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M. COSTA*t, A. SAIZ%, R. CASAMITJIANAS, M. FERNANDEZ CASTANER(, A. SANMARTI** F. GRAUS} &
D. JARAQUEMADA*t *Immunology Unit and fInstitut de Biotecnologia i Biomedicina, Universitat Autonoma de Barcelona,
Barcelona, £Neurology Service and §Hormone Laboratory, Institut d’Investigacié Biomédica August Pi i Sunyer (IDIBAPS), Hospital
Clinic, Barcelona, { Endocrinology Service, Hospital Principes de Espaiia, Hospitalet and **Department of Endocrinology, Hospital

Germans Trias i Pujol, Badalona, Spain

(Accepted for publication 23 May 2002)

SUMMARY

Antibodies to glutamic acid decarboxilase (GAD-Abs) are present in the serum of 60-80% of newly
diagnosed type 1 diabetes (DM1) patients and patients with autoimmune polyendocrine syndrome
(APS) associated with DM1. Higher titre of GAD-ADs are also present in the serum of 60% of patients
with stiff-man syndrome (SMS) and all reported patients with cerebellar ataxia associated with poly-
endocrine autoimmunity (CAPA). Several studies suggest that GAD-Abs may play a critical role in the
pathogenesis of SMS and CAPA but little is known about T-cell responsiveness to GAD-65 in these
neurological diseases. To analyse cell-mediated responses to GAD, we studied the peripheral blood
lymphocyte proliferation and cytokine responses to recombinant human GAD-65 in 5 patients with
SMS, 6 with CAPA, 9 with DM1, 8 with APS and 15 control subjects. GAD-65-specific cellular prolif-
eration was significantly higher in SMS than in CAPA, DM1, APS or controls. In contrast, only T cells
from CAPA patients showed a significantly high production of interferon-y after GAD stimulation,
compared to all other patients and controls. No differences were found for IL-4 production. These
results suggest that, despite similar humoral autoreactivity, cellular responses to GAD are different
between SMS and CAPA, with a greater inflammatory response in CAPA, and this difference may be

relevant to the pathogenesis of these diseases.
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INTRODUCTION

Glutamic acid decarboxylase (GAD) is the enzyme that catalyses
the conversion of glutamic acid to y-aminobutyric acid (GABA),
the major inhibitory neurotransmitter in the CNS. The enzyme is
selectively expressed in GABA-ergic neurones and in extraneu-
ronal tissues such as the pancreatic -cells. GAD has been iden-
tified as a major autoantigen in type 1 diabetes mellitus (DM1)
[1,2], an autoimmune disease resulting from the T cell-mediated
destruction of pancreatic S-cells [3]. Autoantibodies to GAD65
(GAD-ADs) are detected in about 80% of newly diagnosed DM1
patients. These autoantibodies are present in the serum long
before the appearance of clinical symptoms, but have low titre
and no direct links to the pathogenesis of DM1 have been estab-
lished. High GAD-AD titre is detected in patients with type 1 and
type 2 autoimmune polyendocrine syndrome (APS) with or
without associated DM1 [4,5]. Higher levels of GAD-Abs are
found in the serum and CSF of around 60% of patients with
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stiff-man syndrome (SMS), a rare disorder of the CNS character-
ized by progressive muscle rigidity with superimposed painful
spasms [6,7], and in patients with late onset cerebellar ataxia
associated with polyendocrine autoimmunity (CAPA) [8-12].
This disorder, previously classified as idiopathic, may represent a
subgroup of ataxia of possible autoimmune origin.

It has been suggested that the high-titre GAD-Abs in SMS
and CAPA patients could cause functional impairment of the
GABA-mediated physiological process, thereby explaining the
neurological simptoms [13,14]. The intracellular location of
the antigen have questioned this relevance, although it is difficult
to hypothesize a total absence of function for such high titre
antibodies. Besides, a cell-mediated process could be playing an
additional critical role in the pathogenesis of these diseases.

Autoimmune f cell destruction in DM1 is T cell dependent,
and GAD-reactive T cells are diabetogenic in nonobese-diabetic
(NOD) mice, an experimental model of DM1 [15,16]. A similar
role for GAD-specific T-cell autoimmunity in human DM1 has
been suggested [17,18] although the data are controversial and
several reports have shown the absence of any significant periph-
eral T cell proliferation to GAD in DM1 [19,20]. Few data are
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available on cellular immunity to GAD in SMS [21-23] and none
on the cellular responses to GAD in CAPA patients. Even in the
absence of proliferation, cytokine responses to GAD may reflect
the T-cell involvement in the autoimmune processes and a puta-
tive differential dominance of Th2 or Thl profiles may in part
account for the different clinical syndromes of the patient groups
[24]. In this study, we have analysed peripheral T cell prolifera-
tion and cytokine production in response to recombinant human
GAD in patients with the two neurological disorders (SMS and
CAPA) associated to GAD autoimmunity, and compared their
responses with that of patients with DM1 and APS.

PATIENTS AND METHODS

Patient selection

Blood samples were collected from 9 newly diagnosed DMI
patients preselected for ICA positivity; 8 patients with APS, all of
them with DM1 and a high GAD-AD titre; 5 patients with SMS;
6 patients with CAPA; 9 healthy control subjects of average age
similar to the DM1 and APS patients (Control A) and 6 control
subjects of average age matching the SMS and CAPA patients
(Control B) (Table 1). Three of the 5 SMS patients and 5 of the
6 CAPA patients had late-onset DM1. At the time of sample col-
lection, none of the patients were under immunosuppresive treat-
ment. All samples were obtained after the donors had given their
informed consent.

Recombinant glutamic acid decarboxylase production

The 65kD isoform of human GAD was expressed in Sf9 cells
using a baculovirus-based vector. Infected cells from 750 ml
culture were homogenized in Triton-X114, and the detergent
phase was separated and submitted to anion-exchange chro-
matography on DEAE-sepharose as described elsewhere [25].
This GADG65 preparation was used in immunoblotting, prolifera-
tion and cytokine assays. Negative control preparations were
derived from SF9 cells infected with wild-type baculovirus and
prepared exactly as for GADG65 (SF9). Cytosol extracts of human
pancreas exocrine tissue homogenized in sucrose buffer (0-32 M,
pH7-4) and ultracentrifuged at 24000¢g (IP-3) were also used as
negative controls (not shown).

Autoantibodies

The presence of GAD-Abs was assessed by radioimmunoassay
(RIA), as previously described [11] and islet cell antibodies
(ICA), by standard immunofluosrescence methods [26]. Anti-
bodies to TA-2 (IA-2 Abs) were measured by radioimmunoassay
using *I-labelled human recombinant tyrosine phosphatase [27]
and a commercial kit (CIS Biointernational, Gif-sur-Yvette,
France).

Peripheral blood mononuclear cells (PBMC)

proliferation assays

Mononuclear cells were isolated from heparinized peripheral
blood by density gradient centrifugation (Lymphoprep, Nycomed,
Oslo, Norway) and cryopreserved until needed. Proliferation
assays were performed in triplicate in 96-well round-bottom
plates (Costar, Cambridge, MA, USA) previously seeded with
50 ul/well antigen preparation in IMDM medium (Gibco-Life
Technologies, UK) at 3x concentration and stored at —20°C. The
plates were thawed at 37°C for 1 min just before the assay. For
each sample, 1 x 10° cells in 100 ul culture medium supplemented

with 15% autologous serum were added per well. Antigens used
were: purified GAD 65 protein (10 ug/ml); Sf9 preparation
(10 ug/ml) and medium as negative controls, as well as IP-3 prepa-
rations (not shown); and IL-2 (20 U/ml) and PHA (3 ug/ml, not
shown) as positive controls. The proliferative response was mea-
sured by [*H] thymidine (1 uCi/well) uptake, added 16 h before
harvesting on day 5 of culture. Responses are reported as mean
cpm + SD values of triplicate cultures. Stimulation index (mean
cpm with antigen/mean cpm in the absence of antigen) was also
calculated.

HLA typing
HLA typing was performed using standard PCR-SSO [28]
techniques with DNA isolated from blood samples.

Monoclonal antibodies

The monoclonal antibodies (moAbs) used for membrane staining
were PerCP-conjugated Leu-4 (anti-CD3), FITC-anti-HLA-DR,
PE-anti-HLA-DR and IgG,/IgG, isotype controls, all from
Becton Dickinson (San Jose, CA, USA). For cytoplasmic detec-
tion of cytokines, PE-anti-IL-4 (clone 8D4-8), FITC-anti-IFN-y
(clone B27) and FITC- anti-IL-2 (clone MQ1-17H12) auto-
antibodies (PharMingen, San Diego, CA, USA), were used. All
moAbs were used at the manufacturers recommended concen-
trations. Anti-GAD 65 moAb GAD6 (Developmental Studies
Hybridoma Bank, University of Iowa, USA) was used as positive
control for GAD detection assays.

Detection of cytoplasmic cytokines by flow cytometry

PBMC (1 x 10°) were cultured for 3 days in 24-well polystyrene
tissue culture plates (Costar) with or without 10 ug/ml of purified
GAD protein in 2ml IMDM medium supplemented with 10%
pooled A" serum. Intracellular cytokines were detected after
blocking secretion using Brefeldin A (Epicentre Technologies,
Madison, WI, USA) a relatively non toxic but potent inhibitor
of intracellular transport. BFA was added to the PBMC for the
final 4 h of culture at a concentration of 10 ug/ml. The cells were
then incubated with a fluorocrome conjugated moAb specific for
CD3 and HLA-DR in staining buffer (1% FCS, 0-1% w/v NaN;
in PBS) for 30 min at 4°C, fixed with 4% paraformaldehyde in
PBS for 20 min at 4°C, washed and incubated with PE-IL-4, FITC-
IL-2 or FITC-IFN-ymoAb in permeabilization solution (1%FCS,
0-1% w/v NaNj; 0-5% saponin in PBS) for 1 h at 4°C and analysed
by flow cytometry in an FACSCalibur flow cytometer (Becton
Dickinson). The results were analysed with the CellQuest®
program and the negative control standard for each cytokine
was based on the CD3 negative cell population from each cell
preparation.

Detection of cytokines by ELISA

PBLs were cultured as describe above; supernatants were har-
vested after 72h of culture without the addition of BFA, and
tested with a commercial enzyme-linked immunosorbent assay
for IFN-y (Biotrak, Amersham International, Little Chalfont,
UK) and IL-4 (Bender Medsystems,Vienna, Austria).

Statistical analysis

Comparison of the different parameters between the groups was
done by one-way ANOVA test. When significant differences were
detected by ANOVA, the Newman-Kewls test was applied. The
parameters analysed were GAD-AD titre, stimulation index (SI)
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Table 1. Description and HLA typing of patients
JlAutoantibody titre HLA typing

Patient $Other Al §Age at §Age at GAD IA-2
code fDiagnosis pathologies Sex sampling diagnosis Ab Ab DRBI1* DQB1*
DM1 DM 1 - F 19 19 515 37 04, - 0302, —
DM2 DM 1 - M 15 15 9 <0-20 03,03 0201, -
DM3 DM 1 - F 23 23 58 0-20 03, 04 0201, 0302
DM4 DM 1 - F 33 33 160 14 04,13 0603, 0302
DMS5S DM 1 - F 25 25 600 520 03,13 0201, 0609
DM6 DM 1 - F 24 24 200 33-80 03, 07 0201, 0202
DM7 DM 1 - M 30 30 27 0-86 03, 04 0201, 0302
DMS DM 1 - F 18 18 18 0-30 03,03 0201, 0201
DM9 DM 1 - M 16 16 54 4-80 04, 03 0302, 0201
DM12 APS GD, VI F 61 60 1100 390 16, 03 0502, 0201
DM13 APS VI, HT F 61 59 30000 0-20 04, 07 0202, 0302
DM14 APS TPO, GPC F 42 38 1850 <0-20 15, 04 0302, 0602
DM16 APS TPO, GPC F 37 34 4000 1-20 03, 07 0201, 0202
DM17 APS GD F 27 26 1100 0-15 01, 03 0501, 0201
DM18 APS VI, HT F 34 18 5200 0-3 01, 04 0501, 0301
DM20 APS TPO F 24 18 1300 0-25 03, 04 0302, 0201
DM21 APS VI, TPO, GPC F 22 8 5200 0-35 03, 04 0201, 0302
SMS1]q SMS DM 1 F 56 46 42000 0, 01 03, 08 0402, 0201
SMS2 SMS VI F 77 72 67000 0,15 13, 16 0603, 0502
SMS3]q SMS GD F 66 60 31333 0,02 04, 03 0302, 0201
SMS4 SMS DM 1 F 62 61 8700 0,25 03, 07 0201, 0202
SMS5 SMS DMI, HT F 38 37 4900 0,03 03, 07 nd
ACA1 CAPA DM 1 F 53 53 2300 290 03, 04 0302, 0201
ACA28§ CAPA DM 1 F 59 51 14000 0-10 01,12 0301, 0501
ACA388 CAPA DM 1, PA F 79 74 70000 0-15 01,13 0501, 0604
ACA4 CAPA HT F 40 39 22400 9-90 04, 04 0301, 0302
ACASS$§ CAPA DM 1 F 63 61 39500 0-20 03, 07 0202, 0201
ACA6 CAPA DM 1, GD, MG F 48 46 100000 0-25 nd 0603, 0503
C1 Control A - M 17 - <0-20 0-10 15, 07 nd
C2 Control A - M 14 - 0-20 0-15 03, - nd
C3 Control A - M 19 - 0-30 0-20 07,11 0202, 0301
C4 Control A - F 21 - 0-40 025 08, 13 0202, —
C5 Control A - F 28 - <0-20 0-30 14,17 nd
C6 Control A - F 23 - 0-25 0-35 04,15 0302, 0602
C7 Control A - M 16 - 0-35 0-32 01,13 0301, 0501
C8 Control A - F 26 - 0-45 0-12 04, 07 nd
9 Control A - F 16 - <0-20 0-28 16, 12 nd
C10 Control B - F 57 - <0-20 nd nd nd
Cl11 Control B - F 59 - <0-20 nd nd nd
C12 Control B - F 64 - <0-20 nd 07,13 0202, 0603
C13 Control B - F 53 - <0-20 nd nd nd
Cl14 Control B - F 53 - <0-20 nd 03, 11 0201, 0301
C15 Control B - F 57 - <0-20 nd 11,13 0301, 0602

tDM 1, type 1 diabetes mellitus; APS, type 2 autoimmune polyendocrine syndrome; SMS, stiff-man syndrome; CAPA, cerebellar ataxia associated
with polyendocrine autoimmunity; Control A, control donors with 20 years average age; Control B, control donors with 57 years average age. $Al, auto-
immune; HT, Hashimoto’s thyroiditis; GD, Graves’ disease; VI, vitiligo; MG, myastenia gravis; PA, pernicious anaemia; TPO, antibodies to thyroid
peroxidase; GPC, antibodies to gastric parietal cells. §Age in years. {U/ml. nd, not done. {{described in reference [37]. §§ described in reference [11].
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and cpm for proliferation, and total number of CD3* cells posi-
tive for each cytokine (cytokine positive cells).

RESULTS

Humoral autoimmunity

The titre of GAD-Abs in the sera from SMS patients (mean,
30786 U/ml = 25472) and from CAPA patients (mean,
41700 U/ml = 36851) was significantly higher than in DMI1
(mean, 186 U/ml +221) or APS patients (mean, 6234 U/ml £ 9766)
(P < 0-005) (Table 1). All the sera from the SMS, CAPA, DM1
and APS patients were ICA positive and control sera were all
ICA negative (data not shown). IA-2 Abs were present in 5 of
the 9 DM1 patients (mean, 19 U/ml £ 15-49; range, 4-8-37 U/ml);
2/8 APS patients (mean, 2:55U/ml + 1-90; range, 1-2-3-9 U/ml);
2/6 patients with CAPA (mean, 64 + 4-94U/ml; range, 2-9—
9-9 U/ml) and in none of the 5 SMS patients. Correlation analysis
revealed inverse tendencies of GAD and IA-2 antibody titres in
these groups of patients.

HLA-typing

All DM1 and APS patients carried the HLA-DRB1*0301,
DQB1%#0201 (DR3, DQw2) and/or HLA-DRB1*04, DQB1*0302
(DR4, DQS8) susceptibility haplotypes (Table 1) [29]. Four of the
5 SMS patients were DR3, DQw?2 and these included all patients
with late-onset DM1 in addition to SMS. In contrast, only 2/6
CAPA patients were DR3, DQw2 and only one was DR4, DQS.
No association was found between the presence of late-onset
DML1 in these patients and any HLA allele.

Anti-GAD cellular immunity

The proliferative response to GAD from 9 newly diagnosed DM1
patients, 8 APS patients, 4 SMS patients, 5 patients with CAPA
and 13 healthy controls was tested after incubating cultures of
patients’ PBMCs with purified GAD protein for 5days. The
results are shown in Fig. 1a. None of the cell samples proliferated
in the absence of antigen or with any of the negative controls.
Only 1 of the 9DMI1 patients showed proliferative response to
GAD protein (6708cpm, SI = 9-4), with a very low average
response for the whole group (1095 cpm, SI = 2-2), similar to that
observed in control A (914 cpm, SI = 2-1) and control B groups
(1063 cpm, SI = 2-6). The response of APS patients to GAD
(943cpm, SI = 2:04) and of the 5 CAPA patients (1912cpm,
SI=1-75) were also low. In contrast, 3 of the 4 tested SMS patients
proliferated in the presence of GAD protein, showing a signifi-
cantly higher response (mean 5437cpm, SI = 10-3) than the
control subjects (P < 0-005). The results are representative of at
least two experiments. The presence of antibodies did not affect
the proliferative responses, since the same level of proliferation
was observed with autologous and with human pooled A" sera
(data not shown). The percentage of activated T cells after 3-day
culture with GAD, analysed by the coexpression of CD3 and
HLA-DR was higher in SMS patients than in the other groups
(Fig. 1b) but these differences were only significant if compared
to the age matched control B group (P < 0-01).

Cytokine production by T cells after three-day culture with
GAD protein

In order to establish a pattern of response to GAD in the differ-
ent groups of patients, we analysed the synthesis of cytoplasmic
IL-4 and IFN-y by PBLs in response to GAD. Time course
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Fig. 1. Patients’ PBMC proliferative response to GAD protein. (a) B pro-
liferation to GAD, shown for each patient and control groups; [ positive
control proliferation to IL-2; [J responses to negative control antigen
preparation (Sf9). Data are expressed as mean cpm from triplicate cul-
tures. *P < 0.005. (b) The values represent the average number of activated
cells in each patient group, as measured by flow cytometric analysis of CD3
and DR coexpression after 3 day-culture of patients’” PBL with GAD
(see Fig. 3). Number of patients tested in each group: DM1 (n =9), APS
(n =8), CAPA (n =5), SMS (n = 4), Control A (n =7) and Control B
(n=06).

experiments were done to establish the optimal time (3 days) of
IFN-yand IL-4 production by activated T cells obtained from the
patients (data not shown). After 3 days of in vitro culture in the
presence or absence of GAD 65 protein, the number of CD3*
IL-4" or IFN-y* cells, representative of dominant Th2 or Thl
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patterns, were analysed. The results are shown in Table 2 and Figs
2 and 3. Only CD3 positive cells were analysed, using standard
negative controls (isotype matched labelled immunoglobulins).
An example of the analysis of IFN-yexpression in one patient of
each group is shown in Fig. 2. No significant differences were
found between the patients and controls in the number of IL-4*
CD3* cells detected. However, a clear difference was observed
for IFN-y production. T cells from CAPA patients produced
significantly more IFN-y (mean percentage of IFN-y* cells in
CAPA patients = 27-06) than control A (12:03%, P < 0-005) and
age-matched control B subjects (2:05%, P < 0-001), DM1 (6-21%,
P < 0-005), APS (13-42%, P < 0-005) or SMS patients (9-21%,
P < 0-001). The number of IFN-y positive cells was higher than
the average control, in all CAPA patients (Fig. 3). Detectable
IFN-y expression was confirmed by ELISA (two experiments
done, not shown). As expected, the number of IL-2" activated
T cells was higher in SMS patients than in the other groups but
the differences were not significant (not shown).

DISCUSSION

The main finding of the present study is that GAD-specific cell-
mediated immunity displayed by patients with SMS is different
from that of patients with CAPA despite a very high titre of
GAD-Abs in both syndromes and other similarities such as high
incidence of DM1 and clinical and serological evidences of other
organ-specific autoimmune manifestations. Although derived
from the study of a small number of patients, these observations
give additional support to the concept of differential immuno-
pathogenesis in these two neurological disorders.

TA-2-Abs, which are a useful serological marker for DM1 [30],
were absent in the SMS patients, in agreement with previous

Table 2. Cytokine produccion by T cells of the patients

Percentage of positive T cells

Patientst IL-4 IFN-y
DM 1 2:12 621
(0-71-5-19) (1-75-13-8)
APS 377 13-42
(0-8-8-5) (7-1-20-81)
SMS 4-88 922
(0-67-9-8) (3:7-18-3)
CAPA 473 27-06*
(0-84-14) (14-73-43-12)
Control A 1-03 12:04
(0-22-1-8) (2-83-21-65)
Control B 1-3 2:05
(0-75-1-71) (0-31-3-94)

The results are expressed as average and (range) number of CD3*
cytokine" cells after 3 day stimulation with GAD. *P < 0-005.

fDM 1, type 1 diabetes mellitus; APS, autoimmune type 2 poly-
endocrine syndrome; SMS, stiff-man syndrome; CAPA, cerebellar ataxia
associated with polyendocrine autoimmunity; Control A, control donors
with 20 years average age; Control B, control donors with 57 years average
age.
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Fig.2. An example of the flow cytometry analysis of cytoplasmic IFN-y
expression. Data from one patient of each group are shown. Patients’
PBMC were cultured with purified GAD antigen for 3 days, stained with
the corresponding fluorescence-labelled antibodies, and the data analysed
by flow cytometry as follows: CD3 + cells were selected (gated) for analy-
sis of the expression of HLA-DR, as a marker of T cell activation, and of
cytoplasmic IFN-y (dot blot figures on left). Quadrants were set based on
the histogram analysis by comparing with the control (right).
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Fig. 3. Cytoplasmic expression of cytokines by patients’ T cells after 3-day
stimulation with GAD. Total PBMC were gated by FSC and CD3 expres-
sion to identify T cells, and samples were analysed as in Fig. 2 for (a) IL-
4 or (b) IFN-y positivity. The dots represent percentages of cytokine
positive T cells for each patient in the different groups. Number of patients
tested in each group: DM1 (n = 7), APS (n = 6), CAPA (n = 5), SMS
(n =4), Control A (n=15) and Control B (n =5). *P < 0.005.

reports [31], but present in 2/6 CAPA patients. The distributions
of IA-2 and GAD-AD titres showed inverse tendencies, suggest-
ing that IA-2 reactivity might be more specifically associated with
DM1 than GAD-specific responses.

The number of patients studied was too small to draw any
conclusions about HLLA allele associations. However, the data
suggested further differences between SMS and CAPA. As
expected, all DM1 and APS patients were positive for the
haplotypes associated to susceptibility to DM1, DRB1*0301
DQOB1*0201 (DR3 DQw2) or DRB1*04 DQB1*0302 (DR4
DQw3) [29]. Similarly, all but one of the SMS patients carried
the DRB1%0301 DQB1*0201 haplotype. The only SMS patient
without DR3 or DR4 was non diabetic and expressed
DQB1*0603, an allele negatively associated with DM1 (relative
risk 0-18) [29]. A strong association of DQB1*0201, but not
DRB1#0301, with SMS had been previously reported in a rela-
tively large series of patients (n = 18) [32]. These results con-
trasted with those obtained with CAPA patients, where only 2/6
were DRB1#0301 DQB1%0201 and only one was DR4, regardless
of the presence of DM1. Although not statistical analysis would
be reliable with this small sample size, these data could suggest
differences in the genetic background for these two neurological
diseases.

The present study confirms previous data by our own group
and others showing that proliferation to GAD65 in PBMC from
newly diagnosed DM1 and APS patients is not different from con-
trols and does not induce a clear pattern of cytokine expression
[19]. The number of T cells infiltrating human diabetic pancreas
is not very large [33,34] and this would explain the absence of a
detectable pool of GAD-responding cells in peripheral blood.
However, PBL responses to some GAD peptides have been
clearly demonstrated in DM1 patients [23] and, in accordance
with other authors, we have been able to isolate GAD-specific cell
lines from DM1 PBL after several rounds of in vitro stimulation
[see [35,36] and [M. Costa et al. unpublished data]. In contrast, we
found a high and specific peripheral proliferative response to
GADG65 in SMS patients but the production of cytokines by the
responding cells did not allow the definition of the response as
Th1 or Th2. A group of SMS patients reported by Lohman et al.
[23] also responded positively to GAD; in addition, the humoral
response to GAD in SMS but not in DM1 included IgG4 and IgE
isotypes, suggesting a strong Th2 response. Other data [22]
showed positive T cell proliferation to GADG65 in two SMS
patients with a mixed ThO-like response of GAD-specific T cell
clones after PMA stimulation (low IFN-y, low IL-4, IL-10). A
positive response to GAD has also been reported in another
SMS patient, with clear and specific IFN-yproduction [21]. In our
experiments, we detected both IFN-yand IL-4, but the levels were
not significantly higher than in controls or in any of the other
groups of patients. Such mixed profiles would be expected in
periphery if both pathologic and regulatory T cell clones are
involved in the response.

A (different pattern of cellular immune responses was
obtained in CAPA patients. The proliferative response to GAD65
was low, but T cells from these patients produced significantly
more IFN-y after GADG65 stimulation than the T cells from any
of the other groups. The increased IFN-y/IL-4 ratio in CAPA
patients suggest a predominant Th1l response to GAD. However,
the high level of IFN-y production in the absence of cellular pro-
liferation in these patients is intriguing. Although not all samples
were tested in time course experiments, no responses were

© 2002 Blackwell Science Ltd, Clinical and Experimental Immunology, 129:471-478



Anti-GAD T-cell reactivity in SMS and CAPA 477

observed in two patients tested on days 2 and 3 after stimulation
(data not shown), so no hidden early response was apparent. We
could be dealing with an already expanded nonproliferative effec-
tor population, indicating that the peripheral T cell response to
GAD in CAPA patients may be mediated by cells producing an
inflammatory cytokine capable of promoting the differentiation
into active cytotoxic cells or activating inflammatory reactions in
situ. The relative relevance of cellular versus humoral anti-GAD
responses in the pathogenesis of SMS and CAPA is so far unclear.
The precise effects of GAD-Abs in these diseases are largely
unknown. There is in vitro evidence that GAD-Abs in SMS can
reduce GAD enzyme activity and GABA synthesis [14]. The
results of the present study showing a CD4" T cell mediated
response, although with no clear bias towards a Th2 subset, do
not rule out this hypothesis.

Our results support that CAPA may involve an inflammatory
Th1 cell response to GAD. Although GAD-Abs from one patient
with CAPA induced a selective suppression of GABA-ergic
transmission using isolated rat cerebellar slices [13], this effect of
antibodies could be additional to in situ inflammation effects.
Cerebellar atrophy has been detected by MR in some of these
patients [8,11-13], suggesting a destructive process, but the lack
of autopsies from any CAPA patient prevents any conclusive
hypothesis as to what are the pathogenic mechanisms involved.

In conclusion, this preliminary study suggests that cell-
mediated immune mechanisms may be different between SMS
and CAPA both sharing a similar humoral response against GAD.
This could be related to the different clinical and pathological
manifestations of these patients.
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