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Reported neurological disorders associated with anti-GAD antibodies

Neurological
Disorders

Stiff-Person syndrome
Cerebellar ataxia

Autoimmune Limbic
Encephalitis

Opsoclonus-
myoclonus-ataxia
syndrome

Anti-GADG65 Antibody
Associated Epilepsy

Palatal myoclonus

Necrotizing
Myelopathy

Motor Neuron
Syndromes

Clinical Presentation

Rigidity of axial and proximal muscles, intermittent muscle spasms, lumbar lordosis
Dysarthria, limb ataxia, gait and balance disorder

Acute or subacute seizures, memory loss, irritability, hallucinations, pathogenesis with symptoms localized
to temporal lobes

Involuntary, irregular eye movements; ataxia, myoclonus

Convulsive disorders often refractory to treatment

Contractions of tensor veli palatini with possible development of tinnitus or ear clicking; often associated
with cerebellar ataxia or brainstem lesion

Paraneoplastic neurologic syndrome: Systemic cancer associated with neurologic disorders affecting spinal
cord and cerebral cortex—ascending sensory deficits, sphincter dysfunction, tetraplegia

Asymmetric motor dysfunction, subacute, progressive lower motor neuron weakness



Glydne transporter

Figure 2. Autoantigenic targets associated with the Central Mervous System inhibitory synapses in patients
with stiff person syndrome.

The pre-synaptic antigens are GAD (1], the enzyme that synthesizes GABA, the main inhibitory neurctransmitter, and
amphiphysin [2], a synaptic vesicle protein responsible for endocytosis of plasma membranes following GABA release.
Post-synaptically, the main targets are GABA-A Receptor Associated Protein [GABARAP) [3), gephyrin [4), a tubulin-binding
protein needed for clustering both GABA-A [5) and glycine receptors [6]. The most commaon antigen in stiff parson syndrome
is GAD followed by glycine receptor [vesicular inhibitory amino acid transporter; VIAAT]. Modified from Dalakas.118

GABA, gamma-aminobutyric acid; GAD, glutamic acid decarboxylase.

SPS antibodies

GADG65, encoded by the gene GAD2 on
chromosome 10 (10p12.1), is mainly
expressed at post-natal stage and is
responsible for the rapid synthesis of
GABA required for synaptic transmission
. GADG65 is primarily expressed in the pre-
synaptic end of nerve terminals. By
switching from the inactive to the active
form GADG65 allows a rapid and synthesis
of GABA when needed.

Pt with neurological syndromes have

more than 100 fold greater titers of GAD Ab

in serum than patients with T1DM,

and they stay high over time.

Pathologic rates of GAD Ab: defined

by a Radioimmunoassay- greater than 2000 U/mL,
by an ELISA value greater than 1000 IU/mL

Int. J. Mol. Sci. 2020, 21, 3701



All Patients with high-titer (>20 nmol/L in serum) GADES5 antibodies evaluated at the Mayo Clinic
from January 2003 to May 2018
N =323

Non-neurological presentation
N =37

(Diabetes mellitus evaluation, 33
Gl dysmotility evaluation, 4)

Median serum anti-GADES titer = 164 nmol/L
(range: 21.1-3163 nmol/L)

High-titer GADS5 antibodies and
neurological presentation
N = 286

Diagnosis other than GADE5 neurological
autoimmunity more likely'
N=71

(Neurocdegenerative, 18, Psychiatric/Functional,
11, Toxic/Metabolic, 9, Genetic, 8; Chronic pain
syndrome, 6; Typical diabetic/idiopathic
peripheral neuropathy, 5. Multiple sclerosis, 5,
Myasthenia gravis, 4. POT S/Orthostatic
Intolerance, 3. MOG-igG-associated disease, 1
paraneoplastic myositis, 1, GVHD, 1, Post-
concussive syndrome, 1; Chronic idiopathic
anhidrosis, 1; Muscle cramps, 1, Pnmary maotor
stereotypy, 1, Vestibular neuritis, 1, Vestibular
migraine, 1. Compressive myeloradiculopathy, 1)

Median serum anti-GADES titer = 149 nmol/L
(range: 23.6 — 3108 nmol/L)

No other diagnosis but atypical for GAD&5
neurcological autoimmunity
N=3

{Hyperkinetic movement disorder, 3)

Median serum anti-GADES titer = 780 nmol/L
(range: 38.1 — 3847 nmol/L)

GADSGS5 neurological autoimmunity
N =212

Median serum anti-GADES titer = 534 nmol/L
(range: 20.1 — 7558 nmol/L)

Figure 1 Flow diagram depicting patient selection for study inclusicn. GADES, glutamic add decarboxylase-65.
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One in three patients with high-titre GAD65
antibodies were classified as not having
GADG5 neurological autoimmunity

The median serum anti-GAD65 titre among
patients classified as having a more likely
alternative diagnosis was significantly lower
compared with patients classified

as having GAD65 neurological autoimmunity
(149 nmol/L vs 534 nmol/L, p<0.0001), and
was not significantly different compared with
patients with non-neurological

presentations (149 nmol/L vs 164 nmol/L,
p=0.71).



Clinical spectrum of high-titre GAD65 antibodies

Budnram A et al. J Neurol Neurosurg Psychiatry 2021;92:645-654.

Table 1 Characteristics of 212 patients with GAD65 neurological autoimmunity*

All GADG5S Stiff-person

neurological spectrum disorders Limbic encephalitis

autoimmunity (SPSD) Cerebellar ataxia Epilepsy (LE)t Overlap Syndromest

(n=212) (n=71) (n=55) (n=35) (n=T) (n=44) P value
Median age at symptom onset in years 46 (5—83) 46 (5—76) 59 (14-83) 24 (5-56) 45 (23-65) 46 (10-70) =0.0001
(range)
Female (%) 1637212 (77) L3371 (75) 42/55 (76) 30/35 (86) 67 (8R) 32/44 (73) 0.65
Caucasian (%) 157/196 (80) L2/68 (76) 4450 (88) 26133 (79) 6/6 (100) 29/39 (74) 0.21
Median total symptom duration 76 (3-636) 90 (6—624) 47 (3-171) 137 (3-552) 72 (18-221) 89.5 (6-636) =0.0001
recorded in months (range)
Systemic autoimmunity (%) 125/212 (59) 4371 (61) 36/55 (65) 19/35 (54) 47 (57) 23/44 (52) 0.70
T1DM (%) 631212 (30) 2371 (32) 18/55 (33) 9135 (26) 0/7 (0 13/44 (30) -
Thyroid disease (%) 721212 (34) 2771 (38) 20/55 (36) 11/35 (31) 217 (29) 12/44 (27) -
Pemicious anaemia (%) a0/212 (19) 1471 (200 11/55 (20) 3135 (9) 207 (29) 10/44 (23) -
Other (%)& 21212 (10) 671 (8) 755 (13) 535 (14) 07 3/44.(7) -
Cancer diagnosed within 5 years of 9212 (4) 071 (0) 655 (11) 1735 (3) 17 (14) 1/44 (2) 0.01
symptom onset (%)Y
Median serum anti-GADES titre in 534 (20.1-7558) 537 (25.6—7558) 464 (21.5-4040) 423 (33.1-4415) 415 (34-1481) 667.5 (20.1-6960) 0.43
nmol/L (range)
Median C5F anti-GADGS titre in nmoliL 10 (0.1-274) 6.5 (0.2-163) 17.6 (1.2-274) 25(0.3-52.3) 14.2 (0.2-102) 14 (0.1-214) 0.10
(range)**
C5F pleocytosis (%) 15127 (12) 433 (12) 436 (11) 2124 (8) 216 (33) 328 (11) 0.56
C5F-specific OCB (%) 46114 {40) 10030 (33) 13/31 (42) 821 (38) 3/5 (60} 12127 (44) 0.79
Elevated CSF protein (%) 781122 (b4) 2034 (59) 20/33 (B1) 1524 (63) 46 (67) 19725 (76) 0.7

Elevated C5F 1gG index (%) 107108 (9) 2131 (6} 527 (19) 022 (0) 114 (25) 2/24 (8) 0.17




Spectrum of neurological syndromes associated with

GAD Ab: diagnostic clues for this association

Table | Clinical and immunological findings of patients with cerebellar ataxia and SPS

Cerebellar ataxia SPS
n=17 (%) n=22 (%)
Female 16 (94) 19 (86)
Age (range) 59 (39-77) 56 (14-77)
Organ-specific autoimmune associations
Type | diabetes mellitus (DMI) 9 (53) 13 (59)
Other® 7 (4l) 6 (27)
None 5(29) 7 (32)
Epilepsy 2 (I I (4)
Temporal relation of the neurological syndrome
Before DMI, n (%); median, in years (range) I (I1); 5 6 (46); 3.5 (I-12)

After DMI, n (%); median, in years (range)
GAD-ab titre by immunohistochemistry, median (range)
GAD-ab level by RIA (U/ml), median (range)
CSF oligoclonal 1gG bands
Intrathecal synthesis of GAD-ab®
No. of folds of GAD-ab intrathecal production®
Duration of the syndrome median, in years (range)

8 (89); 7 (0.1-38)
6000 (1000-80000)
16737 (2000-99000)
9/13 (69)

12/12 (100)

8

7 (1-17)

7 (54); 5 (0.1-15)

8000 (500-40000)
17500 (3450-144 000)
5/14 (35)

1/13 (85)

4x

8 (0.5-21)

Brain (2008), 131, 2553-2563



Table 2 Clinical and immunological characteristics of patients with other neurological syndromes and high GAD-ab levels

Patient Clinical Age/sex Diabetes, Other autoimmune  Cancer GAD-ab Oligoclonal GAD-ab IS

No features age at onset associations titre (U/ml) 1gG bands

| Myasthenia 71[F Yes, 60 No Colon 3500 No N.D.

2 Epilepsy 39/F Yes, 49 TPO No 5305 No Yes

3 Epilepsy 2I/F Yes, 47 Grave’s disease, SLE No 9372 N.D. N.D.

4 Epilepsy 13/F Yes, 32 Grave’s disease No 11000 N.D. N.D.

5 Down-beat 50/F No No No 56000 Yes Yes
nystgamus

6 Limbic encephalitis ~ 49/F Yes, 49 Hypothyroidism No 23000 N.D. N.D.

7 Limbic encephalitis ~ 47/F Yes, 43 No No 58 000 Yes Yes

8 Paraneoplastic 70/M No TPO, TGB SCLC 5733 No Yes
limbic encephalitis

¥ Paraneoplastic 67/M No No Pancreas® 146 000 No Yes
encephalomyelitis

10 PCD 79M No No Non-SCLC 677l No No

Il PCD 55/M No TPO, TGB Thymic carcinoma® 21200 No Yes

IS =intrathecal synthesis; PCD = paraneoplastic cerebellar degeneration; N.D. =not done; SCLC =small cell lung cancer; SLE = systemic
lupus erythematosus; TPO = thyroid microsomal antibodies; TGB = thyroglobulin antibodies.

*Previously reported (Hernandez-Echebarria et al., 2006).

*Tumor cells showed GAD expression.



Several important issues for conclusion:
evaluation a patient with high GAD-ab levels
and a neurological syndrome....

1. High GAD-ab levels associate with different neurological syndromes besides SPS.

2. GAD-ab may just reflect the presence of concomitant DM1 or other endocrine autoimmune
disorders. Demonstration of a positive IS of GAD-ab is important to confirm that the GAD
autoimmunity is related to the neurological syndrome and the patient merits the possibility of
treatment with immunotherapy.

3. Cerebellar ataxia, the second most common syndrome associated with high GAD-ab levels,
shares with SPS the same demographic, clinical and immunological features.

4. In patients with no previous history of DM1 who develop neurological

syndromes that suggest a paraneoplastic origin, the finding of GAD-ab does not rule out this

possibility and appropriate studies should be done to confirm an underlying cancer.



Stiff Person Syndrome Overlapping with Multiple Sclerosis

e A 53-year-old left-handed Caucasian woman with long standing multiple
sclerosis (MS), with multiple brain and cervical spine demyelinating lesions

* Ocrelizumab - started within the past year, stable status without

{jjé\\?t)ional disability, working as nurse. Previously treated with Natalizumab

* Last year - progressive lower trunk and lower extremity stiffnessand
spasms with the left leg more involved than the right, progressive severity
interfered with her walking, and she became wheelchair.

* Anti-NMO, anti-MOG- negative. MRI scan of neuro-axis - no new lesions or
contrast enhancement.

 Autoimmune panel - negative except for the anti-GAD-65 antibody titer
elevated at 0.18 nanomole/liter (normal < 0.02)

* |V Pulse Solumedrol — ineffective, start IVIG with clinical stabilisation.

International Journal of Clinical and Experimental Neurology, 2022, Vol. 9, No. 1, 1-3



PPMS overlapping with anti-GAD and anti-Hu antibodies positive
neurological syndromes

* A 57-year-old woman:
* In 2014 - vertigo, mild balance and coordination difficulties.

* In 2018 - worsened with diplopia, dysarthria, unsteady walking with
falls, fatigue and paraesthesias. NE: limb and gait ataxia, supranuclear
vertical gaze palsy, diplopia, low reflexes and imperative micturion.
EDSS grade 5.0.

e 2018 — autoimmune thyreoiditis, Tx -Euthyrox tablets

* MRI brain scan - multiple hyperintense lesions in juxtacortical and
periventricular locations, consistent with 2017 McDonald criteria for
MS. No lesions or atrophy were found in the cerebellum.

Neurol Neurochir Pol 2022; 56 (2): 187-190



PP-MS, GAD-associated cerebellar ataxia, and autoimmune thyroiditis —
unique trio of immune-mediated disorders with overlapping symptoms.

2018: Tests for hereditary ataxias and anti-MOG and
anti-AQ4 were negative.

Anti-GAD Ab + in serum. CSF — positive OCB.

2021: Increased kFLC index value of 12.3 (normal range 0.8-5.9) was 77
detected. Anti-GAD Ab + in serum and CSF. i
Negative positron emission tomography (PET) of s
the whole body

2020-2021 MRI scan: multiple white matter hyperintense lesions, some of

e s  Reaction control
e Titin (MGT30)
el

Recoverin

Ma2

Amphiphysin

Swmn

i) Ma1
]

—— CV2 (CRMPS)

Ri

them with T1-hypointense correlates and no lesions in the cerebellum. e
Rituximab (600 mg intravenously) administered every 6 months with

clinical stabilization.

R HuD
N

22 PNS14.2007

23 PNS14.2007
24 PNS142007

Figure 1. Immunoblot with positive anti-GAD65
Ab in serum and CSF (left to right) of patient
with GAD cerebellar ataxia syndrome.

Figure 3. MRI of brain with typical finding of MS
in 3D fluid-attenuated inversion recover (FLAIR)
images of brain in sagittal plane.




OTHER CASES:

* Case of a middle-aged woman with classical SPS, high anti-GAD-65
antibody titers, developed neuromyelitis optica (NMO) spectrum
disorder. This was confirmed with MRI and positive aquaporin-4
(AQP-4) IgG antibody titer (Neurology 2019 April 16: P2.2-032)

* Five patients with an MS-like picture: bilateral lower extremity and
axial rigidity, nonspecific white matter changes on brain MRI.
Significant elevated anti-GAD 65 Ab titer- these patients most likely
had SPS (J. of Neurological sciences 2016 November 29:372, P297-
299).

 Middle aged male patient, with long standing MS, slowly progressive
bilateral upper and lower extremity weakness and stiffness, speech
and swallowing difficulty. Rapid progression, elevated serum GAD-65
Ab titer - diagnosed with PERM .....



Table 3. Therapies of stiff person syndrome.

Therapeutic approaches

Ther Adv Neurol Disord 2021, Vol. 14: 1-17

Symptomatic

Immunologic

Drug category Agents Effect Immunomodulating Effect
GABAA agonists Diazepam Enhance GABAergic IVig The only proven
Chlonazepam transmission immunomodulatory therapy:
Alprazepam Can help most patients beneficial in SPS
Lorazepam High doses: not tolerated
Temazepam
GABAB agonists Baclofen Antispasticity drug Plasmapheresis Not routinely used:
High doses my cause Inconsistent and transient
cognitive effects benefits
a2 adrenergic Tizanidine Muscle relaxant Corticosteroids Mostly ineffective
receptor
Ca*2 inhibitor Dantrolene Muscle relaxant Immunosuppressants
Anti-epileptic Gabapentin Inhibition of GABA Azathioprine Mostly ineffective
drugs Vigabartin transmission Methotrexate Rituximab, although
Tiagabine Cyclophosphamide statistically insignificant
Leveritacetam Cellcept against placebo, may have
Rituximab impressive benefits in some
HSMT patients

GABA, gamma-aminobutyric acid; HSMT, Hematopoietic Stem Cell Transplantation; IVlg, intravenous immunoglobulin; SPS, stiff person syndrome.




Table 3 Responses to immunotherapy among 142 patients with GAD65 neurological autoimmunity

Stift-person spectrum
disorders (SPSD) Cerebellar ataxia Epilepsy Limbic encephalitis ~ Overlap syndromes
(n=44) (n=38) (n=20) (n=T) (n=33)" P value
Type of immunotherapy administeredt
Corticosteroids (%) 1144 (16) 3038 (79) 15120 (75) b/7 (86) 2033 (61) <0.0001
Intravenous 1G (%) 38/44 (86) 2038 (53) 13120 (65) b/7 (86) 2633 (719) 0.09
PLEX (%) 1144 (16) 9738 (24) 3120(15) 117 (14) 833 (24) 033
Rituximab (%) 544 (11) 438 (11) 3120(15) 37(83) 33309 0.07
Cyclophosphamide (%) 1144 2) 3138 (8) 020 (0) 117 (14) 233 (6) 0.25
Median time from symptom onset to first immunatherapy in months 30 (1-540) 13 (1-96) 50.5 (1-324) 5(1-22) 12 (1-84) <0.0001
(ange)
Response to immunotherapy (%)§ 44 (M) 22038 (58) 10720 (50) 57 (1) 23133 (70) 013
Partial response (%) 24144 (55) 17138 (45) 7120 (35) AT (57) 19/33 (58) -
Near-complete response (%) 10/44 (23) 438 (1) 2120(10) 117 (14) 433 (12) -
Complete response (%) 0/44 (0) 138 (3) 1120 (3) 0i71(0) 033 (0) -
No of initial responders who had sustained respanse to 32134 (94) 1622 (73) 5/10(50) 305 () 13123 (57) -
immunotherapy (%)
No of all treated patients who had sustained response to 32144 (73) 1638 (42) 520 (25) 307 (43) 1333 (39) 0.002

immunotherapy (%)




Table 4 Logistic regression analysis assessing predictors of poor outcome (MRS >2) at last clinical follow-up in 212 patients with GADG5

neurological autoimmunity

Univariate Multivariate
Variable Median (range) or frequency (%) OR (95% CI) P value P value
Age at symptom onset in years 46 (5-83) 1.04(1.02 to 1.06) <(.0001 -
Male 49211 (33) 0.65(0.34 to 1.24) 0.19 -
Acute immunotherapy™ 1511212 (1) 1.72(0.94 t0 3.13) 0.08 -
Second-line acute immunatherapyt 231152 (15} 1.6(0.6tod) 0.3 -
Maintenance immunotherapy# 90/212 (42) 1.33(0.77 0 2.32) 0.3 -
Time from symptom onset to first immunotherapy in months 21 (1-540) 0.987 (0.979 to 0.995) =0.0001 -
Epilepsy (with or without LE) 621212 (29) 0.17(0.09 t0 0.32) <0.0001 -
Cerebellar ataxia 911212 (43) 458(2.49t0 8.39) <0.0001 0.016
Stiff-person spectrum disorder 1071212 (50) 1.35(0.78 to 2.34) 0.28 -
Overlap syndrome 44212 (21) 141{0.71 to 2.8) 0.32 -
Serum GADGS titre in nmol/L 534 (20.1-7558) 1{099t0 1) 0.32 -
Serum GADG5 titre =500 nmol/L 110212 (52) 1.89(1.09 to 3.28) 0.02 0.007
Diabetes mellitus 871212 (41) 1.21 (069 to 2.1) 0.51 -
mRS at first Mayo Clinic evaluation (range) 3 (0-6) 5.95 (3.74 to 9.45) <0.0001 <0.0001
Total symptom duration recorded in months 74 (3-636) 0.996 (0.993 to 0.993) 0.006 -
mRS at last follow-up 3 (0-6) - - -
mRS =2 at last follow-up 121212 (57) - - -




Common Features:

* Later onset
* More progressive course of MS
e Other systemic auto-immune disorders

* Need to perform more comprehensive tests for other auto-immune
markers in serum and CSF!! especially if the phenotype is appropriate

e presence of anti-GAD 65 antibody and an increased risk of MS are
associated with same HLA subtype HLA-DRB1*1501

* Different Tx plan? No DMD?
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