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Inhibitory Neuron Dysfunction

Objective
To investigate pathological evaluations of Stiff Person 

Spectrum Disease (SPSD), including Stiff Person Syndrome 

and Progressive Encephalomyelitis with Rigidity and 

Myoclonus, highlighting shared excitatory clinical phenotypes 
and disrupted inhibitory neuron function. 
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• GAD65 is a key enzyme that converts glutamate to GABA, 

crucial for inhibitory signaling in the brain. 

• GABAergic neurons, constituting 20% of cortical neurons, 

inhibit excitatory pathways, classified into subtypes with 

varying GAD65 expression. 

• In the motor cortex, parvalbumin (PV) and somatostatin 

(SST) inhibitory neurons predominate. 

• Stiff Person Syndrome spectrum disease (SPSD) features 

rare entities with high anti-GAD65 titers and an excitatory 

motor phenotype, for which neuropathologic 

characterization has never been carried out.

• The proposed underlying pathophysiology of SPSD relates 

to disruptions in these GABAergic pathways.

CA B

• Consent for autopsy was obtained through our Rocky 

Mountain MS Center Tissue Bank, including two control 

patients and three study patients.

• Three pathological evaluations were carried out: one case 

with classic Stiff Person Syndrome (SPS) and two cases of 

Progressive Encephalomyelitis with Rigidity and Myoclonus 

(PERM).

• Histopathologic controls included patients with low-positive 

serum GAD65 titers who did not meet clinical criteria for 

SPSD or any other GAD65 associated neurologic disorder. 

• Brain tissues were stained for inflammatory markers, 

GAD65/67, Glycine receptor (GlyR)-alpha-3 subunit, and 

parvalbumin, and analyzed by a board-certified 

neuropathologist (SG).

Results
• Three patients presented with a SPSD phenotype including 

one case of seronegative classic SPS and two cases of 

PERM. One PERM patient tested positive for high-titer GAD65 

antibodies in serum, while the other PERM patient showed 

positive GlyR antibodies in CSF.

• Although there were variations in the serological results, all 

patients exhibited excitatory clinical phenotypes and displayed 

histopathological signs of impaired inhibitory neuron function, 

particularly in layers 4 and 5 of the motor cortex.

• In the PERM motor cortex, vacuolation, microglial activation, 

and interneuron loss were seen.

• In the SPS motor cortex, gliosis, microglial activation, and 

interneuron loss were seen.

• Neurological autoimmunity related to anti-GAD65 and anti-

GlyR indicates a shared excitatory pathophysiological 

mechanism at the level of the motor cortex.

• Here we demonstrate for the first time the disrupted inhibitory 

neuron networks in the motor cortex, which we anticipate will 

provide a novel histological fingerprint for cases of SPSD.

• Future directions will include assessing different classes of 

interneurons histologically and molecularly for the development 

of biomarkers and therapeutic targets.
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Figure 1: PERM Motor Cortex Pathology: Vacuolation, Microglial 

Activation, and Interneuron Loss
A 20X magnification H&E image of motor cortex demonstrating focal neuropil vacuolation in 

layers 4 and 5 of neocortex with minimal neuron loss. B 20X magnification GFAP image of 

motor cortex demonstrating reactive gliosis surrounding layers 4 and 5 of neocortex. C, D 200X 

magnification CD163 (microglial marker) highlighting activated microglial cells in layers 4 and 5 
of neocortex. E 200X magnification of GAD1/2 stain that highlights cytoplasmic enzyme of 

inhibitory cells within microglial cells. F 200X magnification of Parvalbumin stain that highlights a 

dramatic decrease in this interneuron subtype in the motor cortex, which is usually positive in 

20% of cells in normal conditions. G, H 400X Immunofluorescent image dual staining for IBA1 

(green; microglial cells) and GAD (red; inhibitory neuron) stain, which reveal large activated 
microglial cells with focally positive GAD+ cytoplasm as well as an overall decrease in inhibitory 

neurons. I 400X immunofluorescent image dual staining for IBA1 (green; microglial cells) and 

Glycine Receptor (red; neuron subset), which reveals a dramatic decrease in Glycine R+ cells in 

motor cortex.

Patient ID Age/Sex Phenotype Antibody Present

1 62 Classic SPS Seronegative

2 64 PERM
GAD65 (serum 50.7 nmol/L, CSF 

6.76 nmol/L)

3 68 PERM
GlyR positive in CSF, serum low titer 

GAD65 0.08 nmol/L

Control 1 59 Limbic Encephalitis None

Control 2 88 ALS None

Table 1: Patient Demographics

Figure 2: SPS Motor Cortex Pathology: Gliosis, Microglial 

Activation, and Interneuron Loss
A 20X magnification H&E image of motor cortex demonstrating focal neuropil vacuolation in layers 

4 and 5 of neocortex with minimal neuron loss. B 20X magnification GFAP image of motor cortex 

demonstrating reactive gliosis starting in layer 4 and extending to the subcortical white matter. C

200X magnification CD163 (microglial marker) highlighting activated microglial cells in layers 4 and 
5 of neocortex. D 200X magnification of GAD1/2 stain that highlights a loss of cytoplasmic enzyme 

of inhibitory cells. E 200X magnification of Parvalbumin stain that highlights a dramatic decrease in 

this interneuron subtype in the motor cortex. F, G, H 400X Immunofluorescent multiplex image IBA1 

(red; microglial cells), NeuN (green; neuron), GFAP (golden, astrocytes), DAPI (blue, nuclei), which 

highlights activated microglial cells surrounding neurons with large reactive astrocytes in the 
background. I 200X Immunofluorescent image IBA1 (green; microglial cells), Glycine R (red; neuron 

subset), which demonstrates near normal glycine receptor population in an SPS case negative for 

Glycine Receptor antibody.
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Figure 3: Control Motor Cortex
A 40X magnification H&E image of motor cortex. B 40X magnification GAD65 IHC highlighting inhibitory

neurons. C 100X magnification Paralbumin IHC. D 40X magnification Calbindin. E-F Immunofluorescent 

Dual Stain Gad (red; interneuron), IBA1 (green, microglial). 
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