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OBSESSIVE COMPULSIVE DISORDER (OCD)

• Common psychiatric disorder in children worldwide (~2%)
• Characterized by repetitive anxious ideation and repeated 

behaviors to decrease the anxiety
• ~30% of patients fail to respond to standard treatments
• Despite demonstrated heritability, no genetic etiology has been 

identified
• Increased interest in autoimmunity and inflammation as an etiology 

for Obsessive Compulsive Disorder and  Tourette Syndrome (TS)



OBSESSIVE COMPULSIVE DISORDER AND 
AUTOIMMUNITY?!?

• Hypothesis is derived from 
Sydenham Chorea (SC)
• SC is a post-streptococcal 

movement disorder
• Hypothesized to be an induced 

autoimmune disorder
• Antibodies/inflammation in the 

basal ganglia are thought to be 
pathogenic
• High rate of OCD (40-70%) of 

OCD



SYDENHAM CHOREA

• Serum antibodies from children with SC 
bind to human caudate (Husby, 1976)

• Cross-reactive antibodies between 
Streptococcus and caudate identified 
(Kirvan et al, 2003)

• Serum from SC children binds to SH-SY5Y 
cells, but not HEK cells (Brilot et al., 2011)

• Sydenham chorea responds to anti-
autoimmune and anti-inflammatory 
therapies
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FIO. 1 A and B. Immunofluorescent photomicrographs of frozen sections of normal human 
brain 'caudate nucleus' showing positive staining reactions with cytoplasm of moderately 
large neurons using serum from a child with prolonged active chorea. Reference arrows 
indicate nonspecific yellow autofluorescence produced by lipofuchsin granules in neurons 
a n d  n e r v e  t i s s u e .  × 500. 
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PANDAS
Pediatric 

Autoimmune 
Neuropsychiatric 

Disorder Associated 
with Streptococcal 

infections

Symptoms triggered by Group A 
Streptococcal infections 
(Streptococcus pyogenes)

• 1. Presence of a tic and/or 
Obsessive Compulsive Disorder
• 2. Pediatric onset
• 3. Abrupt symptom onset and an 

episodic course of symptom 
severity
• 4. Association with Group A 

Streptococcal infection 
• 5. Neurological abnormalities 

(“choreiform” movements, 
hyperactivity)

PANDAS



PANDAS?
• “All kids get Strep throat"

•OCD is a common psychiatric disorder in school age 
children (~2% pediatric population)

•1+1=3?



PRECLINICAL EVIDENCE FOR 
IMMUNE DYSFUNCTION IN OCD



ANIMAL MODELS OF IMMUNE DYSREGULATION AND 
OCD

• Hoxb8-/- mice display a severe, repetitive 
grooming phenotype (Greer & Capecchi, 2002)

• This is the result of the lack of 
hematopoietic-derived microglia in the 
CNS (Chen et al, 2010), and abnormal 
corticostriatal synapses (Nagarajan, 2017)

• This phenotype can be reversed 
through chronic fluoxetine treatment 
(Nagarajan, 2017), or a bone-marrow 
transplant (Chen et al, 2010)
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Hair Removal Phenotype
All further discussions of phenotypic analysis will refer
to the Hoxb8lox strain only. During maintenance of these
mice, it was observed that individually housed Hoxb8
homozygous mutants displayed large bald patches on
their lateral and ventral body surfaces. The extent of
hair loss varied, from mice that displayed bald spots to
the more severely affected animals that also had deep
open wounds (Figures 4A–4D). Examination of mutant
mice revealed significant amounts of body hair trapped
between the gums and teeth, and present in their stom-
achs, suggesting that the mutant mice actively removed
their own hair.

Analysis of Skin
Two potential physical explanations for this phenotype
are an absence of afferent sensation or an inherent un-
derlying irritation. To determine if those mice had normal
cutaneous sensation, the animals were tested for their
reactions to heat and cold, hard and soft pressure, as
well as pain. All of the Hoxb8 homozygous mutant mice
displayed normal reactions to these stimuli (data not
shown). In addition, immunostaining of E13.5 embryos
with anti-neurofilament antibody and adult skin sections
with a monoclonal antibody to the neuron-specific ubi-
quitin hydrolase, PGP9.5, failed to demonstrate any dif-
ferences in the amount of peripheral nerve innervation
in the mutant animals relative to control siblings (data
not shown).

Histological analysis of skin taken from hairless body
regions of Hoxb8 mutant mice demonstrated a thick-
ening of the epidermis when compared with similarly
located skin of wild-type littermates (Figures 5A and 5B).
This thickening, however, was only observed in older
mice with hairless patches (n ! 20). When skin from the
ventral region of 2- and 3-week-old control and mutant
littermates (n ! 18 for each stage) was examined, no
differences were observed (data not shown). These ob-
servations suggest that the thickening of the epidermis
in affected mice is the result of the hair removal and
wound healing, and not the cause of the behavior.

Physical examination of the skin did not reveal anyFigure 4. Mutilation Resulting From Excessive Grooming by Hoxb8
inflammation of the area where hair had been removedMutants
except in regions containing lesions (Figure 5C). In addi-(A and B) Two Hoxb8"/" animals that have removed their body hair

from lateral regions, without creating large lesions, are shown. (C) tion, histological analysis of skin from mutant animals
and (D) show examples of self-created lesions on the lateral and (n ! 20) did not reveal evidence of lymphocyte and
ventral body walls of two Hoxb8"/" animals. (E and F) Wild-type granulocyte infiltration or mast cell degranulation. Thus,
animals that were each housed with a different Hoxb8"/" sibling are an inflammatory reaction does not explain the hair re-
shown. Note the hair loss resulting from excessive grooming by the

moval phenotype (Figure 5D).Hoxb8"/" animal. (G) and (H) show self-created lesions resulting
from excessive grooming in two different Hoxb8"/" animals from
the Swiss genetic background. Note the mutilation of the hind paw Home Cage Behavioral Analysis
in (H). To determine the conditions under which the Hoxb8

mutant mice removed their body hair, individual mice
from seven littermate pairs, each comprising one wild-with the Hoxb8lacZ mutant allele may also be attributable

to misexpression of neighboring Hox genes induced by type and one homozygous mutant, were videotaped for
a single 24 hr period in their home cages. Twelve hoursthe presence of the bacterial lacZ gene. Since our Hoxb8

mutant allele does not show defects either in the forma- of videotape, in three four-hour blocks spread evenly
throughout the day, were examined for each animal andtion or maintenance of this dorsal root ganglia, it is

unlikely that the behavioral abnormalities to be de- scored for displays of innate behaviors including eating,
drinking, sleeping, and grooming. Most of the behaviorsscribed below can be attributed to defects in these gan-

glia. Moreover, the anatomical regions affected by this were indistinguishable in wild-type and mutant mice.
For example, the amounts of time spent eating (Figurebehavior extend well beyond the dermatome map for

the C2 dorsal root ganglion (see Figure 4). 6A) and the frequency of eating were the same. Times

our Hoxb8 mutant mice (Figure 4). Figures 4A and 4B show intact
cervical spinal cord sections from wild-type and Hoxb8 mutant
mice stained with a general neuronal marker anti-Neu N. It is
apparent from these histological sections that the number of
neuronal cell bodies present in the dorsal horn of Hoxb8 mutant
mice is significantly decreased relative to those from wild-type
mice. Immunohistochemical analysis of the spinal cord (shown
at lumbar levels 4 and 5) further illustrate that in Hoxb8 mutant
mice, relative to control mice, disorganization and reduction in
numbers are apparent in both the input sensory fibers, labeled
with CGRP, as well as interneurons in laminea I and II, labeled
for calbindin and calretinin (Figures 4D–4I). Nociceptive insensi-
tivity was demonstrated by significantly greater latency time
required by Hoxb8 mutant mice to respond to heat, relative to
wild-type control mice (Figure 4C). Holstege et al. (2008) further
suggested that the nociceptive/spinal cord defects account for
the excessive grooming and hair removal phenotypes that we
previously described.

A puzzling aspect of the hair removal phenotype described by
Holstege et al. (2008) is that it appears quite different from the
excessive grooming and hair removal phenotype that we
observe in our Hoxb8 mutant mice. In their study, the hairless
patches and skin lesions are very localized to the dorsal rump

(Holstege et al., 2008) and appear more consistent with the
consequences of scratching a chronic itch. We observe a gradual
progression of hair removal along most of the ventral surface of
the mouse and extending to the lateral surfaces, which corre-
lates with the consequences of an excessive normal grooming
pattern (see, for example, Figure 3A). The hair is removed from
the overgroomed areas in our mutant mice by the use of their
teeth and accumulates in between their incisors, reflecting an
extension of normal grooming behavior rather than scratching
with their hind paws (Greer and Capecchi, 2002). What we
observe and have reported in our Hoxb8 mutant mice is that
the grooming syntax does not appear to be altered, but rather
the number and duration of grooming bouts are increased.
This aspect of the grooming phenotype has not been reported
by Holstege et al. (2008). The marked difference in the pattern
of hair removal and the excessive normal grooming observed
in our mutant animals, rather than excessive scratching,
suggests that the two groups might be studying different behav-
ioral paradigms in their respective Hoxb8 mutant mice.

Scratching in rodents is a rather simple movement made by
the hind limbs (Brash et al., 2005) that can be distinguished
from grooming by the Laboras platforms. To determine if our
Hoxb8 mutants exhibited excessive scratching, eight Hoxb8

Figure 3. Rescue of Excessive Grooming
and Hair Removal Defect in Hoxb8 Mutant
Mice Transplanted with Normal Bone
Marrow
(A) Hoxb8 mutant transplanted with normal bone

marrow showing typical hair loss 4 weeks after

transplantation.

(B) Hoxb8 mutant mouse 3 months after transplan-

tation with wild-type bone marrow cells showing

complete recovery from hair loss.

(C) A close-up view of the ventral anterior part of

the body, which is the primary region of hair

removal.

(D) Laboras data collected over a 24 hr period with

Hoxb8 mutant mice transplanted with wild-type

bone marrow cells show significant decrease in

grooming times relative to Hoxb8 mutant mice.

White bar represents wild-type controls (n = 22)

relative to Hoxb8 mutants (n = 25). Gray bar indi-

cates the grooming time of Hoxb8 mutant mice

rescued by normal bone marrow transplants

(n = 6). All values are mean ± standard error of

the mean SEM. *p < 0.05 versus mutant.

(E) A wild-type mouse, transplanted with Hoxb8

mutant bone marrow, showing a hair removal and

lesion pattern typical of Hoxb8 mutant mice.

(F) Grooming times of two wild-type mice trans-

planted with mutant bone marrow that developed

hairless patches. These experimental animals

(gray column, n = 2) showed elevated grooming

times, although not as long as the average

observed in a large cohort of Hoxb8 mutants. Error

bars represent SEM. *p < 0.05 versus wild type.

See also Figure S3.
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stimulating electrodes were placed in dorsomedial striatum at its interface
with corpus callosum.20–22 Recording microelectrodes were placed near
(250 μm) stimulating electrodes in dorsomedial striatum. Field excitatory
postsynaptic potentials were evoked with 100 μs stimuli (1–40 V, stimula-
tion strength 50% of minimal and maximal field excitatory postsynaptic
potential amplitudes).

Whole-cell recordings
Acute brain slices (300 μm thickness) were cut and recovered (45–60 min)
in a submerged chamber (31 °C) with ACSF (in mM) 125 NaCl, 2.5 KCl, 2.0
CaCl2, 1 MgCl2, 1.25 NaH2PO4, 25 NaHCO3 and 15 D-glucose (pH 7.4, 300–
310 mOsm), and perfused with oxygenated (95% O2/5% CO2) ACSF at
2 ml min− 1 at 31 °C. Internal solution was (in mM) 107 CsMeSO3, 10 CsCl,

Figure 1. Altered cortical and striatal synapses in Hoxb8 mutants. (a) Representative dendritic spines from 6 months old wild-type (WT) and
Hoxb8 female mutant mice from frontal cortical and dorsal striatal regions. Scale bar: 1 μm. (b) Representative electron microscopic images of
cortical-asymmetric, cortical-symmetric, striatal-asymmetric and striatal-symmetric synapses from 6 months old WT and Hoxb8 mutant brains,
and visualized using Viking software.19,53 Scale bar: 100 nm. (c and d) Significantly increased cortical (P= 0.0034, F= 9.118, 28 WT and 29
mutant neurons, 2–3 healthy dendrites per neuron) (c) but decreased (d) striatal spine density (P= 0.001, F= 10.488, 13 WT and 18 mutant
neurons, 2–3 healthy dendrites per neuron) in female Hoxb8 mutants (3 litters per group, 8 months old mice) using golgi staining (Fd
Neurotechnologies, Inc.). (e and f) Bar plot displaying significantly increased synapse length at cortical asymmetric (P= 0.00012, F= 14.8310)
and symmetric (Po0.0001, F= 19.8205) (e) but a significantly decreased striatal asymmetric (Po0.0001, F= 138.0321) and symmetric
synapses (Po0.0001, F= 37.9242) (f). (g–j) Cumulative probability plot demonstrating a significant rightward shift in the PSD length in Hoxb8
mutants compared to WTmice (g, Po0.0001, D= 0.2815; h, Po0.0001, D= 0.1992) but a significant leftward shift in PSD thickness for cortical
asymmetric and cortical symmetric synapses (i, Po0.0001, D= 0.3187; j, Po0.0001, D= 0.2045). (k–n) A contrasting significant decrease
(leftward shift) within striatal-asymmetric (k, Po0.0001, D= 0.1595) and symmetric (l, Po0.0001, D= 0.1156) synapses for PSD length and PSD
thickness (m, Po0.0001, D= 0.28; n, Po0.0001, D= 0.15). (o and p) Bar graph representation of significantly increased PSD length at cortical-
asymmetric (Po0.0001, F= 93.2869) and cortical-symmetric (Po0.0001, F= 53.6979) (o) synapses of Hoxb8 mutants but a contrasting
decrease within striatal-asymmetric (p) (Po0.0001, F= 22.1849) and striatal-symmetric synapses (p) (Po0.0001, F= 18.1742). (q and r) Bar
graph representation of significantly decreased PSD thickness at cortical-asymmetric (Po0.0001, F= 192.3888) and cortical-symmetric
(P= 0.014, F= 5.9328) (q) synapses of Hoxb8 mutants but a contrasting increase within striatal-asymmetric (Po0.0001, F= 30.8782) and
striatal-symmetric (Po0.0001, F= 17.4861) (r) synapses. Red arrow represents postsynaptic density in individual synapse. All analysis was
conducted on WT and Hoxb8 mutant female mice brains. One-way analysis of variance and Tukey’s post-hoc test (c–f and o–r). Kolmogorov–
Smirnov test (g–n).

Corticostriatal circuit defects in Hoxb8 mutants
N Nagarajan et al
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• Progranulin (Grn -/-) mice display 
a progressive obsessive-
grooming phenotype with age 
(Lui et al, 2016) which is due to 
microglial activation

• Can be rescued with by 
crossing with a C1qa -/- mouse 
OR a TNFa -/- knockout mouse 
(Lui et al, 2016) (Krabbe et al., 2017)

MICROGLIA AND OCD

TNFα-induced NF-κB signaling (Fig. S3). We then selectively
inactivated NF-κB in PGRN-deficient microglia/myeloid cells in
mice. To do so, we crossed mice with lysozyme promoter-driven cre
expression (LysM-Cre) (32) with GrnF/F mice and mice with a floxed
Ikbkb gene (IkbkbF/F) (33), which encodes the inhibitor of the NF-κB
kinase subunit β (Ikkβ) (Fig. S4). In adult microglia, lysozyme-cre
expression in GrnF/F mice reduced PGRN expression by ∼60%
and increased self-grooming significantly (Fig. 5 A and B). Se-
lective inactivation of NF-κB in microglia/myeloid cells by deleting
Ikbkb did not affect PGRN expression but restored grooming
behavior to normal (Fig. 5 A and B). Reducing PGRN in micro-
glia/myeloid cells also altered nesting behaviors and markedly
increased marble burying, both OCD-like behaviors, and both
were normalized by attenuation of NF-κB signaling in these cells
(Fig. 5 C and D). The social interaction deficits induced by PGRN
deficiency in myeloid cells were also prevented by inactivation of
NF-κB signaling (Fig. 5E), supporting a central role of the innate
immune pathway in PGRN-deficient FTD.

Discussion
FTD patients exhibit behavioral abnormalities, including OCD-
like behaviors (34). Cortico-basal ganglia circuits, particularly ven-
tral striatum (nucleus accumbens), are strongly implicated in the
expression of repetitive, compulsive, and impulsive behaviors.
Indeed, excessive activity of striatal MSNs and reduced inhibitory
inputs contribute to excessive grooming behavior (25, 26). In mice
lacking the synaptic scaffolding gene, Sapap3, that have repetitive,
compulsive behavior, the baseline firing rates of MSNs in the
striatum were significantly elevated, most likely due to a defect in
intrastriatal inhibition (26). Using whole-cell recordings in the
nucleus accumbens core, we observed hyperexcitability of PGRN-
deficient MSNs, which was rescued by reduction or ablation of
TNFα levels. TNFα ablation also rescued the excessive grooming,
but not social deficits, in PGRN-deficient mice, linking high levels
of TNFα specifically to the excessive grooming. Our findings are
consistent with a recent study that showed PGRN-deficient mice
exhibit excessive grooming (35). Further studies are needed to
determine how TNFα and related cytokines alter the circuits to
induce OCD-like behavior.
Using confocal and intravital microscopy, we found that microglia

lacking PGRN are dysfunctional, with reduced baseline motility and
attenuated response to injury and ATP/ADP. Moreover, selective
deletion of PGRN in adult microglia, by crossing CX3CR1-CreER
mice with GrnF/F mice, induces excessive grooming and social defi-
cits. These findings provide strong evidence that PGRN-deficient
microglia in adult brain play a critical role in FTD-related pheno-
types. Distinct from previous findings that linked excessive grooming
with the Hoxb8 mutation (36) and bone marrow cells, our findings
link excessive grooming to dysfunctional adult microglia. We further
identified an instrumental role of NF-κB hyperactivation signaling in
PGRN-deficient microglia. Selective inhibition of NF-κB in myeloid
cells prevented not only excessive grooming, but also other FTD-like
phenotypes, including social interaction deficits. Unlike TNFα, which
seems to mediate excessive grooming, but not social deficits, NF-κB
is a master regulator of inflammatory responses, and its hyper-
activation would alter many pathways in PGRN-deficient mice. As a
result, inhibition of NF-κB in myeloid cells abolished all FTD-related
behaviors we tested. The downstream pathways responsible for
various behavioral alterations in PGRN-deficient mice remain to
be determined.
Our findings that PGRN substantially affects microglial function

and that disruption of Grn expression in microglia is sufficient to
induce OCD-like behavior provide insight into how PGRN deficiency
induces FTD. Inhibition of the NF-κB pathway, in particular TNFα,
is a potential therapeutic approach for reducing MSN hyperexcit-
ability and associated OCD-like behaviors in PGRN-deficient FTD.

Methods
Patient Behavior and Voxel-Based Morphometry Analyses.
Participants. Written informed consent was obtained from patients or sur-
rogates according to procedures approved by the UCSF Committee on Human
Research. All GRN mutation carriers and healthy controls were clinically
assessed by a behavioral neurologist and a neuropsychologist within 180 d
of MRI scanning. Clinical diagnoses were made at a multidisciplinary con-
sensus conference (Table S1). Genetic analysis for the GRN mutation was as
described (4). Repetitive and compulsive behaviors were routinely noted in
clinician research summaries and measured with the aberrant motor be-
havior scale of the Neuropsychiatric Inventory (37). Simple stereotypes are
characterized by picking clothing or skin, tapping fingers or feet, rubbing hands
or legs, and nail biting. Aberrant motor behaviors seen in these patients also
include repetitive checking, repetitive grooming or personal cleanliness
(brushing teeth, hand washing, shaving), and collecting. Other repetitive ac-
tivities were less common in this group of patients (e.g., list making, compulsive
visual art, verbal stereotypies, pacing, superstitious fears and rituals, cleaning,
ordering or arranging, repetitive purchases, or preoccupation with narrow
habits or interests).
Voxel-based morphometry analyses. A review of the University of California, San
Francisco Memory and Aging Center database identified 20 symptomatic
GRN carriers who had a structural MRI scan. The clinical diagnosis was FTD in
12 of the carriers, cortico-basal syndrome in 2, primary progressive aphasia in
3, and Alzheimer’s disease in 3. Thirteen GRN carriers and 30 controls
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• PET study investigating 
inflammation in adults 
with OCD compared to 
healthy controls

• Significantly higher levels 
of TSPO binding in adult 
OCD patients in the 
orbital frontal cortex, 
basal ganglia, thalamus

Attwells et al., JAMA Psych, 2017

ARE MICROGLIA ABNORMAL IN HUMANS WITH 
OCD?



• PET study using TSPO in children 
with PANDAS and healthy adult 
controls

• Significantly higher TSPO binding 
in the caudate in PANDAS 
subjects compared to controls

• Caudate TSPO binding decreased 
in one subject treated with 
intravenous immunoglobulin 
(IVIG)

ARE MICROGLIA ABNORMAL IN HUMANS WITH 
PANDAS?

Kumar, Williams, and Chugani, J Child Neurology, 2014



PANDAS TREATMENT

• Immunomodulatory treatments 
•Hypothesis: If PANDAS is an autoimmune disorder, can 
the psychiatric symptoms of PANDAS be treated 
through immunomodulatory therapies?

• Intravenous Immunoglobulin (IVIG)
•Plasma Exchange Therapy (PEX)



IVIG TRIAL IN PANDAS

• 36 children who met PANDAS criteria, <1 year of illness

• Screened from >1100 referrals

• 18 Received Saline

• 17 Received IVIG (2gm/kg), blinded (1 child withdrew)

• Assessed for OCD severity at baseline and 6 weeks following infusion

• Following the 6 week time-point, those subjects who did not achieve a 30% 
reduction in OCD severity were offered an open label IVIG infusion

• OCD severity assessed 6 weeks following open-label infusion
Williams, et al., JAACAP, 2016



• No significant observed effect of IVIG vs placebo in the blinded phase

• 10% Mean decrease in OCD severity for placebo group

• 23% Mean decrease in OCD severity for IVIG group 



AUTOREACTIVE ANTIBODIES IN PANDAS?

• When serum from PANDAS patients is infused into mouse brain, binding to 
Cholinergic Acetyl-Transferase Neurons (ChAT) is observed

Frick, Williams, Pittenger, in review



AUTOREACTIVE ANTIBODIES IN PANDAS?

Frick, Williams, Pittenger, in review
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AUTOREACTIVE ANTIBODIES IN PANDAS?

Frick, Williams, Pittenger, in review
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INFLAMMATORY CHANGES IN 
TOURETTE SYNDROME

• Post-mortem analyses of 
brains from patients with TS 
show decreased ChAT
neuronal number compared 
to controls in the basal 
ganglia (Kataoka et al, 2009) 

• Post-mortem transcriptome 
analyses show greatly 
increased expression of 
microglia-related genes in TS

• Ablation of ChAT neurons in 
mice produces tic behaviors 
(Xu et al., 2015)

Kataoka et al., 2009

neurological disorders, cell-to-cell signaling/interaction, and
tissue morphology (Table S7c). However, intersection of the
DEGs from the caudate, putamen, and combined analysis (see
Venn Diagram in Figure S3 in Supplement 1) revealed that
analyzing the caudate and putamen in isolation, as compared
with the overall combined analysis, identifies, respectively,
only 18 and 27 DEGs (Figure S3 in Supplement 1), suggesting
that the combined analysis captures most of the individual
region DEGs and, as expected, produces about 600 to 700
more DEGs as a consequence of the increased power, thus
allowing more discovery. In conclusion, while the difference in
DEGs between caudate and putamen may be a true biological
signature, we cannot rule out the possibility of a statistical

artifact due to lower number of samples. We therefore focus
on the combined dataset throughout the rest of this article.

Co-expression Network Analysis

Preliminary analyses suggested that the level of gene expres-
sion for CHAT was strongly correlated with that of other
cholinergic genes (Pearson’s mean r 5 .71), as well as with
GABAergic genes (Pearson’s mean r 5 .74), including GAD1,
several GABA receptor subunits, NOS1, NPY, and SST, across
all TS subject and control subjects. In contrast, the correlation
between CHAT and immune system-related transcripts dis-
played a poor correlation coefficient (Pearson’s mean r 5 .16)
(Figure S4 in Supplement 1).

Figure 2. Differential nitric oxide synthase 1 (NOS1) cell density, elevated protein tyrosine phosphatase, receptor type, C (CD45/PTPRC) cell density, and
microglial activation in Tourette syndrome (TS) patients. (A–C) Immunostaining for NOS1 cells in the caudate of representative normal control (NC) (A) and TS
cases (B). Scale bars 5 100 mm. (C) Stereological estimates of NOS11 cell density (cells per mm3) in the caudate and putamen of normal control (n 5 7) and
TS (n 5 7) cases. (D–F) Immunostaining for CD45/PTPRC1 cells in the caudate of representative normal control (D) and Tourette syndrome cases (E). Scale
bars 5 100 mm. (F) Stereological estimates of PTPRC1 cell density (cells per mm3) in the caudate of control (n 5 10) and TS (n 5 8) cases. (G–I)
Immunostaining for ionized calcium-binding adapter molecule 1 (IBA1) cells in caudate of representative normal control (G) and Tourette syndrome cases (H).
Scale bars 5 100 mm. (I) IBA1 cell body size (mm2) and dendrite length (mm) in the caudate in control (n 5 7) and TS (n 5 5) cases. *p , .05, **p , .01 one-
tailed Student t test. Cd, caudate; Pt, putamen.
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• Pediatric OCD 
patients display 
significantly lower IgA 
levels than children 
with ASD, anxiety 
disorders

• Higher rate of IgA 
deficiency in Pediatric 
OCD compared to 
children with ASD, 
anxiety disorders, 
Adult OCD

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Adjusted mean IgA values in a matched pediatric sample of OCD and additional clinical populations   
*p<0.05, **p<0.01. 
 

Williams et al., in review

SEROLOGICAL MARKERS OF IMMUNE DYSREGULATION IN 
OCD



• Intriguing clinical and pre-clinical evidence to suggest 
that immune dysfunction may play an etiological role 
in OCD, Tourette syndrome
•Autoimmune antibodies
•Microglial dysfunction

• Significant challenge is detecting neuronal 
inflammation through non-invasive, repeatable means

SUMMARY
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