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ABSTRACT  

Alterations in immune function have been implicated in the etiopathogenesis of 

schizophrenia. Specifically, the induction of inflammatory cytokines, which are important 

immunological factors in infection or inflammation, may be critical factors altering the 

normal course of brain development and increasing schizophrenia risk. Suppressor of 

cytokine signalling 2 (SOCS2) can negatively regulate the signalling of cytokines. The 

present study aimed to determine the behavioural phenotype of transgenic mice over-

expressing SOCS2 (SOCS2 Tg) in paradigms of relevance to schizophrenia. Both male and 

female SOCS2 Tg mice displayed reduced locomotor hyperactivity after the administration of 

the dopamine releaser, amphetamine, compared to wildtype controls (WT). However, only 

male SOCS2 Tg mice showed enhanced prepulse inhibition compared to WT. Dopamine D2 

receptors mRNA expression was reduced and dopamine transporter mRNA expression was 

increased in the nucleus accumbens of female, but not male, SOCS2 Tg mice, compared to 

WT.  The role of hyperdopaminergia has long been implicated in the etiology of 

schizophrenia. This study shows that over-expression of SOCS2 reduces the psychostimulant 

effects of amphetamine, enhances PPI, and alters mesolimbic dopaminergic activity. SOCS2 

may provide a novel target in the development of treatments for schizophrenia.  

 

Keywords: SOCS2, schizophrenia, dopamine, nucleus accumbens, locomotor hyperactivity, 

prepulse inhibition  
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1. INTRODUCTION 

Schizophrenia is a neurodevelopmental disorder, thought to originate from aberrations in 

brain development during early fetal and postnatal stages. There is increasing evidence for 

the role of the immune system in the etiopathogenesis of schizophrenia (Miller et al., 2011, 

Nawa and Takei, 2006, Patterson, 2009, Potvin et al., 2008). Of particular interest is the 

abnormal expression of inflammatory cytokines, a common response by the immune system 

to varying infections. For example, epidemiological studies, that found an increased 

incidence of schizophrenia in individuals exposed to a bacterial or viral infection during 

prenatal life, indicate that a critical factor altering normal brain development is an induction 

of inflammatory cytokines (Brown et al., 2004, Buka et al., 2001). In addition, abnormalities 

in the constitutive expression of inflammatory cytokines, such as interleukin (IL)-6, IL-8 and 

IL-10, have been found in the serum of schizophrenic patients (Maes et al., 2002, Potvin et 

al., 2008). 

 

The Janus kinases (JAK) and signal transducers and activators of transcription (STAT) 

signalling pathway has an important role in driving biological responses to cytokines 

(Rawlings et al., 2004). Factors that regulate the JAK-STAT pathway, and thus mediate 

cytokine signalling, may also provide a novel target for treatment of schizophrenia. The 

primary function of a family of eight proteins, called suppressor of cytokine signalling 

(SOCS), is to negatively regulate the JAK-STAT pathway via a negative feedback loop, and 

therefore suppress the signalling of cytokines (Piessevaux et al., 2008).  

 

Of the eight SOCS family proteins, SOCS2 is one of the more extensively studied. SOCS2 is 

well characterised as an inhibitor of growth hormone signalling, however, it has now also 

been found to regulate signalling of various other growth factors and cytokines (Goldshmit et 
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al., 2004a, Goldshmit et al., 2004b, Greenhalgh et al., 2002, Jegalian and Wu, 2002, Metcalf 

et al., 2000, Rico-Bautista et al., 2006, Uren and Turnley, 2014, Wang et al., 2004). We have 

previously found that transgenic mice that overexpress SOCS2 (SOCS2 Tg) display an 

enhanced survival of newly-born adult hippocampal neurons. Additionally, these mice show 

enhanced exploratory activity and less anxiety in novel environments (Ransome and Turnley, 

2008). In contrast, animal models of schizophrenia have previously reported deficits in 

exploratory activity and heighted anxiety behaviours (Karl et al., 2007, Meyer et al., 2005, 

Meyer et al., 2006). In our previous study, in which only male SOCS2 Tg mice were 

assessed, we also found a near-significant increase in prepulse inhibition (PPI) (Ransome and 

Turnley, 2008).  PPI is a commonly used test, in humans and rodents, to assess sensory 

gating. Deficits in this neurological process are commonly reported in human studies and 

animal models of schizophrenia (Braff et al., 1992, Grillon et al., 1992, Perry et al., 1999, van 

den Buuse et al., 2003). The dopaminergic system plays a major role in the modulation of 

sensory gating, for example administration of dopamine (DA) receptor-2 (DR2) agonists 

disrupts prepulse inhibition (Mansbach et al., 1988, Peng et al., 1990, Swerdlow et al., 1990). 

Abnormalities in the GABAergic neurotransmitter system, which also plays a role in gating 

of sensory information, have also been implicated in schizophrenia, including changes in 

subclasses of GABAergic interneurons. Our group has previously found an increase in cell 

densities of calretinin and calbindin subclasses of interneurons, as well as an increase in 

synaptic density and dendritic branching, in the cortex of SOCS2 Tg mice (Ransome and 

Turnley, 2005). 

 

Currently the main treatment method for schizophrenia is antipsychotic agents that primarily 

target the DA system; these drugs are often associated with several problems including 

intolerable side effects and treatment-resistance in a significant proportion of patients. 
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Therefore, there is an urgent need to identify novel targets for new treatment strategies. As 

SOCS2 Tg mice appear to display an opposing behavioural phenotype compared to the 

endophenotypes found in animal models of schizophrenia, it is possible that SOCS2 may 

provide a unique target in the development of new treatments for schizophrenia. 

 

Therefore in the present study, we aimed to further assess the behaviour of male and female 

SOCS2 Tg mice in behavioural paradigms of schizophrenia and identify changes in the 

dopaminergic system. We used amphetamine-induced locomotor hyperactivity as a model of 

psychosis, with an increase in dopamine release by amphetamine administration mimicking 

hyperdopaminergia (van den Buuse, 2010).  Prepulse inhibition of acoustic startle (PPI) was 

then measured to assess sensory gating, which is reduced in schizophrenia. Several previous 

studies have shown that both amphetamine-induced locomotor hyperactivity and disrupted 

prepulse inhibition are reversed by antipsychotic treatment (Geyer et al., 2001, Geyer and 

Moghaddam, 2002, van den Buuse, 2010, van den Buuse et al., 2005).  Finally, expression of 

the DR2 and dopamine transporter (DAT) were assessed in the frontal cortex and nucleus 

accumbens. 
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2. EXPERIMENTAL PROCEDURES  

 

2.1 Animals 

Wildtype (WT) C57Bl/6 and SOCS2 transgenic (Tg) mice on the C57Bl/6 genetic 

background were obtained from a breeding colony at the University of Melbourne. Mice were 

housed in individually-ventilated cages with food and water ad libitum and kept on a constant 

12h light/dark cycle. All male and female animals behaviourally tested were between 12 and 

16 weeks of age with all procedures performed during the light phase. All experimental 

procedures were approved by the Animal Experimentation Ethics Committee of the Florey 

Neuroscience Institutes, University of Melbourne, Australia.  

 

2.2 Locomotor Hyperactivity 

Analysis of spontaneous and hyperlocomotor activity was measured with eight clear plastic 

photocell boxes (MedAssociates, USA) of 27.3cm x 27.3 cm x 20.3 cm (L x W x H), with 16 

x 16 x 16 arrays of photobeams surrounding the perimeter to track animal movement. Mice 

were individually placed in the boxes to measure baseline locomotor activity for an hour, 

after which the animals were injected intraperitoneally and hyperlocomotor activity was 

assessed for a further two hours. Treatments were saline, 1mg/kg and 3mg/kg amphetamine 

(AMPH) in saline. Drugs were tested in each of the mice in a pseudo-randomized schedule 

with a 3–4 day break between each session. 

 

2.3 Prepulse Inhibition (PPI) 

A week after the conclusion of locomotor testing, PPI was measured with ten automated 

startle chambers (SR-LAB, San Diego Instruments, San Diego, CA, USA). Mice were placed 

in a Plexiglas cylinder (3.8 cm diameter) which was secured to a platform with a piezoelectric 
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accelerometer mounted under it to detect whole-body startle response. A single PPI session 

included 104 trials and lasted for approximately 40 min. There was an initial 3 min 

acclimation period with continuous background white noise only, which continued 

throughout the rest of the session. The first and last eight trials were presented at 115 dB. The 

88 trials in-between were presented in a random order of sixteen 115 dB startle pulses, and 72 

prepulse–pulse trials including eight of each prepulse (PP) intensity of 2, 4, 8, 16 dB over 

background and eight “no-stimulus” trials, where no pulse was presented. Each startle pulse 

was 40 ms in duration, the prepulse was 20ms and there was either a 30ms or 100 ms inter-

stimulus interval (ISI) between the prepulse and the pulse. Only PPI measured from 100ms 

ISI is presented as this ISI provided more reliable results. Percentage PPI was calculated with 

the formula: 100×[(pulse-alone trials - prepulse-trials)/pulse-alone trials].  

 

2.4 Dissection of the brain 

Following behavioural analysis, mice were culled by cervical dislocation at 22-24 weeks of 

age. Brains were removed immediately after decapitation, frozen on dry-ice and stored at 

-80C. In order to collect the nucleus accumbens (NAc) and medial prefrontal cortex 

(mPFC), two 2.0mm thick coronal slices were obtained at approximately bregma 4.70-2.70 

for coronal section 1, and bregma 2.70-0.70 for coronal section 2 (see Figure 1). Slices were 

submerged in RNAlater (Life Technologies, USA) and using a scalpel and fine curved 

forceps the regions of interest were dissected. The dissected region of the mPFC contained 

the prelimbic (PrL), infralimbic (IL), cingulate (Cg1) and secondary motor cortex (M2). The 

dissected region of NAc contained the accumbens shell (AcbSh), the lateral accumbens shell 

(LAcbSh) and the accumbens core (AcbC) (Paxinos, 2005). 
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2.5 Ribonucleic acid (RNA) extraction and quantitative real-time PCR (qRT-PCR) 

RNA was purified from each region using RNeasy Mini Kit (QIAGEN, Valencia, CA) and 

DNase treated using a DNase free kit (QIAGEN). For the nucleus accumbens and medical 

prefrontal cortex, 0.5µg and 1µg of total RNA was reverse transcribed respectively, using 

TaqMan Reverse Transcription kit (Applied Biosystems, USA). Expression of target genes 

was determined by qRT-PCR using gene specific primers and SYBR Green mastermix 

(Applied Biosystems), on the ViiA 7 real-time PCR cycler (Applied Biosystems). Primers 

used for dopamine receptor 2 (Drd2), Slc6a3 or dopamine transporter (DAT) and 18s are 

listed in Table 1. qRT-PCR cycling conditions for all genes consisted of an initial 

denaturation step of 95°C for 10 min, followed by 40 cycles consisting of 95°C for 15 sec 

and 60°C for 1 min. A dissociation curve was also performed at the end of each run. Samples 

were run in triplicate for the genes of interest and the housekeeping gene, 18s.  

 

Briefly, the relative expression within the sample (ΔCT) was measured from the qPCR data 

by subtracting the mean cycle threshold (CT) for the housekeeping gene (18S) from the mean 

CT value for the gene of interest. This number was then inserted into the formula 2
-ΔCT

 to give 

a final arbitrary expression value. This expression value (2
-ΔCT

) for each group was divided 

by the mean 2
-ΔCT

 of the male WT treatment group to give a final value of expression, relative 

to the mean value of that obtained for the male WT group, for the gene of interest.  

 

2.6 Data analysis and statistics 

Body weight and locomotor hyperactivity data were analysed using a 2-way repeated 

measured analysis of variance (time x gene x sex). Prepulse inhibition and gene expression 

data were analysed using a 2-way analysis of variance (gene x sex).  Results are expressed as 

mean±S.E.M. and were considered statistically significant at the P<0.05.  
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3. RESULTS 

3.1 Body Weight 

The average body weight of SOCS2 Tg mice of both sexes was greater than that of their WT 

littermates (Figure 2, main effect of Genotype F(1,24)=22.8, p<0.0001). As expected, WT and 

SOCS2 females had significantly lower body weights than their male littermates (main effect 

of Sex F(1,24)=186.9, p<0.0001). 

 

3.2 Amphetamine-induced locomotor hyperactivity 

There were significant no differences in locomotor activity between sexes or genotypes in the 

pre-injection habituation period (Figure 3). Treatment with 1mg/kg amphetamine (1AMPH) 

increased locomotor activity (Figure 3A and B, main effect of Drug F(1,25)=33.5, p<0.001), 

with this effect tending to be greater in WT controls than SOCS2 mice Tg in females, but not 

males (Figure 3A and B, Drug x Sex x Genotype interaction F(1,25)=4.09, p=0.054). The effect 

of 1mg/kg of amphetamine peaked at around 15min after injection in (Drug x Time 

interaction F(23,575)=5.65, p=<0.001), with this effect significantly greater in WT controls than 

SOCS2 mice Tg in females, but not males (Figure 3B, Drug x Time x Sex x Genotype 

interaction F(23,575)=1.92, p=0.006). 

 

Treatment with 3mg/kg of amphetamine induced marked hyperactivity (Figure 3C and D, 

main effect of Drug, F(1,25)=151.93, p<0.001), which was not different between female and 

male mice. This effect was greater in WT controls than in SOCS Tg mice (Figure 3C and D, 

Drug x Genotype interaction F(1,25)=6.17, p=0.02). The effect of treatment with 3mg/kg of 

amphetamine peaked at around 30min after injection in (Figure 3C and D, Drug x Time 

interaction F(23,575)=47.93, p<0.001), with this effect being significantly greater in WT 

controls than in SOCS Tg mice (Drug x Time x Genotype interaction F(23,575)=3.71, p<0.001).  
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This genotype difference in locomotor distance moved after treatment with 3mg/kg of 

amphetamine was similar in male and female mice. 

 

3.3 Startle and prepulse inhibition of startle 

There was significant startle habituation over the course of the experiment (main effect of 

Block F(3,72)=7.45, p<0.001), but there were no differences between the sexes or genotypes in 

average startle response (Figure 4A) or startle habituation (data not shown). Average %PPI 

was higher in SOCS2 Tg mice than in WT controls in males, but not females (Figure 4B, Sex 

x Genotype interaction, F(1,25)=5.48, p=0.027). As expected, there was a significant increase 

in PPI with prepulse intensity (Figure 4C and D, main effect of Intensity F(3,75)=7.45, 

p<0.001) but there was no interaction of prepulse intensity with genotype or sex.  

 

3.4 Dopamine 2 receptor 2 (D2R) and dopamine transporter (DAT) gene expression 

A significant Sex x Genotype interaction was found in mRNA expression of D2R in the NAc 

(F(1,16)=4.52, p=0.049; Figure 5A), with female, but not male SOCS2 Tg mice showing 

reduced expression. Female SOCS2 Tg mice also showed a highly significant increase in 

DAT mRNA expression in the NAc compared to wildtypes (Sex x Genotype interaction, 

F(1,16)=15.52, p=0.001; Figure 5B), which, again, was not found in males. In addition, an 

overall sex difference was found in mRNA expression of DAT in the NAc (F(1,16)=35.70, 

p<0.0001; Figure 5B), with female mice showing higher expression compared to male 

littermates. There was no main effect of sex or genotype on D2R or DAT expression in the 

medial prefrontal cortex (Figure 5). 
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4. DISCUSSION 

Animal models, including genetically-modified mice and rats, are widely used in 

schizophrenia research, and are particularly useful to study symptomology and the associated 

mechanisms. In the present study, it was found that SOCS2 transgenic mice display altered 

amphetamine-induced locomotor hyperactivity, PPI, and dopaminergic activity in the nucleus 

accumbens. However, these phenotypes were highly sex-dependent with only male SOCS2 

Tg mice showing enhanced PPI, whereas only female SOCS2 Tg mice were found to have 

alterations in DAT and DR2 mRNA expression levels. Current antipsychotics are effective at 

treating psychotic and positive symptoms of schizophrenia, however these drugs can also be 

associated with treatment resistance and severe side effects. SOCS2 may provide a unique 

novel target for developing adjunctive treatments for schizophrenia. 

 

Dopaminergic dysfunction has been implicated in the neuropathology of schizophrenia for 

over 40 years. The dopamine hypothesis of schizophrenia suggests that dopaminergic 

hyperactivity plays a role in the aetiology of the positive symptoms of the disease. This 

theory was based on pharmacologic evidence that nearly all effective antipsychotic drugs are 

dopamine receptor antagonists (Meltzer and Stahl, 1976). Post-mortem and in-vivo 

neuroimaging studies, showing an increase in striatal D2R density in schizophrenic patients 

(Crawley et al., 1986, Laruelle, 2000, Mita et al., 1986, Owen et al., 1978, Zakzanis and 

Hansen, 1998), were furthermore essential in establishing the initial dopamine hypothesis of 

schizophrenia (Howes and Kapur, 2009). The dopamine hypothesis was further strengthened 

by evidence that administration of dopamine receptor agonists or releasers, such 

amphetamine, is able to induce psychotic episodes in healthy subjects, similar to those seen in 

schizophrenic patients (Ellinwood et al., 1973, Snyder, 1973). Although psychotic episodes, 

which can be categorised into the positive symptom cluster, are uniquely human, animal 
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models of schizophrenia have attempted to measure these symptoms with locomotor 

hyperactivity and PPI (van den Buuse, 2010).  

 

Numerous animal studies have shown that treatment with the psychostimulant, amphetamine, 

causes locomotor hyperactivity, which can be seen as having construct validity to model 

hyperdopaminergia in humans (van den Buuse, 2010). New antipsychotics are often screened 

to determine if they are effective at preventing the effects of psychostimulant drugs (Leite et 

al., 2008). Clinically used classic and atypical antipsychotics, such as haloperidol, clozapine 

and sulpiride, have been shown to reduce amphetamine-induced locomotor hyperactivity (van 

den Buuse, 2010). The present study reveals that SOCS2 Tg mice also display reduced 

locomotor hyperactivity when treated with amphetamine, compared to WT controls. These 

results suggest an over-expression of SOCS2 has antipsychotics-like effects, possible due to 

its actions via the dopaminergic system.  

 

The locomotor-activating effects of low doses of amphetamine, such as the dose chosen for 

this study (3mg/kg), are thought to be mediated by the mesolimbic DA system (Geyer and 

Moghaddam, 2002, van den Buuse, 2010). Therefore changes in the mesolimbic, as well as 

the mescocortical, DA system in SOCS2 Tg mice were investigated in this study. These 

pathways are also known to play a crucial role in cognitive, emotional and reward-related 

behaviours, as well as executive function; behaviours that are altered in schizophrenia. The 

mesolimbic dopamine pathway, where dopamine cell bodies in the ventral tegmental area 

(VTA) project into the forebrain, including in the NAc, plays a role in motivation and reward 

seeking behaviour. Female SOCS2 Tg mice showed reduced D2R expression in the NAc and 

increased expression of DAT, the main presynaptic reuptake mechanism into DA terminals in 

this region. The mesocortical dopamine system, where neurons that project from the VTA 
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into cortrical cerebellar areas such as the prefrontal cortex (PFC), is involved in cognitive and 

executive functions (Brunelin et al., 2013). There were no differences between SOCS2 Tg 

and WT mice in mRNA expression of D2R or DAT in the medial aspect of the PFC. 

 

PPI, a measure of sensorimotor gating, is deficient in schizophrenia patients and therefore a 

commonly measured factor in animal models of the disease (van den Buuse, 2010). The 

administration of direct dopamine receptor agonists, such as apomorphine, and the dopamine 

releaser, amphetamine, has been consistently shown to disrupt PPI (reviewed in Geyer et al., 

2001). In contrast, antipsychotics, that have dopamine antagonistic effects, have been 

previously shown to increase PPI in humans (Csomor et al., 2008, Vollenweider et al., 2006) 

and in animal models of disrupted PPI (Bakshi and Geyer, 1995, Bakshi et al., 1994). 

Therefore the enhancement of PPI in male SOCS2 Tg mice compared to WT controls, in 

combination with a decrease in amphetamine-induced locomotor activity, found in this study, 

suggests a reduction in dopaminergic activity. In female SOCS2 Tg mice, the decrease in 

D2R, particularly if presynaptic, and an increase in DAT mRNA expression in NAc, may 

have resulted in a compensatory increase in DA synthesis (Howes and Kapur, 2009), 

preventing the hypo-dopaminergic-related increase in PPI seen in males. The altered 

expression of DR2 and DAT in female SOCS2 Tg mice is reminiscent of similar changes in 

these parameters in estrogen-treated rats (Chavez et al., 2010) suggesting a role of elevated 

estrogen levels mediating these female-specific effects of SOCS2 over-expression. However, 

further studies are needed to directly measure dopaminergic activity in SOCS2 Tg mice, for 

example by micro-dialysis. 

 

The mechanisms by which increased SOCS2 expression may exert anti-psychotic effects, 

remain to be determined. Previous studies have shown that mice over-expressing SOCS2 
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showed increased density of calretinin- and calbindin-positive, but not paravalbumin or 

somatostatin-positive cells, in the prefrontal cortex (Ransome and Turnley, 2005).  Reduced 

density of GABAergic interneurons has been shown in post-mortem brains of patients with 

schizophrenia (Lewis et al., 2012), however the changes were largely localized to 

parvalbumin- and somatostatin-positive cells (Lewis et al., 2012, Morris et al., 2008). 

Therefore the effect of SOCS2 on interneuron density is unlikely to explain its potential 

antipsychotic-like effect. Moreover, interneuron density in the striatum was not altered in 

SOCS2 over-expressing mice (Ransome and Turnley, 2005).  

 

An alternative explanation for the present results could be a reduced effect of inflammatory 

cytokines on dopaminergic activity in the brain. Several studies have shown schizophrenia-

like behavioural abnormalities and mesolimbic and mescocortical DA system dysfunction 

caused by prenatal exposure to infection. For example, such mice show enhanced 

amphetamine-induced locomotor hyperactivity and disruptions of PPI (Eyles et al., 2012, 

Feleder et al., 2010, Meyer and Feldon, 2009, Ozawa et al., 2006), the opposite of what is 

seen in the present study. Given the role of the SOCS proteins in regulating the JAK-STAT 

pathway and thereby biological responses to cytokines, it is possible that SOCS2 transgenic 

mice represent the opposite of this schizophrenia-like phenotype in animal models of 

developmental immune-stimulation. As an extension, it could be predicted that the effects 

prenatal exposure to immune stimulation would be prevented in SOCS2 Tg mice. Given the 

role of SOCS in regulating cytokine and dopaminergic signalling, indirectly this study also 

supports the use of anti-inflammatory agents, such as aspirin, as therapeutics for 

schizophrenia. Aspirin, a popular non-steroidal anti-inflammatory drug, has been previously 

shown to be effective at reducing symptoms of schizophrenia when given as adjunctive 

treatment with antipsychotic drugs (Laan et al., 2010). Aspirin is known to trigger the 
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generation of anti-inflammatory lipid mediators, lipoxins.  The immune-regulatory functions 

of lipoxins are dependent on the induction and activity of SOCS2 (Machado et al., 2006).  

 

SOCS2 over-expression has been shown to induce a number of other effects in the brain 

which could potentially be involved in the altered behavioural and neurochemical phenotype 

observed in the transgenic mice in the present study. For example, SOCS2 over-expression 

increased expression of the Tropomyosin-related kinase A (TrkA) neurotrophin receptor 

(Uren and Turnley, 2014). Levels of the neurotrophin, brain-derived neurotrophin (BDNF), 

have been shown in post-mortem studies to be significantly reduced in schizophrenia (Green 

et al., 2011, Weickert et al., 2003). However, the ligand for most of the effects of BDNF in 

the adult brain is TrkB rather than TrkA (Uren and Turnley, 2014) so the relevance of the 

change in TrkA levels for the antipsychotic-like phenotype in SOCS transgenic mice remains 

to be clarified.  The role of other effects of SOCS2 over-expression, such as enhanced 

neurogenesis and altered growth hormone responses, in the present results remains to be 

determined. 

 

5. CONCLUSION 

The present study has found evidence to suggest a role for SOCS2 in mediating dopaminergic 

signalling, including presynaptic DA function. The role of dopamine in the etiology of 

schizophrenia still continues to be the enduring hypothesis of the disease (Di Forti et al., 

2007, Eyles et al., 2012, Howes and Kapur, 2009).  It has been suggested that future drug 

development and research should focus on mediating presynaptic dopaminergic factors, as 

current treatments for schizophrenia, which mostly mediate postsynaptic dopaminergic 

function, are often associated with treatment resistance and intolerable side effects. 
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Therefore, SOCS2 may provide a unique target in the development of novel treatments for 

schizophrenia.  
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FIGURE LEGENDS 

 

Figure 1. Representative diagram of the two coronal sections of 2mm taken from the 

forebrain at approximately bregma 4.70-2.70 (Slice 1, A) and 2.70-0.70 (Slice 2, B) for the 

dissection of the mPFC and NAc, respectively. Adapted from Paxinos (2005). 

 

Figure 2. Body weight in male and female wild-type and SOCS2 Tg mice. Data are expressed 

as mean ± SEM. **p<0.001 compared to wild-type.  

 

Figure 3. The effects of 1mg/kg (A,B) and 3mg/kg (C,D) amphetamine treatment on 

locomotor activity in male (A,C) and female (B,D) wild-type and SOCS2 Tg mice. Data are 

expressed as mean ± SEM. *p<0.05 Drug x Genotype effect. 

 

Figure 4. Average startle (A) and average %PPI (B) in wild-type and SOCS2 Tg mice. Panels 

C and D depict %PPI for each prepulse intensity for male and female mice, respectively. Data 

are expressed as mean ± SEM. *p<0.05 compared to wild-type males.  

 

Figure 5. Relative dopamine D2 receptor and dopamine transporter (DAT) expression in the 

nucleus accumbens and medial prefrontal cortex in wild-type and SOCS2 Tg mice. Data are 

expressed as mean ± SEM. *p<0.05, **p<0.01 compared to wild-type females.  
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TABLE 1 

 

Primer sequences for Drd2, Slc6a3 (DAT) and 18S (housekeeping) gene 

Gene Primer 

 

Drd2 (encoding gene for  

dopamine D2 receptor) 

 

forward   5’- CCATGCCCAATGGCAAA 3’ 

reverse    5’- GAGCTTCCTGCGGCTCATC -3’ 

 

Slc6a3 (encoding gene for  

dopamine transporter) 

 

forward   5’- TCATCAATGCCACGACTCTG -3’ 

 reverse   5’- AACTCTAGCGATGGCCTGG -3’ 

 

18S 

 

forward   5’- GGCCCAACGAAGAAAACCAT -3’ 

 reverse   5’- AGCATCACCCGGGAAGTG -3’ 
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Highlights 

 

 Suppressor of cytokine signalling 2 (SOCS2) regulates cytokine signalling 

 SOCS2 trangenic mice showed reduced amphetamine-induced locomotor 

hyperactivity  

 Male, but not female SOCS2 transgenic mice showed increased prepulse inhibition 

 Alterered dopamine transporter and D2 receptor expression in female transgenics 

 SOCS2 may be new target for development of schizophrenia therapeutics 
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