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ABSTRACT
Background:Activation of the immune systemmight affect the severity of depressive
episodes as well as response to the antidepressant treatment. The purpose of this
study was to investigate whether the occurrence of variant alleles of analyzed SNPs
are involved in prevalence and progression of depression. Moreover, selected genes
and SNPs have not been investigated in context of the disease severity and treatment.
Therefore, six polymorphisms were selected: g.41354391A>G-TGFB1 (rs1800469),
g.132484229C>A-IRF (rs2070729), g.186643058A>G-PTGS2 (rs5275),
g.186640617C>T-PTGS2 (rs4648308), g.70677994G>A-TGFA (rs2166975) and
g.42140549G>T–IKBKB (rs5029748).
Methods: A total of 360 (180 patients and 180 controls) DNA samples were
genotyped using TaqMan probes.
Results: We observed that A/G of the rs2166975 TGFA, A/C of rs2070729 IRF1 and
G/T of rs5029748 IKBKB were associated with an increased risk of depression
development while the T/T of rs5029748 IKBKB, T/T of rs4648308 PTGS2 and G/G
of rs2166975 TGFA reduced this risk. We also stratified the study group according to
gender and found that genotype A/G and allele G of the rs2166975 TGFA, G/T
of rs5029748 IKBKB as well as C allele of rs4648308 PTGS2, homozygote A/A and
allele A of rs5275 PTGS2 were associated with increased risk of depression
development in men while homozygote G/G of rs5275 PTGS2 decreased this risk.
Moreover, C/T of rs4648308 PTGS2 and A/G of rs5275 PTGS2 was positively
correlated with the risk of the disease occurrence in women. Furthermore, a
gene–gene analysis revealed a link between studied polymorphisms and depression.
In addition, A/A of rs1800469 TGFB1 was associated with earlier age of onset of the
disease while G/G of this SNP increased severity of the depressive episode.
Interestingly, A/C of rs2070729 IRF1 and T/T of rs5029748 IKBKBmay modulate the
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effectiveness of selective serotonin reuptake inhibitors therapy. In conclusion,
studied SNPs may modulate the risk of occurrence, age of onset, severity of the
disease and response to the antidepressant treatment.

Subjects Genetics, Pharmacology, Psychiatry and Psychology, Medical Genetics
Keywords Major depressive disorder, Depression, Inflammation, Cytokines, Single nucleotide
polymorphism

INTRODUCTION
Depression (Major depressive disorder, MDD) is one of the most frequently diagnosed
mental diseases. According to World Health Organization, about 350 million people suffer
from this disorder all over the world (WHO, 2018). Despite the importance of the
problem, pathogenesis of depression is not fully understood. However, there is a growing
body of evidence suggesting that immune system impairment and dysregulation is
associated with the pathophysiology of MDD. In particular, the “cytokine hypothesis” is
widely accepted as one of the mechanisms for the development of depression (Capuron &
Miller, 2011). This theory postulates that MDD is a result of elevated expression of
pro-inflammatory cytokines, which act as neuromodulators as well as main agents in
mediation of the neuroendocrine, neurochemical and behavioral features of the disease
(Schiepers, Wichers & Maes, 2005). Some evidence confirmed link between inflammation
and depression. Primarily, MDD patients exhibit increased levels of cytokines and other
pro-inflammatory markers (Capuron & Miller, 2011). Additionally, medical conditions
connected with increased inflammatory response are associated with greater risk of MDD
developing (Capuron & Miller, 2011).

One of the cytokine class strongly associated with depression are interferons (IFN),
cluster of signaling proteins involved in immune response. More than twenty different IFN
proteins have been identified so far and divided into classes. IFN proteins are able to
activate immune cells, that is, natural killer cells (NK cells) and macrophages (Pinto &
Andrade, 2016). For instance, IFN-a is implicated in modulation of mood, behavior and
sleep-wake cycle, partially by its ability to activate the pro-inflammatory cytokine network
including, interleukin 1 (IL-1), interleukin 6 (IL-6) and tumor necrosis factor alpha
(TNF-a) (Zahiu & Mihai, 2014). IFN and IFN-inducible genes, involved in immunity and
inflammation, are transcriptionally regulated by interferon regulatory factor 1 (IRF1)
(Tamura et al., 2008). IRF1 was a first identified transcription factor in IFN system and as a
member of interferon regulatory factor family, plays important role in controlling
expression of aforementioned genes (Kröger et al., 2002). Besides this, IRF1 promotes
inflammatory cytokine release and regulates expression of interleukin 12 (IL-12) and
interleukin 15 (IL-15), which are involved in MDD (Tamura et al., 2008).

Besides cytokine theory, various inflammatory pathways are thought to be activated in
course of depression, including activation of the NF-kB (nuclear factor-kB), what leads to
increased levels of pro-inflammatory cytokines (Bierhaus et al., 2003; Pace et al., 2006).
NF-kB is a ubiquitous transcriptional factor that regulates expression of genes involved in
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pleiotropic functions, including pro-inflammatory cytokines and co-stimulatory molecules
(Takeda & Akira, 2007; Krakauer, 2008; Zhang, Lenardo & Baltimore, 2017). Inactive
NF-kB molecules retain in the cytoplasm by interaction with IkB proteins, allowing to
immediate activation in response to adequate impulse (Napetschnig & Wu, 2013).
Canonical signaling of NF-kB is activated by IkB kinase (IKK complex), consisting of three
subunits, each encoded by separate gene, that is, IKK-a (Inhibitor of nuclear factor
kappa-B kinase subunit alpha) encoded by CHUK gene, IKK-B (inhibitor of nuclear
factor kappa-B kinase subunit beta) by IKBKB gene and IKK-g (inhibitor of nuclear
factor kappa-B kinase subunit gamma) by IKBKG. The activation of IKK is induced by
phosphorylation of serine residues in catalytic subunits of kinase complex (Napetschnig &
Wu, 2013; Karin & Ben-Neriah, 2000; Cardinez et al., 2018). Therefore, defective
expression of NF-kB as the pro-inflammatory transcription factor, caused by alterations in
IKBKB gene, may play a role in the development of depression (Napetschnig &Wu, 2013).

Transforming growth factors (TGF) constitute of two classes of polypeptide growth
factors, namely TGFA (transforming grow factor a) and TGFB (transforming grow factor β).
Important functions of these cytokines are embryonic development and regulation of
specific reactions of immune system by their ability to induce T regulatory cells (Treg)
(Kissin et al., 2002; Yamagiwa et al., 2001). TGFA is a ligand for epidermal growth factor
receptor, which stimulates cell migration and proliferation. These gene and protein
have been associated with many types of cancers and other diseases (Ten Dijke & Hill,
2004). Another piece of evidence confirmed that TGFB, an anti-inflammatory cytokine,
plays role in brain inflammation as well as in peripheral immune response. Namely, TGFB
is mainly involved in regulating inflammatory response by induction of differentiation
of CD4+ T cells (Nam et al., 2008; Passos et al., 2010). Another essential function of the
protein is cell to cell signaling, and thus controlling of cell growth and differentiation
(Ten Dijke & Hill, 2004). In addition, TGFB is able to exert neuroprotective effects in many
neurodegenerative disorders (Vivien & Ali, 2006). Information about its role in depression
are contradictory. On the one hand, in animal model of depression, the cytokine level
is increased and causes imbalance between Treg and Th17 cells (Hong et al., 2013). On the
other hand, some studies reported that levels of TGFB in depressed patients are lower
than in healthy control group (Musil et al., 2011; Sutcigil et al., 2007). Moreover, TGFB
alone is sufficient to stimulate production of pro-inflammatory cytokines for example, IL-1
and TNF-a (Kunzmann et al., 2003). The protein is also able to induce expression of
prostaglandin-endoperoxide synthase 2 (PTGS2; cyclooxygenase-2—COX-2) encoded by
PTGS2 gene, which is involved in pathogenesis of MDD. PTGS2 besides contribution to
processes related to inflammation, also participates in the production of free radicals,
which is partly utilized by PTGS2 itself (Aktan, 2004; Hansson, Olsson & Nauseef, 2006).
Moreover, COX-2 catalyzes conversion of arachidonic acid (AA) to prostaglandins
(PGs), which further intensify inflammation and neurodegenerative processes in central
nervous system (CNS) (Minghetti, 2004). In response to growth factors, cytokines and
other inflammatory molecules, PTGS2 is immediately expressed and is responsible for
the production of prostanoid in both acute and chronic inflammatory conditions
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(Breyer et al., 2001; Shi et al., 2010). Additionally, in animal model of depression increased
expression of PTGS2 was observed in brain regions (Cassano et al., 2006).

The evidence suggests that MDD may be associated with impairment of immune
system, caused by defective activity of aforementioned genes. Moreover, genetic factors
may play an essential role in development of depression, since genome-wide association
studies (GWAS) found several regions significantly associated with MDD (Shyn et al.,
2011; Wray et al., 2018). Therefore, the present study examines the prospective
relationship between the occurrence, age of onset, severity or antidepressant treatment
efficacy of MDD and appearance of single nucleotide polymorphism (SNP) located in
inflammatory-related genes, that is, g.132484229C>A of IRF1 (rs2070729, located on
5q31.1), g.186643058A>G of PTGS2 (rs5275, located on 1q31.1), g.186640617C>T of
PTGS2 (rs4648308, located on 1q31.1), g.70677994G>A of TGFA (rs2166975, located on
2p13.3), g.41354391A>G of TGFB1 (rs1800469, located on 19q13.2) and g.42140549G>T
of IKBKB (rs5029748, located on 8p11.21). Selected SNPs are located within immune genes
participating in inflammatory-related signaling pathways. Therefore, they could affect
gene expression and protein function and thus contribute to immune disruptions leading
to increased risk of MDD.

MATERIALS AND METHODS
Subjects
The study included a total of 360 participants randomly selected. A group of 180 patients
with depression hospitalized at the Department of Adult Psychiatry of the Medical
University of Lodz and 180 volunteers without health problems, selected randomly
(Table 1). Participants who took part in the experiment were native, not-related Poles.
Patients were included based on the criteria set out in ICD-10 (F32.0–7.32.2, F33.0–F33.8).
Medical and psychiatric records were obtained in accordance with ICD-10 criteria, using
the Standardized Composite International Diagnostic Interview (CIDI). The depression’
severity was evaluated using the 21-item Hamilton Depression Rating Scale (HDRS-21).
The exclusion criteria included: axis I and II disorders other than MDD, chronic somatic
diseases, autoimmune disorders (psoriasis, rheumatoid arthritis, chronic obstructive
pulmonary disease, cancer, chronic kidney disease, systemic lupus erythematosus, type 1
diabetes, hepatitis B and C virus and HIV infection), neuroinflammatory and
neurodegenerative disorders (including multiple sclerosis, Alzheimer’s disease,
Parkinson’s disease) and central nervous system damage. Furthermore, subjects with
familial incidence of mental diseases, other than MDD did not participate in the
experiment. Psychiatric examination was conducted by the same psychiatrist, before the
subjects were included in the experiment and after 8 weeks of pharmacotherapy with
selective serotonin reuptake inhibitor (SSRI). Control group included selected randomly,
volunteers with negative history of mental disorders. Participation in the experiment was
voluntary. Controls and patients who did not agree to participate in the study were
excluded. The purpose of the study was clearly presented, participants were assured that
their personal information would be kept confidential. All of the subjects agreed by giving
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their written consent to participate in the experiment according to the protocol approved
by the Bioethics Committee of the Medical University of Lodz (No. RNN/70/14/KE).

SNP selection
Selection of the studied polymorphisms was performed using the public domain of the
database for single nucleotide polymorphisms of the National Center for Biotechnology
(NCBI dbSNP, www.ncbi.nlm.nih.gov/snp/) (Bethesda, Montgomery County, MD,
USA). The criteria used for the SNPs’ selection were that the minor allele frequency is
greater than 0.05 in the European population, and that they are located in the coding
or regulatory region of the genes and may have functional meaning for transcription and
protein function. Detailed information about selected polymorphisms are presented
in Table 2.

DNA isolation
Genomic DNA was isolated from venous blood in accordance with the manufacturer
instructions. Blood samples were collected from control group and patients with MDD.
Blood Mini Kit (A&A Biotechnology, Gdynia, Poland) was used to extract nucleic acid.
The purity of and concentration of the DNA was measured spectrophotometrically by
calculating the ratio between absorbance at 260 nm and 280 nm, using PicodropTM

(Picodrop Limited, Astranet Systems Ltd., Cambridge, UK). Samples were stored at −20 �C
until use.

Table 1 Characteristic of studied population. M means male; F means Female Mdn—median; Q1—
first quartile; Q3—third quartile HRDS1—points in Hamilton Depression Rating Scale measured before
antidepressant treatment.

Group Control
(n = 180)

Patients
(n = 180)

Sex (M/F) 93/87 91/89

Age (Mdn (Q1; Q3)) 57 (50; 65) 51 (44; 56)

Age of onset (Mdn (Q1; Q3)) – 34 (28; 43)

HRDS1 (Mdn (Q1; Q3)) – 24 (19; 27)

Treatment efficacy

Responsive (reduction from baseline of ≥ 50% in the total score) 93%

Remission (total HRDS1 score ≤7) 66%

Table 2 Characteristic of studied polymorphisms.

Gene rs number Polymorphis Localization Minor allele freqency

TGFA rs2166975 g.70677994G>A Exon 5 A = 0.256

TGFB rs1800469 g.41354391A>G 5′ of TGFB gene A = 0.312

IRF1 rs2070729 g.132484229C>A Intron 9 A = 0.465

IKBKB rs5029748 g.42140549G>T Intron 2 T = 0.259

PTGS2 rs5275 g.186643058A>G 3′ UTR of PTGS2 gene G = 0.310

rs4648308 g.186640617C>T 3′ of PTGS2 gene T = 0.142
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Genotyping
The investigated SNPs were genotyped using a TaqMan SNP Genotyping Assay (Thermo
Fisher Scientific, Waltham, MA, USA), and a 2XMaster Mix Takyon for Probe Assay—No
ROX (Eurogentec, Liège, Belgium). Reactions were conducted in accordance with the
manufacturer’s instruction. Real-time PCR were performed with a Bio-Rad CFX96
Real-Time PCR Detection System, and analyzed in CFX Manager Software (Bio-Rad
Laboratories Inc., Hercules, CA, USA).

Statistical analysis
The collected data were analyzed in Statistica 12 (Statsoft, Tulsa, OK, USA), SigmaPlot 14.0
(Systat Software Inc., San Jose, CA, USA), Resampling Stats Add-in for Excel v.4
(Arlington, TX, USA) and StudSize3.02 (CreoStat HB, Florunda, Sweden). The descriptive
statistics are shown as medians with interquartile ranges. Normality of the studied group
was verified with the Shapiro–Wilk test, homogeneity of variance was checked with
Brown–Forsythe test. Accordingly, either the unpaired Student’s t test or Mann–Whitney
U test was used. To calculate the associations between studied polymorphisms and the
occurrence of a disease an unconditional multiple logistic regression model was used.
The results are shown as odds ratio (OR) with 95% confidence interval (95% CI). The OR
values were adjusted for the potential confounders, including age and sex. We also
stratified results into male and female group and evaluated correlation between case/
control for each polymorphism. In addition, in order to strengthen that the revealed
differences were not detected by a pure chance the significant outcomes were further
validated with the use of two approaches: the bootstrap-boosted multiple logistic
regression (resampling with replacement, 10,000 iterations) and the cross-validated
logistic regression (corresponding to the d-jackknife technique), with the patient group
acting as the modeled class. This was intended to overcome any possible bias related to
relatively low sample sizes. The goodness of fit of logistic regression models showing a
significant degree of discrimination between controls and patients was estimated with
Hosmer–Lemeshow test.

Efficiency of the treatment was calculated using the formula as described before
(Czarny et al., 2019):

TE ¼ HAM‐D0 �HAM‐DEð Þ � 100%
HAM‐D0

TE-treatment efficiency; HAM-D0—score before therapy; HAM-DE—score after therapy.

RESULTS
Single nucleotide polymorphisms of genes encoding IRF1, IKBKB,
TGFA, TGFB and PTGS2 as a risk of MDD
The distribution of genotypes and alleles in both depressed and control groups was in
agreement with Hardy–Weinberg equilibrium. Results are presented in Table 3.
The results demonstrated that the A/G genotype of the g.70677994G>A (rs2166975)
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Table 3 Distribution of genotypes and alleles of rs1800469 (TGFB1), rs2070729 (IRF1), rs5275 (PTGS2), rs4648308 (PTGS2), rs2166975
(TGFA), rs5029748 (IKBKB) and the risk of depression occurrence.

Genotype/Allele Control Depression Crude OR (95% CI) p Adjusted OR (95% CI)* p

Number Frequency Number Frequency

g.41354391A>G of TGFB1 (rs1800469)

A/A 23 0.128 20 0.117 0.853 [0.451–1.616] 0.626 0.739 [0.367–1.49] 0.398

A/G 71 0.394 76 0.428 1.231 [0.623–2.432] 0.550 1.197 [0.762–1.879] 0.435

G/G 86 0.478 84 0.483 1.123 [0.575–2.196] 0.734 0.949 [0.609–1.479] 0.818

χ2 = 0.403 ; p = 0.818

A 117 0.325 116 0.322 0.987 [0.723–1.349] 0.937 0.961 [0.687–1.344] 0.815

G 243 0.675 244 0.678 1.013 [0.741–1.384] 0.937 1.041 [0.744–1.456] 0.815

g.70677994G>A of TGFA (rs2166975)

A/A 27 0.142 15 0.081 0.530 [0.272–1.031] 0.062 0.576 [0.280–1.184] 0.133

A/G 59 0.311 83 0.446 b1.814 [1.197–2.749] 0.005 b2.115 [1.341–3.336] 0.001

1.789 [1.173–2.728]0.692 0.007 2.091 [1.323–3.304]0.893 0.002

G/G 104 0.547 88 0.473 0.743 [0.495–1.114] 0.150 b0.609 [0.392–0.946] 0.027

0.615 [0.395–0.957]0.691 0.031

χ2 = 8.627 ; p = 0.013

A 113 0.297 113 0.304 1.031 [0.755–1. 408] 0.848 1.173 [0.839–1.640] 0.351

G 267 0.703 259 0.696 0.970 [0.710–1.325] 0.848 0.853 [0.610–1.192] 0.351

g.132484229C>A of IRF1 (rs2070729)

A/A 37 0.209 36 0.193 0.902 [0.540–1.507] 0.694 0.883 [0.507–1.539] 0.661

A/C 76 0.429 99 0.529 b1.409 [1.002–2.216] 0.048 b1.504 [0.963–2.348] 0.077

1.495 [0.989–2.261]0.457 0.057 1.496 [0.957–2.337] 0.073

C/C 64 0.362 52 0.278 0.680 [0.437–1.059] 0.088 0.692 [0.429–1.115] 0.130

χ2 = 4.006; p = 0.135

A 150 0.424 171 0.457 1.146 [0.855–1.536] 0.363 1.225 [0.893–1.681] 0.208

C 204 0.576 203 0.543 0.873 [0.651–1.170] 0.363 0.816 [0.595–1.120] 0.208

g.42140549G>T of IKBKB (rs5029748)

G/G 108 0.587 100 0.559 0.891 [0.588–1.350] 0.586 0.928 [0.594–1.450] 0.743

G/T 40 0.217 59 0.330 b1.787 [1.125–2.839] 0.014 b1.813 [1.072–3.066] 0.026

1.770 [1.108–2.829]0.551 0.017 1.776 [1.080–2.921]0.556 0.024

T/T 36 0.196 20 0.112 b0.507 [0.272–0.945] 0.032 b0.450 [0.229–0.885] 0.021

0.517 [0.286–0.934]0.647 0.029 0.461 [0.243–0.877]0.759 0.018

χ2 = 1.509; p = 0.470

G 256 0.696 259 0. 723 1.145 [0.830–1.578] 0.409 1.210 [0.857–1.707] 0.279

T 112 0.304 99 0.277 0.874 [0.634–1.204] 0.409 0.827 [0.586–1.167] 0.279

g.186643058A>G of PTGS2 (rs5275)

A/A 79 0.422 81 0.433 1.045 [0.693–1.574] 0.834 1.079 [0.696–1.674] 0.734

A/G 75 0.401 83 0.444 1.192 [0.790–1.797] 0.402 1.262 [0.812–1.961] 0.302

G/G 33 0.176 23 0.123 0.654 [0.368–1.164] 0.149 0.550 [0.295–1.024] 0.059

χ2 = 1.848; p = 0.397

A 233 0.623 245 0.655 1.149 [0.853–1.549] 0.361 1.225 [0.890–1.688] 0.214

G 141 0.377 129 0.345 0.870 [0.675–1.173] 0.361 0.816 [0.593–1.124] 0.214

(Continued)
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polymorphism of the TGFA gene is associated with an increased risk of depression
development, while G/G genotype decreased this risk. Furthermore, in case of IRF1,
carriers of A/C genotype of the g.132484229C>A (rs2070729) have a greater chance of
developing the disease. Moreover, the T/T homozygote of g.186640617C>T (rs4648308) of
PTGS2 gene is negatively correlated with risk of MDD development. Similarly, In the case
of g.42140549G>T (rs5029748) polymorphism of IKBKB, we found that T/T homozygote
decreased risk of MDD occurrence, while the heterozygote of the same gene variant
decreased this risk.

Single-nucleotide polymorphisms of genes encoding IRF1, IKBKB,
TGFA, TGFB and PTGS2 and MDD occurrence in male and female
population
Since women show two-times higher risk of MDD occurrence compared to men, we
decided to investigated the association between prevalence of the disease in stratified
male/female population and all studied SNPs. Results are presented in Table 4. The results
demonstrated that in the case of g.70677994G>A (rs2166975) polymorphism of the
TGFA, the A/G genotype increased the risk of MDD in men, but not in women. Moreover,
allele A of this SNP was associated with decreased chance of the disease, while allele G was
strongly correlated with higher risk of MDD. Furthermore, in male population allele G
and G/G homozygote of the g.186643058A>G (rs5275) of PTGS2 decreased risk of
depression while, allele A and A/A homozygote of the same polymorphism was associated
with increased risk of the occurrence of the disease. Additionally, it was found that
A/G genotype of this SNP was correlated with higher risk of MDD in the female group.
Another SNP of PTGS2 gene, g.186640617C>T (rs4648308) was associated with MDD risk
in both studied groups. Precisely, C/T genotype was positively correlated with the risk
of the occurrence of MDD in women. Similarly, allele C of the mentioned polymorphism

Table 3 (continued).

Genotype/Allele Control Depression Crude OR (95% CI) p Adjusted OR (95% CI)* p

Number Frequency Number Frequency

g.186640617C>T of PTGS2 (rs4648308)

C/C 130 0.703 124 0.697 0.972 [0.620–1.522] 0.900 0.927 [0.575–1.496] 0.756

C/T 40 0.216 52 0.292 1.496 [0.929–2.409] 0.097 b1.673 [0.994–2.815] 0.052

1.650 [0.991–2.745]0.438 0.054

T/T 14 0.076 2 0.011 b0.129 [0.027–0.631] 0.011 b0.103 [0.029–0.511] 0.003

0.139 [0.031–0.620]0.932 0.010 0.110 [0.023–0.522]0.946 0.005

χ2 =10.61; p = 0.005

C 300 0.815 300 0.843 1.2148 [0.824–1.790] 0.327 1.208 [0.799–1.828] 0.370

T 68 0.184 56 0.157 0.824 [0.559–1.214] 0.327 0.828 [0.547–1.252] 0.370

Notes:
* ‘Adjusted OR’means OR adjusted for sex and age; for significant comparisons the superscript b means the bootstrap-boosted OR (resampling with replacement, 10,000
iterations); all OR values without bootstrap analysis were calculated using cross-validation algorithm.

Statistical power (1 − β) (calculated at a = 0.05) for significant comparisons given in superscripts.
p < 0.05 along with corresponding ORs are in bold.

Bialek et al. (2020), PeerJ, DOI 10.7717/peerj.8676 8/24

http://dx.doi.org/10.7717/peerj.8676
https://peerj.com/


Table 4 Distribution of genotypes and alleles of rs2070729 (IRF1), rs5275 (PTGS2), rs4648308 (PTGS2), rs2166975 (TGFA), rs5029748
(IKBKB) and the risk of depression occurrence in male and female population.

Genotype/Allele Control Depression Crude OR (95% CI) p Adjusted OR (95% CI)* p

Number Frequency Number Frequency

Male

g.70677994G>A of TGFA (rs2166975)

A/A 13 0.126 8 0.085 0.644 [0.254–1.641] 0.353 0.808 [0.302–2.164] 0.671

A/G 34 0.330 45 0.479 b1.843 [1.037–3.272] 0.037 b2.318 [1.222–4.400] 0.010

1.864 [1.047–3.317]0.468 0.034 2.280 [1.218–4.268]0.733 0.009

G/G 56 0.544 41 0.436 0.649 [0.370–1.145] 0.132 b0.476 [0.250–0.905] 0.024

0.480 [0.257–0.898]0.740 0.022

χ2 = 4.640; p = 0.098

A 60 0.291 61 0.709 b0.109 [0.062–0.189] <0.001 b0.106 [0.060–0.186] <0.001

0.113 [0.065–0.195]0.992 <0.001 0.109 [0.063–0.190]0.999 <0.001

G 146 0.324 127 0.676 b9.005 [5.242–15.468] <0.001 b9.281 [5.308–16.225] <0.001

8.861 [5.125–15.319]0.992 <0.001 9.135 [5.260–15.867]0.999 <0.001

g.42140549G>T of IKBKB (rs5029748)

G/G 61 0.610 53 0.589 0.916 [0.510–1.644] 0.769 0.955 [0.514–1.776] 0.885

G/T 19 0.190 30 0.333 b2.153 [1.082–4.288] 0.029 b2.073 [1.016–4.300] 0.049

2.132 [1.097–4.143]0.466 0.026 2.063 [1.024–4.154]0.423 0.049

T/T 20 0.200 7 0.078 b0.316 [0.118–0.849] 0.022 b0.295 [0.100–0.869] 0.027

0.337 [0.135–0.841]0.758 0.020 0.310 [0.116–0.830]0.799 0.021

χ2 = 8.788; p = 0.012

G 141 0.705 136 0.756 1.211 [0.817–1.796] 0.341 1.305 [0.826–2.061] 0.253

T 59 0.295 44 0.244 0.826 [0.557–1.225] 0.341 0.766 [0.485–1.210] 0.253

g.186643058A>G of PTGS2 (rs5275)

A/A 40 0.392 48 0.505 1.583 [0.896–2.796] 0.111 b2.073 [0.999–4.300] 0.050

1.803 [0.982–3.309]0.464 0.057

A/G 41 0.402 37 0.389 0.949 [0.534–1.687] 0.858 0.852 [0.462–1.575] 0.611

G/G 21 0.206 10 0.105 0.454 [0.201–1.028] 0.057 b0.427 [0.171–1.019] 0.052

0.438 [0.186–1.032]0.599 0.059

χ2 = 4.593; p = 0.101

A 121 0.593 133 0.700 b1.588 [1.031–2.445] 0.036 b1.659 [1.064–2.586] 0.025

1.601 [1.054–2.430]0.672 0.027 1.664 [1.087–2.548]0.745 0.019

G 83 0.407 57 0.300 b0.621 [0.399–0.968] 0.035 b0.603 [0.393–0.926] 0.021

0.625 [0.412–0.949]0.608 0.027 0.601 [0.393–0.920]0.666 0.019

g.186640617C>T of PTGS2 (rs4648308)

C/C 65 0.663 67 0.736 1.417 [0.754–2.664] 0.276 1.335 [0.687–2.595] 0.394

C/T 25 0.255 24 0.264 1.046 [0.543–2.014] 0.892 1.128 [0.564–2.255] 0.734

T/T 8 0.082 0 0 – – – –

χ2 = 7.802; p = 0.020

C 155 0.791 158 0.868 b1.772 [0.996–3.162] 0.052 b1.744 [0.983–3.094] 0.049

1.741 [1.004–3.019]0.848 0.048 1.751 [1.007–3.040]0.854 0.047

T 41 0.209 24 0.132 b0.567 [0.322–0.996] 0.049 b0.566 [0.315–0.999] 0.049

0.574 [0.331–0.996]0.553 0.048 0.571 [0.329–0.993]0.558 0.047

(Continued)
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increased prevalence of the disease among men, while allele T decreased this risk. We also
found that genotypes of g.42140549G>T (rs5029748) polymorphism of IKBKB gene
were related with appearance of MDD in male population. Particularly, G/T genotype was
connected with increased risk of depression, while T/T genotype of the same SNP
decreased this risk.

Gene-gene interactions of IRF1, IKBKB, TGFA, TGFB and PTGS2 and
the risk of MDD
In this research, we also studied whether the combined genotypes of investigated
polymorphism are associated with appearance of MDD. Results are presented in Table 5.
In reference to effect of combined genotypes, it was found that G/G-T/T genotypes of

Table 4 (continued).

Genotype/Allele Control Depression Crude OR (95% CI) p Adjusted OR (95% CI)* p

Number Frequency Number Frequency

Female

g.132484229C>A of IRF1 (rs2070729)

A/A 20 0.244 20 0.215 0.849 [0.417–1.730] 0.650 0.655 [0.297–1.437] 0.291

A/C 32 0.390 48 0.516 1.667 [0.910–3.056] 0.096 b2.016 [1.025–3.966] 0.042

1.936 [1.003–3.738]0.508 0.049

C/C 30 0.366 25 0.269 0.637 [0.334–1.216] 0.169 0.657 [0.328–1.318] 0.237

χ2 = 2.975; p = 0.226

A 72 0.439 88 0.473 1.136 [0.756–1.706] 0.539 1.159 [0.730–1.840] 0.532

C 92 0.561 98 0.527 0.880 [0.586–1.322] 0.539 0.862 [0.544–1.370] 0.532

g.186643058A>G of PTGS2 (rs5275)

A/A 39 0.459 33 0.359 0.661 [0.359–1.211] 0.176 0.595 [0.309–1.143] 0.119

A/G 34 0.400 46 0.500 1.500 [0.823–2.734] 0.183 1.962 [1.024–3.758] 0.042

1.952 [1.017–3.746]0.524 0.044

G/G 12 0.141 13 0.141 1.001 [0.427–2.344] 0.998 0.718 [0.284–1.812] 0.483

χ2 = 2.006; p = 0.356

A 112 0.659 112 0.609 0.810 [0.527–1.244] 0.336 0.833 [0.524–1.325] 0.441

G 58 0.341 72 0.391 1.235 [0.804–1.898] 0.336 0.816 [0.755–1.908] 0.441

g.186640617C>T of PTGS2 (rs4648308)

C/C 65 0.756 57 0.655 0.614 [0.315–1.195] 0.148 0.595 [0.294–1.205] 0.149

C/T 15 0.174 28 0.322 b2.270 [1.100–4.684] 0.027 b2.574 [1.224–5.415] 0.013

2.246 [1.098–4.596]0.806 0.027 2.533 [1.178–5.449]0.587 0.017

T/T 6 0.070 2 0.023 0.314 [0.061–1.620] 0.163 0.211 [0.037–1.211] 0.081

χ2 = 6.449; p = 0.039

C 145 0.843 142 0.816 0.843 [0.495–1.435] 0.530 0.853 [0.469–1.553] 0.603

T 27 0.157 32 0.184 1.186 [0.697–2.018] 0.530 1.172 [0.644–2.135] 0.603

Notes:
* ‘Adjusted OR’means OR adjusted for sex and age; for significant comparisons the superscript b means the bootstrap-boosted OR (resampling with replacement, 10,000
iterations); all OR values without bootstrap analysis were calculated using cross-validation algorithm.

Statistical power (1 − β) (calculated at a = 0.05) for significant comparisons given in superscripts.
p < 0.05 along with corresponding ORs are in bold.
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Table 5 Gene-gene interactions of rs1800469 (TGFB1), rs2070729 (IRF1), rs5275 (PTGS2), rs4648308 (PTGS2), rs2166975 (TGFA), rs5029748
(IKBKB) and the risk of depression occurrence.

Combined genotype Control (n = 180) Depression (n = 180) Crude OR (95% CI) p Adjusted OR (95% CI)* p

Number Frequency Number Frequency

g.41354391A>G of TGFB1 (rs1800469)–g.70677994G>A of TGFA (rs2166975)

A/G-A/G 24 0.126 35 0.186 1.592 [0.904–2.803] 0.106 b1.906 [1.032–3.518] 0.039

1.898 [1.036–3.477]0.490 0.038

g.70677994G>A of TGFA (rs2166975)–g.132484229C>A of IRF1 (rs2070729)

A/G-A/C 27 0.141 45 0.241 b1.951 [1.152–3. 305] 0.013 b2.117 [1.224–3.660] 0.007

1.925 [1.136–3.262]0.554 0.015 2.092 [1.193–3.660]0.667 0.010

g.70677994G>A of TGFA (rs2166975)–g.186643058A>G of PTGS2 (rs5275)

G/G-G/G 22 0.115 8 0.043 b0.320 [0.127–0.807] 0.016 b0.223 [0.087–0.574] 0.002

0.341 [0.148–0.788]0.828 0.012 0.233 [0.094–0.579]0.940 0.002

A/A-G/G 7 0.037 1 0.005 0.139 [0.017–1.141] 0.066 b0.167 [0.027–1.031] 0.054

0.129 [0.014–1.159]0.805 0.068

A/G-G/G 4 0.021 14 0.074 b3.581 [1.233–13.12] 0.026 b4.264 [1.416–12.839] 0.010

3.761 [1.215–11.647]0.291 0.022 4.137 [1.263–13.545]0.291 0.019

g.70677994G>A of TGFA (rs2166975)–g.186640617C>T of PTGS2 (rs4648308)

G/G-T/T 12 0.063 1 0.005 b0.087 [0.013–0.638] 0.018 b0.057 [0.011–0.312] 0.001

0.080 [0.010–0.620]0.942 0.016 0.051 [0.006–0.420]0.948 0.006

A/G-C/T 10 0.052 25 0.133 b3.005 [1.242–7.269] 0.015 b3.240 [1.442–7.280] 0.004

2.776 [1.294–5.956]0.584 0.009 3.115[1.397–6.944] 0.663 0.005

g.70677994G>A of TGFA (rs2166975)–g.42140549G>T of IKBKB (rs5029748)

G/G-T/T 23 0.120 9 0.048 b0.362 [0.156–0.840] 0.018 b0.286 [0.106–0.772] 0.013

0.367 [0.165–0.816]0.801 0.014 0.306 [0.131–0.719]0.882 0.007

A/G-G/T 11 0.058 24 0.128 b2.393 [1.136–5.042] 0.022 b2.645 [1.184–5.910] 0.018

2.395 [1.138–5.041]0.472 0.021 2.621 [1.208–5.688]0.571 0.015

g.132484229C>A of IRF1 (rs2070729)–g.186643058A>G of PTGS2 (rs5275)

A/C-A/G 29 0.152 49 0.261 b2.077 [1.206–3.576] 0.008 b1.863 [1.022–3.394] 0.042

1.969 [1.180–3.286]0.614 0.009 1.844 [1.069–3.180]0.515 0.028

g.132484229C>A of IRF1 (rs2070729)–g.42140549G>T of IKBKB (rs5029748)

A/C-G/T 16 0.084 29 0.154 b2.032 [1.036–3.989] 0.039 b1.918 [0.935–3.931] 0.075

1.995 [1.044–3.810]0.402 0.036 1.901 [0.958–3.774]0.362 0.066

g.42140549G>T of IKBKB (rs5029748)–g.186643058A>G of PTGS2 (rs5275)

T/T-G/G 14 0.073 2 0.011 b0.131 [0.037–0.598] 0.008 b0.126 [0.027–0.589] 0.008

0.136 [0.030–0.607]0.936 0.009 0.132 [0.02–0.610]0.939 0.009

G/T-A/G 16 0.084 31 0.165 b2.235 [1.114–4.487] 0.024 b1.933 [0.883–4.233] 0.008

2.160 [1.138–4.098]0.512 0.018 1.894 [0.968–3.704]0.357 0.009

g.42140549G>T of IKBKB (rs5029748)–g.186640617C>T of PTGS2 (rs4648308)

G/T-C/T 4 0.021 19 0.101 b5.013 [1.531–18.121] 0.005 b4.164 [1.232–15.343] 0.035

5.256 [1.753–15.760]0.291 0.003 4.320 [1.390–13.428]0.286 0.011

Notes:
* ‘Adjusted OR’means OR adjusted for sex and age; for significant comparisons the superscript b means the bootstrap-boosted OR (resampling with replacement, 10,000
iterations); all OR values without bootstrap analysis were calculated using cross-validation algorithm.

Statistical power (1 − β) (calculated at a = 0.05) for significant comparisons given in superscripts.
p < 0.05 along with corresponding ORs are in bold.
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g.70677994G>A (rs2166975)—TGFA and g.186640617C>T (rs4648308)—PTGS2 was
associated with decreased risk of depression occurrence, while A/G-C/T genotypes
increased this risk. The A/G-A/C genotypes of g.70677994G>A (rs2166975)—TGFA and
g.132484229C>A (rs2070729)—IRF1 as well as A/G-A/G genotypes of g.70677994G>A
(rs2166975) TGFA and g.41354391A>G (rs1800469)—TGFB also increased the risk of the
disease. Furthermore, higher risk of MDD occurrence was associated with the G/T-A/G
genotypes of g.42140549G>T (rs5029748)—IKBKB and g.186643058A>G (rs5275)—
PTGS2, however the T/T-G/G genotypes reduced this risk. In the case of linked genotypes
of g.70677994G>A (rs2166975)—TGFA and g.186643058A>G (rs5275)—PTGS2, we
found that link between A/G-G/G of this genes was associated with higher risk of
appearance of the MDD, while G/G-G/G as well as A/A-G/G genotypes decreased this
chance. Similarly, A/G-G/T combined genotypes of g.70677994G>A (rs2166975)—TGFA
and g.42140549G>T (rs5029748)—IKBKB increased risk of MDD but G/G-T/T genotypes
of the same SNP were associated with lower risk of disease incidence. Moreover,
carriers of A/C-A/G combined genotypes of g.132484229C>A (rs2070729)—IRF1 and
g.186643058A>G (rs5275)—PTGS, A/C-G/T of g.132484229C>A (rs2070729)—IRF1 and
g.42140549G>T (rs5029748)—IKBKB as well as G/T-C/T genotypes of g.42140549G>T
(rs5029748)—IKBKB and g.186640617C>T (rs4648308)—PTGS2 had a greater risk of
MDD appearance.

Single-nucleotide polymorphisms of genes encoding IRF1, IKBKB,
TGFA, TGFB, PTGS2 and the age of the first episode of MDD and the
severity classification on the hamilton depression rating scale
To estimate whether the investigated polymorphisms may had an impact on the age of the
first episode of MDD, patients were stratified in accordance to genotype and their age of
onset was compared (Fig. 1). A significant difference was found between A/A and A/G
genotypes as well as A/A and G/G genotypes of g.41354391A>G (rs1800469)—TGFB1.
Carriers of A/A genotype had their first episode significantly earlier compared to other
genotypes.

In the case of the impact of genotypes of the investigated SNPs on the episode severity
measured using the Hamilton Depression Rating Scale (HDRS) (Fig. 2), significant
differences was found between carriers of A/A and G/G genotypes of g.41354391A>G
(rs1800469)—TGFB1.

Single-nucleotide polymorphisms of genes encoding IRF1, IKBKB,
TGFA, TGFB, PTGS2 and effectiveness of depression treatment
We also evaluated impact of the studied polymorphisms on the effectiveness of
antidepressant treatment with selective serotonin reuptake inhibitor (SSRI) (Fig. 3).
Regarding the effect of investigated SNPs on treatment efficiency, differences was found
between A/A and A/C genotypes of g.132484229C>A (rs2070729)—IRF1 as well as G/G
and T/T genotypes of g.42140549G>T (rs5029748)—IKBKB.
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DISCUSSION
There is strong amount of evidence that inflammation is undeniably associated with major
depressive disorder. Moreover, it was confirmed that some inflammatory genes and
presence of their genetics variants play important role in MDD development. Additionally,
several loci/chromosomal regions connected with MDD were mapped by genome-wide
linkage analysis, that is, 1q32.1, 2p25.1, 3p21.1, 3p26.1, 3q26.1, 6p22.3, 8q22.2, 8q22.3,
8q12.1, 8q23.3, 11p14.2-p14.3, 13q31.1–q31.3, 15q25.2 and 19q12 (McGuffin et al., 2005;
Shyn et al., 2011; Sullivan et al., 2013). Selected candidate genes in current study are located
in proximity to the above mentioned regions of chromosomes. In this research, we
genotyped six polymorphic variants of TGFA, TGFB1, IRF1 and PTGS2 genes; and to our
knowledge, none of this SNPs have been studied in the context of severity and treatment
response in depression before. However, these SNPs were included in GWAS but only one
of them, that is, rs2070729, had p value below 0.05.

The first of investigated polymorphisms in this study was g.70677994G>A (rs2166975)—
TGFA. The SNP is localized on 2p13.3 and it is responsible for synonymous change

Figure 1 Impact of single-nucleotide polymorphisms localized in inflammatory genes on the age of the first episode of MDD. (A) TGFB1
g.41354391A>G (rs1800469) (B) TGFA g.70677994G>A (rs2166975) (C) IRF1 g.132484229C>A (rs2070729) (D) PTGS2 g.186643058A>G (rs5275)
(E) PTGS2 g.186640617C>T (rs4648308) (F) IKBKB g.42140549G>T (rs5029748). Results are presented as scatter dot plots. The horizontal lines
denote the median, while the whiskers show the inter-quartile range. Full-size DOI: 10.7717/peerj.8676/fig-1

Bialek et al. (2020), PeerJ, DOI 10.7717/peerj.8676 13/24

http://dx.doi.org/10.7717/peerj.8676/fig-1
http://dx.doi.org/10.7717/peerj.8676
https://peerj.com/


Val159Val. This terminal amino acid is present in the precursor protein and is necessary
for glycosylation during protein maturation as well as protein localization to the cell
surface (Briley et al., 1997). In our study, we were the first to show a link between rs2166975
polymorphism of TGFA and depression. The results confirmed that A/G genotype of
rs2166975 is more frequently distributed in patients suffering from depression. Interestingly,
the same genotype increased the risk of MDD only in man population. In the case of the
gene–gene interactions between polymorphism of TGFA and other SNPs, analysis confirmed
that A/G-A/C combined genotypes of rs2166975—TGFA and rs207072—IRF1 are
associated with higher chance to develop MDD. In addition, A/G-G/G genotypes of
rs2166975—TGFA and rs5275—PTGS2 is associated with higher risk of MDD, while
G/G-G/G homozygotes decreased this chance. It was indicated that rs2166975 in TGFA
gene, showed association with the risk of cleft palate (Morkūniené et al., 2007). Furthermore,
another study confirmed, using transmission disequilibrium test, that minor allele of

Figure 2 Distribution of the severity of episode (before therapy) and single nucleotide polymorphisms localized in inflammatory genes.
Severity of current episode according to 21-item Hamilton Depression Rating Scale (HAM-D) (A) TGFB1 g.41354391A>G (rs1800469)
(B) TGFA g.70677994G>A (rs2166975) (C) IRF1 g.132484229C>A (rs2070729) (D) PTGS2 g.186643058A>G (rs5275) (E) PTGS2 g.186640617C>T
(rs4648308) (F) IKBKB g.42140549G>T (rs5029748). Results are presented as scatter dot plots. The horizontal lines denote the median, while the
whiskers show the inter-quartile range. Full-size DOI: 10.7717/peerj.8676/fig-2
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rs2166975 was over-transmitted to cleft-palate cases (Carter et al., 2010). Although there are
no studies investigating role of rs2166975 polymorphism in depression or any other
psychiatric disorders, our results suggest important role of investigated polymorphism in
pathophysiology and course of depression.

The second studied SNP, g.41354391A>G (rs1800469) of TGFB1, is located on 19q13.2
in the proximal negative regulatory region of the gene. The human TGFB1 protein is
considered to be one of the immunosuppressive cytokines, which plays crucial role in CNS
development (Sousa Vde et al., 2004). It is responsible for such functions as astrocyte
differentiation, synaptogenesis and neuronal migration (De Sampaio e Spohr et al., 2002;
Sousa Vde et al., 2004; Feng & Ko, 2008; Siegenthaler &Miller, 2004). Our results show that
rs1800469 polymorphism is associated with both severity of depressive episodes and age of
the onset of the disease. Precisely, carriers of G/G genotype are characterized by more
severe episodes than A/A genotype carriers, which may correlate with increased
concentrations of TGFB1. Moreover, a significant difference in the age of the first episode
of MDD was found between A/A and A/G genotypes, as well as A/A and G/G genotypes

Figure 3 Impact of single-nucleotide polymorphisms localized in inflammatory genes on the effectiveness of the treatment. Treatment
effectiveness expressed as percentage of HAM-D decline after therapy. (A) TGFB1 g.41354391A>G (rs1800469) (B) TGFA g.70677994G>A
(rs2166975) (C) IRF1 g.132484229C>A (rs2070729) (D) PTGS2 g.186643058A>G (rs5275) (E) PTGS2 g.186640617C>T (rs4648308) (F) IKBKB
g.42140549G>T (rs5029748). Results are presented as scatter dot plots. The horizontal lines denote the median, while the whiskers show the
inter-quartile range. Full-size DOI: 10.7717/peerj.8676/fig-3
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of rs1800469—TGFB1. In accordance to our findings, TGFB levels were found to be
increased in people suffering from MDD (Davami et al., 2016; Kim et al., 2007; Kim et al.,
2008) as well as in Chronic HBV-Infected Patients (CHB) with mild depression symptoms
(Bahramabadi et al., 2017). It has been reported that rs1800469, is not associated with
neither Alzheimer’s disease risk (Chang et al., 2013) nor Schizophrenia (Kapelski et al.,
2015). However rs1800469 of TGFB1 is associated with altered plasma levels of TGFB1,
which may modulate a susceptibility to MDD (Shah et al., 2006; Wang et al., 2008). Data
suggest that, allele G is associated with lower expression of TGFB1 (Shah et al., 2006).
On the other hand, another study confirmed that genotypes A/G and G/G was correlated
with increased plasma TGFB1 concentrations, indicating that G allele is associated with
higher production of the protein (Wang et al., 2008). It was found that other SNPs of
TGFB1 could be associated with MDD. In the case of rs1800470 (codon 10), genotype T/T
is significantly more frequently distributed in depressed patients (Mihailova et al., 2016).
Moreover, another study revealed that C/C genotype of the same SNP is positively
correlated with higher risk of depression development and more severe episodes of the
disease (Caraci et al., 2012). Although TGFB1 is considered to play important role in
psychoneuroimmunology, there is only few research about its association with mental
disorders, and interestingly there is no other studies investigated role of mentioned
rs1800469 in MDD.

In our study we also investigated whether SNPs in PTGS2 gene are involved in MDD
development. As mentioned in Introduction, PTGS2 participates in inflammatory
processes partly related with neurodegeneration in CNS (Minghetti, 2004). There is
evidence demonstrating that rs20417 polymorphism of PTGS2 may play a role in MDD.
Precisely, presence of G allele is strongly associated with increased risk of depression
development (Gałecki et al., 2010). However, we have not included this polymorphism in
our study. Instead, we explored g.186640617C>T (rs4648308) polymorphism located on
1q31.1. There are evidence of its involvement in depression. Precisely, allele T and C/T
genotype (in positive strand allele A and G/A genotype) of mentioned SNP are associated
with significantly increased risk of IFN-a-induced depression (Su et al., 2010). Part of our
result are consistent with this findings, namely, we found that C/T heterozygote increased
risk of MDD in woman, as well as the C allele increased this chance in man group. On the
contrary, we also reported that T/T genotype carriers of this SNP are less likely to develop
depression in general population. Similarly, in man group allele T was also negatively
correlated with depression prevalence.

Second polymorphism of PTGS2 gene, g.186643058A>G (rs5275) located on 1q31.1, is a
functional SNP, which modulates expression of PTGS2. We were first to found that allele
G is connected with higher chance of MDD occurrence. Additionally, it is confirmed
that this SNP is associated with severe pain in lung cancer patients. Namely, A/A and A/G
(in forward strand T/T and T/C) carriers experience more severe pain than G/G carriers
(Reyes-Gibby et al., 2009; Reyes-Gibby et al., 2013). However, Mendlewicz et al. (2012)
found no association between PTGS2 rs5275 polymorphism and treatment response and
remission of MDD. Still, there are no other studies investigated aforementioned SNPs in
PTGS2 gene in context of MDD.
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Another SNP candidate in our research was g.42140549G>T (rs5029748) of IKBKB
gene. It is located on 8p11.21, in intronic region of the gene, thus do not cause amino acid
substitution. We were first to analyze the mentioned polymorphism as a risk factor for
MDD. Our main finding relates to the connection between this SNP and effectiveness of
depression treatment. Namely, we demonstrated differences in SSRI response between
carriers of G/G and T/T genotypes. Moreover, presence of G/T genotype of rs5029748 is
associated with increased risk of MDD development either in general or man population,
while the T/T homozygote of the same gene variant reduces this risk in the same
studied groups. In addition, carrier of combined G/T-A/G genotypes of rs5029748—
IKBKB and rs5275—PTGS2 are more likely to develop MDD, while T/T-G/G genotype
showed protective effect. Moreover A/G-G/T genotype of rs5029748 IKBKB and
rs2166975—TGFA, increased risk of depression but G/T-T/T are associated with lower risk
of disease. The trend of increasing risk of depression prevalence is also present in the
case of linked genotypes of rs5029748—IKBKB and rs4648308—PTGS2. Some studies
revealed association between aforementioned SNP and risk of colorectal or colon cancer
(Seufert et al., 2013; Curtin et al., 2013). Precisely, minor allele T of rs5029748, was
associated with decreased risk of colon cancer (Curtin et al., 2013). Although our result
showed that single-nucleotide polymorphism of IKBKBmay play significant role in MDD,
they have not been investigated in pathogenesis of the disease before.

The g.132484229C>A (rs2070729)—IRF1 polymorphism was the last studied SNP in
this article. It is located on 5q31.1 in intronic gene region. The SNP is associated with
susceptibility to hepatitis C virus (HCV) infection (Fortunato et al., 2008). What is more,
allele C of this SNP is linked to higher vulnerability HIV-1 acquisition (Lingappa et al.,
2011). To our best knowledge, we were first to analyze role of rs2070729 in MDD.
Regarding the effect of investigated SNP on treatment efficiency, data in our study showed
significant differences in antidepressant response between A/A and A/C genotypes of
rs2070729—IRF1, A/A carriers were more likely to better treatment response. Exact
explanation of this mechanism has not been elucidated yet in previous research. However,
since A allele is a minor one in European population, we speculate that it might be
associated with decreased expression of IRF1 and thus reduction of inflammatory cytokine
release. Therefore, together with anti-inflammatory properties of antidepressants it
could enhance the their effect. We also found that carriers of A/C genotype of rs2070729—
RF1 were linked with A/G of rs5275—PTGS or G/T of rs5029748—IKBKB had a greater
risk of MDD appearance. These results suggest that SNP in IRF1 gene may have impact
in depression development.

Our preliminary study has several potential limitations. Firstly, the sample size was
relatively small. Nevertheless, two resampling approaches were performed so as to
minimize the risk of obtaining false positive results. Another limitation was the homogenic
ethnicity of studied group. This could reduce the potential to extrapolate the results to
other ethnic groups. Furthermore, it must be emphasized that there is limited data on the
impact of these SNPs on the level of mRNA and protein expression/activity. Consequently,
presented results should be considered preliminary and interpreted with caution.
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CONCLUSIONS
The single-nucleotide polymorphisms located in IRF1, IKBKB, TGFA, TGFB1, PTGS2
genes modulate the risk of occurrence, age of onset, severity of the disease and response to
the antidepressant treatment. Our result suggest that inflammatory pathways, in which
studied genes are involved may be at least partially implicated in etiology of MDD.
Moreover, discovery about impact of IRF1 and IKBKB SNPs on treatment response could
contribute to the discovery of effective, personalized pharmacotherapy. However, future
studies should elucidate the implication of the studied polymorphisms in biological
functions, for example, mRNA and protein expression, protein activity. On the whole, our
results might cast a new light on the pathogenesis of major depressive disorders.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding
This study was supported by funding from a scientific research grant from the Polish
National Science Centre (No. UMO-2015/19/BNZ7/00410). The funders had no role in
study design, data collection and analysis, decision to publish, or preparation of the
manuscript.

Grant Disclosures
The following grant information was disclosed by the authors:
Polish National Science Centre: UMO-2015/19/BNZ7/00410.

Competing Interests
The authors declare that they have no competing interests.

Author Contributions
� Katarzyna Bialek conceived and designed the experiments, performed the experiments,
analyzed the data, prepared figures and/or tables, authored or reviewed drafts of the
paper, and approved the final draft.

� Piotr Czarny conceived and designed the experiments, performed the experiments,
analyzed the data, prepared figures and/or tables, authored or reviewed drafts of the
paper, and approved the final draft.

� Cezary Watala analyzed the data, prepared figures and/or tables, authored or reviewed
drafts of the paper, and approved the final draft.

� Paulina Wigner conceived and designed the experiments, performed the experiments,
authored or reviewed drafts of the paper, and approved the final draft.

� Monika Talarowska performed the experiments, analyzed the data, authored or reviewed
drafts of the paper, diagnosis of the patients, and approved the final draft.

� Piotr Galecki conceived and designed the experiments, performed the experiments,
authored or reviewed drafts of the paper, diagnosis of the patients, and approved the
final draft.

Bialek et al. (2020), PeerJ, DOI 10.7717/peerj.8676 18/24

http://dx.doi.org/10.7717/peerj.8676
https://peerj.com/


� Janusz Szemraj conceived and designed the experiments, analyzed the data, authored or
reviewed drafts of the paper, and approved the final draft.

� Tomasz Sliwinski conceived and designed the experiments, analyzed the data, authored
or reviewed drafts of the paper, and approved the final draft.

Human Ethics
The following information was supplied relating to ethical approvals (i.e., approving body
and any reference numbers):

Protocol of the study was approved by the Bioethics Committee of the Medical
University of Lodz (No. RNN/70/14/KE).

Data Availability
The following information was supplied regarding data availability:

The raw data is available in the Supplemental Files.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.8676#supplemental-information.

REFERENCES
Aktan F. 2004. iNOS-mediated nitric oxide production and its regulation. Life Sciences

75(6):639–653 DOI 10.1016/j.lfs.2003.10.042.

Bahramabadi R, Fathollahi MS, Hashemi SM, Arababadi MS, Yousefi-Daredor H, Bidaki R,
Khaleghinia M, Bakhshi MH, Yousefpoor Y, Torbaghan YE, Arababadi MK. 2017. Serum
levels of IL-6, IL-8, TNF-a, and TGF-β in chronic HBV-infected patients: effect of depression
and anxiety. Laboratory Medicine 49(1):41–46.

Bierhaus A, Wolf J, Andrassy M, Rohleder N, Humpert PM, Petrov D, Ferstl R,
Von Eynatten M, Wendt T, Rudofsky G, Joswig M, Morcos M, Schwaninger M, McEwen B,
Kirschbaum C, Nawroth PP. 2003. A mechanism converting psychosocial stress into
mononuclear cell activation. Proceedings of the National Academy of Sciences of the United States
of America 100(4):1920–1925 DOI 10.1073/pnas.0438019100.

Breyer RM, Bagdassarian CK, Myers SA, Breyer MD. 2001. Prostanoid receptors: subtypes and
signaling. Annual Review of Pharmacology and Toxicology 41(1):661–690
DOI 10.1146/annurev.pharmtox.41.1.661.

Briley GP, Hissong MA, Chiu ML, Lee DC. 1997. The carboxyl-terminal valine residues of
proTGF alpha are required for its efficient maturation and intracellular routing. Molecular
Biology of the Cell 8(8):1619–1631 DOI 10.1091/mbc.8.8.1619.

Capuron L, Miller AH. 2011. Immune system to brain signaling: neuropsychopharmacological
implications. Pharmacology & Therapeutics 130(2):226–238
DOI 10.1016/j.pharmthera.2011.01.014.

Caraci F, Bosco P, Signorelli M, Spada RS, Cosentino FI, Toscano G, Bonforte C, Muratore S,
Prestianni G, Panerai S, Giambirtone MC, Gulotta E, Romano C, Salluzzo MG, Nicoletti F,
Copani A, Drago F, Aguglia E, Ferri R. 2012. The CC genotype of transforming growth factor-
β1 increases the risk of late-onset Alzheimer’s disease and is associated with AD-related
depression. European Neuropsychopharmacology 22(4):281–289
DOI 10.1016/j.euroneuro.2011.08.006.

Bialek et al. (2020), PeerJ, DOI 10.7717/peerj.8676 19/24

http://dx.doi.org/10.7717/peerj.8676#supplemental-information
http://dx.doi.org/10.7717/peerj.8676#supplemental-information
http://dx.doi.org/10.7717/peerj.8676#supplemental-information
http://dx.doi.org/10.1016/j.lfs.2003.10.042
http://dx.doi.org/10.1073/pnas.0438019100
http://dx.doi.org/10.1146/annurev.pharmtox.41.1.661
http://dx.doi.org/10.1091/mbc.8.8.1619
http://dx.doi.org/10.1016/j.pharmthera.2011.01.014
http://dx.doi.org/10.1016/j.euroneuro.2011.08.006
http://dx.doi.org/10.7717/peerj.8676
https://peerj.com/


Cardinez C, Miraghazadeh B, Tanita K, Da Silva E, Hoshino A, Okada S, Chand R, Asano T,
Tsumura M, Yoshida K, Ohnishi H, Kato Z, Yamazaki M, Okuno Y, Miyano S, Kojima S,
Ogawa S, Andrews TD, Field MA, Burgio G, Morio T, Vinuesa CG, Kanegane H, Cook MC.
2018. Gain-of-function IKBKB mutation causes human combined immune deficiency. Journal
of Experimental Medicine 215(11):2715–2724 DOI 10.1084/jem.20180639.

Carter TC, Molloy AM, Pangilinan F, Troendle JF, Kirke PN, Conley MR, Orr DJ, Earley M,
McKiernan E, Lynn EC, Doyle A, Scott JM, Brody LC, Mills JL. 2010. Testing reported
associations of genetic risk factors for oral clefts in a large Irish study population. Birth Defects
Research. Part A Clinical and Molecular Teratology 88(2):84–93.

Cassano P, Hidalgo A, Burgos V, Adris S, Argibay P. 2006. Hippocampal upregulation of the
cyclooxygenase-2 gene following neonatal clomipramine treatment (a model of depression).
Pharmacogenomics Journal 6(6):381–387 DOI 10.1038/sj.tpj.6500385.

Chang W-W, Zhang L, Jin Y-L, Yao Y-S. 2013. Meta-analysis of the transforming growth factor-
β1 polymorphisms and susceptibility to Alzheimer’s disease. Journal of Neural Transmission
120(2):353–360 DOI 10.1007/s00702-012-0850-7.

Curtin K, Wolff RK, Herrick JS, Abo R, Slattery ML. 2013. Exploring multilocus associations of
inflammation genes and colorectal cancer risk using hapConstructor. BMC Medical Genetics
11:170.

Czarny P, Wigner P, Strycharz J, Swiderska E, Synowiec E, Szatkowska M, Sliwinska A,
Talarowska M, Szemraj J, Su KP, Maes M, Sliwinski T, Galecki P. 2019. Mitochondrial DNA
copy number, damage, repair and degradation in depressive disorder. World Journal of
Biological Psychiatry 13:1–11 DOI 10.1080/15622975.2019.1588993.

Davami MH, Baharlou R, Ahmadi Vasmehjani A, Ghanizadeh A, Keshtkar M, Dezhkam I,
Atashzar MR. 2016. Elevated IL-17 and TGF-β serum levels: a positive correlation between
T-helper 17 cell-related pro-inflammatory responses with major depressive disorder. Basic and
Clinical Neuroscience 7(2):137–142.

De Sampaio e Spohr TC, Martinez R, Da Silva EF, Neto VM, Gomes FC. 2002. Neuro-glia
interaction effects on GFAP gene: a novel role for transforming growth factor-beta1. European
Journal of Neuroscience 16(11):2059–2069.

Feng Z, Ko C-P. 2008. Schwann cells promote synaptogenesis at the neuromuscular junction via
transforming growth factor-β1. Journal of Neuroscience 28(39):9599–9609
DOI 10.1523/JNEUROSCI.2589-08.2008.

Fortunato G, Calcagno G, Bresciamorra V, Salvatore E, Filla A, Capone S, Liguori R, Borelli S,
Gentile I, Borrelli F, Borgia G, Sacchetti L. 2008. Multiple sclerosis and hepatitis C virus
infection are associated with single nucleotide polymorphisms in interferon pathway genes.
Journal of Interferon & Cytokine Research 28(3):141–152 DOI 10.1089/jir.2007.0049.

Gałecki P, Florkowski A, Bie�nkiewicz M, Szemraj J. 2010. Functional polymorphism of
cyclooxygenase-2 gene (G-765C) in depressive patients. Neuropsychobiology 62(2):116–120
DOI 10.1159/000317284.

Hansson M, Olsson I, Nauseef WM. 2006. Biosynthesis, processing, and sorting of human
myeloperoxidase. Archives of Biochemistry and Biophysics 445(2):214–224
DOI 10.1016/j.abb.2005.08.009.

Hong M, Zheng J, Ding Z-Y, Chen J-H, Yu L, Niu Y, Hua Y-Q, Wang L-L. 2013. Imbalance
between Th17 and Treg cells may play an important role in the development of chronic
unpredictable mild stress-induced depression in mice. Neuroimmunomodulation 20(1):39–50
DOI 10.1159/000343100.

Bialek et al. (2020), PeerJ, DOI 10.7717/peerj.8676 20/24

http://dx.doi.org/10.1084/jem.20180639
http://dx.doi.org/10.1038/sj.tpj.6500385
http://dx.doi.org/10.1007/s00702-012-0850-7
http://dx.doi.org/10.1080/15622975.2019.1588993
http://dx.doi.org/10.1523/JNEUROSCI.2589-08.2008
http://dx.doi.org/10.1089/jir.2007.0049
http://dx.doi.org/10.1159/000317284
http://dx.doi.org/10.1016/j.abb.2005.08.009
http://dx.doi.org/10.1159/000343100
http://dx.doi.org/10.7717/peerj.8676
https://peerj.com/


Kapelski P, Skibinska M, Maciukiewicz M, Wilkosc M, Frydecka D, Groszewska A, Narozna B,
Dmitrzak-Weglarz M, Czerski P, Pawlak J, Rajewska-Rager A, Leszczynska-Rodziewicz A,
Slopien A, Zaremba D, Twarowska-Hauser J. 2015. Association study of functional
polymorphisms in interleukins and interleukin receptors genes: IL1A, IL1B, IL1RN, IL6, IL6R,
IL10, IL10RA and TGFB1 in schizophrenia in Polish population. Schizophrenia Research
169(1–3):1–9 DOI 10.1016/j.schres.2015.10.008.

Karin M, Ben-Neriah Y. 2000. Phosphorylation meets ubiquitination: the control of NF-κB
activity. Annual Review of Immunology 18:621–663.

Kim Y-K, Lee S-W, Kim S-H, Shim S-H, Han S-W, Choi S-H, Lee B-H. 2008. Differences in
cytokines between non-suicidal patients and suicidal patients in major depression. Progress in
Neuro-Psychopharmacological and Biological Psychiatry 32(2):356–361
DOI 10.1016/j.pnpbp.2007.08.041.

Kim Y-K, Na K-S, Shin K-H, Jung H-Y, Choi S-H, Kim J-B. 2007. Cytokine imbalance in the
pathophysiology of major depressive disorder. Progress in Neuro-Psychopharmacological and
Biological Psychiatry 31(5):1044–1053 DOI 10.1016/j.pnpbp.2007.03.004.

Kissin EY, Lemaire R, Korn JH, Lafyatis R. 2002. Transforming growth factor β induces fibroblast
fibrillin-1 matrix formation. Arthritis and Rheumatism 46(11):3000–3009
DOI 10.1002/art.10621.

Krakauer T. 2008. Nuclear factor-κB: fine-tuning a central integrator of diverse biologic stimuli.
International Reviews of Immunology 27(5):286–292.

Kröger A, Köster M, Schroeder K, Hauser H, Mueller PP. 2002. Activities of IRF-1. Journal of
Interferon Cytokine Research 22(1):5–14.

Kunzmann S, Mantel P-Y, Wohlfahrt JG, Akdis M, Blaser K, Schmidt-Weber CB. 2003.
Histamine enhances TGF-β1-mediated suppression of Th2 responses. FASEB Journal
17(9):1089–1095 DOI 10.1096/fj.02-1008com.

Lingappa JR, Petrovski S, Kahle E, Fellay J, Shianna K, McElrath MJ, Thomas KK, Baeten JM,
Celum C, Wald A, De Bruyn G, Mullins JI, Nakku-Joloba E, Farquhar C, Essex M,
Donnell D, Kiarie J, Haynes B, Goldstein D, Partners in Prevention HSV/HIV Transmission
Study Team. 2011. Genomewide association study for determinants of HIV-1 acquisition and
viral set point in HIV-1 serodiscordant couples with quantified virus exposure. PLOS ONE
6(12):e28632 DOI 10.1371/journal.pone.0028632.

McGuffin P, Knight J, Breen G, Brewster S, Boyd PR, Craddock N, Gill M, Korszun A, Maier W,
Middleton L, Mors O, Owen MJ, Perry J, Preisig M, Reich T, Rice J, Rietschel M, Jones L,
Sham P, Farmer AE. 2005. Whole genome linkage scan of recurrent depressive disorder from
the depression network study. Human Molecular Genetics 14(22):3337–3345
DOI 10.1093/hmg/ddi363.

Mendlewicz J, Crisafulli C, Calati R, Kocabas NA, Massat I, Linotte S, Kasper S, Fink M,
Sidoti A, Scantamburlo G, Ansseau M, Antonijevic I, Forray C, Snyder L, Bollen J,
Montgomery S, Zohar J, Souery D, Serretti A. 2012. Influence of COX-2 and OXTR
polymorphisms on treatment outcome in treatment resistant depression. Neuroscience Letters
516(1):85–88 DOI 10.1016/j.neulet.2012.03.063.

Mihailova S, Ivanova-Genova E, Lukanov T, Stoyanova V, Milanova V, Naumova E. 2016.
A study of TNF-a, TGF-β, IL-10, IL-6, and IFN-γ gene polymorphisms in patients with
depression. Journal of Neuroimmunology 293:123–128 DOI 10.1016/j.jneuroim.2016.03.005.

Minghetti L. 2004. Cyclooxygenase-2 (COX-2) in inflammatory and degenerative brain diseases.
Journal of Neuropathology & Experimental Neurology 63(9):901–910
DOI 10.1093/jnen/63.9.901.

Bialek et al. (2020), PeerJ, DOI 10.7717/peerj.8676 21/24

http://dx.doi.org/10.1016/j.schres.2015.10.008
http://dx.doi.org/10.1016/j.pnpbp.2007.08.041
http://dx.doi.org/10.1016/j.pnpbp.2007.03.004
http://dx.doi.org/10.1002/art.10621
http://dx.doi.org/10.1096/fj.02-1008com
http://dx.doi.org/10.1371/journal.pone.0028632
http://dx.doi.org/10.1093/hmg/ddi363
http://dx.doi.org/10.1016/j.neulet.2012.03.063
http://dx.doi.org/10.1016/j.jneuroim.2016.03.005
http://dx.doi.org/10.1093/jnen/63.9.901
http://dx.doi.org/10.7717/peerj.8676
https://peerj.com/


Morkūniené A, Steponaviciūt D, Utkus A, Kucinskas V. 2007. Few associations of candidate
genes with nonsyndromic orofacial clefts in the population of Lithuania. Journal of Applied
Genetics 48(1):89–91 DOI 10.1007/BF03194663.

Musil R, Schwarz MJ, Riedel M, Dehning S, Cerovecki A, Spellmann I, Arolt V, Müller N. 2011.
Elevated macrophage migration inhibitory factor and decreased transforming growth
factor-beta levels in major depression—No influence of celecoxib treatment. Journal of Affective
Disorders 134(1–3):217–225 DOI 10.1016/j.jad.2011.05.047.

Nam J-S, Terabe M, Kang M-J, Chae H, Voong N, Yang Y-A, Laurence A, Michalowska A,
Mamura M, Lonning S, Berzofsky JA, Wakefield LM. 2008. Transforming growth factor beta
subverts the immune system into directly promoting tumor growth through interleukin-17.
Cancer Research 68(10):3915–3923 DOI 10.1158/0008-5472.CAN-08-0206.

Napetschnig J, Wu H. 2013. Molecular basis of NF-κB signaling. Annual Review Biophysics
42:443–468.

Pace TW, Mletzko TC, Alagbe O, Musselman DL, Nemeroff CB, Miller AH, Heim CM. 2006.
Increased stress-induced inflammatory responses in male patients with major depression and
increased early life stress. American Journal of Psychiatry 163(9):1630–1633
DOI 10.1176/ajp.2006.163.9.1630.

Passos ST, Silver JS, O’Hara AC, Sehy D, Stumhofer JS, Hunter CA. 2010. IL-6 promotes NK cell
production of IL-17 during toxoplasmosis. Journal of Immunology 184(4):1776–1783
DOI 10.4049/jimmunol.0901843.

Pinto EF, Andrade C. 2016. Interferon-related depression: a primer on mechanisms, treatment,
and prevention of a common clinical problem. Current Neuropharmacology 14(7):743–748
DOI 10.2174/1570159X14666160106155129.

Reyes-Gibby CC, Spitz MR, Yennurajalingam S, Swartz M, Gu J, Wu X, Bruera E, Shete S. 2009.
Role of inflammation gene polymorphisms on pain severity in lung cancer patients. Cancer
Epidemiology Biomarkers & Prevention 18(10):2636–2642
DOI 10.1158/1055-9965.EPI-09-0426.

Reyes-Gibby CC, Swartz MD, Yu X, Wu X, Yennurajalingam S, Anderson KO, Spitz MR,
Shete S. 2013. Symptom clusters of pain, depressed mood, and fatigue in lung cancer assessing
the role of cytokine genes. Supportive Care in Cancer 21(11):3117–3125
DOI 10.1007/s00520-013-1885-5.

Schiepers OJG, Wichers MC, Maes M. 2005. Cytokines and major depression. Progress in
Neuro-Psychopharmacology and Biological Psychiatry 29(2):201–217
DOI 10.1016/j.pnpbp.2004.11.003.

Seufert BL, Poole EM, Whitton J, Xiao L, Makar KW, Campbell PT, Kulmacz RJ, Baron JA,
Newcomb PA, Slattery ML, Potter JD, Ulrich CM. 2013. IκBKβ and NFκB1, NSAID use and
risk of colorectal cancer in the colon cancer family registry. Carcinogenesis 34(1):79–85
DOI 10.1093/carcin/bgs296.

Shah R, Rahaman B, Hurley CK, Posch PE. 2006. Allelic diversity in the TGFB1 regulatory region:
characterization of novel functional single nucleotide polymorphisms. Human Genetics
119(1–2):61–74 DOI 10.1007/s00439-005-0112-y.

Shi J, Johansson J, Woodling NS, Wang Q, Montine TJ, Andreasson K. 2010. The prostaglandin
E2 E-prostanoid 4 receptor exerts anti-inflammatory effects in brain innate immunity. Journal of
Immunology 184(12):7207–7218 DOI 10.4049/jimmunol.0903487.

Shyn SI, Shi J, Kraft JB, Potash JB, Knowles JA, Weissman MM, Garriock HA, Yokoyama JS,
McGrath PJ, Peters EJ, Scheftner WA, Coryell W, Lawson WB, Jancic D, Gejman PV,
Sanders AR, Holmans P, Slager SL, Levinson DF, Hamilton SP. 2011. Novel loci for major

Bialek et al. (2020), PeerJ, DOI 10.7717/peerj.8676 22/24

http://dx.doi.org/10.1007/BF03194663
http://dx.doi.org/10.1016/j.jad.2011.05.047
http://dx.doi.org/10.1158/0008-5472.CAN-08-0206
http://dx.doi.org/10.1176/ajp.2006.163.9.1630
http://dx.doi.org/10.4049/jimmunol.0901843
http://dx.doi.org/10.2174/1570159X14666160106155129
http://dx.doi.org/10.1158/1055-9965.EPI-09-0426
http://dx.doi.org/10.1007/s00520-013-1885-5
http://dx.doi.org/10.1016/j.pnpbp.2004.11.003
http://dx.doi.org/10.1093/carcin/bgs296
http://dx.doi.org/10.1007/s00439-005-0112-y
http://dx.doi.org/10.4049/jimmunol.0903487
http://dx.doi.org/10.7717/peerj.8676
https://peerj.com/


depression identified by genome-wide association study of sequenced treatment alternatives to
relieve depression and meta-analysis of three studies. Molecular Psychiatry 16(2):202–215
DOI 10.1038/mp.2009.125.

Siegenthaler JA, Miller MW. 2004. Transforming growth factor β1 modulates cell migration in rat
cortex: effects of ethanol. Cerebral Cortex 14(7):791–802 DOI 10.1093/cercor/bhh039.

Sousa Vde O, Romao L, Neto VM, Gomes FC. 2004. Glial fibrillary acidic protein gene promoter is
differently modulated by transforming growth factor-beta 1 in astrocytes from distinct brain
regions. European Journal of Neuroscience 19(7):1721–1730 DOI 10.1111/j.1460-9568.2004.03249.x.

Su K-P, Huang S-Y, Peng C-Y, Lai H-C, Huang C-L, Chen Y-C, Aitchison K-J, Pariante C-M.
2010. Phospholipase A2 and cyclooxygenase 2 genes influence the risk of interferon-a–induced
depression by regulating polyunsaturated fatty acids levels. Biological Psychiatry 67(6):550–557
DOI 10.1016/j.biopsych.2009.11.005.

Sullivan PF, Ripke S, Wray NR, Lewis CM, Hamilton SP, Weissman MM, Breen G, Byrne EM,
Blackwood P, Boomsma DI, Cichon S, Heath AC, Holsboer F, Lucae S, Madden PA,
Martin NG, McGuffin P, Muglia P, Noethen MM, Penninx BP, Pergadia ML, Potash JB,
Rietschel M, Lin D, Müller-Myhsok B, Shi J, Steinberg S, Grabe HJ, Lichtenstein P,
Magnusson P, Perlis RH, Preisig M, Smoller JW, Stefansson K, Uher R, Kutalik Z,
Tansey KE, Teumer A, Viktorin A, Barnes MR, Bettecken T, Binder EB, Breuer R,
Castro VM, Churchill SE, Coryell WH, Craddock N, Craig IW, Czamara D, De Geus EJ,
Degenhardt F, Farmer AE, Fava M, Frank J, Gainer VS, Gallagher PJ, Gordon SD,
Goryachev S, Gross M, Guipponi M, Henders AK, Herms S, Hickie IB, Hoefels S,
Hoogendijk W, Hottenga JJ, Iosifescu DV, Ising M, Jones I, Jones L, Jung-Ying T,
Knowles JA, Kohane IS, Kohli MA, Korszun A, Landen M, Lawson WB, Lewis G,
Macintyre D, Maier W, Mattheisen M, McGrath PJ, McIntosh A, McLean A,
Middeldorp CM, Middleton L, Montgomery GM, Murphy SN, Nauck M, Nolen WA,
Nyholt DR, O’Donovan M, Oskarsson H, Pedersen N, Scheftner WA, Schulz A, Schulze TG,
Shyn SI, Sigurdsson E, Slager SL, Smit JH, Stefansson H, Steffens M, Thorgeirsson T,
Tozzi F, Treutlein J, Uhr M, Van Den Oord EJ, Van Grootheest G, Völzke H, Weilburg JB,
Willemsen G, Zitman FG, Neale B, Daly M, Levinson DF, Major Depressive Disorder
Working Group of the Psychiatric GWAS Consortium. 2013. A mega-analysis of
genome-wide association studies for major depressive disorder. Molecular Psychiatry
18(4):497–511 DOI 10.1038/mp.2012.182.

Sutcigil L, Oktenli C, Musabak U, Bozkurt A, Cansever A, Uzun O, Sanisoglu SY, Yesilova Z,
Ozmenler N, Ozsahin A, Sengul A. 2007. Pro- and anti-inflammatory cytokine balance in
major depression: effect of sertraline therapy. Clinical & Developmental Immunology
2007:76396.

Takeda K, Akira S. 2007. Toll-like receptors. Current Protocol Immunology 14(14):14.12
DOI 10.1002/0471142735.im1412s77.

Tamura T, Yanai H, Savitsky D, Taniguchi T. 2008. The IRF family transcription factors in
immunity and oncogenesis. Annual Review of Immunology 26(1):535–584
DOI 10.1146/annurev.immunol.26.021607.090400.

Ten Dijke P, Hill CS. 2004. New insights into TGF-β-Smad signalling. Trends in Biochemical
Sciences 29(5):265–273 DOI 10.1016/j.tibs.2004.03.008.

Vivien D, Ali C. 2006. Transforming growth factor-β signalling in braindisorders. Cytokine &
Growth Factor Reviews 17(1–2):121–128 DOI 10.1016/j.cytogfr.2005.09.011.

Bialek et al. (2020), PeerJ, DOI 10.7717/peerj.8676 23/24

http://dx.doi.org/10.1038/mp.2009.125
http://dx.doi.org/10.1093/cercor/bhh039
http://dx.doi.org/10.1111/j.1460-9568.2004.03249.x
http://dx.doi.org/10.1016/j.biopsych.2009.11.005
http://dx.doi.org/10.1038/mp.2012.182
http://dx.doi.org/10.1002/0471142735.im1412s77
http://dx.doi.org/10.1146/annurev.immunol.26.021607.090400
http://dx.doi.org/10.1016/j.tibs.2004.03.008
http://dx.doi.org/10.1016/j.cytogfr.2005.09.011
http://dx.doi.org/10.7717/peerj.8676
https://peerj.com/


Wang H, Zhao Y-P, Gao C-F, Ji Q, Gressner AM, Yang Z-X, Weiskirchen R. 2008. Transforming
growth factor β1 gene variants increase transcription and are associated with liver cirrhosis in
Chinese. Cytokine 43(1):20–25 DOI 10.1016/j.cyto.2008.04.013.

WHO. 2018. Depression. Available at http://www.who.int/news-room/fact-sheets/detail/depression.

Wray NR, Ripke S, Mattheisen M, Trzaskowski M, Byrne EM, Abdellaoui A, Adams MJ,
Agerbo E, Air TM, Andlauer TMF, Bacanu S-A, Bækvad-Hansen M, Beekman AFT,
Bigdeli TB, Binder EB, Blackwood DRH, Bryois J, Buttenschøn HN, Bybjerg-Grauholm J,
Cai N, Castelao E, Christensen JH, Clarke T-K, Coleman JIR, Colodro-Conde L,
Couvy-Duchesne B, Craddock N, Crawford GE, Crowley CA, Dashti HS, Davies G, Deary IJ,
Degenhardt F, Derks EM, Direk N, Dolan CV, Dunn EC, Eley TC, Eriksson N,
Escott-Price V, Kiadeh FHF, Finucane HK, Forstner AJ, Frank J, Gaspar Héléna A, Gill M,
Giusti-Rodríguez P, Goes FS, Gordon SD, Grove J, Hall LS, Hannon E, Hansen CS,
Hansen TF, Herms S, Hickie IB, Hoffmann P, Homuth G, Horn C, Hottenga J-J,
Hougaard DM, Hu M, Hyde CL, Ising M, Jansen R, Jin F, Jorgenson E, Knowles JA,
Kohane IS, Kraft J, Kretzschmar WW, Krogh J, Kutalik Zán, Lane JM, Li Y, Li Y, Lind PA,
Liu X, Lu L, MacIntyre DJ, MacKinnon DF, Maier RM, Maier W, Marchini J, Mbarek H,
McGrath P, McGuffin P, Medland SE, Mehta D, Middeldorp CM, Mihailov E, Milaneschi Y,
Milani L, Mill J, Mondimore FM, Montgomery GW,Mostafavi S, Mullins N, Nauck M, Ng B,
Nivard MG, Nyholt DR, O’Reilly PF, Oskarsson H, Owen MJ, Painter JN, Pedersen CB,
Pedersen MG, Peterson RE, Pettersson E, Peyrot WJ, Pistis G, Posthuma D, Purcell SM,
Quiroz JA, Qvist P, Rice JP, Riley BP, Rivera M, Saeed Mirza S, Saxena R, Schoevers R,
Schulte EC, Shen L, Shi J, Shyn SI, Sigurdsson E, Sinnamon GBC, Smit JH, Smith DJ,
Stefansson H, Steinberg S, Stockmeier CA, Streit F, Strohmaier J, Tansey KE, Teismann H,
Teumer A, Thompson W, Thomson PA, Thorgeirsson TE, Tian C, Traylor M, Treutlein J,
Trubetskoy V, Uitterlinden Aé G, Umbricht D, Van Der Auwera S, Van Hemert AM,
Viktorin A, Visscher PM, Wang Y, Webb BT, Weinsheimer SM, Wellmann J, Willemsen G,
Witt SH, Wu Y, Xi HS, Yang J, Zhang F, Arolt V, Baune BT, Berger K, Boomsma DI,
Cichon S, Dannlowski U, De Geus ECJ, DePaulo JR, Domenici E, Domschke K, Esko T,
Grabe HJ, Hamilton SP, Hayward C, Heath AC, Hinds DA, Kendler KS, Kloiber S, Lewis G,
Li QS, Lucae S, Madden PFA, Magnusson PK, Martin NG, McIntosh AM, Metspalu A,
Mors O, Mortensen PB, Müller-Myhsok B, Nordentoft M, Nöthen MM, O’Donovan MC,
Paciga SA, Pedersen NL, Penninx BWJH, Perlis RH, Porteous DJ, Potash JB, Preisig M,
Rietschel M, Schaefer C, Schulze TG, Smoller JW, Stefansson K, Tiemeier H, Uher R,
Völzke H, Weissman MM, Werge T, Winslow AR, Lewis CM, Levinson DF, Breen G,
Børglum AD, Sullivan PF, The Major Depressive Disorder Working Group of the
Psychiatric Genomics Consortium. 2018. Genome-wide association analyses identify 44 risk
variants and refine the genetic architecture of major depression. Nature Genetics 50(5):668–681
DOI 10.1038/s41588-018-0090-3.

Yamagiwa S, Gray JD, Hashimoto S, Horwitz DA. 2001. A role for TGF beta in the generation
and expansion of CD4+CD25+ regulatory T cells from human peripheral blood. Journal of
Immunology 166(12):7282–7289 DOI 10.4049/jimmunol.166.12.7282.

Zahiu C, Mihai R. 2014. Neuropsychiatric side-effects of interferonalpha treatment:
pathophysiology and therapeutic options. MAEDICA - A Journal of Clinical Medicine
9(2):121–126.

Zhang Q, Lenardo MJ, Baltimore D. 2017. 30 years of NF-κB: a blossoming of relevance to human
pathobiology. Cell 168(1–2):37–57 DOI 10.1016/j.cell.2016.12.012.

Bialek et al. (2020), PeerJ, DOI 10.7717/peerj.8676 24/24

http://dx.doi.org/10.1016/j.cyto.2008.04.013
http://www.who.int/news-room/fact-sheets/detail/depression
http://dx.doi.org/10.1038/s41588-018-0090-3
http://dx.doi.org/10.4049/jimmunol.166.12.7282
http://dx.doi.org/10.1016/j.cell.2016.12.012
http://dx.doi.org/10.7717/peerj.8676
https://peerj.com/

	Novel association between TGFA, TGFB1, IRF1, PTGS2 and IKBKB single-nucleotide polymorphisms and occurrence, severity and treatment response of major depressive disorder ...
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


