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A B S T R A C T

Background: Bipolar disorder is a debilitating mood disorder associated with a high risk of suicide and charac-
terized by immune dysregulation. In this study, we used a multi-faceted approach to better distinguish the 
pattern of dysregulation of immune profiles in individuals with BD.
Methods: We analyzed peripheral blood mononuclear cells (bipolar disorder N = 39, control N = 30), serum 
cytokines (bipolar disorder N = 86, control N = 58), whole blood RNA (bipolar disorder N = 25, control N = 25), 
and whole blood DNA (bipolar disorder N = 104, control N = 66) to identify immune-related differences in 
participants diagnosed with bipolar disorder compared to controls.
Results: Flow cytometry revealed a higher proportion of monocytes in participants with bipolar disorder together 
with a lower proportion of T helper cells. Additionally, the levels of 18 cytokines were significantly elevated, 
while two were reduced in participants with bipolar disorder. Most of the cytokines altered in individuals with 
bipolar disorder were proinflammatory. Forty-nine genes were differentially expressed in our bipolar disorder 
cohort and further analyses uncovered several immune-related pathways altered in these individuals. Genetic 
analysis indicated variants associated with inflammatory bowel disease also influences bipolar disorder risk.
Discussion: Our findings indicate a significant immune component to bipolar disorder pathophysiology and ge-
netic overlap with inflammatory bowel disease. This comprehensive study supports existing literature, whilst 
also highlighting novel immune targets altered in individuals with bipolar disorder. Specifically, multiple lines of 
evidence indicate differences in the peripheral representation of monocytes and T cells are hallmarks of bipolar 
disorder.

1. Introduction

Bipolar Disorder (BD) Type I (BD-I) is a chronic mood disorder, 
distinguished by recurrent depressive as well as manic episodes, with a 
lifetime prevalence of just over 1 % (Clemente et al., 2015). Even after 
receiving treatment, symptom recurrence and further hospitalizations 
are frequent, prompting the search for better treatment options (Shim 
et al., 2017; Perlis et al., 2006). Furthermore, individuals with BD are at 

20-30 times higher risk of suicide compared to the general population 
(Pompili et al., 2013). This indicates a critical need to better understand 
the pathophysiology of BD including the associated propensity towards 
suicidal behavior.

The potential value of studying the immune system in BD was first 
identified when the anti-inflammatory effect of lithium treatment was 
noted (Fernandez and Fox, 1980). Numerous differences in immune 
function have been consistently linked to BD, some of which have been 
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specifically associated with manic and depressive episodes (Fiedorowicz 
et al., 2015). BD has been associated with elevated monocytes, mono-
cyte activation, and monocyte-derived cytokines (Coello et al., 2024; 
Barbosa et al., 2014b; Knijff et al., 2007; Padmos et al., 2008). Lower and 
higher T cell activation in individuals with BD has also been observed 
(Breunis et al., 2003; Drexhage et al., 2011; Snijders et al., 2019; Torres 
et al., 2009). Meta-analysis of cytokine levels in serum has underlined 
differences in proinflammatory cytokine and receptor levels including 
TNF-α (Modabbernia et al., 2013). Numerous other cytokines have been 
associated with BD, but studies conflict on the presence or direction of 
the changes (Barbosa et al., 2014a). Further complicating the interpre-
tation is the incongruence often arising between observations of circu-
lating levels of cells, gene transcripts, and cytokines.

Potentially related to the above observations, several autoimmune 
diseases have been linked to BD risk, including Crohn's disease and ul-
cerative colitis (jointly referred to as Inflammatory Bowel Disease (IBD)) 
(Bernstein et al., 2019; Kao et al., 2019; Eaton et al., 2010; Wang et al., 
2018, 2022, 2024; Yang et al., 2023). Autoimmune disease was found to 
be significantly more prevalent in participants with BD compared to 
controls and those with schizophrenia (Werner et al., 2022). Although 
these findings suggest that immune dysregulation is a facet of BD 
pathophysiology, identifying the full scope of immune molecules 
involved and the pathways underlying the dysregulation requires 
comprehensive evaluation.

The goal of this study was to broadly characterize immune dysre-
gulation in BD. We hypothesized that participants with BD would 
display higher levels of inflammation and that genetic variants linked to 
autoimmune disorders would be overrepresented in participants with 
BD compared to controls. Specifically, we hypothesized that differences 
mediated by monocytes and T cells would underlie chronically higher 
inflammation in participants with BD. To test our hypothesis, we 
analyzed immune cell populations, circulating cytokine levels, RNA 
expression, and DNA variation in individuals with BD and controls.

2. Methods and materials

2.1. Participant recruitment

Participants were recruited through the Iowa Neuroscience Institute 
BD Research Program of Excellence after University of Iowa Institutional 
Review Board approval as previously described (Mirza et al., 2024; Lima 
et al., 2023; Fiedorowicz et al., 2015; Magnotta et al., 2022) (Table 1). 
Briefly, individuals between 18 and 70 years old with the capacity to 
consent and a DSM-IV/DSM-5 diagnosis of BD-I were recruited for the 
group with BD. Clinical diagnosis of BD was confirmed by a clinical 
interview with a study psychiatrist using a semi-structured interviewing 
template. Prospective controls completed a brief survey and were 
recruited to balance cases on measures of subjective socioeconomic 
status (SES), age, race, and sex. Exclusion criteria for both groups 
included neurological comorbidities, current drug or alcohol abuse, 
prior loss of consciousness for over 10 min, or MRI contraindications. 
Controls were also excluded if they were currently taking medication for 
depression, schizophrenia, or BD. Participants also completed several 
assessments as described in Magnotta et al. (2022) including the 
Columbia Suicide Severity Rating Scale. Not every subject was included 
in every analysis; specific demographics are outlined in Supplementary 
Table 1. This was due to availability of the appropriate sample types and 
prioritization of experiments.

2.2. Flow cytometry

We first sought to investigate cellular differences related to inflam-
mation in our participants with BD. To do this, we used flow cytometry 
on fresh samples to quantify the most common immune cell populations. 
Peripheral blood mononuclear cells (PBMCs) were isolated from 8 to 10 
mL of whole blood collected in EDTA tubes using density gradient 

separation (Ficoll-Paque PLUS, Cytiva). Samples were then stained for 
flow cytometric analysis with fluorochrome conjugated antibodies to 
CD3, CD4, CD14, CD8, and CD19 as previously described (Scroggins 
et al., 2018; Scroggins and Schlueter, 2023). Fluorochrome conjugated, 
purified mouse immunoglobulin isotype controls were used for back-
ground fluorescence. Following staining, cells were fixed in fixation 
buffer (eBioscience). Flow cytometric data were obtained within 48 h 
using either a Becton Dickinson LSR II or a Thermo Fisher Attune NxT. 
Dead cells were excluded by forward/orthogonal light scatter charac-
teristics. Single cells were identified via FSC-A versus SSC-W. All data 
was then analyzed using FlowJo software (Tree Star Inc.). Statistical 
significance was assessed using a two-tailed Student's t-test, with sig-
nificance set at α = 0.05.

2.3. Cytokine panels

To begin to understand the potential functional significance of the 
cell population differences we observed, we next investigated the serum 
cytokine levels in individuals with BD. We utilized a protein panel to 
study 65 immune related proteins simultaneously, which increases the 
potential for novel findings compared to the single cytokine assays 
performed previously in BD. To measure cytokine levels in serum, we 
used the Immune Monitoring 65-Plex Human ProcartaPlex™ Panel 
(ThermoFisher Scientific), following standard manufacturer protocol. 
Samples were tested in singlet. To test for batch effect, one sample was 
replicated across plates. Using two panels and 25 μL of serum from each 
participant, the cytokine levels of 86 participants with BD and 58 con-
trols were analyzed using a Bio-Plex 1 (BioRad) instrument. Initially, 
analysis was performed focusing on the impact of suicide attempts in BD, 
which yielded no significant results in multivariable models. The cyto-
kine data was subsequently incorporated into this paper to provide an 
additional window into the immune profiles of BD participants. Results 
were analyzed using non-parametric univariable and multivariable 

Table 1 
Participant demographics for samples included in the flow cytometry, cytokine 
panel, RNA-sequencing, and polygenic propensity experiments.

Bipolar disorder Controls

Total 118 82
History of suicide attempts 55 1
Number of suicide attempts 3.5 (1-30) 1 (1)
Body Mass Index (BMI) 30.8 (18.4- 

59.0)
27.3 (16.0- 
44.1)

Age 40.2 (18-68) 40.3 (18-70)
Mood state Depressed 38 N/A

Euthymic 73 N/A
Manic 7 N/A

Ethnicity Hispanic or Latino 7 6
Not Hispanic or Latino 108 76
Unknown 3 0

Race Am. Indian/Alaskan 
Native

2 0

Asian 2 3
Black/African American 6 5
White 105 73
More than one 3 0
Unknown 0 1

Sex Female 76 55
Male 42 27

Smoker Unknown 2 0
Never smoker 51 68
Current smoker 25 5
Past smoker 40 9

Smoking now N/A 5 3
Every day 21 4
Some days 6 1
Not at all 86 74

Average BMI, age, and number of suicide attempts are reported, with the range 
included in parentheses. Not all participants were included in all analyses. 
Overlap is described in Supplementary Table 1.
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inferential statistics. The Wilcoxon Rank Sum was used to compare BD 
and control groups for each protein. For multivariable analyses, proteins 
were rank transformed for linear regression, adjusting for age (contin-
uous, linear), sex (dichotomous), body mass index (BMI; continuous, 
linear), subjective SES (linear), and current smoking status (dichoto-
mous). Covariates were selected on clinical grounds from an a priori 
statistical analysis plan. We hypothesized that proteins associated with T 
helper cells will be the most significantly changed including IL-4, IL-10, 
IL-17a, and TGF-β. To manage Type I error, our primary outcome of 
interest was IL-17A with other T helper associated proteins as secondary. 
Molecules whose minimum and maximum concentration in the samples 
was out of range (OOR) of the Bio-Plex 1 were excluded from the results.

2.4. RNA-sequencing

To investigate immune-related RNA changes associated with BD, we 
performed mRNA-sequencing using Novogene co. The Paxgene Blood 
RNA Kit (Qiagen) was used for the initial lysis and processing of the 
sample, followed by the mirVana miRNA Isolation Kit (Life Technolo-
gies) to complete the extraction including a DNase treatment step. 1000 
ng of RNA from 25 participants with BD and 25 controls was submitted 
to Novogene for RNA sequencing. Libraries were pooled and sequenced 
on the NovaSeq platform using 150 bp paired-end reads. Differential 
expression of the sequenced libraries was assessed. The edgeR R package 
(3.22.5) (Team, 2022; Robinson et al., 2010) was used to adjust read 
counts with one scaling normalized factor and then identify differential 
gene expression between BD and control conditions. Benjamini & 
Hochberg method was used to adjust p-values to <0.05.

In addition to the gene expression analysis performed by Novogene, 
we performed enrichment analysis using the clusterProfiler package 
installed in R (version 4.1.2) (Team, 2022; Wu et al., 2021) and over- 
representation analysis using the core analyses feature of the Qiagen 
Ingenuity Pathway Analysis (IPA) software. In the gene set enrichment 
analysis, all 34,357 genes were included. The most well-known and 
well-supported gene annotation databases were used: Gene Ontology 
(GO) and the Kyoto Encyclopedia of Genes and Genomes (KEGG). For 
the IPA analysis, we included the 2117 differentially expressed genes 
(DEGs; p < 0.05) identified in BD participants compared to controls.

2.5. Genotyping

We hypothesized that immune-related genetic variation may be 
associated with BD. To test this hypothesis, we used the PsychArray to 
identify single nucleotide polymorphisms (SNPs) in the participants. The 
Gentra Puregene Blood Kit (Qiagen) was used to extract DNA from the 
blood samples. 15 μL of extracted DNA from each sample was prepared 
with a concentration of 50-80 ng/μL for submission to the Iowa Institute 
of Human Genetics, Genomics Division. Samples were genotyped with 
Illumina's Infinium PsychArray-24 v1.3 BeadChip (N = 188), and ge-
notypes were called using GenomeStudio2.0 software with Illumina's 
provided cluster files. PLINK (Purcell et al., 2007) was then used for 
quality control. Data was filtered down to single nucleotide variation, 
removing indels and non-biallelic sites. Variants with low minor allele 
frequency in our sample (<5 %) were removed. All samples had high 
genotyping rates (>99 %). Variants defying Hardy-Weinberg equilib-
rium were removed (p < 1 × 10-6). Four individuals were removed due 
to relatedness (identity-by-descent cutoff of 0.125), eight were removed 
based on high heterozygosity rates, and six were removed due to pop-
ulation stratification (did not cluster with the European superpopulation 
in the 1000 Genomes Project (Genomes Project et al., 2015)).

A total number of 104 BD and 66 control samples were included in 
the final analysis. Genotypes for the 170 individuals (350,345 SNPs 
passing quality control) were imputed to the HRC r1.1 hg19 build 
reference dataset (Loh et al., 2016) using Michigan Imputation Server 
MiniMac4 (Das et al., 2016). Imputation R2 scores <0.3 were used to 
exclude genetic variants and imputed genotype dosages were converted 

to hard calls using a 90 % probability cut-off. A final number of 
1,053,095 variants were then subset to HapMap3 variants (International 
HapMap et al., 2010) for polygenic propensity score (PGS) calculations.

2.6. Genetic correlations

Publicly available GWAS summary statistics were obtained for BD 
(Mullins et al., 2021), IBD (de Lange et al., 2017), Crohn's disease (de 
Lange et al., 2017), ulcerative colitis (de Lange et al., 2017), celiac 
disease (Trynka et al., 2011), type 1 diabetes (Chiou et al., 2021), lupus 
(Khunsriraksakul et al., 2023), rheumatoid arthritis (Ishigaki et al., 
2022), and schizophrenia (Trubetskoy et al., 2022). All sets of GWAS 
summary statistics underwent basic quality control. Variant positions 
were converted to hg19 when necessary, and variants with low reported 
imputation quality scores or allele frequencies were dropped (“info” 
score < 0.9 or minor allele frequency < 1 %). Linkage disequilibrium 
score regression (LDSC (Bulik-Sullivan et al., 2015)) was used to 
compute genetic correlations (rg) between BD and immune traits using 
the 1000 Genomes European LD reference data (Genomes Project et al., 
2015).

2.7. PGS associations

GWAS summary statistics files used in the genetic correlations 
analysis for BD and schizophrenia were used to compute PGS in the 170 
samples with quality-controlled genotype data. PGS were calculated for 
our cohort using LDpred2 (Prive et al., 2021) implemented by the 
“bigsnpr” package (Prive et al., 2018) in R (Team, 2022). A UKBiobank 
dataset of 362,320 European individuals (provided by the developers of 
LDpred2) was used to calculate the genetic correlation matrix, estimate 
heritability, and calculate infinitesimal beta weights. PGS were cor-
rected for population stratification (by regressing out the main effects of 
the first five genetic principal components).

Associations between BD status and BD PGS were determined with a 
t-test comparing BD cases and controls. Flow cytometry measures were 
corrected for age, sex, BMI, and smoking status then z-scaled for asso-
ciation with BD PGS and schizophrenia PGS. Spearman correlations 
were used to quantify relationships between polygenic propensity for BD 
or schizophrenia and immune cell population data.

3. Results

3.1. BD is associated with altered immune cell populations

The total number of PBMCs did not significantly vary between par-
ticipants with and without BD (p = 0.92), which ensured comparable 
sample groups. There were significant differences in the percentage of 
several specific immune cell subtypes within the total PBMCs (Fig. 1). A 
lower percentage of CD3+ T cells was found in BD participants (p <
0.01; difference between means = 11.39 ± 3.90). CD4+ T helper cells 
specifically were found to comprise a lower percentage of PBMCs in BD 
participants (p < 0.05; difference between means = 7.90 ± 3.25). We 
also observed a significantly greater proportion of CD3- cells in BD 
participants (p < 0.05; difference between means = -8.35 ± 3.94) with 
the percentage of CD14+ monocytes higher in individuals with BD (p <
0.001; difference between means = -7.41 ± 2.06). No significant dif-
ferences in the percentage of CD8+ T cells and CD19+ B cells were 
observed (p = 0.42 and p = 0.24 respectively; Supplementary Fig. 1). 
These results suggest an overall disruption in the balance of diverse 
immune cell populations in BD participants, affecting both innate and 
adaptive immune cell responses.

3.2. BD is associated with altered cytokine levels

The concentration of our primary outcome of interest, IL-17A, was 
not different between BD and controls (p = 0.82; Supplementary 
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Table 2). However, the expression of 20/65 immune-related molecules 
were found to be significantly altered (p < 0.05) in participants with BD 
after adjusting for age, sex, BMI, subjective SES, and current smoking 
status (Table 2). Among these were T cell chemoattractants eotaxin and 
eotaxin-2 (1.51-fold increase in BD, p < 0.001; and 1.75-fold increase in 
BD, p < 0.001 respectively). IFNγ levels were also elevated in partici-
pants with BD (1.50-fold increase, p < 0.001). Cytokines IL-7, IL-12p70, 
and IL-18 were also elevated in BD participants (1.50-fold increase, p <
0.001; 1.33-fold increase, p < 0.05; and 1.79-fold increase, p < 0.05 
respectively). Monocyte-related cytokines MDC, MCP-1, and MCP-2 
levels were higher in participants with BD (2.17-fold increase, p <
0.001; 2.08-fold increase, p < 0.01; and 1.72-fold increase, p < 0.01 
respectively). We also noted several molecules in the TNF superfamily 
had higher cytokine concentrations in BD participants: TNFR2 (1.61- 
fold increase, p < 0.001) and TWEAK (1.81-fold increase, p < 0.001). 
MIP-3α and SDF1α levels were also higher in BD participants (3.02-fold 
increase, p < 0.001; and 1.87-fold increase, p < 0.001 respectively). Five 
other cytokines, ENA-78, LIF, HGF, SCF, and CD40L, were all elevated in 
BD participants (1.57-fold increase, p < 0.01; 2.15-fold increase, p <
0.01; 1.27-fold increase, p < 0.05; 2.15-fold increase, p < 0.05; and 1.64- 
fold increase, p < 0.05 respectively). On the other hand, BD participants 
had significantly lower levels of MIF and IL-16 (0.78-fold change, p <
0.001; and 0.34-fold change, p < 0.001 respectively).

When considering suicide-specific changes in the subsample with BD 
(N = 38), the analysis of cytokine levels associated with a history of 
suicide attempts in BD yielded one notable result. Lower CD40L was 
associated with a history of suicide attempts in BD participants (0.64- 
fold change, p < 0.05), however this finding did not remain significant 
following multivariable testing (p = 0.15; Supplementary Table 2).

3.3. BD is associated with altered gene expression levels

RNA-sequencing revealed 49 DEGs in BD participants (adjusted p <
0.05; Supplementary Table 3), with 44 up-regulated and 5 down- 
regulated. IFI27, which is involved in IFNγ signaling, was significantly 
higher in participants with BD (log2 fold change = 1.79). Genes impli-
cated in IL-7 signaling were also upregulated, specifically BCL2L1 and 
ABALON (log2 fold change = 1.22; and log2 fold change = 1.18 
respectively). We noted T-reg enriched NEDD4L displayed higher 
expression levels in individuals with BD (log2 fold change = 0.76). All 
significant gene findings are reported in Supplementary Table 3. Using 
our generated gene lists, we performed integrative functional bio-
informatic analyses to identify pathways enriched for DEGs and iden-
tified several immune-related pathways (Supplementary Tables 4 and 5) 
including innate immune response (adjusted p < 0.01).

3.4. BD, but not schizophrenia, genetic propensity is associated with 
immune cell populations

To identify whether genetic risk loci related to psychiatric disorders 
was associated with components in our data, we use BD and schizo-
phrenia PGS. As a positive control, we found that individuals with BD 
carry significantly higher BD PGS (t = 5.34, p = 4.00 × 10-7; Fig. 2A). 
Next, we tested if BD genetic propensity was associated with immune 
cell populations. Flow cytometry results were z-scored after correcting 
for age, sex, BMI, and current smoking status. These corrected immune 
cell population scores were correlated with PGS for BD, showing a sig-
nificant positive relationship between polygenic propensity for BD and 
percentage of CD14+ cells (Pearson's R = 0.27, p < 0.05; Fig. 2B). 
Notably, using a schizophrenia PGS showed no correlation (Pearson's R 
= 0.08, p = 0.53; Supplementary Fig. 2), suggesting that this correlation 
is specific to BD as opposed to psychiatric disorder risk in general. These 
results support our flow cytometry finding that a higher proportion of 
monocytes are present in individuals with BD and expound on this 
observation by identifying a linear relationship between genetic pro-
pensity for BD and higher monocyte percentage.

Fig. 1. Immune cell population distribution in bipolar disorder (BD) and con-
trol participants. Each circle represents one participant, and results are shown 
with standard error of the mean using an unpaired t-test. A. No significant 
difference in the total PBMCs was found. B. In BD participants, we found CD3+
cells constituted a significantly lower percentage of the total PBMCs while (C.) a 
higher percentage of CD3- cells was seen. D. A lower proportion of CD4+ cells 
was observed in participants with BD with no difference in total CD4+ cells. E. 
We also noted a higher percentage of CD14+ cells in BD participants with no 
difference in total CD14+ cells.
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3.5. Specific autoimmune diseases share genetic risk with BD-I

To identify whether genetic risk loci are shared between immune 
disorders and BD we conducted a genetic correlation analysis using 
LDSC in the UKBiobank dataset (Bulik-Sullivan et al., 2015). Because of 
the larger dataset, we were able to investigate BD-I and BD Type II (BD- 
II) separately. We replicated findings of comparable analyses performed 
with older GWAS summary statistics (Tylee et al., 2018), finding mixed 
genetic correlation effects between immune disorders and BD (Fig. 2C). 
A significant positive correlation between BD-I and IBD (rg = 0.09, FDR 
adjusted p < 0.05), ulcerative colitis (rg = 0.08, FDR adjusted p < 0.05), 
and Crohn's disease (rg = 0.06, unadjusted p < 0.05, FDR adjusted p =
0.07) was found. Significant negative correlations between BD-I and 
immune disorders, included: Type 1 diabetes (rg = -0.13, FDR adjusted p 
< 0.001) and rheumatoid arthritis (rg = -0.14, FDR adjusted p < 0.001). 
These results suggest that there is specificity in which immune disorders 
share genetic risk loci with BD-I, and genetic risk factors for IBD increase 
risk for BD-I. Despite similar findings when combining BD subtypes, no 
correlation was found with BD-II.

We attempted to validate the genetic correlation results in our own 
dataset. We computed immune PGS for our sample and tested for dif-
ferences between BD and controls. None of the immune PGS were 
significantly different between BD and controls in our dataset, possibly 
due to the much smaller sample size (data not shown).

4. Discussion

In this analysis of immune dysregulation in BD we evaluated live 
cellular, serum cytokine, gene expression, and genetic variation, and 
identified widespread immunological differences associated with BD. 
Our strongest findings, derived from multiple experimental approaches, 
indicate that lower T helper cell proportions and higher monocyte 
populations may be involved in the pathophysiology of BD.

The lower percentage of T helper cells seen in participants with BD 
supports findings linking susceptibility to develop BD to lower per-
centages of T cells (Snijders et al., 2019). However, it conflicts with 
previous reports which found no difference or higher percentages of T 
cells (Breunis et al., 2003; Torres et al., 2009). Upstream of T cells, we 
found IL-16 was lower in participants with BD. IL-16 activates and 
primes T cells, particularly T helper 1 (Th1) cells (Mathy et al., 2000). 

Despite the overall decreased proportion of T helper cells, we noted 
several associated circulating factors of these cells were higher in BD. 
These data are in alignment with the widely accepted concept that im-
mune dysregulation is not solely due to alterations in cell numbers, but 
also involves alterations in cellular function. We found that IL-7 con-
centration, which is protective of T cells, was higher in participants with 
BD. Elevated IL-7 has been previously associated with BD offspring who 
go on to develop a mood disorder (Snijders et al., 2017). Corresponding 
evidence of higher IL-7 was identified through gene expression analysis. 
BCL2L1 and ABALON, an antisense long noncoding RNA in BCL2L1, 
were both significantly elevated in BD participants. BCL2L1 is an anti-
apoptotic gene encoding the protein Bcl-xL, which is upregulated by IL-7 
(Amos et al., 1998). IFNγ, CD40L, LIF, and MIF were also elevated in BD 
participants, indicating T cell activation (Elgueta et al., 2009; Alibashe- 
Ahmed et al., 2019; Bamberger et al., 2004; Siegel, 1988). IP-10 and 
MIP-3α, which are chemotactic for T cells, were also higher in partici-
pants with BD, further implicating T cells in the pathophysiology 
(Dufour et al., 2002; Hieshima et al., 1997). Eotaxin and eotaxin2, both 
of which attract Th2 cells to sites of inflammation, were higher in par-
ticipants with BD, consistent with other studies (Misiak et al., 2020; 
Vasconcelos-Moreno et al., 2017; Coello et al., 2024). Likewise, we 
observed elevated HGF levels, which have been associated with higher 
Th2 responses (Benkhoucha et al., 2010). Overall, we observed a 
decreased proportion of T helper cells, however our RNA and cytokine 
analyses indicate higher Th1 and Th2 activation. Further studies are 
needed to more accurately categorize alterations in both the specific 
populations and functions of circulating T helper cells in individuals 
with BD.

The higher proportion of monocytes in individuals with BD aligns 
with the findings from our cytokine panel that included many key fac-
tors (MCP-1, MCP-2, MIP-3α, IP-10, HGF, and MDC) related to monocyte 
activation, migration, and infiltration (Deshmane et al., 2009; Godiska 
et al., 1997; Galimi et al., 2001). The monocyte alterations seen reflects 
other BD studies showing altered cytokine levels (Coello et al., 2024; 
Jakobsson et al., 2015), higher monocyte proportion (Barbosa et al., 
2014b), increased monocyte activation, and the induction of proin-
flammatory cytokine release in cultured human monocytes (Knijff et al., 
2007; Padmos et al., 2008). Despite some conflicting results (Vogels 
et al., 2017), our findings are supported by others that found elevated 
gene expression and cytokine concentrations of MCP-1, HGF, TWEAK, 

Table 2 
Immune molecules differentially expressed in the serum of bipolar disorder participants.

Molecule Total sample 
N = 144

Subgroup Inferential statistics Direction of difference

Bipolar disorder 
N = 86

Control 
N = 58

Univariable Multi-variable

EOTAXIN 31.1 (42.2-21.1) 36.9 (46.6-25.9) 24.5 (33.5-18.9) z = -4.48, p < 0.001 p < 0.001 Higher
EOTAXIN-2 97.8 (187-61.8) 128 (831-68.4) 73.3 (118-53.0) z = -4.11, p ≤ 0.001 p < 0.001 Higher
IFNγ 2.8 (3.9-1.9) 3.3 (4.1-2.4) 2.2 (3.1-1.4) z = -3.85, p < 0.001 p < 0.001 Higher
IL-16 104 (178-48.8) 58.8 (116-30.7) 171 (211-128) z = 6.31, p < 0.001 p < 0.001 Lower
IL-7 0.5 (0.9-0.3) 0.6 (1.2-0.3) 0.4 (0.6-0.2) z = -3.71, p < 0.001 p < 0.001 Higher
MDC 47.0 (136-4.3) 71.1 (252-13.4) 32.7 (53.5-<OOR) z = -3.64, p < 0.001 p < 0.001 Higher
MIP-3α 17.7 (40.0-6.3) 30.2 (51.9-9.9) 10.0 (17.7-4.8) z = -4.93, p < 0.001 p < 0.001 Higher
SDF-1α 625 (1481-476) 967 (1818-556) 516 (624-449) z = -5.15, p < 0.001 p < 0.001 Higher
TNFR2 49.0 (81.0-35.7) 64.6 (106.4-40.3) 40.1 (51.3-33.9) z = -4.49, p < 0.001 p < 0.001 Higher
TWEAK 622 (1139-389) 858 (1457-437) 473 (745-358) z = -3.64, p < 0.001 p < 0.001 Higher
MIF 18.1 (23.3-12.8) 15.5 (21.6-9.6) 19.8 (24.5-16.7) z = 3.28, p = 0.001 p < 0.001 Lower
MCP-1 19.9 (48.3-8.3) 28.7 (68.2-10.4) 13.8 (27.0-<OOR) z = -3.46, p < 0.001 p = 0.001 Higher
ENA-78 72.7 (136-43.8) 92.6 (171-53.3) 59.1 (89.0-36.9) z = -3.03, p = 0.002 p = 0.006 Higher
MCP-2 4.1 (9.0-2.4) 5.5 (11.6-2.5) 3.2 (5.8-2.1) z = -2.42, p = 0.02 p = 0.007 Higher
LIF 2.8 (7.0-1.2) 3.3 (5.8-2.0) 1.5 (9.1-<OOR) z = -2.17, p = 0.03 p = 0.008 Higher
HGF 31.5 (62.0-19.2) 36.8 (104-21.9) 29.0 (42.4-14.4) z = -2.70, p = 0.007 p = 0.02 Higher
IL-12p70 1.0 (1.4-0.8) 1.2 (1.5-0.9) 0.9 (1.2-0.7) z = -2.31, p = 0.02 p = 0.02 Higher
IL-18 3.3 (9.9-0.3) 4.3 (14.6-<OOR) 2.4 (4.7-0.4) z = -2.04, p = 0.04 p = 0.03 Higher
SCF 4.2 (8.2-0.8) 5.6 (9.6-1.7) 2.6 (6.2-0.4) z = -2.46, p = 0.01 p = 0.03 Higher
CD40L 24.3 (75.0-4.2) 26.4 (73.8-8.1) 16.1 (109.2-<OOR) z = -1.23, p = 0.22 p = 0.03 Higher

Values in parentheses denote the interquartile range. All concentrations are pg/mL. <OOR values refer to concentrations too low to be accurately quantified by the 
Bioplex-1. Full results are in Supplementary Table 2.
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Fig. 2. Polygenic propensity score analyses. A. Bipolar disorder (BD) polygenic risk is higher in BD participants as shown by Z-scores compared between control and 
BD participants. B. BD PGS is associated with CD14%. Each circle represents data from one participant included in both the genetic and cellular experiments. C. 
Linkage disequilibrium score regression (LDSC) genetic correlations (rg) between BD and immune diseases show specific overlap. Double asterisks (“**”) denote 
associations with a FDR adjusted p-value <0.05. Single asterisks (“*”) denote associations with an unadjusted p < 0.05.

B.M.R. Argue et al.                                                                                                                                                                                                                             



Journal of Affective Disorders 374 (2025) 587–597

593

and MIP-3α in individuals with BD (Padmos et al., 2008; Mesman et al., 
2015; Misiak et al., 2020; Vogels et al., 2017; Karadag et al., 2021; 
Barbosa et al., 2017). Notably, genetic variants of MCP-1 have also been 
identified as a risk factor for BD (Tokac et al., 2016; Zhang et al., 2020), 
suggesting an immune-related genetic predisposition in BD. This com-
plements our genetic analysis, which correlated higher BD PGS with 
higher percentage of monocytes (CD14 + %). This positive linear cor-
relation between genetic propensity for BD and monocyte levels 
strengthens the hypothesis that increased monocyte activation is a key 
factor in the development of BD.

Our genetic analysis also identified a positive correlation between 
IBD and BD, suggesting shared underlying mechanisms. Prior observa-
tional and genetic research supports our finding (Bernstein et al., 2019; 
Kao et al., 2019; Eaton et al., 2010; Wang et al., 2018, 2022, 2024; Yang 
et al., 2023), while other studies have found no association (Nikolova 
et al., 2022; Walker et al., 2008; Bisgaard et al., 2023). Other lines of 
evidence from our studies also suggest a link with IBD. For several T cell- 
related cytokines that we saw were elevated in BD, similar associations 
have been made with IBD, including higher eotaxin in ulcerative colitis, 
elevated IL-7 and IFNγ in Crohn's disease, and higher IL-18 in both 
conditions (Korolkova et al., 2015; Nemeth et al., 2017). Additionally, 
our findings of higher monocytes and monocyte-related proteins 
including MCP-1 and TWEAK have also been seen in IBD (Gren and Grip, 
2016; McCormack et al., 2001; Reinecker et al., 1995; Singh et al., 
2016). Notably, TWEAK is a protein mainly secreted by monocytes/ 
macrophages that induces the production of MCP-1 (Dohi and Burkly, 
2012), but it has also been linked to intestinal dysfunction (Di Martino 
et al., 2019) and neuroinflammation (Boulamery and Desplat-Jego, 
2017; Serafini et al., 2008), suggesting a potential role in both intesti-
nal and brain dysregulation. Barrier disruption, of the intestines in IBD 
and the blood-brain barrier in BD (Zhao et al., 2022), is a notable par-
allel. Several inflammatory markers upregulated in BD and IBD, 
including TWEAK and MCP-1, have been found to damage both of these 
barriers (Yao and Tsirka, 2014; Dohi et al., 2009), suggesting one 
mechanism by which these overlapping immune responses may influ-
ence both pathologies. Neuroinflammation has previously been associ-
ated with BD and several inflammatory markers noted in our study have 
been linked to neuroinflammation (Erickson et al., 2014; Rao et al., 
2010; Haarman et al., 2014, 2016; Jakobsson et al., 2015; Batchu, 2021; 
Benedetti et al., 2020). Although it cannot be presumed that circulating 
levels will reflect levels in the brain, taken together, these studies sug-
gest that our findings may represent a circulating phenotype for neu-
roinflammation. Overall, the dysfunction in T helper cells and 
monocytes could explain, at least in part, the mechanisms shared by IBD 
and BD. Alternatively, mood symptoms may activate evolutionarily 
conserved pathways by which stress activates the sympathetic nervous 
system to promote innate immunity and proinflammatory cytokine 
production (Heidt et al., 2014; Irwin and Cole, 2011; Tawakol et al., 
2017; Zhang et al., 2010).

Our results highlight a widespread cascade of primarily proin-
flammatory immune changes that occur in BD; however, we are unable 
to pinpoint the underlying instigating factors. To probe the causality of 
the immune dysregulation we have observed, innovative longitudinal 
study design is likely required. There are other limitations to our study 
that should be noted. We did not assess the mood cycle of participants at 
the time of sample acquisition. Prior studies have found inflammatory 
patterns associated with either manic or depressive phases of the dis-
order (Fiedorowicz et al., 2015), but our results do not clarify which 
immune differences may be cycle specific. We also did not have access to 
information regarding additional inflammatory symptoms that may 
have altered immune patterns in specific participants. Finally, phar-
macologic factors were not assessed, which is important to note as some 
medications commonly prescribed to individuals with BD, such as 
lithium, can impact the immune system (Padmos et al., 2008; Knijff 
et al., 2007). Regarding the genetic analyses, we limited our data to 
Europeans and therefore these findings may not generalize to other 

populations. These study components may also explain some of the 
conflicting reports present in the field.

5. Conclusion

Overall, our results have identified multifaceted immune system al-
terations in individuals with BD. The majority of the gene expression and 
cytokine differences were proinflammatory in nature, indicating that a 
global increase in inflammation is a characteristic of BD. In addition, we 
identified significant molecular overlap between IBD and BD. Because 
this genetic signature is present before clinical onset, it would suggest 
that it is a causal factor in BD, albeit in the presence of additional risk 
factors. However, it is also possible that the altered immune response 
associated with BD is a consequence of the disorder rather than a cause 
through the sympathetic nervous system. A detailed understanding of 
the immune system in individuals with BD is needed in to treat immune- 
related comorbidities of BD, and BD itself. Furthermore, a step towards 
reducing heterogeneity in the BD population may include immune 
profiles as biomarkers and/or therapeutic targets. Our findings highlight 
the importance of studying immune function in BD, and the need for 
more work in this area.

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.jad.2025.01.062.

CRediT authorship contribution statement

Benney M.R. Argue: Writing – review & editing, Writing – original 
draft, Visualization, Methodology, Investigation, Formal analysis, Data 
curation. Lucas G. Casten: Writing – review & editing, Writing – orig-
inal draft, Visualization, Methodology, Investigation, Formal analysis, 
Data curation. Shaylah McCool: Writing – review & editing, Investi-
gation, Data curation. Aysheh Alrfooh: Writing – review & editing, 
Writing – original draft, Visualization, Methodology, Investigation, 
Formal analysis, Data curation. Jenny Gringer Richards: Writing – 
review & editing, Methodology, Data curation. John A. Wemmie: 
Writing – review & editing, Supervision, Resources, Methodology, 
Funding acquisition, Data curation, Conceptualization. Vincent A. 
Magnotta: Writing – review & editing, Resources, Methodology, 
Funding acquisition, Data curation, Conceptualization. Aislinn J. Wil-
liams: Writing – review & editing, Methodology, Data curation, 
Conceptualization. Jacob Michaelson: Writing – review & editing, 
Methodology, Investigation, Data curation. Jess G. Fiedorowicz: 
Writing – review & editing, Visualization, Supervision, Resources, 
Project administration, Methodology, Investigation, Funding acquisi-
tion, Formal analysis, Data curation, Conceptualization. Sabrina M. 
Scroggins: Writing – review & editing, Writing – original draft, Visu-
alization, Methodology, Investigation, Funding acquisition, Formal 
analysis, Data curation. Marie E. Gaine: Writing – review & editing, 
Writing – original draft, Visualization, Supervision, Resources, Project 
administration, Methodology, Investigation, Funding acquisition, 
Formal analysis, Data curation, Conceptualization.

Grant support

This study was supported by an Iowa Neuroscience Institute 
Research Program of Excellence grant with philanthropy from the Roy J. 
Carver Charitable Trust (JAW), a U.S. Department of Veterans Affairs 
Merit Review Award (JAW) and a U.S. Department of Veterans Affairs 
Senior Clinician Scientist (JAW). It was also supported by an EHSRC 
Career Enhancement award and an EHSRC Pilot grant (NIH P30 
ES005605; MEG) and by the National Center for Advancing Trans-
lational Sciences of the National Institutes of Health (UL1TR002537) 
and the National Institute of Mental Health (NIMH R01MH125838 and 
R01MH111578 to VAM and JAW). Funding for this work was given to SS 
through the OB/GYN department at the University of Iowa Hospitals & 
Clinics, as well as the AHA with grant 19IPLOI34760288, and the NIH 

B.M.R. Argue et al.                                                                                                                                                                                                                             

https://doi.org/10.1016/j.jad.2025.01.062
https://doi.org/10.1016/j.jad.2025.01.062


Journal of Affective Disorders 374 (2025) 587–597

594

with grants NCATS 3UL1TR002537-03W1, NHLBI 1KO1HL155240-01, 
and NCATS UL1TR002494. Additional funding for this work came from 
the National Institutes of Health through a Predoctoral Training Grant 
(T32GM008629 to LGC).

Declaration of competing interest

The authors have no conflicts to declare.

Acknowledgements

The authors would like to thank the study participants for their 
willingness to participate in the study. We would also like to thank 
Hsiang Wen for sample collection and management. Parts of the data 
presented herein were obtained at the Flow Cytometry Facility, which is 
a Carver College of Medicine / Holden Comprehensive Cancer Center 
core research facility at the University of Iowa. The facility is funded 
through user fees and the generous financial support of the Carver 
College of Medicine, Holden Comprehensive Cancer Center, and Iowa 
City Veteran's Administration Medical Center. Additional data were 
obtained at the Genomics Division of the Iowa Institute of Human Ge-
netics which is supported, in part, by the University of Iowa Carver 
College of Medicine.

References

Alibashe-Ahmed, M., Roger, T., Serre-Beinier, V., Berishvili, E., Reith, W., Bosco, D., 
Berney, T., 2019. Macrophage migration inhibitory factor regulates TLR4 expression 
and modulates TCR/CD3-mediated activation in CD4+ T lymphocytes. Sci. Rep. 9, 
9380.

Amos, C.L., Woetmann, A., Nielsen, M., Geisler, C., Odum, N., Brown, B.L., Dobson, P.R., 
1998. The role of caspase 3 and BclxL in the action of interleukin 7 (IL-7): a survival 
factor in activated human T cells. Cytokine 10, 662–668.

Bamberger, A.M., Jenatschke, S., Schulte, H.M., Ellebrecht, I., Beil, F.U., Bamberger, C. 
M., 2004. Regulation of the human leukemia inhibitory factor gene by ETS 
transcription factors. Neuroimmunomodulation 11, 10–19.

Barbosa, I.G., Bauer, M.E., Machado-Vieira, R., Teixeira, A.L., 2014a. Cytokines in 
bipolar disorder: paving the way for neuroprogression. Neural Plast. 2014, 360481.

Barbosa, I.G., Rocha, N.P., Assis, F., Vieira, E.L., Soares, J.C., Bauer, M.E., Teixeira, A.L., 
2014b. Monocyte and lymphocyte activation in bipolar disorder: a new piece in the 
puzzle of immune dysfunction in mood disorders. Int. J. Neuropsychopharmacol. 18.

Barbosa, I.G., Vaz, G.N., Rocha, N.P., Machado-Vieira, R., Ventura, M.R.D., Huguet, R.B., 
Bauer, M.E., Berk, M., Teixeira, A.L., 2017. Plasma levels of tumor necrosis factor 
superfamily molecules are increased in bipolar disorder. Clin. Psychopharmacol. 
Neurosci. 15, 269–275.

Batchu, S., 2021. Transcriptomic deconvolution of dorsal striata reveals increased 
monocyte fractions in bipolar disorder. Complex Psychiatry 6, 83–88.

Benedetti, F., Aggio, V., Pratesi, M.L., Greco, G., Furlan, R., 2020. Neuroinflammation in 
bipolar depression. Front. Psychol. 11, 71.

Benkhoucha, M., Santiago-Raber, M.L., Schneiter, G., Chofflon, M., Funakoshi, H., 
Nakamura, T., Lalive, P.H., 2010. Hepatocyte growth factor inhibits CNS 
autoimmunity by inducing tolerogenic dendritic cells and CD25+Foxp3+ regulatory 
T cells. Proc. Natl. Acad. Sci. U. S. A. 107, 6424–6429.

Bernstein, C.N., Hitchon, C.A., Walld, R., Bolton, J.M., Sareen, J., Walker, J.R., Graff, L. 
A., Patten, S.B., Singer, A., Lix, L.M., El-Gabalawy, R., Katz, A., Fisk, J.D., Marrie, R. 
A., Cihr Team in Defining the Burden, and Disease Managing the Effects of 
Psychiatric Comorbidity in Chronic Immunoinflammatory, 2019. Increased burden 
of psychiatric disorders in inflammatory bowel disease. Inflamm. Bowel Dis. 25, 
360–368.

Bisgaard, T.H., Poulsen, G., Allin, K.H., Keefer, L., Ananthakrishnan, A.N., Jess, T., 2023. 
Longitudinal trajectories of anxiety, depression, and bipolar disorder in 
inflammatory bowel disease: a population-based cohort study. EClinicalMedicine 59, 
101986.

Boulamery, A., Desplat-Jego, S., 2017. Regulation of neuroinflammation: what role for 
the tumor necrosis factor-like weak inducer of apoptosis/Fn14 pathway? Front. 
Immunol. 8, 1534.

Breunis, M.N., Kupka, R.W., Nolen, W.A., Suppes, T., Denicoff, K.D., Leverich, G.S., 
Post, R.M., Drexhage, H.A., 2003. High numbers of circulating activated T cells and 
raised levels of serum IL-2 receptor in bipolar disorder. Biol. Psychiatry 53, 157–165.

Bulik-Sullivan, B.K., Loh, P.R., Finucane, H.K., Ripke, S., Yang, J., Consortium 
Schizophrenia Working Group of the Psychiatric Genomics, Patterson, N., Daly, M.J., 
Price, A.L., Neale, B.M., 2015. LD Score regression distinguishes confounding from 
polygenicity in genome-wide association studies. Nat. Genet. 47, 291–295.

Chiou, J., Geusz, R.J., Okino, M.L., Han, J.Y., Miller, M., Melton, R., Beebe, E., 
Benaglio, P., Huang, S., Korgaonkar, K., Heller, S., Kleger, A., Preissl, S., Gorkin, D. 
U., Sander, M., Gaulton, K.J., 2021. Interpreting type 1 diabetes risk with genetics 
and single-cell epigenomics. Nature 594, 398–402.

Clemente, A.S., Diniz, B.S., Nicolato, R., Kapczinski, F.P., Soares, J.C., Firmo, J.O., 
Castro-Costa, E., 2015. Bipolar disorder prevalence: a systematic review and meta- 
analysis of the literature. Braz. J. Psychiatry 37, 155–161.

Coello, K., Holstad Pedersen, H., Munkholm, K., Lie Kjaerstad, H., Stanislaus, S., Rye 
Ostrowski, S., Faurholt-Jepsen, M., Miskowiak, K.W., Frikke-Schmidt, R., 
Vinberg, M., Thorn Ekstrom, C., Lyng Forman, J., Vedel Kessing, L., 2024. 
A composite immune and vascular stress marker in patients newly diagnosed with 
bipolar disorder and their unaffected first-degree relatives. Brain Behav. Immun. 
118, 449–458.

Das, S., Forer, L., Schonherr, S., Sidore, C., Locke, A.E., Kwong, A., Vrieze, S.I., Chew, E. 
Y., Levy, S., McGue, M., Schlessinger, D., Stambolian, D., Loh, P.R., Iacono, W.G., 
Swaroop, A., Scott, L.J., Cucca, F., Kronenberg, F., Boehnke, M., Abecasis, G.R., 
Fuchsberger, C., 2016. Next-generation genotype imputation service and methods. 
Nat. Genet. 48, 1284–1287.

Deshmane, S.L., Kremlev, S., Amini, S., Sawaya, B.E., 2009. Monocyte chemoattractant 
protein-1 (MCP-1): an overview. J. Interf. Cytokine Res. 29, 313–326.

Di Martino, L., Osme, A., Kossak-Gupta, S., Pizarro, T.T., Cominelli, F., 2019. TWEAK/ 
Fn14 is overexpressed in Crohn’s disease and mediates experimental ileitis by 
regulating critical innate and adaptive immune pathways. Cell. Mol. Gastroenterol. 
Hepatol. 8, 427–446.

Dohi, T., Burkly, L.C., 2012. The TWEAK/Fn14 pathway as an aggravating and 
perpetuating factor in inflammatory diseases; focus on inflammatory bowel diseases. 
J. Leukoc. Biol. 92, 265–279.

Dohi, T., Borodovsky, A., Wu, P., Shearstone, J.R., Kawashima, R., Runkel, L., Rajman, L., 
Dong, X., Scott, M.L., Michaelson, J.S., Jakubowski, A., Burkly, L.C., 2009. TWEAK/ 
Fn14 pathway: a nonredundant role in intestinal damage in mice through a TWEAK/ 
intestinal epithelial cell axis. Gastroenterology 136, 912–923.

Drexhage, R.C., Hoogenboezem, T.H., Versnel, M.A., Berghout, A., Nolen, W.A., 
Drexhage, H.A., 2011. The activation of monocyte and T cell networks in patients 
with bipolar disorder. Brain Behav. Immun. 25, 1206–1213.

Dufour, J.H., Dziejman, M., Liu, M.T., Leung, J.H., Lane, T.E., Luster, A.D., 2002. IFN- 
gamma-inducible protein 10 (IP-10; CXCL10)-deficient mice reveal a role for IP-10 
in effector T cell generation and trafficking. J. Immunol. 168, 3195–3204.

Eaton, W.W., Pedersen, M.G., Nielsen, P.R., Mortensen, P.B., 2010. Autoimmune 
diseases, bipolar disorder, and non-affective psychosis. Bipolar Disord. 12, 638–646.

Elgueta, R., Benson, M.J., de Vries, V.C., Wasiuk, A., Guo, Y., Noelle, R.J., 2009. 
Molecular mechanism and function of CD40/CD40L engagement in the immune 
system. Immunol. Rev. 229, 152–172.

Erickson, M.A., Morofuji, Y., Owen, J.B., Banks, W.A., 2014. Rapid transport of CCL11 
across the blood-brain barrier: regional variation and importance of blood cells. 
J. Pharmacol. Exp. Ther. 349, 497–507.

Fernandez, L.A., Fox, R.A., 1980. Perturbation of the human immune system by lithium. 
Clin. Exp. Immunol. 41, 527–532.

Fiedorowicz, J.G., Prossin, A.R., Johnson, C.P., Christensen, G.E., Magnotta, V.A., 
Wemmie, J.A., 2015. Peripheral inflammation during abnormal mood states in 
bipolar I disorder. J. Affect. Disord. 187, 172–178.

Galimi, F., Cottone, E., Vigna, E., Arena, N., Boccaccio, C., Giordano, S., Naldini, L., 
Comoglio, P.M., 2001. Hepatocyte growth factor is a regulator of monocyte- 
macrophage function. J. Immunol. 166, 1241–1247.

Genomes Project, Consortium, Auton, A., Brooks, L.D., Durbin, R.M., Garrison, E.P., 
Kang, H.M., Korbel, J.O., Marchini, J.L., McCarthy, S., McVean, G.A., Abecasis, G.R., 
2015. A global reference for human genetic variation. Nature 526, 68–74.

Godiska, R., Chantry, D., Raport, C.J., Sozzani, S., Allavena, P., Leviten, D., 
Mantovani, A., Gray, P.W., 1997. Human macrophage-derived chemokine (MDC), a 
novel chemoattractant for monocytes, monocyte-derived dendritic cells, and natural 
killer cells. J. Exp. Med. 185, 1595–1604.

Gren, S.T., Grip, O., 2016. Role of monocytes and intestinal macrophages in Crohn’s 
disease and ulcerative colitis. Inflamm. Bowel Dis. 22, 1992–1998.

Haarman, B.C., Riemersma-Van der Lek, R.F., de Groot, J.C., Ruhe, H.G., Klein, H.C., 
Zandstra, T.E., Burger, H., Schoevers, R.A., de Vries, E.F., Drexhage, H.A., Nolen, W. 
A., Doorduin, J., 2014. Neuroinflammation in bipolar disorder - a [(11)C]-(R)- 
PK11195 positron emission tomography study. Brain Behav. Immun. 40, 219–225.

Haarman, B.C., Burger, H., Doorduin, J., Renken, R.J., Sibeijn-Kuiper, A.J., Marsman, J. 
B., de Vries, E.F., de Groot, J.C., Drexhage, H.A., Mendes, R., Nolen, W.A., 
Riemersma-Van der Lek, R.F., 2016. Volume, metabolites and neuroinflammation of 
the hippocampus in bipolar disorder - a combined magnetic resonance imaging and 
positron emission tomography study. Brain Behav. Immun. 56, 21–33.

Heidt, T., Sager, H.B., Courties, G., Dutta, P., Iwamoto, Y., Zaltsman, A., von Zur 
Muhlen, C., Bode, C., Fricchione, G.L., Denninger, J., Lin, C.P., Vinegoni, C., 
Libby, P., Swirski, F.K., Weissleder, R., Nahrendorf, M., 2014. Chronic variable stress 
activates hematopoietic stem cells. Nat. Med. 20, 754–758.

Hieshima, K., Imai, T., Opdenakker, G., Van Damme, J., Kusuda, J., Tei, H., Sakaki, Y., 
Takatsuki, K., Miura, R., Yoshie, O., Nomiyama, H., 1997. Molecular cloning of a 
novel human CC chemokine liver and activation-regulated chemokine (LARC) 
expressed in liver. Chemotactic activity for lymphocytes and gene localization on 
chromosome 2. J. Biol. Chem. 272, 5846–5853.

International HapMap, Consortium, Altshuler, D.M., Gibbs, R.A., Peltonen, L., 
Altshuler, D.M., Gibbs, R.A., Peltonen, L., Dermitzakis, E., Schaffner, S.F., Yu, F., 
Peltonen, L., Dermitzakis, E., Bonnen, P.E., Altshuler, D.M., Gibbs, R.A., de 
Bakker, P.I., Deloukas, P., Gabriel, S.B., Gwilliam, R., Hunt, S., Inouye, M., Jia, X., 
Palotie, A., Parkin, M., Whittaker, P., Yu, F., Chang, K., Hawes, A., Lewis, L.R., 
Ren, Y., Wheeler, D., Gibbs, R.A., Muzny, D.M., Barnes, C., Darvishi, K., Hurles, M., 
Korn, J.M., Kristiansson, K., Lee, C., McCarrol, S.A., Nemesh, J., Dermitzakis, E., 
Keinan, A., Montgomery, S.B., Pollack, S., Price, A.L., Soranzo, N., Bonnen, P.E., 
Gibbs, R.A., Gonzaga-Jauregui, C., Keinan, A., Price, A.L., Yu, F., Anttila, V., 
Brodeur, W., Daly, M.J., Leslie, S., McVean, G., Moutsianas, L., Nguyen, H., 

B.M.R. Argue et al.                                                                                                                                                                                                                             

http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0005
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0005
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0005
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0005
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0010
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0010
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0010
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0015
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0015
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0015
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0020
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0020
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0025
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0025
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0025
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0030
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0030
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0030
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0030
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0035
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0035
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0040
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0040
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0045
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0045
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0045
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0045
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0050
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0050
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0050
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0050
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0050
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0050
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0055
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0055
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0055
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0055
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0060
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0060
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0060
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0065
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0065
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0065
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0070
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0070
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0070
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0070
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0075
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0075
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0075
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0075
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0080
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0080
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0080
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0085
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0085
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0085
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0085
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0085
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0085
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0090
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0090
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0090
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0090
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0090
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0095
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0095
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0100
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0100
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0100
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0100
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0105
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0105
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0105
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0110
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0110
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0110
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0110
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0115
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0115
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0115
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0120
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0120
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0120
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0125
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0125
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0130
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0130
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0130
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0135
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0135
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0135
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0140
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0140
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0145
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0145
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0145
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0150
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0150
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0150
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0155
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0155
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0155
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0160
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0160
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0160
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0160
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0165
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0165
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0170
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0170
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0170
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0170
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0175
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0175
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0175
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0175
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0175
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0180
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0180
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0180
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0180
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0185
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0185
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0185
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0185
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0185
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0190
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0190
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0190
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0190
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0190
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0190
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0190
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0190
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0190
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0190


Journal of Affective Disorders 374 (2025) 587–597

595

Schaffner, S.F., Zhang, Q., Ghori, M.J., McGinnis, R., McLaren, W., Pollack, S., 
Price, A.L., Schaffner, S.F., Takeuchi, F., Grossman, S.R., Shlyakhter, I., Hostetter, E. 
B., Sabeti, P.C., Adebamowo, C.A., Foster, M.W., Gordon, D.R., Licinio, J., Manca, M. 
C., Marshall, P.A., Matsuda, I., Ngare, D., Wang, V.O., Reddy, D., Rotimi, C.N., 
Royal, C.D., Sharp, R.R., Zeng, C., Brooks, L.D., McEwen, J.E., 2010. Integrating 
common and rare genetic variation in diverse human populations. Nature 467, 
52–58.

Irwin, M.R., Cole, S.W., 2011. Reciprocal regulation of the neural and innate immune 
systems. Nat. Rev. Immunol. 11, 625–632.

Ishigaki, K., Sakaue, S., Terao, C., Luo, Y., Sonehara, K., Yamaguchi, K., Amariuta, T., 
Too, C.L., Laufer, V.A., Scott, I.C., Viatte, S., Takahashi, M., Ohmura, K., 
Murasawa, A., Hashimoto, M., Ito, H., Hammoudeh, M., Emadi, S.A., Masri, B.K., 
Halabi, H., Badsha, H., Uthman, I.W., Wu, X., Lin, L., Li, T., Plant, D., Barton, A., 
Orozco, G., Verstappen, S.M.M., Bowes, J., MacGregor, A.J., Honda, S., Koido, M., 
Tomizuka, K., Kamatani, Y., Tanaka, H., Tanaka, E., Suzuki, A., Maeda, Y., 
Yamamoto, K., Miyawaki, S., Xie, G., Zhang, J., Amos, C.I., Keystone, E., 
Wolbink, G., van der Horst-Bruinsma, I., Cui, J., Liao, K.P., Carroll, R.J., Lee, H.S., 
Bang, S.Y., Siminovitch, K.A., de Vries, N., Alfredsson, L., Rantapaa-Dahlqvist, S., 
Karlson, E.W., Bae, S.C., Kimberly, R.P., Edberg, J.C., Mariette, X., Huizinga, T., 
Dieude, P., Schneider, M., Kerick, M., Denny, J.C., Japan, Project BioBank, 
Matsuda, K., Matsuo, K., Mimori, T., Matsuda, F., Fujio, K., Tanaka, Y., 
Kumanogoh, A., Traylor, M., Lewis, C.M., Eyre, S., Xu, H., Saxena, R., Arayssi, T., 
Kochi, Y., Ikari, K., Harigai, M., Gregersen, P.K., Yamamoto, K., Louis Bridges Jr., S., 
Padyukov, L., Martin, J., Klareskog, L., Okada, Y., Raychaudhuri, S., 2022. Multi- 
ancestry genome-wide association analyses identify novel genetic mechanisms in 
rheumatoid arthritis. Nat. Genet. 54, 1640–1651.

Jakobsson, J., Bjerke, M., Sahebi, S., Isgren, A., Ekman, C.J., Sellgren, C., Olsson, B., 
Zetterberg, H., Blennow, K., Palsson, E., Landen, M., 2015. Monocyte and microglial 
activation in patients with mood-stabilized bipolar disorder. J. Psychiatry Neurosci. 
40, 250–258.

Kao, L.T., Lin, H.C., Lee, H.C., 2019. Inflammatory bowel disease and bipolar disorder: a 
population-based cross-sectional study. J. Affect. Disord. 247, 120–124.

Karadag, H., Saygili, G., Yuksel, R., Usta, M.B., Topcuoglu, C., Erzin, G., 2021. Serum 
TNF-related weak inducer of apoptosis (TWEAK), TNF-related apoptosis-inducing 
ligand (TRAIL) levels in patients with bipolar depression, major depression and a 
healthy control group. Psychiatr. Danub. 33, 314–319.

Khunsriraksakul, C., Li, Q., Markus, H., Patrick, M.T., Sauteraud, R., McGuire, D., 
Wang, X., Wang, C., Wang, L., Chen, S., Shenoy, G., Li, B., Zhong, X., Olsen, N.J., 
Carrel, L., Tsoi, L.C., Jiang, B., Liu, D.J., 2023. Multi-ancestry and multi-trait 
genome-wide association meta-analyses inform clinical risk prediction for systemic 
lupus erythematosus. Nat. Commun. 14, 668.

Knijff, E.M., Breunis, M.N., Kupka, R.W., de Wit, H.J., Ruwhof, C., Akkerhuis, G.W., 
Nolen, W.A., Drexhage, H.A., 2007. An imbalance in the production of IL-1beta and 
IL-6 by monocytes of bipolar patients: restoration by lithium treatment. Bipolar 
Disord. 9, 743–753.

Korolkova, O.Y., Myers, J.N., Pellom, S.T., Wang, L., M’Koma, A.E., 2015. 
Characterization of serum cytokine profile in predominantly colonic inflammatory 
bowel disease to delineate ulcerative and Crohn’s colitides. Clin. Med. Insights 
Gastroenterol. 8, 29–44.

de Lange, K.M., Moutsianas, L., Lee, J.C., Lamb, C.A., Luo, Y., Kennedy, N.A., Jostins, L., 
Rice, D.L., Gutierrez-Achury, J., Ji, S.G., Heap, G., Nimmo, E.R., Edwards, C., 
Henderson, P., Mowat, C., Sanderson, J., Satsangi, J., Simmons, A., Wilson, D.C., 
Tremelling, M., Hart, A., Mathew, C.G., Newman, W.G., Parkes, M., Lees, C.W., 
Uhlig, H., Hawkey, C., Prescott, N.J., Ahmad, T., Mansfield, J.C., Anderson, C.A., 
Barrett, J.C., 2017. Genome-wide association study implicates immune activation of 
multiple integrin genes in inflammatory bowel disease. Nat. Genet. 49, 256–261.

Lima, C.N.C., Kovacs, E.H.C., Mirza, S., Del Favero-Campbell, A., Diaz, A.P., Quevedo, J., 
Argue, B.M.R., Richards, J.G., Williams, A., Wemmie, J.A., Magnotta, V.A., 
Fiedorowicz, J.G., Soares, J.C., Gaine, M.E., Fries, G.R., 2023. Association between 
the epigenetic lifespan predictor GrimAge and history of suicide attempt in bipolar 
disorder. Neuropsychopharmacology 48, 954–962.

Loh, P.R., Danecek, P., Palamara, P.F., Fuchsberger, C., Reshef Y, A., Finucane H, K., 
Schoenherr, S., Forer, L., McCarthy, S., Abecasis, G.R., Durbin, R., Price A., L., 2016. 
Reference-based phasing using the Haplotype Reference Consortium panel. Nat. 
Genet. 48, 1443–1448.

Magnotta, V.A., Xu, J., Fiedorowicz, J.G., Williams, A., Shaffer, J., Christensen, G., 
Long, J.D., Taylor, E., Sathyaputri, L., Richards, J.G., Harmata, G., Wemmie, J., 
2022. Metabolic abnormalities in the basal ganglia and cerebellum in bipolar 
disorder: a multi-modal MR study. J. Affect. Disord. 301, 390–399.

Mathy, N.L., Scheuer, W., Lanzendorfer, M., Honold, K., Ambrosius, D., Norley, S., 
Kurth, R., 2000. Interleukin-16 stimulates the expression and production of pro- 
inflammatory cytokines by human monocytes. Immunology 100, 63–69.

McCormack, G., Moriarty, D., O’Donoghue, D.P., McCormick, P.A., Sheahan, K., Baird, A. 
W., 2001. Tissue cytokine and chemokine expression in inflammatory bowel disease. 
Inflamm. Res. 50, 491–495.

Mesman, E., Hillegers, M.H., Ambree, O., Arolt, V., Nolen, W.A., Drexhage, H.A., 2015. 
Monocyte activation, brain-derived neurotrophic factor (BDNF), and S100B in 
bipolar offspring: a follow-up study from adolescence into adulthood. Bipolar Disord. 
17, 39–49.

Mirza, S., Lima, C.N.C., Del Favero-Campbell, A., Rubinstein, A., Topolski, N., Cabrera- 
Mendoza, B., Kovacs, E.H.C., Blumberg, H.P., Richards, J.G., Williams, A.J., 
Wemmie, J.A., Magnotta, V.A., Fiedorowicz, J.G., Gaine, M.E., Walss-Bass, C., 
Quevedo, J., Soares, J.C., Fries, G.R., 2024. Blood epigenome-wide association 
studies of suicide attempt in adults with bipolar disorder. Transl. Psychiatry 14, 70.

Misiak, B., Bartoli, F., Carra, G., Malecka, M., Samochowiec, J., Jarosz, K., Banik, A., 
Stanczykiewicz, B., 2020. Chemokine alterations in bipolar disorder: a systematic 
review and meta-analysis. Brain Behav. Immun. 88, 870–877.

Modabbernia, A., Taslimi, S., Brietzke, E., Ashrafi, M., 2013. Cytokine alterations in 
bipolar disorder: a meta-analysis of 30 studies. Biol. Psychiatry 74, 15–25.

Mullins, N., Forstner, A.J., O’Connell, K.S., Coombes, B., Coleman, J.R.I., Qiao, Z., Als, T. 
D., Bigdeli, T.B., Borte, S., Bryois, J., Charney, A.W., Drange, O.K., Gandal, M.J., 
Hagenaars, S.P., Ikeda, M., Kamitaki, N., Kim, M., Krebs, K., Panagiotaropoulou, G., 
Schilder, B.M., Sloofman, L.G., Steinberg, S., Trubetskoy, V., Winsvold, B.S., Won, H. 
H., Abramova, L., Adorjan, K., Agerbo, E., Al Eissa, M., Albani, D., Alliey- 
Rodriguez, N., Anjorin, A., Antilla, V., Antoniou, A., Awasthi, S., Baek, J.H., 
Baekvad-Hansen, M., Bass, N., Bauer, M., Beins, E.C., Bergen, S.E., Birner, A., Bocker 
Pedersen, C., Boen, E., Boks, M.P., Bosch, R., Brum, M., Brumpton, B.M., Brunkhorst- 
Kanaan, N., Budde, M., Bybjerg-Grauholm, J., Byerley, W., Cairns, M., Casas, M., 
Cervantes, P., Clarke, T.K., Cruceanu, C., Cuellar-Barboza, A., Cunningham, J., 
Curtis, D., Czerski, P.M., Dale, A.M., Dalkner, N., David, F.S., Degenhardt, F., 
Djurovic, S., Dobbyn, A.L., Douzenis, A., Elvsashagen, T., Escott-Price, V., Ferrier, I. 
N., Fiorentino, A., Foroud, T.M., Forty, L., Frank, J., Frei, O., Freimer, N.B., 
Frisen, L., Gade, K., Garnham, J., Gelernter, J., Giortz Pedersen, M., Gizer, I.R., 
Gordon, S.D., Gordon-Smith, K., Greenwood, T.A., Grove, J., Guzman-Parra, J., 
Ha, K., Haraldsson, M., Hautzinger, M., Heilbronner, U., Hellgren, D., Herms, S., 
Hoffmann, P., Holmans, P.A., Huckins, L., Jamain, S., Johnson, J.S., Kalman, J.L., 
Kamatani, Y., Kennedy, J.L., Kittel-Schneider, S., Knowles, J.A., Kogevinas, M., 
Koromina, M., Kranz, T.M., Kranzler, H.R., Kubo, M., Kupka, R., Kushner, S.A., 
Lavebratt, C., Lawrence, J., Leber, M., Lee, H.J., Lee, P.H., Levy, S.E., Lewis, C., 
Liao, C., Lucae, S., Lundberg, M., MacIntyre, D.J., Magnusson, S.H., Maier, W., 
Maihofer, A., Malaspina, D., Maratou, E., Martinsson, L., Mattheisen, M., 
McCarroll, S.A., McGregor, N.W., McGuffin, P., McKay, J.D., Medeiros, H., 
Medland, S.E., Millischer, V., Montgomery, G.W., Moran, J.L., Morris, D.W., 
Muhleisen, T.W., O’Brien, N., O’Donovan, C., Olde Loohuis, L.M., Oruc, L., 
Papiol, S., Pardinas, A.F., Perry, A., Pfennig, A., Porichi, E., Potash, J.B., Quested, D., 
Raj, T., Rapaport, M.H., DePaulo, J.R., Regeer, E.J., Rice, J.P., Rivas, F., Rivera, M., 
Roth, J., Roussos, P., Ruderfer, D.M., Sanchez-Mora, C., Schulte, E.C., Senner, F., 
Sharp, S., Shilling, P.D., Sigurdsson, E., Sirignano, L., Slaney, C., Smeland, O.B., 
Smith, D.J., Sobell, J.L., Soholm Hansen, C., Soler Artigas, M., Spijker, A.T., Stein, D. 
J., Strauss, J.S., Swiatkowska, B., Terao, C., Thorgeirsson, T.E., Toma, C., Tooney, P., 
Tsermpini, E.E., Vawter, M.P., Vedder, H., Walters, J.T.R., Witt, S.H., Xi, S., Xu, W., 
Yang, J.M.K., Young, A.H., Young, H., Zandi, P.P., Zhou, H., Zillich, L., 
Psychiatry, Hunt All-In, Adolfsson, R., Agartz, I., Alda, M., Alfredsson, L., 
Babadjanova, G., Backlund, L., Baune, B.T., Bellivier, F., Bengesser, S., Berrettini, W. 
H., Blackwood, D.H.R., Boehnke, M., Borglum, A.D., Breen, G., Carr, V.J., Catts, S., 
Corvin, A., Craddock, N., Dannlowski, U., Dikeos, D., Esko, T., Etain, B., 
Ferentinos, P., Frye, M., Fullerton, J.M., Gawlik, M., Gershon, E.S., Goes, F.S., 
Green, M.J., Grigoroiu-Serbanescu, M., Hauser, J., Henskens, F., Hillert, J., Hong, K. 
S., Hougaard, D.M., Hultman, C.M., Hveem, K., Iwata, N., Jablensky, A.V., Jones, I., 
Jones, L.A., Kahn, R.S., Kelsoe, J.R., Kirov, G., Landen, M., Leboyer, M., Lewis, C.M., 
Li, Q.S., Lissowska, J., Lochner, C., Loughland, C., Martin, N.G., Mathews, C.A., 
Mayoral, F., McElroy, S.L., McIntosh, A.M., McMahon, F.J., Melle, I., Michie, P., 
Milani, L., Mitchell, P.B., Morken, G., Mors, O., Mortensen, P.B., Mowry, B., Muller- 
Myhsok, B., Myers, R.M., Neale, B.M., Nievergelt, C.M., Nordentoft, M., Nothen, M. 
M., O’Donovan, M.C., Oedegaard, K.J., Olsson, T., Owen, M.J., Paciga, S.A., 
Pantelis, C., Pato, C., Pato, M.T., Patrinos, G.P., Perlis, R.H., Posthuma, D., Ramos- 
Quiroga, J.A., Reif, A., Reininghaus, E.Z., Ribases, M., Rietschel, M., Ripke, S., 
Rouleau, G.A., Saito, T., Schall, U., Schalling, M., Schofield, P.R., Schulze, T.G., 
Scott, L.J., Scott, R.J., Serretti, A., Shannon Weickert, C., Smoller, J.W., 
Stefansson, H., Stefansson, K., Stordal, E., Streit, F., Sullivan, P.F., Turecki, G., 
Vaaler, A.E., Vieta, E., Vincent, J.B., Waldman, I.D., Weickert, T.W., Werge, T., 
Wray, N.R., Zwart, J.A., Biernacka, J.M., Nurnberger, J.I., Cichon, S., Edenberg, H.J., 
Stahl, E.A., McQuillin, A., Di Florio, A., Ophoff, R.A., Andreassen, O.A., 2021. 
Genome-wide association study of more than 40,000 bipolar disorder cases provides 
new insights into the underlying biology. Nat. Genet. 53, 817–829.

Nemeth, Z.H., Bogdanovski, D.A., Barratt-Stopper, P., Paglinco, S.R., Antonioli, L., 
Rolandelli, R.H., 2017. Crohn’s disease and ulcerative colitis show unique cytokine 
profiles. Cureus 9, e1177.

Nikolova, V.L., Pelton, L., Moulton, C.D., Zorzato, D., Cleare, A.J., Young, A.H., Stone, J. 
M., 2022. The prevalence and incidence of irritable bowel syndrome and 
inflammatory bowel disease in depression and bipolar disorder: a systematic review 
and meta-analysis. Psychosom. Med. 84, 313–324.

Padmos, R.C., Hillegers, M.H., Knijff, E.M., Vonk, R., Bouvy, A., Staal, F.J., de Ridder, D., 
Kupka, R.W., Nolen, W.A., Drexhage, H.A., 2008. A discriminating messenger RNA 
signature for bipolar disorder formed by an aberrant expression of inflammatory 
genes in monocytes. Arch. Gen. Psychiatry 65, 395–407.

Perlis, R.H., Ostacher, M.J., Patel, J.K., Marangell, L.B., Zhang, H., Wisniewski, S.R., 
Ketter, T.A., Miklowitz, D.J., Otto, M.W., Gyulai, L., Reilly-Harrington, N.A., 
Nierenberg, A.A., Sachs, G.S., Thase, M.E., 2006. Predictors of recurrence in bipolar 
disorder: primary outcomes from the Systematic Treatment Enhancement Program 
for Bipolar Disorder (STEP-BD). Am. J. Psychiatry 163, 217–224.

Pompili, M., Gonda, X., Serafini, G., Innamorati, M., Sher, L., Amore, M., Rihmer, Z., 
Girardi, P., 2013. Epidemiology of suicide in bipolar disorders: a systematic review 
of the literature. Bipolar Disord. 15, 457–490.

Prive, F., Aschard, H., Ziyatdinov, A., Blum, M.G.B., 2018. Efficient analysis of large- 
scale genome-wide data with two R packages: bigstatsr and bigsnpr. Bioinformatics 
34, 2781–2787.

Prive, F., Arbel, J., Vilhjalmsson, B.J., 2021. LDpred2: better, faster, stronger. 
Bioinformatics 36, 5424–5431.

B.M.R. Argue et al.                                                                                                                                                                                                                             

http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0190
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0190
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0190
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0190
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0190
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0190
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0190
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0195
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0195
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0200
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0200
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0200
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0200
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0200
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0200
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0200
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0200
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0200
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0200
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0200
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0200
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0200
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0200
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0200
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0200
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0200
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0205
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0205
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0205
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0205
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0210
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0210
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0215
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0215
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0215
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0215
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0220
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0220
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0220
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0220
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0220
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0225
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0225
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0225
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0225
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0230
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0230
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0230
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0230
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0235
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0235
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0235
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0235
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0235
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0235
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0235
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0240
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0240
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0240
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0240
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0240
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0245
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0245
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0245
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0245
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0250
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0250
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0250
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0250
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0255
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0255
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0255
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0260
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0260
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0260
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0265
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0265
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0265
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0265
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0270
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0270
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0270
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0270
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0270
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0275
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0275
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0275
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0280
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0280
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0285
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0285
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0285
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0285
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0285
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0285
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0285
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0285
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0285
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0285
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0285
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0285
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0285
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0285
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0285
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0285
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0285
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0285
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0285
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0285
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0285
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0285
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0285
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0285
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0285
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0285
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0285
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0285
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0285
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0285
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0285
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0285
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0285
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0285
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0285
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0285
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0285
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0285
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0285
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0285
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0285
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0285
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0285
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0285
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0285
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0285
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0285
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0285
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0285
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0285
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0285
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0285
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0285
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0285
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0285
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0285
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0290
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0290
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0290
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0295
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0295
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0295
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0295
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0300
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0300
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0300
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0300
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0305
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0305
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0305
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0305
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0305
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0310
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0310
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0310
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0315
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0315
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0315
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0320
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0320


Journal of Affective Disorders 374 (2025) 587–597

596

Purcell, S., Neale, B., Todd-Brown, K., Thomas, L., Ferreira, M.A., Bender, D., Maller, J., 
Sklar, P., de Bakker, P.I., Daly, M.J., Sham, P.C., 2007. PLINK: a tool set for whole- 
genome association and population-based linkage analyses. Am. J. Hum. Genet. 81, 
559–575.

Rao, J.S., Harry, G.J., Rapoport, S.I., Kim, H.W., 2010. Increased excitotoxicity and 
neuroinflammatory markers in postmortem frontal cortex from bipolar disorder 
patients. Mol. Psychiatry 15, 384–392.

Reinecker, H.C., Loh, E.Y., Ringler, D.J., Mehta, A., Rombeau, J.L., MacDermott, R.P., 
1995. Monocyte-chemoattractant protein 1 gene expression in intestinal epithelial 
cells and inflammatory bowel disease mucosa. Gastroenterology 108, 40–50.

Robinson, M.D., McCarthy, D.J., Smyth, G.K., 2010. edgeR: a bioconductor package for 
differential expression analysis of digital gene expression data. Bioinformatics 26, 
139–140.

Scroggins, S.M., Schlueter, A.J., 2023. Generation of human regulatory dendritic cells 
from cryopreserved healthy donor cells and hematopoietic stem cell transplant 
recipients. Cells 12.

Scroggins, S.M., Santillan, D.A., Lund, J.M., Sandgren, J.A., Krotz, L.K., Hamilton, W.S., 
Devor, E.J., Davis, H.A., Pierce, G.L., Gibson-Corley, K.N., Sigmund, C.D., Grobe, J. 
L., Santillan, M.K., 2018. Elevated vasopressin in pregnant mice induces T-helper 
subset alterations consistent with human preeclampsia. Clin. Sci. (Lond.) 132, 
419–436.

Serafini, B., Magliozzi, R., Rosicarelli, B., Reynolds, R., Zheng, T.S., Aloisi, F., 2008. 
Expression of TWEAK and its receptor Fn14 in the multiple sclerosis brain: 
implications for inflammatory tissue injury. J. Neuropathol. Exp. Neurol. 67, 
1137–1148.

Shim, I.H., Woo, Y.S., Wang, H.R., Bahk, W.M., 2017. Predictors of a shorter time to 
hospitalization in patients with bipolar disorder: medication during the acute and 
maintenance phases and other clinical factors. Clin. Psychopharmacol. Neurosci. 15, 
248–255.

Siegel, J.P., 1988. Effects of interferon-gamma on the activation of human T 
lymphocytes. Cell. Immunol. 111, 461–472.

Singh, U.P., Singh, N.P., Murphy, E.A., Price, R.L., Fayad, R., Nagarkatti, M., 
Nagarkatti, P.S., 2016. Chemokine and cytokine levels in inflammatory bowel 
disease patients. Cytokine 77, 44–49.

Snijders, G., Mesman, E., de Wit, H., Wijkhuijs, A., Nolen, W.A., Drexhage, H.A., 
Hillegers, M.H.J., 2017. Immune dysregulation in offspring of a bipolar parent. 
Altered serum levels of immune growth factors at adolescent age. Brain Behav. 
Immun. 64, 116–123.

Snijders, G., Brouwer, R., Kemner, S., Bootsman, F., Drexhage, H.A., Hillegers, M.H.J., 
2019. Genetic and environmental influences on circulating NK and T cells and their 
relation to bipolar disorder. Int. J. Bipolar Disord. 7, 4.

Tawakol, A., Ishai, A., Takx, R.A., Figueroa, A.L., Ali, A., Kaiser, Y., Truong, Q.A., 
Solomon, C.J., Calcagno, C., Mani, V., Tang, C.Y., Mulder, W.J., Murrough, J.W., 
Hoffmann, U., Nahrendorf, M., Shin, L.M., Fayad, Z.A., Pitman, R.K., 2017. Relation 
between resting amygdalar activity and cardiovascular events: a longitudinal and 
cohort study. Lancet 389, 834–845.

Team, R. Core, 2022. R: A Language and Environment for Statistical Computing. R 
Foundation for Statistical Computing.

Tokac, D., Tuzun, E., Gulec, H., Yilmaz, V., Bireller, E.S., Cakmakoglu, B., Kucukali, C.I., 
2016. Chemokine and chemokine receptor polymorphisms in bipolar disorder. 
Psychiatry Investig. 13, 541–548.

Torres, K.C., Souza, B.R., Miranda, D.M., Nicolato, R., Neves, F.S., Barros, A.G., Dutra, W. 
O., Gollob, K.J., Correa, H., Romano-Silva, M.A., 2009. The leukocytes expressing 
DARPP-32 are reduced in patients with schizophrenia and bipolar disorder. Prog. 
Neuro-Psychopharmacol. Biol. Psychiatry 33, 214–219.

Trubetskoy, V., Pardinas, A.F., Qi, T., Panagiotaropoulou, G., Awasthi, S., Bigdeli, T.B., 
Bryois, J., Chen, C.Y., Dennison, C.A., Hall, L.S., Lam, M., Watanabe, K., Frei, O., 
Ge, T., Harwood, J.C., Koopmans, F., Magnusson, S., Richards, A.L., Sidorenko, J., 
Wu, Y., Zeng, J., Grove, J., Kim, M., Li, Z., Voloudakis, G., Zhang, W., Adams, M., 
Agartz, I., Atkinson, E.G., Agerbo, E., Al Eissa, M., Albus, M., Alexander, M., 
Alizadeh, B.Z., Alptekin, K., Als, T.D., Amin, F., Arolt, V., Arrojo, M., Athanasiu, L., 
Azevedo, M.H., Bacanu, S.A., Bass, N.J., Begemann, M., Belliveau, R.A., Bene, J., 
Benyamin, B., Bergen, S.E., Blasi, G., Bobes, J., Bonassi, S., Braun, A., Bressan, R.A., 
Bromet, E.J., Bruggeman, R., Buckley, P.F., Buckner, R.L., Bybjerg-Grauholm, J., 
Cahn, W., Cairns, M.J., Calkins, M.E., Carr, V.J., Castle, D., Catts, S.V., Chambert, K. 
D., Chan, R.C.K., Chaumette, B., Cheng, W., Cheung, E.F.C., Chong, S.A., Cohen, D., 
Consoli, A., Cordeiro, Q., Costas, J., Curtis, C., Davidson, M., Davis, K.L., de Haan, L., 
Degenhardt, F., DeLisi, L.E., Demontis, D., Dickerson, F., Dikeos, D., Dinan, T., 
Djurovic, S., Duan, J., Ducci, G., Dudbridge, F., Eriksson, J.G., Fananas, L., 
Faraone, S.V., Fiorentino, A., Forstner, A., Frank, J., Freimer, N.B., Fromer, M., 
Frustaci, A., Gadelha, A., Genovese, G., Gershon, E.S., Giannitelli, M., Giegling, I., 
Giusti-Rodriguez, P., Godard, S., Goldstein, J.I., Gonzalez Penas, J., Gonzalez- 
Pinto, A., Gopal, S., Gratten, J., Green, M.F., Greenwood, T.A., Guillin, O., 
Guloksuz, S., Gur, R.E., Gur, R.C., Gutierrez, B., Hahn, E., Hakonarson, H., 
Haroutunian, V., Hartmann, A.M., Harvey, C., Hayward, C., Henskens, F.A., 
Herms, S., Hoffmann, P., Howrigan, D.P., Ikeda, M., Iyegbe, C., Joa, I., Julia, A., 
Kahler, A.K., Kam-Thong, T., Kamatani, Y., Karachanak-Yankova, S., Kebir, O., 
Keller, M.C., Kelly, B.J., Khrunin, A., Kim, S.W., Klovins, J., Kondratiev, N., 
Konte, B., Kraft, J., Kubo, M., Kucinskas, V., Kucinskiene, Z.A., Kusumawardhani, A., 
Kuzelova-Ptackova, H., Landi, S., Lazzeroni, L.C., Lee, P.H., Legge, S.E., Lehrer, D.S., 
Lencer, R., Lerer, B., Li, M., Lieberman, J., Light, G.A., Limborska, S., Liu, C.M., 
Lonnqvist, J., Loughland, C.M., Lubinski, J., Luykx, J.J., Lynham, A., Macek Jr., M., 
Mackinnon, A., Magnusson, P.K.E., Maher, B.S., Maier, W., Malaspina, D., Mallet, J., 
Marder, S.R., Marsal, S., Martin, A.R., Martorell, L., Mattheisen, M., McCarley, R.W., 
McDonald, C., McGrath, J.J., Medeiros, H., Meier, S., Melegh, B., Melle, I., 
Mesholam-Gately, R.I., Metspalu, A., Michie, P.T., Milani, L., Milanova, V., 

Mitjans, M., Molden, E., Molina, E., Molto, M.D., Mondelli, V., Moreno, C., 
Morley, C.P., Muntane, G., Murphy, K.C., Myin-Germeys, I., Nenadic, I., Nestadt, G., 
Nikitina-Zake, L., Noto, C., Nuechterlein, K.H., O’Brien, N.L., O’Neill, F.A., Oh, S.Y., 
Olincy, A., Ota, V.K., Pantelis, C., Papadimitriou, G.N., Parellada, M., Paunio, T., 
Pellegrino, R., Periyasamy, S., Perkins, D.O., Pfuhlmann, B., Pietilainen, O., 
Pimm, J., Porteous, D., Powell, J., Quattrone, D., Quested, D., Radant, A.D., 
Rampino, A., Rapaport, M.H., Rautanen, A., Reichenberg, A., Roe, C., Roffman, J.L., 
Roth, J., Rothermundt, M., Rutten, B.P.F., Saker-Delye, S., Salomaa, V., Sanjuan, J., 
Santoro, M.L., Savitz, A., Schall, U., Scott, R.J., Seidman, L.J., Sharp, S.I., Shi, J., 
Siever, L.J., Sigurdsson, E., Sim, K., Skarabis, N., Slominsky, P., So, H.C., Sobell, J.L., 
Soderman, E., Stain, H.J., Steen, N.E., Steixner-Kumar, A.A., Stogmann, E., Stone, W. 
S., Straub, R.E., Streit, F., Strengman, E., Stroup, T.S., Subramaniam, M., Sugar, C.A., 
Suvisaari, J., Svrakic, D.M., Swerdlow, N.R., Szatkiewicz, J.P., Ta, T.M.T., 
Takahashi, A., Terao, C., Thibaut, F., Toncheva, D., Tooney, P.A., Torretta, S., 
Tosato, S., Tura, G.B., Turetsky, B.I., Ucok, A., Vaaler, A., van Amelsvoort, T., van 
Winkel, R., Veijola, J., Waddington, J., Walter, H., Waterreus, A., Webb, B.T., 
Weiser, M., Williams, N.M., Witt, S.H., Wormley, B.K., Wu, J.Q., Xu, Z., Yolken, R., 
Zai, C.C., Zhou, W., Zhu, F., Zimprich, F., Atbasoglu, E.C., Ayub, M., Benner, C., 
Bertolino, A., Black, D.W., Bray, N.J., Breen, G., Buccola, N.G., Byerley, W.F., 
Chen, W.J., Cloninger, C.R., Crespo-Facorro, B., Donohoe, G., Freedman, R., 
Galletly, C., Gandal, M.J., Gennarelli, M., Hougaard, D.M., Hwu, H.G., Jablensky, A. 
V., McCarroll, S.A., Moran, J.L., Mors, O., Mortensen, P.B., Muller-Myhsok, B., 
Neil, A.L., Nordentoft, M., Pato, M.T., Petryshen, T.L., Pirinen, M., Pulver, A.E., 
Schulze, T.G., Silverman, J.M., Smoller, J.W., Stahl, E.A., Tsuang, D.W., Vilella, E., 
Wang, S.H., Xu, S., Consortium Indonesia Schizophrenia, PsychEncode, Consortium 
Psychosis Endophenotypes International, Syn, G.O. Consortium, Adolfsson, R., 
Arango, C., Baune, B.T., Belangero, S.I., Borglum, A.D., Braff, D., Bramon, E., 
Buxbaum, J.D., Campion, D., Cervilla, J.A., Cichon, S., Collier, D.A., Corvin, A., 
Curtis, D., Forti, M.D., Domenici, E., Ehrenreich, H., Escott-Price, V., Esko, T., 
Fanous, A.H., Gareeva, A., Gawlik, M., Gejman, P.V., Gill, M., Glatt, S.J., 
Golimbet, V., Hong, K.S., Hultman, C.M., Hyman, S.E., Iwata, N., Jonsson, E.G., 
Kahn, R.S., Kennedy, J.L., Khusnutdinova, E., Kirov, G., Knowles, J.A., Krebs, M.O., 
Laurent-Levinson, C., Lee, J., Lencz, T., Levinson, D.F., Li, Q.S., Liu, J., Malhotra, A. 
K., Malhotra, D., McIntosh, A., McQuillin, A., Menezes, P.R., Morgan, V.A., 
Morris, D.W., Mowry, B.J., Murray, R.M., Nimgaonkar, V., Nothen, M.M., Ophoff, R. 
A., Paciga, S.A., Palotie, A., Pato, C.N., Qin, S., Rietschel, M., Riley, B.P., Rivera, M., 
Rujescu, D., Saka, M.C., Sanders, A.R., Schwab, S.G., Serretti, A., Sham, P.C., Shi, Y., 
Clair, D. St, Stefansson, H., Stefansson, K., Tsuang, M.T., van Os, J., Vawter, M.P., 
Weinberger, D.R., Werge, T., Wildenauer, D.B., Yu, X., Yue, W., Holmans, P.A., 
Pocklington, A.J., Roussos, P., Vassos, E., Verhage, M., Visscher, P.M., Yang, J., 
Posthuma, D., Andreassen, O.A., Kendler, K.S., Owen, M.J., Wray, N.R., Daly, M.J., 
Huang, H., Neale, B.M., Sullivan, P.F., Ripke, S., Walters, J.T.R., O’Donovan, M.C., 
Consortium Schizophrenia Working Group of the Psychiatric Genomics, 2022. 
Mapping genomic loci implicates genes and synaptic biology in schizophrenia. 
Nature 604, 502–508.

Trynka, G., Hunt, K.A., Bockett, N.A., Romanos, J., Mistry, V., Szperl, A., Bakker, S.F., 
Bardella, M.T., Bhaw-Rosun, L., Castillejo, G., de la Concha, E.G., de Almeida, R.C., 
Dias, K.R., van Diemen, C.C., Dubois, P.C., Duerr, R.H., Edkins, S., Franke, L., 
Fransen, K., Gutierrez, J., Heap, G.A., Hrdlickova, B., Hunt, S., Izurieta, L. Plaza, 
Izzo, V., Joosten, L.A., Langford, C., Mazzilli, M.C., Mein, C.A., Midah, V., 
Mitrovic, M., Mora, B., Morelli, M., Nutland, S., Nunez, C., Onengut-Gumuscu, S., 
Pearce, K., Platteel, M., Polanco, I., Potter, S., Ribes-Koninckx, C., Ricano-Ponce, I., 
Rich, S.S., Rybak, A., Santiago, J.L., Senapati, S., Sood, A., Szajewska, H., 
Troncone, R., Varade, J., Wallace, C., Wolters, V.M., Zhernakova, A., Disease Spanish 
Consortium on the Genetics of Coeliac, C. D. Study Group Prevent, Consortium 
Wellcome Trust Case Control, Thelma, B.K., Cukrowska, B., Urcelay, E., Bilbao, J.R., 
Mearin, M.L., Barisani, D., Barrett, J.C., Plagnol, V., Deloukas, P., Wijmenga, C., van 
Heel, D.A., 2011. Dense genotyping identifies and localizes multiple common and 
rare variant association signals in celiac disease. Nat. Genet. 43, 1193–1201.

Tylee, D.S., Sun, J., Hess, J.L., Tahir, M.A., Sharma, E., Malik, R., Worrall, B.B., Levine, A. 
J., Martinson, J.J., Nejentsev, S., Speed, D., Fischer, A., Mick, E., Walker, B.R., 
Crawford, A., Grant, S.F.A., Polychronakos, C., Bradfield, J.P., Sleiman, P.M.A., 
Hakonarson, H., Ellinghaus, E., Elder, J.T., Tsoi, L.C., Trembath, R.C., Barker, J.N., 
Franke, A., Dehghan, A., Team Me Research, Charge Consortium Inflammation 
Working Group of the, Metastroke Consortium of the International Stroke Genetics 
Consortium, Registry Netherlands Twin, Charge Working Group neuro, Compulsive 
Obsessive, Consortium Tourette Syndrome Working Group of the Psychiatric 
Genomics, Faraone, S.V., Glatt, S.J., 2018. Genetic correlations among psychiatric 
and immune-related phenotypes based on genome-wide association data. Am. J. 
Med. Genet. B Neuropsychiatr. Genet. 177, 641–657.

Vasconcelos-Moreno, M.P., Fries, G.R., Gubert, C., Btmq Dos Santos, A., Fijtman, J., 
Sartori, P., Ferrari, L.K., Grun, M.M., Parisi, Ftcr Guma, Barbe-Tuana, F.M., 
Kapczinski, F., Rosa, A.R., Yatham, L.N., Kauer-Sant’Anna, M., 2017. Telomere 
length, oxidative stress, inflammation and BDNF levels in siblings of patients with 
bipolar disorder: implications for accelerated cellular aging. Int. J. 
Neuropsychopharmacol. 20, 445–454.

Vogels, R.J., Koenders, M.A., van Rossum, E.F., Spijker, A.T., Drexhage, H.A., 2017. 
T cell deficits and overexpression of hepatocyte growth factor in anti-inflammatory 
circulating monocytes of middle-aged patients with bipolar disorder characterized 
by a high prevalence of the metabolic syndrome. Front. Psychol. 8, 34.

Walker, J.R., Ediger, J.P., Graff, L.A., Greenfeld, J.M., Clara, I., Lix, L., Rawsthorne, P., 
Miller, N., Rogala, L., McPhail, C.M., Bernstein, C.N., 2008. The Manitoba IBD cohort 
study: a population-based study of the prevalence of lifetime and 12-month anxiety 
and mood disorders. Am. J. Gastroenterol. 103, 1989–1997.

B.M.R. Argue et al.                                                                                                                                                                                                                             

http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0325
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0325
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0325
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0325
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0330
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0330
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0330
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0335
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0335
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0335
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0340
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0340
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0340
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0345
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0345
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0345
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0350
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0350
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0350
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0350
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0350
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0355
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0355
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0355
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0355
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0360
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0360
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0360
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0360
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0365
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0365
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0370
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0370
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0370
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0375
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0375
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0375
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0375
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0380
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0380
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0380
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0385
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0385
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0385
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0385
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0385
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0390
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0390
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0395
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0395
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0395
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0400
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0400
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0400
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0400
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0405
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0410
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0410
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0410
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0410
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0410
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0410
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0410
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0410
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0410
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0410
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0410
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0410
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0410
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0410
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0415
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0415
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0415
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0415
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0415
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0415
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0415
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0415
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0415
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0415
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0415
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0420
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0420
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0420
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0420
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0420
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0420
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0425
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0425
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0425
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0425
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0430
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0430
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0430
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0430


Journal of Affective Disorders 374 (2025) 587–597

597

Wang, L.Y., Chiang, J.H., Chen, S.F., Shen, Y.C., 2018. Systemic autoimmune diseases are 
associated with an increased risk of bipolar disorder: a nationwide population-based 
cohort study. J. Affect. Disord. 227, 31–37.

Wang, Z., Wang, X., Zhao, X., Hu, Z., Sun, D., Wu, D., Xing, Y., 2022. Causal relationship 
between bipolar disorder and inflammatory bowel disease: a bidirectional two- 
sample mendelian randomization study. Front. Genet. 13, 970933.

Wang, B.R., Wang, J., Tian, T., Zhang, S.X., Zhao, Y.Q., Meng, S.Y., Wu, Z.Y., Huang, F., 
Zeng, J., Ni, J., 2024. Genetic correlation, shared loci, but no causality between 
bipolar disorder and inflammatory bowel disease: a genome-wide pleiotropic 
analysis. J. Affect. Disord. 348, 167–174.

Werner, M.C.F., Wirgenes, K.V., Shadrin, A.A., Lunding, S.H., Rodevand, L., Hjell, G., 
Ormerod, Mbeg, Haram, M., Agartz, I., Djurovic, S., Melle, I., Aukrust, P., Ueland, T., 
Andreassen, O.A., Steen, N.E., 2022. Limited association between infections, 
autoimmune disease and genetic risk and immune activation in severe mental 
disorders. Prog. Neuro-Psychopharmacol. Biol. Psychiatry 116, 110511.

Wu, T., Hu, E., Xu, S., Chen, M., Guo, P., Dai, Z., Feng, T., Zhou, L., Tang, W., Zhan, L., 
Fu, X., Liu, S., Bo, X., Yu, G., 2021. clusterProfiler 4.0: a universal enrichment tool 
for interpreting omics data. Innovation (Camb.) 2, 100141.

Yang, X., Yang, L., Zhang, T., Zhang, H., Chen, H., Zuo, X., 2023. Causal atlas between 
inflammatory bowel disease and mental disorders: a bi-directional 2-sample 
Mendelian randomization study. Front. Immunol. 14, 1267834.

Yao, Y., Tsirka, S.E., 2014. Monocyte chemoattractant protein-1 and the blood-brain 
barrier. Cell. Mol. Life Sci. 71, 683–697.

Zhang, T., Chen, Y., Liu, H., Zhou, Z., Zhai, Y., Yang, J., 2010. Chronic unpredictable 
stress accelerates atherosclerosis through promoting inflammation in apolipoprotein 
E knockout mice. Thromb. Res. 126, 386–392.

Zhang, R., Song, J., Isgren, A., Jakobsson, J., Blennow, K., Sellgren, C.M., Zetterberg, H., 
Bergen, S.E., Landen, M., 2020. Genome-wide study of immune biomarkers in 
cerebrospinal fluid and serum from patients with bipolar disorder and controls. 
Transl. Psychiatry 10, 58.

Zhao, N.O., Topolski, N., Tusconi, M., Salarda, E.M., Busby, C.W., Cnnc Lima, A., 
Pillai, J., Quevedo, T. Barichello, Fries, G.R., 2022. Blood-brain barrier dysfunction 
in bipolar disorder: molecular mechanisms and clinical implications. Brain Behav. 
Immun. Health 21, 100441.

B.M.R. Argue et al.                                                                                                                                                                                                                             

http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0435
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0435
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0435
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0440
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0440
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0440
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0445
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0445
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0445
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0445
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0450
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0450
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0450
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0450
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0450
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0455
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0455
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0455
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0460
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0460
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0460
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0465
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0465
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0470
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0470
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0470
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0475
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0475
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0475
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0475
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0480
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0480
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0480
http://refhub.elsevier.com/S0165-0327(25)00079-5/rf0480

	Immune dysregulation in bipolar disorder
	1 Introduction
	2 Methods and materials
	2.1 Participant recruitment
	2.2 Flow cytometry
	2.3 Cytokine panels
	2.4 RNA-sequencing
	2.5 Genotyping
	2.6 Genetic correlations
	2.7 PGS associations

	3 Results
	3.1 BD is associated with altered immune cell populations
	3.2 BD is associated with altered cytokine levels
	3.3 BD is associated with altered gene expression levels
	3.4 BD, but not schizophrenia, genetic propensity is associated with immune cell populations
	3.5 Specific autoimmune diseases share genetic risk with BD-I

	4 Discussion
	5 Conclusion
	CRediT authorship contribution statement
	Grant support
	Declaration of competing interest
	Acknowledgements
	References


