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Abstract

Schizophrenia is a severe, chronic mental disorder affecting near 1% of the global population, with
about 60% of patients showing resistance to currently available antipsychotic drugs (APDs). The
modern dopaminergic (DA) hypothesis of schizophrenia postulates that multiple pathogenic factors
contribute to hyperdopaminergia in the striatum. Therefore, effective modulation of striatal DA
remains a key strategy in the development of novel APDs. The striatum-enriched protein
phosphatase (STEP) is selectively expressed in the dopaminergic neurons of the striatum together
with D2 receptors - the main target of existing APDs. In this study, we investigated the APD-like
effects of the STEP inhibitor TC-2153 in a genetic mouse model of schizophrenia (Disc1-L100P). We
found that TC-2153 [10 mg/kg; i.p.] effectively reduced hyperactivity in Disc1-L100P mutant mice as
assessed in the open field test. The STEP inhibitor also ameliorated disrupted latent inhibition (LI) in
Disc1-L100P animals, but unexpectedly impaired LI in wild-type (WT) mice. In opposite, TC-2153
had no effect on deficient sensorimotor gating, measured by the pre-pulse inhibition (PPI) paradigm.
Additionally, TC-2153 induced antidepressant-like effects in both WT and Disc1-L100P mutant mice,
increasing their activity in the Forced Swim Test (FST). These new findings suggest that STEP
inhibition produces APD-like effects in a genotype-specific manner while promoting antidepressant-
related behavioural phenotypes regardless of genetic background. Overall, our preclinical results
support STEP as a promising target for APD development and highlight a potential link between
STEP and DISC1 molecular complex in the pathogenesis of schizophrenia — an avenue that warrants
further investigation to better understand the molecular mechanisms underlying APD action.

Keywords: DISC1; STEP; schizophrenia; mouse model; antipsychotic drug; TC-2153

1. Introduction

Schizophrenia is a severe psychiatric disorder characterized by a disrupted sense of reality,
which forms the core of its symptoms. This impairment significantly affects daily functioning and
often leads to lifelong disability requiring continuous care. The dopaminergic (DA) hypothesis of
schizophrenia was first proposed in 1976 [1] and has since evolved through the integration of new
findings on the mechanisms of antipsychotic drugs (APDs) action and their effects on dopamine
metabolism. A modern version of the DA hypothesis was introduced in 2009 [2] incorporating
evidence from numerous pre-clinical and clinical studies that highlight the pathogenic role of gene-
environment interactions in schizophrenia. For example, social isolation has been shown to enhance
the pro-psychotic effects of psychostimulants [3] and unpredictable mild stress [4] on the DA system
in rats. Similar observations have been reported in humans; increased stress-induced striatal DA
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release was reported in adults who experienced low maternal care during childhood [5]. Hence, the
modern DA hypothesis of schizophrenia successfully combined multiple contributing factors that
converge on a common pathway — elevated dopamine level in the striatum [2].

According to the World Health Organization (WHO), approximately 20 million people
worldwide are affected by schizophrenia [6]. Despite the availability of APDs, their overall
effectiveness remains limited, and they are often associated with a range of side effects. These include
a high incident of movement disorders induced by atypical APDs, as well as metabolic syndromes
such as weight gain, fatigue and hypersalivation. While APDs help stabilize schizophrenia symptoms
over the long term and can facilitate remission, nearly 60% of patients show resistance to these
treatments and frequently experience adverse effects. Dopamine D2 receptor (D2R) is the primary
target for APDs development, and clinical effectiveness is closely linked to the drugs’ binding affinity
to D2R [7]. D2R elicits their action via intracellular Gi/Go proteins, which control adenylate cyclase
activity, phosphatidylinositol turnover, arachidonic acid release, ion channels activity (K* and Ca?),
and protein kinases signaling [8]. Additionally, D2R can signal independently of G-proteins, for
example through [3-arrestin-2, which initiates the formation of a molecular complex involving protein
phosphatase-2A (PP2A), protein kinase-B (Akt (PKB)) and glycogen synthase kinase-3 (GSK-3) [9].
Key mechanisms regulating D2R activity include kinase-dependent desensitization, receptor
endocytosis, and endosomal trafficking, which facilitate complex formation with (-arrestin-2,
adaptor protein-2, and clathrin [10].

Our study identified pathologically enhanced protein-protein interactions between D2R and
DISC1 (Disrupted-In-Schizophrenia-1) in post-mortem brains of patients with schizophrenia and in
the striatum of Disc1-L100P mutant mice - a genetic model of schizophrenia [11]. Notably, uncoupling
the D2R-DISC1 interaction using a targeted peptide corrected schizophrenia-like behaviours in Disc1-
L100P animals, suggesting antipsychotic potential. Furthermore, pharmacological inhibitors of GSK-
3 [12] or PDE4 [12,13], both part of the DISC1 interactome, have shown APDs-like effects in pre-
clinical studies. These findings underscore the critical role of DISC1 and its interactome in regulating
dopamine function [14], offering promising new therapeutic targets for schizophrenia treatment.

STriatal-Enriched protein tyrosine Phosphatase (STEP; PTPN5) has been implicated in the
pathophysiology of schizophrenia [15]. STEP is specifically expressed in dopaminergic neurons of
the striatum [16], where D2Rs are also highly enriched, suggesting a potential role for STEP in
modulating dopamine function. A study by Kim and colleagues [17] demonstrated a potential link
between STEP and D2R interaction. So, genetic lack of D2R significantly reduced STEP levels in
knockout mice, while genetic inhibition of STEP led to a decrease in dopaminergic neuron density.
STEP substrates include key synaptic proteins such as the GluN2B subunit of NMDA receptors [18],
the GluA2 subunit of AMPA receptors [19] and several kinases including ERK1/2, Fyn, and Pyk2 [20-
22]. Functionally, STEP acts as a negative regulator of synaptic strength, opposing synaptic
potentiation and plasticity [23].

The pharmacological STEP inhibitor, (8-(trifluoromethyl)benzo[f][1,2,3,4,5]pentathiepin—6-
amine hydrochloride), TC-2153, is a benzopentathiepine compound containing five sulphur atoms.
It was first discovered by our team as the first orally available synthetic pentathiepine [24] (Figure 1).
A detailed description of the chemical synthesis of benzopentathiepine analogues and their
biochemical characterization has been reported [25], and the behavioural effects of TC-2153 have been
demonstrated in several recent studies. For instance, TC-2153 was able to reverse motor and cognitive
deficits induced by PCP (an NMDA receptor blocker) in mice via the increased expression of brain-
derived neurotrophic factor (BDNF) [26]. TC-2153 rescued short-term memory deficit in the Y-maze
caused by the bacterial lipopolysaccharide exposure in mice, via increased phosphorylation of
GluN2B, ERK1/2, CREB/BDNF, and PSD95 [27]. Beyond its cognitive effects, TC-2153 has also
demonstrated antidepressant-like properties [28] and was found to ameliorate social deficit, anxiety
and repetitive behaviour in a valproate-induced model of autism [29]. Recent studies have shown
that TC-2153 mitigates fear-induced aggression in Norway rats selectively bred over 90 generations
for heighten aggression toward humans. This behavioral improvement was accompanied by reduced
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expression of BDNF in the midbrain and increased expression of 5-HT1a receptors, along with
elevated tryptophan hydroxylase activity in the hypothalamus [30-32].
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Figure 1. Chemical structure of the STEP inhibitor, TC-2153, (8-(trifluoromethyl)benzo[f][1,2,3,4,5]pentathiepin-
6-amine hydrochloride).

STEP has emerged as a compelling molecular target for the treatment of mental disorders and
may represent a promising candidate for the development of next-generation APDs, given its
association with dopaminergic and NMDA systems as well as cognitive effects. Hence, we
hypothesized that STEP may interact with DISC1 protein network and thereby exert APD-like effects.
To test this hypothesis, we evaluated the APD-like effectiveness of the STEP inhibitor TC-2153 in
Disc1-L100P mutant mice - a well-established genetic model of schizophrenia [34]. Our goal was to
further support STEP as a new molecular target for APD development. In addition, we assessed the
effects of TC-2153 in the Forced Swim Test, which is commonly used to evaluate depression-like
behaviour in mice. This allowed us to expand upon previous findings [28] by examining TC-2153's
antidepressant potential in Disc1-L100P mice and comparing its APD-like capacity with its
antidepressant-like actions.

2. Materials and Methods

2.1. Animals

Disc1-L100P homozygous male mice and their wild-type (WT) littermates, C57Bl/6NCrl
(C57BI/6N) inbred strain were bred in the animal facility of Scientific Research Institute of
Neuroscience and Medicine (SRINM). Experiments were conducted on 2-3 months old Discl-
L100P\WT male mice. Homozygous Disc1-L100P and WT mice (DISC1-L100P+/+ or WT) were
obtained from the breeding of heterozygous pairs. Genotyping was performed as described before
[34], using primers: F, 5'-AGA CCA GGC TAC ATG AGA AGC-3’ and R: 5-AAG CTG GAA GTG
AAG GTG TCT-3". All mice were housed 5 per cage in the vivarium of the SRINM in plastic cages
(OptiMice Biotech AS, 34 x 29 x 15 cm) in a temperature-controlled room (21-23 °C) with a reversed
light-dark cycle (12h/12h; lights on 18:00 h; lights off 6:00 h) with food and water available ad libitum.
This study was conducted following the recommendations of the European Communities Council
Directive of September 22, 2010 (2010/63/EU). All experimental protocols were approved by the
Ethics Committee of the SRINM.

2.2. Behavioural Tests

Behavioural tests were conducted between 9 am and 5 pm. Experimental mice have been
acclimatized to the experimental room for 30 min. The behavioural equipment was cleaned with 70%
ethanol between mice to remove residual odours. The subjective tests (open field, latent inhibition,
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and forced swim test) were video-recorded and analyzed by a skilled experimenter blind to genotype
and drug treatment of the mice using EthoVision XT-10 software (Noldus Information Technology,
Netherlands). Several cohorts of mice were used to minimize any influence of one behavioural
procedure on another with minimum 7-days interval between the tests. The 1st cohort of mice was
tested in the open field and forced swim test; 2nd — latent inhibition; and 3rd set of mice was used in
PPL

2.2.1. Open Field

Each mouse was placed in the middle of a bright lit (600 Lux) activity cage (Plexiglas cage; 40
cm x 40 cm x 37 cm) for 5 minutes. The total of travelled distance was assessed and analyzed.

2.2.2. Forced Swim Test (FST)

Each mouse was placed in a transparent plastic cylinder (25 cm high x 18 cm diameter) with
water (25 °C) to the level of 18 cm and remained for 6 min. The time of immobility (floating, the state
of navigation, when the mouse stopped moving and made only necessary movements to keep its
head above water) was recorded during the last 4 minutes of the test period. After the experiment,
each mouse was dried under a heated lamp and returned to the home cage afterwards.

2.2.3. Pre-Pulse Inhibition (PPI) of Acoustic Startle Response (ASR)

PPI was measured as previously described with mild modifications [13]. Six types of trials were
used: 1) Pulse alone - single white noise burst (120dB 40ms); 2-5) Prepulse + pulse (PP72P, PP78P,
PP82P, PP86P) —noise prepulse (20 ms at 69, 73, or 81dB) followed by startle pulse (120dB 40ms)
100ms after the prepulse onset; and 6) No-stimulus - background noise only (65dB). Sessions were
structured as follows: 15-minute acclimation at background noise level; five Pulse trials; ten blocks
each containing all six types of trials (Pulse, PP72P, PP78P, PP82P, PP86P, No-stimulus) in
pseudorandom order; and five Pulse trials. The force intensity for each trial was recorded as the
startling level. The percentage PPI induced by each prepulse intensity was calculated as [1-(startle
amplitude on prepulse trial)/(startle amplitude on pulse alone)]*100%.

2.2.4. Latent Inhibition (LI)

The LI in the conditioning freezing paradigm was performed with mild modifications as
previously described [35]. The experiment was conducted in a fear conditioning apparatus (Gemini
avoidance system; San Diego Instruments). On the first day, half of the experimental animals,
randomly assigned, received 40 presentations of a 30 sec pulsated tone (3.6 kHz, 80 dB) - the
conditioned stimulus (CS) at a variable inter-stimulus interval of 40 + 30 sec (pre-exposed group; PE).
Immediately after 40th CS experimental mice received 5 pairings of CS-US (unconditioned stimulus;
foot-shock, 0.4 mA; 1 sec), which was delivered at the end of CS with 3 minutes interval between CS-
US pairings. Another half of mice received only 5 CS-US delivered after ~40 min spent in the
operational chambers without exposure to PE (non-pre-exposed group; NPE). All mice were tested
for the latent inhibition on the next day assessed in the open field coupled with a video-tracking
system (Noldus Information Technology, Netherlands). Each mouse was placed in the centre of the
open field (under regular light) and allowed to explore the novel environment for 3 minutes. Next,
the CS (3.6 kHz, 80 dB) was delivered for the next 5 minutes without interruption from the audio-
speakers located 1.5 m above the open field arena. Afterwards, CS was terminated and the mouse
spent additional 2 minutes in the open field. Travelled distance during the whole testing session was
analyzed for every 30 seconds.

2.3. Drugs

TC-2153 (8-(trifluoromethyl)benzolf][1,2,3,4,5] pentathiepin-6-aminehydrochloride) was
synthesized as described (Khomenko et al., 2011) with 99% purity. TC-2153 was dissolved in the
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distilled water with 2-3 drops of DMSO on the day of experiment [10 mg/kg] and injected 30 minutes
before the behavioural test. In the LI experiment, TC-2153 was injected only on the 1st day, 30 minutes

before the pre-exposition session to avoid any possible effect of the compound on the motor activity
during the testing session.

2.4. Statistical Analysis

Statistical analysis was performed using the software package Statistical0 for Windows.
Behavioral data were analyzed using one-way ANOVA, two-way ANOVA and two-way ANOVA
with repeated measures (RM ANOVA), where necessary, with further post-hoc analysis (LSD Fisher
test). Data are presented as Mean + SEM.

3. Results

3.1. Effects of TC-2153 on Hyperactivity Assessed in the Open Field

Two-way ANOVA detected a main effect of genotype [F (1, 28) = 10.2; p < 0.001] and drug
treatment [F (1, 28) =19.3; p <0.001] on travelled distance. Post-hoc analysis found that vehicle-treated
Disc1-L100P mice walked significantly more than vehicle-treated WT littermates (p < 0.01). TC-2153
effectively reduced hyperactivity in Disc1-L100P mutant mice (p < 0.01) and also decreased
ambulation in WT mice (p <0.05) (Figure 2A).
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Figure 2. A-C. TC-2153 reduced motor activity assessed in the open field (A); reduced duration of floating (%)
in the Forced Swim Test (B) in both wild-type (WT) and Disc1-L100P mutant mice and had no effect on the
percentage of pre-pulse inhibition of acoustic startle response (PPI) (C). * - p < 0.05; ** - p < 0.01 — in comparison
vehicle-treated mice within each experimental group; # - p < 0.05; ## - p < 0.01 — in comparison with vehicle-
treated WT mice. N = 6-8 mice per group.

3.2. Effects of TC-2153 on Behavioral Despair Assessed in the FST

Two-way ANOVA detected a main effect of genotype [F (1,20) =5.4; p<0.05] and drug treatment
[F (1,20)=6.4; p <0.05] on the percentage of floating. Vehicle-treated Disc1-L100P floated significantly
more than control WT mice (p <0.05). TC-2153-treated mice of both genotypes significantly increased
their activity (p’s < 0.05) in comparison with vehicle-treated mice (Figure 2B).

3.3. Effects of TC-2153 on Sensorimotor Gating Assessed by PPI of ASR

Two-way ANOVA with repeated measures found a main effect of pre-pulses [F (3, 63) =40.3; p
< 0.001] and genotype [F (1,21) = 16.1; p < 0.001] on startle response. Vehicle-treated Disc1-L100P
mutants expressed PPI deficit at 74 dB (p < 0.01), 78dB, 82 dB and 86 dB (all p’s < 0.05) as compared
to control WT mice. TC-2153 had no effect on PPI of mice of both genotypes (Figure 2C).

Two-way ANOVA detected a main effect of a genotype [F (1,21) =21.4; p <0.001] on the acoustic
startle response. Post-hoc analysis found that vehicle-treated Disc1-L100P mice expressed lower ASR
than control WT mice (p < 0.001). TC-2153 did not affect ASR in Disc1-L100P and WT mice (Table 1).

Table 1. Effect of TC-2153 on the acoustic startle response in Disc1-L100P and WT mice.

Group WT Disc1-L100P
Vehicle (n = 6-8) 159.8 +34.9 90.0 + 3.1 ###
TC-2153 (n = 6-8) 132.4 +27.7 91.2+5.7

### - p <0.001 — in comparison with vehicle-treated WT mice.

3.4. Effects of TC-2153 on Decremental Attention Assessed by LI

MANOVA with repeated measures detected a main effect of PE [F (1, 39) = 15.4; p < 0.001],
genotype x drug interaction [F (1, 39) =3.5; p < 0.05], time-interval [F (9, 351) =2.4; p <0.01], PE x time
interval [F (9, 351) = 3.6; p <0.05], time interval x genotype x PE interactions [F (9, 351) = 3.4; p < 0.05]
on the percentage of freezing. Post-hoc analysis found that vehicle-treated PE-WT mice ignored the
tone and travelled longer distance than NPE-WT group, demonstrating LI (p’s < 0.05 between 3rd
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and 4th minutes of CS’ exposure) (Figure 3A). In opposite, both PE and NPE groups of Disc1-L100P
control mice behaved similarly, walking the comparable distance, expressing the disrupted LI (all p’s
> 0.05) (Figure 3C). TC-2153-treated PE and NPE-WT mice showed no LI, walking similar distance
(all p’s > 0.05) (Figure 3B). In contrast to WT, STEP inhibitor given to Disc1-L100P ameliorated their
LI deficit, increasing travelled distance in PE group in comparison with vehicle PE-Disc1-L100P
mutants and TC-2153-treated NPE-Disc1-L100P mice (Figure 3D).
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Figure 3. A-D. TC-2153 corrected disrupted latent inhibition (LI) in Disc1-L100P mice. (A) vehicle-treated wild-
type (WT) mice pre-exposed (PE) to the conditioned stimulus (CS) did not decrease their ambulation in response
to CS (grey colored line) in opposite to the non-preexposed (NPE) group of control mice, whereby showing LI,
which was disrupted by TC-2153 (B). Vehicle-treated Disc1-L100P mutant mice did not express LI (C), however,
TC-2153 significantly improved the expression of LI in Disc1-L100P mice (D) by increasing travelled distance in
PE-Disc1-L100P mutants. * - p < 0.05; ** - p < 0.01 — in comparison with NPE group within each experimental
group; # - p <0.05; ## - p <0.01; ### - p <0.001 — in comparison with vehicle-treated Disc1-L100P mice. N = 7-8

mice per group.

4. Discussion

Our pre-clinical findings support STEP as a promising molecular target for the development of
next-generation antipsychotic drugs (APDs), capable of eliciting therapeutic effects in a gene-
dependent manner and advancing the field of personalized psychiatry. Notably, TC-2153 affected
motor activity similarly in both WT and Disc1-L100P mutant mice, as assessed in the open field and
FST. However, it selectively corrected LI deficit in Disc1-L100P mutants while impairing LI in WT
mice. This suggests that the APD-like effects of STEP inhibition are DISC1-dependent, as evident by
its selective action on LI. Importantly, TC-2153 also induced side effects in WT mice, including
reduced ambulation in the open field, increased activity under the stressful conditions in the FST,
and disrupted LI. These observations reinforce the gene-dependent effectiveness of STEP inhibition
and highlight its potential contribution to personalized medicine approaches in psychiatry.
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The etiology of schizophrenia is complex, and understanding its molecular mechanisms is a
critical step toward effective drug discovery. Rapid advances in functional genomics — particularly
in the regulation of transcription and spatial configuration of DNA — have opened new avenues for
identifying novel drug targets and even synergistic therapies that can simultaneously modulate
multiples molecular pathways [36,37]. Despite these advances, we are still in the early stages of
determining how gene discovery will inform personalized treatment strategies for schizophrenia.
Considerable efforts have been made to uncover the genetic factors contributing to variability in APD
responsiveness and the genetic risk of developing side effects, with the ultimate goal of improving
treatment effectiveness [38].

The generations of genetically engineered mouse models have provided researchers with a
powerful toolbox for pharmacogenetic studies of schizophrenia. Among these, Disc1-L100P mutant
mice meet all three criteria for a valid animal model of schizophrenia: construct, face and predictive
validity [13]. Comstruct validity is supported by multiple independent genetic studies linking
polymorphisms in the DiISC1 gene to schizophrenia [39]. Notably, the W160L mutation detected in
patients with schizophrenia is closely related to the L100P mutation used in this mouse model [40].
Furthermore, we showed a pathogenic interaction between Disc1-L100P and maternal immune
activation [41], aligning with the gene-environment interplay implicated in schizophrenia
pathogenesis [42]. Face validity is reflected in the schizophrenia-like behavioral phenotypes in Discl-
L100P mice, including hyperactivity, deficient PPI and LI, found in the current study and supporting
previous reports [11-13,35,43,44]. Our current study also revealed increased floating in Disc1-L100P
mutant mice assessed in FST, suggesting reduced motivation to cope with aversive conditions, which
may correspond to negative symptoms of schizophrenia. The emergence of this new phenotype in
Disc1-L100P mutant mice warrants further investigation and may be influences by differences in
genetic background between the original and current Disc1-L100P lines, including the number of
backcrosses to the C57BL/6] strain, experimental conditions, or housing environments. Predictive
validity is demonstrated by the response of Disc1-L100P mice to antipsychotic treatment. As previously
reported, clozapine haloperidol - but not bupropion - were able to correct hyperactivity and PPI
deficit without affecting startle response and restored LI deficit without impacting long-term
memory [11,13]. Notably, clozapine was more effective than haloperidol in Disc1-L100P mice [43],
supporting the dopaminergic hypersensitivity driven by altered Discl - D2R - GSK-3 protein x
protein interactions [11,12].

We investigated the effectiveness of the STEP inhibitor TC-2153 in the Disc1-L100P mouse model
of schizophrenia for the first time. TC-2153 reduced hyperactivity in Discl mutant mice to levels
comparable to TC-2153-treated WT mice, aligning well with the effects observed for other
compounds such as the PDE4 inhibitor rolipram [13], the GSK-3 inhibitor TDZD-8 [12], and the Disc1-
D2R uncoupling peptide [11]. In addition, to its impact on locomotion in the open field, TC-2153 also
reduced floating behavior in mice of both genotypes, supporting its potential antidepressant effect
[28]. However, further studies are needed to distinguish between negative symptoms of
schizophrenia-related behaviour and depression-like phenotypes in Disc1-L100P mice.

Interestingly, TC-2153 did not alter the PPI deficit in Disc1-L100P mice, however, the STEP
inhibitor effectively ameliorated their LI deficit. This distinct effect stems from the fact that PPI and
LI assess different cognitive processes and are regulated by specific underlying neural pathways and
biochemical mechanisms. PPI measures sensorimotor gating, referring to the attenuation of the startle
response when a weak pre-pulse precedes the startle stimulus by a short interval. LI reflects the
ability to learn to ignore irrelevant stimuli (conditioned stimulus; CS) and has been extensively
studied in both clinical and animal research [45]. Briefly, animals pre-exposed (PE) to the CS without
reinforcement learnt to disregard the CS-unconditioned stimulus (US) association. LI is quantified as
the difference in learning between PE and non-pre-exposed (NPE) groups.

Our current study found disrupted LI in Disc1-L100P mice, consistent with recent findings using
a fear conditioning paradigm [35]. Both PPI and LI deficits are well-established phenotypes in
schizophrenia patients [46-49]. Notably, dopaminergic (DA) agonists and NMDA antagonists can
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disrupt PPI [50], and LI [51], albeit through different mechanisms. For example, amphetamine, a DA
releaser, disrupts both PPI and LI in rodents, while NMDA receptor antagonists disrupt PPI but
typically spare LI. Amphetamine-induced deficits in PPI and LI can be reversed by both typical and
atypical APDs [46,51,52], with atypical APDs showing greater effectiveness against NMDA
antagonists-induced PPI and LI abnormalities.

Given that LI disruption in Disc1-L100P mice was rescued by DA-related compounds
(haloperidol, PDE4B- and GSK-3- inhibitors, DISC1 x D2R uncoupling peptide) as we previously
demonstrated - we propose that TC-2153 may exert its effects via DA-related mechanisms. This may
also explain the disruptive effect of the STEP inhibitor on LI of WT mice, resembling the action of
amphetamine. Therefore, the lack of effectiveness of TC-1253 on the PPI deficit in Disc1-L100P mice
might be linked to glutamatergic pathways specifically involved in sensorimotor gating.

Indeed, accumulating pharmacological [26] and genetic [53] evidence supports NMDA-
dependent mechanisms in STEP signaling. For example, TC-2153 was shown to reverse hyperactivity
induced by the NMDAR antagonist PCP in mice [26], while genetic knockdown of the STEP gene
increased sensitivity to the NMDAR blocker MK-801 [53]. STEP functions by dephosphorylating and
thereby inactivating key signaling proteins involved in synaptic strengthening, including the NR2B
subunit of the NMDAR complex [54].

Although the molecular dynamics of the NMDAR complex and associated synaptic plasticity in
excitatory neurons have not yet been studied in our Discl mutant mice, recent studies suggest that
DISC1 regulates NMDAR activity through its interaction with the NR1 subunit [55]. Additionally,
reduced excitatory synaptic transmission has been observed in the hippocampus of Disc1-L100P mice
[56], indicating potential hypofunction in NMDAR-mediated neurotransmission.

These findings underscore the urgent need to further explore the interplay between DISC1 and
STEP in regulating glutamatergic and dopaminergic neurotransmission, especially withing specific
neural subpopulations involved in modulating PPI and LI processes.

5. Conclusions

Overall, the STEP inhibitor TC-2153 effectively reversed schizophrenia-like behavioral
phenotypes in Disc1-L100P mutant mice, including hyperactivity and disrupted LI. In contrast, TC-
2153 impaired LI and reduced motor activity in WT mice. Notably, the STEP inhibitor also induced
antidepressant-like action regardless of genotype. These findings support STEP as a promising target
for APD development and suggest a potential link between STEP and the DISC1 molecular complex
in the pathogenesis of schizophrenia — a connection that warrants further investigation. Finally, our
data indicates that the development of new STEP inhibitors could advance pharmacogenetic
strategies, paving the way for personalized psychiatric therapy.
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