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SUMMARY

Although systemic immune reactivity to 65-kD mycobacterial hsp65 (m-hsp65) has been shown
previously in Behet's disease (BD), local immune response was not investigated. We studied anti-
m-hsp65 1gG, IgM and IgA antibodies in the serum and cerebrospinal fluid (CSF) of 25 BD patients with
cerebral parenchymal involvement (p-NBD), seven BD patients with intracranial hypertension (ih-
NBD), eight BD patients without central nervous system (CNS) involvement, 30 patients with multiple
sclerosis (MS) and 24 patients with non-inflammatory CNS disorders (NIC). Significantly higher CSF
IgG responses were detected in p-NBD patients (ELISA ratioc103) compared with NIC (0-F 0-4,
P<0-01). In p-NBD patients’ IgG, IgM or IgA CSF anti-m-hsp65 positivity rate was 48% (12/25); this
was significantly higher when compared with MS (3/B& 0-03) and NIC (3/24P < 0-01). CSF anti-m-
hsp65 IgG ratios correlated with the duration of BD=0-4, P<0-04) but not with the duration of
neurological involvement. Serum IgM and IgA responses were elevated in ih-NBD, suggesting a
different type of involvement than p-NBD. These results implicate an increased local humoral response
to m-hsp65 in the CSF of p-NBD patients, which might be related to the pathogenesis of neurological
involvement.
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INTRODUCTION coccus sanguistrains andS. pyogengsand the sera from BD

The heat shock or the stress response, as it is commonly referred t%atlents revealed similar bands of 65-70kD of the IgA and IgG

is found in all eukaryotic cells and protects the cell against stres: sotypes against all streptococcal strains [6]. A significant IgA and

. . G antibody response and a proliferative T cell response were
factors such as hypoxia, hypoglycaemia and hormonal changes b inst th theti tides derived f “hsp65 and
initiating the synthesis of hsp [1]. Among the most important own against the Syninetc peplides derived from m-hspoo an

stressor factors leading to synthesis of hsp are bacterial and Virgomologous h-hsp60 [7—9]. The T cell response was recently

infections [1]. Hsp are subgrouped according to their molecularShown to be mainly of theé T cell subset [10,11]. An increase

weight. The 65-kD hsp oMycobacterium tuberculosign-hsp65) gf .35 gSCFeHSan the anphEral bl.OOd ElZ;l4]ltz?]nI(31Dcerebrosp|nal
was shown to have 47% amino acid homology with the human uid ( ) [14] was also shown in patients wi - .
Involvement of the central nervous system (CNS) is a serious

hsp60 (h-hsp60) [2]. Itis postulated that this homology may Inltlaltemanifestation of BD and has an important impact on the quality of

autoimmune reactions by the mechanism of ‘molecular mimicry’ . . . . .
2,3] 4 y life [15,16]. In this study we aimed to investigate the local humoral
T response against m-hsp65 in the CSF of neuro;Bigpatients and

The aetiology of Behet's disease (BD) is unknown. Infectious he findi ith th her infl
agents such as herpes simplex type 1 [4] and several streptococta gompgreﬂt € fin mgzlwn the rfeshponses of other inflammatory
[5] are implicated in the pathogenesis. With rabbit anti-m-hsp65an non-inflammatory diseases of the CNS.
serum, Lehneetal observed a 65-kD band against Skrepto-
PATIENTS AND METHODS

Correspondence: Ger Saruhan-Direskeneli MD, Department of Phy- .
siology, Medical Faculty of Istanbul & University of Istanbul, Electro- Patients and controls
neurophysio|ogy Research and App“canon Centre, 3438paostanbu|’ Thlrty'tWO patlents (27 males, f|Ve fema|eS) fO||OW€d |n the neuro-
Turkey. BD clinic of the University of Istanbul Medical Faculty Neurology
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Table 1. Demographic and clinical features of the Behdlisease (BD) senile dementian=1), restless legs syndrome=£1). All the
patients patients in this group had normal CSF findings on routine
examinations.
Thirty patients (17 females, 13 males) with multiple sclerosis
(MS) were investigated as the inflammatory control group.
Twenty-four of the patients had clinically definite MS, five prob-

p-NBD ih-NBD c-BD
(n=25),n (%) (=7),n(%) (h=8),n (%)

Oral aphthous lesion 25 (100) 7 (100) g (100) able MS, and one laboratory-supported definite MS, according to
Genital ulceration 24 (96) 7 (100) 8 (100) Poseretal. criteria [18]. Their clinical courses were as follows:
Ocular involvement 16 (64) 3(42) 1(12) relapsing-remitting {=12), secondary progressiva=£11), and

Skin manifestations 19 (76) 7 (100) 4 (50) primary progressiven=7).

Arthritis 4 (16) 2 (28) 8 (100)

Venous involvement 8 (32) 3 (42) - ELISA

Pulmonary involvement 2(8) 1(14) -

The CSF and serum samples were aliquoted and stored 4€—80

Patient age 369 287 3013 until the antibody determinations were performed. IgG, IgM and
BD duration* 10+6 5+4 6=6 IgA antibodi i hsp65 investigated by ELISA i
oo uaton e o304 - gA antibodies against m-hsp65 were investigated by in

paired CSF and serum samples. Plates (Maxisorp; Nunc, Roskilde,
Denmark) were coated with 1Q0 of 1 ug/ml m-hsp65 (kindly
*Mean = s.d., in years. _ _ _ provided by Dr M. Singh, World Health Organization) in PBS
_P-NBD, BD with cerebral parenchymal involvement; ih-NBD, BD with - o\ ernight at 4C. After washing three times with 1% Tween 20 in
intracranial hypertension; c-BD, BD without neurological involvement. PBS (PBS-20), the plates were blocked with 5% dried milk in
PBS-20 (5% PBS-20) at 3Z for 1 h. Then diluted serum samples
Department, diagnosed according to the classification criteria 0€1:200 for IgG and 1:100 for IgM and IgA in 5% PBS-20) and
the International Study Group for BD [17], were studied. The undiluted CSF samples were added in duplicate. The samples were
demographic and clinical findings of the patients are given inincubated at 37TC for 2h. After extensive washing, peroxidase-
Table 1. Twenty-five patients (21 males, four females) had pareonjugated specific anti-human IgG, IgM or IgA (Sigma, St Louis,
enchymal involvement (p-NBD). Parenchymal involvement wasMO) were added and the plates were incubated at room temperature
defined as focal or diffuse neurological signs, pleocytosis orfor 1h. After the last wash, peroxidase substrate (ortho-phenylene-
lumbar puncture, and basal ganglia and/or medullary involvemendiamine (OPD)) was added and following an incubation of 15 min
on cranial or spinal magnetic resonance imaging [15,16]. Seveat room temperature, absorbances were read at 492 nm as optical
other patients with NBD (sixmales, one female) were beingdensity (OD). The samples were investigated blindly. A standard
followed with the diagnosis of intracranial hypertension (ih- control pool of four sera, and CSF from a patient with congenital
NBD). These patients presented to the clinic with elevatedhydrocephalus known to be anti m-hsp65-negative, was run at each
intracranial pressure; dural venous thrombosis (without parenassay. The results were calculated by dividing the sample OD by
chymal involvement) was found in five of them and an elevatedthe standard control OD and given as ELISA ratio [19]. Positivity
pressure without pleocytosis was found in all lumbar puncturesvas defined as 2 s.d. above the mean of NIC.
[15,16]. The lumbar punctures of 12 patients in the p-NBD group
were performed during an acute attack (within 1 week after theStatistical analysis
onset of symptoms) and within 1 month following onset in two Since data were not distributed normally, non-parametric statistical
other patients. The patients who did not give a history of acutdests were used. Differences between groups were testedhy.
deterioration were regarded as having chronic or primary progresbifferences between pairs of groups were tested by Mann—Whit-
sion and their lumbar punctures were performed at various stage®ey’s U-test. Differences in the incidence of positive antibodies
of the diseasen= 11). Pleocytosis was observed in 56% (14/25) between groups were tested f¥test. Correlations between CSF
of the p-NBD patients and 14 of them were on immunosuppresand serum ELISA ratios and between disease duration and CSF
sive therapy. In the ih-NBD group lumbar punctures were doneELISA ratios were tested by Spearman’s rank order test.
during an acute attack in five patients, and during the remission
period in two. Three patients were on immunosuppressive therapy.
Three control groups were investigated. The first control group,
c-BD, consisted of eight patients (four females, four males) withCSF ELISA ratios
BD being followed for recurrent headaches. They had normalThe mean CSF IgG ELISA ratio for p-NBD group was #8-9.
neurological examinations, CSF findings and cranial magneticThis was significantly higher compared with NIC (G=0-4,
resonance investigations, and were accepted as not having CNS<0-01). No statistically significant differences were observed
involvement. between the responses of ih-NBD, ¢-BD and MS, and NIC (Fig. 1,
The second control group consisted of 24 patients (14 femalesfable 2). The mean CSF IgM ratio was also high in p-NBD
10males) who had a non-inflammatory central nervous systensompared with all other groups, without statistical significance
disease (NIC). All patients had lumbar punctures and CSF pressur§ig. 2, Table 2). Mean CSF IgA ratio was not increased in p-NBD
determinations, myelography, oligoclonal band examination andvhen compared with the controls mentioned above (Fig. 3,
serologies for herpes simplex virus for the differential diagnosis ofTable 2).
their diseases. Their diagnoses were as follows: lumbar disc In the p-NBD group, four patients were positive for IgG, five
disease r{=7), acute psychotic reactionn{&4), headache for IgM and two for IgA antibodies, and one patient was positive
(n=4), idiopathic epilepsyr(= 3), benign intracranial hyperten- both for IgG and IgA; altogether 12 patients were positive in the p-
sion (h=2), hereditary spastic paraparesis<(1), rickets (=1), NBD group (48%) (Figs 1-3) and this was significantly higher
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Fig. 1. Anti-mycobacterial hsp65 (m-hsp65) 1gG responses detected in the (n=24) (n=25) (n=7) (n=8) (n=30)

cerebrospinal fluid (CSF) of the patient groups. NIC, Non-inflammatory
controls; p-NBD, neuro-Befet's disease with parenchymal involvement; Fig. 3. Anti-mycobacterial hsp65 (m-hsp65) IgA responses detected in the

'Q':BD C;l_euro-Bel_)ﬁts dlseasle W'tr. mtrlacranlall l\:)éperteln_s:on; IC'BD_’ cerebrospinal fluid (CSF) of the patient groups. NIC, non-inflammatory
ehet's disease without neurological involvement, » multiple sc erOSIS'controls; p-NBD, neuro-Bejat's disease with parenchymal involvement;

Horizontal lines indicate the mean value of each group. ih-NBD, neuro-Behet's disease with intracranial hypertension; c-BD,
Behet's disease without neurological involvement; MS, multiple sclerosis.

. . Horizontal li indicate th | f h .
compared with NIC (12%, 3/24) and MS (10%, 3/30, one patient onzontatfines indicate fne mean vaue of each group

both IgG- and IgM-positive). No positivity was detected in ih-NBD
and c-BD. Serum ELISA ratios

Among the patients who had positive antibody results, sevems shown in Table 2, the responses of p-NBD patients did not
were in an acute attack and five of them showed a progressivgiffer significantly from the inflammatory and non-inflammatory
course. Six of the patients in an acute attack had pleocytosis (86%gontrol groups. In ih-NBD, IgM and IgA ratios were signifi-
In the NIC group, the IgG-positive patient had a psychotic reactioncantly higher compared with NIC (IgM, 1:80-9 versus
the IgM-positive patient had lumbar disc disease, and the IgA4.2+0.6; and IgA, 1-220-6 and 0-80-3, both P<0-05)

positive patient had senile dementia. (Table 2). Forty-three percent (3/7) of the patients were positive
Mean ELISA CSF ratios of the ih-NBD and c-BD did not differ
from NIC.
Table 2. Cerebrospinal fluid (CSF) and serum results of the groups as
ELISA ratios
10 — n 1gG? Igm? IgA?
o]
I ° p-NBD 25 CSF  1-30-9%** 2.7 =2.7 1.1+ 0-4
sl Serum 1.5 1.3 1-6+0-8 0-8-0-2
7k ° o ih-NBD 7 CSF 0-8-0-2 1.5-1 0-8+0-2
0 g o ° Serum 1-4-1.2 1.8+ Q-Q¥k #okx 1.2 o+ (. GrkwrRx
% ° cBD 8 CSF 0903 1.1+ 0-4 0-9-0-2
= 5 Serum 1+ 0.7 1-5-0-8 0-8+0-3
< 4L Positivity
DO T o o S out-off MS 30 CSF 1+0-6 1.6£1-2 0-9-0-2
o 3| Serum 1-60-7 1.5-1-6 0-9+0-3
2l ¢ ° . ] o NIC 24 CSF 0804 16512 1+0-4
Serum 1-3:0-8 1.2-0-6 0-8:0-3
I L
0 a
NIC p-NBD ih-NBD ¢-BD  MS *'\P/'e%”gls'd'
(n=24) (n=25) (n=7) (n=8) (n=30) <UL
** P< 0-05.

Fig. 2. Anti-mycobacterial hsp65 (m-hsp65) IgM responses detected inthe  ***p-NBD versusNIC.

cerebrospinal fluid (CSF) of the patient groups. NIC, Non-inflammatory  ****ih-NBD versusNIC.

controls; p-NBD, neuro-Belet's disease with parenchymal involvement; p-NBD, BD with cerebral parenchymal involvement; ih-NBD, BD with
ih-NBD, neuro-Behet's disease with intracranial hypertension; c-BD, intracranial hypertension; c¢-BD, BD without neurological involvement;
Beheet's disease without neurological involvement; MS, multiple sclerosis.MS, multiple sclerosis; NIC, non-inflammatory central nervous system
Horizontal lines indicate the mean value of each group. disease.
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(lgG, IgM and IgA) in the ih-NBD group, while positivity was rheumatoid arthritis [21] and 473-83 in Kawasaki disease [22],

20% (5/25) in p-NBD. were observed. IgA and IgG anti-m-hsp65 antibodies were also
found to be increased in the sera of BD patients, but also in
CSF and serum correlations rheumatoid arthritis and recurrent oral ulcers [6]. Specifying this

Significant correlations were found between CSF and serummesponse with epitope mapping showed that certain m-hsp65- and
ELISA ratios for IgG responses £ 0-4 for p-NBD, 0-38 for ih- h-hsp60-derived peptides were preferentially recognized in BD
NBD, and 0-24 for c-BDP<0-03). No correlation was found in (residues 111-25, 219-33, 154-72, 311-326 and their human

IgM and IgA responses. homologues) [7,8]. The demonstration of the specjficT cell
responses against the same epitopes of hsp has also strengthened
Clinical course and antibody response correlations the importance of hsp in BD [9,10].

The presence of acute attacks or progressive course or CSF As BD is considered a systemic disorder, most immune
pleocytosis did not correlate with the ELISA ratios. On sequentialresponses were evaluated in the peripheral blood. However,
antibody studies on seven patients with two to four samples, the CSéfifferent organ involvements during the course of BD suggest
responses in all antibody groups did not show statistically signifi-the role of local immune responses. These responses in a relatively
cant changes between the corresponding samples (data not showwgll protected compartment of the human body, namely CSF,
provide a unique opportunity to test the specific responses related
BD and NBD duration and antibody response correlations to CNS involvement in NBD. Confirming this, a proinflammatory
Anincrease of the IgG CSF ratios was observed with an increase inytokine IL-6 and anticardiolipin antibodies were found to be
BD duration in p-NBD (= 0-4,P<0-04). In the same group this increased in the CSF of NBD patients [23]. T cells in the CSF,
relation could not be shown with IgG serum, IgM and IgA serum, especially of theys subset [11], are also activated showing
and CSF responses. The duration of neurological disease did noicreased expression of IL-2 receptor [14] and adhesion molecules
correlate with the ratios in p-NBD and ih-NBD. CD11a/CD18 [24]. Likewise, the elevated CSF IgM and IgA
antibody responses not accompanied by a parallel increase in the
Clinical features, therapy and antibody response correlations  sera in our study suggested intrathecal humoral response to m-
The serum IgA ratios were significantly high in patients with hsp65 in p-NBD patients. On the other hand, the correlation
arthritis  (arthritic patients, 1-%0-3 versus non-arthritic, between serum and CSF IgG levels between all patients with BD
0-77x0-4;P<0-01). Uveitis, venous involvement, and mucocu- (with or without neurological involvement) and the effect of BD
taneous features (pseudofolliculitis and erythema nodosum) aduration on the CSF responses also suggests the possibility of the
well as immunosuppressive therapy had no effect on the ELISAeakage of serum immunoglobulins into the CSF through a

ratios (analysed only in p-NBD group). damaged blood—brain barrier.
Previous studies have shown that ih-NBD is a part of the
Multiple sclerosis spectrum of systemic vascular involvement and that it differs from

When the MS patients were analysed, no statistically significanp-NBD [25]. Our results were in favour of this observation, since
difference was observed compared with NIC and with all BD the CSF IgG and IgM responses were high in p-NBD, while serum
patients for any antibody group in CSF responses. No correlatiomgM and IgA responses were found to be raised in ih-NBD.
was found between serum and CSF values. No difference was Anti-m-hsp65 CSF antibody responses were investigated pre-
observed between MS subgroups except statistically insignificantiously in MS, with controversial results [26,27]. Our results are in
high CSF IgM responses of the secondary progressive MS (ELISfAccordance with the study of Gaal. showing no significant
ratios mean for all MS, 1-57; secondary progressive MS, 2-23). difference between MS and other neurological diseases [27].
Although the anti-m-hsp65 antibody response we have shown
may be helpful in the differentiation of parenchymal and non-
parenchymal neurological involvement in BD, usefulness as a
In this study we investigated the presence of local humoraldiagnostic test will be limited due to the low sensitivity.
response to m-hsp65 in the CSF of neuro-Bhzatients. In p- Diffuse perivascular lymphocytic infiltration, small necrotic
NBD the CSF anti-hsp65 antibodies were positive in 48% of thefoci, and diffuse glial reaction were shown previously by others in
patients (four 1gG, five IgM, two IgA and one both IgG and IgA). post-mortem cerebral specimens of neuro-Bhmatients. Glial
This was significantly higher than the positivity rate found in ih- proliferation was thought to be due to microglia nodule formation
NBD, c-BD, MS and NIC. In all patients with BD, a correlation and accompanying oligodendrocyte and macroglial reactivity [28].
was observed between CSF and serum ratios for IgG, but not fobn the other hand, pathological studies on brain specimens from
IgM and IgA. IgG CSF ratio also had a correlation with the BD MS patients showed co-localization ¢ T cells with oligoden-
duration, while the duration of neurological involvement did not drocytes, and it was proposed that the observed myelin damage
show any effect. was due toyé T cell cytotoxicity [29]. Hsp65 expression of
The stress responses of the cells are implicated in the aetimligodendrocytes supported this hypothesis in MS [30]. The anti-
pathogenesis of autoimmune disorders, and stress proteins ahsp65 antibody response we detected in the CSF might be against
considered as candidate (auto)antigens. Molecular mimicry ohsp65 expressed in the tissues of neuro-Beéhgatients. As
interspecies cross-reactivity is suggested as the mechanism ofcognition of hsp65 by peripherglé T cells was previously
pathology [3]. T and B cell responses to hsp65 in differentdemonstrated in BD, the findings above may suggest that oligo-
inflammatory and autoimmune diseases have been demonstratddndrocyte damage in p-NBD could also be causegdy cells
[1,3]. Although anti-m-hsp65 responses did not seem to be diseaserossing a damaged blood—brain barrier [10]. Immune cyto-
specific, specific responses to certain epitopes of m-hsp65, such akemical studies performed in the future might shed further light
residues 2-13 in reactive arthritis [20], 180—88 in juvenile on the pathogenesis of p-NBD.

DISCUSSION
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