood traumatic
experiences measured by self-report questionnaires
were significant predictors of amygdale and hip-
pocampus volume reduction.

Based on their study of patients with first episode
psychosis Aas and colleagues’ argued that amyg-
dale volume reduction (compared to controls) plays
a mediating role between childhood traumatic life
events and the cognitive deficits typical of psychot-
ic disorders, while age, gender, race and level of
education were controlled for. They assumed that
volume reduction of the hippocampus followed at a
later stage of the illness and emphasized the impor-
tance of further research exploring the co-operation
of hippocampus, amygdale and prefrontal cortex.
Grace” pointed out that stress-induced deteriora-
tion of amygdale and hippocampus is likely to be
mediated by dysfunction of the prefrontal cortex
which is unable to fulfil the proper control of stress
responses. This way, stressors have a long term neg-

ative effect on the brain, leading to the over-activity
of amygdale and hippocampus and consequently
the over-activity of the dopamine system and a psy-
chotic state. According to others, the combined dys-
function of hippocampus and the prefrontal cortex
may be assumed in the background of psychosis™.

DYSREGULATION OF HPA-AXIS AND THE DOPAMINE SYSTEM

In Walker and Diforio’s? stress-diathesis model
stress-induced over-activity of HPA axis is empha-
sized. Originally, ventral hippocampus is responsi-
ble for the regulation of HPA axis, but in reaction
to the long-lasting over-activity of HPA axis and
presence of stress hormones it is also over-activat-
ed, finally deteriorates and its volume decreases’.

The HPA over-activation decreases neuronal
plasticity and immune response of the organism.
High levels of stress increase adrenergic activity
responsible for the stress response’.

At the same time, because of its pivotal role in
the regulation of the dopamine system with the
over-activation of the hippocampus the dysregula-
tion of dopamine activity follows. When this hap-
pens the organism cannot selectively react with
increasing dopamine level to dangerous or especial-
ly rewarding or with decreasing dopamine level to
harmless or not so rewarding environmental stim-
uli. Over-activity of the ventral hippocampus results
an increase of dopamine response even to such
stimuli that would normally be neglected”’. This
altered functioning might explain hallucinations
and delusions in schizophrenia’®.

Walker and Diforio pointed out that in adults suf-
fering from schizophrenia stress-induced HPA dys-
regulation, the increased density of dopamine
receptors and the increased emission of dopamine
are all typical phenomena® 3. At the same time,
Read and colleagues* argue that the dysregulation
of dopamine system typical of schizophrenia have
been documented in abused children also.

Taken all together, it looks like, the dysregula-
tion of HPA axis and cortisol secretion in early
years can become permanent for adulthood and it
may contribute to the increased vulnerability to cer-
tain mental disorders® ¥.

Conclusions

It is very likely that a pathway may exist between
environmental adversities and psychotic symptoms
that lead through hormonal and neural and conse-
quently neuro-cognitive changes, even though a lot
more longitudinal studies and studies of clinical
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samples are needed. Finally, two important ques-
tions must be addressed that often come to mind
when discussing traumatic life events of people
with schizophrenia spectrum.

The first question is the credibility of patients’
reports about their traumatic events. It has been
documented repeatedly, that reports of psychiatric
patients about the abuse they had suffered are reli-
able? %, stable in time and independent of psychot-
ic symptom severity®!' and they usually under-report
and not over-report abusive experiences®?.

The second question is the relevance of traumat-
ic life events in relation to the psychiatric treatment.
As it has been discussed above, the course of the
disease seems to be heavily affected by traumatic
experiences of the patients. At the same time, trau-
ma history may determine how much patients trust
their therapists and according to Lysaker and col-
leagues’® study there is a difference between
abused and non-abused patients even after psychot-
ic symptom severity was controlled for, although
therapists did not notice it at all.
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COMPLEX APPROACHES TO STUDY COMPLEX TRAIT
GENETICS IN MULTIPLE SCLEROSIS

Bernadette KALMAN

Center for Research and Education, Markusovszky University Hospital, Szombathely

Multiple sclerosis (MS) is a complex trait disorder defined by
several genes and their interactions with environmental fac-
tors. A comprehensive exploration of the susceptibility vari-
ants had not been feasible until recently when new develop-
ments in biotechnology and biocinformatics made possible
sequencing of the whole human genome, cataloguing of
nucleotide variants and alignments of these variants in hap-
lotypes.

Earlier observations from epidemiological, candidate gene
and linkage studies provided ample evidence to support a
complex genetic determination of MS. New biotechnology
and bioinformatics resources have been recently applied to
further successful explorations of the disease. These efforts
were paralleled by more careful and reliable ascertainments
of disease phenotypes, collaborations among specialized
centers to generate sufficient sample size and involvement of
clinician-scientists capable of working both on the clinical
and scientific study sides. Data obtained from the whole
genome association studies (GWAS) elevated our under-
standing of MS genetics to a new level by identifying an
extensive list of genetic determinants. Pathway analyses of
MS-associated variants provided evidence to support the
immune etiology of the disease. Future research will likely
explore how environmental factors interact with the genome,
and contribute to the abnormal immune activation and
inflammation.

This review summarizes the outcomes of MS genetic explo-
rations including those of recent GWAS, and highlights prac-
tical consequences of genetic and genomic studies by point-
ing out as to how the derived data facilitate further
elucidation of MS pathogenesis. A better understanding of
disease processes is necessary for future advancements in
therapeutics and the development of disease prevention
strategies.

Keywords: complex trait, single nucleotide polymorphism,
haplotype, genome wide association study,
pathway analyses

KOMPLEX MEGKOZELITESEK A SCLEROSIS MULTIPLEX
OSSZETETT GENETIKAI JELLEGENEK
TANULMANYOZASAHOZ

K&lmdn B, MD, PhD, DSc cikk onli
Ideggyogy Sz 2014;67(9-10):309-321.

A sclerosis multiplex (SM) komplex genetikai betegség,
melyet t6bb gén hatéroz meg kérnyezeti faktorokkal t6rténd
kélcsdnhatdsban. A hajlamosité varidnsok atfogd
feltérdsdra csak nemrégen kerilhetett sor, amikor az ¢j
biotechnolégiai és bioinformatikai fejl8dés eredményeként
lehetévé vdlt a teljes humdan genom szekvencidjanak
meghatdrozésa, a polimorf varidnsok katalogizalésa és a
variénsok haplotipusokba valé sorolésa.

Kordbbi epidemiolégiai, jeldlt gén és kapcsoltségi tanul-
manyok alétdmasztottdk az SM komplex genetikai
meghatdrozottsdgdt. Az U] biotechnolégiai és bioinfor-
matikai eszkdz6k kiaknézdsa az SM tovdbbi sikeres
feltérdsdhoz vezetett. Ezeket az eréfeszitéseket kiegészitette a
betegség fenotipusdnak megbizhaté meghatérozdsa, a spe-
cializélt SM-kézpontok kézétt kollaborécidk kialakitdsa a
megfeleld mintaszam elérése érdekében és olyan alapku-
taté-klinikusok bevondsa a tanulmanyokba, akik képesek
klinikai és alaptudoményi feladatokat is ellatni. A teljes
genom asszocidcids tanulmdanyokbdl nyert adatok az SM
megértését U] szintre emelték a genetikai determindnsok
atfogé azonositasaval. A betegséggel asszocidlédé varidciok
bioldgiai dsszefiggéseinek elemzésébdl meggysz8
bizonyitékot nyertink az SM immuneredetét illetéen. A
kézelidv8ben valészinlleg olyan megkdzelitések vezethetnek
az SM tovabbi megértéséhez, melyek feltaridk, hogy a
kérnyezeti faktorok milyen médon élinak kélesénhatdsban a
genommal és eredményeznek abnormdlis immunaktivéciét,
valamint gyulladdst.

Ez az &ttekintés dsszegzi az SM genetikai tanulmanyok,
koztuk a telies genom asszocidciés tanulmdnyok ered-
ményeit, és kiemeli a genetikai/genomikai tanulmanyok
gyakorlati jelent8ségét abban, milyen médon segithetik ezen
adatok az SM kialakuldsénak jobb megértését. A betegség
kérfolyamatdnak jobb megértése a terdpids megkézelitések
i6v8beli fejl6désének és U] megel8z8 stratégidk kialakitésa-
nak kulcsa lehet.

Kulcsszavak: komplex trait, nukleotida-pontpolimorfizmus,
haplotipus, teljes genom asszociéciés tanulmény,
biolégiai kérfolyamat elemzése
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Multiple sclerosis (MS) is characterized by
inflammation, demyelination and neurode-
generation of the central nervous system (CNS).
The onset of the disease is typically in young adult-
hood, but may occur at any age from small child-
hood to late adulthood'. Presenting symptoms of
motor, visual, sensory, coordination, autonomous
and cognitive impairments may occur alone or in
combination. The diagnosis is established today
based on the McDonald’s criteria and its updated
versions??, all with the core requirement to demon-
strate dissemination of pathology in time and space.
About 85% of MS patients have relapsing-remitting
course during the early phase the disease, while the
remaining 15% of patients have progressive course
with or without superimposed relapses from disease
onset. These two latter forms are referred to as pro-
gressive-relapsing and primary progressive MS,
respectively. Most patients with relapsing-remitting
disease onset will later develop secondary progres-
sive course. The older the age of relapsing-remit-
ting disease onset, the higher the probability and the
shorter the latency of conversion to secondary pro-
gressive disease!*.

Magnetic resonance (MR) imaging not only
made feasible to establish the diagnosis earlier and
with higher degrees of certainty, but also facilitated
gaining much insight into the disease pathogenesis.
MS is considered today a disease of the whole CNS,
with extensive microscopic pathology present not
only within but also outside of plaques, in the so
called “normal appearing” white and gray matter>.
This microscopic pathology includes small foci of
inflammation, demyelination, astrogliosis, micro-
glial activation and neuroaxonal degeneration along
with complex molecular alterations, and gives sig-
nal alterations when using specific MR sequences®.
These microscopic lesions are the precursors of
future macroscopic lesions. Plaques, that had been
considered the pathological hallmarks of MS, rep-
resent the most severely affected regions of inflam-
matory demyelination, neurodegeneration and reac-
tive gliosis. Most plaques are visible by the naked
eye in brain sections and visualized by convention-
al MR sequences in clinical routine. As a plaque
evolves, its appearances change from inflammatory
demyelination and tissue loss to a severe non-
inflammatory but rather degenerative and astrogli-
otic (sclerotic) lesion. Because of the progressive
loss of white and gray matter regions secondary to
inflammation and demyelination in the CNS, tissue
atrophy accumulates in the brain and spinal cord
from the earliest stages of MS> 6. Brain atrophy and
lesion load strongly predict long term clinical dis-
ability’.
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There has been a debate as to whether there is an
inter-individual heterogeneity (but intra-individual
homogeneity) of pathology or the heterogeneity
evolves over time during progressive lesion devel-
opment® °. Investigators representing the former
view suggest that acute demyelinating lesions of
MS may be grouped into four subclasses each con-
sistent in individual patients. These four subgroups
include lesions with 1) mononuclear inflammation,
2) mononuclear inflammation and immunoglobulin
plus complement deposition, 3) dying back oligo-
dendrocytopathy and apoptosis, and 4) other forms
of oligodendrocytopathy and necrosis®. Investiga-
tors representing the second view argue that the ear-
liest histological lesion involves oligodendrocyte
apoptosis and microglial activation in still myeli-
nated tissue with sparse mononuclear infiltration®.
Based on this observation, demyelination is preced-
ed by oligodendrocyte injury of unknown etiology,
and the infiltration by blood-borne mononuclear
cells may be secondary to the evolving CNS pathol-
ogy.

Oligodendrocyte and neuronal apoptosis as well
as the neurodegenerative changes, however, have
been interpreted in most studies as lesions develop-
ing secondary to inflammation, and may involve
oxidative damage to mitochondrial macromolecules
leading to mitochondrial mechanisms of tissue
loss!®- 11,

While recent development in in vivo and in vitro
imaging technologies facilitated to gain much
insight into the temporal evolution and molecular
characteristics of MS lesions, the causes of immune
activation and inflammation are not well under-
stood. Based on the abnormalities observed in the
peripheral immune system, MS has been considered
an autoimmune disease. The main immune effec-
tors of lesion development appear to be CD4+ T
helper (TH) subpopulations, specifically the TH-17
and TH-1 cells with distinct pro-inflammatory
cytokine profiles (interleukine[IL]-17and IL2,
interferon-gamma, respectively)'?. In contrast, TH-
2 cells with IL-4 and IL-10 cytokine profiles may
exert protective regulatory effects. Monocytes,
macrophages, dendritic cells and B lymphocytes
present various antigens and contribute to the dif-
ferentiation and activation of TH-17/TH-1 cells'?.
Immunoglobulins specific for myelin, axonal and
neuronal molecular components also may con-
tribute to the development of subtypes of lesions®
4. While the disease-relevant antigenic determi-
nants remain to be determined, a deficiency in the
regulatory CD4*, CD25*, Foxp3* Treg cells in the
peripheral circulation as well as in the brain seems
to play important roles in the abnormal immune



response'®. Besides abnormalities in the adaptive
immune system (e.g. antigen specific CD4+ T
cells), functional deficiencies in the innate immune
system (e.g. natural killer cells) have also been
noted'®. Evidence suggests the involvements of sev-
eral environmental factors (early microbial expo-
sures, vitamin D, UV, smoking, etc...) in the patho-
genesis of MS, which likely act through interactions
with the immune system and contribute to the
abnormal activation of T cells!”. Nevertheless, the
exact role and temporal sequence of host-environ-
ment interactions in MS have not been sufficiently
clarified to unequivocally explain the etiology of
the disease.

With the advancement in molecular technologies
and the successful exploration of the human
genome the hope arose that gaining deeper insights
into the characteristics of the genome, transcrip-
tome and epigenome of MS patients will clarify
ambiguities concerning the etiology of the disease
and facilitate our understanding of its pathogenesis.
This survey of genetic and genomic literature,
therefore, aims to summarize as to what we have
learnt from studying the genome and its products to
better explain the pathogenesis of MS and to identi-
fy new treatment targets.

Genetic and genomic studies in
multiple sclerosis

EPIDEMIOLOGY

Epidemiological studies investigate occurrence
(prevalence and incidence), geographic and ethnic
distribution, familial recurrence and environmental
determinants of a disease, and explore interactions
among host and environmental factors. Extensive
epidemiological studies have been conducted for
over a century in MS, and provided ample evidence
to support its genetic etiology, but with significant
environmental involvement. The genetic determi-
nation of the disease is supported by several obser-
vations. First, there are ethnic differences in the
occurrence of the disease even among populations
living next to each other in the same environ-
ment'®2!. Second, the risk for monozygotic twin-
pairs is 300-times, and for first degree relatives of
MS patients is 20-40-times higher than for some-
one in the general population®-2*, With the decrease
of relatedness, the risk for MS is also decreasing.
Third, half-sib studies, conjugal pairs and adoption
studies confirm that this increased risk exists only
for biological relatives*’. Fourth, the inheritance
of MS is not compatible with mendelian (autosomal

dominant, recessive or X-linked) or mitochondrial
transmission patterns. MS is a complex trait defined
by interactions among several genes and environ-
mental factors'!: 28,

CASE-CONTROL CANDIDATE GENE ASSOCIATION STUDIES

Since the early 1970-ies, case-control association
studies have been conducted in increasing numbers,
as improving methods for defining polymorphic
alleles at the protein, RNA and DNA levels revea-
led more and more variants in candidate genes of
inflammation and demyelination''. These hypothe-
sis-driven association studies selected candidate
genes based on the autoimmune hypothesis of inf-
lammatory demyelination in MS, and statistically
tested the allele frequency differences within these
candidate genes in populations of sporadic cases
(patients) and controls, matched for age, gender and
ethnicity. Similar to most autoimmune diseases, the
involvement of the Human Leukocyte Antigen
(HLA) locus in MS is now unambiguously establis-
hed'?. Due to a strong linkage disequilibrium in
this region, however, it has been difficult to sort out
which allele of the HLA-DRB5*0101-HLA-
DRB1*1501-HLA-DQA1*0102-HLA-
DQB1*0602 MS-associated extended haplotype
has the primary role in the disease®”3!. This exten-
ded haplotype confers a relative risk of =3 in indi-
viduals of Northern-European descent (meaning
that carriers of the haplotype have a 3X risk for MS
compared to non-carriers), but other DRB1 alleles
also play important roles in Northern-Europeans
and in other ethnic groups as well*'. At the indivi-
dual level, epistatic interactions occur among DRB1
susceptibility and resistance allele combinations
and contribute to a fine tuning of the overall risk for
the disease®!. Alleles of non-DRB1 HLA genes (e.g.
HLA A3 predisposing and HLA A2 protective alle-
les) also may modify susceptibility to the disea-
se’> %, Thus, both HLA allelic (e.g. alleles of the
DRBI gene) and locus (e.g. HLA A locus or HLA
DR locus) heterogeneity seem to play roles in defi-
ning MS susceptibility. Hypothesis driven, case-
control studies also tested allele frequency differen-
ces in non-HLA candidate genes involved in
immune response and demyelination/remyelinati-
on, but revealed less unambiguous associations due
to the small effects of these genes, heterogeneity of
the disease and often insufficient sample sizes!!.

LINKAGE ANALYSES

The method of linkage became very successful in
identifying disease loci with subsequent cloning of
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disease-relevant genes in mendelian disorders
(caused by highly pathogenic mutation[s] in single
genes) from the early 1990-ies. Because of the
strong effect of such a mutation, analyzing one or a
few large families with multiple affected members
usually was sufficient in mendelian disorders. In
contrast, the polymorphic genetic variants (not
pathogenic mutations) that define complex trait dis-
orders exert small effects, and therefore, several
hundreds of families are needed for a linkage study
to have statistical outcome. Generally in linkage
studies, polymorphic microsatellite markers are
genotyped in multiple affected and unaffected indi-
viduals in families with more than one patient, and
the segregation of microsatellite alleles with the dis-
ease trait is determined. Microsatellites are short, 2-
6 base pairs sequence repeats. The numbers of these
repeats result in length variations and define the
microsatellite alleles, which are inherited. The first
genome-wide linkage analyses using microsatellite
markers in MS were published in 1996°%3%. These
studies identified several loci, each with moderate
lod scores, suggesting potential relevance to the dis-
ease, and those which were identified in more than
one study, particularly attracted attention for follow
up. Since then, numerous linkage analyses, with
varying degrees of coverage and in families of vary-
ing ethnicity, have been carried out®. However, this
approach revealed that linkage is not the ideal tool
to study complex disorders (as opposed to
mendelian disorders), due to the weak signals of
genes and the genetic heterogeneity among families
in complex traits. The numbers of available fami-
lies were also relatively low suggesting that the
weak results were in part related to the lack of
power. In addition, the identified susceptibility loci
were very large encompassing millions of base pairs
often coding for hundreds of genes in the identified
chromosomal regions, and linkage as a method was
unsuitable for further narrowing down these large
susceptibility loci. Nevertheless, linkage data have
confirmed the involvement of the HLA Class II
region on chromosome 6p21.3 in MS, even though
the lod score has not reached the level of formal sta-
tistical significance of 3 that is conventionally con-
sidered the lowest threshold suggesting linkage (at
least in mendelian disorders). All other “loci of
interest”” had lod scores between 1 and 2 (or below).
Linkage as a hypothesis free approach confirmed
that multiple loci play a role, MS is a polygenic dis-
ease, and the HLA Class II region may have the
strongest influence on disease susceptibility. Based
on the analyses of HLA allele sharing by descent in
sib pairs, the HLA region was estimated to define
20-60% of genetic susceptibility in MS?* 3% %,
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Conclusions of the microsatellite-based linkage
analyses were further confirmed in a single
nucleotide polymorphisms (SNP) — based linkage
study that used 4500 SNP markers in 750 multiplex
MS families and showed a peak lod score of 11.7 in
the HLA region (SNPs are sequence variations at
certain positions as opposed to the length polymor-
phism of microsatellite repeats; see more specific
definition of SNPs below)*. However, even in this
highly powered SNP-based linkage study, no other
locus showed lod score with genome-wide signifi-
cance. Linkage as a method had clearly reached its
limits in MS, and it was necessary to turn to new
methods based on information from the Human
Genome Project.

SINGLE NUCLEOTIDE POLYMORPHISMS GENOTYPING AND
LINKAGE DISEQUILIBRIUM ANALYSES

Recent explorations of the human genome included
not only full sequence determinations, but also sys-
tematically collected information on genetic varia-
tions by the SNP Consortium Allele Frequency
Project and the HapMap Project*" 2. The SNP and
Hapmap databases are publically available (http://
www.ncbi.nlm.nih.gov/snp/ and http://hapmap.
ncbi.nlm.nih.gov/). We have learnt from data of the
Human Genome Project (http://www.ncbi.nlm.
nih.gov/genome) and the SNP and Hapmap studies
that the human genome is composed of 3.2 billion
base pairs, and comparing the genomic sequences
of any two today living individuals, 99.9% similari-
ty may be observed. The 0.1% differences come
from genetic variations, the most frequent of them
being the single nucleotide polymorphisms (SNPs).
As the name suggests, alleles of SNPs are defined
by single nucleotide variations at a given position
(at such position, pyrimidine-pyrimidine i.e. cyto-
sine/thymine, or purine-purine i.e. adenine/guanine
alternate alleles may be detected; or pyrimidine/
purine alleles i.e. cytosine/adenine, cytosine/gua-
nine, thymine/adenine, thymine/guanine alternates
may also be present). These genetic variations
determine phenotypic differences and susceptibility
to common diseases in the population. The distribu-
tion of SNPs is not even in the genome. Neverthe-
less, roughly one SNP may be expected for every
1000 nucleotides*.

SNP alleles align in haplotypes that are chromo-
somal blocks within which recombinations do not
occur during meiosis. An offspring carries one copy
of each chromosome from his/her mother and
father. During meiosis, multiple recombinations or
crossing over exchanges occur between the homol-
ogous maternal and paternal chromosomes. These
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exchanges result in mosaics of maternally and
paternally derived chromosomal blocks in the off-
spring’s chromosomes (Figure 1A). SNP alleles are
in linkage disequilibrium (LD) with each other
within particular chromosomal blocks, and these
chromosomal blocks, also called haplotypes, tend
to be inherited together from parents to offspring
through generations in the population. The size dis-
tribution of haplotype blocks is related to the popu-
lation/meiotic history and thus, characteristic of
each ethnic group. Older populations (e.g. African
Yorubans) are characterized by shorter haplotype
blocks than younger populations (e.g. Asians and
Europeans). The longer the population history, the
more meiosis and more recombinations occurred
through subsequent generations, which resulted in
shorter haplotype blocks in the chromosomes of the
today representatives of that population®!.
Haplotypes, defined by specific allelic combina-
tions in a population may facilitate performing
research studies. When a disease-causing mutation
arises, it does so within a haplotype (Figure 1B).
Defining first the haplotype that is associated with
a disease may subsequently help to narrow down
and identify the specific disease-causing mutation
or SNP variant within that haplotype. Since the

Haplotypes B
i

SNPs glA t'C *Alg disease causing mutation: *A
..Atac ... acgC ... cgta .. *Atac.. __ Haplotypes on which the disease
~.Atac ... acgC ... cta ... "Atac... mutation occurred
...gtac...acgt ...cgta... gtac...
...gtac ... acgt ...cgta ... gtac...
..gtac ... acgt ...cgla ... gtac...

..Atac ... acgC ... cgta ... *Atac...

Figure 1. SNP haplotypes and disease-relevant variants.
A. Recombination during meiosis. During meiosis,
recombinations occur between homologous maternal and
paternal chromosomes and result in recombinant chro-
mosomes in the offspring. B. Haplotypes. SNP haplotypes
are defined by certain alleles of SNPs which are in LD
with each other. These allele combinations or haplotypes
tend to be inherited together in the population, because
recombinations do not occur within the haplotypes.
Disease causing mutations develop within haplotypes or
chromosomal blocks, making it possible to identify first
the disease associated haplotypes followed by the identi-
fication of the disease relevant variant within that haplo-
type

marker allele is in LD with the disease allele, this
method is often referred to as LD mapping. LD
mapping has been extensively used for exploring
genetic susceptibility in complex trait disorders.

Our three-stage study focused on the 17ql1
chromosomal region in MS exemplifies how this
strategy works. We selected the 17ql1 region
because 1) A meta-analysis of three genome scans
revealed the highest nonparametric linkage score
(NPL=2.58) at 17q11* and two case-control stud-
ies suggested involvement of this region in MS*"-4%;
2) This chromosomal region encodes two clusters
of B-chemokine ligands (or CC chemokine ligands -
CCLs) within a 1.85 MB chromosomal segment of
17q11; CCLs have been implicated in the pathogen-
esis of MS as well as in experimental autoimmune
encephalomyelitis (EAE, an induced inflammatory
demyelinating model of MS)*; and 3) EAE studies
showed that mouse and rat chromosomal regions
synthenic to the human 17q11 confer susceptibility
to EAE (just like 17q11, the synthenic mouse and
rat chromosomal regions also encode CCL gene
clusters)*® 3!,

In the first phase of this three-parts study, we
genotyped 32 SNPs within 17q11, in 1085 individ-
uals of 257 MS families®>. The results suggested
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SNP alleles and haplotypes within the CCL2,
CCL11-CCL8-CCL13, CCL3 and CCLI15 genes
likely relevant to MS. In the second phase, we geno-
typed 232 SNP markers in the same region in a new
set of 1369 individuals in 361 MS families. This
second study confirmed and refined the previously
suggested associations>. In the third phase, we
selected from the MS-associated haplotypes one
within the CCL3 gene, and sequenced this haplo-
type along with its flanking regions to reveal which
polymorphisms (SNP allele) have the strongest
association with MS and likely be the disease-rele-
vant variant within that haplotype. Sequencing
revealed several new SNPs within this CCL3 hap-
lotype, which we genotyped in an independent set
of MS cases and controls, and thus defined which
variant within this haplotype showed the strongest
association with the disease®. This three-stage
study based on LD analyses first identified MS-
associated SNP variants and haplotypes within spe-
cific genes at 17q11, which were then confirmed
and refined in the second study. We postulated that
these marker variants were in LD with specific dis-
ease-relevant variants. Therefore, in the third study
we defined the SNPs that showed the strongest
association within one of the MS-associated haplo-
types (in the CCL3 gene), which likely have direct
relevance to the disease. This study shows how we
may get sequentially closer from a large (1.8 mil-
lions of base-pairs) chromosomal susceptibility
region (17q.11) to a few hundred-base-pair size
haplotype and then to single disease-relevant genet-
ic variants by relying on LD.

GENOME-WIDE ASSOCIATION STUDIES

Similar to the above outlined 17ql1 analyses,
genome-wide association studies (GWAS) studies
also rely on LD between a study-marker and a dis-
ease-relevant variant to define susceptibility in a
complex trait, but instead of characterizing a select-
ed region, the entire genome is scanned to reveal
the genetic architecture of a disease. Typically from
3-6X10° to a few millions of markers are tested in
large patient (case) and control populations to iden-
tify allele frequency differences suggesting associa-
tions with the disease. This association-based
approach is far more powerful to reveal disease
variants with small effects than the method of link-
age. However, some key requirements need to be
satisfied in order to yield a successful outcome in
genome-wide association analyses: 1) Genome-
wide significance cannot be reached if the sample
size is inadequate and the signal of the disease gene
is small. To minimize the risk of false negative
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observations (Type I error), inclusion of large num-
bers (typically several thousands) of study subjects
may be necessary which may only be available
through collaborations within consortia; 2) Because
of the ethnic-specific nature of SNP frequency dis-
tributions, matching ethnically the control and the
patient populations is a key requirement to avoid
population stratification and false positive observa-
tions (Type II error); 3) Due to the large numbers of
markers, corrections for multiple testing are neces-
sary. However, using overly stringent corrections, a
genome-wide significance may get lost (Type I
error). Therefore, proper selection of methods to
correct for multiple testing and taking LD between
markers into consideration (acknowledging that
associations with the markers within a haplotype are
not independent) are necessary> 6,

The first highly powered MS GWAS study with
dense coverage of the entire genome was published
in 2007°7. This study used DNA microarray tech-
nology to test almost 335,000 SNP markers in over
12,000 total subjects in MS trio families and case-
control cohorts in the initial and replication study
parts. The results showed that two SNPs within the
interleukin-2 receptor alpha gene (IL2RA)
(P=2.96x10®), a nonsynonymous SNP in the inter-
leukin-7 receptor alpha gene (IL7RA) (P=2.94x10
7y and multiple SNPs in the HLA-DRA locus
(P=8.94x10%") were associated with MS. Numerous
studies accompanied or followed this GWAS to
confirm and refine the involvement of the IL2RA
and the IL7RA variants in MS susceptibility, and to
sort out their biological significance’-%. It was
shown that the MS-associated SNP variant in the
IL7RA gene regulates alternative splicing by aug-
menting the exonic silencer of exon 6. Skipping of
(splicing out) exon 6 increases the soluble and
decreases the membrane-bound isoform of the
receptor, which impacts on T and B cell develop-
ment and differentiation®. A similar influence of
the MS-associated IL2RA variant on the soluble vs.
membrane-bound forms was also suggested™. A
SNP variant in the CD58 gene, encoding the LFA-3
costimulatory molecule, was negatively associated
with MS (Odd ratio or OR=0.82), suggesting that
this allele exerts protective effect®. The protective
allele was shown to increase CD58 expression,
which upon engagement with its CD2 receptor, up-
regulates the expression of transcription factor
FoxpP3. Increased FoxP3 is associated with an
enhanced function of CD4*CD25"e" Treg cells that,
as indicated above, are defective in MS patients®.

In addition to these well characterized MS-asso-
ciated non-HLA genes, further non-HLA MS-sus-
ceptibility variants were revealed by analyses of



data from focused or comprehensive SNP genotyp-
ing®: 64-69,

As of today, 7 independent GWAS studies have
been reported in MS, but numerous studies with
narrower scopes were also published®’- 6% 68.70-75,
The HLA and non-HLA genetic variants associated
with MS in the 7 GWAS are listed in Table 1.%.
The International Multiple Sclerosis Genetics
Consortium and the Wellcome Trust Case Control
Consortium 2 [WTCCC-2]¢ reported a GWAS on
9772 cases of European descent collected by 23
groups in 15 countries. This study replicated 23 of
26 previously known MS-associated variants and
identified 29 novel susceptibility variants. Within
the HLA DRI gene, this group refined the risk alle-
les and showed that certain HLA A alleles may pro-
vide protective effect in MS.

Meta-analyses of GWAS data can be controver-
sial, because it mixes results from various ethnic
groups, but since both cases and controls are group-
wise included, it can also be extremely powerful.
Two meta-analyses of MS GWAS studies refined
previous discoveries and added new susceptibility
markers to the previous lists®® 7. They also revealed
that the investigated variants altered gene expres-
sion in peripheral blood mononuclear cells and were
involved in inflammatory processes suggesting
their functional significance in MS-77.

A proportion of susceptibility markers identified
in MS overlaps with those found in other complex
trait disorders such as rheumatoid arthritis, Crohn’s
disease, Type I diabetes, celiac disease, SLE and
psoriasis, suggesting that these variants define an
overarching autoimmune trait and are not specific
for MS (reviewed in 29). Some of these autoim-
mune variants are located within genes of PTP22,
IL23R, NRXN1, KIAA1109, EPHA7, TRIM27,
TNFAIP3, TNKS, and C200rf42%.

There are a few technical issues to take into con-
sideration concerning GWAS studies. It is impor-
tant to keep in mind that not all the MS-associated
SNP alleles have direct relevance to the disease. As
outlined above, some of these alleles may only be
in LD with a disease variant. In addition, most of
the GWAS studies used microarray technologies
that preferentially test common SNP variants (pop-
ulation frequency >5%)¥. Therefore, evolutionarily
newer, rare variants have not been systematically
interrogated in MS by GWAS, and therefore, non-
array-based, focused association studies, even
though smaller than GWAS (such as our 17ql1
scan), may reveal information missed by GWAS.
The challenge is to identify methods suitable for
testing not only common but also rare variants with
genome-wide coverage for the refinement of cur-

rent knowledge concerning the genomic landscape
in MS and other complex diseases.

PATHWAY ANALYSES

The above discussed hypothesis-free GWAS
(Table 1.) reveal that the identified variants are
mainly within genes of immune response and there-
by support without preconceived assumption that
immune-mediated pathways play key roles in the
development of MS. This finding has major signifi-
cance, since the views concerning a primary
immune vs. CNS etiology of MS have long been
debated’®, and objective observations to unequivo-
cally support either position had been missing.

Formal pathway analyses of the MS-associated
genetic variants identified by various GWAS stud-
ies have been conducted with similar outcomes. In
the study by the WTCCC-27%, statistical analyses
were performed to identify genes with similar func-
tion. First, the authors identified the nearest gene to
the SNP of interest in each region of association and
used the so called Gene Ontology (GO) database to
test whether or not the groups of nearest genes were
enriched for functional relatedness. This analysis
showed significant enrichment for lymphocyte
function, particularly for T cell proliferation and
activation, T helper cell differentiation, and inter-
cellular immune communication through cell sur-
face receptors and cytokines, and signal transduc-
tion. This study, however, did not find evidence for
genetic associations with clinical course, disease
severity, month of birth or gender.

More recently, a protein-interaction-network-
based pathway analysis (PINBPA) of data from two
large MS studies (WTCCC2 and meta2.5,)%: 76 was
reported, which involved a total of 15,000 cases and
31,000 controls’. PINBPA is even a more advanced
and more powerful analytical approach than the pre-
viously used pathway analysis methods. This study
assumed that even modestly associated genes may
participate in biologically relevant pathways, and
therefore considered all genes with p<0.05 after p-
values were computed from individual SNP-wise
summary-level data using a special program
(VEGANS) (This low threshold of significance needs
to be viewed in the context of GWAS where a
genome-wide significance of p<10?® is typically
required assuming independence among markers).
After this more liberal inclusion of candidate genes,
another program (the so called Manhattan visuali-
zation plot) was used to define association peaks.
The distribution of nominally associated loci was
largely identical in the two studies (WTCCC2 and
meta2.5)% 7, The association blocks matched the
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Table 1. Continued

OR

p-values

SNPs

Gene

Replication Region

Initial

Platform (SNP
passing QC)

Year

Study

sample size

NR

sample size

1.36
1.35
1.36
1.34
1.37
1.37
1.41
1.38
1.34
1.38
3.3

1.00E-06
3.00E-06

rs9523762
rs1755289
rs1529316
rs1458175
rs908821

GPC5

13931.3
9p22.2

978 cases

lumina

2009

Baranzini et al.”2

SH3GL2
CSMD1

883 controls

[551,642]

2.00E-06

8p23.2

2.00E-06

PDZRN4

12912
3923

3.00E-06

SLC25A36

8.00E-06

rs7672826
rs397020

MGC45800
C200rf46
DDEF2

ZIC1

ENT

4g35.1

8.00E-07

20p13

9.00E-06

rs1109670
rs1841770
rs651477

2p25.1
3924

8.00E-06

7.00E-06

2q14.2

9.00E-11

rs3129934

HLA-DRB1

Affymetrix 242 cases 375 cases 6p21.32

Comabella et al.”® 2008

242 controls 375 controls

[428,867]
(pooled)

1.17

1.99
1.14

1.25
1.18
1.15

8.00E-06

rs10984447
rs3135388
rs6498169

DBC1

931 trios 609 trios 9933

Affymetrix

2007

Haofler et al.5”

9.00E-81

2,322 cases 6p21.32 HLA-DRA

2,431 controls

[334,923]

4.00E-06

KIAA0350
IL2RA
IL7RA

RPL5

16p13.13

2,987 controls

3.00E-08
3.00E-07

rs12722489
rs6897932
rs6604026

10p15.1
5p13.2

8.00E-06

1p22.1

*Meta-analysis

This table summarizes the results of 7 GWAS studies and a meta-analysis (meta2.5) in MS, and is reproduced with modifications from Publication: Curr Opin Genet Dev. 2011; 21 (3):317-

324. Baranzini SE. Revealing the genetic basis of multiple sclerosis: Are we there yet2?? - with permission from Elsevier.

boundaries of the association
regions of the 57 MS susceptibility
loci’®. Then, the authors combined
statistical evidence of gene associa-
tion and physical evidence of pro-
tein-protein  interaction.  The
PINBPA analyses revealed that
protein products of genes that
showed genome-wide significance
were more likely to physically
interact and to belong to the same
or similar pathways. The sub-net-
works or modules of genes (and
their protein products) enriched
with nominally associated loci
were also investigated within each
of the two studies (WTCCC?2 and
meta2.5)% 7% These analyses
demonstrated that the modules
were more likely to include genes
with “bona fide” susceptibility
variants and identified several new,
biologically relevant candidates™.
Finally, to define biological signifi-
cance of associated and candidate
genes, the group conducted Gene
Ontology analyses, which revealed
three main categories of biological
processes: leukocyte activation,
apoptosis and positive regulation of
macromolecular metabolic process-
es. Another, the so called KEGG
pathway analysis highlighted the
JAK-STAT signaling pathway,
acute myeloid leukemia, and T cell
signaling  pathways. (KEGG
[Kyoto Encyclopedia of Genes and
Genomes] is an assembly of online
databases of genomes, enzymatic
pathways and biomaterials. The
PATHWAY database of KEGG
includes networks of intracellular
molecular interactions in various
organisms). Tissue specificity
analyses suggested that 2/3 of the
genes were highly expressed in
immune cells, and half of the genes
were expressed in the CNS.
However, further analyses exclud-
ed the involvement of a neural
pathway in MS. These complex,
multi-step analyses provided strong
evidence to further support the
involvement of immune pathways
in MS™.

Ideggyogy Sz 2014,67(9-10):309-321. 3 1 7



MITOCHONDRIAL GENOME

The mitochondrial (mt)DNA is a small, extra-
nuclear part of the genome, and often omitted from
reviews of MS genetics/genomics. As the author of
this paper carried out the first comprehensive
mtDNA polymorphism and full sequence analyses
in MS cases and controls, and the investigations of
nuclear and mtDNA-defined variants of Complex I
in MS families, the results are briefly discussed
here!!: -1, The involvement of mtDNA in MS sus-
ceptibility was suggested by the observations that
MS occurred more frequently than expected by
chance in Leber’s Hereditary Optic Neuropathy
(LHON) pedigrees, MS also co-occurred intra-indi-
vidually with LHON in some patients, and subse-
quently, primary LHON mutations were detected in
some MS patients (Reviewed in 11). Our compre-
hensive analyses of mtDNA excluded, however, the
involvement of mtDNA mutations with pathogenic
significance in MS, but revealed the associations of
certain mtDNA haplotypes and variants with the
disease’™ *. These findings were later reproduced
by several groups (reviewed in 11). We also found
that variants within nuclear and mtDNA-encoded
genes of Complex I are associated with MS and
likely interact with each other at the protein level®!.
Complex I is the first enzyme complex involved in
mitochondrial oxidative phosphorylation and
encoded by 38 nuclear and 7 mitochondrial genes.
We found that the activity of Complex I is negative-
ly affected by oxidative damage developing second-
ary to inflammation in MS lesions'’. However, we
were unable to detect mitochondrial genetic mark-
ers of phenotypic subgroups of MS. Our compre-
hensive studies identified mtDNA variants and hap-
lotypes that confer modest risks to the disease, and
revealed that Complex I, a mitochondrial enzyme
with MS-associated genetic variants, also has func-
tional involvement in lesion development. These
studies laid the ground works for establishing that a
mitochondrial mechanism leads to neurodegenera-
tion developing secondary to inflammation in MS.

Conclusion and future directions

Data from genetic and genomic studies have con-
sistently identified the HLA locus as a major sus-
ceptibility locus, and established that HLA defines
more than 50% of genetic susceptibility in MS.
GWAS studies revealed thus far 57 non-HLA sus-
ceptibility variants with moderate and small effects.
These genetic variants are within genes that define
pathways of immune response, intercellular com-
munication, macromolecular metabolic processes,

3 ] 8 Kdalman: Multiple sclerosis genetics

apoptosis and signal transduction. Additional genes
(and their protein products) may be identified by
approaches that reveal candidates with smaller
effects and by newer genome-wide genotyping
strategies that may capture very rare variants in the
population. Gene ontology and pathway analyses
have greatly facilitated to view genomic results in
functional context. Protein-protein interaction ana-
lyses replicated and confirmed most of the previous
conclusions concerning pathways and networks
defined by GWAS data, and further refined our
knowledge regarding MS pathogenesis. Altogether,
genomic data, first in MS history, provided objec-
tive evidence to support the immune etiology of the
disease. Studies with narrower focus on selected
chromosomal regions may still be justified to reveal
variants with small effects. Such information may
be relevant to additional MS pathways, and com-
plementary to the GWAS data, if used in the appro-
priate context. MtDNA analyses also complement-
ed the large genome-wide efforts, and identified
genetic variants and functional pathways involved
in the down-stream process of neurodegeneration
developing secondary to inflammation.

A future extension of these investigations will
likely explore as to how environmental factors inter-
act with the genetic susceptibility variants and con-
tribute to immune activation and inflammation.
Gene-environmental interactions can be probed by
methods of epigenetics, which investigate modifica-
tions of histone by biochemical processes (methyla-
tion, acetylation, phosphorylation, ubiquitination
and sumoylation) at certain amino acids, methyla-
tion of CpG sequences within DNA, and microRNA
expression. All these epigenetic processes are
involved in gene expression regulation. The epige-
netic modifications of histones, DNA and
microRNA expression often result from interactions
with environmental factors such as microbial agents,
UV irradiation, toxic molecules, and smoking, pre-
viously identified in MS epidemiologic studies.
While there have been a great number of epigenetic
investigations in MS®35, none was comprehensive
enough to allow unambiguous conclusions. After the
rewarding outcomes of GWAS studies, epigenetic
approaches may represent the next step to gain fur-
ther insights into the complex etiology of the dis-
ease. Integration of genomic, mitochondrial genetic,
epigenetic and transcriptomic data may provide an
additional dimension to the analyses, and elucidate
not only cross-sectional but also longitudinal aspects
of biological processes important in MS pathogene-
sis. The emphasis on specifying the pathogenesis is
very important for future pharmaceutical discover-
ies and targeting, or for the ultimate goal of prevent-
ing the disease.
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MECHANISM OF THE “DARK"” AXONAL DEGENERATION
IN THE CENTRAL NERVOUS SYSTEM

Jozsef PAL, Ferenc GALLYAS sr.
Department of Neurosurgery, Faculty of Medicine, University of Pécs

Background and purpose - In the central nervous tissue,
two types of transsection-resulted axonal degeneration are
generally accepted: “watery” and “dark”. The present paper
deals with the assumption that the mechanism of this kind of
“dark” axonal degeneration has a relationship with that of
the “dark” neuronal degeneration.

Methods — A minute stab wound is inflicted in the parietal
cortex of the rat brain. From 1 h to 3 months postinjury, the
resulted ultrastructural events in two distant regions of the
corticospinal tract (internal capsule and C3 region of the
corticospinal tract) are studied.

Results — As a novel finding, the first morphological process
of “dark” axonal degeneration was found to consists in a
striking reduction of the distances between neighboring neu-
rofilaments, which were readily distinguishable and appar-
ently undamaged. This pattern (compacted ultrastructure)
persisted for hours. By day 1 postinjury, the compacted axo-
plasmic elements aggregated into a homogenous and
dense (“dark”) mass in which hardly any ultrastructural ele-
ments could be distinguished. Surrounded by apparently
normal or mildly abnormal myelin sheat, this mass under-
went a non-isotropic shrinkage during the next three
months. Morphological signs of phagocytosis were insignifi-
cant.

Conclusion — The ultrastructural events during the first day
post-injury suggest a non-enzymatic mechanism as an alter-
native to the prevailing molecular-biological mechanism.

Keywords: cortical stab-wound, corticospinal tract,
“dark” axonal degeneration, ultrastructural compaction,
non-enzymatic mechanism

A KOZPONTI IDEGRENDSZERBEN LEJATSZODO
,SOTET” AXONDEGENERACIO MECHANIZMUSA
Pal J, PhD; Gallyas F, PhD, DSc

Ideggyogy Sz 2014,;67(9-10):323-330.

Hattér és célkitizés — A kézponti idegrendszerben az
atvégéssal vagy roncsoldssal el8idézett axondegenerécidnak
két tipusa van: a ,s6tét” (dark) és a ,vildgos” (watery) axon-
degenerdcié. Azt vizsgdltuk, hogy a ,sétét” axondegenerdcié
|étrejéttének mechanizmusa hasonlit-e a ,sétét” idegsei-
tekéhez.

Médszerek — Egyetlen kis sérilést okoztunk patkdnyagy
frontoparietalis agykérgében. Az ezt kdvetd egy 6rétol
harom hénapig tarté id@intervallumban az ennek hatdsara
bekdvetkez8 ultrastrukturdlis eseményeket tanulmanyoztuk a
corticospinalis traktus két tavoli tertletén (nucleus caudatus,
illetve gerincveld).

Eredmények — A ,sétét” axondegenerdcié — mindeddig
nem vizsgdlt — els érdjdban a neurofibrillumok kézti tévol-
sdgok drasztikusan lecsdkkentek (kompaktalédott ultrastruk-
tGra). Az egyes neurofibrillumok 6l lathatéak maradtak, és
épnek tintek az ezt kdvetd néhdny érdban. A sértést kévetd
els8 napra a kompaktélédott axoplazma homogén és sGr(
(,56tét") masszavd 16mérilt, amelyben nem voltak megfi-
gyelheték individuélis ultrastrukturdlis elemek. A sértést
kévet8 hdrom hénap alatt — latszélag normdlis, vagy alig
kérosodott myelinburokkal kérilvéve — ez a ,sétét” massza
anizotrop jelleggel tovébb zsugorodott. Phagocytosisra utaléd
iel alig-alig volt talalhaté.

Kévetkeztetés — A sértést kévetd elsd ordk ultrastrukturdlis
eseményei — amelyek hasonlitanak a ,s6tét” idegseijtek
képz&désekor megfigyeltekre — arra engednek kévetkeztetni,
hogy az idegétvégds okozta ,sétét” axondegenerdcidé nem
enzimatikus folyamat kévetkezménye.

Kulcsszavak: agykéregsértés, corticospinalis traktus,
.S6tét” axondegenerdcid, ultrastrukturdlis kompakcid,
nem enzimatikus mechanizmus
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Differently from the commonly known ultra-
structural course of the Wallerian degeneration
distal to a cut or crush in the peripheral nervous sys-
tem (PNS), two ultrastructural processes have been
revealed in the central nervous system (CNS):
“watery” and “dark” degenerations'. In the former,
the myelin sheaths are somewhat expanded and
contain either nothing or a few small multilamellar
bodies self-assembled from disintegrated ultrastruc-
tural elements of the normal axoplasm. In the latter,
myelin sheaths are considerably contracted and
their interior is so dark and dense that hardly any
ultrastructural elements can be distinguished in
them.

While numerous morphological and molecular-
biological reports have dealt with the consequences
of experimentally transected or crushed axons in the
PNS and in the optic nerve, there is a paucity of rel-
evant studies in the brain. The present paper
involves a qualitative ultrastructural analysis of the
“dark” axonal degeneration in the corticospinal
tract caused by a minute stab-wound in the motor
area of the frontoparietal cortex of the rat brain.
Since each of the morphological patterns of axon
degeneration is severely influenced by the causing
event and the pathological circumstances in and
around the injured region?, we studied two distant
areas, the internal capsule and the C3 region of the
dorsal corticospinal tract.

Materials and methods
ANIMAL EXPERIMENTS

Animal care and handling were carried out in accor-
dance with order 243/1998 of the Hungarian
Government, which is an adaptation of directive
86/609/EGK of the European Committee Council.
Before surgical procedures including transcardial
perfusion fixation, each rat was anesthetized by the
intraperitoneal administration of 2 ml/kg of a 1:1
mixture of 25 mg/ml Thiopental (Biochemie
GmbH, Austria) and 5 mg/ml Seduxen (Richter
Gedeon Rt, Hungary).

The scalp of each of 33 Wistar rats weighing
between 200 and 250 g was incised longitudinally,
the edges of the wound were stretched apart, and
the soft tissue was removed from the calvaria. A
round hole, 2 mm in diameter, centered 0.5 mm ros-
trally from the bregma and 5 mm laterally from the
midline was then carefully drilled into the skull on
the right side without damaging the dura, which was
then pricked in 30 rats. Thereafter, each skull of
these rats was fixed in the head holder of a stereo-
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taxic apparatus. Thereafter a sharp-pointed rod 1
mm in diameter was firmly attached to its horizon-
tal arm, the position of which could be adjusted in
three perpendicular directions by micrometer
screws. By moving forward the rod, a 1-mm-wide,
4-mm-long stab-wound was made in the brain cor-
tex (Figure 1A) at the coronal plane, 1 mm rostral
to the bregma, and the horizontal plane, 1.5 mm
below the plane passing through the interaural line?.
These rats were divided into 10 groups, with three
rats in each. Immediately after creation of the stab
wound, the heart of each of the rats in group 1 was
exposed, the left chamber was catheterized, and the
right atrium was opened. After a 1-min. transcar-
dial washing with physiological saline, 500 ml of
an electronmicroscopic fixative was perfused
through the heart, 100 ml at the highest possible
rate, then 400 ml in drops, within 30 min. The fixa-
tive was prepared by mixing 250 ml of 0.2 M sodi-
um cacodylate, 50 ml of 20% paraformaldehyde, 50
ml of 25% glutaraldehyde, 25 ml of 0.1 M calcium
chloride and 125 ml of 10% polyvinylpyrrolidone
K25, followed by adjustment of the mixture to pH
7.5 with a few drops of 0.1 M hydrochloric acid.

After suturing the scalp, the 27 non-perfused rats
in groups 2-10 were placed onto a warm plate until
waking up, and were perfusion-fixed transcardially
(see above) 1 h, 3 h, 7 h, 17h, 1 day, three days, 1
week, 1 month or three months later, and the 3 non-
stabbed (control) rats 1 week later. Thereafter the
rats were placed in a refrigerator (4 °C) until brain
autopsy, which was performed 1 day later (in order
to avoid the artifactous post-mortem formation of
“dark” neurons®.

TISSUE PROCESSING AND STAINING

The brain and segment C3-C5 of the spinal cord of
each rat were vibratome-sectioned coronally at 150
um. Every tenth vibratome section was stained with
a silver method®, which selectively stains the com-
pacted ultrastructure® mentioned later. Specifically,
the sections were dehydrated with graded 1-
propanol, treated at 56 °C for 16 h with 1-propanol
containing 0.6% sulfuric acid and 2% water, rehy-
drated with graded 1-propanol, washed with 1%
acetic acid for 5 minutes, placed into a special phys-
ical developer until the sections turned light brown,
dehydrated with 1-propanol, cleared with clove oil
and covered with Canada balsam. From the other
vibratome sections, those 2x2-mm? parts were dis-
sected for electron microscopy that contained many
“dark” axons in the adjacent silver-stained sections.
These specimens were post-fixed with a 1:1 mix-
ture of 2% osmium tetroxide and 3% potassium fer-



Figure 1. Silver-stained areas in 150-um-thick coronal
CNS sections cut from rats perfusion-fixed immediately
after creation of the stab-wound (A and B), 17 h later
(C) and three days later (D). A and B: Right cerebral
cortex (Cc) at the plain of the stab-wound (Sw); arrow-
heads point to neuronal dendrites, and arrows to groups
of compacted perivascular astrocytes. B: Magnification
of the area boxed in A. C: Right internal capsule (Cp) at
the plain of the stab-wound; arrows point to longitudinal
bundles of damaged axons. D: C3 regions of the corti-
cospinal tract; tiny black dots in the left tract (Lct) cor-
respond to cross-sections of “dark” axons; Rct marks
the right tract. Scale bars: a=450 um, b=150 pm, c=300
um, d=50 um

rocyanide for 1 h at room temperature, and then flat-
embedded in Durcupan ACM. Semithin sections
were cut at 1.0 pm, air-dried onto microscopic

slides previously coated with Vectabond adhesive,
and stained for 1 min. at 90 °C in a solution contain-
ing 0.05% toluidine blue, 0.05% sodium tetraborate
and 0.1% saccharose (pH 9.5). Following examina-
tion of the light-microscopic picture, the most suit-
able 1x1-mm? was trimmed out from each embed-
ded specimen. Thin sections were cut from these at
40 nm and stained with uranyl acetate and lead cit-
rate in the usual manner. Ultrastructural investiga-
tions were carried out with a Jeol JEM 1200EX
transmission electronmicroscope.

Resulis
LIGHT-MICROSCOPIC FINDINGS

In the neocortex of the rats perfusion-fixed imme-
diately after the injury, the silver method stained red
blood cells within the stab-wound, neuronal den-
drites and perivascular astrocytes above it, and
perivascular astrocytes but no axons under it
(Figures 1A, B). In the internal capsule, silver-
stained axons appeared first in the 7-h rats and were
numerous in the rats that survived for 17-h (Figure
1C) or longer. In the C3 region of the dorsal corti-
cospinal tract, silver-stained axons appeared first in
the 3-day rats (Figure 1D).

ULTRASTRUCTURAL FINDINGS IN THE AXOPLASM

In the internal capsule, no abnormality was seen
either in the rats sacrificed immediately after the
cortical injury or in the 1-h and 3 h rats. In several
axons of the internal capsule of the 7-h rats, the dis-
tances between the ultrastructural components of
the axoplasm (neurofilaments, microtubules, mito-
chondria, endoplasmic reticulum cisternae and
axolemma) were strikingly reduced, the electron
density of neurofilaments and neurofilament side-
arms, and that of the spaces between them were
increased (compacted ultrastructure; Figures 2A,
B). In a very few cases, a fluid filled space was
observed between the compacted axoplasm and the
surrounding myelin sheath (Figure 2C). In the 17-h
rat, besides numerous compacted axon profiles (427
in 500 damaged profiles), several axon profiles (73
in 500 damaged profiles) displayed homogenous
and dense interior in which hardly any ultrastruc-
tural elements could be distinguished (Figure 3A).
In a few cases, axons with a normal, a compacted
and a homogenous and dense ultrastructure were
seen next to each other (Figure 3B). In the rats that
survived for 1 day or longer, no compacted axon
profiles were seen in 500 homogenous and dense
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Figure 2. Cross-sections (A) and longitudinal sections
(B and C) of axons in the internal capsule of a rat perfu-
sion-fixed 7 h after creation of the stab-wound. N marks
normal axons, C compacted axons, F a fluid-filled space
between the axolemma and myelin sheath, and white
asterisks myelin sheaths. In A, a white arrowhead points
to a normal axon cut exactly perpendicular to its long
axis. In B and C, white open circles mark sites of multil-
amellar formations protruding from myelin sheaths, and
black stars normal axons. Scale bars: A and B=200 nm,
C=500 nm

axon profiles (Figure 4A). During the 3-month
period investigated, the homogenous and dense
axoplasm underwent a slow deformation due to
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anisotropic shrinkage (Figures 4B, C). In the areas
and time points investigated, no “watery” profiles
in myelinated axons were seen. In non-myelinated
axons, neither compacted nor homogenous and
dense profiles were encountered.

In the C3 region of the dorsal corticospinal tract,
similar ultrastructural sequences of “dark” axonal
degeneration were seen as in the internal capsule,
but with a 2-day delay. Specifically, neither com-
pacted nor homogenous and dense axon profiles
were observed in the rats that survived for 7h, 17 h
and 1 day. At day 3 post injury, scattered among
homogenous and dense axon profiles (331 in 500
damaged profiles), several compacted axon profiles
(169 in 500 damaged profiles) were present. In the
rats that survived for 1 week or longer, axons with a
compacted ultrastructure were no longer seen, while
numerous axons displayed homogenous and dense
interior. Several of these underwent some deforma-
tion due to anisotropic shrinkage by three months
post injury.

ULTRASTRUCTURAL FINDINGS IN MYELIN SHEATS

In the areas and time points investigated, neither
axonal spheroids (striking focal dilatations of the
myelin sheath filled with piled-up components of
the axoplasmic ultrastructure or dens bodies trans-
formed from them) nor any morphological signs
pointing to “watery” degeneration (swollen myelin
profiles exhibiting either an empty interior or an
interior containing a few small areas of lamellar
material) were observed. The structure of the
myelin sheath around the affected axoplasms
remained normal or mildly abnormal during the first
week postinjury; only a low proportion of them dis-
played lamellar separation (Figure 3B) or multil-
amellar protrusion (Figure 2B, C). Proliferated,
redundant or apparently purposeless myelin sheaths
were scarce. In the 3-months rats, we saw several
“dark” axons surrounded by myelin sheaths that dis-
played multiple lamellar separations (Figure 4A,
C). However, neither complete nor serious disinte-
gration of myelin sheath was seen.

ULTRASTRUCTURAL FINDINGS IN PHAGOCYTOTIC CELLS

In the areas and times investigated, macrophage
infiltration or phagocytosis by microglial cells was
not observed. Oligodendrocytes did not display any
morphological alteration (proliferation, apoptosis,
necrosis or phagocytosis). In an insignificant num-
ber (five cases in an area where 500 “dark”-degen-
erating axons were monitored), dark bodies of non-
cleared origin were observed in astrocytes.



Figure 3. Cross-sections (A) and longitudinal sections
(B) of axons in the internal capsule of a rat perfusion-
fixed 17 hours after creation of the stab-wound. N marks
normal axons, C compacted axons, D homogenous and
dense (“dark”) axons, and white asterisks myelin
sheaths. In B, a white arrowhead points to a site of
lamellar separation of myelin. Scale bars: A=500 nm,
B=200 nm

Discussion

ULTRASTRUCTURAL SEQUENCE OF “DARK” AXONAL
DEGENERATION

Findings of other authors

Previous transmission electronmicroscopic studies
on the “dark” axonal degeneration in the CNS stat-
ed that, in its first morphological stage, the myelin
sheath appears unchanged, while the axoplasm is
transformed into a homogenous and dense (“dark™)
mass in which hardly any elements of the normal
axoplasm can be distinguished, even at high magni-
fications"”.

Marques et al.” reported that the neurofilaments
are aggregated but not decomposed in this stage,
since each of their subunits can be detected for sev-
eral weeks postinjury by immuno-fluorescence or
immuno-electronmicroscopic methods. As regards

Figure 4. Normal (N) and “dark” (D) axons in the inter-
nal capsule of a rat perfusion-fixed 3 months after cre-
ation of the stab-wound. White asterisks mark myelin
sheaths. In B and C, open circles mark normal axons.
Scale bars: A=2 um, B and C=500 nm

the fate of the affected axons, the dense axoplasm
was stated to undergo a months-long anisotropic
shrinkage (deformation), while the lamellar struc-
ture of the surrounding myelin sheath slowly
loosens, but remains easily recognizable. Ludwin®
found that this morphology can persist for at least
several months, depending on the nature and loca-
tion of the initiating insult. In comparison, the
peripheral nerves which undergo Wallerian degen-
eration are disintegrated in a few hours and phago-
cytosed within two weeks’.

Our present findings

As a novel finding, we demonstrated that the
homogenous and dense ultrastructural stage of the
“dark” axonal degeneration is preceded by a strik-
ing decrease in the distances between readily dis-
tinguishable ultrastructural components of the axo-
plasm (compacted ultrastructure). The process of its
development (ultrastructural compaction) is accom-
panied by a considerable shrinkage of the axoplasm.
We assume that the surplus fluid accumulates tran-
siently between the axolemma and myelin sheath
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and then leaves the axon probably through the
nodes of Ranvier. Concerning the fate of the com-
pacted axons, our observations were similar to those
described in the previous section. The cause why
relevant papers by other authors did not report on
the compacted ultrastructural stage consists proba-
bly in the fact that these did not deal with the period
preceding postinjury day 1.

The spreading nature of “dark” axonal
degeneration

Marques et al.” suggested that the processes of
“dark” and “watery” degenerations are independ-
ent. They posited that focal aggregation of neurofil-
aments progresses into ,,dark” degeneration, while
their focal disintegration progresses into “watery”
degeneration, both types beginning at the injury site
and spreading downstream along the axon. This
suggestion explicitly implies that the whole length
of an axon displays the same type of degeneration
at variable time-dependent distances from the
injured area.

Our observations that no “watery” axon profiles
were present among more than one thousand of
compacted or homogenous and dens profiles, and
the “dark™ degeneration did not begin simultane-
ously at numerous points throughout the whole
length of the affected axon support the relevant sug-
gestion of Marques et al.’, and is compatible with
the spreading nature!® !! of ultrastructural com-
paction.

CLEARANCE OF THE “DARK” AXONS
Findings of other authors

There is no agreement on the nature of the cells that
remove the degenerated axons from the tissue, even
when a single CNS area, the optic nerve, is con-
cerned. Bignami and Ralston'? reported that this
task is carried out by macrophages that emerge
around capillaries, and later assume the light-micro-
scopic morphological characteristics of microglial
cells. By contrast, Cook and Wisniewski* posited
that the entry of hematogenous cells into the CNS
is restricted to the site of the injury, while at some
distance from it endogenous cells are involved in
the phagocytosis. In areas remote from the injury
site, oligodendrocytes!?, microglial cells and astro-
cytes, but not oligodendrocytes'¥, or microglial
cells, astrocytes and oligodendrocytes! were vari-
ably reported to be responsible for the phagocyto-
sis. Weeks after quasi-total aspiration of the senso-
rimotor cortex, which results in huge numbers of
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closely oriented “dark”-degenerating axons in the
corticospinal tract, Basiri and Doucette" found that
primarily microglial cells are involved in the phago-
cytosis. The discrepancies between these observa-
tions may result from differences between the ani-
mal species involved and the injury modes applied.

Our present findings

In the present study, the insignificant number of
morphological signs indicating phagocytosis sug-
gests that thinly scattered “dark”-degenerating
axons cannot activate the resting microglial cells
even in months. This suggestion is supported by a
finding in a quantitative study of age-related
changes in the CNS' stating that the resting
microglial cells do not multiply or transform into
the phagocytotic form in the vicinity of solitary
“dark” axons running through an otherwise undam-
aged environment.

MECHANISM OF THE FORMATION OF “DARK” AXONS

Head-injury-resulted ultrastructural compaction in
studies of other authors

Pettus et al.'’, discovered that an impact-accelera-
tion (a momentaneous and non-contusing) head
injury led, among others, to a special ultrastructural
consequence in axons: a striking reduction in the
distances between readily distinguishable and
seemingly intact neurofilaments, accompanied by
the disappearance of most neurofilament side-arms
and slight damages in other ultrastructural compo-
nents. This state, which was named neurofilament
compaction, did not change considerably from 5
min to 6 h postinjury. Shorter or longer survival
periods were not investigated. A quantitative study
by the same team'® established that the density of
the neurofilaments increased to approximately
twice the normal value, resulting in an about 50%
volume reduction in the axoplasm. The affected
axons were scattered diffusely among uninjured
neighbors.

The ultrastructural compaction in axons resulted
by impact-acceleration head injury is still widely
considered to be a delayed morphological manifes-
tation of calpain-mediated spectrin proteolysis, ini-
tiated by an uncontrolled influx of Ca?* into the axo-
plasm through the axolemma perturbed focally by
some head injury-generated intracerebral shearing
force!®. Narciso et al.! believed that the molecular-
biological process mentioned above governs also
the axon degeneration resulting from transection of
the optic nerve. Saggu et al.'* put forward the view



that an increased axoplasmic Ca®* level induces cal-
pain-mediated spectrin proteolysis either in most
axoplasmic ultrastructural components leading to
their disintegration (“watery” axonal degeneration),
or in the neurofilament side-arms only, resulting in
neurofilament aggregation (“dark” axonal degener-
ation).

Head-injury-resulted ultrastructural compaction in
our earlier studies

Gallyas et al.'> ! observed that the compaction of
axonal neurofilaments is completed even in rats per-
fusion-fixed immediately after a weight-drop (a
momentaneous and non-contusing) head injury. Not
only the neurofilaments but also the other ultra-
structural elements appeared normal. Quantitative
analysis!® ! demonstrated that the degree of com-
paction (volume reduction) was commensurate with
that found by Pettus and Povlishock's. The com-
paction began simultaneously in each affected neu-
ron and axon at the moment of injury and was com-
pleted in neurons within seconds®.

Any enzyme-mediated mechanism of head-
injury caused ultrastructural (neurofilament) com-
paction in axons is contradicted by a previous
observation of our team!? that this process can take
place even in rats head-injured post-mortem under
conditions that are extremely unfavorable for
enzyme-mediated processes. Quantitative compar-
isons!® showed that the degrees of in-vivo and post-
mortem compactions were nearly equal. It was sug-
gested that any molecular-biological event de-
tectable after the ultrastructural compaction must
be a consequence but not the cause of it.

The ultrastructural sequence of head-injury
resulted and transection resulted “dark” axons are
similar.

Using a highly-controlled weight-drop head-injury
device?! that is capable of producing compacted
axons scattered in an otherwise undamaged envi-
ronment, Gallyas et al.'! found that the fraction of
compacted axons, which did not recover in one
hour, persisted for several hours, thereafter under-
went homogenization and thickening, and then
months-long anisotropic shrinkage. This morpho-
logical sequence is similar to that of transection-
resulted “dark™ axonal degeneration found in the

present study. This fact suggests that the mecha-
nisms of their formation and fate may also be the
same.

Ultrastructural compaction is a common cell-
biologic phenomenon in mammalian cells

Rapid dramatic reduction in the distances between
seemingly intact ultrastructural elements was
observed not only in axons, but also throughout the
whole soma-dendrite domain of diffusely distributed
neurons, even in intracellular areas where neurofila-
ments are scarce or absent'’. In addition to momenta-
neous and non-contusing head injuries, a condenser-
discharge electric shock?* and some pathobioche-
mical processes taking place in neurological diseases
such as hypoglycemia?®, ischemia?*, and epilepsy®
can also initiate ultrastructural compaction. Fur-
thermore, this phenomenon was observed not only
axons and the whole the soma-dendrite domain of
neurons, but also in astrocytes?, oligodendrocytes,
pericytes and endothelial cells?”’, and in many cell
types of non-nervous mammalian tissues (referred
by?®). Consequently, ultrastructural compaction
should be regarded as a common response of mam-
malian cells and their protrusions to various insults
of both physical and chemical nature®.

Gel-to-gel phase transition may propel the
ultrastructural compaction in transected axons

As suggested in several earlier papers of our team?”:
2.30 the ultrastructural compaction in head-injury
produced neuronal soma-dendrite domains and
axons proceeds with gel-to-gel phase transition,
which is an established physicochemical (non-enzy-
matic) process®'33. A comparison of the arguments
mentioned in the previous subheadings suggests
that the ultrastructural compaction in the transec-
tion-resulted “dark” axonal degeneration may go
forward also with this non-enzymatic mechanism.
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P-WAVE DISPERSION DOESN'T INCREASE IN PATIENTS
WITH EPILEPSY
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Aim — Epileptic seizures have occasionally been associated
with cardiac conditions as atrioventricular blocks, long QT
syndrome etc. P-wave dispersion (PWD), which is the differ-
ence between the longest (P max) and shortest P-wave dura-
tion (P min), is considered as a forerunner of atrial fibrilla-
tion. In this study, we investigated P-wave dispersion (PWD)
in epileptic patients; based on the hypothesis that micro-
thromboembolism may occur in atrial fibrillation.

Methods — Seventy five patients with mixed types of epilepsy
and 50 age and sex matched healthy individuals were
included into the study. P max, P min and PWD values were
calculated for each subject from an ECG.

Results — The mean age of subjects in the epilepsy group
and control group were similar (p>0.05). P max in patients
with epilepsy was 125.120.7 ms, P min was 67.3+10.3 ms,
and PWD was 57.6+8.3 ms while these values in the control
group were 116.8+11.0 ms, 66.5+5.5 ms and 46.8+7.1
ms, respectively. There were no statistically significant differ-
ence between two groups (p>0.05).

Conclusions — PWD does not increase in patients with
mixed types of epilepsy. Therefore we believe that micro-
thromboembolism duo to atrial fibrillation can’t cause
epileptic seizures in patients with no structural heart disease.

Keywords: epilepsy, P-wave dispersion,
electrocardiography

NEM N(")V,EKSZIK A P-HULLAM-DISZPERZI(')
EPILEPSZIAS BETEGEK ESETEBEN

Senol MG, MD; Ozmen N, MD; Yosar H, MD; Tekeli H, MD;
Ozdag F;, MD; Saracoglu M, MD

Ideggyogy Sz 2014,;67(9-10):331-334.

Célkitiizés — Az epilepszids rohamok idénként cardialis
eltérésekkel, példdul atrioventricularis blokkokkal, hosszy
QT szindrémaval stb. jédrnak egyitt. A P-hulldam diszperzidja
(PWD), ami a leghosszabb (Pmax) és a legrévidebb (Pmin)
id&tartam( P-hullam kézétt kildnbséget jelenti, a pitvarfib-
rillacié el8futdranak tekinthets. A P-hullam diszperziéjét vizs-
géltuk epilepszids betegek esetében arra a feltételezésre
alapozva, hogy pitvarfibrillaciéban eléfordulhatnak micro-
thromboembolidk.

Médszerek — Osszesen 75, kevert tipusu epilepszidban
szenvedd beteget és 50, életkor és nem szerint illesztett
egészséges kontrollt vontunk be a vizsgdlatba. Minden eset-
ben kiszdmoltuk a Pmax, Pmin és PWD értékét az EKG-bél.
Eredmények — Az epilepszids és a kontrollcsoportban
hasonlé volt a betegek étlagéletkora (p>0,05). Az epilepszi-
ds betegcsoportban a Pmax 125,1+0,7 ms, a Pmin
67,3+10,3 ms, a PWD 57,6+8.3 ms, mig a kontrollcso-
portban 116,8+11,0 ms, 66+5,5 ms, illetve 46,8+7,1 ms
volt. A két csoport kdzdtt nem dlit fenn statisztikailag szig-
nifikans kilénbség (p>0,05).

Kévetkeztetések — Kevert tipusi epilepszids betegek
esetében nem nétt a PWD. Ezért gy véljuk, hogy a pitvarfib-
rilldcié miatti micro-thromboembolidk nem okoznak epilep-
szids rohamokat, ha nem dll fent strukturdlis szivbetegség.

Kulcsszavak: epilepszia, P-hullam-diszperzid,
elektrokardiogréfia
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pilepsy is characterized by short paroxysms of
cognitive, sensory-motor or behavioural
changes and convulsive seizures; associated with
abnormal electrical activity (neuronal discharge) of
the brain cortex. Its clinical spectrum is between

simple seizures to life-threatening status epilepti-
cus. It is not a single disease, but rather a group of
different syndromes and conditions with a multi-
tude of different manifestations and causes'.
Cerebrogenic control of cardiac function is well
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recognized and acute neurological changes, includ-
ing epileptic seizures, may disturb cardiac function
even in the absence of significant cardiac structural
or electrophysiological abnormalities. Sudden
unexpected death in epilepsy (SUDEP) is a major
cause of mortality in patients with epilepsy. Cardiac
dysrhythmias are potential causes of SUDEP.
Patients with epilepsy may be predisposed to devel-
oping arrhythmias due to a number of factors
including acute and chronic autonomic dysfunction,
effects of anti-epileptic medication and common
genetic susceptibility?.

In some cardiac conditions (AV blocks and long
QT syndrome) cerebral perfusion may be affected
and this may contribute to or provoke the develop-
ment of some seizures®. Several studies showed that
P wave dispersion (PWD) has a predictive value for
atrial fibrillation (AF) in patients without apparent
heart disease. PWD has proven to be a sensitive and
specific ECG predictor of AF in the various clinical
settings*. Because of these factors, we investigated
PWD in epileptic patients to find the endangering,
potentially life-threatening factors.

Materials and method

All epileptic individuals referred to the neurology
department of our military hospital were included.
All these individuals have been diagnosed with
epilepsy and had been followed up for at least two
years prior to the study, all were literate and all
were above 18 years of age. None had a cardiac
problem at the time of the study. The sociodemo-
graphic features, including how long they had the
disease, the medications used and the presence of
individuals with cardiac diseases in their relations
were noted. Electrocardiogram (ECG) and echo-
cardiograms were obtained and cardiac examina-
tion was done.

Classification of epilepsy was based on the rec-
ommendations of the International League Against
Epilepsy Commission in 1989°. Seventy five pa-
tients with a diagnosis of epilepsy were included in
the study.

Seventy five epilepsy patients in the patient
group had different types of primary or secondary
seizures. Almost all patients were using a single
antiepileptic drug. Mean disease duration of
patients was 5.5 years (range: 2!-19years).

As a control group, age and sex matched 50
healthy individuals were included. ECG and
echocardiograms were obtained and cardiac exami-
nation was done. All individuals in the study were
informed about the study and their written consent
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was taken. The local ethical committee approved
the study.

ELECTROCARDIOGRAPHY

Following an approximately 5 min resting interval,
12-lead resting surface -electrocardiographies
(ECG) were obtained (HP, M1700A, China) at 25
and 50 mm/s paper speed. In each derivation, the
time period between start and end of the P wave was
determined by using a caliper. The longest P wave
duration was accepted as p maximum (P max) and
the shortest P wave as p minimum (P min) and the
P wave dispersion (PWD) value was the difference
between P max and P min. In order to avoid inter-
observer changes, the measurements were complet-
ed by the same observer who was blinded for the
study. P max, P min and PWD data of both groups
were compared.

ECHOCARDIOGRAM

The echocardiographic evaluation was made with
VingMed System FiVe device (GE Medical
System, Hortan Norway) with 2.5 MHz probe while
the patient was laying on his/her left side, breath-
ing, and using standard methods. Throughout the
evaluation the echocardiographic follow-up was
done using the ECG channels. In the initial echocar-
diographic evaluation, the presence of pathology
was ruled out using two dimensions, colored
Doppler, pulsed and continuous wave Doppler in
the parasternal long axis, short axis, apical 4 and 2
chamber images and standard methods. Afterwards,
M mode echocardiographic records were obtained
from the parasternal long axis. The measurements
were made and specifically the left ventricle ejec-
tion fraction (EF) was recorded.

STATISTICAL ANALYSIS

Statistical analysis was performed using SSPS for
Windows Ver. 13 (Chicago, IL). Chi-square test,
student’s t test and Mann-Whitney U-test were used
where appropriate. A p value <0.05 was considered
statistically significant. All data were expressed as
mean =+ standard deviation (SD).

Results

The mean age of the epilepsy group was 23.8+8.2
years that of the control group was 24.1+6.2 years
(p>0.05). In both groups, 8% were female (6
patients and 4 controls). Thus the mean age and sex



Table 1. Age and P-wave duration of epilepsy and cont-
rol groups

Epilepsy Control P
Age 23.8+8.2 24.1+6.2 NSD*
P max 125.1+0.7 116.8+11.0 NSD
P min 67.3+10.3 66.5+55 NSD
PWD 57.6+8.3 46.8+7.1 NSD

*NSD: p>0.05 no significant difference

was similar in both groups. The systolic and dias-
tolic blood pressures were similar between the
groups.

In the epilepsy patients, P max was 125.1+0.7
ms, P min 67.3+10.3 ms, and PWD was 57.6+8.3
ms while these values in the control group were
116.8+11.0 ms, 66.5+5.5 ms, and 46.8+7.1 ms
respectively and no statistically significant differ-
ence was present (p>0.05). PWD was higher in the
epileptic patients in every case but no statistically
significant difference was shown (Table 1.).

Echocardiography was normal both in the
patients’ and control group, because those persons
with additional systemic disease and those diag-
nosed with cardiac valve disease, left ventricle
hypertrophy, congenital heart disease, or heart fail-
ure by the echocardiography, were excluded from
the study.

Discussion

PWD is a new ECG index. It is defined as the dif-
ference between the longest and the shortest P-wave
duration recorded from multiple different surfaces
ECG leads. PWD is predictive of atrial fibrillation®.
The present study is the first to evaluate PWD in
patients with epilepsy. We found that PWD in
epilepsy patients were similar to those of healthy
controls.

The risk of sudden unexpected death in epileptic
patients (SUDEP) is found to be 24-fold, compared
to the normal population. The most common causes
of sudden death are cardiac dysrhythmia and pul-
monary edema in epileptic children’. Cerebral elec-
trical stimulation may cause arrhythmia such as
tachycardia, bradycardia, asystole, AV block or
ventricular fibrillation’. Seizures originating from
the insular cortex and amygdala more commonly
cause arrhythmia®. The incidence of arrhythmia
during seizures is 45%, and two-thirds of these are
serious rthythm abnormalities’. Increased PWD, dis-
eases causing left atrial hypertrophy and volume

load all cause atrial fibrillation and are fairly
frequent!® !,

Akalin et al. investigated P-wave duration and
QT dispersion in the pediatric age group®. The P-
wave duration was found to be unchanged in the
epileptic children in comparison to controls, while
the QT dispersion was found to be increased. In our
study P-wave durations in epilepsy patients were
not different from those in the healthy controls.
Since this study was conducted on adults, it is dif-
ferent from the study summarized above.
Additionally, QT dispersion in adults is another
subject that must be investigated in the future.

Sudden death in epilepsy is not always related to
seizures. Cardiac autonomic dysfunction, cardiac
repolarization disorders (e.g., prolongation or short-
ening of the QT interval of the ECG), variants in
genes which encode ion channels that are expressed
both in the brain and the heart and side effects of
anti-epileptic drugs may contribute to developing
of cardiac dysrhythmias and cardiac autonomic dys-
functions'.

Nowadays, there is no specific drug clearly asso-
ciated with SUDEP except for carbamazepine (its
rapid decrease or stop) and lamotrigine. Possible
cardiac effects of these two antiepileptic drugs
attracted much interest'.

The long QT syndrome is characterized by
hypotensive syncopal attacks. Differential diagno-
sis of these attacks from seizures is not easy. This
syndrome is related to a gene for LQTS, expressing
voltage-gated sodium channel associated with ven-
tricular fibrillation and sudden death. This gene is
also expressed in limbic areas such as the amygdala
and entorhinal cortex. These areas easily develop
seizures owing to their low thresholds'.

Long QT syndrome is a cardiac channelopathy
characterized by prolonged myocardial repolariza-
tion. QT prolongation causes high risk for syncope,
seizures and sudden cardiac death. On the other
hand, some cardiac diseases like atrioventricular
blocks and long QT syndrome (LQTS) may cause
impaired cerebral perfusion presenting with the
clinical picture of epilepsy'> 6.

Prolonged QTc interval, causing fatal ventricu-
lar tachyarrhythmia, is a risk factor for sudden car-
diac death. As we and other studies demonstrate
similar results, QT prolongation was found in 6%
of seizures and 12% of epilepsy patients'”.

This may be due to the fact that a normal ECG
does not exclude the possibility of an intermittent
cardiac arrhythmia. Twenty four hours Holter mon-
itoring, longer cardiac monitoring (48 to 72 hours)
and external loop monitors, which can be worn for
months, increases the sensitivity (10, 20 and 25 per-
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cent, respectively). Implanted loop monitors, which
can be worn for years, may highlight a diagnosis in
up to 50 percent when used correctly. In other
words, if the initial cardiac testing is negative, but
the suspicion for a cardiac arrhythmia is high, more
extensive testing may be needed'®.

As a result, we have shown that PWD is
unchanged in epilepsy; thus we conclude that atrial
fibrillation and probable microembolism related to
this may not be a cause for epilepsy. But, after this
preliminary study, large controlled studies are need-
ed.
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RETINALIS IDEGROSTRETEG ES LATASFUNKCIOK AZ
MTDNS COMMON DELECIOJA ALTAL OKOZOTT
PROGRESSZIV OPHTHALMOPLEGIA EXTERNA ESETEBEN

Farzaneh NAGHIZADEH', VARGA Edina Timea?, MOLNAR Mdria Judit?, HOLLO Gdbor'

'Semmelweis Egyetem, Szemészeti Klinika, Budapest

2Semmelweis Egyetem, Genomikai Medicina és Ritka Betegségek Intézete, Budapest

Célkitiizés — A mitochondrialis betegségek olyan multi-
szisztémds kérképek, amelyek gyakran eredményeznek neu-
roooftalmolégiai tineteket is. Azt vizsgdltuk, hogy a prog-
ressziv externalis ophthalmoplegia (PEO), a l&térendszer
érintettsége és a mitochondrialis DNS (mtDNS) gyakori
mutécidi kdzétt fenndll-e kapesolat 55 évesnél fiatalabb
betegek esetében.

Médszer — Ot 35 és 53 év kozotti, mitochondrialis
betegségben szenvedd nébeteget vizsgdltunk. Automata
kiszébperimetridval (Octopus G2 teszt), szkenning lézer
polarimetridval (GDx-VCC és GDx-ECC) és Fourier-domén
optikai koherenciavizsgdlattal (RTvue-100 OCT) kiegészitett,
részletes szemészeti vizsgdlatot végeztiink, és elemeztik a
vizudlis kivdltott valasz (VEP) jellemz8it. A betegektdl vett vér-
és izommintdban az mtDNS gyakori mutdcidit vizsgaltuk.
Eredmények - Fizikdlis vizsgélattal minden betegen PEO
igazolédott, aminek stlyossdga vdltozé volt. A genetikai
analizis minden esetben az mtDNS common deléciéjét iga-
zolta. A szemészeti funkciondlis és képalkoté vizsgélatok
négy beteg mindkét szemén normdlis eredménnyel zérultak.
Egy betegen ép papilla és latétér mellett csdkkent 1t6-
élességet, csdkkent idegrostréteg-vastagsagot és bal oldalon
megnyClt L3 VEP-latenciét észleltink.

Kévetkeztetés — Az mtDNS common delécidja
kévetkeztében kialakult PEO esetén &t vizsgdlt beteghdl
négy betegen ép latdsfunkcidk voltak észlelhetsk, és a reti-
nalis ganglionsejtek sokdig épek maradtak.

Kulcsszavak: ophthalmoplegia externa progressiva (PEO),
mtDNS common delécié,

Fourier-domén optikai koherencia tomogrdfia,

szkenning lézer polarimetria

RETINAL GANGLION CELL LAYER AND VISUAL
FUNCTION IN PATIENTS WITH PROGRESSIVE EXTER-
NAL OPHTHALMOPLEGIA CAUSED BY COMMON
MTDNA DELETION

Naghizadeh F, MD; Varga ET, MD; Molnér MJ, MD;

Holl6 G, MD

Ideggyogy Sz 2014;67(9-10):335-341.

Aim — Mitochondrial (mf) disorders are metabolic conditions
with multiorgan involvement, which often cause neurooph-
talmological symptoms. The aim of the study was to investi-
gate the relation between progressive external ophthalmo-
plegia (PEO), visual pathway and mitochondrial DNA
(mtDNA) mutations in patients younger than 55 years of
age.

Methods - Five female patients (35 to 53 years of age) with
mithochondrial disease were investigated. Automated
threshold perimetry (Octopus G2 test), scanning laser
polarimetry (GDx-VCC and GDx-ECC) and Fourier-domain
optical coherence tomography (RTVue-100 OCT) were used
in addition to detailed ophthalmological examination and
evaluation of visually evoked potentials (VEP). Frequent
mutations of the mtDNA were investigated in the patients’
blood and muscle samples.

Results — PEO of various severity levels was found in all
patients, using clinical tests. Genetic testing showed “com-
mon deletion” of mIDNA in all cases. For both eyes of 4
patients functional and structural ophthalmic tests had nor-
mal results. In one patient decreased visual acuity, reduced
retinal nerve fiber layer thickness and prolonged L3 VEP
latency time were found without optic disc damage and
visual field deterioration.

Conclusion - In 4 of our 5 patients with PEO due to com-
mon deletion of mMtDNA retinal ganglion cells and visual
function remained normal for a long period of life.

Keywords: progressive external ophthalmoplegia (PEO),
common deletion of mitochondrial DNA (mtDNA),
Fourier-domain optical coherence tomography,

scanning laser polarimetry
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mitochondrialis betegségek olyan multisziszté-

més koérképek, amelyek f6ként a nagy
energiaigényl szoveteket (ideg, izom, endokrin
szervek, gastrointestinalis rendszer, vese, szem)
érintik. Prevalencidjuk hozzavetSlegesen 1:5000'.
Energetikailag minél aktivabb az érintett szovet,
annal tobb benne a mitochondrialis DNS (mtDNS).
Az emberi sejtekben a mitochondriumok miikodé-
sét részben a nukledris DNS (nDNS), részben a
mitochondrialis genom (mtDNS) szabdlyozza. Az
emberi mtDNS cirkularis, kettds szali molekula,
mely 16 569 bazisparbdl 4ll és 37 ismert gént tartal-
maz. Az mtDNS javit6 (repair) rendszere fejletlen,
mivel az nDNS-sel szemben nem rendelkezik pro-
tektiv hatdsu hisztonokkal, igy a mutagén dgensek-
kel szemben kifejezetten fogékony. Barmely szaba-
lyoz6 rendszer hibdja a maternalisan 6rokl6dd
mitochondrialis betegségek kialakuldsdhoz vezet-
het. A mitochondrialis genom patogén muticidinak
naprakész listija a www.mitomap.org honlapon
érhetd el.

A mitochondrialis betegségek diagnosztikdjidban
a genetikai vizsgalatokon kiviil kiemelend6 az
izombiopszia. Szovettanilag tipikus, bar nem patog-
nomikus eltérés, a ,,ragged red” rostok jelenléte az
izomban GOmori-trikrém festéssel, amit a mito-
chondriumok kéros subsarcolemmalis és interfibril-
laris felhalmoz6désa okoz?.

A mitochondrialis betegségek gyakori megnyil-
vanuldsa a szem érintettsége. Az ocularis érintett-
ség (a mitochondrialis betegség jellegétdl fiiggben)
megnyilvdnulhat a n. opticus, az extraocularis sze-
mizmok, a retina vagy a retrochiasmalis 14tépdlya
kédrosoddsédban, illetve ezek kombindcidjdban’. A
latérendszer érintettségével jard leggyakoribb mito-
chondrialis betegségek a Leber-féle hereditaer opti-
cus neuropathia (LHON), a progressziv externalis
ophthalmoplegia (PEO), a retinitis pigmentosa,
valamint az opticus atrophia, melynek autoszomalis
dominans, X-hez kotott €s a recessziv modon 6rok-
16d6 tipusa ismert. Az utébbi két csoport is mito-
chondrialis funkciézavar kovetkeztében alakul ki,
bar a hattérben 4ll6 genetikai hibdk a nukledris
genomban vannak. A mitochondrialis betegségek
kozott gyakori az atfedés, igy overlap szindromék
alakulhatnak ki.

A PEO gyakran sporadikus, 6roklédhet materna-
lisan vagy a nukledris genom kédrosoddsa kovetkez-
tében®. Az utdbbi esetén ismert mind dominéns,
mind recessziv médon 6roklddd tipus. Tiinetei fia-
talkorban jelentkeznek. A ptosis fokozatosan, évek
soran alakul ki, mindkét oldalon, az Osszes extra-
ocularis szemizmot érinti, de nem jir fdjdalommal
vagy proptosissal. Multiszisztémads érintettség ese-
tén tarsulhat endokrinoldgiai eltéréssel, myopathia-

val (vaz- vagy szivizom-érintettség), neuropathid-
val, sensorineuralis halldskarosodassal, ataxidval,
spasticitassal, encephalopathidval, gastrointestina-
lis érintettséggel vagy gerincdeformitdssal®.

A PEO differencidldiagnosztikdjdban fontos,
hogy az LHNO esetén elsddleges a mitochondrialis
DNS pontmutéicidja (a pontmuticié az esetek 69%-
dban a 11 778., 14%-ban a 14 484., mig 13%-ban a
3460. poziciéban van). A betegség 80-90%-ban
férfiakat érint, és majdnem minden esetben egy
éven beliil mindkét szem érintettségéhez vezet. Az
opticus neuropathidk egyéb tipusaival szemben jel-
lemz6, hogy LHNO-ban a pupilla fényreflexe meg-
tartott, és tipusos a scotoma centralis elhelyezkedé-
se. A retinitis pigmentosa diagnosztikjdban a
szemfenék vizsgdlata alapvetS. Ennek sordn észlel-
het6k a retina kozépperiféridjan és a f6 erek mentén
kialakul6é csontsejt alaki pigmentrogok, a papilla
jellegzetes viaszsdrga decoloratidja és a korosan
elvékonyodott retinalis artéridk. A betegség prog-
ressziv, a latotér koncentrikus beszikiilésével,
hemeralopidval, végiil a centrdlis 14t6élesség
(visus) fokozatos romldsdval jar. Genetikai hétteré-
ben tobb mint 30 gén tobb mint 100 muticidja
ismert, melyek koziil leggyakoribb az autoszom
dominadns retinitis pigmentosa’®. Retinitis pigmento-
sa mds betegségek részjelensége is lehet (példdul
maternalisan 6rokl6dé Leigh-szindréma, neurogén
izomgyengeséggel, ataxidval jaro reitinitis pigmen-
tosa). Ezek esetében azonban adott genetikai eltérés
all a hattérben. Az opticus atrophidk leggyakoribb
tipusa az autoszom opticus atrophia®. Bar genetika-
ilag heterogén, az esetek tobbségének hatterében az
OPA-1 gén mutacidja all. Egyforma gyakran érint
férfiakat €s ndket, tiinetei az elsd két €letévtizedben
kezd6édnek, és fokozatosan progredidlnak. Lat4s-
romlds ebben a betegségben jelentkezik legkordb-
ban az emlitettek koziil: a betegek 58-84%-dban
mdr 11 éves korra kialakul. A betegség ugyan az
esetek 50-75%-aban tovabb progredial, progndzisa
azonban még ezt figyelembe véve is jobb, mint
LHNO esetén. Hasonlé klinikai képet mutat, de
eltérd genetikai hitterd az X-hez kotott és a recesz-
sziv médon 6rokl8d6 opticus atrophia.

Arra kerestiink valaszt, hogy a kiils§ szemizmok
érintettsége mellett kdrosodnak-e a retinalis gangli-
onsejtek is olyan, viszonylag fiatal betegek eseté-
ben, akik a PEO korai stadiumaban vannak, ezért
multiszisztémds tiinetegyiittesiik klinikai manifesz-
ticidja még nem sziikségszeriien teljes. A retinalis
ganglionsejtek és axonjuk allapotat tobb, egymadst
kiegészit6 mddszerrel vizsgaltuk azért, hogy esetle-
ges korai kdrosodasukat kimutathassuk. A Fourier-
domén optikai koherencia tomogrdfia révén a
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sége és a ganglionsejtaxonokbdl 4116 retinalis ideg-
rostréteg vastagsdga hatdrozhaté meg nagy pontos-
sdggal és reprodukdlhatéan®®. Ez a médszer olyan
morfometriai vizsgédlatot tesz lehet6vé, melyben a
normativ adatbdzishoz viszonyitott kéros eredmény
a ganglionsejtek szdmdnak csokkenésébdl ered.
Szkenning lézer polarimetridaval (GDx-VCC és
GDx-ECC) a retinalis idegrostréteg vastagsdga
mérhet6 annak polarimetrds tulajdonsdga alap-
jan® !, A retinalis ganglionsejt kettGsen tor6 axonja
lassuldst okoz a megvildgité polarizélt 1ézerfény
terjedésében, ami linedrisan ardnyos az idegrostré-
teg vastagsdgdval. Noha ezt a mddszert is a nonin-
vaziv morfometrids modszerek kozé soroljuk, nem
csupdn az anatémiai dllapotrdl ad pontos képet. Az
axonok polarimetrids tulajdonsiga a benniik 1évd
cilindrikus intracelluléris organellumok (els6sorban
a microtubulusok) mennyiségétsl és rendezettségé-
tol fiigg'> 3. Ha tehdt az axon beteg, de még nem
tlint el, a polarimetrids jel csokkenhet, azaz szken-
ning lézer polarimetridval a ganglionsejtaxonok
»egészségességérdl” kapunk informdciét. A szken-
ning lézer polarimetria és az optikai koherencia
tomografia eredménye disszocidlhat: példaul kol-
chicinnel kezelt szemeken a retinalis idegrostréteg
optikai koherencidval ép, szkenning lézer polari-
metridval viszont kéros képet mutat*. A nem
retinalis idegrostréteg eredetli zavaré polarimetrids
jeleket a GDx-VCC (Glaucoma Diagnostics-
Variable Cornea Compensation) mddszer csak a
szem eliils6 szegmentumdbdl sziiri ki, a GDx-ECC
(Glaucoma Diagnostics- Enhanced Corneal
Compensation) technika viszont a retina mogotti
rétegekbdl eredd polarimetrids zajt is semlegesiti®.
Az automata kiiszobperimetrids vizsgélat és a VEP-
vizsgdlat a retinalis ganglionsejtek funkcidjanak
feltérképezésére alkalmas.

Anyag és moédszer

Vizsgalatunkba 6t olyan felndtt (életkor 35-53 év)
ndbeteget valasztottunk be, akiknél a vérbdl vagy
izombdl izolalt DNS vizsgalata sordn az mtDNS
common delécidja igazolddott. A betegek részletes
neuroldgiai és szemészeti vizsgdlaton estek At.
Ervényes kutatdsetikai engedély (TUKEB32-
1/2004) alapjan, a Helsinki Deklardci6 eldirasainak
megfeleléen, a résztvevok Onkéntes, frdsos belee-
gyezését kovetben a standard szemészeti vizsgdla-
tok (visusvizsgdlat, a szemmozgdsok vizsgdlata,
réslampds vizsgdlat, tdgitott pupillin 4t végzett
binocularis fundus- és latéidegf6-vizsgdlat, az int-
raocularis nyomds mérése) mellett a kovetkezd spe-
cidlis vizsgdlatokat végeztiik:

FOURIER-DOMEN OPTIKAI KOHERENCIA TOMOGRAFIA

A Fourier-domén optikai koherencia (OCT) vizsgé-
latot az RTVue-100 késziilékkel (Optovue Inc.,
Fremont, CA, USA) végeztilkk (szoftver verzi6:
4.0)52. A késziilék 50 nm sdvszélesség infravoros-
hoz kozeli (840 nm hulldmhossziisagt) fényforrast
haszndl. Mlikddési elve interferometridn alapul. A
»Glaucoma protocol” segitségével megmértiik a
macula lutea bels6 rétegeinek vastagsagit (Gang-
lion Cell Complex, GCC; a retinalis ganglionsejtek
mennyiségét jellemzd paraméter) és az idegrostré-
teg vastagsagat a papilla koriili 3,45 mm atmérdja
kor mentén. A késziilék normativ adatbdzisa tobb
mint 800 egészséges, kiilonbdzd rasszba tartozo,
19-82 év kozotti személy adatait foglalja magédban.
A felvételek minden mérés utdn mindség-ellendrzé-
sen estek at: csak megfeleld jelerdsségli (signal
strength index, SSI >45) regisztrdtumot értékel-
tiink.

SZKENNING LEZER POLARIMETRIA

A szkenning lézer polarimetrids felvételeket a
GDx-VCC/ECC késziilék (Carl Zeiss Meditec
Inc., Dublin, CA, USA) felhaszndldsdval végeztiik
(szoftver verzid: 5.5.1)°''. A miiszer miikodési
elve a szembe vetitett, polarizdlt 1ézerfény lassulé-
sdn alapul (retardicid). Ez ardnyos az adott pont
(pixel) teriiletén a retinalis idegrostréteg vastagsa-
gdval, amit a retarddcié mértéke alapjan a szoftver
automatikusan meghatdroz. A retinalis idegrostré-
teg az axonok intracelluldris organellumai miatt
okozza a polarizélt fény lassuldsat, igy a kalkulalt
vastagsdg az axon hidnya (a retinalis ganglionsejt
pusztuldsa) és szerkezetének pusztulds el6tti kédro-
soddsa esetén egyardnt csokkent lehet. A nem
invaziv mérés a papilla nervi optici koriili 3,2 mm
atmérdji ellipszis mentén torténik. A GDx-VCC
moédban a szoftver neutralizdlja a szem eliils§
szegmentumdbdl érkezd polarimetrids zajt, a
GDx-ECC mdédban pedig emellett a retina mogiil
érkez6 polarimetrids zajt is kisztri’. GDx-ECC
hasznélatdra f6ként nagyfokud révidlatéd és glauco-
més szemek esetében van sziikség. Kizdrdlag
optimdlis mindségi felvételeket (quality score, QS
>8) elemeztiink. Minden vizsgalt szem esetében a
késziilék mindkét szoftverét (GDx-VCC és a
GDx-ECC) hasznéltuk.

AUTOMATA KUSZOBPERIMETRAS VIZSGALAT
A latétér vizsgdlatit az Octopus 101 perimeter

(Haag-Streit AG, Koeniz-Berne, Switzerland) G2
programjival, Dinamic stratégidval végeztiikk a

Ideggyogy Sz 2014;67(9-10):335-341. 337



centrdlis 30 fokban a gyarté dltal meghatdrozott
optikai korrekcié alkalmazdsa mellett. Kizdrdlag
megbizhaté eredményt (téves pozitiv valaszok
ardnya <20%, téves negativ valaszok ardnya <20%)
értékeltlink. Ha az els6 teszt megbizhatésdga nem
volt megfelels, ismételt tesztet végeztiink standard
koriilmények kozott. Ha a kiils6 szemizmok mi-
kodési zavara miatt sziikséges volt, a felsé szem-
héjat kiragasztottuk, miikonnycseppet alkalma-
zunk, és a fejet specidlis dlldsban rogzitettiik a fej-
tartoban.

VIZUALIS KIVALTOTT VALASZ

A vizsgalatok az International Society for Clinical
Neurophysiology of Vision 2009-es ajanldsa alap-
jan késziiltek Keypoint Dantec elektrofiziol6giai
rendszerrel’. A feliiletes regisztrdlé elektroddkat
(eziist/eziist-klorid) a Nemzetkozi 10/20-as
Rendszer alapjan helyeztiik az occipitalis cortex
folé O1 és O2 pozicidban, Fz referenssel, Cz folde-
lektréddval, az impedancia 5 kOhm alatt volt.
12x16 mm és 24x32 mm-es fekete/fehér sakktabla-
mintdt alkalmaztunk monocularis ingerléssel az
oldalkiilonbség kimutatdsa céljabol (1 Hz stimu-
lusfrekvencia, 2x64, reprodukdlhat6 valasz dtlago-
lasa). A beteg szeme €és a monitor kozotti tdvolsdg
50-150 cm volt. A kapott kivaltott vdlasz elemzése
off-line tortént. A VEP-vdlasz hdromkomponens(
(N75-P100-N135). Mindhdrom hulldm latencidjat
(L) és az N75-P100 komponens csticstdl csucsig
(paek-to-peak) mért amplitddéjat mértiik.

Eredmények

Az 6t nSbeteg életkora 33-53 év kozotti (atlag: 40,8
év) volt vizsgédlatunk idején. A diagndzis feldllita-
sakor 37 éves betegiink (1. beteg) a multiszisztémds
érintettséggel jaré Kearns—Sayre-betegség tiineteit
mdr hosszabb ideje mutatta: jobb oldali dominan-
cidval ptosis, PEO, testszerte hypotonids izomzat
4/5-e proximalis paresissel, melyhez renyhe refle-
xek tdrsultak. A klinikai képet bal oldali centrdlis
facialis paresis és a bal oldali végtagok hypaesthe-
sidja szinezte. Mindehhez kognitiv hanyatlds, epi-
lepszia és stlyos vashidnyos anaemia tarsult. Egyik
beteg ptosisa 25 éves kordban, sziilést kovetSen
jelentkezett (2. beteg). Ennek hétterében sem a
repetitiv ingerléses vizsgélat, sem a Tensilon-teszt
nem taldlt myasthenia gravisra utalé eltérést.
Kiemelendd, hogy a beteg édesanyjanak szintén
ptosisa volt. A ptosishoz proximadlis tilstlyu tetra-
paresis, alsé végtagi, térdtdl distalis vibracios hypa-
esthesia, valamint urge-incontinentia tarsult. A

mitochondrialis myopathidkra jellegzetes neurolé-
giai tiineteket taldltuk 3. betegiinknél: micrognat-
hia, hypacusis, ptosis, distalis izomatrophia. A 4.
beteg neuroldgiai tiinetei 40 éves kordban jelent-
keztek: ophthalmoplegia externa bal oldali ptosis
formdjdban. Vizsgédlatunk idején mindkét szemen
minden irdnyban jelentsen csokkent szemmozgés
és a kordbbi ptosis elleni miitét ellenére a pupillét
részben takard ptoticus szemhéjak voltak észlelhe-
t6k. Mindehhez dysphagia, distalis tdlsilyd izomat-
rophia, anxietas, depresszi6 tarsultak. A multiszisz-
témads érintettségre vegetativ tiinetek és véltakozo
hypo-/hyperthyreosis utaltak. Egy masik, 40 éves
betegiinknél (5. beteg) szintén kiemelend6 a multi-
szisztémds érintettség (anaemia, obesitas, nephro-
sis, diabetes mellitus, rheumatoid arthritis), mely-
nek neuroldgiai manifeszticidjaként myopathia, a
neuromuscularis junctio mtikodészavara és poly-
neuropathia jelentkezett. Valamennyi beteg vér- és
izombiopszids mintdjdban mitochondrialis myopat-
hidra jellegzetes eltéréseket taldltunk.

Minden betegnek volt a kiilsd szemizmokat érin-
t6 diszfunkciéja és ptosisa. Két betegen kordbban
miitéti ptosiskorrekci6 tortént. A részletes, pupilla-
tdgitasban végzett szemfenékvizsgélattal a retinitis
pigmentosit minden esetben kizartuk. Valamennyi
beteg mindkét szemén normélis intraocularis nyo-
madst mértiink. Négy beteg 14t6élessége, 14tdidegfo-
je, retinalis idegrostrétege (1. abra), a macula terii-
letén mért belsd retinalis vastagsdga (azaz a retina-
lis ganglionsejtek mennyisége) és retinalis kiiszob-
szenzitivitdsa az életkori norméltartomanyban he-
lyezkedett el mindkét szemen. Egyikiiknél a vizua-
lis kivéltott vdlasz (VEP) -vizsgdlat nem megfeleld
egyiittm{ikodés miatt nem volt értékelhetd. A mésik
harom beteg esetében normalis latencidji és ampli-
tiddéju vélaszokat kaptunk szignifikdns oldalkii-
lonbség nélkiil.

Egy beteg mindkét szemén csokkent l4t6élessé-
get, ép papillat és kérjelzd eltérés nélkiili latdteret
taldltunk. Esetében a retinalis ganglionsejtek meny-
nyiségét jellemzd GCC paraméter mindkét szemen
normalis volt. Jobb szemén Fourier-domén optikai
koherencia tomografidval superonasalisan csokkent
idegrostréteg-vastagsdgot taldltunk, mig a bal sze-
men ezzel a mddszerrel nem mutatkozott eltérés.
Szkenning lézer polarimetridval (mind GDx-VCC,
mind GDx-ECC mddszerrel) mindkét szemen csok-
kent jelerdsséget és szdmos idegrostnyaldb elvéko-
nyodasat tapasztaltuk (2. abra). Az idegrostréteg-
karosodas szkenning lézer polarimetridval silyosabb
és diffizabb volt, mint Fourier-domén optikai kohe-
rencia tomografidval. A VEP-vizsgdlat a latencidk
normdlis abszolut értéke mellett oldalkiilonbséget (a
bal oldalon megnytilt L3 latencidt) mutatott ki.
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Megbeszélés

Azt vizsgaltuk, hogy a latérend-
szer érintettsége és az mtDNS gya-
kori mutéicidi kozott fenndll-e kap-
csolat 55 évesnél fiatalabb PEO-
betegek esetében. E kérdésfelvetés
hatterét az adta, hogy korabbi mul-
timoddlis neurofiziolégiai vizsgé-
lataink sordn a latérendszer érin-
tettségét taldltuk olyan mitochond-
rialis betegek esetében is, akik kli-
nikailag nem panaszkodtak 14t4-
szavarra'®. Az irodalmi adatok
alapjdn PEO esetén a progressziv
externalis ophthalmoplegia mellett
a leggyakoribb szemészeti tiinet a
retinitis pigmentosa’. A ganglion-
sejtek kdrosoddsat kordbban csak
egyes olyan mitochondrialis
betegségekkel kapcsolatban irtdk
le, amelyek a 14t6élesség folyama-
tos, fdjdalmatlan csokkenését és
azt kovetSen opticus atrophia
kialakuldsdt eredményezték!'’. A
mitochondrialis betegségek klasz-
szifikdciéja és a betegség prog-
resszidjanak megitélése szempont- B

jabol fontos, hogy kimutassuk a
l4tépdlya azon érintettségét is,
melyre a rutin neuroldgiai vizsgé-
lat nem derit fényt. Ehhez sziiksé-
ges lehet a vizsgdlatok kés6bbi
megismétlése. Fontos, hogy egy
adott betegségfenotipus kialakitdsdban a genotipu-
son kiviil a kornyezeti tényezdk is jelentSs szerepet
jatszanak. Erre utal Kirkman vizsgilata, melyben
kimutattak, hogy Leber-féle hereditaer opticus neu-
ropathidban a latdsvesztés kordbban jelentkezik
dohdnyz6 és alkoholt rendszeresen fogyasztd bete-
gek esetében's. A tdpldlkozdssal kapcsolatos
sulyosbité kornyezeti tényezdk koziil kiemelendd a
B, ,-vitamin hidnya'®. Ez az 1. beteg esetében szere-
pet jatszhatott a sulyos anaemia kialakuldsdban, bar
retinalisidegrostréteg-kdrosodésa és retinalisgangli-
onsejt-kdrosoddsa ennek a betegnek a vizsgalat ide-
jén nem volt.

A retinalis ganglionsejt hosszi axonjanak m-
kodéséhez megfeleld energiaelldtasra van sziikség,
ennek hidnyédban apoptdzis kovetkezik be, és a 1atas
kéarosodik'* 2, Az mtDNS mutéciéi éppen ezért
kockézatot jelenthetnek a retinalis ganglionsejt tul-
élése szempontjdbol. A kornyezeti silyosbito hata-
sok elkeriilése érdekében fontos felhivni a betegek
figyelmét a mitochondriumot kérosité hatdsok

(GDx-ECC)

1. dbra. Ep retinalis idegrostréteg mindkét szemen (3. beteg). A Fourier-domén opti-
kai koherencia vizsgdlat (RTVue-OCT), B Szkenning lézer polarimetrids vizsgdlat

(dohanyzas, alkohol, cianidtartamu ételek) kerii-
1ésére. Az 1335 forrdsmi alapjan késziilt, 2012-ben
publikdlt Cochrane-tanulmédny alapjdn bizonyiték
ugyan nincs az allapotromlést lassito tdplalékkiegé-
szitd készitmények hatékonysdgira, de egyesek
potencidlisan igéretesek lehetnek. Ilyenek a nagy
dozisi koenzim Q10, a szabadgyok-fogdk és az
a-liponsav?!. Természetesen elengedhetetlen és a
betegek életmindségét jelentGsen javitja a ptosis
vagy strabismus m{itéti korrekcidja, diabetes melli-
tus esetén a megfeleld diéta betanitdsa és az anti-
diabetikus kezelés bedllitasa is.

Noha vizsgdlatunkban mind az 6t n6betegen pto-
sis és a kiils6 szemizom mozgéskorldtozottsaga
mutatkozott, négyen mindkét szemen normdlis kor-
rigdlt 1at6élességet és latéteret, ép latdidegfot, ideg-
rostréteget és bels6 macularis vastagsdgot mutattak.
Héarmuk esetében a VEP-vizsgdlat is negativ ered-
ményt adott (egy beteg VEP-vizsgélata az egyiitt-
miikodés zavara miatt nem volt értékelhetd). Ez a
négy beteg tehdt a retinalis ganglionsejtek, valamint
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nyisége és rendezettsége biztosit-
ja. Ennek fenntartdsa energiaigé-
nyes folyamat®. Ha a retinalis
ganglionsejtben barmilyen okbdl
energiadeficit keletkezik, a norma-
lis intracelluldris szerkezet az
axonban felbomlik, ami polarimet-
riaval a mért retardacio csokkené-
sét eredményezi'®'¢. Ugy véljiik,
ezen PEO-betegiink esetében is ez
a helyzet 4llt fenn, amiben a
mitochondrialis betegség eredeti
diabetes mellitus is szerepet jatsz-
hatott. A diabeteses latéideg-karo-
sodds ugyanis fiiggetlen a diabete-
ses retinopathia kialakuldsitdl, és
id6ben megelGzheti azt??. A tisztin
anatomiai informdci6t biztosité
optikai koherencia tomogréfids
vizsgédlat eredménye arra utal,
hogy a retinalis ganglionsejtek és
axonjaik nagy része még megtar-
tott volt. Ezzel szemben a szken-
ning lézer polarimetridval talalt
kétoldali kiterjedt jelcsokkenés és
a VEP eltérése a ganglionsejtek és
az axonok kdrosoddsira utal. Az
optikai koherencia tomografids és
a szkenning lézer polarimetrids

eredmény ellentmonddsa csupédn

2. abra. Kdrosodott retinalis idegrostréteg (5. beteg). A Mérsékelt retinalis idegrost-
réteg-kdrosodds a jobb szemen és normdlis idegrostréteg a bal szemen Fourier-
domén optikai koherencia tomogrdfidval (RTVue-OCT). B Diffiiz és jelentds ideg-
rostréteg-kdrosodds mindkét szemen szkenning lézer polarimetridval (GDx-ECC). A
jobb szemen a kdrosodds kiterjedtebb és siilyosabb, mint a bal szemen

latsz6lagos: az utébbi eljardssal a
retinalis ganglionsejt diszfunkcio-
ja kordn, még a mérhet$ axonvesz-
teség kialakuldsa el6tt kimutathatd

a latépdlya tovdbbi szakasza szempontjdbol kdroso-
ddsmentes volt.

Egy beteg ezzel szemben csokkent latoélességet
és a retinalis idegrostréteg kédrosoddsat mutatta
mindkét szemén. Noha esetében sem a papilla, sem
a latotér nem mutatott kérjelzo eltérést, és a gangli-
onsejtek mennyisége sem csokkent kimutathat6an,
a VEP-vizsgalat szignifikdns oldalkiilonbséget (bal
oldalon megnyult latencidt) mutatott. Az idegrost-
réteg karosoddsa 1ényegesen sulyosabb és kiterjed-
tebb volt szkennig lézer polarimetridval, mint
Fourier-domén optikai koherencia tomogréifidval,
ami arra utal, hogy a kdrosodds nem elsGsorban az
axonok (és sejttestiik, a retinalis ganglionsejt)
elvesztése, hanem az axon bels§ szerkezetének
megvdltozasa miatt kovetkezett be. Szkenning 1ézer
polarimetria sordn a mérési informaciot (a retarda-
ciét) az axon intracellularis organellumainak meny-

14 ezért a jelen esetben értékesebb

informdciot biztosit. Ma még nem

lehet véleményt kialakitani arrdl,
hogy a kép id6vel progredidl-e, és az idegrostréteg
karosodasa axonvesztéshez vezet-e, avagy hulldm-
z6 4allapotként id&szakos javulds mutatkozik-e
axonvesztés nélkiil, ingadoz6 polarimetrids mérési
eredmények mellett.

Eredményeink 0sszefoglaléan azt mutatjik,
hogy az mtDNS egyes gyakori muticiéi 4ltal kival-
tott progressziv externalis ophthalmoplegia 55 éves
kor el6tt nem feltétleniil jar a latérendszer érintett-
ségével. Amennyiben azonban a retinalis ganglion-
sejtek kdrosodnak, a kédrosodds nem elsGsorban
sejtpusztuldsban, hanem az energiaellatds zavaré-
nak betudhat6 intracelluldris struktiravéaltozasban
nyilvdnulhat meg. Bar betegeink koziil csupédn egy
személyen mutattunk ki retinalis axonkdrosodést, a
tovdbbi obszervéciot sziikségesnek tartjuk. PEO-
ban ugyanis az anaemia, a diabetes és az egyéb
szervi manifeszticié kapcsan 1étrejovd anyagcsere-

340 Naghizadeh: Retinalis idegrostréteg ophthalmoplegia externdban



és energiaellatasi zavar kovetkeztében az axonkaro-
sodds a késdbbiekben kialakulhat.
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PROSTHODONTIC TREATMENT OF AN EDENTULOUS
EPILEPTIC PATIENT WITH AN IMPLANT-RETAINED
OVERDENTURE. A CASE REPORT
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'Department of Prosthodontics, Faculty of Dentistry, Semmelweis University, Budapest
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This report describes the treatment of a completely edentu-
lous, mentally retarded patient with epilepsy with an implant-
retained overdenture, anchored by a locator system. The
intractable epileptic condition of the patient with frequent
grand mal seizures and complex partial seizures required a
stable, well retained prosthesis, however the maxilla and the
mandible were severely atrophied. The bone volume of the
maxilla allowed the placement of only two implants at the
region of the canines, compared with the generally required
four. On long time recall, after one year, patient’s chewing
ability was satisfactory.

Keywords: dental implant, edentulous, epilepsy, locator,
overdenture

FOGATLAN EPILE_PSZIAS, BETEG KE,ZELII'ESE
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Az esetismertetés teljesen fogatlan, mentdlisan retarddlt
epilepszids beteg implantdtumrégzités overdenture tipust
fogpotlds segitségével torténd kezelését irja le. A terdpia-
rezisztens epilepszia miatt, mely gyakori grand mall
rohamokkal és komplex parcidlis rohamokkal jart egyGtt, a
beteg — a maxilla és a mandibula nagymértékl atréfidja
ellenére — stabil, |6 régzitettség, teljes kivehetd lemezes fog-
potlds tervezését igényelte.

A maxilla csekély csontmennyisége csupén két implantétum
behelyezését tette lehetévé a szemfogak teriletére, a pro-
tokollban leirt négy implantétum helyett.

A hossz0 tavi visszarendelés sordn a beteg radgéképessége
kielégits volt.
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overdenture
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pilepsy is a common neurologic disorder affect-
ing 50 million people worldwide. Its prevalence
reaches 1% in developed countries' 2. Epilepsy is
characterized by various types of recurrent seizures,
some of which are associated with loss of con-
sciousness?.
In almost all aspects of oral health and dental sta-
tus, patients with epilepsy showed a significantly
worse condition, as compared to the non-epileptic,
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general population. The observed difference is due
to a combined effect of neglected oral hygiene and
dental care, and seizure related oral cavity injuries
and increased exertion on the teeth*. Furthermore,
anti-epileptic drugs are associated with side-effects,
which may include oral complications, such as gin-
gival overgrowth, xerostomia, and fungal infec-
tions®. Overall, patients with epilepsy have an
increased risk for losing teeth, which are less fre-


http://elitmed.hu/ilam/hirvilag/az_orvoson_mulik_a_legtobb_8312/

quently replaced and become edentulous at a
younger age than healthy controls®. According to
the data of Buck at al.”, 24% of seizure related
injuries involve the head and neck region with tooth
injury and tooth loss. Fixed prostheses are thus pre-
ferred over removable partial dentures, depending
on the type and frequency of seizures, because of
the risk of foreign body ingestion or aspiration. If a
removable denture is unavoidable, than a metal base
is recommended to minimize the risk of fracture®.
Dental implants may be indicated when the miss-
ing teeth need to be replaced, or a complete denture
requires stabilization. Cune et al.” examined pa-
tients with severe refractory epilepsy and additional
motor and/or intellectual disabilities over an obser-
vational period of 16 years. The probability of func-
tional implant survival was estimated to be 97.6%,
which can be considered as an excellent result.
Nevertheless, oral hygiene was inadequate in
around 72% of implants. Presently, available evi-
dence is insufficient to decide whether implant
treatment in patients with epilepsy is feasible or
contraindicated. However, some authors advocate
the preference of conventional dentures or fixed
partial dentures over endosseous dental implants'’.
Edentulous patients with severe maxillary or
mandibular atrophy experience problems with den-
tures, due to lack of stability and retention, which
leads to the deterioration of chewing ability.
Endosseous implants, to which an overdenture can
be attached, may solve this problem and represent a
cost-effective treatment!!. In a comparative study,
Kleis et al.'? found that the locator-attachment sys-
tem with double retention showed a higher rate of
prosthodontic maintenance than ball attachments. No
significant difference in patients’ oral health-related
quality of life and biologic parameters was observed.
The aim of treatment described in this case report
was to provide a completely edentulous epileptic
patient with two implant-retained maxillary and
mandibular overdentures anchored by locator sys-
tem. Placement of more than two dental implants in
the anterior maxillary region would have been pos-
sible only by a bone-splitting technique and aug-
mentation, which was refused by the patient.

Case report

A 43-year-old woman with a history of refractory
epilepsy presented to the Department of Prostho-
dontics with a completely edentulous dental status.
She was mentally retarded due to perinatal asphyx-
ia. Symptomatic epilepsy started in her teenage
years, characterized by frequent seizures, including

Figure 1. The height of both the maxillary and mandibu-
lar alveolar processes was extremely reduced in a 43-
year-old patient with epilepsy (CBCT)

weekly simple and complex partial seizures, and
grand mal seizures approximately every six months.
The patient was on carbamazepine (600 mg tid
daily) and clonazepam (0.25 mg tid daily). She was
also treated for hypertension with enalopril (5 mg
bid daily), for cardiac arrhythmia with metoprolol
tartarate (25 mg bid daily), and hypercholes-
terolemia with atorvastatin (10 mg gd daily).

The patient had no dental prosthesis previously.
Due to the severe maxillary and mandibular atro-
phy, sufficient or at least an average retention and
stability of a complete denture was not to be expect-
ed (Figure 1.). Because of her refractory epilepsy,
retention was required and this was planned to be
achieved by an implant-retained overdenture.
However, the placement of more than two implants
in the maxilla - as generally at least four implants
are required - would have been possible only by
bone-splitting technique and augmentation, which
was refused by the patient (Figure 1.). Therefore,
at the Department of Oral Surgery only two dental
implants Replant (Implant Direct - Implant Direct
Sybron International, Ziirich, Switzerland) were
placed in general anesthesia in the maxilla and
mandible, each of them at the region of the canines
(Figure 2.).The length of each implant was 13 mm,
the platform had a diameter of 4.3 mm in the maxil-
la, and 3.5 mm in the mandible. The cavity of the
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Figure 2. Panoramic radiograph of the endosseous den-
tal implants in the maxilla and mandible

implant screw was widened with a Nobel Ag
osteotome (Nobel Biocare AG, Goteborg, Sweden),
because of narrow and soft (D,, D,)"* bone quality.
The oral cavity was disinfected by rinsing with
0.2% chlorhexidine digluconate (GlaxoSmithKline,
Brentford, UK) 3-4 times a day. To avoid postoper-
ative complications and pain, clindamycin (300 mg
qid daily) was given for five days, and diclofenac
(50 mg) as required.

Extraction of a retained left mandibular wisdom
tooth was not planned taking into account the
patient’s age and lack of complaints (Figure 2.).
The left mandibular canine was extracted approxi-
mately six months earlier, its remineralized region
is seen on the panoramic radiograph (Figure 2.).

After a 5.5 month-long osseointegration period,
the four healing screws were inserted into the
implants, forming and shaping the keratinized gin-
giva for two weeks. The depth of gingiva was 3 mm
in the maxillary and 4 mm in the mandibular
implants. The appropriate size of the neck of the
locator abutments was chosen. For the screwing in
of the locator abutments, a torque wrench was used
to achieve a maximum seating force of 30 Ncm and
to prevent screw loosening. The combination of
interior and exterior retention provides a greater
retention area than ball attachments, and ensures
longest implant survival. Locator caps with black
processing males were inserted into each locator
abutment, and anatomical impressions were taken
using hard silicon putty Zeta Plus (Zhermack SgA,
Badia Polesina, Rovigo, Italy) (Figure 3.). The bor-
ders of clear acrylic special trays Meliodent (He-
raeus Kulzer, Hanau, Germany) were outlined on
the primary impressions. The locator caps were
reseated into each locator abutment, and mucostatic
secondary impressions were taken with soft silicone
impression material Oranwash (Zhermack SgA,
Badia Polesina, Rovigo, Italy). It was casted with
class IV stone Begostone Plus (Bego, Brema,
Germany), and the borders of the metal baseplate
were outlined on the cast. Due the refractory epilep-
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Figure 3. Locator caps with black processing males
were inserted into the locator abutments during the pri-
mary and secondary impression procedure

Figure 4. Metal baseplates on the working casts.
Strengthening was necessary to avoid fracture during
epileptic seizures

sy and in order to avoid fractures, a metal base was
deemed necessary (Figure 4.). Wax rims were
placed on the metal baseplates, and the horizontal



Figure 5. Occlusal rims with metal arrow in the middle.
Determination of the horizontal and vertical dimension
of OVD

Figure 6. Trial dentures in Protar 5.b. articulator

and vertical dimensions of the centric occlusion
were determined (Figure 5.). With the help of a
face-bow, the rims were fixed into a KaVo Protar
5.B. articulator (KaVo dental GmbH, Biberach,
Germany), and a bilaterally balanced occlusion was
established (Figure 6.). The definitive baseplate
was reduced palatally because of an increased gag
reflex sensitivity (Figure 7.). The locator male was
placed by the dentist directly in the patient’s mouth,
and fixed with a self-curing acrylic resin Meliodent
(Heraeus Kulzer, Hanau, Germany) into the recess
of the base. A white block-out spacer was first
placed over the head of each locator abutment, to
block out the immediate surrounding area. This
allowed the full resiliant function of the pivoting
metal denture cap. The dentures in centric occlu-
sion were maintained in passive condition, without
pressing the soft tissues. After the acrylic resin was
cured, a white colored replacement nylon male was
placed into the maxillary denture, and a red colored
replacement nylon male was placed into the man-

Figure 7. The definitive maxillary denture was palatally
reduced because of an increased gag reflex

Figure 8. Definitive implant-supported prosthesis in
function for over 12 months

dibular denture to correct the divergence of im-
plants, which was over 10° in the mandible in the
present case (Figure 7.).

As a good oral hygiene is essential for implant
success, the patient and her husband were taught
how to clean the implants throughly by an end-tuft-
ed toothbrush, superfloss and water. The impor-
tance of a follow-up examination after three months
was explained to the patient in order to detect early
any tilting of the dentures and to prevent dislodge-
ment of the implants. Patient compliance was good,
as she appeared for regular follow-up.

The cost of dental implants and prosthesis was
covered by the Hungarian National Health Insu-
rance Fund (Figure 8.).

Summary

Prosthodontic treatment of edentulous patients with
epilepsy in some cases involve implant-retained
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overdentures in order to achieve better denture sta-
bility, which has a positive influence on the
patient’s quality of life. As a compromise, the num-
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Az idiopathids gyulladésos myopathidk szisztémds, a pro-
ximdlis végtagizmok szimmetrikus gyengeségével jelle-
mezhet8 autoimmun betegségek. Osszedllitdsunk térgya az
idiopathids inflammatorikus myopathidkban jelentkezé
myositisasszocidlt és myositisspecifikus autoantitestek, azok
koz0l is az anti-SRP antitestek. Az antitesthez kapcsolt
autoimmun myopathiés esetek kézétt anti-SRP autoantitest-
pozitiv myositiseket is igazolni tudunk. Cikkinkben leirjuk a
szigndlfelismerd részecske szerepét, utalunk szerkezetére és
a fehérjeszintézisben betdltétt funkcidjdra. Attekintjik,
hogyan azonositottdk a nekrotizélé autoimmun myopathidt,
milyen kildnbségeket irtak le a klasszikus polymyositises
esetekkel &sszevetve. Mint laini fogjuk, az anti-SRP fitere
korreldl a betegség aktivitdsdval. Irodalmi példékkal szol-
gélunk a betegség gyermekkori megjelenésére, és tovébbi
ritka esetekre is. Kézleménylnk végén egy sajdt esetinket is
leirjuk, ezzel is szeretnénk a figyelmet felhivni a betegség
fontossdgdra.

Kulesszavak: myositisspecifikus autoantitestek,
szigndlfelismerd részecske,
nekrotizalé autoimmun myopathia

ANTI-SIGNAL RECOGNITION PARTICLE
AUTOANTIBODY POSITIVE MYOPATHY
Bodoki L, MD; Vincze M, MD; Hortobdagyi T, MD;
Griger Z, MD; Csonka T, MD; Danké K, MD
Ideggyogy Sz 2014;67(9-10):347-353.

The idiopathic inflammatory myopathies are systemic,
autoimmune diseases characterized by proximal symmetri-
cal muscle weakness. We review the myositis-associated
and myositis-specific autoantibodies, among them the anti-
SRP autoantibody. Among those autoimmune myopathy
cases, that are associated with autoantibodies, we can
detect anti-SRP autoantibody positive myositis cases. We
describe the role of signal recognition particle, also its struc-
ture and role in protein biosynthesis. We review how the
necrotizing autoimmune myopathy is identified, what kind
of differences are presented in relationship with the classical
polymyositis cases. As we will see the anti-SRP titer corre-
lates with the activity of the disease. We serve some exam-
ples from the literature how the disease looks in the child-
hood and also some rare cases from the literature. At the
end of our review we present a case report to draw atten-
tion to the importance of the disease.
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ikkiinkben a myositisspecifikus autoantitestek

kozé tartoz6 anti-SRP antitestekkel, illetve a
nekrotizdl6 autoimmun myopathidval foglalko-
zunk. Az antitesthez kapcsolt autoimmun myopa-
thids esetek kozott ugyanis anti-SRP-autoantitest-
pozitiv myositiseket is igazolni tudunk. Célunk
attekinteni a téma nemzetkozi €s hazai irodalmat,
felhivva a figyelmet a diagnosztika nehézségeire és
a lefolyds stlyossagdra. Szem el6tt tartjuk a klinikai
tiineteket is, ravildgitunk, miben egyezik és miben
tér el ez a korkép a ,.klasszikus™ gyulladdsos myo-

pathidktél. Mindezt esetbemutatdssal is aldtdmaszt-
juk, sajit betegiink anamnézisén, betegségének
diagnosztizdldsdn és szovettani képén keresztiil
megjelenitve a kérképet a gyakorlatban.

Autoantitestek a myositisekben
Az idiopathids inflammatorikus myopathidk szisz-

témads, krénikus, immunmedidlt betegségek, melye-
ket progressziv proximdlis izomgyengeség jelle-
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mez. Kozéjiik tartozik a primer, feln6ttkori poly-
myositis (PM), a primer, feln6ttkori dermatomyosi-
tis (DM), a gyermekkori (juvenilis) myositis (JPM,
JDM), az overlap myositis (OM), a tumorasszocidlt
myositis (CAM), a zdrvanytestes myositis (IBM) és
az egyéb tipusd myositisek (amyopathids dermato-
myositis, eosinophil myositis, giant cell myositis
stb.). Ritka betegségek, incidencidgjuk 0,1-1/
100 000 lakos/év. A férfi-nd ardny 1:2. A diagnosz-
tizalds mindmaig a Bohan és Peter dltal 1975-ben
felallitott kritériumrendszer alapjan torténik!. Ide
tartozik 1. az izomgyengeség, 2. a pozitiv izombi-
opszia, 3. az izomenzimek emelkedése, 4. az elekt-
romiografidn a myopathids tridsz megléte és 5. a
jellegzetes bortiinetek dermatomyositisben. A kére-
redetben mindenképpen felmeriil a genetikai ténye-
78k szerepe. Erre utalnak az etnikai kiilonbségek és
a HLA-asszocidcié is. Az autoimmun eredetet
tdmasztjdk ald a celluldris és humordlis immunités
koros eltérései.

Az idiopathids gyulladdsos izombetegségekben
jelentkez$ antitesteket két nagy csoportra lehet osz-
tani: a myositisasszocidlt és a myositisspecifikus
autoantitestekre. A myositisasszocidlt autoantites-
tek (MAA) — anti-PM-Scl, anti-Ku, anti-U1, U2,
U3-RNP, anti-SSA, anti-SSB — azokban a betegek-
ben azonosithatdk, akik overlap myositisben szen-
vednek, tehdt myositisiik mas kotdszoveti betegség-
gel is tarsul. Ezzel szemben, a myositisspecifikus
autoantitesteket (MSA) kizadrélag idiopathids in-
flammatorikus myopathidkban taldljuk meg, és
ezek a sejtek citoplazmédjiban és sejtmagjaban talal-
hat6 specifikus fehérjék ellen irdnyulnak. Myositis-
asszocidlt vagy myositisspecifikus autoantitestek a
betegek 90%-dban jelen vannak. Az MSA-k vezetd
szerepet jatszanak azoknak a kéros immunfolyama-
toknak a lejatszéddsiban, melyek myositishez
vezetnek. Erre utal, hogy MSA-ja a betegek 30%-
anak van, csak egy MSA-ja van minden betegnek,
az MSA a betegség megjelenése el6tt mar hénapok-
kal igazolhat6 lehet, a szérumszintek korreldlnak a
betegség aktivitasaval és az MSA eltlinése a komp-
lett remisszi6 jele.

Az utébbi néhdny évben az MSA-n beliil is elkii-
lonitenek két csoportot. A ,klasszikus, tradiciona-
lis” MSA-k — anti-Jo-1, anti-SRP, anti-Mi-2 — a fel-
nétt [IM-esetek 40-50%-dban megtalalhatok. Az
,Ujabb” MSA-k koz¢ tartozik az anti-p155/140, az
anti-SAE, az anti-CADM-140, az anti-p140 és az
anti-200/100. Az MSA-k és célantigénjeik vizsga-
lata a klinikai tiineteken kiviil mds irdnybdl is meg-
kozelithetd: megdllapithat6, milyen kornyezeti és
immungenetikai tényez6k dllnak, 4llhatnak az adott
alcsoport kialakuldsdnak hatterében (példaul daga-
natos betegség, ultraibolya sugérzds, virusfert6zés,
kordbbi statinkezelés stb.). A myositisspecifikus

ROVIDITESEK

CAM: cancer associated myositis, tumorral tarsult
myositis

CK: kreatinkindz

DM: dermatomyositis

EMG: elektromiografia

HLA: humén leukocytaantigén

HMGCR: 3-hidroxi-3-metil-glutaril-Coa-reduktdz enzim

IBM: inclusion body myositis, zdrvanytestes myositis

[IM: idiopathids inflammatorikus myopathia

ILD: interstitialis tiid6betegség

JDM: juvenilis dermatomyositis

JPM: juvenilis polymyositis

MAA: myositisasszocidlt autoantitestek

MHC: major histocompatibility complex,
6 hisztokompatibilitdsi komplex

MSA: myositisspecifikus autoantitestek

NAM: nekrotizdl6 autoimmun myopathia

OM: overlap myositis

PM: polymyositis

SRP: signal recognition particle; szignalfelismerd
részecske

autoantitestek kiilonosen fontosak a gyakorlat
szempontjdbol, mert az utébbi évek tanulményai-
ban rdmutattak, hogy az egyes MSA-k 4ltal megha-
tdrozott korképek tiineteikben, prognézisukban és a
kezelésre adott vdlaszukban is kiilonboznek egy-
mdstél. Mindez sziikségessé tenné egy minden
eddiginél 4tfogébb immunszeroldgiai klasszifika-
ci6 feldllitasat. Az ilyen irdnyd kutatdsok alapjin
egyre tobb alcsoportba lehet sorolni a betegségeket,
ami a patogenezis jobb megértésén til adekvét tera-
pia bevezetését is lehetévé tenné.

Nekrotizalé autoimmun myopathia és
szigndlfelismeré részecske

A nekrotizdl6 autoimmun myopathia (NAM) klini-
kailag a proximdlis végtagizmok szubakutan fellé-
pd szimmetrikus gyengeségével, emelkedett krea-
tinkindzszintekkel, az elektromiografidn pedig
myopathidra jellemz§ jelekkel irhaté le’. Liang és
Needham 2011-es tanulmdnya szerint a nekrotizald
autoimmun myopathidknak a kovetkez6 alcsoport-
jait lehet elkiiloniteni: 1. antitesthez kapcsolt NAM,
2. kotdszoveti betegségekkel és mds autoimmuni-
tassal Osszefiiggd NAM, 3. statin dltal kivéltott
NAM, 4. virusfert6zés altal kivéltott NAM, 5. para-
neoplasids NAM. Az antitesthez kapcsolt nekroti-
z4l6 autoimmun myopathids esetekben jelenleg két
antitest ismert: anti-SRP autoantitest és anti-
200/100 autoantitest. Az utébbit 2010-ben Chris-
topher-Stine és munkatdrsai irtak le elGszor’.
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A szignélfelismer6 részecske (signal recognition
particle, SRP) elleni autoantitestek jelenlétét idiopa-
thids inflammatorikus myopathidkban Reeves és kol-
1égdi irtdk le elGszor 1986-ban*. Az SRP feladata
minden organizmusban analdg, részei mégis nagy
véltozatossdgot mutatnak. Az eukaridta szigndlfelis-
merd részecske egy citoplazmatikus ribonukleopro-
teinkomplex, mely hat fehérjébdl és egy 300 nukleo-
tidbol 4ll6 RNS-bdl épiil fel. Szerepe az Gjonnan
szintetizélt fehérjék felismerése és transzlokdcidja az
endoplazmatikus reticulumon keresztiil. A fehérje-
szintézis alatt az Gjonnan elkésziilt polipeptideket
vezeti az endoplazmatikus reticulumba, felismerve a
szekvencidjukat, majd antigénként szolgél az endo-
plazmatikus reticulum specifikus receptordnak.
,Ciklizal” az endoplazmatikus reticulum membranja
és a citoszol kozott. Az el6z6eknek megfeleléen a
kovetkezd kotShelyei vannak: szigndlpeptid-kots-
hely, SRP-receptor-kotShely, illetve transzlicids
sziinet domén. Ezt a funkciéjat Milstein és munkatar-
sai fedezték fel 1972-ben’.

Anti-SRP autoantitestek

2001-ben egy holland tanulmény szerz6i 11 eurdpai
orszagbdl szarmaz6 417 beteg szEérumdt vizsgaltak
szeroldgiai szempontbdl. Ebben a tanulményban az
anti-SRP autoantitesteket az eurdpai feln6tt myosi-
tises lakossdg 5%-aban leirtdk®. Minden tanulmaény-
ban akutan megjelend, silyos, nekrotizdlé autoim-
mun myopathidval hoztdk kapcsolatba, ami a stan-
dard immunmoduldns teripidra nem, vagy csak
részben reagél. Targoff és munkatdrsai 1990-ben
265 polymyositises, illetve dermatomyositises
beteg szérumdt vizsgéltdk. A 265 beteg koziil 13
esetben (4,9%) taléltak anti-SRP-autoantitest-pozi-
tivitast. Méar 6k is lefrtdk, hogy a betegség a klasszi-
kus polymyositishez hasonlit, de néhdny eset ezek
koziil szokatlanul stilyos megjelenés és gyors lefo-
lydsu volt. Overlap-szindrémds, illetve dermato-
myositises tiineteket is mutatd esetekben nem talal-
tak anti-SRP-autoantitest-pozitivitdst. A pulmonalis
fibrosis, a Raynaud-jelenség és az arthritis is ritkdb-
ban jelentkezett a vizsgdlt 13 beteg esetén. Ezen
adatok alapjan felvetették egy 4j, akkor még a poly-
myositisen beliili alcsoport elkiilonitésének sziiksé-
gességét’. 2002-ben Miller és munkatarsai vizsgal-
tak hét anti-SRP-pozitiv beteget. Még 6k sem
nekrotizdlé autoimmun myopathidnak hivtdk a
betegséget, hanem egy ,,szokatlan, myositisspecifi-
kus antitesttel bird, patolégiailag nem teljesen
karakterizalt” szindromdnak. A kovetkez6ket taldl-
tdk: a betegség 32 és 70 éves kor kozott jelentke-
zett, a relapszusok leggyakrabban augusztus és
janudr kozott jelentkeztek. Gyors lefolyasu, gyors

progresszidju betegségr6l irnak nagyfokd gyenge-
séggel, faradtsdggal, izomfijdalommal. Itt sem
jelentek meg dermatomyositisre jellemzd tiinetek.
A kreatinkindzértékek igen magasak voltak a bete-
geknél. Izombiopszidn prominens endomysialis fib-
rosis, izomrost-necrosis és regeneracié volt 14thatd,
de kevés gyulladdsos elem?. Végiil a ,,Muscle Study
Group” 2004-ben teljesen kiilondllé csoportként
azonositotta a nekrotizdlé autoimmun myopathiat®.
Hengastman és munkatdrsai 2006-ban az eddigiek-
nél nagyobb tanulmidnyban prébaltdk meg értel-
mezni az anti-SRP autoantitest szerepét a nekrotizi-
16 autoimmun myopathidkban. Hat eurépai cent-
rumbdl szdrmazé 23 anti-SRP-pozitiv beteg klini-
kai, laboratériumi és szovettani adatait vizsgaltdk.
Az adatokat egy nagy, anti-SRP-negativ, biztosan
myositisben szenvedd betegcsoport adataival is
Osszehasonlitottdk. Fontos megdllapitdsaik: 1. a
sulyos proximdlis izomgyengeség, mely sok eset-
ben mozgasképtelenségbe torkollik, 2. a dysphagia
és 3. az igen magas szérumkreatinkindz-szintek. A
23 betegbdl csak hdarom esetben volt jelen tipikus
dermatomyositises kiiités. A tlid6érintettség jelen
volt, azonban a gyakoribb szivérintettséget nem
figyelték meg. Az el6z6 tanulmanyokhoz hasonlé-
an valamennyi centrumbdl szarmaz¢é beteg esetén a
szovettani leleten necrosis volt, minimélis gyulla-
désos jelekkel. A cikk szerzéi szerint sziikséges
lenne tovédbbi, az anti-SRP patogenetikai szerepét
tisztdzo6 vizsgalatra is'.

Benveniste és munkatarsai 2011-es tanulma-
nyukban irnak az anti-SRP-pozitiv esetekrél. Nem
vildgos, mint irjdk, hogy mi az autoantitest szerepe
a patogenezisben. Erdekességként viszont igazol-
tdk, ami tanulmdnyuk alapjdt is képezi, hogy a nek-
rotizl6 autoimmun myopathia azon kevés autoim-
mun betegségek egyike, ahol a betegség aktivitasa-
nak egyik jol kovethetd markere (jelen esetben a
kreatinkindz) szorosan Kkorreldl az autoantitesttel
(jelen esetben az anti-SRP-vel). Itt tehat az antitest-
titer csokkend szintje a terdpids vdlasz szempont;ja-
bol kedvezs marker lehet''. Suzuki 2011-es ,,Anti-
SRP myopathy” cimii cikkében kifejti, hogy az
izombiopszia a legfontosabb a myositisek diag-
nosztizdldsdban, az antitestszlirés pedig az alcso-
portokba soroldshoz nélkiilozhetetlen. Mds tanul-
manyokra hivatkozva § az anti-SRP-pozitiv esetek
gyakorisagit 5-8%-nak mondja, illetve hivatkozik
arra, hogy az anti-SRP-pozitiv esetek stlyosabb
lefolydsdak és nehezebben kezelhetGek'>. Ugyan-
csak Suzuki és munkatarsai 2012-es vizsgélatukban
27 anti-SRP-pozitiv beteg adatait elemezve felvetik
annak a lehetdségét, hogy még az anti-SRP-pozitiv
csoporton beliil is el kellene kiiloniteni egy kroni-
kus, progressziv format, mely még stlyosabb klini-
kai tiineteket okoz a betegség el6rehaladdsdval®.
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Az eddigiek alapjin elmondhatjuk, hogy az anti-
SRP-autoantitest-pozitiv myopathia leggyakrabban
akut médon kezdédik kozépkordakban, gyermek-
kori megjelenése sokkal ritkdbb. Izomgyengeség és
izomf4jdalom jellemzd, szimmetrikusan érinti
mindkét testfélt, a felsd és az als6 végtagokat egy-
ardnt. Szisztémas, bels6 szervi érintettség tekinteté-
ben legjellemzEbb a nyelési nehezitettség és a tiido-
érintettség (nehézlégzés). Koriilbeliil 30%-ban jel-
lemzd a Raynaud-fenomén, de a bértiinetek a gyul-
laddsos myopathidknak erre az alcsoportjara nem
tipikusak. Laboratériumban a szérum igen magas
kreatinkindzértékei mellett a tipikus anti-SRP auto-
antitestek is azonosithaték. Az izombiopszidn az
izomrostokra a myopathids ,kép” jellemzd, aktiv
esetben necrosissal és regenerdcidval, tipikus a
rostatmérd ingadozdsa. Gyulladds nem, vagy csak
igen kis mértékben van jelen az izomban. Az endo-
mysialis kotdszovet felszaporodott, az endomysia-
lis kapilldrisok szdma csdkkent, méretiik megndtt,
C,, o depozicio is megfigyelhets. A korkép kezelé-
se nem megoldott, korai szakaszban szteroidokkal
lehet eredményt elérni, kell6en agressziven kezdve
a kezelést. Még ilyen esetben is gyakori a betegség
ismételt fellangoldsa. Progresszidja gyors, sokszor
fulminédns, magas mortalitdssal.

Az anti-SRP-pozitiv myopathia
gyermekkori megjelenése és ritka
esetei

A juvenilis idiopathids inflammatorikus myopathi-
as esetekben ritkan detektéljdk az anti-SRP antites-
tet. Rouster-Stevens és kollégai egy 2008-as tanul-
manyukban 123, nekrotiz4lé autoimmun myopathi-
as gyermek esetén csak hidrom esetben azonositot-
tak anti-SRP-antitestet'*. Erdekes megfigyelés,
hogy mind a hdrom anti-SRP-pozitiv eset afroame-
rikai ledny volt, ami nagyban valdészin(siti specidlis
immungenetikai kapcsolatok jelenlétét. Egy beteg-
nél agressziv terdpidval kontrolldlhat6 volt a beteg-
ség, két beteg azonban nem reagdlt az agressziv
terdpidra sem. Extramuscularis manifeszticidk
koziil az egyik betegnél interstitialis tiidSbetegséget
és szivérintettséget is, a mdsodik betegnél csak
interstitialis tiid6betegséget, a harmadik betegnél
nyel&csé-dysmotilitast és szivérintettséget is diag-
nosztizaltak. Osszegzésként megallapitjak, hogy a
polymyositisben szenvedd gyermekek sziirése anti-
SRP-autoantitest-pozitivitdsra nagyban elGsegitheti
a pontosabb diagnosztizdlast és a sziikséges keze-
1ést. Betteridge és munkatdrsai 2011-es cikkiik-
ben', melyben a feln6tt és fiatalkori myositis
Osszes eddig ismert antitestjét dsszefoglaljik, fog-
lalkoznak az anti-SRP-pozitivitassal is. Anti-SRP-

pozitivnak az 0sszes felnéttkori idiopathids inflam-
matorikus myopathids eset 5—10%-at mondjak, mig
ez az adat a juvenilis esetekben 3% alatt marad.
Kawabata és munkatarsai 2012-ben egy 15 éves
japdn lanyrdl irnak, aki anti-SRP-pozitiv nekrotiza-
16 myopathidban szenvedett's. A betegséget hdrom
hénapos jardsi nehézség utdn diagnosztiziltik,
magas szérumkreatinkindz-szintek voltak mérhet6-
ek. Az izombiopszidn necroticus és regenerdcids
terlileteket igazoltak, kevés gyulladdsos infiltrdtum-
mal. Az eset azért fontos, mert — mint lattuk — kevés
az anti-SRP-pozitiv gyermekkori eset, itt pedig
kiilonosen figyelni kell a korai diagndzisra és a
korai agressziv terdpidra.

Miwa és munkatérsai 2012-es esettanulmanyuk-
ban érdekes betegrdl szamolnak be'”. A kozlemény
ifrasakor 29 éves férfi beteg nyaki izomzata 27 éves
kora 6ta gyenge volt. Kétéves kovetése alatt a beteg
kreatinkindzszintjei fokozatosan emelkedtek. Az
els6 klinikai vizsgalat sordn sulyos izomatréfiat 1at-
tak a nyak eliilsé részén. Kés6bb az atréfia még
tovabb folytatddott, a vall és a fels6 végtagok izom-
zatdban is megjelent, tovdbb emelked6 izomenzim-
szintekkel. Az els6 elektromiografids vizsgélat nem
igazolt a fels6 és als6 végtagok proximélis izmai-
ban a myopathidra jellegzetes alacsony amplitidéji
motoros egységpotencidlokat (MUP), de a betegség
elérehaladdsdval ugyanezekben az izmokban a
MUP-amplitiid6 csokkent. Mindez anti-SRP-poziti-
vitds mellett volt megfigyelhetd, a deltoidizom
biopszidjan is a tipikus nekrotizdlé myopathia jele-
it azonositottdk, csak az elektromiografidn volt elté-
rés. Ebben az esetben tehdt szokatlan eloszldsu
izomatréfia volt felismerhet6, €s ez feltinG az anti-
SRP-pozitiv betegek korében.

Sugie és kollégdi 2012-ben szdmolnak be egy
igen érdekes esetr6l. Egy 61 éves férfi minddssze
egy honapja tart6é igen gyors megjelenésii, rapidan
progredidlé, mind a négy végtagjara kiterjedd
izomgyengeségrdl szdmolt be. Ezeken tdl bére
szintelen volt, és nehezen lélegzett. Kiiités volt
jelen az arcon, a karokon, a torzson, a ldbakon.
Ezek kozott ott volt a tipikus heliotrop rash és a
Gottron-papula is. Ez megfelelt a dermatomyositis
tiineteinek. A tovabbi vizsgdlatokon pleuralis effu-
zi6t és interstitialis tiid6betegséget is megdallapitot-
tak, ez magyardzta a dyspnoét. A miopatoldgiai
analizis is a dermatomyositis gyanudjit erGsitette
meg. Erdekes médon ez a beteg mind anti-Jo-1-,
mind anti-SRP-autoantitest-pozitiv volt. Jelenlegi
tuddsunk szerint két myositisspecifikus autoantitest
(MSA) egyidejt jelenléte extrém ritka, és tulajdon-
képpen kivételnek szamit, ha valakinek egynél tobb
MSA-ja van. Ez a megfigyelés arra enged kovet-
keztetni, hogy a két autoantitest egyidejdi jelenléte
még stlyosabb betegséglefolydst okozhat, illetve,
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hogy az idiopathids inflammatorikus myopathidk
spektruma tovdbb szélesedik!®. Hasonlé esetet
2010-ben mar mi is kozoltiink, anti-Jo-1-pozitiv
beteg 6t évig tarté kezelése utdn a beteg széruma-
ban anti-SRP autoantitestek jelentek meg'.

Az idiopathids gyulladdsos myopathidk tobbi
csoportjaval ellentétben® 2!, az anti-SRP-pozitiv
esetek leggyakrabban nem tdrsulnak neoplazmaéval
és overlap-szindromdval. Hanisch és munkatarsai
2012-ben azonban két ennek ellentmondo esetet is
megfigyeltek?. Az elsG esetben egy 65 éves férfi
rapidan progredidld gyengeséget panaszolt, vala-
mint nehezen nyelt és beszélt. A tumorirdnyd ki-
vizsgdlas differencidlt renalis adenocarcinomaét iga-
zolt. Az izomtiinetek részlegesen javultak a neph-
rectomia és a prednisolonkezelés utdn, de a veserdk
felfedezése utdn 11 honappal a beteg tiiddmetaszta-
zisokban meghalt. A mésodik beteg esetében fizi-
kalis vizsgdlattal gyorsan progredidlé silyos oph-
thalmoplegia, bulbaris dysarthrophonia, dysphagia,
bilaterdlis facialis bénulds, silyos szimmetrikus tet-
raparesis tiinetei igazolédtak. A liquorban enyhén
emelkedett volt a proteinszint, a neuronogrifia
sordn axonalis kdrosoddst taldltak. Az MRI normal-
eredményt adott. Infekcid, gangliozid-antitestek,
vagy carcinoma jelenlétét kizartdk. A betegség
lefolydsa overlap-szindromét valdszindsitett, mely
Miller—Fischer-szindromabdl, axonalis Guillain—
Barré-szindrémabdl és Bickerstaff agytorzsi ence-
phalitisbdl allt. Mindkét esetben a beteg anti-SRP-
pozitiv volt, a patogenezis nem ismert. Ilyen esetek-
ben, ha nekrotizdl6 myopathidra van gyand, az anti-
SRP-sziirés is segithet a diagndzisban.

Interstitialis pneumonia anti-SRP-pozitivitassal
igen ritkdn myopathia nélkiil is felléphet. Kono és
munkatdrsai 2007 dprilisdban egy 54 éves nSbeteg
interstitialis pneumonidjat diagnosztizaltdk tiinetek
nélkiil. 2009-ben a rontgenfelvétel rosszabbodast
jelzett. Mechanikus kéz tlinete volt észlelhets, de
nem volt arthritis, myopathia vagy Raynaud-jelen-
ség. A beteg mindemellett anti-SRP-pozitiv is volt.
A bronchoalveolaris lavage vizsgélat negativ ered-
ményt hozott. A biztos diagnézis kimonddsdhoz
videoasszocidlt torakoszképos vizsgélat is tortént.
Ez igazolta az interstitialis pneumonidt. Kortiko-
szteroid és mellkasi besugdrzds volt a megfeleld
terdpia®.

Esetismertetés

A cikkiinkben kozzétett izombiopszia egy 68 éves,
anti-SRP-pozitiv myopathidban szenvedd férfi
betegt6l szarmazik. A beteget 66 éves kordban neu-
rolégiai osztdlyon mar vizsgaltdk izomgyengeség,
jardsdnak rosszabboddsa, faradékonysdg ¢és nyelési

nehezitettség miatt. Elmonddsa szerint az utolsé
egy évben 25-30 kg-ot fogyott. Bar nyel6csdpasz-
széazs-vizsgalattal szikiilet nem latszott, gasztrosz-
kopidval sem léttak térfoglalést, felvetették nyel-
cs6tumor lehet6ségét. A nyel6csd a cardia felett
hyperaemids volt, innen biopszia is tortént. Mind-
ezek alapjdn a nyelési panaszok hétterében végiil
gastrooesophagealis reflux betegséget véleményez-
tek oesopagitissel és idiilt gastritist. Természetesen
mozgésszervi és neuroldgiai kivizsgélds is tortént.
Az elektroneurogréfids vizsgalat sulyos kevert tipu-
si neuropathidt igazolt. Liquorlelet birtokdban kré-
nikus inflammatorikus neuropathidt véleményez-
tek. Cervicalis szintben lathat6, myelonkompresszi-
6t okoz6 sérvet irtak le az id6kozben elkésziilt tel-
jesgerinc-MRI-n. Idegsebész szakvéleménye sze-
rint ez a beteg tiineteit, izomgyengeségét nem ma-
gyardzhatta. Fenti tlineteinek hatterében Osszessé-
gében paraneoplasids tiinetegyiittest véleményez-
tek.

Ezt kovetden néhdny hénap milva a beteg a
Neurolégiai Klinika ambulancidjdn jelentkezett,
romlé dltaldnos dllapot, tovabbi fogyds, izomgyen-
geség miatt, a gyengeség az alsé végtagjaiban volt
sokkal kifejezettebb. Guggolasbdl segitséggel sem
tudott feldllni. Neuroldgiai statusdbol kiemelendd:
distalisan hidnyzott a dermolexia, megtartott volt az
iziileti helyzet- és mozgdsérzékelés, felszines érzés-
zavart a beteg nem jelzett. Panaszainak terhelésre
val6é rosszabboddsa felvetette myasthenia gravis,
esetleg Eathon—Lambert-szindréoma lehet&ségét,
magas CK-szintje (5298 E/l) pedig myositis lehetd-
ségét. Részletes kivizsgalast végeztek. A mellkas-
rontgen negativ volt, nyel6cs6 és gyomor kontrasz-
tos vizsgédlata sordn a beteg a kontrasztanyagot
aspirdlta. Echokardiogréifidval a sziv ejekcids frak-
ciéja 55% volt, szegmentdlis falmozgaszavar nem
latszott, kardioldgiai szempontbdl kompenzalt volt.
A jobb oldali plexus brachialis repetitiv ingerlése-
kor a jobb oldali m. deltoideusbdl regisztralt poten-
cidlok amplitdidéi nem csokkentek, sem nyugalom-
ban, sem maximalis innervaciét kovetGen. A teszt
nem erdsitette meg a myasthenia gravis gyanujat.
EMG-vizsgdlat sordn a jobb oldali m. deltoideus
posteriort, a jobb oldali m. vastus lateralist és a bal
oldali m. tibialis anteriort vizsgaltdk, spontdn tevé-
kenység nem volt, a motoros egységpotencidlok
paraméterei megtartottak voltak. Ekkor tehdt myo-
sitisre, myopathidra utal6 eltérés nem volt lathat6.
Az ENG-vizsgélat megerGsitette a sulyos, alsé vég-
tagi és axonalis dominancijd szenzoromotoros
polyneuropathidt. Immunoldgussal is konzultdltak a
betegrdl, aki az EMG negativitdsa ellenére az ext-
rém magas szérum-CK-szint miatt a beteg tiinetei-
nek hatterében myositist vetett fel. Ezért — egyrészt
sulyos fokud polyneuropathia diagndzissal, masrészt
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myositis gyanudjdval — dtkeriilt a Klinikai Immuno-
16giai Osztélyra.

A beteg f6 panasza ekkor a gyengeség és a szé-
diilés volt. Az als6 végtagokat sokkal gyengébbnek
lattuk. Ennek legszembetlinSbb jele az volt, hogy
1épcsdn csak kapaszkodva tudott jarni. Fontos,
hogy az als6 végtag emelése mar valéban hénapok
6ta komoly gondot jelentett szdmadra. Feliilni nehe-
zen tudott, labait nehezen emelte. Koriilbeliil négy
hete azonban fels6 végtagjait is kezdte gyengébb-
nek érezni. A gyengeség mellett izomlazszer( féj-
dalmat is érzett felkarjaiban és combjaiban, oldal-
kiilonbség nélkiil. Akaratlan izomrdngédsokat nem
tapasztalt. Masik kinz6 problémdja a dysphagia, a
nyelési nehezitettség volt. Szildrd ételt nemcsak
nehezen, hanem néha félrenyelt, az étel idénként az
orrdba ment. Folyadék fogyasztdsa sordn ezt nem
tapasztalta. Beszéd sordn hangja olykor rekedtté
valt, és Osszességében is megvaltozott hangjanak a
szinezete az utébbi id6ben. Izomgyengesége és
altalanos faradtsdga terhelésre fokozddott, a pana-
szok estére sem csillapodtak. Mellkasi fdjdalma,
fulladasérzése, er6s szivdobogdsérzése nem volt.
Laboratériumi eredményei koziil kitlintek a magas
enzimértékek: CK 5383 E/I, GOT 237 E/l, LDH
733 E/I. Immunszerolégidja ekkor eltérés nélkiili
volt. A klinikai és laboratériumi kép egyre inkabb
myositis gyanujat keltette. Természetesen az elké-
sziilt izombiopszia is aldtdmasztotta a myositis
diagnézisat (1. abra). Erdekességként elmondhatd,
hogy esetében az izomban t6bb volt a lobsejt, mint
az ebben a kérképben szokdsos. 0,8 mg/ttkg dozis-
ban kortikoszteroidot inditottunk, mely segitett
izomerejét javitani és nyelését is erSsiteni. [zomere-
jében fontos el6relépést jelentett, hogy mar 6nall6-
an fel tudott iilni. Teljestest-pletizmografids vizsga-
laton kisfoku restriktiv ventilacids zavart diagnosz-
tizaltak. Az Osszesen 45 éves dohanyzdsi anamnézi-
se és emelkedett NSE-szintje miatt kissejtes tiid6-
carcinoma lehet&sége is felmeriilt, emiatt pulmono-
l6giai ambulancidra is kértiink id&pontot, illetve
hasi CT- és izom-MR-vizsgélatokra is el§jegyeztet-
tilkk. Otthondba bocsédtdsakor 2x24 mg methylpred-
nisolon tovabbi szedését rendeltiik el.

A combokrdl késziilt nativ és kontrasztos MRI
szerint a csontok jelintenzitdsa szabdlyos volt. Jobb
oldalon a combizomzat volumene az ellenoldalihoz
képest diffiz médon csdkkent. Jobb oldali tulsily-
lyal zomében a feszitd izomcsoportban, de a hajlité
izomzatban is voltak a T2-sulyozott és STIR-képe-
ken magas jelintenzitdsu teriiletek. Ezeken beliil az
izomrostok kontirjai elmosddottak voltak, kont-
rasztanyag addsa utdn inhomogén halmozdst is ész-
leltek. Myositisnek felelt meg a kép. Néhany nap
mulva elvégzett HRCT vizsgalat eredménye szerint
az als6 lebenyekben kiterjedt, dorsalisan maximum

1. abra Izombiopszia. Necroticus rostok (fekete nyil) és
basophil, degenerativ, illetve regenerativ rostok (fehér
nyil) azonosithatok jelentds szdmban, lobsejtekkel és
endomysialis kotdszovet felszaporoddsdval kisérten. A
kalibrdcios vonal 50 um-t jelol (HE-festés)

3 cm széles, 1épesmézrajzolatot is mutatd diffuz
fibrosis, paravertebralisan, paracardialisan, illetve a
fels6 lebenyekben dorsalisan egy-egy kisebb fibro-
ticus koriilirt teriilet volt lathat6. Ezek mellett em-
physema, subpleuralis bulla, bronchiectasia is 14t-
szott. Tumort nem igazoltak.

A beteg immunoldgiai szakrendelésiink gondo-
zaséba keriilt, rendszeresen jart kontrollvizsgélatra.
Egy honappal kezelése utdan a kovetkez6t lattuk:
izmai tovabb gyengiiltek, székr6l nem tudott felall-
ni. Mozgasa stlyosan nehezitett volt. Nyelési pana-
sza is er6sodott az otthon toltott idS alatt. Akut
myositisnek felelt meg mér fizikdlis vizsgdlattal is a
kép, amit a laborparaméterek szintén megerdsitet-
tek (CK 1535 E/I, GOT 114 E/l, GPT 150 E/l, LDH
501 E/). Siirg6sséggel felvettiik osztalyunkra a
beteget, 125 mg methylprednisolon intravénds ada-
sat kezdtiik el. Immunszerolégidval igazolddott
anti-SRP-antitest-pozitivitdsa. A kezelés el6szor a
laboreredményekben hozott javulast: CK 902 E/l,
GOT 76 E/I, GPT 113 E/l, LDH 464 E/l. Echo-
kardiografidval az ejekcios frakcié 56% volt, fal-
mozgdszavart nem irtak le. Az elinditott szteroid és
methotrexat, illetve a gyégytorna néhdny nap alatt
javulast hozott, a beteg izomereje gyorsan ndott,
laborparaméterei még tovabb javultak. Otthondba a
kovetkezd kezeléssel engedtiik: methotrexat heti
egyszer 15 mg, methylprednisolon reggel 48 mg és
a rendszeresen végzett gydgytorna.

Kozel egy honap milva a PET-CT véleménye
szerint mediastinalisan patoldgids nyirokcsomdokat
taldltak, melyek nem tipusosak malignus folyamat-
ra. A kovetkezd kontrollon izomereje novekedett,
de testsulya nem emelkedett. Két hénappal késSbb
kifejezett 4llapotrosszabboddssal ismét akut felvé-
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telre kertilt sor. A jaras igen nehezen, székr6l feldl-
l4s egyéltaldn nem ment, gyengék voltak az izmai,
védllban csak 30-40 fokig tudta felsé végtagjait
emelni. Szilard ételt alig tudott fogyasztani. Fulladt,
lazas is volt, laborértékeiben ennek megfelelden az
enzimszintek emelkedése mellett (CK 343 E/,
LDH 524 E/I, GOT 32 E/l) leukocytosist, balra tolt
vérképet is lattunk. Fizikdlisan dekompenziciét,
COPD akut exacerbatiéjat talaltuk. Ekkor alapbe-
tegségének kezelését per os cyclosporin A-val egé-
szitettiik ki, mely lasst javuldst hozott, mér a kérhé-
zi tartézkodds alatt. Legutolsé kontrollja szerint a
beteg bottal tud jarni, nehéz a mozgas szamara.

Kovetkeztetések

A szigndlfelismerd részecske elleni antitestek tobb
mint negyed szdzada ismertek. A szigndlfelismerd
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IN MEMORIAM @

DR. KELEMEN JOZSEF

1934-2014

Megdébbenéssel fogadtuk a hirt, hogy dr. Kelemen
6zsef nyugalmazott csikszeredai kérboncnok fGor-
vos, nemzetkozi hirli neuropatoldgus 2014. szeptember 6-
an visszaadta lelkét TeremtGjének.

Dr. Kelemen Jézsef 1934. november 9-¢én sziiletett a
Maros megyei Szaszrégenben értelmiségi sziilsk gyer-
mekeként. Marosvasérhelyen a Bolyai Farkas Gimnazi-
umban érettségizett, majd még ugyanebben az évben fel-
vételt nyert a marosvasarhelyi — akkor még magyar nyel-
vii — Orvostudoméanyi és Gyogyszerészeti Egyetem Alta-
lanos Orvosi Kardra. Orvosi diplomdjat 1958-ban kapta
meg. Ezt kdvetden — az akkori romén torvényeknek meg-
felelen —négy évig éltaldnos és gyermekgydgyaszati kor-
orvosi szolglatot teljesitett a Maros megyei Bétos kozség-
ben. E teriileti gyakorlat elvégzése utdn, 1962-ben kapcso-
l6dhatott be az idegrendszer patoldgiai kutatdsaiba
Miiskolezi Dezs6 professzor munkatérsaként a Marosva-
sarhelyi Akadémiai Kutat6 Intézet Idegszovettani Labora-
toriuméaban.

Ez a munka nem volt szdmédra idegen, mivel az ideg-
szovettani munkdkkal mér orvostanhallgaté kordban meg-
ismerkedett a neuroanatémus professzor Maros Tibor és
docense, Lazar Laszl6 munkatdrsaként. Szolgalataira mar
ekkor az orvostanhallgatdk oktatdsaban is igényt tartottak.

Ugyancsak még 1962-ben pélyazat és versenyvizsga
utjan a Gyergyay Ferenc professzor altal vezetett kérbonc-
tani intézetben kapott allast. Itt is részt vett az oktatasban és
a klinikai neuropatolégiai munkdkban. Ennek kapcsin
széles korli tanulmanyokat folytatott az allergids encepha-
lomyelitisek és a sclerosis multiplex targykorében. Mun-
kéirdl kdzleményekben szamolt be.

Intenziven foglalkozott a kiilénb6zd szovettani festési
eljarasokkal. Médszereket dolgozott ki arra, hogy a paraf-
finba dgyazott agyteriiletek sorozatmetszetei a hematoxi-
lin-eozin festés mellett, a veldshiively, tigroid, axon, racs-
rost, microglia és astroglia kimutatsara is lehetvé valja-
nak. Ezeket a médszereket az egész vildgon széles korben
alkalmaztak.

Annak ellenére, hogy az akkori roméniai politikai hely-
zet miatt a kiilfoldi publikacid igen nehézkes volt, az 1972-
ben megvédett doktori értekezése, ,,A gliaelemek morfol6-
giai vizsgélata kisérletes allergids encephalomyelitisben és
sclerosis multiplexben”, sz€les korti nemzetkozi elismerést
aratott. Nemzetkozileg is ismertté valt. Engedélyezték,
hogy részt vehessen kiilfoldi tanulmanyutakon. igy 1963-
ban a Szegedi Jozsef Attila Tudomanyegyetem Bioldgiai
Tanszékén Abrahdm Ambrus professzorral dolgozott
egyiitt, 1969-ben Budapesten az Orszdgos Neuroldgiai és
Pszichidtriai Intézetben Tariska Istvan professzorral és
Majtényi Katalin féorvosnével végzett kdzos kutatdsokat,
és még ugyanebben az évben, Pécsett Komyey Istvan és
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Gallyas Ferenc professzorokkal
Uj idegszovettani modszereket
dolgoztak ki.

1971-ben és 1972-ben, két
alkalommal is, Humboldt-6szton-
dfjat kapott, és a miincheni Max
Planck Pszichiatriai Intézetben
végzett agykutatdsokat, amelyek
tovdbb novelték elismertségét.
LehetSsége lett volna végleg ott
maradni, de 6 inkdbb a hazdjt
valasztotta.

1974-ben meg akarta pélydzni a marosvasérhelyi
orvosegyetem szovettani professzori alldsat, de nemzetisé-
gére tekintettel a palydzatéit sem fogadtdk el. Ezért — sajét
szavaival élve — 1975-ben onkéntes szamiizetést vallalva,
a Csikszeredai Megyei Korhdz Patoldgiai Osztalyanak
f6orvosi dllasét foglalta el, egyben irdnyitotta a megye tor-
vényszéki orvosi laboratGriumat.

Tobb nemzetkozi tarsasig vélasztotta tagjava, és kapott
kitiintetéseket. 2002-ben a Magyar Patoldgiai Térsasig
Genersich Antal Eremmel tiintette ki.

1996 és 2002 kozott a kaposvéri Kaposi Mér Oktatd
Kérhazban az Idegsebészet, Ideggydgyaszat és Agyérbe-
tegségek Osztalyanak patoldgiai laboratdriumaban is tobb-
szor megfordult vendégként, ahol munkdjdval hathatdsan
segitette a kutatdmunkat és a laboratérium fejlesztését.

2004-ben vonult nyugdijba, de emellett a csikszeredai
kérhédzban tovabbra is ellétta feladatat.

Szamos tudomanyos és ismeretterjeszt6 eldadast is tar-
tott hazai és nemzetkdzi férumokon, hazai és nemzetkozi
folyéiratokban nagyobbrészt elsd szerzoként, de tarsszer-
zOként is kozel 150 tudoményos publikicidja jelent meg.

Dr. Kelemen Jozsef élete €s munkdja soran mindvégig
igen szorosan kot6dott a magyarorszagi tudoméanyos élet-
hez és szoros kapcsolatokat dpolt annak képviselGivel sze-
mélyesen is.

Elete munkéjdnak elismeréseként 2007-ben a Pécsi
Komyey Tarsasdg Kuratériuma egyhangd szavazdssal
dontott Ugy, hogy dr. Kelemen Jozsefet a Tarsasag altal
alapitott Komyey Emlékfa kitiintetésben részesiti, amelyet
nagy 6rommel és meghatottsaggal vett at.

Még ugyanebben az évben, amikor osztilyvezetGi
munk4jt 4tadta, réla nevezték el az akkor feldjitott csik-
szeredai kérhdzi konyvtarat.

Hamarosan silyosan megbetegedett. Feleségének gon-
dos dpoldsa tette szamdra elviselhet6vé az életet. Allapota-
nak hirtelen romlésa utdn 2014. szeptember 6-an hunyt el.

Emlékét az orvostirsadalom és a tudoméany meg6rzi.

Dr. Kopa Janos
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GREAT INSIGHT CREATED BY TINY HOLES; CELEBRATING
40 YEARS OF BRAIN MICROPUNCH TECHNIQUE

Denes V. AGOSTON'-2
'Anatomy, Physiology and Genetics, Uniformed Services University, Bethesda, MD, USA
2Experimental Traumatology, Department of Neuroscience, Karolinska Institute, Stockholm, Sweden

Forty years ago, a two page long article (without
references) was published in Brain Research by
Palkovits'. The article’s single figure show two
coronal sections of the rat diencephalon with three
tiny holes of thousand pum in diameter each; the first
hole represented the removed paraventricular nuc-
leus at the right side of the brain while the other two
were of the habenular nuclei. The procedure — later
named and officially known as brain micropunch
method — helped to open a new chapter in neurosci-
ence.

As is case for many great scientific advances,
Miklés Palkovits’ work occurred at the interfaces
between two different disciplines. The first is clas-
sical neuroanatomy, a Hungarian “tradition” that
started with Mihédly Lenhossék, a contemporary and
competitor of Santiago Ramén y Cajal who coined
the name “astrocyte”. The tradition of excelling in
neuroanatomy and neurohistology continued with
Janos Szentdgothai and Miklés Palkovits. The
second discipline was neurochemistry. Improve-
ments in analytical methods in the late 60s and early
70s increasingly enabled quantifying neurotrans-
mitters, hormones, and metabolites from minute
quantities of biological materials. Determining the
concentrations of these and other molecules in the
many functionally distinct brain regions promised a
new level of understanding about complex bioche-
mical and physiological processes of the central
nervous system. Julius Axelrod pioneered work on
how catecholamines, epinephrine, norepinephrine
and dopamine — neurotransmitters of key neurolo-
gical and psychiatric functions — are released and
inactivated by reuptake. For this work, Julius
Axelrod shared the Nobel Prize in Physiology or
Medicine in 1970 with Bernard Katz and Ulf von
Euler. It was Julius Axelrod who invited Mikl6s

Palkovits to the National Institutes of Health (NIH)
as “the guy who can dissect the suprachiasmatic
nucleus” from the rat brain, the most important (if
not the only) brain nucleus Julius Axelrod was
interested in at the time.

Axelrod’s invitation marked the beginning of an
exceptionally fruitful collaboration between Miklés
Palkovits and the Laboratory of Cell Biology (LCB)
at the National Institute of Mental Health (NIH,
Bethesda, Maryland). LCB was run by Michael
Brownstein and it was a highly creative, intellectu-
ally stimulating and productive workplace. During
his 6 month annual shifts at the NIH for ~30 years,
Miklés Palkovits, in collaboration with neuroscien-
tists and clinicians affiliated with various NIH labo-
ratories, published dozens of papers in leading jour-
nals such as Nature, Science, and PNAS (to name a
few). Miklés Palkovits and his collaborators have
mapped neurochemical pathways of different trans-
mitters, hormones, and metabolites, majorly contri-
buting to the chemical anatomy of the brain. It is
hopefully of some solace to young(er) scientists that
the paper(s) describing the first topographic atlas of
the catecholaminergic and cholinergic neurons in
the rat brain>* was barely accepted for publication.
One reviewer stated, “I do not see that it adds a great
deal to the existing literature”. It did and became
one of Miklés Palkovits’ citation classics in 1993.

Miklés Palkovits extended his collaborations to
a worldwide network of colleagues and together
they have extended mapping of neurotransmitters,
neurochemicals, and hormones in various models
of neurological disorders and in normal and disea-
sed human brains. Working — and competing — with
other giants of modern neuroscience like Tomas
Hokfelt from the Swedish school of neuroscience,
Miklés Palkovits also pioneered mapping of a new
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and exciting group of signaling molecules, the neu-
ropeptides. He also established one of the first
Human Brain Banks, a key repository of microdis-
sected, micropunched brain regions for basic, trans-
lational, and applied research. The brain micro-
punch technique is now mainstream in the field of
neuroscience, Leica Biosystems sells a Brain Punch
Tissue Set for the “Palkovits Punch technique” and
of course there is the “version 2” of his technique,
the Laser Capture Microdissection System.

On a personal level, Miklés’ knowledge and
skills were instrumental for the development of a
novel approach to identify some of the major mole-
cular regulatory mechanisms in brain development.
In my former laboratory at NIH, we set out to inves-
tigate how the expression of transmitter phenotypes
in adult neurons is regulated during neurodifferen-
tiation. Due to the vast phenotypic diversity of neu-
rotransmitters across the brains of commonly used
models (fly, worm, mammalian) used in develop-
mental genetics, we would not have been able to
identify the regulatory molecules we were sear-
ching for using homology cloning methods. There-
fore, we developed an approach that involves samp-
ling distinct brain regions at different stages of
embryonic development, and probing the isolated
nuclear proteins with DNA fragments*. Using this
method we identified critical cis- as well as trans-
regulatory elements involved in the developmental
regulation of neuronal differentiation in the mam-
malian CNS>13.

Our work began with dissecting hundreds and
hundreds of embryonic rat brains beginning with as
early as embryonic age day 12 brains. Miklds dis-
sected the brains into phenotypically distinct regi-
ons up to postnatal day 28 and we isolated nuclear
proteins from the isolated brain regions. Micro-
punching adult rodent brains without freezing can
be challenging enough as is, but micropunching
embryonic brains introduces a whole new array of
issues due to size, high water content and texture.
Because our micromethod for isolating nuclear pro-
teins required fresh tissue, we asked Mikl6s to per-
form the micropunch technique on fresh embryonic
brains as opposed to frozen brain slices, which he
did. Then we performed thousands of DNA binding
and footprinting assays, followed by molecular clo-
ning, and so forth. In a way, this project closed the
circle for Mikl6s by identifying some of the deve-
lopmental regulators of neurotransmitters that he
had started to map some 40 years ago.

Because Miklos likes numbers, I should state

that Miklds Palkovits has co-authored 1000+ rese-
arch papers, book chapters, abstracts, and procee-
dings. To be precise, as of December 09, 2013
(when the paper was submitted) he has authored and
co-authored 663 abstracts, 59 book chapters, eight
books and monographies, co-edited three books,
and published 722 peer-reviewed scientific publica-
tions in the most prestigious scientific journals. His
papers have been citation classics and he has been
nominated for the Nobel Prize twice. However,
Miklés Palkovits has done so much more than
“just” map the chemistry of the brain. His other (and
equally important) work has been on connecting
molecules and neuronal networks with complex
neuronal functions. In addition to running the
Human Brain Bank, Mikl6s has been also working
on the first MRI atlas of cortical representation of
pain, using his unparalleled anatomical knowledge,
legendary organizational skills, and memory.

In the age of the Internet, Google, Wikipedia,
and PubMed we tend to forget about the brilliance
and hard work of scientists like Mikl6s Palkovits
who with others collectively generated and catalo-
ged a wealth of information before the digital age.
Today, all information is only a click away... sort
of. Ironically, while the literature is highly sear-
chable, the scientific information is available in the
same 19th-20th Century paper (or.pdf) format.
There is still no electronic brain atlas that contains
all of the biochemical, anatomical, and other know-
ledge he pioneered to collect (bar the Allen Brain
Atlas, which currently contains mostly gene exp-
ression data). Hello, NIH! Hello, Google! Are you
reading this?

Miklés, thank you for punching those little holes
and contributing so much to modern neuroscience —
and Happy (belated) 80th Birthday!
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pécsi Kornyey Térsasdg 2014. 4prilis 11-én

tartotta szokdsos évi emlékiilését Pécsett. Az
tinnepi események a hagyomédnyoknak megfeleléen
a Rét u. 2. alatti klinikai tombben kezdédtek, ahol a
résztvevdk megtekintették a klinikai tomb folyosé-
jén lathat6 Kornyey Emlékfalat, majd dr. Kopa
Janos elhelyezte a megemlékezés koszortit a klini-
ka bejaratdnal Reuter Camillo és Kornyey Istvan
dombormiivénél.

Udvo6z16 beszédében koszontotte a megjelente-
ket és elmondta, hogy ismét eljétt a tavasz és mi
ismét itt taldlkozunk a Rét utcai Klinikdk kertjében,
hogy régi mesteriinkre emlékezve elhelyezziik ko-
szonetiink és hdldnk jeléiil koszorinkat Koérnyey
Istvan emléktabldjandl. Az élet bolcs torvényszert-
sége szerint most mdr teljesen az Uj generécio vette
kezébe a hagyoményok 4poldsat, szervezi és rende-
zi a Kornyey-emlékiiléseket. Orommel tapasztal-
hatjuk, hogy tevékenységiik sikeres. Az emlékiilé-
sek évrdl évre 1j gondolatokat és 1ij eredményeket
is gerjesztenek, egyben rangot adnak a pécsi klini-
kai idegtudoményok képviseldinek, tovabb ndvelik
a klinikdk hirnevét, s6t mondhatjuk, becsiiletét is.
Ezaltal Kornyey Istvdn szellemisége a kozvetlen
tanitvanyok segitségével a legijabb nemzedék er-

Dr. Kopa Jdnos megkoszoriizza a Kornyey-emléktdbldt

www.lam.hu
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Dr. Palkovits Miklos

kolesi és tudomanyos haladdsanak alapja lett, hirde-
ti a helybéli klinikai idegtudoményok toretlen fe;jls-
dését. Ezért az eredményért az ij nemzedéket dicsé-
ret illeti.

Dr. Kornyey Edithet, az 6rokos tiszteletbeli elno-
kot virdgesokorral kdszontotték.

Ezutdn a résztvev6k dtvonultak a Pécsi Akadé-
miai Bizottsdg Székhdzaba, ahol megkezd6dott a
tudomdnyos iilés programja.

Dr. Komoly Sdmuel a Térsasdg elndke kdszon-
totte a hallgatésagot és roviden ismertette az elmult
év jelent8sebb eseményeit és a tudomdényos iilés
programjat.

Ebben az évben a Tarsasdg Kuratériuma dr.
Palkovits Mikl6s akadémikusnak itélte a Kornyey
Emlékfa Dijat. Az emlékelSadds megkezdése el6tt
dr. Komoly Sédmuel, a pécsi neuroldgiai klinika tan-
székvezetd egyetemi tandra, a Kornyey Térsasig
elndke ismertette dr. Palkovits Miklds igen gazdag
tudomdnyos pélyafutdsat, majd felkérte az emlék-
eldadas megtartdsara.

Dr. Palkovits Mikl6s el6addsdnak cime: A
centrdlis katecholamidok szerepe a stresszvdlasz-
ban. A szerz6 el6addsdban legtijabb tudomanyos
eredményeit ismertette, amely olyan érdekl&dést
keltett, hogy a szokdsoktdl eltér6en hozzdszola-
soknak is helyet kellett biztositani. A beszélge-
tésjellegli vita utdn a jelenlévdk is nagy elismerés-
sel nyilatkoztak dr. Palkovits Mikl6és tudomdnyos
eredményeir6l. Ezt kovetden dr. Komoly Sdmuel
elnok és dr. Kopa Jdnos tarselnok atadtak dr.
Palkovics Mikl6ésnak a Kornyey Emlékfa Dijat,
aki elismerését fejezte ki az iskolaalapité szemé-
lyét illetGen és kifejezte Ooromét, mivel a dijat
jelentds megtiszteltetésnek tartja.

A dijatadds utdn a megjelentek kozos ebéden
vettek részt, ahol alkalom nyilt a tudoményos ered-
mények tovdbbi megbeszélésére és bardti beszélge-
tésekre is.

Dr. Tuka Bernadett

A sziinetet kovet6en az emlékiilés az idegtudo-
ményok teriiletén tudomanyos munkat végzé fiatal
kutatok Kornyey Emlékérem pdlydzatdnak ismerte-
tésére kertilt sor. Dr. Kovacs Norbert, a Kuratérium
titkdra ismertette a palydzat eredményét. Elmondta,
hogy ebben az évben hét pidlyamunka érkezett a
Kuratériumhoz. Szokésosan neves kutatokbodl 4ll6
zs(ri birdlta el a pdlyamiiveket. Mindegyik beérke-
zett pdlyamiivet igen magas szinvonaltinak értékel-
ték, ezért igy dontottek, hogy a legkiemelked6bb
eredményt bemutaté kutatds kapja a Kérnyey Em-
1ékérmet és a tobbi palyamunkat elismer6 oklevéllel
jutalmazzak.

2014-ben a Kornyey Emlékérmet Tuka Berna-
dett, az MTA-SZTE Idegtudomanyi Kutat6csoport
SZTE, AOK, Neurolégiai Klinika tudomanyos se-
gédmunkatarsa kapta meg A migrén patomechaniz-
musdnak kisérletes és klinikai vizsgdlata (a hypo-
physis adenildt-cikldz-aktivdlo polipeptid (PACAP)
szerepe a trigeminovascularis rendszerben) és le-
hetséges neuroprotektiv molekuldk tesztelése (kinu-
renin-ttvonal) cim{ palyamunkajaért. A szerz§ sza-
bad el6addsban mutatta be az eredményeket. Az
eldadas utan dr. Kovacs Norbert, a Kuratérium tit-
kara jokivansdgai kiséretében adta 4t a Kornyey
Emlékérmet.

Elismerd oklevelet vehettek 4t a kovetkez6 fiatal
kutaték:

Dr. Forvithné dr. Demeter I1diké (Szegedi Tudo-
manyegyetem, Neuroldgiai Klinika): Neuroprotek-
tiv vizsgalatok kinurénsav-analégokkal.

Dr. Kis Dévid (Szegedi Tudoményegyetem,
Idegsebészeti Klinika): A funkciondlis MRI és va-
16szintiségi traktografia felhaszndldsi lehet6ségei a
klinikai idegsebészetben.

Orsi Gergely (Pécsi Diagnosztikai Kozpont):
Kiilonboz§ intrinsic és extrinsic kornyezeti ténye-
z8k hatdsa az agyi morfoldgidra.

Dr. Szab6 Nikoletta (Szegedi Tudomanyegye-
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tem, Neuroldgiai Klinika): Primer fejfdjasbetegsé-
gek és a neurodegenerativ korképek neuroimaging
modszerekkel val6 vizsgilata, biomarkerek azono-
sitdsa.

Dr. Szaldrdy Levente (Szegedi Tudomanyegye-
tem, AOK, Neurolégiai Klinika): Uj biomarkerek
azonositasa sclerosis multiplexben.

Dr. Varga Eszter (Pécsi Tudoményegyetem,
AOK, Pszichiitriai és Pszichoterdpids Klinika): A
nem sz szerinti nyelvhasznélat vizsgélata szkizof-
rénidban.

A tudomanyos iilés a legiijabb kutatdsok targy-
korrel folytatédott. Ebben az évben a Kornyey
Tarsasag Kurat6riuma dr. Abraham Istvant (egyete-
mi docens, PTE, AOK Elettani Intézet, PTE,
Szentdgothai Janos Kutatokdzpont, Molekuldris
Idegélettani Kutatécsoport, PTE, Idegtudoményi
Centrum, Centre for Neuroendocrinology, Univer-
sity of Otago, Uj-Zéland) kérte fel legiijabb tudo-
manyos eredményeinek bemutatdsara. El6addsanak
cime: Az osztrogén nem klasszikus hatdsai a bazdlis
eldagyi kolinerg neuronokon: a molekuldktol a
viselkedésig. Ezt az el6adést is nagy érdekl6déssel
és elismeréssel fogadta a hallgatésdg és ebben az
esetben is a levezetd elndk vitalehetséget adott.

A tudoményos iilés zardsaként Komoly Sdmuel

3 6 0 Beszamolé

Dr. Abrahdm Istvdn

és munkatdrsai ismertették folyamatban 1év6 kuta-
tasaik eredményét ,,Uj biomarkerek azonositdsa
kiilonos tekintettel az idegrendszerben lerakédo
szabad vas toxicitdsdra, a vastoxicitds kivdltotta
oxidativ stresszre és innate immunreakciora transz-
lacios  vizsgdlatokkal —(TAMOP-4.2.2.A-11/1/
KONV-2012-0017)” cimmel.
A Kornyey Térsasdg Osszejovetelét kozgyiilés
zarta.
Prof. dr. Kopa Janos
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