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Abstract
The development of tasks measuring behaviors specific to the three major symptom categories for
autism makes it possible to differentiate mouse models of autism spectrum disorders (ASD) in terms
of changes in these specific categories. Prior studies indicate that BTBR T+tf/J mice, the strain that
has been evaluated most extensively, show autism-relevant changes in all three symptom categories;
reciprocal social interactions; communication; and repetitive, ritualized behaviors. This report
reviews the behaviors of oxytocin receptor (Oxtr) and Mecp2308/Y wild-type (WT) and knockout (KO)
mice, in a number of tests specifically designed to provide information on behaviors that may show
functional parallels to the core symptoms of ASD. Oxtr KO mice show robust decreases in reciprocal
social interactions, and reduced levels of communication, but no changes in repetitive, ritualized
behaviors; whereas Mecp2308/Y KO mice show a slight but consistent enhancement of social behavior
and communication, and no changes in repetitive, ritualized behaviors. This data base, although
small, strongly indicates that mouse models can sort the diagnostic symptoms of autism, and suggests
that biological and physiological analyses of these strains may be capable of providing differential
information on the brain systems involved in particular symptoms of this disorder. Profiles of
behavioral changes in other mouse models of ASD should provide additional specificity in the search
for biomarkers associated with particular ASD symptoms and symptom clusters.
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1. Introduction
Autism spectrum disorders (ASD) are a group of highly prevalent and severe
neurodevelopmental conditions defined by occurrence of three main symptom clusters [1,2].
Abnormal reciprocal social interactions include low levels of social approach, and other
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impairments such as deficits in non-verbal expression (e.g. deficits in eye-to-eye gaze) and
failure to develop peer relationships [3,4]. Deficits in communication include delayed
development of speech and poor expressive language [5,6]. Stereotyped, repetitive, and
ritualized behaviors, resistance to change a learned response, obsessions, and other persistent
behavioral patterns are components of the third diagnostic indicator of ASD [7]. Although there
is considerable evidence for a strong genetic component in the etiology of ASD [8,9], this
seems to be polygenic, with hundreds of contributing loci [10,11]. A range of environmental
factors, including fetal exposure to teratogenic compounds or viral infections, also appear to
influence rates of ASD [12–14], and the predominant current view of the disorder is that
genetic/environmental interactions are implicated in its occurrence [15,16].

The primary diagnostic indices of ASD are abnormal behaviors, as no consistent biochemical
or physiological markers have yet been identified [17–19]. Therefore, suitable animal models
for ASD require a strong relationship to the types of social deficits that are considered the core
symptoms of this group of disorders, including impairments in social interactions and
deficiencies in other functional domains [20–22]. Mice are especially useful for analysis of
genetic disorders, given the many genetic resources available for this species, and the high
level of homology between the mouse and human genomes [23–25]. There are two basic
approaches in genetics for ASD mouse model research. Reverse genetic approaches involve
elucidation of the behavioral phenotypes of specific mouse strains with targeted mutations of
candidate genes for ASD (see for instance 26–29). Forward genetic approaches identify inbred
mouse strains with phenotypes relevant to ASD, and explore mechanisms responsible for these
phenotypes (see for instance 30–32). A wealth of studies using the latter approaches have
identified several inbred mouse strains displaying low levels of sociability, an impairment that
is analogous to the first diagnostic symptom of ASD [33–35]. Of particular interest is BTBR
T+tf/J (BTBR), an inbred strain that consistently displays behaviors relevant to all three core
symptom domains of ASD. Compared to the commonly used C57BL/6J (B6) strain, BTBR
mice exhibit lower reciprocal social interactions, reduced social approach and impaired
juvenile play [36–38], emit fewer ultrasonic vocalizations in several social settings [39,40],
and display higher levels of repetitive self-grooming throughout developmental stages [37,
38,41]. Normal scores on measures of general health, motor functions, and sensory abilities
[31,37] corroborate an interpretation of remarkably specific autism-relevant abnormalities in
BTBR.

Recently, much attention has been given to systematic behavioral analyses of mouse models
with targeted mutations of various candidate genes potentially implicated in ASD [42,43]. Prior
evidence suggests that the complex set of genes associated with ASD can be categorized
according to their involvement in shaping the development and function of regions and
pathways affected in such disorders [44]. Synaptic development genes implicated in ASD
include neurexins, neuroligins, shanks, reelin, integrins, cadherins and contactins [45–49].
Signaling, transcription, methylation, and neurotrophic genes are mainly represented by
methyl-CpG-binding protein 2 (MECP2), engrailed 2 (EN2), fragile X mental retardation 1
(FMR1), tuberous sclerosis 2 (TSC2), and brain-derived neurotrophic factor (BDNF) [44,50–
53]. Neurotransmission genes include oxytocin (OXTR) and vasopressin (AVPR) receptor,
serotonin transporter (5-HTT), and GABA receptor genes [54–57]. This report reviews the
behaviors of Oxtr and Mecp2308/Y wild-type (WT) and knockout (KO) mice, in comparison to
the extensively described behavioral changes of BTBR mice [58], in a number of tests
specifically designed to provide information on behaviors that may show functional parallels
to the core symptoms of ASD. These candidate genes were selected taking into account their
prior implications in ASD, neurodevelopmental diseases comorbid with ASD, or by having a
known role in the regulation of rodent social behaviors. The assays used were developed to
reveal subtle and overt distinctions in sociality, communication, and repetitive or stereotypical
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behavioral patterns, and have proven to be relevant variables for mouse models of
neurodevelopmental disorders [31,59–63].

2. General Procedures
2.1. Subjects

WT and KO mice from Oxtr and Mecp2308/Y strains were bred from a B6-backcrossed stock
obtained from Dr. Scott Young’s Laboratory (B6.129SJL-Oxtrtm1.1Wsy/J; Bethesda, MD) and
The Jackson Laboratory (B6.129S-Mecp2tm1Hzo/J; Bar Harbor, ME), respectively. Mutant
mouse genotype was determined according to PCR parameters obtained from Dr. Scott Young
and The Jackson laboratories with purified DNA collected from tail biopsy after weaning at
PND 25. Whole body Oxtr KO mice (Oxtr−/−) were generated from crosses of heterozygous
progenies with one Oxtr allele inactivated (Oxtr+/−), as previously described in [64].
Mecp2308/Y is an X-linked gene, and therefore only WT (y/+) and KO (y/−) males were obtained
and compared in behavioral testing. Stimulus mice used for social behavior tests were male
adult CD-1 mice bred in-house from stock obtained from Charles River Labs (Wilmington,
MA), and B6 mice bred from stock obtained from The Jackson Laboratory. All procedures
were conducted in accordance with protocols approved by the University of Hawaii Laboratory
Animal Service Institutional Animal Care and Use Committee.

2.2. Group size
Except as noted, each study involved WT and KO mice from Oxtr and Mecp2308/Y strains in
groups of 9 or more subjects per genotype. All subjects were male adults, with a minimum age
of 70 days.

2.3. Behavior ratings
All procedures were videotaped and later rated by experimenters who had been trained to a
minimum 90% agreement on each test to be scored. Experimenters and scorers were blind to
genotype conditions.

2.4. Behavioral test schedule
Groups of mice were subjected to a series of behavioral tests in a determined sequence: Visible
Burrow System, Three-chambered Social Approach Test, Self-Grooming, Social Proximity,
Repetitive Novel Object Contact Task, and Urinary Scent Marking. Interval between tests was
of 24 h, except for the Scent Marking analysis for which mice were individually housed for at
least 7 days before testing. Unless otherwise noted, behavioral tests were performed under
ambient fluorescent lighting during the light phase of the light/dark cycle from 9:00 am to 5:00
pm. Temperature (22±1°C) and humidity (50–70%) were controlled in the experimental room.

3. Studies of social behaviors in Mecp2308/Y and Oxtr KO mice [65,66]
3.1. Visible Burrow System

3.1.1. Apparatus and procedures—Visible burrow systems (VBSs), constructed as
previously described [59], are bins containing about 0.4 m2 of floor space with an open area
to which three chambers are connected by tunnels. Mice maintained in these habitats tend to
sleep in the chambers during an inactive period (lights on) and to utilize both the chambers and
the open area, showing a range of active social, consummatory, and self-grooming behaviors
during the active period (lights off). Groups comprising 3 age-matched adult male mice of the
same genotype, either WT or KO, from Oxtr and Mecp2308/Y strains, all naïve, were placed in
each VBS. Subjects in each group were unfamiliar to each other prior to group formation. A
total of 24 h of video-recordings, 4 h each on days 1, 2 and 3 in the dark period and days 2, 3
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and 4 in the light period, were made and behaviors were analyzed by time sampling, with a
30-s sample being taken every 10 min for each mouse. Individual mice had been marked with
crème-based hair bleach prior to colony formation, and behaviors were entered for each animal
separately. Behaviors analyzed included: huddle: lying in contact with another animal for more
than 10 s of the 30-s time sample; allo-grooming: lick or rub with paws, another animal; self-
grooming: lick or rub self; approach to the front or to the back of another animal was defined
in terms of a line bisecting the approached mouse, perpendicular to the long axis of its body;
flight: rapid locomotion away from an approaching animal; and chase/follow: rapid
locomotion toward another animal, or a slow approach toward an animal that was moving
away. VBS data displayed in Figs. 1 and 2 represent an average of 24 h collected over the four
days of VBS testing, from both dark and light periods. Behavioral data obtained in the VBS
were analyzed by two-way analyses of variance (ANOVA), with strain (Oxtr or Mecp2308/Y)
as between-subjects factor, and genotype (WT or KO) as within group factor. Post hoc
comparisons were made using the Newman-Keuls test.

3.1.2. Results—Table 1 provides results of statistical tests for measures of the VBS analysis,
by strain, genotype, along with interaction effects.

3.1.2.1. Front and Back Approach, Flight, and Chase/Follow: Fig. 1 presents frontal and
back approach measures for WT and KO mice from Oxtr and Mecp2308/Y strains. The analysis
revealed a significant effect of genotype and strain for Approach Front; frequencies of this
behavior were significantly reduced in Oxtr KO mice, when compared to their WT
counterparts. No significant differences were found in the frequencies of Approach Back for
Oxtr KO mice, while Mecp2308/Y KO mice showed reduced rates of this measure, as compared
to WT. Flight and Chase/Follow (not shown) were both significantly reduced in Oxtr KO mice,
as compared to WT; Mecp2308/Y KO mice did not differ from their WT littermates in the rates
of these behaviors. BTBR mice showed significant reductions in the frequencies of approach
(front and back), flight and chase/follow behaviors in the VBS, as compared to B6 [63].
Oxtr KO mice displayed reduced rates in three of the latter four measures, when compared to
WT, suggesting a similar behavioral pattern to that revealed for BTBR mice.

3.1.2.2. Self- and allo-grooming: Fig. 1 displays the frequencies of self-grooming and allo-
grooming behaviors for WT and KO mice from Oxtr and Mecp2308/Y strains. Self-grooming
was significantly increased, and allo-grooming significantly reduced, in Oxtr KO mice, as
compared to WT. In addition, Mecp2308/Y KO mice displayed increased frequencies of allo-
grooming behavior, as compared to their WT counterparts. BTBR mice displayed enhanced
frequencies of self-grooming, and decreased frequencies of allo-grooming [63], when
compared to B6, which is consonant with the results described for Oxtr KO mice.

3.1.2.3. Huddle: The mean frequencies of huddling behavior for WT and KO mice from
Oxtr and Mecp2308/Y strains are displayed in Fig. 2. The main effect of strain, and the interaction
between strain and genotype were statistically significant for huddling; frequencies of this
behavior were respectively reduced in Oxtr KO mice, and increased in Mecp2308/Y KO mice,
as compared to WT. BTBR mice displayed a significant reduction in the percentage of
observations of huddling behavior, as compared to B6 [63].

3.1.2.4. Discussion: The VBS is a semi-natural environment that was designed to provide many
of the features of natural habitats of rodents, including a substantial area ensuring spacing and
avoidance, multiple tunnels and burrows in addition to an open surface area, a consistent social
group, and extended periods of observation of social interactions [67,68]. Rodent groups
maintained in this context display considerable consistency in terms of time and activity
budgets, even though there are few external constraints on their behavior aside from a standard
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light/dark cycle [59,69]. Interestingly, the behavioral profile of Oxtr KO mice in the VBS is
similar to that described for BTBR mice [63]; both strains showed consistent reductions in
interactive behaviors: frontal approach, huddling, allo-grooming, and flight, with more time
spent alone, and in self-grooming. In contrast, Mecp2308/Y KO mice preferentially approach
one another from the front rather than the back; a preference that seems to be associated with
pro-social motivation [59]. Also, Mecp2308/Y KO mice displayed increased frequencies of
huddling, and allo-grooming behaviors in the VBS, as compared to WT. These results for three
mouse models potentially related to ASD indicate that VBS measures can provide ethologically
valid indices of a range of social activities, potentially including some (e.g. frontal approach)
that may enable differentiation of pro-social motivations as opposed to other motives (e.g.
sexual or aggressive) for social interactions.

3.2. Three-chambered social approach test
3.2.1. Apparatus and procedures—The three-chambered social approach test has been
extensively used in studies of sociality in a variety of mouse strains [30–32,70]. WT and KO
mice from Oxtr and Mecp2308/Y strains were run individually in a three-chambered arena,
constructed as previously described [30]. Briefly, the subject mouse was placed into the middle
chamber of the divided apparatus, which contained two empty, inverted wire cups placed in
each of the two outer compartments. For the habituation phase, the subject mouse was given
free access to the three chambers during a 10 min session. Following habituation, the mouse
was placed back into the center, and an unfamiliar male CD-1 mouse was placed into one of
the two cups, with the subject mouse permitted to explore the entire apparatus for 10 min. Time
spent in each compartment during both sessions was collected in real-time with two
stopwatches by a single observer who was blind to the genotype of the subject. Data from the
three-chambered test were analyzed using within-group repeated measures ANOVA for
comparison of time spent in the empty cup side with time spent in the CD-1 mouse side.

3.2.2. Results and discussion—Fig. 3 displays the duration of time that WT and KO mice
from Oxtr and Mecp2308/Y strains spent in both side compartments of the three-chambered
apparatus. The analysis revealed that WT mice from both Oxtr and Mecp2308/Y strains, and
Mecp2308/Y KO mice showed a significant preference for spending time in the side of the test
box containing the unfamiliar CD-1 mouse used as stimulus vs. the opposite side. Unlike these
latter groups, Oxtr KO mice did not show a significant preference for one side over the other.

These results obtained in the three-chambered social approach test are in agreement with the
previous VBS data (section 3.1.2). The finding of reduced sociability for Oxtr KO mice is
similar to the behavioral pattern displayed by BTBR mice in this same situation [37,63,71]. In
addition, Oxtr WT, Mecp2308/Y WT and KO mice showed a significant preference for spending
time in the side of the three-chambered apparatus containing the stimulus mouse, a pattern that
is similar to the one described for B6, a high social standard control strain [31].

3.3. Social proximity test
Although the VBS and Three-Chamber tests produced a congruent set of results, both of these
tests utilized relatively large enclosures configured to allow effective avoidance of social
stimuli. Because avoidance was readily available, neither of these tests provided satisfactory
measures of potential behavioral differences for these mutant strains when in close contact
with other mice. The social proximity test was developed specifically to ensure such close
contact, enabling a clearer analysis of specific components of potential investigatory,
orientation, and avoidance behaviors.

3.3.1. Apparatus and procedures—Social proximity testing was conducted in a clear
rectangular Plexiglas chamber (14 x 7 x 30 cm H) constructed according to previously reported
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parameters [61]. For testing, the subject mouse and an unfamiliar male B6 mouse were placed
simultaneously into the apparatus during a single 10 min test. Dimensions of the chamber
allowed both mice of a pair to stand normally on the substrate but ensured a substantial degree
of contact as they moved. Mice were marked for individual identification, and measures taken
reflected specific types of contact by each mouse to the other. The following behaviors were
manually quantified by an observer blind to the subject’s genotype: nose to nose: subject’s
nose tip and/or vibrissae contact the nose tip and/or vibrissae of the other mouse; nose to face:
subject’s nose tip contacts the head of the stimulus mouse; nose to anogenital: subject’s nose
or vibrissae contacts the base of the tail or anogenital region of the other mouse; crawl over:
subject’s forelimbs cross the midline of the dorsal surface of the other mouse; crawl under:
subject’s head goes under the ventral surface of the other mouse to a depth of at least the ears
of the subject animal crossing the midline of the other mouse’s body; and upright: subject
displays a reared posture oriented towards the other mouse with head and/or vibrissae contact.
Data from the social proximity test were analyzed by two-way analyses of variance (ANOVA),
with strain (Oxtr or Mecp2308/Y) as between-subjects factor, and genotype (WT or KO) as
within group factor. Post hoc comparisons were made using the Newman-Keuls test.

3.3.2. Results and discussion—Results of statistical tests for measures of the social
proximity test, by strain, genotype, along with interaction effects are shown in Table 1. Fig. 4
displays effects on social behaviors elicited by confinement with an unfamiliar B6 mouse in
the social proximity chamber for Oxtr and Mecp2308/Y WT and KO mice. Oxtr KO mice showed
a significant reduction in the frequencies of nose to nose, and nose to anogenital behaviors
oriented to the B6 mouse, as compared to WT. Mecp2308/Y KO mice displayed elevated
frequencies and/or durations of crawl over, crawl under behaviors, and nose to face
investigation, when compared to their WT littermates in the social proximity test.

Reduced frequencies of nose to nose behaviors in Oxtr KO mice confirm an interpretation of
impaired sociality in these mutants; this was also described in BTBR mice confined either with
a partner of the same strain or a B6 mouse in the social proximity chamber [61]. However,
when compared to their B6 partners, BTBR mice also displayed enhanced frequencies of nose
to anogenital contacts in the social proximity test [61], in contrast to the reduced rates seen in
Oxtr KO mice. One possibility is that social contact for BTBR mice may be anxiogenic, with
enhanced nose to anogenital contacts reflecting an increase in risk assessment behaviors. This
interpretation of increased social anxiety for BTBR mice is consonant with diazepam-linked
changes in other social behaviors for this strain [61,71]. In this context, reduced frequencies
of nose to anogenital contacts described for Oxtr KO mice might reflect their normal scores
on measures of emotional-like reactivity [64,72], in combination with reductions in social
motivations.

The significant differences of Mecp2308/Y KO mice, in comparison to their WT, were increased
nose to face, crawl under and crawl over behaviors. The most straightforward interpretation of
these changes is that they are consonant with the increased huddling and allo-grooming of
Mecp2308/Y KO in the VBS. While it is interesting that BTBR mice confined with a B6 partner
also showed enhanced frequencies of crawl under/over behaviors in the social proximity test,
administration of diazepam significantly reduced these behaviors [61]. This was interpreted in
terms of enhanced BTBR social anxiety, with crawl under behaviors enabling escape from
visual contact with the partner mouse, and crawl over as a passive result of having the BTBR
pair mate crawl under the focal animal. However, evidence for social anxiety in the
Mecp2308/Y mouse is both less direct, and mixed: constitutive mutants of the gene encoding
the Mecp2 protein tend to show decreased anxiety (see 73 for a review), although Shabazian
et al. [74] did note increased anxiety-like behaviors for Mecp2308/Y as part of a later-developing
neurological spectrum. Recent data from our lab did not show elevated anxiety for
Mecp2308/Y mice to nonanimate threat stimuli, although mutant mice displayed sharply

Pobbe et al. Page 6

Physiol Behav. Author manuscript; available in PMC 2013 December 05.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



increased defensive responses to predator stimuli (Pearson et al., unpublished). Thus, although
an interpretation of increased crawl under behavior as escape from visual confrontation with
a social stimulus based on enhanced anxiety to animate stimuli remains possible for the
Mecp2308/Y mouse social proximity data, it is currently more speculative than is an
interpretation of these behaviors in terms of social affiliation.

4. Tests of motor and cognitive stereotypies in Mecp2308/Y and Oxtr KO mice
[65,66]
4.1. Self-grooming analyses

4.1.1. Apparatus and procedures—Subjects were individually assessed for grooming
microstructure in the same chamber that was used in the social proximity test (section 3.3.1),
as previously described [62]. Videotapes of spontaneous self-grooming episodes were scored
for the frequency and duration of paw licking, head washing, body grooming, leg licking, and
tail/genital grooming. Mice typically display a clear sequential pattern of grooming, following
the order of body contact listed above [75,76], and transitions from one body part to another
that did not follow this sequence (“incorrect transitions”) were measured, as well as
“interrupted bouts” - grooming bouts that were interrupted, but for less than 6 s; interruptions
of more than 6 s resulted in the designation of a new bout. Following a previously validated
syntactical grooming analysis [77], we calculated the number of bouts, the number of
interrupted bouts, and the proportion of interrupted bouts, as well as the number of transitions
between grooming stages, the number of incorrect transitions, and the proportion of incorrect
transitions. Unpaired t tests were performed to compare average frequencies and durations of
each behavior category in the self-grooming analyses within each strain, with genotype (WT
or KO) as the grouping variable.

4.1.2. Results and discussion—Analyses of the data revealed slight alterations in body
site-specific patterns of grooming in Mecp2308/Y KO mice: this group showed increased
frequency of tail/genital grooming, and increased duration of paw licking, as compared to WT
(not shown). No differences were found between Oxtr WT and KO genotypes for any of the
grooming subtypes. Similarly, no significant differences were revealed between WT and KO
genotypes from either Oxtr or Mecp2308/Y strains for any of the syntactical parameters of self-
grooming (number of bouts, number and proportion of interrupted bouts, number of transitions
between grooming stages, number and proportion of incorrect transitions).

The pattern displayed by BTBR mice in this same experimental situation [62] differs from that
found in Oxtr and Mecp2308/Y mutants. BTBR mice showed elevated frequencies of all
grooming subtypes, increased proportion of interrupted bouts, but proportionately fewer
incorrect transitions between grooming stages, as compared to B6. These results indicate that
while BTBR mice display more self-grooming, they actually show proportionately less
deviation than B6 mice from a typical mouse grooming sequence, suggesting enhanced
stereotypy in addition to a higher level of repetitive behaviors. Taken together, this set of data
suggests that while BTBR mice display a consistent pattern of repetitive and stereotyped
behaviors, no major changes in such behaviors are revealed for mice lacking Oxtr and
Mecp2 genes.

4.2. Repetitive Novel Object Contact Task
4.2.1. Apparatus and procedures—Subjects were assessed for the frequency of repetitive
contacts with novel objects in a previously habituated polypropylene cage, 26.5 cm x 17 cm x
11.5 (H) cm, as previously reported [62]. The cage contained four small novel objects
(children’s toys, 1.5–4 cm in length) made of high density plastic and located approximately
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3 cm from each of the four corners in a fixed pattern. Recorded DVDs were scored for the
occurrence of investigation of the four toys, defined as clear facial or vibrissae contact with or
burying of each object. Occurrences of identical patterns of sequential contact with three, or
with four toys were counted, as well as the frequencies of contact with each of the four toys.
In order to determine if there was a genotype effect on the tendency to display preferences for
particular toys, frequencies of contact with each object were ranked in decreasing order from
maximum to minimum preference values for each subject, averaged by genotype and
compared. Scoring of the number of transitions between quadrants in the habituation session
was used for assessment of any possible differences in motor activation or exploratory
tendencies between genotypes. Unpaired t tests were performed to compare measures obtained
in the repetitive novel object contact task within each strain, with genotype (WT or KO) as the
grouping variable.

4.2.2. Results and discussion—During the habituation phase, no significant differences
were revealed between WT and KO genotypes from Oxtr and Mecp2308/Y strains in the number
of transitions between quadrants. In addition, WT and KO mice from Oxtr and Mecp2308/Y

strains investigated novel objects at a similar rate. Similarly, when proportional preferences
for each toy were ranked and averaged for each genotype, no significant difference in object
preferences was found. Finally, when the number of identical three- and four-object sequences
was compared between genotypes of Oxtr and Mecp2308/Y strains, no differences were
observed.

In the repetitive novel object contact task, BTBR mice showed stronger preferences for specific
objects, and a stronger preference differentiation among the four objects, than did B6 mice.
Also, BTBR mice displayed a significantly higher number of visits that included a repetitive
sequence of three or four objects [62]. These findings indicate that stereotyped patterns of
BTBR mice are not confined to motor behaviors, but encompass a tendency to prefer some
objects over others, as well as a more repetitive pattern of sequential approaches to these
objects. On the other hand, WT and KO mice from Oxtr and Mecp2308/Y strains did not differ
in their cognitive, object investigation-based measures of stereotypy or restricted interest.

5. Analyses of communication levels in Mecp2308/Y and Oxtr KO mice [65,66]
5.1. Urinary scent marking

5.1.1. Apparatus and procedures—Subjects were assessed for baseline scent marking
after being individually housed for at least seven days, as previously described [60]. The scent
marking arena was an inverted rat cage with a steel mesh divider wall installed to bisect the
arena. This apparatus was placed on top of a 30 x 45 cm section of drawing paper, and the
subject mouse was placed on one side for a 20 min baseline session. Twenty-four hours later,
the mouse was tested for urinary scent marking to an unfamiliar male CD-1 mouse that had
just been placed in the opposite half of the arena, on the other side of the steel mesh divider.
The drawing paper’s orientation in the test compartment was marked to ensure that only subject
markings were counted, and the paper was allowed to dry overnight. It was then fixed and
stained with a 6% solution of ninhydrin (Fisher) in methanol to label urinary scent marks, and
dried. To quantify the amount of urinary scent marking, a 1×1 cm printed transparency grid
was placed over the paper and the number of squares containing a stained mark was counted
manually by an assistant blind to the genotype of the subject. Data from the scent marking
analysis were compared by two-way analyses of variance (ANOVA), with strain (Oxtr or
Mecp2308/Y) as between-subjects factor, and genotype (WT or KO) as within group factor. Post
hoc comparisons were made using the Newman-Keuls test.
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5.1.2. Results and discussion—Table 1 provides results of statistical tests for measures
of the scent marking analysis, by strain, genotype, along with interaction effects. The mean
number of squares containing scent marks of WT and KO mice from Oxtr and Mecp2308/Y

strains in the baseline and social conditions is displayed in Fig. 5. The number of scent marks
was reduced in Oxtr KO mice, and increased in Mecp2308/Y KO mice, when compared to their
WT littermates, in both social and non-social contexts; it is worth noting however that such
changes in scent marking did not reach statistical significance. Interestingly, BTBR mice
showed a significant increase in the number of scent marks in non-social contexts, as compared
to B6 (unpublished results). This set of results indicates that while Oxtr KO mice display an
overall decrease in communication levels, Mecp2308/Y KO mice exhibit an enhanced deposition
of scent marks across social and non-social contexts, as compared to WT.

6. Overall summary and discussion
The studies reviewed in this report compared WT and KO genotypes from Oxtr and
Mecp2308/Y strains with the extensively described behavioral changes of BTBR mice in a
variety of situations designed to provide parallels to the three major symptom clusters of ASD.
These mouse models were selected on the basis of previous implications in ASD,
neurodevelopmental diseases comorbid with ASD, or by having a known role in the regulation
of rodent social behaviors. A wealth of prior evidence supports a role for oxytocin as a central
mediator of complex social behaviors [78,79], and mice lacking the ability to synthesize Oxtr
display impaired social recognition and deficits in other behavioral domains relevant for ASD
[64,80]. In addition, previous evidence indicates that loss of function mutations in the X-linked
gene responsible for encoding the Mecp2 protein underlie the majority of cases of Rett
syndrome, an ASD with a known genetic cause [81,82]; Mecp2308/Y KO mice, expressing a
truncated form of the Mecp2 protein, recapitulate many of the features of the Rett syndrome
[74].

Lack of social approach and disruption of reciprocal social interactions, indicators of the first
major symptom of ASD, were assessed in these mouse models in three specific situations:
VBS, three-chambered and social proximity tests. The behavioral changes observed in these
mutant mouse strains were consistent and highly significant. In the VBS, while Oxtr KO mice
displayed consistent reductions in interactive behaviors (frontal approach, huddling, allo-
grooming, and flight), with more time spent alone and in self-grooming, Mecp2308/Y KO mice
showed behavioral changes suggesting enhanced affiliative social behavior (increased rates of
allo-grooming and huddling behaviors), as compared to WT. These results were corroborated
in the three-chambered test: unlike Oxtr WT, Mecp2308/Y WT and KO mice, Oxtr KO mice
failed to spend more time in the side of the test box containing the unfamiliar CD-1 mouse. A
recently published study revealed similar impairments in social approach for Oxtr KO mice
evaluated in the three-chambered test [72]. Alterations in sociability levels were also described
for Mecp2308/Y KO mice: although there were no differences in aggression or exploration of
novel inanimate stimuli, these mutants took less initiative and were less decisive approaching
unfamiliar males in various social interaction assays [83]. It is worth noting that Mecp2308/Y

KO mice from the latter study were on a pure 129/SvEv genetic background, while those used
by Pearson et al. [65] were on a C57BL/6J. The behavioral results described when Oxtr and
Mecp2308/Y KO mice were confined with an unfamiliar B6 mouse in the social proximity
chamber support and extend the data obtained in the VBS and three-chamber tests, with Oxtr
KO mice displaying a significant reduction in the frequencies of social investigatory behaviors
oriented to the B6 mouse, and Mecp2308/Y KO mice showing enhanced rates of crawl over/
under behaviors, and nose to face investigation, as compared to their WT counterparts.

Existing mouse models of ASD commonly exhibit patterns of restricted repetitive behaviors:
in a hole-board task, BTBR mice displayed inflexibility in exploratory behavior and failed to
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shift their preference towards an appetitive olfactory stimulus, as compared to B6, BALB/cByJ
and FVB/NJ strains [84]. BTBR mice showed a significant increase in the frequency of all
subtypes of self-grooming, and a stronger preference for specific objects as well as a
significantly higher number of visits that include a repetitive sequence of 3 or 4 objects [62].
In contrast to these data, except for slight changes in body site-specific patterns of grooming
revealed in Mecp2308/Y KO mice, no reliable differences were found between WT and KO
genotypes from either Oxtr or Mecp2308/Y strains in repetitive or stereotypical behavioral
patterns assessed in two specific situations. These results indicate that unlike BTBR mice which
display a robust pattern of restricted and repetitive behaviors, no major alterations in such
behaviors were described for mice with mutations in Oxtr or Mecp2 genes.

Deposition of urinary scent marks toward conspecifics and emission of ultrasonic vocalizations
are two major models of mouse communication [85,86]. Scattoni et al. [87] reported that when
compared to B6, FVB/NJ, and 129X1/SvJ mouse pups, BTBR pups produced an unusual
repertoire of ultrasonic vocalizations in response to separation from their mothers and siblings,
suggesting a link to communication deficits. Prior studies revealed that Oxtr and Mecp2308/Y

KO pups emitted fewer ultrasonic vocalizations calls than their WT counterparts upon
separation from their mothers [80,88]. Adult male BTBR mice showed lower scent marking
and minimal ultrasonic vocalizations to female urinary pheromones, as compared to B6 [40].
Analyses of the results reviewed in this report revealed that when compared to their WT
littermates, adult Oxtr KO mice displayed a non-significant reduction in number of urinary
scent marks across social and non-social contexts, while Mecp2308/Y KO mice showed a non-
significant increase in deposition of these urinary traces in both contexts.

In summary, the data reviewed in this report revealed that while Oxtr KO mice displayed
consistent social deficits, and reduced levels of communication, a profile that is similar to the
pattern found in BTBR mice [40,58], Mecp2308/Y KO mice showed a slight but consistent
enhancement of social behavior and communication; no changes in repetitive, ritualized
behaviors were described for Oxtr and Mecp2308/Y KO mice. It should be noted that there are
a number of KO strains engineered for each gene potentially implicated in ASD (e.g. for the
Mecp2 gene see 89). Ideally, comparisons involving each of these KO strains would be
necessary for evaluating the roles of the genes involved in behaviors relevant to autism.
However, although the current data base is small, it indicates that mouse models can sort the
diagnostic symptoms of ASD, and suggests that biological and physiological analyses of these
strains may be capable of providing differential information on the brain systems involved in
particular symptoms of this group of disorders. Moreover, considering that the primary
diagnostic indices of ASD are abnormal behaviors, the current analysis illustrates the
importance of a detailed description of social and stereotyped behavioral patterns in inbred
mouse strains carrying mutations in genes potentially associated with ASD.
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Highlights

Oxtr KO mice display consistent social deficits, and reduced levels of communication.

Mecp2308/Y KO mice show a slight but consistent enhancement of social behavior and
communication.

No changes in repetitive, ritualized behaviors were described for Oxtr and
Mecp2308/Y KO mice.

This data base, although small, strongly indicates that mouse models can sort the diagnostic
symptoms of autism.
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Fig. 1.
Frequencies (mean ± S.E.M.) of approaches to the front, approaches to the back, self-grooming,
and allo-grooming behaviors in the VBS, for WT and KO mice from Oxtr (n=12 for each group)
and Mecp2308/Y (n=9 for each group) strains; *p<0.05 compared to WT by Newman-Keuls test.
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Fig. 2.
Frequencies (mean ± S.E.M.) of huddling behavior in the VBS, for WT and KO mice from
Oxtr (n=12 for each group) and Mecp2308/Y (n=9 for each group) strains; *p<0.05 compared
to WT by Newman-Keuls test.
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Fig. 3.
Time spent in each side (mean ± S.E.M.) of the three-chambered apparatus, for Oxtr WT
(n=13), Oxtr KO (n=16), Mecp2308/Y WT (n=9) and Mecp2308/Y KO (n=9) mice; *p<0.05,
within-group repeated measures ANOVA comparison.
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Fig. 4.
Frequency (mean ± S.E.M.) of social behaviors obtained when Oxtr WT (n=13), Oxtr KO
(n=16), Mecp2308/Y WT (n=9) and Mecp2308/Y KO (n=9) mice were confined with an
unfamiliar B6 mouse in the social proximity chamber; *p<0.05 compared to WT by Newman-
Keuls test.
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Fig. 5.
Number (mean ± S.E.M.) of squares with scent marks of Oxtr WT (n=13), Oxtr KO (n=16),
Mecp2308/Y WT (n=9) and Mecp2308/Y KO (n=8) mice assessed in two experimental conditions.
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Table 1

Summary of the statistic results obtained in the VBS, Social Proximity, and Scent-Marking analyses

ANOVA results

Main effect

Strain Genotype Strain x Genotype

VBS

 Approach front F(1,38)= 6.27; p<0.05* F(1,38)= 4.26; p<0.05* F(1,38)= 4.79; p<0.05*

 Approach back F(1,38)= 6.65; p<0.05* F(1,38)= 3.58; p=0.065 n.s. F(1,38)= 0.83; p=0.36 n.s.

 Self- grooming F(1,38)= 1.92; p=0.17 n.s. F(1,38)= 1.96; p=0.16 n.s. F(1,38)= 9.42; p<0.01**

 Allo-grooming F(1,38)= 1.25; p=0.26 n.s. F(1,38)= 0.01; p=0.90 n.s. F(1,38)= 23.71; p<0.01**

 Huddle F(1,38)= 5.04; p<0.05* F(1,38)= 0.14; p=0.71 n.s. F(1,38)= 16.54; p<0.01**

Social Proximity

 Nose to Nose F(1,43)= 10.50; p<0.01** F(1,43)= 3.97; p=0.052 n.s. F(1,43)= 4.74; p<0.05*

 Nose to Face F(1,43)= 0.63; p=0.42 n.s. F(1,43)= 2.76; p=0.10 n.s. F(1,43)= 7.00; p<0.05*

 Nose to Anus F(1,43)= 24.35; p<0.01** F(1,43)= 2.45; p=0.12 n.s. F(1,43)= 3.22; p=0.07 n.s.

 Crawl Over F(1,43)= 19.01; p<0.01** F(1,43)= 4.63; p<0.05* F(1,43)= 5.57; p<0.05*

 Crawl Under F(1,43)= 18.56; p<0.01** F(1,43)= 0.69; p=0.40 n.s. F(1,43)= 3.45; p=0.06 n.s.

 Upright F(1,43)= 14.07; p<0.01** F(1,43)= 0.36; p=0.54 n.s. F(1,43)= 0.36; p=0.54 n.s.

Scent-Marking

 Baseline F(1,43)= 0.28; p=0.59 n.s. F(1,43)= 0.91; p=0.34 n.s. F(1,43)= 6.97; p<0.05*

 CD-1 F(1,43)= 4.96; p<0.05* F(1,43)= 0.31; p=0.57 n.s. F(1,43)= 5.84; p<0.05*

*
p<0.05;

**
p<0.01
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