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Abstract  
  
Schizophrenia is a complex neuropsychiatric disorder with significant sex differences in onset, symptoms, and 
outcomes, suggesting that biological sex may influence disease mechanisms. However, molecular differences 
between males and females with schizophrenia remain poorly defined. This study examined sex-specific 
transcriptional alterations in the dorsolateral prefrontal cortex (DLPFC) of individuals with schizophrenia using 
publicly available RNA-sequencing data (GSE208338). Differential gene expression (DGE) analyses were 
performed separately for male and female cohorts, followed by gene set enrichment analysis (GSEA), leading-
edge (LE) gene analysis, and perturbagen signature matching using the Library of Integrated Network-Based 
Cellular Signatures (iLINCS). No genes reached significance after correction, but unadjusted analyses revealed 
marked sex differences. Using the uncorrected analysis, Males exhibited over 2,000 differentially expressed 
genes distributed evenly between up- and downregulation, whereas females showed a smaller set of 
differentially expressed genes that were skewed towards upregulation. Pathway-level analyses showed that 
males displayed upregulation of metabolic pathways and downregulation of synaptic transport processes, 
while females exhibited upregulation of immune pathways alongside downregulation of vesicle organization 
and phosphoinositide metabolism. LE gene analysis supported the pathway changes. iLINCS analysis further 
highlighted sex-specific drug candidates whose expression profiles were discordant schizophrenia-associated 
signatures. FDA approved medications with high discordance included JAK2/mTOR pathway inhibitors and 
metabolic regulators in males, and immune or hormonal modulators in females. Taken together, these results 
reveal divergent molecular signatures that may underlie sex differences in schizophrenia pathophysiology. The 
identification of candidate drugs with discordant transcriptomic effects suggests potential therapeutic avenues 
and emphasizes the importance of sex stratified approaches in schizophrenia research. 
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1. Introduction 

Schizophrenia (SCZ) is a severe neuropsychiatric 
disorder characterized by disturbances in thought, 
perception, and cognition that often lead to 
lifelong social and functional impairment (1). 
Although the clinical presentation can vary widely, 
schizophrenia remains among the leading causes 
of disability worldwide, with affected individuals 
experiencing reduced life expectancy due to 
suicide, metabolic disease, and limited access to 
healthcare (1). Despite decades of research, the 
biological mechanisms driving schizophrenia 
remain only partially understood. 
   A growing body of evidence suggests that 
schizophrenia is not a single, uniform entity but a 
syndrome shaped by biological sex and molecular 
context. Men and women exhibit distinct patterns 
in disease onset, symptom severity, and long-term 
outcomes: men typically experience earlier onset 
and more severe negative symptoms, while 
women tend to present later with more affective 
features and better functional recovery. These 
clinical observations imply that sex-specific 
biological processes, hormonal, genetic, and 
neuroimmune, may influence disease 
pathogenesis (2,3). However, most large-scale 
molecular studies of schizophrenia are not 
stratified results by sex, leaving critical gaps in 
understanding how male and female brains 
diverge at the transcriptomic level. 
   Emerging data point toward schizophrenia as a 
disorder rooted in dysregulated 
neurodevelopment and immune signaling (4, 5). 
Aberrant synaptic pruning altered glutamatergic 
and dopaminergic transmission, and microglial 
activation are implicated in disease progression 
(6). Genetic studies link risk variants to pathways 
involved in synaptic function and immune 
regulation, including complement-mediated 
pruning and cytokine signaling. It’s unclear 
whether these molecular disturbances manifest 
differently between males and females. 
To address this knowledge gap, we reanalyzed 
postmortem dorsolateral prefrontal cortex (DLPFC) 
RNA-sequencing data from individuals with 
schizophrenia and neurotypical controls, stratified 
by sex (7). Next, we interrogate sex-specific 
transcriptional dysregulation for a cortical region 
central to cognition and executive function. We 
used differential gene expression analysis and 
gene set enrichment analysis (GSEA) to identify 
biological pathways altered in male and female 
patients, followed by leading-edge (LE) analysis to  

 
pathway changes (8). Finally, we leveraged the 
Library of Integrated Network-Based Cellular 
Signatures (iLINCS) to identify FDA-approved 
compounds whose gene expression profiles were 
discordant with schizophrenia signatures in a sex-
specific manner, highlighting potential therapeutic 
candidates (9). This integrated transcriptomic and 
perturbagen analysis provides a framework for 
understanding how schizophrenia manifests 
differently in men and women at the molecular 
level and identifies drug candidates that may 
inform precision, sex-aware treatment strategies. 
 
2. Methods 
 
We reanalyzed bulk RNA-sequencing data from the 
dorsolateral prefrontal cortex (DLPFC; Brodmann 
area 9) using a publicly available dataset (GEO 
accession: GSE208338) (7). This dataset includes 
postmortem DLPFC tissue from 130 individuals 
aged 18–87 years, comprising individuals 
diagnosed with schizophrenia (n = 68, 54 Male, 14 
Female) and demographically matched 
neurotypical controls (n = 62, 49 = Male, 13= 
Female). Tissue was dissected from the lateral 
surface of the frontal lobe, encompassing the 
middle frontal gyrus to the inferior frontal sulcus 
of the left hemisphere. Diagnostic classifications 
were determined using the Diagnostic Instrument 
for Brain Studies (DIBS), and all tissue collection 
and processing procedures were performed 
according to protocols described in the original 
dataset. 
Differential Gene Expression Analysis 
All computational analyses were conducted in R 
(version 4.4.0) using Rstudio (10). Raw count 
matrices were imported, and gene-level 
normalization and filtering were performed prior 
to differential expression analysis. Sex-stratified 
comparisons were conducted between SCZ and 
control groups: SCZ females vs. control females, 
and SCZ males vs. control males. Differential gene 
expression was assessed using the DGE package 
(11), and results were visualized via volcano plots 
with ggplot. The x-axis of the plots represents log2 
fold change (log2FC), while the y-axis denotes –
log10(p-value). No fold-change threshold were 
applied, as emphasis was placed on unfiltered p-
value distributions to capture the full spectrum of 
transcriptional variation. 
   To account for multiple hypothesis testing, p-
values were adjusted using false discovery rate 
(FDR) threshold of 0.05. Adjusted p-values (padj) 
were derived by ranking raw p-values in ascending 
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order and applying the formula (i/m)Q, where i is 
the rank, m is the total number of tests, and Q is 
the target FDR. 
Pathway Enrichment Analysis 
Gene Set Enrichment Analysis (GSEA) was 
employed to identify biological pathways 
differentially enriched in schizophrenia as a 
function of sex (12). Top 10% of differentially 
expressed genes were ranked based on their 
log2FC between SCZ and control samples. For each 
comparison, enrichment scores (ES) were 
computed to quantify the degree to which 
pathway-associated genes were concentrated at 
the top (upregulated) or bottom (downregulated) 
of the ranked list. Normalized enrichment scores 
(NES) were calculated to allow cross-pathway 
comparisons, and pathway significance was 
determined using padj values derived from BH-
corrected p-values.  
Leading Edge Gene Analysis 
To identify genes most responsible for driving 
pathway enrichment, leading edge (LE) analysis 
was performed using the GSEA algorithm (12). For 
each enriched pathway, the LE subset was defined 
as the group of genes contributing to the 
maximum ES. The frequency of each gene’s 
appearance across the top 100 enriched pathways 
(ranked by absolute NES) was calculated 
separately for upregulated and downregulated 
gene sets in males and females. Genes with high 
recurrence were interpreted as key molecular 
contributors to sex-specific transcriptional 
dysregulation in SCZ. 
LINCS Perturbagen Analysis 
The Library of Integrated Network-based Cellular 
Signatures (LINCS)(9) platform was utilized to 
identify small molecules with discordant signatures 
to SCZ. Differential gene expression results were 
mapped to L1000 landmark genes, and inverse 
signature analysis was performed using the iLINCS 
database. Compounds generating gene expression 
profiles discordant with the SCZ DEG signatures 
were prioritized as potential therapeutic 
candidates. Analyses were stratified by sex to 
evaluate the presence of sex-specific drug-
pathway interactions. Discordant compounds were 
further analyzed for differences in their 
mechanisms of action between male and female 
cohorts. 
 
3. Results 

Differential Gene Expression. 

A total of 19,728 genes were analyzed across the 
four different subject populations. The female (SCZ 
vs Control) and male (SCZ vs Control) subjects 
were analyzed separately in 2 distinct analyses. In 
both the male and female populations, no genes 
met significance with adjusted p-values. To 
provide additional information for subsequent 
analyses, differential gene expression was done 
using raw p-values in addition to the adjusted p-
values. Volcano plots (Fig 2) show the differential 
gene expression across the male and female 
cohorts using a raw p-value threshold of 0.05. In 
females, just over 300 genes met the raw 
significance level. Among these genes, there were 
over double the number of upregulated genes 
(212) than downregulated genes (102) (Fig 2A). 
Across the male population, over 2,000 genes met 
significance, split nearly evenly with 1,009 
downregulated genes and 1,075 upregulated 
genes (Fig 2B). 

   The difference in the relative distribution of up 
versus downregulated genes and the number of 
significant genes are notable between the male 
and female cohorts. The female group showed less 
differential gene expression as noted by the 
modest 314 total genes that had significant 
changes in comparison to the 2,084 significant 
genes in the males. Further, the male cohort had 
similar counts of up and downregulated genes 
while upregulated genes outnumbered 
downregulated genes in the females at a rate of 
2:1.                                                                             
Pathway Analysis.                                                 
Pathway analysis in both cohorts aimed to identify 
significant pathways changes based on differential 
gene expression results with a total of 6,582 
pathways analyzed. Males and females had 
differing changes in their altered pathways. Table 
1 and table 2 show the downregulated pathways in 
males and females, respectively. Similarly, table 3 
and table 4 show the upregulated pathways in 
males and females. In analysis of male control 
versus male SCZ there was significant upregulation 
of metabolic activity-linked pathways in SCZ 
patients in comparison to controls. Upregulated 
pathways included purine nucleobase metabolic 
process, mitochondrial RNA processing, 
glucosyltransferase activity and 
phosphotransferase activity (Table 3). 
Downregulated pathways in males with SCZ versus 
control males were highlighted by cellular 
transport pathways including positive regulation of 
neurotransmitter secretion, positive regulation of 
excitatory postsynaptic potential, and protein 
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localization to postsynaptic specialization 
membrane (Table 1).  

   These pathways were distinct from the pathways 
found in female subjects. Upregulated pathways in 
the female SCZ versus female control were 
dominated by immune-related pathways. These 
included antigen processing pathways like the 
peptide antigen assembly with MHC class II protein 
complex pathway and antigen processing and 
presentation via MHC class Ib pathway as well as 
immune signaling pathways such as immune 
response-regulating signaling pathway and 
regulation of immune response (Table 4).  

   Downregulated pathways in females were also 
distinct from the downregulated pathways in 
males, with phosphatidylinositol biosynthetic and 
metabolic processes downregulated in females but 
not in males. The female group also had 
downregulation in myelin assembly, secretory 
granule localization, and nuclear localization signal 
mediated protein import into nucleus, highlighting 
intracellular transport mechanisms pathways 
(Table 2). 

   Male and female cohorts were contrasted to 
determine how the top 10 up- and down-regulated 
pathways in one group were represented in the 
other (Figure 5-6). Pathways that were among the 
top upregulated in males were often among the 
least upregulated in females. For example, the 
amino acid metabolic process pathway, which 
ranked among the top 10 most upregulated 
pathways in males, was only the 4,225th most 
upregulated pathway in females, the highest 
ranking among the top 10 male pathways. 
Conversely, among the top 10 upregulated 
pathways in females, six appeared within the top 
1,000 upregulated pathways in males, with only 
the blood microparticle pathway reaching the top 
100. Regarding downregulation, three of the top 
10 most downregulated pathways in males were 
also ranked within the top 1,000 in females. In 
contrast, only one of the top 10 most 
downregulated female pathways, vesicle 
organization, was shared in the top 1,000 
downregulated pathways in males. 

LE Gene Analysis. 

   Leading edge gene analysis showed different 
genes contribute towards up- and downregulation 
in the male and female cohorts (Fig. 4). All of the 
top 10 LE genes contributing towards 

downregulation in males contributed to over 10 
different pathways. Similar results are seen in the 
downregulation LE genes in females. Genes 
contributing towards downregulation in females 
saw within the top 10 genes contributing to at 
least 14 pathways, many immune related, 
specifically to the HLA complex. Downregulation in 
males saw LE genes contribute to fewest pathways 
out of the four LE gene analyses with no gene 
contributing to more than nine pathways.  

LINCS Analysis 

   Perturbagen analysis using iLINCS identified 
several FDA-approved drugs with discordant gene 
expression signatures relative to those observed in 
schizophrenia in male and female postmortem 
brain samples (Table V, Table VI). The male cohort 
yielded numerous immune-modulating 
medications, including fedratinib, everolimus, 
deracoxib, and valdecoxib. Fedratinib showed the 
greatest discordance signature of -0.387 among 
the male group. Five of these top 10 compounds 
have previously been studied in SCZ, two of which 
have results from clinical studies (13-19).  

   In females, the perturbagens with the greatest 
discordance signatures were frequently related to 
cellular metabolism, including compounds such as 
methazolamide, rosuvastatin, cholic acid, and 
floxuridine. The carbonic anhydrate activity 
inhibitor, methazolamide, showed the greatest 
discordance of -0.387. Four of the top female 
perturbagens have been studied in SCZ and three 
of these four have clinical data (20-24). 

 
4. Discussion 

Differences in Gene Expression 
Analysis of gene expression differences between 
SCZ patients and controls revealed distinct sex-
specific patterns. Limited transcriptional changes 
were observed and no genes in the males nor 
females were significant using the adjusted p-
values. When the analysis was restricted to using 
the unadjusted p-values, there were distinct 
changes among the sexes.  
   In males, over 2,000 genes meeting the 
unadjusted p-value significance were equally split 
between being up- or downregulated, highlighting 
a broad transcriptional change in males with SCZ 
(Figure 2A). In contrast, females showed a more 
modest profile, with about 300 genes differentially 
expressed which were predominantly upregulated 
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(Figure 2B). This suggests a narrower scope of 
transcriptional changes in female SCZ patients.  
The differences between sexes imply that SCZ’s 
molecular impact on gene expression is more 
extensive and unbiased towards up- or 
downregulation in males, whereas females exhibit 
fewer changes that are skewed toward 
upregulation. This sex-specific transcriptional 
divergence supports hypotheses about biological 
differences in disease mechanisms between males 
and females, progression, or compensatory 
responses, highlighting the importance of 
considering sex as a critical factor in SCZ research 
and potentially in developing targeted 
treatments. However, since no genes survived 
multiple-testing correction, more rigorous work 
should be conducted to confirm these findings.  
Sex differences in schizophrenia have been 
increasingly recognized at the molecular level, with 
prior studies identifying distinct gene expression 
patterns in male and female patients. Several 
investigations report sex-dependent alterations in 
genes related to dopamine signaling and synaptic 
function, while other studies observe limited 
overlap between male and female differentially 
expressed genes (25-27). The current findings are 
consistent with these observations, demonstrating 
divergent DEG profiles in males and females within 
the dorsolateral prefrontal cortex. 
Pathway Analysis  
Sex specific differences in pathway analysis inform 
possible mechanisms that differ in the 
pathophysiology of SCZ across sex. In males with 
SCZ, upregulated pathways were primarily 
associated with metabolic activity, suggesting 
increased or unregulated energy-related processes 
in the DLPFC. On the contrary, downregulated 
pathways were enriched for cellular transport 
functions, including those with sodium-potassium 
ATPase activity. This reduction may impair ion 
balance and neuronal excitability, possibly 
contributing to functional disruptions in cortical 
signaling seen in schizophrenia. 
   In females with SCZ, the transcriptomic profile 
showed predominant upregulation of immune-
related pathways, particularly those involved in 
peptide antigen binding and antigen processing. 
These changes suggest elevated or unregulated 
immune activity within the DLPFC on top of known 
estrogen effects on the immune system already 
present in females. Conversely, downregulated 
pathways were mainly associated with protein 
catabolism and vesicle organization, leading to 
potential impairments in protein turnover and 
intracellular transport. The overall imbalance, 

where upregulated pathways outnumbered 
downregulated ones two-to-one, highlights a 
pronounced shift toward immune activation in the 
SCZ brain of females. 
   By conducting a cross-sex comparisons of 
pathway ranking, changes in one sex relative to 
the other were able to further demonstrate sex-
specific differences. Immune receptor activity was 
highly upregulated in females but was only the 
614th most upregulated pathway in males. 
Conversely, the mitochondrial gene expression 
pathway was among the most upregulated in 
males but was downregulated in females, making 
the pathway the 6,002nd most upregulated in 
females. Downregulated pathways further 
reflected these sex biases, with males showing 
reduced expression in neurodevelopmental and 
transcriptional regulation, while females showed 
decreased proteasomal and synaptic processes. 
Such differences emphasize the importance of sex-
stratified analyses in uncovering distinct biological 
mechanisms that may contribute to disease risk or 
progression and could have a meaningful impact 
on treatment for the disease.  
   Pathway-level analyses in this study reveal that 
immune and oxidative stress pathways are 
predominantly upregulated in females, whereas 
males exhibit dysregulation in metabolic and 
inflammatory signaling cascades, including JAK2 
and mTOR pathways. These results align with 
existing literature implicating immune system 
activation and metabolic dysfunction as prominent 
features in SCZ pathology (28-38). Importantly, the 
differing alteration in these pathways between 
males and females is understudied in prior work. 
Evidence of a sex-specific distinction in immune 
and metabolic function expands on previous 
findings. 
   These findings support other work in SCZ 
pathway analysis, although frequently analysis of 
males and females are done together. A study of 
single-cell DEG in SCZ with equal male and female 
subjects had three major biological themes that 
DEGs were grouped into, and while not explicitly 
pathways, that are similar to the results obtained 
from this work; neuron development, cell 
projection organization, and anterograde-synaptic 
signaling (39).These transport and organizational 
themes are similar to the cellular transport 
pathways found in our male cohort. A multi-omics 
study comparing SCZ subjects to healthy controls 
also found similar results with changes to 
regulation of ion transport, sodium ion transport, 
anion transport, tissue morphogenesis, 
monocarboxylic acid metabolic process, and 
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cellular modified amino acid metabolic process 
(40). While the sex of subjects was not reported in 
this study, the transport pathway themes again 
match our results. Finally, a review compiled DEG 
and pathway studies related to the immune 
system in SCZ (41). The results from the review 
support our findings in the female cohort, with 
many changes to immune related genes. Some 
studies analyzed in the review did note some 
immune-related pathway changes, while other 
studies did not find significant changes. However, 
since most studies do not sex-dependent analysis, 
it is possible that the immune related pathways 
that were found in our female cohort may not 
have strong enough effects when the sexes are 
analyzed together.  
LE Gene Analysis 
The LE gene profiles revealed distinct sex-specific 
molecular patterns associated with schizophrenia. 
In females downregulated genes included vesicle 
transport and phosphoinositide signaling related 
genes which included the PI3K family, OCRL, 
STXBP1, SYNJ1/2, and FIG4. These findings suggest 
possible disruption in intracellular and intracellular 
signaling pathways. Among upregulated genes in 
males, the predominance of genes associated with 
metabolic processing, including aldo-keto 
reductases and enzymes involved in nucleotide 
metabolism. In contrast, upregulated genes in 
females showed strong involvement of HLA genes 
and FCGR2B, highlighting adaptive immune 
pathway activation. This supports prior findings of 
immune and metabolic dysregulation in SCZ 
patients and builds upon findings sexual 
dimorphism at the gene level (28-33). 
Analysis of iLINCS-Identified Drugs 
Experimental validation of identified pathways and 
discordant drugs, especially those targeting 
immune responses in females and metabolic 
systems in males is critical for moving beyond 
transcriptional correlations toward actionable 
insights. Among the top discordant compounds 
identified for males, drugs such as fedratinib (a 
JAK2 kinase pathway inhibitor), everolimus (an 
mTOR pathway suppressor), and auranofin (a 
thioredoxin reductase enzyme inhibitor) suggest a 
theme of metabolic and inflammatory pathway 
disruption (15). Additional agents like vorinostat (a 
histone deacetylase blocker) and gemcitabine (a 
DNA synthesis chain terminator) have 
demonstrated positive preclinical evidence for 
modulating disease-relevant pathways (13, 14, 42-
44). These results highlight mitochondrial 
dysfunction and glucose metabolism as critical 
biological factors in males with schizophrenia. 

   For females, the LINCS analysis highlights a 
different set of discordant drugs, with immune-
modulating agents such as nebivolol (a beta-1 
adrenergic receptor blocker) and enoxolone (a 
11β-HSD cortisol modulator) showing distinct 
transcriptomic effects. However, other work has 
shown possible adverse effects when nebivolol is 
taken in patients with SCZ (45). Other compounds 
like rosuvastatin (an HMG-CoA reductase inhibitor) 
and cholic acid (a bile acid metabolism regulator) 
exhibit positive preclinical or clinical signals, 
pointing toward novel and previously 
underappreciated therapeutic avenues specific to 
females (46-48). Cholic acid has been explored as a 
biomarker for SCZ, making it an interesting 
compound for further study (49, 50).  
 
5. Limitations 

Several limitations should be acknowledged in 
interpreting these findings. First, the sample size 
for females was relatively small (n=14 SCZ, n=13 
controls), which may reduce statistical power and 
limit the generalizability of female-specific 
findings. Additionally, the small cohort size 
restricts the ability to explore heterogeneity within 
the female SCZ population, such as variations 
related to symptom subtypes and medication 
status. Second, the reliance on raw p-values in 
gene-level analyses, while informative for 
identifying trends, inherently increases the risk of 
false positives. Without correction for multiple 
testing, some genes identified as significant may 
reflect random variation rather than true biological 
differences. This necessitates cautious 
interpretation of these results and emphasizes the 
need for replication in larger, independent cohorts 
with rigorous statistical adjustments. Since no 
genes survived multiple-testing correction, the 
results are limited due to the use of unadjusted p-
values. This further highlights the need for 
additional, more rigorous studies to confirm the 
findings. Third, while pathway enrichment and 
drug signature analyses provide compelling 
hypotheses, they remain computational 
predictions and do not confirm causal 
relationships or functional effects without 
validation through molecular and cellular 
experiments. Without such validation, the clinical 
relevance and applicability of these pathway 
findings remain speculative. Finally, due to the 
data being derived from postmortem brain tissue 
samples, dynamic molecular processes are unable 
to be captured, limiting the ability to visualize 
molecular changes that occur during disease 
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progression or in response to treatment. 
Postmortem factors such as medication exposure, 
tissue degradation, and agonal state may also 
confound gene expression measurements. 
Longitudinal studies and in vivo models are 
necessary to better understand the temporal and 
mechanistic aspects of transcriptional 
dysregulation in SCZ.  

Future Considerations 

   Our findings underscore the potential for sex-
specific approaches in the treatment of 
schizophrenia. Future studies should prioritize 
expanding female cohorts to strengthen the 
reliability of sex-comparative analyses. Increasing 
female representation in clinical trials and 
molecular studies will not only improve statistical 
power for sex-stratified analyses but also help 
identify previously overlooked therapeutic targets 
and biosignatures specific to female patients. This 
expanded representation is particularly crucial 
given that females may present different symptom 
profiles, age of onset, and treatment responses 
compared to their male counterparts (51).  

   Our LINCS-based analysis identified different sets 
of drugs for males and females whose gene 
expression signatures oppose those seen in 
schizophrenia. These sex-specific drug profiles 
suggest distinct biological pathways that may be 
therapeutically relevant including metabolic and 
mitochondrial targets in males, and immune or 
hormonal targets in females. Several identified 
compounds are FDA-approved for other uses, 
presenting a unique opportunity for rapid drug 
repurposing with fewer regulatory hurdles. Future 
research should focus on testing these candidates 
in sex-stratified models to experimentally explore 
their relevance and effectiveness. In addition, 
integrating these results with neuroimaging and 
clinical phenotype data could aid in identifying 
biomarkers that predict treatment response. 
Ultimately, early-phase clinical trials should be 
designed with sex as a stratification variable from 
the outset to evaluate efficacy and tolerability in 
males and females separately. This multi-tiered, 
sex-informed approach could streamline the 
development of more precise, biologically 
grounded treatment algorithms and move the field 
closer to personalized care in schizophrenia. 
Conclusions Transcriptomic analysis identified sex-
specific transcriptional signatures in the DLPFC in 
SCZ, revealing distinct molecular mechanisms in 
males and females. Males exhibited widespread 

dysregulation of metabolic and cellular transport 
pathways, while females demonstrated 
upregulation of genes involved in inflammatory 
and immune-related processes. These findings 
align with prior evidence implicating sex-specific 
crosstalk between immune activation, oxidative 
stress, and lipid metabolism in schizophrenia. In 
males, widespread disruption of metabolic and 
transport-related genes may reflect altered energy 
demands, mitochondrial function, or other cellular 
mechanisms relevant to cognitive processes. In 
contrast, many immune-associated genes 
upregulated in females, including those linked to 
microtubule dynamics and lipid signaling, may 
reflect unique vulnerability pathways or 
compensatory mechanisms shaped by hormonal 
and chromosomal influences.  

   While interpretation of these findings is limited 
by factors such as lack of detailed medication data, 
use of postmortem bulk RNA sequencing, and the 
need for experimental validation of LINCS-derived 
therapeutic predictions, taken together the results 
of this study support a model in which immune 
dysregulation in females and metabolic disruption 
in males represent divergent but biologically 
plausible mechanisms contributing to SCZ 
pathophysiology. The identification of distinct 
perturbagen profiles reinforces the potential of 
sex-informed therapeutic strategies and further 
investigation of candidate compounds identified 
through iLINCS is needed to evaluate therapeutic 
relevance and potential sex-specific efficacy. 
Continued integration of sex as a biological 
variable in psychiatric transcriptomic research. 
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Figure 2. Volcano Plots of Differential Gene Expression in Male and Female SCZ Patients vs Controls 

Differential gene expression analysis in schizophrenia (SCZ) patients compared to controls, stratified by sex. Volcano plots show log2 
fold change (x-axis) versus -log10 p-value (y-axis) for (A) male SCZ patients vs male controls and (B) female SCZ patients vs female 
controls. Blue points represent significantly downregulated genes (Down), red points represent significantly upregulated genes (Up), 
and black points represent non-significant genes (NS). The dotted horizontal line indicates the significance threshold (p<0.05). 
Selected genes of interest are labeled. Sample sizes are indicated in parentheses for each group: (A) Down (1009 genes), NS (17644 
genes), Up (1075 genes); (B) Down (102 genes), NS (19414 genes), Up (212 genes). Notable sex-specific differences are observed, 
with males showing more extensive differential expression patterns compared to the females.  

Figure 1. Study design and gene set enrichment analysis workflow. 
Postmortem brain samples from individuals with schizophrenia (SCZ) and matched disease-free controls were separated by sex and 
diagnosis. Differential gene expression analysis was performed for schizophrenia vs. control within each sex, followed by gene set 
enrichment analysis (GSEA). Resulting enrichment signatures were compared to perturbagen profiles from the LINCS database to 
identify potential therapeutic candidates.  
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Figure 3. Normalized Enrichment Scores of Key Pathways between Male and Female SCZ Patients v. Control. 

Using normalized enrichment score (NES), the pathway heat map illustrates the direction and intensity of pathway regulation. 
Pathways involved in the study were grouped by similar biological themes. The column on the left compares male schizophrenia 
(SCZ) patients with male controls and the right compares female SCZ patients with female controls. NES is shown using a blue-red 
color scale, as blue represents down regulated pathways and red represents upregulated pathways. Notably, inflammatory response 
in females is highly regulated while dendrite development and regulated exocytosis in males is predominantly downregulated. 
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Figure 4. Leading Edge (LE) genes by sex and direction of regulation. 

Representative charts of the top 10 leading-edge (LE) genes from the first 100 pathways (ranked by enrichment score) are shown. 
The x-axis indicates the number of pathways in which each gene appeared as part of the leading-edge subset. (A) shows the 
presence of genes in the top 100 downregulated pathways in males, (B) shows the presence of genes in the top 100 downregulated 
pathways in females, (C) shows the presence of genes in the top 100 upregulated pathways in males, and (D) shows the presence of 
genes in the top 100 upregulated pathways in females. 
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Figure 5. Sex-specific enrichment of upregulated pathways and cross-sex ranking comparison. 
Sankey diagrams show the relationship between the top 10 upregulated pathways in schizophrenia (SCZ) for each sex and how those 
same pathways rank in the opposite sex and are color coded by ontology terms. Each diagram visualizes Gene Ontology categories 
and traces specific enrichment or lack thereof in the other sex, highlighting both overlapping and divergent molecular signatures 
across sexes. On the left, the top 10 upregulated pathways in males are connected to where the pathway ranks among the 
upregulated pathways in females. On the right, the top 10 upregulated pathways in females are connected to the rank of the 
pathway in males 



The University of Toledo Translation Journal of Medical Sciences 

UTJMS 2026 February 03, 14(S4):e1-e18 doi:10.46570/utjms-2025-1899 
 

https://dx.doi.org/10.46570/utjms-2025-1899 ©2026 UTJMS  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6. Sex-specific enrichment of downregulated pathways and cross-sex ranking comparison. 

Sankey diagrams show the relationship between the top 10 upregulated pathways in schizophrenia (SCZ) for each sex and how those 
same pathways rank in the opposite sex and are color coded by ontology terms. Each diagram visualizes Gene Ontology categories 
and traces specific enrichment or lack thereof in the other sex, highlighting both overlapping and divergent molecular signatures 
across sexes. On the left, the top 10 downregulated pathways in males are connected to where the pathway ranks among the 
downregulated pathways in females. On the right, the top 10 downregulated pathways in females are connected to the rank of the 
pathway in males. 
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Table I. Downregulated Pathways for Males Diagnosed with Schizophrenia (SCZ) 
This table presents categories of downregulated pathways identified by Gene Set Enrichment Analysis (GSEA) in males with schizophrenia. 
Enrichment scores quantify the degree of downregulation for each pathway category. 
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Table II. Downregulated Pathways for Females Diagnosed with Schizophrenia (SCZ) 

This table presents categories of downregulated pathways identified by Gene Set Enrichment Analysis 
(GSEA) in females with schizophrenia. Enrichment scores quantify the degree of downregulation for each 
pathway category. 

 

Table III. Upregulated Pathways for Males Diagnosed with Schizophrenia (SCZ) 

This table presents categories of upregulated pathways identified by Gene Set Enrichment Analysis 
(GSEA) in males with schizophrenia. Enrichment scores quantify the degree of upregulation for each 
pathway category. 
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Table IV. Upregulated Pathways for Females Diagnosed with Schizophrenia (SCZ) 

This table presents categories of upregulated pathways identified by Gene Set Enrichment Analysis 
(GSEA) in females with schizophrenia. Enrichment scores quantify the degree of upregulation for each 
pathway category. 

Table V. Discordant Drugs for Males Diagnosed with Schizophrenia 

Top 10 FDA approved compounds identified through iLINCS perturbagen analysis that exhibit the most 
discordant transcriptional signatures relative to those observed in males diagnosed with schizophrenia. 
The table also provides information regarding investigations of each compound in the context of 
schizophrenia, including evidence from preclinical studies conducted in animal models and the clinical 
evaluation in human subjects. 
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Table VI. Discordant Drugs for Females Diagnosed with Schizophrenia 

Top 10 FDA approved compounds identified through iLINCS perturbagen analysis that exhibit the most 
discordant transcriptional signatures relative to those observed in females diagnosed with schizophrenia. 
The table also provides information regarding investigations of each compound in the context of 
schizophrenia, including evidence from preclinical studies conducted in animal models and the clinical 
evaluation in human subjects. 


