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The aim of the study was the behavioral phenotyping of mice homo- and heterozygous for the Sip? gene, which plays an important
role in the development of the mammalian cerebral cortex.

Materials and Methods. The study was performed on mice hetero- and homozygous for the Sip7 gene; these animal models were
developed using the Cre recombination method. At an age of 20-30 days, all animals were exposed to a high-intensity sound to identify
predisposition to audiogenic epilepsy. At an age of two months, the males were tested for their general physical health and behavioral
phenotypes. The tests included a neurological and sensorimotor assessment, an evaluation of anxiety using the light-dark test, a study
on locomotion and general exploration in the open field test, the acoustic startle response and prepulse inhibition, social activity in the
Crawley’s test and the learning ability as scored by the conditioned reflex of passive avoidance.

Results. Mice homozygous for the Sip7 gene never reached the age of two months. In heterozygous mice, a higher occurrence of hind
limb extension reflex abnormalities, an increased level of anxiety in the light-dark test, and a decrease in social activity in the Crawley’s test
were found.

Conclusion. The presence of a mutant allele of the Sip7 gene leads to neurologic disorders, an increase in anxiety and a decrease in
the social activity of the animals.

Key words: phenotyping; knockout; neocortex; Sip7; prepulse inhibition; Crawley’s test.

Introduction

The developmental defects of the human brain are
now increasingly viewed as a major cause of epilepsy,
developmental delay, neurological deficits and mental
retardation [1]. Recently, significant progress has been
made in identifying the genes that control various stages
of brain cortex development [2, 3]. To further identify
and characterize these genes and better understand

the genetic base of cortical functions and dysfunctions,
mutant mice with developmental defects of the cortex are
commonly used.

The Sip1 gene encodes an important transcription
factor in the mammalian cells. It plays a critical role
in the regulation of epithelial-mesenchymal transition
during embryogenesis and tumorigenesis [4], as well the
migration of ectodermal markers in the lens formation
[5]. Sip1 knockout leads to skin hypersensitivity, atrophic
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scars and hypermobility of joints caused by disrupted
collagen fibrillogenesis [6]. Sip1 protein is the most
important transcription factor crucial for the development
of the central nervous system (CNS). It has been found
that mutations in the human Sip7 gene are associated
with the pathogenesis of Mowat-Wilson syndrome
characterized by severe mental retardation and agenesis
of the corpus callosum [7]. The Sip7 gene participates
in the intracortical, intercortical and cortico-subcortical
connections in the murine forebrain. Its removal from
post-mitotic neocortical neurons disrupts the formation
of the corpus callosum, the anterior commissure and the
corticospinal tract [8].

Knockout of a specific gene is a convenient model for
studying the role of the gene product in a living organism.
It is known that a partial mutation in the Sip7 gene
modifies the NMDA and AMPA receptors in neocortical
neurons in vitro. Such neurons are more sensitive to
the effects of NMDA and AMPA agonists compared to
wild type (WT) neurons [9]. Our studies were performed
on conditional mutants where the Sip7 gene had been
removed from the post-mitotic cells of the cerebral cortex.
Behavioral phenotyping is a necessary step to further
characterize this line of mice including the role of the Sip1
gene in the sensorimotor functions of the CNS.

The aim of the study is the behavioral phenotyping of
mice homo- and heterozygous for the Sip7 gene, which
plays an important role in the development of the cerebral
cortex in mammals.

Materials and Methods

The animals were kept in an SPF animal facility at the
Lobachevsky State University of Nizhni Novgorod. All
animal experimentation met the requirements described
in the Rules for the Work using Experimental Animals
(Russia, 2010) and the International Guiding Principles
for Biomedical Research Involving Animals (CIOMS and
ICLAS, 2012); the ethical principles established by the
European Convention for the Protection of Vertebrate
Animals used for Experimental and Other Scientific
Purposes (Strasbourg, 2006) were strictly observed. The
Ethical Committee of the Lobachevsky State University
of Nizhni Novgorod approved the protocol of these
experimental studies on animals.

Animals. To create a line of mice with a mutant Sip1
gene, the Cre recombination method was used: the Sip1
gene flanked by the loxP sites was excised from DNA
in the process of Cre expression in the neuron. The
murine line with the flanked Sip7 gene was first obtained
by Higashi et al. [10]. The exon 7 of the 2 kb Sip71 gene
contains about half of the protein coding sequence.
Deletion of exon 7 results in premature termination of
translation due to a shift in the reading frame in the
downstream exon 8. In this murine line, exon 7 is flanked
by the loxP sites, which leads to inactivation of the Sip1
protein after the Cre-mediated removal of this exon. To
generate a conditional mutant with a deleted Sip7 gene
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from the post-mitotic cells of the cerebral cortex, Sip7 fl/fl
mice were crossed with NexCre mice [11-13]. In these
mice, Cre recombinase is expressed under the Nex
promoter, which maintains the expression only in post-
mitotic cells of the neocortex. Following this procedure,
two groups of mutant animals have been obtained: the
homozygous line (where the Sip7 gene is absent in both
alleles) and the heterozygous line (where the Sip7 gene is
present in one allele only).

All studies were performed using mice hetero- (+/-) or
homozygous (—/-) for the Sip71 gene; their behavior was
compared with the behavior of WT animals.

The audiogenic response was tested in mice aged 20—
30 days; all other tests were conducted with 2-month-old
mice weighing 21-25 g. After the newborn mice had been
separated from their mothers, the mouse pups were kept
in groups in ventilated cages (Techniplast, Italy) with a 12-
hour day/night cycle, at 22°C and 65% humidity with free
access to food and water. The behavioral studies were
carried out during the “day” phase between 10 am and
3 pm.

Behavioral assessment tests

Audiogenic stimulation. At an age of 20-30 days,
all newborn mice (male and female) were exposed to
audiogenic stimulation. The animals were placed in a
glass round-bottom flask located inside a soundproof
double wall box made of expanded polystyrene. After
1-minute habituation, an electromechanical bell with a
sound intensity of 110 dB was turned on. The sound was
given once and turned off immediately after the onset of
a seizure; if no seizure ensued the sound was turned off
in 60 s anyway [14]. The behavior pattern was recorded
using a Microsoft LifeCam MSCR-LC-Cinema video
camera (Microsoft, USA). Quantification of audiogenic
seizures in response to the sound was performed
according to the following scale [15]:

0 points — no response to sound for 60 s;

1 point — the phase of the “circus movements”, or
motor excitation, when the animals perform uncontrolled
movements in the chamber as the stimulation began;

2 points — the onset of clonic seizures when the
mouse falls on its abdomen (the onset of seizures);

3 points — fall on the side, clonic seizures of the
forelimbs and hind limbs;

4 points — tonic seizures of the forelimbs, clonus of
the hind limbs;

5 points — tonic seizures of the fore- and hind limbs
accompanied by overall rigidity.

Only 2-month-old males were selected for the further
behavioral studies in adult animals in various tests in
order to avoid the effects of female sex hormones and the
estrous cycle phase on the behavior and learning ability of
the mice [16]. The following parameters were evaluated:
body weight, bald patches, physical abnormalities, fur
bristling, and damaged vibrissae [17]. These tests were
followed by behavioral phenotyping in the following
sequence: neurological and sensorimotor studies
(coordination, climbing, locomotion and orientation);
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the light-dark test (a study of anxiety); the open field
test (a study of motor and exploration activity); the
acoustic startle response and prepulse inhibition — PPI
(investigation of sensorimotor gating); the Crawley’s test
(a study of sociability and preference for social novelty);
the development of the conditioned reflex of passive
avoidance (the learning ability).

Sensorimotor examination. The test evaluates the
motor functions and some reflexes. To test the hind limb
extension reflex, the mouse was suspended by the tail
for 1 min. The normal manifestation of this reflex implies
extension of hind limbs; contracting one limb towards
the midline of the abdomen or clasping the limbs is
considered abnormal [17].

To detect a deficiency in the motor coordination and
balance, a set of sensorimotor tests was used, such as
the balance beam walking test. During the experiment, the
time taken by the animal to perform each of the assigned
tasks was recorded. The maximal time of observation was
120 s. The mice were tested according to the following
criteria:

1. General motor activity. The mouse was placed on a
flat surface, and the time that has passed until the animal
left a circle 30 cm in diameter was measured.

2. Walk on a horizontal beam. Flat beams 1, 2, and
3 cm wide or 3 and 0.5 cm round beams were used. The
mouse was placed in the middle of a 50 cm long horizontal
beam, with its ends fixed on two platforms 50 cm above a
soft base. The time taken by the mouse to reach one of
the platforms was measured. If the animal slipped off the
beam, the result was considered to be 120 s.

3. The hanging wire test. The mouse was suspended
by their forelimbs on a horizontal wire hanging between
two platforms at a height of 50 cm above a soft base. The
time before the mouse fell was measured.

4. Turning around in a cylinder. The mouse was
placed into a closed cylinder (3 cm in diameter and
13 cm long) facing the cylinder wall. The time before the
animal turned around to face the opposite direction was
measured.

5. Turning around on an inclined screen. The mouse
was placed on an inclined screen to face down the
slope (a 20x20 cm wire mesh platform fixed at an angle
of 45°) at a height of 50 cm above the table. The time
before the mouse turned around to face up the slope was
measured.

The light-dark test. This experimental model designed
to evaluate anxiety-related behavior is based on the
earlier developed model of situational anxiety [18]. The
experimental setup included the light (25%x25x24 cm)
and dark (19%11x12 cm) compartments connected with a
partition having an opening (Panlab/Harvard Apparatus,
Spain). The mouse was placed into the lit compartment
with its back to the dark one and the following parameters
were automatically recorded for 10 min: the latency of the
first entry into the dark compartment, the time of staying
either in the lit or dark compartments, and the number of
transitions between the compartments.
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The open field test. To study the motor and
exploration activity of mice placed in an unfamiliar open
space, we used an open field setup equipped with an
infrared actimeter (Panlab/Harvard Apparatus, Spain)
and the ActiTrack software. The experimental design
consisted of a square arena 40x40 cm with rims 20 cm
high and two square frames; an infrared detection system
was used to locate the animal.

The mouse was placed in the center of the arena; the
animal’s behavior was monitored for 5 min. To analyze
the behavioral pattern, the experimentation area was
virtually divided into two zones: the central (20x20 cm)
and the peripheral ones. The following parameters
were recorded: the total distance traveled, the distance
traveled in each zone, the number of rearings made
(total and in each zone), the average speed of movement
(cm/s), as well as the number of defecations and
urinations, which characterize the level of “emotionality”
of the animal.

The acoustic startle reflex and prepulse inhibition.
The setup for studying the startle reflex (Panlab/Harvard
Apparatus, Spain) is able to produce any combination of
sounds, noises and white noise. An experimental animal
was placed into a special box and fixed there in proper
position. The level of startling was recorded by measuring
the change in pressure exerted by the animal on the
pad below it. Recording was performed automatically
using the Packwin software package (Panlab/Harvard
Apparatus, Spain). After a 3-minute period of habituation
against the background of white noise (60 dB), the
following signals were given:

no pulse — 5 times;

prepulse (80 dB) — 5 times;

pulse (100 dB) — 5 times;

recurrent series of prepulse/pulse signals with an
interval of 60 ms — 5 times.

These signals were given randomly, and the animal
startles were recorded. The results were expressed as
PPI calculated by the formula:

PPI=(P-PP)/P-100%,

where P is the startle response to the pulse and PP is the
startle response to the prepulse/pulse cycle.

Social interaction in the Crawley’s test. The working
unit consisted of a rectangular box with transparent
walls, divided into three compartments by transparent
partitions (Panlab/Harvard Apparatus, Spain). In the outer
compartments, identical wire cylinders were located.
Above this area, a Smart video camera (Panlab/Harvard
Apparatus, Spain) was installed to record animal’s
movement in real time.

The experiment was carried out in three steps.

Step 1 — the experimental animal was placed in
the central compartment and kept there for 5 min for
habituation in the new environment.

Step 2 — an unrelated animal (partner 1) is brought
into cylinder 1; the experimental animal is placed in the
central compartment and stays in the box for 8 min;
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this stage is aimed at investigating the animal’s social
interest.

Step 3 — another unrelated animal (partner 2) is
placed in cylinder 2; the experimental animal is placed in
the central compartment and stays in the box for 8 min;
this stage is aimed at monitoring social memory and
behavior of the animal in gaining new experience.

The time of staying in each of the three compartments
and the number of entries into each compartment was
monitored [19, 20].

Conditioned reflex of passive avoidance. The
behavioral model of the conditioned reflex of passive
avoidance (CRPA) is based on the context-related fear;
the model is commonly used to assess the formation and
reproduction of memory in various models of learning.
The setup consisted of a Shuttle Box LE918 chamber
(Panlab/Harvard Apparatus, Spain) with an illuminated
and dark compartments (each 25x40%25 cm in size) with
floor made of metal rods separated by a guillotine door.

The experiment involved two stages.

The first stage was the development of the CRPA:
the experimental animal was placed in the lit section
with its tail pointing toward the closed door. After 120 s
the guillotine door was opened and the animal, due
to its mink reflex, sneaked into the dark chamber (the
time of this transition was recorded as latency period 1,
LP1). Immediately after that, the door between the
compartments was shut, and the animal
received an electrical shock applied through
the metal rods on the floor (0.3 mA, 3 s).

The second stage was initiated 24 h later
to test the acquired skills. The animal was

Table 1

Response to audiogenic stimulation in wild type mice
and the Sip71 gene mutant mice
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and compared by the one- and two-way ANOVA (F)
followed by post-hoc comparison of the sample means
(the Newman—Keuls test).

Results

Audiogenic stimulation. During the experiment,
a total of 79 mice (both males and females) aged 20-
30 days were tested (Table 1). Following the audiogenic
stimulation, two mice developed the “circus movements”
(1 point); in one mouse, asymmetric tonic seizures of
the forelimbs and clonic seizures of the hind limbs with
a fall on the side were observed (4 points) (Figure 1). No
difference between the WT animals and those with the
mutant Sip7 gene was found (F,,;=0.24; p=0.79).

General health and reflexes. In the population of
Sip1(+/-) mice, there were no physical abnormalities,
changes in the body weight, or fur baldness. However,
14% of the males had no vibrissae. In addition, the
disturbance of the hind limb extension reflex was more
common in this group (21%) compared with the WT group
(0%) (Figure 2, Table 2).

In our study, mice homozygous for the Sip7 gene did
not reach the age of two months: their average life span
was 39+13 days, so further behavioral studies were
conducted only with the group of males with the Sip7(+/-)
genotype and with the WT males.

placed in the illuminated compartment with

The occurrence rate (%)

the door open, and the time of transition into R - Number
the dark chamber (latency period 2, LP2) was yP Excess Seizure Lethal  of animals
recorded. The overall observation lasted for motor activity  episodes outcome
180 s. . Wild type 0 0 0 9
Recalling the memory of the electric shock (n=29) Sip1(+/-) 0 0 0 17
was gvaluated by the difference in the latency Sip1(-1-) 0 0 0 3
durations before and after the CRPA had been Wild type 6.5¢4.5 39432 0 31
developed (LP2-LP1 ) Females Si |
Statistical analysis. The results are  (n=50) p1(+-) 0 0 0 15
presented as the mean t error of the mean Sip1(-i-) 0 0 0 4

[2]

Figure 1. Gradation of audiogenic seizures in
mice:

(a) 3 points, animal falls on its side, there are
clonic seizures of the fore- and hind limbs
(arrows); (b) 4 points, animal falls on its side,
asymmetric tonic seizures of the forelimbs (arrow)
and clonic seizures of the hind limbs

b
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p=0.62), the time of turning around on an inclined
screen (F,5=1.27; p=0.27) and the turning around
in the cylinder (F, ,3=1.56; p=0.22).

The light-dark test. There were no differences
between the Sip7(+/-) and WT groups in the
latent period duration before the animal sneaked
into the dark compartment (F,,,=0.23; p=0.64)
and the number of entries into the compartments
(F,,,=2.48; p=0.14). However, regarding the time
spent in the lit or dark compartments, it was found
that the Sip7(+/-) mice spent more time in the dark
compartment (276.1+15.2 s) compared with the WT
mice (204.7+15.2 s) (F, ,,=5.66; p=0.03).

The open field test. The Sip1(+/-) animals did
not differ from the WT animals in terms of their

Figure 2. Abnormal hind
heterozygous for the Sip7(+/-) gene (hind limb clasping):
(a) the normal reflex; (b), (c) examples of an abnormal reflex

Table 2

General health indices and sensorimotor parameters
in wild type mice and the Sip7 gene mutant mice

limb extension reflex in mice

motor activity: the total distance traveled (F, ,4=1.65;
p=0.21), the average speed of movement (F, ,,=1.7;
p=0.19), and the estimated exploration-orientation
activity, i.e. the total number of rearings (F, ,=2.3;
p=1.14). In addition, there was no difference
in the emotional behavior of these animals, as
evidenced by the similar number of defecations
(F14=3.50; p=0.07) and urinations (F,,=1.03;
p=0.32). However, a more specific analysis showed

FEET Genotype a decrease in the number of rearings in the central
Wild type  Sip1(+-) zone among the Sip7(+/-) mice (0.3+0.1) as
General health indices compared to the WT group (2.7+0.8) (F,,:=6.18;

Body weight (g) 251106 23407 p=0.02).
Poor skin condition (%) 0 0 Startle reflex._ The {_Sip1(+/—) mic_e did .not differ
Bald spots (%) 0 0 from the WT animals in terms_ of |r.1ter_13|ty of the
Lack of vibrissae (%) 0 1 acoustic startle response (F1_20—0.1_4, p—0.07)_, anq
— the PPI value did not change either (F,,,=0.35;

Fur bristling (%) 0 p=0.56).
Physical abnormalities (%) 0 Social interaction. In the study of social interest,
Abnormal reflex of hind limb extension (%) 0 21 the presence of an unfamiliar partner had an
Sensorimotor parameters impact on the time spent in a given compartment
Time before leaving the circle 30 cm in diameter (s) ~ 3.6¢0.3  4.440.5 (F126=8.67; p=0.007) and the number of entries
Time of walking on a balance beam (s): into the compartment (F;,=7.53; p=0.01) (Table 3).
flat 3 cm wide 119416 20382 Thus, the Slp1_(+/—) mice s’.[a.yed less time in the
flat, 2 om wide 91414 98419 compartment with an unfgmlllar partner (partner 1)
fiat. 1 em wide 104822 16381 as compared to the animals of_ thle WT group
' (p=0.03); also they made more entries into the empty
round, 3 cm in diameter 212697 17.2:8.0 compartment as compared with the compartment
round, 0.5 cm in diameter 98.7:11.5 841135  where an unfamiliar partner was sitting. The social
Hanging on the wire (s) 114.5¢3.8  110.0+8.6 memory test did not find any differences between
Turning around in the cylinder (s) 12,8821 221477 the genotypes (F,,=0.01; p=0.91): both Sip7(+/-)
Turning around on the inclined screen (s) 105¢19 194+¢79  and WT mice spent more time in the compartment

The ability to perform sensorimotor tasks did not differ
between the two groups of mice. This result pertains to
the time of leaving the circle (F,,=1.72; p=0.19), the
walking on a flat beam 3 cm wide (F,,;=1.16; p=0.29),
2 cm wide (F, ,4=0.07; p=0.78), and 1 cm wide (F, ,,=0.56;
p=0.46), the walking on a round bar of 3 cm in diameter
(F,,6=0.09; p=0.76) and 0.5 cm in diameter (F,,;=0.68;
p=0.42), the time of hanging on the wire (F,,;=0.25;

24 CTM [ 2018 — vol. 10, No.2

with a new unfamiliar partner (partner 2) than in

the compartment with the previously known partner

(partner 1) (p=0.005).
Conditioned reflex of passive avoidance. In
developing the reflex of passive avoidance, both
experimental groups showed an increased latent period
before going to the dark compartment on day 2 as
compared to day 1 (F,g=68.11; p<0.001) (Figure 3).
Yet, there was no difference in the latency between
the Sip1(+/-) and WT mice (F,,;=0.02; p=0.89), which
indicates similar levels of learning.

LI. Belousova, N.M. Zhidkova, E.V. Borisova, E.A. Epifanova, V.A. Salina, S.A. Tutukova, ..., V.S. Tarabykin



Table 3

ADVANCED RESEARCHES

The behavior indices in mice tested for social interaction

Test Compartment -
Wild type
o Empty 188.6+30.9
Secialinerest e 127.641.9
Novel social Partner 1 132.6+20.8
experience Partner 2 213.9+32.2

Time spent in compartment (s)

Number of entries into compartment

Sip1(+-) Wild type Sip1(+-)
206.2+43 .4 84.6+13.4 131.9+37.9
74.5£27.5* 55.5+8.3 36.1£11.1%
126.9£30.4 36.0£5.3 51.1£10.1
213.1£23.3 59.3t4.8 140.2450.5

* Significant difference as compared to the wild type group; # compared to the empty

compartment values; p<0.05.

250
e
C%- 200 + .
o T
=& !
c é 150 .
Z3 1 T
o< 100- L
ES I
F o J_
= 50
o
0
Wild type Sip1(+/-)
[ Jpay1 []Day2

Figure 3. Time of transition to the dark compartment in
the development of the conditioned reflex of passive
avoidance in Sip7(+/-) and wild type mice

* Significant difference in values between the days 1 and 2;
p<0.05

Discussion

This study is aimed at revealing an impact of the mutant
allele of the Sip71 gene on health and CNS functions in
mice. The modern protocol on behavioral phenotyping of
murine mutants (the SHIRPA protocol) includes more than
40 parameters and allows for detecting various disorders
of the neuromuscular, sensory and vegetative systems of
the body [21].

At the first stage (screening) of our study, preliminary
assessment of the overall health, motor and sensory
functions was conducted. It allowed us to avoid false
interpretation of further — more complex — behavioral
tasks. All the mice studied had a good condition of the
skin, no bald spots or fur bristling.

Intact adult rodents lifted by the tail and then slowly
lowered to a horizontal surface spread all four limbs in
anticipation of a contact [22]. According to our results, the
presence of one mutant allele of the Sip7 gene resulted
in an abnormal limb extension reflex (see Figure 2). The

Phenotypic Variations in the Behavior of Sip1 Knockout Mice

similar pattern was observed in mice with cerebellar, basal
ganglia or neocortex lesions, as well as in transgenic
murine models of Alzheimer’s disease [22]. It was
suggested that the mechanism underlying these disorders
(which includes the cerebello-cortico-reticular and cortico-
striato-pallidoreticular pathways) might be associated with
alterations of norepinephrine and serotonin transmission.
In addition, a specific CNS lesion caused by neocortex
and cerebellum degeneration was found in mice lacking
the Atg7 gene and demonstrating a deficient limb
extension reflex [23]. Limb clasping and a bat-like pose
were observed in transgenic mice with expression of the
cytoplasmic prion protein Prp and decreased thickness of
the neocortex [24].

It cannot be ruled out that the absence of vibrissae
in the Sip1(+/-) mice found in this study could have
affected the results of behavioral testing. It is known that
a deficit of sensory information at an early age can affect
the behavior pattern in adults. In rats with their vibrissae
trimmed during the three postnatal days, structural and
functional somatosensory abnormalities were found; in
addition, their behavior was characterized by a greater
exploration activity and more frequent social interactions
[25]. However, another report showed that the exploration
activity of adult Wistar rats whose vibrissa had been
removed between the 9" and 20" postnatal days was
less variable compared to control rats [26]. Notably, the
removal of vibrissae on the 2" to the 9" day of life did
not cause such changes [27]. Therefore, the absence of
vibrissae might be the cause of the decreased number
of rearing episodes in the Sip7(+/-) mice as found in the
open field test.

As mentioned above, abnormalities in brain
development are now increasingly viewed as possible
causes of epilepsy, development problems, neurological
deficits and mental retardation in humans [1]. Audiogenic
seizures in rodents in response to a sound impulse are
the commonly used models of generalized convulsive
epilepsy (grand mal) in humans [15, 28]. In the present
study, we found no effect of the mutant allele of the Sip1
gene on magnitude of audiogenic seizures.

The light-dark test was used to assess the level of
anxiety in the experimental animals. In this test, the
time spent in the lit and dark compartments, as well as
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the number of transitions between them is measured
[29]. The Sip1(+/-) mice spent more time in the dark
compartment, which indicated an increased anxiety of the
animals.

The open field test is widely used to study the motor
activity (the distance traveled), the exploration activity
(number of rearings) and the level of anxiety (time spent
in the central field) under the mild stress conditions [30,
31]. The Sip1(+/-) mice performed significantly fewer
rearings in the central field compared to the animals of
the WT group, which indirectly indicated their increased
anxiety and agrees with our results obtained in the light-
dark test.

The startle response test is used to study a number
of CNS functions including adaptation to the sound and
prepulse inhibition (a decrease in the startle response
after a preliminary subthreshold impulse, which reflects
the filtration of sensory inputs in the CNS); those
functions are affected in schizophreniform patients.
The PPI concept suggests that the startle response to
prepulse + pulse (given within a 60 ms interval) will be
lessened as compared with the startle in response to a
single pulse. The startle reflex — a relatively simple
reflex of the skeletal musculature — is a consequence of
fright and apparently serves to prevent potential damage
to the animal [32, 33]. The absence of changes in the
magnitude of the startle reaction and PPl in the Sip1(+/-)
mice indicates normal auditory perception and no change
in the emotional state of fear in these animals.

To assess the effect of the mutant allele of the
Sip1(+/-) gene on cognitive functions and the learning
ability, we studied the level of memory associated with
the conditioned reflex of passive avoidance. The results
showed that the latent periods preceding the transition
into the dark compartment differed between days 1 and
2 of the study. This effect was similar for both tested
groups thus indicating the identical learning ability of the
Sip1(+/-) and WT mice.

The next stage of behavioral phenotyping was an
assessment of the more delicate functions of the nervous
system associated with the individual and social behavior
of animals.

Social behavior is the behavior that manifests when
at least one other representative of the same species
is present. This includes all variants of inter-male
interactions, reproductive (sexual) and parental behavior
[34]. The term “social recognition” as a phenomenon and
an experimental paradigm was introduced in the 1980 s.
[35]. It is based on an unconditional behavioral response
(interest) of the animal when an unfamiliar partner is
placed nearby. In our study on social interest and social
recognition, we found a decrease in the social activity in
the Sip1(+/-) mice compared to WT: in the presence of
an unknown social partner, these mice preferred to stay
in the empty compartment. The study of the movements
aimed at obtaining novel social experience revealed
no differences between the tested groups of mice. The
behavior of the experimental animals was considered
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normal as the mice sought to spend more time with the
new partner than with the familiar one. This behavior is
consistent with the standards of normal social memory.

The similar results were obtained by a group of
Japanese scientists who tried to create a model of Mowat-
Wilson syndrome: they found an increased level of anxiety
and impaired communication in Sip7 mice [36]. In contrast
to our results, they showed a decrease in the motor activity
of the mice; this difference might be due to the fact that the
open field testing time in their setup was 1 h.

Our results suggest a putative molecular mechanism
that could explain the role of the Sip7 gene in the
regulation of sensorimotor functions and anxiety. The
transcription factor Sip7 has a high level of expression
in post-mitotic neurons of the neocortex. The conditional
deletion of Sip7 in the early neurons causes premature
generation of neurons in the upper layers at the expense
of neurons of the lower layers, as well as premature and
increased generation of glial precursors, and enhanced
postnatal  astrocytogenesis.  Premature  formation
of neurons of the upper layers is accompanied by
increased expression of neurotrophin-3. The Sip71 gene
inhibits the formation of signaling factors in post-mitotic
neurons, which gives a feedback signal that makes
the predecessors regulate the timing of cell switching,
the number of neurons and the enhancement of glial
corticogenesis [12]. In addition, expression of Sip71 is
observed in highly differentiated CNS cells, such as
serotonergic and dopaminergic neurons [37]; dysfunction
of these cells is associated with the development of
anxiety [38, 39].

Thus, disturbances of the timely neuronal migration
and differentiation, regulated by the Sip1 factor, can lead
to increased emotional lability and abnormal sensorimotor
reactions in adult animals.

Conclusion

The presence of the mutant allele of the Sip7 gene
did not affect the motor activity, learning ability, startle
response, or the level of prepulse inhibition in mice, but
had some effect on the neurological function, anxiety and
social interest in these animals. The results suggest that a
mutation in the Sip7 gene leads to a disruption of neuro-
functional interactions thus leading to a neurological
deficit and changes in the behavioral response under mild
stress conditions.
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