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Material and Methods
Mice

C57BL/6J (B6) and BTBR T+ tf/J (BTBR) mice testdd\HMH were the offspring of breeding
pairs purchased from The Jackson Laboratory (JARJl mice were housed and bred in a
conventional mouse vivarium at the National Inséitef Mental Health (NIMH), Bethesda,
Maryland, USA, using harem breeding trios. Aftarotweeks with a male, females were
separated into individual cages (Tecniplast) bettvery. Pups were kept with the dam until
weaning at postnatal day 21. After weaning, jusanivere group housed by sex and strain in
standard plastic cages in groups not exceeding faurcage. Cages were maintained in
ventilated racks in temperature (20°C) and humi¢ty5%) controlled colony rooms, on a 12
hour circadian cycle, lights on from 0700 to 19003tandard rodent chow and tap water were
availablead libitum. In addition to standard bedding, a Nestlet sgusihredded brown paper

and a cardboard tube were provided in each cage.

Male B6, BTBR, and C58/J mice tested at Pfizer wenehased from JAX and delivered to the
Pfizer vivarium at age 7-8 weeks. Mice were alldwe&o weeks to acclimate to the vivarium
prior to behavioral testing, and were not testex$ ldhan three days after the last cage change.
Mice werehoused 4 per cage in ventilated caging racks ierssronmentally controlled facility
with food and water availablkd libitum. They weremaintained on a 12 h light/dark cycle with
lights on from 0600 to 1800 hours. Light levels swad approximately 400-500 lux during the
light phase. Background noise measured approxignééeb5 dB.

EXx vivo receptor binding

Male BTBR (n = 3), B6 (n=5) and C58 mice (n=3) weiy 18-22 g were injected systemically
with GRN-529 (0.03, 0.1, 0.3, 1.0 or 3.0 mg/kg)vehicle. The animals were sacrificed thirty
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minutes after administration and the brains wemnibected. One hemisphere was frozen for
measurement of GRN-529 concentration as descrileowb Forebrains were immediately
dissected, weighed, and homogenized in 40 volurhessay buffer (50 mM Tris, 0.9% NacCl,
pH 7.5). Binding of H]-MPEPy was determined using 1 nM radioligand amwah-specific
binding was defined with 1M MPEP. Incubations were initiated by the additmitissue
homogenate (1.25 mg wet weight/well) and proceeale®T for 1 hour. The reaction was
terminated by rapid vacuum filtration using iceec®0 mM Tris (pH 7.5) through pre-soaked
(0.5% polyethyleneimine) GF/B filters. Radioadiyviwas measured using a TriCarb liquid

scintillation counter.
Pharmacokinetics of GRN-529 in mouse plasma and brain

Approximately 1-2 ml of whole blood was collectecbrh cardiac puncture into EDTA-
containing tubes. Within an hour after collectiplgsma was separated by spinning the samples
at ~3000 rpm for 10 minutes at 4°C. Approximately50ml| of plasma was collected into 96-
well plates. Hemisections of brains were rinsethsaline, blotted dry, weighed and placed into
preweighed 20 ml plastic scintillation vials in .icd’lasma and brain samples were stored at
approximately -80°C until analysis. Tissue concamins of GRN-529vere measured using
liquid chromatography/mass spectrometry. To detieet372.1 atomic mass unit fragment of
GRN-529 formed from the parent ion at 392.0 atomass units, the declustering potential of
the Sciex API 4000 mass spectrometer was set %, Qe collision energy was set to 71 eV,

and the collision cell exit potential was set .9
Experimental Design for Behavioral Assays

Testing was conducted in dedicated behavioralngstooms during the standard light phase,
usually between 1000 and 1500 hr. Treatment gr@opsisted of 9-15 mice per drug dose or
vehicle per strain at NIMH and 9-25 mice per dregeland strain at Pfizer. Previous studies in
our NIMH laboratory documented no sex differenceaciability or self-grooming in BTBR or

B6 [64, 72, 82]. Therefore, male and female mi@emsed in all studies in approximately

equal proportions at NIMH. Only males were emptbg¢ Pfizer. We used a between-subjects



design with a one week washout period, such thelt @@ouse received a single acute dose of
MPEP, MTEP, GRN-529, or vehicle, and was tested single behavioral task, one task per
week. Drug doses, toe tattoo patterns, and digitiglotapes were coded to ensure that the raters
were blind to the treatment condition. All procezkiwere conducted in strict compliance with
the NIH Guidelines for the Care and Use of Labasatdnimals and approved by the Animal

Care and Use Committees of the National Instititdental Health and Pfizer, Inc.
Drugs

In vivo receptor occupancy, plasma and brain pheokiaetic data and/or pilot behavioral
assays in B6, BTBR and C58 mice determined thesdasd post-treatment interval for GRN-
529, a novel and selective mGIuUR5 negative allastenodulator developed by Pfizer's
Chemical Screening Sciences group and charactdizétlighes et al [97]. Doses of MPEP and
MTEP were based on previous publications [72, @@mpounds were administered acutely by
intraperitoneal (i.p.) injection in a volume of Ml/kg. MPEP 10.0 mg/kg, and MTEP 0.3
mg/kg, 0.6 mg/kg, 1.0 mg/kg and 3.0 mg/kg (Sigmdrih), were dissolved in saline (0.9%
NaCl). GRN-529 0.3, 1.0 mg/kg and 3.0 mg/kg (Rfizeroton, CT) was dissolved in 10%
Tween-80 and saline (0.9% NaCl) [97]. Vehicle, MPBPTEP or GRN-529 was injected 30
minutes before the start of behavioral test sessimm each of the self-grooming, social

approach, and open field behavioral tasks.
Self-grooming assay

Mice were scored for spontaneous repetitive sabging behavior at NIMH as previously
described [22]. Each mouse was placed individuatly a standard mouse cage, (46 cm length x
23.5 cm wide x 20 cm high). Cages were empty, limigate digging in the bedding, a
potentially competing behavior. The room was ilinated at ~40 lux. A front mounted CCTV
camera (Security Cameras Direct) was placed apmpately 1 meter from the cages to record
the sessions. After a 10-minute habituation pemothe test cage, each mouse was scored with
a stopwatch for 10 minutes for cumulative time $pgnooming all body regions. A trained
observer uninformed of the drug treatment scored wideos. Cumulative time spent self-



grooming was scored from the videos using a highHacy Traceable stopwatch (Thomas

Scientific) with the auditory component silenced.

Repetitive behavior assays at Pfizer were conduate@ testing room with temperature,
humidity, lighting (400-500 lux) and background smiconditions (60-65dB) similar to the
housing room. Following the drug pretreatmentquireach mouse was placed individually into
an observation cage for a 10-minute habituatiorogeand a subsequent 10-minute observation
period. The observation cages were empty stanaawse shoebox housing chambers (19.1 x
29.8 x 12.7 cm) with no bedding and a flat filteptlid. Two mice were scored simultaneously
(one BTBR and one B6) by a trained observer bliodhte dosing conditions. Cumulative
grooming time was recorded using stopwatches (#ith auditory device silenced) for a 10
minute period. A clean observation cage was use@dch individual mouse. Mice were not

returned to their home cages until all the micéimita cage had completed behavioral testing.
Stereotyped Jumping

Observations of stereotyped jumping behavior in @68 were conducted at Pfizer during the
light cycle (0800 to 1600 hrs) in a testing roonthaidentical lighting conditions as the housing
room (~ 400 lux). Following pretreatment of GRN-5@® min, i.p.), mice were placed into
individual Accuscan activity chambers (see opetdfraethods below). The number of jumps
was quantified for a period of 10 minutes by aneai observer blind to the dosing conditions.
General exploratory activity in the open field wasnitored simultaneously throughout a 30
minute period. Total distance, vertical activignd center time were automatically collected
using the Versamax activity monitor and analyzdtware system. Test chambers were cleaned
with 70% ethanol between test subjects. At le@sinihutes between cleaning and the start of

the next session was allowed for ethanol evaporata odor dissipation.

Sociability assay



Social approach was tested at NIMH in an automttese-chambered apparatus from a design
originally developed by our group [86], using upathimethods [22, 32, 62, 64, 72-74, 82, 87,
89]. The apparatus was a rectangular, three-chauldsox made from clear polycarbonate.
Retractable doorways within the two dividing waliiowed access to the side chambers.
Number of entries and time spent in the chambers watomatically recorded from photocells
embedded in the doorways. A top mounted CCTV car(tgecurity Cameras Direct) was placed
over the boxes to record the session, for subséggenng of the videos for time spent sniffing
the novel mouse and novel object. The apparatiss chaned with 70% ethanol and water
between subjects. At least five minutes elapsedidmt cleaning and the start of the next test
session, to allow for ethanol evaporation and eleee of ethanol vapor odors. To increase
throughput, four mice were run simultaneously, aurf adjacent social approach chambers.
External solid panels between chambers prevengednrission of visual cues and minimized
transmission of olfactory and auditory cues (padelsigned and installed by the NIMH/NINDS
Section on Instrumentation). Computer controlleddhare and software were developed by
George Dold (NIMH/NINDS Section on Instrumentationsing LabVIEW (National
Instruments). Mice used as the novel stimulusetaeg NIMH were 129Sv/ImJ, aged 12-20
weeks old, bred and maintained in the NIMH vivaritnom breeding pairs originally obtained
from JAX, and matched to the subject mice by sekage. At Pfizer, novel stimulus mice were
DBA/2J, chosen as stimulus mice for social appraasting because of their low aggression
(our unpublished finding). Several days before shaat of experiments, stimulus mice were
habituated to the apparatus and to the wire cuposme for 30 minutes per day during 2
habituation sessions per day for 2 days. The stlpuse was allowed to acclimate to the
apparatus for 20 minutes before the sociability, st for 10 minutes in the central chamber
with the doors closed, followed by 10 minutes ie émtire empty arena with the doors open. The
subject was then briefly confined to the centemuber while a novel object (an inverted wire
pencil cup, Galaxy Cup, Kitchen Plus) was placedime of the side chambers and a novel
mouse was placed inside an identical inverted wing in the other side chamber. The location
(left or right) of the novel object and strangeruse alternated across subjects.  Novel mice
were enclosed in a wire cup to ensure that allad@g@proach was initiated by the subject, and to

avoid complications of fighting and sexual actiyityhile allowing visual, olfactory, auditory,
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and partial tactile contact through the widely smhavire bars. A plastic cup (Solo Cup
Company) with a lead weight was placed on the tofhe inverted wire cups, to prevent the
subject mouse from climbing and sitting on top loé inverted wire cup. Time spent in each
chamber and number of entries into each chambeg wadculated by the automated software,
based on the movements of the subject mouse iresggllly breaking and unbreaking a series of
photocell beams embedded in the openings betwesnlmdrs [87]. Number of entries served as
a within-task control for levels of general explorg locomotion. Lack of innate side
preference was confirmed in previous experimentd daoring the initial 10 minutes of
habituation to the entire arena. After both stimwlere positioned, the doors were
simultaneously re-opened and the subject was atlomecess to all three chambers for 10
minutes. No innate side preference was found inoB8TBR during the task, as shown by
similar amounts of time in the left and right sideambers during the 10 minute habituation
session, before the start of social testing. Aseoler blind to the drug treatments scored the
videos with a stopwatch for cumulative time in whithe subject mouse sniffed the target
mouse. At the end of each testing day, test chesnlere thoroughly cleansed with Alconox
detergent diluted with warm water, followed by ei@e rinsing with hot water and air drying.

Adult Reciprocal Dyadic Social | nteraction

Freely moving reciprocal social interaction teser@vconducted between pairs of mice at 8 and
16 weeks of age. Investigative and soliciting soitigeraction parameters were assessed in B6
and BTBR subject mice. 129/SvimJ mice, bred at NIfém breeders purchased from JAX,
were employed as the stimulus partners, to evalinaebility of adult B6 and BTBR subject
mice to initiate social behavior in response toiaocues from a uniform stimulus mouse.
Subjects and partners were of the same sex, amdusad only once. The reciprocal interaction
test was conducted in the Noldus PhenoTyper 30@thbker (25 cm x 25cm x 35 cm, Noldus) as
previously described [62, 64, 82, 89, 91]. The iflobthe arena was covered with a 0.5 cm layer
of clean bedding. Subjects and stimulus partnere welividually housed in a clean cage for an
hour before the test. After this brief isolatiorripd, two age- and sex-matched non-littermates
were simultaneously placed in the arena and thésractions were videotaped for 10 minutes.
The arena was cleaned with 70% ethanol betweerstbgcts. At least five minutes between
6



cleaning and the start of the next session waswvatlofor ethanol evaporation and odor

dissipation. Social interaction parameters wergestdy well-trained observers, using Noldus
Observer 8.0XT software, as previously describe?] @, 82, 91, 100]. Parameters of social
behaviors included nose to nose sniff (sniffing tlese and snout region of the partner), front
approach (moving towards the partner from a digaimca head-on manner), push-crawl (push =
pushing the head underneath the partner’'s bodyasdueezing between the wall/floor and the
partner; crawl = crawling over or under the pargeody), follow (walking straight behind the

partner, keeping pace with the one ahead), toted 8pent in social contact (includes both direct
active and indirect passive physical contact). seheon-aggressive behaviors are evident in
mice across post-weaning ages and in both sexdsngnidnem suitable parameters for studying
social traits that are not sex-dependent or ageHspg91, 101]. In addition to social behaviors,

bouts of self-grooming and digging in the beddihgttlined the floor of the arena (using nose
and front paws to push bedding around the arenal weored as measures of repetitive
behaviors. In addition to social and repetitivldaors, arena exploration (time spent exploring
the arena, excluding all time spent interactinggaging in repetitive behavior, and remaining
still) and bouts of rearing (vertical upright pagtltagainst the wall or within the arena) were
scored as measures of exploratory behavior. Agyesttacks and allogrooming were rarely
observed in these experiments and were not includsthtistical analysis. All behaviors were

analyzed for either frequency of occurrence or datiwe duration.

Open field locomotion

The open field test was conducted as an indeperubatitol for direct drug effects on physical
activity that could confound the interpretation results from the self-grooming and social
approach tasks. General exploratory locomotioa novel open field environment was assayed
as previously described [22, 32, 64, 72, 89, 98{lividual mice were placed in a standard
Accuscan open field (AccuScan Instruments) at bBolliH and Pfizer. lllumination in the
testing room measured ~ 30 lux at NIMH and ~ 400du¥fizer. Test chambers consisted of
clear Plexiglas sides and floor, approximately 4Dx 30.5 cm. Mice were placed in the center
of the open field at the initiation of the testisgssion. Photocells at standard heights for
recording activity were aligned 8 to a side, dimglithe chamber into 64 equal squares. Total
7



distance, vertical activity, and center time wergoenatically collected using the Versamax

activity monitor and analyzer software system. tTd®mmbers were cleaned with 70% ethanol
between test subjects. At least five minutes betwaeaning and the start of the next session
was allowed for ethanol evaporation and odor detgp.

Statistical analysis

Self-grooming and repetitive jumping were analyzisthg a within strain One-Way ANOVA
followed by a Tukey-Kramer highly significant difent (HSD) posthoc test, using StatView
statistical software (Citewise). Social approactsvanalyzed using a within groups Repeated
Measures Analysis of Variance (ANOVA), using St&Wisoftware, to compare time spent in
the side chambers in the sociability test, for edaly dose group and for the vehicle group,
within each strain. Since times spent in eachhefthree chambers added to 10 minutes, and
therefore were not independent, the test condiaator compared time spent only in the right
versus left chambers. Center chamber times arershowhe graphs for illustrative purposes.
Time spent sniffing the novel object versus theatanouse was similarly analyzed for each
dose within each strain. For entries during sampdroach, a between groups within strain drug
by entries Repeated Measures ANOVA was performieccases where the overall ANOVA for
entries was significant, the treatment factor factestrain was further analyzed with a Tukey’s
posthoc test to compare each drug dose group ielfitle control group. Drug effects in the
freely moving dyadic reciprocal social interactitask were compared between GRN-529 3.0
mg/kg and vehicle by Student’s unpaired t-testefach strain, using Statview statistical software
(Citewise). Open field locomotion was analyzedhwat between groups within strain drug by
total distance, center time or vertical activitypeated Measures ANOVA, followed by Tukey’s
post hoc analysis, using SigmaPlot version 11.Gt8ync.). At Pfizer, all data analyses were

performed similarly, except that Prism GraphPads\er 5.01 software was used.

Resultswith full statistical analyses

Pharmacokinetics and ex vivo receptor binding
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Displayed in Fig. 1 ar€A) the chemical structure and mGIuR5 binding prtpe of GRN-529

as reported by Hughes et al. [97] ; (B-D) the foissma and brain concentrations thirty minutes
after systemic administration in BTBR T+tf/J (BTBR)57BL/6J (B6) and C58/J (C58) mice;
(E) plasma and brain exposure levels over the 2shfmliowing systemic administration in B6
mice; (F) mGIuR5 receptor occupancy levels thirtinutes after systemic administration of
GRN-529 in BTBR, B6 and C58 mice; (G) the relasioip of free, unbound brain levels of
GRN-529 and mGIuR5 occupancy. A thirty-minute pratment time was chosen for the single
time-point dose-response exposure and mGIuR5 oocypaxperiments because the temporal
profile of plasma and brain exposure observed inid& revealed a peak in both compartments

at thirty minutes.

The single time-point dose-response exposure antuR85occupancy experiments revealed
dose-dependent increases in exposure and occupa®lBR, B6 and C58 mice. Plasma and
brain exposure levels achieved at any given dose wsinilar in B6 and C58 mouse strains,
whereas exposure levels in BTBR mice were appraeiyp@-fold higher than in B6 or C58
mice. Higher exposure in BTBR mice may accounttfor leftward shift in the relationship
between systemic dose of GRN-529 and mGIuR5 ocayparBTBR mice, as illustrated in Fig.
1F. However, further analysis of the exposure/paeogy relationship across strains revealed
that the relationship between free, unbound braels of GRN-529 and mGIuR5 occupancy is
similar across all three mouse strains. Occupavaey ~30%, 60% and 85% at free, unbound

concentrations of ~3 nM, 7 nM and 15 nM, respecyiviel each strain.
Reductionsin Repetitive Behaviors

Repetitive behavior experiments shown in Fig. 2dfam\,B and Fig. S1 Panels A-F were
conducted at NIMH. Experiments shown in Fig. 2 éarC,D,E were conducted at Pfizer in
Groton, CT. GRN-529 had no effect on the low ggtioming scores in C57BL/6J (B6) control

mice (Panel A: k 36 = 2.20, p > 0.05). GRN-529 reduced the high repetitive self-grooming

scores that characterize BTBR T+tf/J (BTBR) mican@ B: k5 36 = 3.60, p < 0.05, significant

at doses of 1.0 mg/kg (p < 0.05) and 3.0 mg/kg (00%) as compared to vehicle treatment. In a
second independent cohort of B6 and BTBR mice deateNIMH, GRN-529 again had no
9



significant effect on self-grooming in B6 (Fig. $hnel E: k 43= 2.47, p > 0.05), and again

reduced repetitive self-grooming scores in BTBRy(F$1 Panel F: £ 5, = 3.95, p < 0.05),

significant at the highest dose, 3.0 mg/kg (p <5p.@s compared to vehicle. In a third
independent cohort of B6 and BTBR mice tested eteRfGRN-529 significantly reduced self-

grooming in B6 (Fig. 2 Panel C:3F; = 5.87, p < 0.05), which was high in this colorslative

to the NIMH colony. Higher self-grooming in B6 meiat Pfizer is likely due to differences
between the vivarium conditions at Pfizer and NIMidd to mice bred, reared and shipped from

an external vendor to Pfizer versus internally kaed reared at NIMH. GRN-529 again reduced

repetitive self-grooming scores in the third cohmfrBTBR tested at Pfizer (Fig. 2 Panel B3,

95 = 4.69, p < 0.05), significant at 1.0 mg/kg (p.8%) and 3.0 mg/kg (p < 0.05), as compared to

vehicle.

MTEP, a standard mGIuR5 antagonist tested at NIMithgu identical methods, showed an
overall effect in B6 mice on self-grooming (Fig. Banel C: R 47=4.27, p < 0.05), but did not
produce a significant effect at any one dose of MTMersus saline vehicle (p > 0.05). MTEP
significantly reduced repetitive self-grooming imMBR (Fig. S1 Panel D: fs5,= 4.87, p <
0.05), at 0.6 mg/kg and 1.0 mg/kg as comparedlioeseehicle (p < 0.05). The highest dose of
MTEP, 3.0 mg/kg, did not reduce self-grooming inBB. Replicating our previous report [72],
10 mg/kg of the prototypic mGIluR5 antagonist MPEgnificantly reduced repetitive self-

grooming scores in BTBR (Fig. S1 Panel B; 4; = -2.56, p < 0.02). MPEP had no significant
effects on self-grooming in a separate cohort ohBée at NIMH (Fig. S1 Panel Aj tjg= 0.13,
p > 0.05), replicating previously published res{ii].

Repetitive behaviors, self-grooming and diggingpred during the freely moving dyadic
reciprocal interaction behavioral task, illustratedFig. 4 Panels E,F,G,H were conducted at
NIMH. GRN-529, 3.0 mg/kg, had no effect on thes Iself-grooming scores in B6 control mice
(Fig. 4 Panel E:1tis= -0.98, p > 0.05). GRN-529, 3.0 mg/kg, reducesl ilgh repetitive self-
grooming scores in BTBR mice during a 10 minutesgesof freely moving reciprocal social

interaction in the Noldus PhenoTyper open aren&r@mwment (Fig. 4 Panel Fi 1= -2.09, p <
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0.05). Repetitive digging of bedding in the Pheyydr arena was low in B6 treated with vehicle
or GRN-529, 3.0 mg/kg (Fig. 4 Panel G34= -0.24, p > 0.05). GRN-529, 3.0 mg/kg, also
reduced the high repetitive digging scores in BTiBRe (Fig. 4 Panel Hi o= -2.84, p < 0.01)
in the PhenoTyper arena.

Rescue of sociability deficits

Sociability scores illustrated in Fig. 3 represerperiments conducted in the first cohort of B6
and BTBR mice tested at NIMH. Time spent sniffthg novel mouse versus time spent sniffing
the novel object reflects a parameter that corraesrchamber time assessments, and is often a
more sensitive read-out of intervention respon$¥s PO]. B6 displayed more time spent
sniffing the novel mouse than time spent sniffing hovel object after vehicle treatment and
doses of GRN-529 (vehicle: 1y = 21.52, p < 0.05; 0.3 mg/kg: 9= 19.22, p < 0.05; 1.0
mg/kg: R ¢9=101.1, p < 0.05; 3.0 mg/kg:1 b= 27.04, p < 0.05). BTBR treated with vehicle
did not show significant sociability on time speamiffing (F, 7= 5.48, p > 0.05), as expected.
GRN-529 restored sociability in BTBR on the sniffiparameter at each dose tested (0.3 mg/kg:
F1,9=7.87, p <0.05; 1.0 mg/kg:1 g = 24.45, p < 0.05; 3.0 mg/kg:1 = 37.87, p < 0.05).

On the chamber time parameter, B6 displayed sigmifi overall sociability at all doses of GRN-
529 and vehicle (3= 36.11, p < 0.001). All B6 groups treated withicle or GRN-529
exhibited significantly greater time spent in theamber with the novel mouse than in the
chamber with the novel object (vehicle:;; = 8.21, p < 0.05; GRN-529 0.3 mg/kg:1 b=
11.25, p < 0.05; GRN-529 1.0 mg/kga, &= 77.84, p < 0.05 and GRN-529 3.0 mg/kgi =
5.57, p < 0.05). BTBR failed to display socialyildn the chamber time parameter after vehicle
treatment (vehicle: 9= 0.004, p > 0.05), consistent with previous firgli [62, 64, 72, 74, 78,
82]. GRN-529 had a significant overall effect arciability in BTBR on the chamber time
parameter (§ 3= 10.6, p < 0.05). Time in the chamber with tloeel mouse was not different
from time in the chamber with the novel object BIrBR treated with vehicle (E 9= 0.004, p >

0.05), or with low doses of GRN-529 (0.3 mg/kgi = 3.50, p > 0.05, 1.0 mg/kg:1 = 1.84,
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p > 0.05). At the high dose, 3.0 mg/kg, GRN-52&reed the lack of sociability in BTBR (R
=7.84, p <0.05).

Number of entries into the side chambers is arrnatecontrol measure for general exploratory
activity during the social approach task, builtoirthe automated social approach software.
GRN-529 increased exploratory locomotion overaltiry the social approach test session in

both B6 (F, 36 = 6.70, p < 0.05) and BTBR 4F3s = 9.85, p < 0.05). Tukey's posthoc

comparisons revealed that higher numbers of erfisielsoth strains were significant only at the
highest dose, 3.0 mg/kg, compared to vehicle (p04)0

A second cohort tested at NIMH yielded similar tessyFig. S2). B6 displayed normal
sociability on time spent sniffing (vehicle:; p=15.99, p < 0.05; GRN-529 0.3 mg/kgi, [1=
53.8, p < 0.05; GRN-529 1.0 mg/kg:1 1 = 62.69, p < 0.05; GRN-529 3.0 mg/kg;, 3=
30.79, p < 0.05). For BTBR, absence of sociabditythe sniffing parameter was again reversed
by GRN-529 (vehicle: £ 13=1.07, p > 0.05; GRN-529 0.3 mg/kg:1 k4= 17.75, p < 0.05;
GRN-529 1.0 mg/kg: £ 14= 31.45, p < 0.05; GRN-529 3.0 mg/kgs = 30.28, p < 0.05).
Sociability in B6 was significant for chamber tiratter treatment with vehicle and all doses of
GRN-529 (vehicle: F 10=14.8, p < 0.05; GRN-529 0.3 mg/kgs, ;= 9.35, p < 0.05; GRN-
529 1.0 mg/kg: E 10= 7.04, p < 0.05; GRN-529 3.0 mg/kg; 3= 37.5, p < 0.05). BTBR
displayed lack of sociability on chamber time afteatment with vehicle and all doses of GRN-
529 (vehicle: E 12=0.01, p > 0.05; GRN-529 0.3 mg/kga, z= 0.0001, p > 0.05; GRN-529
1.0 mg/kg: fr14=0.23, p > 0.05; GRN-529 3.0 mg/kgz fz=1.70, p > 0.05).

Cohort 2 tested at NIMH again showed an elevationumber of entries into the side chambers

at the highest doses of GRN-529, indicating tha tlhug treatment increased exploratory
locomotion during social approach in B& (4= 9.1, p < 0.05) and BTBR §Fs3= 12.62, p <
0.05), significant at the 1.0mg/kg (p < 0.01) anel 8.0 mg/kg (p < 0.01) doses for both strains.
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Adult reciprocal social interaction behavioral pasders between freely moving dyads using B6
and BTBR subjects paired with a 129Sv/ImJ stimyadners are illustrated in Fig. 4 A,B,C,D
and Fig. S3 A,B,C,.D,E,F. Control B6 mice treateith vehicle displayed significant higher
levels of the nose to nose sniffing = 3.06, p < 0.01) and more time spent in sociakaxn
parameters {hg= 3.73, p < 0.005) than BTBR treated with vehiadensistent with earlier
findings [60, 64, 82, 91]. B6 mice treated with 29, 3.0 mg/kg, were not different than B6
mice treated with vehicle on nose to nose sniffifig. 4 Panel A: ;6= -0.036, p > 0.05) and
time in social contact (Fig. 4 Panel €id=-0.278, p > 0.05) during the dyadic interactiaskt
BTBR mice treated with GRN-529, 3.0 mg/kg, exhibitecreases in bouts of nose to nose
sniffing (Fig. 4 Panel B:1bo= 2.18, p < 0.05) and time in social contact (Bid?anel D: t19=
2.35, p < 0.02) compared to BTBR mice treated wéhicle during the dyadic interaction task.
While GRN-529 improved social interaction on thés® sensitive parameters, not all social
measures were affected, consistent with previoudiest of multi-parameter behavioral assays
[78, 91, 102-103]. B6 mice administered GRN-529, 13g/kg, had no significant effect on the
sociability parameters front approach (Fig. S3 P#&nd; 1= 0.43, p > 0.05), follow (Fig. S3
Panel C: {16=1.1, p > 0.05) and push-crawl (Fig. S3 Panelg= 1.40, p > 0.05) compared to
vehicle treated B6 mice. BTBR mice administeredN=629, 3.0 mg/kg, exhibited a trend
toward significance on the sociability parametesuject initiated front approach (Fig. S3 Panel
B: t118= 1.43, p = 0.1) compared to vehicle treated BTEFHRN-529, 3.0 mg/kg, had no
significant effect on the sociability parameterdw (Fig. S3 Panel D:;1o= 0.68, p > 0.05) or
push-crawl (Fig. S3 Panel kb= 1.00, p > 0.05).

Absence of Sedation after GRN-529 Treatment

Accuscan open field locomotor activity in Cohort(NIMH, Fig. 5) detected a statistically
significant difference for strain (F2= 28.9, p < 0.0001) and drug conditiory (f= 18.63, p <
0.05). Total distance in 5 minute time bins over B0 minute session was highly significant,
confirming normal habituation to the novel operdimm both B6 (5 350= 90.2, p < 0.0001) and
BTBR (Fs 245= 56.8, p < 0.0001). GRN-529 increased totaladise traversed in B6 {F36 =
7.56, p < 0.05), significant at the 3.0 mg/kg d@se 6.36, p < 0.01). Center times(gs = 0.86,
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p > 0.05) and vertical activity gFss= 1.39, p > 0.05) were not altered by treatmerth @RN-
529 in B6. In BTBR, GRN-529 increased total diseutraversed ¢ 37 = 11.78, p < 0.05),
significant at doses 1.0 mg/kg (q = 4.40, p < 0&1d 3.0 mg/kg (q = 7.96, p < 0.01) compared
to vehicle). Center time §F37 = 0.75, p > 0.05) and vertical activityz(7= 1.58, p > 0.05)
were not altered by treatment with GRN-529 in BTBR.

Accuscan open field locomotor activity in Cohor{NIMH, Fig. S4), again showed that GRN-
529 increased total distance traversed in B$ {F= 7.80, p < 0.001), significant at the 1.0
mg/kg dose (q = 4.22, p < 0.05) and the 3.0 mgdsedq = 6.72, p < 0.001). Center time @t

= 1.03, p > 0.05) and vertical activityzz; = 2.58, p > 0.05) again were not altered by GRN-
529 in B6. In BTBR, GRN-529 again increased talistance traversed {Fs3 = 23.36, p <
0.001), significant at each dose tested (GRN-529nflg/kg, q = 4.98, p < 0.01; GRN-529 1.0
mg/kg, q = 9.45, p < 0.001; GRN-529 3.0 mg/kg, §.89, p < 0.001) compared to vehicle.
Center time (5 53= 1.42, p > 0.05) and vertical activityx(ls3= 1.75, p > 0.05) again were not
altered by GRN-529 in BTBR.

Accuscan open field locomotor activity in Cohort(Bfizer, Fig. S6), similarly showed that
GRN-529 increased total distance traversed in B&{E 106.2, p <0.0001) significant at the 1.0
mg/kg dose (p < 0.05) and 3.0 mg/kg dose (p < 0.06)B6 mice, center time was reduced at
the 0.3 mg/kg dose {F»3 = 15.45, p< 0.0001). Vertical activity was noteadd by treatment
with GRN-529 (F3, 23 = 13.63, p > 0.05). In BTBR, GRN-529 again inceh total distance
traversed (Rs, 23y= 257.0, p < 0.0001), significant at each doseete@GRN-529 0.3 mg/kg, p <
0.05; GRN-529 1.0 mg/kg, p < 0.05; GRN-529 3.0 myg/k < 0.05) compared to vehicle.
Center time (E 23 = 13.35, p < 0.002) and vertical activityz(b3 = 55.61, p < 0.0001) were
elevated at each dose of GRN-529 compared to ein@TBR.

Exploratory activity was further scored as an in&trcontrol measure for general exploratory
activity during the freely moving dyadic reciprodateraction task (Fig. S3). GRN-529, 3.0

mg/kg, had no effect on the time spent exploring dhrena overall during the social interaction
14



test session in B6 (Fig. S3 Panel Gigt= 0.01, p > 0.05) or BTBR (Fig. S3 Panel i3¢= 1.47,

p > 0.05), compared to vehicle treated mice ofsin@e strain. Bouts of rearing were unaffected
by GRN-529, 3.0 mg/kg, in B6 (Fig. S3 Paneklig= 1.66, p > 0.05) and BTBR (Fig. S3 Panel

J: 4 20=0.53, p > 0.05), compared to vehicle mice ofsame strain. During this social task,

no significant increases in activity were deteaéidr GRN-529 treatment, indicating absence of

hyperactivity at the high dose that improved remgat social interactions.
C58 mice tested at Pfizer showed a small reductiovertical activity after GRN-529, 3.0

mg/kg (Fig. S6 Panel A:3h3= 3.87, p < 0.05) and spent less time in the caftthe arena after
all three doses of GRN-529 (Fig. S6 Panel Bi3E 16.25, p < 0.001).
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Fig. S1. mGluR5 antagonists reduced repetitive self-grooming in B6 and BTBR.

Cohort 2 tested at NIMH: (A) The prototypic mGluBRBtagonist MPEP had no significant effect
on repetitive self-grooming in the control B6 strai(B) MPEP (10 mg/kg) significantly reduced
the high levels of repetitive self-grooming scoie8TBR (*p < 0.05), replicating our previous
findings [72]. N = 10-12 per dose for each strain, tested at NIMI&) The more selective
MGIuR5 antagonist MTEP had no effect on self-gragmin B6 (0.3 mg/kg, 0.6 mg/kg, 1.0
mg/kg or 3.0 mg/kg, i.p.). (D) MTEP significantlgduced the high levels of repetitive self-
grooming in BTBR, after treatment with 0.6 mg/kglahO mg/kg, i.p. (*p < 0.05) as compared
to saline vehicle. N =10-13 per dose for eachirstr (E) B6 mice did not display any significant
differences in the amount of time spent self-grouafter treatment with GRN-529. (F) BTBR
displayed significant reductions in repetitive sgiboming after treatment with 3.0 mg/kg of
GRN-529 (*p < 0.05) compared to vehicle. N = 10pEs dose for each strain.
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Fig. S2: GRN-529 partially ameliorated social approach deficitsin BTBR.

Cohort 2 tested at NIMH: (A) B6 displayed normatigbility on the more specific and sensitive
measure of time spent sniffing the novel mouse @etw to the novel object at each dose of
GRN-529 and vehicle. (B) BTBR treated with GRN-FP®8B mg/kg, 1.0 mg/kg and 3.0 mg/kg,
I.p.) exhibited significant sociability on the dnifme parameter at all doses. (C) B6 displayed
normal sociability, defined as spending more timehie chamber with the novel mouse than in
the chamber containing the novel object, followangingle i.p. dose of vehicle or GRN-529. (D)
BTBR exhibited its characteristic lack of sociatyilii.e. did not spend more time in the novel
mouse chamber than in the novel object chambemrieated with vehicle and GRN-529. *p <
0.05 novel mouse versus novel object in A-D. (E)aB@ (F) BTBR displayed a greater number

of entries into the side chambers after GRN-528tmnent at doses of 1.0 mg/kg and 3.0 mg/kg,
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I.p., indicating a general increase in exploratacyivity during the social approach task at the
higher doses tested. *p <0.05 compared to vehiclek. N = 9-15 per dose for each strain.
A) B6 Front Approach

=== B6 0.0 mg/kg N=9
20 == B6 3.0 mg/kg N=9

B)BTBR Front Approach
m— BTBR 0.0 mg/kg N=11
20 == BTBR 3.0 mg/kg N=11

Fig. S3. GRN-529 partially ameliorated reciprocal interaction social deficits in BTBR

0.0 3.0
GRN 529 mg/kg, i.p.

without sedation or hyperactivation in BTBR.
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Cohort tested at NIMH. Social interactions wersaged in the Noldus PhenoTyper 3000 arena
by a blinded observer scoring with Noldus Obse®@&XT software from recordings of a 10
minute test session. (A) The B6 control strairpldiged normal sociability, as illustrated by
initiating high levels of front approach to the B2@ImJ partner stimulus mouse, following a
single i.p. dose of vehicle or 3.0 mg/kg GRN-52@8) BTBR exhibited its characteristic low
sociability, by lower bouts of initiated front agaich to the 129Sv/ImJ partner stimulus mouse.
GRN-529, 3.0 mg/kg, in the BTBR, exhibited a trdnd not statistically significant increase in
bouts of initiated front approach compared to viehiceated BTBR mice. (C) GRN-529, 3.0
mg/kg, had no effect on the number of bouts of fitiibw parameter in B6 and (D) BTBR
compared to vehicle treated mice. (E) GRN-529, Bdlkg, had no effect on the number of
bouts of push-crawl in B6 and (F) BTBR comparedddicle treated mice. (G) GRN-529, 3.0
mg/kg, had no effect on the total time spent expipthe arena in B6 and (H) BTBR compared
to vehicle treated mice. (I) GRN-529, 3.0 mg/kgd In@ effect on number of rearing bouts in the
arena in B6 and (J) BTBR compared to vehicle tebatd = 9-11 per treatment, GRN-529 3.0

mg/kg or vehicle for each strain.
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Fig. $4: GRN-529 did not induce sedation at doses that reversed repetitive and social
deficitsin cohort 2 B6 and BTBR micetested at NIMH.

(A) B6 displayed a significant increase in totédtance traversed following GRN-529 at the
higher doses 1.0 mg/kg and 3.0 mg/kg, i.p. as coaap@® vehicle, indicating modestly increased
exploratory activity. GRN-529 administration had significant effect in B6 on time spent in
(C) the center of the arena, or (E) vertical attiviN=10-12 per dose. (B) BTBR displayed
significant increases in total distance traversgidWwing GRN-529 at each dose tested compared
to vehicle (*p < 0.05), indicating increased explory activity. GRN-529 administration had no
significant effect on (D) time spent in the cendérthe arena or (F) vertical activity in BTBR.

N=12-16 per dose. *p < 0.05 as compared to vehicle
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Fig. S5: GRN-529 did not induce sedation in cohort 3 B6 and BTBR mice at doses that

reversed repetitive behaviorsin cohort 3 at Pfizer.

(A) B6 displayed a significant increase in totadtance traversed following GRN-529 at doses
of 1.0 mg/kg and 3.0 mg/kg, i.p., as compared thicke, indicating increased exploratory
activity. (C) GRN-529 0.3 mg/kg reduced time sperthe center of the arena, but had no effect
on (E) vertical activity in B6 tested at Pfizer=%10 per dose. (B) BTBR displayed significant
increases in total distance traversed, (D) timenspethe center of the arena, and (F) vertical
activity, following GRN-529 0.3mg/kg, 1.0 mg/kg arm®l0 mg/kg, i.p., again indicating
moderately increased exploratory activity, indemsmaf testing facility. *p < 0.05 as compared

to vehicle. N=9-10 per dose.
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Fig. S6: GRN-529 did not induce sedation in C58 mice at Pfizer. (A) C58 displayed a
significant reduction in vertical activity follomgnGRN-529 at the highest dose, 3.0 mg/kg, i.p.,
as compared to vehicle, corroborating reductionsrdpetitive jumping. (B) GRN-529
administration reduced time spent in the centethefarena following GRN-529 0.3mg/kg, 1.0
mg/kg and 3.0 mg/kg. *p < 0.05 as compared tocke. N=17-18 per dose.
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