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Abstract. Post-partum depression (PPD) occurs in approxi-
mately 20% of women usually early following child delivery.
PPD represents an important unmet medical need as it is
frequently underdiagnosed and, as the neurobiology of the
disease is limitedly known, no pathogenic-tailored approach
is available and only symptomatic medications are used. In
the present study, we carried out a DNA microarray analysis
to evaluate the fluctuation of cytokines, cytokine receptors
and chemokines during the preconception period, the 1st and
3th trimester of pregnancy and the early post-partum period.
The data demonstrated that, as compared to always-depressed
patients and euthymic controls, women who developed PPD
exhibited significant fluctuations in the levels of different
cytokines and cytokine receptors, primarily related to tumor
necrosis factor (TNF) and interleukin (IL)18. These data
emphasize the role of the immune system in PPD. However,
additional studies aimed at evaluating if and how these func-
tional modifications of the immune system during pregnancy
are related to the development of PPD warranted to confirm
our findings.

Introduction

Post-partum depression (PPD) occurs in approximately 20%
of women usually early following child delivery. Various
risk factors for PPD have been identified, including obstetric
complications, such as preeclampsia, and psychosocial factors,
such as stressors during pregnancy, a low socioeconomic
status, and a poor support status. PPD is predicted by a lifetime
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history of major depression, PPD, bipolar disorder, premen-
strual syndrome (PMS) and prenatal depressive symptoms at
the end of term pregnancy (1).

PPD represents an important unmet medical need as it is
frequently underdiagnosed and, as the neurobiology of the
disease is limitedly known, no pathogenic-tailored approach
is currently available and only symptomatic medications are
used. Efforts are therefore warranted to understand the patho-
physiology and the molecular basis of PPD, that may allow for
the identification of successful treatment strategies.

Along this line of research, much attention has been paid to
the possibility that dysregulated immune-inflammatory events
may play a role in PPD. In particular, much interest has been
placed on the role of hormones of the immune system, named
cytokines, to the pathogenesis of PPD (2-4).

Based on preclinical and clinical studies, cytokines have
been divided in at least 5 subfamilies: The pro-inflammatory
Th1/Thl17 cytokines, the anti-inflammatory Th2/Th3 cytokine
and the Th9 cytokine, represented by IL9.

It has been shown that Th1l and Th17 cytokines primarily
exert pro-inflammatory effects. They are produced by M1
macrophages, Th1l and Th17 cells and are comprised, among
others, of IL1, TNF, IFN-vy, IL12, IL18, IL22 IL23, IL17.
These cytokines are thought to contribute to the initiation
of cell-mediated autoimmune diseases such as rheumatoid
arthritis, type 1 diabetes, rheumatoid arthritis, multiple scle-
rosis and Guillain-Barre syndrome (2,3,5).

On the other hand, anti-inflammatory cytokines (IL4,
IL10, IL13, IL35, TGF-p) are primarily produced by M2
macrophages and Th2 and Th3 cells, and they are known to
decrease inflammation and are implicated in IgE-mediated
allergic diseases and eosinophil-mediated pathologies (6-9).
Sometimes, such as in the case of systemic lupus erythema-
tosus, it seems that the combined action of Th1/Th2 cytokines
may be simultaneously involved in the pathogenesis of the
disease (10). The precise role of IL9 in regulation of the
immune responses is less defined and is receiving increased
attention (4).

It is of interest that the balance between Th1/Th2 and
Th3 has been considered to be involved in the regulation,
maintenance and progression of pregnancy in both preclinical
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and clinical studies, pointing to a strong association between
maternal Th2-type immunity and successful pregnancy on
the one hand, and between Thl-type immune reactivity and
pregnancy loss, on the other (11).

It has also been hypothesized that an upregulated
production of pro-inflammatory cytokines at preconception,
during pregnancy and in the perinatal period may not only
be detrimental for the outcome of the gestation but it may
also contribute to the development of PPD. However, several
conflicting reports have been generated in this regard. For
example, one study found a positive correlation between
depressive scores and circulating levels of interleukin (IL)6
and tumor necrosis factor (TNF)-a, at an average of 15 weeks
of gestation (12).

Another study demonstrated that the levels of IL6, IL10
and TNF-a were not significantly altered from third trimester
to 12 weeks post-partum, but revealed an association between
the late pregnancy levels of IL6 and IL10, and PPD symp-
toms (13).

In another study conducted on week 24th of gestation, the
IL6 and TNF-a concentrations were unrelated to prenatal
symptoms. However, a significant correlation was observed
between increased levels of the Thl-related cytokine, IL12,
the Th2-related cytokine, IL13, and the Th-9 related cytokine,
IL9, and prenatal depressive and overall anxiety symptom
scores. In addition, the interferon (IFN)-y/IL4 ratio and the
concentration of the Th2-related cytokine, IL5, also correlated
with depressive symptoms. Pregnancy-related anxiety score
correlated positively with IL12, IL13, and anti-inflammatory
IL10 concentrations (14).

Finally, another study conducted during the 3th trimester
of pregnancy in women with severe anxiety (SA) and severe
depression (SD) reported that the highest levels of Thl- (IL6,
TNF-a, IL2, IFN-y), Th17- (IL17A, IL22) and Th2-/Th9 (IL9,
IL10, and IL13) related cytokines (reviewed in ref. 15) were
observed in women who suffered from SD + SA. The women
in the SA group exhibited higher concentrations of the Thl-
(IL6, TNF-a, IL2, IFN-y) and Th2- (IL4 and IL10) related
cytokines compared with the controls. In addition, positive
correlations were found between the Hamilton Depression
Rating Scale (HDRS) scores and the Hamilton Anxiety Rating
Scale (HARS) scores, and the levels of 112, IL6, and TNF-a
in the SA group, and between HDRS and Thl- (IL2, IL6,
TNF-a), Th2- (IL9, IL10, IL13) and Th17- (IL17A) cytokines
in the SD + SA group. Following the implementation of the
correlation analysis by gestational weeks, the correlations that
remained significant were the following: HDRS and IL2, IL6,
IL9 and IL17A in the SD + SA group. The HARS scores corre-
lated with IL17A levels in the SA group, and with the IL17A,
IL17F and IL2 levels in the SD + SA group (16).

These multiple outlined discrepancies may explained
by several factors, including the different ethnicities of the
women examined and underdiagnosed minor comorbidities
that accompany the pregnancy, as well as the different gesta-
tional periods considered. Nonetheless, the data as a whole
seem to support the concept that a dysregulated function
of the immune system may occur during pregnancy, that is
mirrored by an unbiased increase in the levels of Thl-, Th2-
and Th9-related cytokines, and may be associated with and/or
predict PPD.
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Along this line of research, in the present study, we carried
out a DNA microarray study to evaluate the fluctuation of
cytokines, cytokine receptors and chemokines during the
preconception period, the Ist and 3th trimester of pregnancy
and the early post-partum period. The data demonstrated that,
as compared to the always-depressed patients and euthymic
controls, women who developed PPD exhibited significant
fluctuations in the levels of different cytokines and cytokine
receptors primarily related to TNF and related ligands and
receptors genes of the TNF superfamily and IL18.

These data are important as they emphasize the role of
the immune system in PPD. However, additional studies are
warranted to confirm our findings and to determine whether
these functional modifications of the immune system during
pregnancy may represent a therapeutic target for tailored
therapeutic approaches for the prevention and treatment of
PPD. It would also be important to establish whether abnormal
patterns of circulating levels of cytokines and chemokines
may offer a suitable biomarker for disease development and/or
therapeutic response.

Materials and methods

Microarray dataset selection and clinical data of samples.
For the evaluation of the expression levels of cytokines,
chemokines and relative receptors in patients suffering from
PPD, the publicly-available GSE45603 dataset was used. The
dataset included whole-genome expression data of peripheral
blood collected from women with no depressive symptoms
(euthymic group, n=27), patients with PPD (PPD group, n=17)
and patients who were continually depressed (always-depressed
patients, n=18). The present study is a third-party re-analysis
of the GSE45603 dataset, that has already been used previ-
ously (17).

As indicated in (17), the patients matched for ethnicity,
maternal age, diagnosis of DSM (namely, Diagnostic
and Statistical Manual of Mental Disorders)-IV Axis I
diseases (18), anxiety disorders, history of PPD, parity, preg-
nancy complications, thyroid-stimulating hormone levels,
gestational age at delivery and delivery method. The Beck
Depression Inventory (19), the 17-item Hamilton Rating Scale
for Depression (20), and the Edinburgh Postnatal Depression
Scale (EPDS) (21) and lifetime psychiatric diagnoses were
used for the evaluation of depressive symptoms, using the
Structured Clinical Interview for DSM-IV Axis I Disorders.
In addition, no significant differences were found among the
groups as regards the types or duration of prenatal exposure to
psychotropic medications (17).

Peripheral blood was obtained at preconception, in the first
and third trimester of pregnancy and at early post-partum, i.e.,
within the first 7 weeks after delivery (not all time points are
available for all the patients).

Statistical analysis. The Illumina HT-12 v. 4.0 platform was
used to generate whole-genome expression data. The raw
data were transformed and normalized using the variance
stabilizing normalization method and probes with detection
P-value of <0.01 in at least 10% of the samples were used for
analysis. Data are presented as the means + SD. A moderate
permutation-based two-tailed Welch t-test was applied to
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estimate differences between groups. A Bonferroni-adjusted
P-value <0.05 was considered to indicate a statistically
significant difference. Analyses were performed using
MultiExperiment Viewer Software 4.9.0.

Results

In this study, we aimed at evaluating the modulation of chemo-
kines/cytokines and relative receptors in the whole blood of
patients suffering from PPD, as compared to control patients,
i.e., euthymic pregnant women who did not develop PPD and
thereafter referred as euthymic women, and always-depressed
patients. For this purpose, we interrogated the GSE45603
microarray dataset. Overall, the expression levels of 94 genes
were investigated (Fig. 1).

Among the selected genes, a significant modulation of C-C
motif chemokine receptor 2 (CCR2), interleukin 11 receptor
subunit alpha (IL11RA), interleukin (IL)18 and tumor necrosis
factor (TNF) superfamily member 14 (TNFSF14) expression
was observed at preconception in women that will develop PPD
as compared to euthymic women (Figs. 2 and S1). The IL11RA,
IL18 and TNFSF14 expression levels were significantly
upregulated, while that of CCR2 was downregulated. Notably,
the CCR2 levels in the always-depressed patients seemed
to exhibit a comparable trend to the PPD patients (although
statistical significance was not reached), while the levels of
IL11RA, IL18 and TNFSF14 in the always-depressed patients
were similar to those of the euthymic patients (Figs. 2 and S1).

In the first trimester of pregnancy, the levels of 7 genes
were found to be significantly altered in the group of women
who will develop PPD, as compared to those without
PPD (Figs. 3 and S2). In particular, the levels of ILIORB, IL1B,
TNF, TNFRSF10B and TNFSF4, were upregulated, while a
moderate, yet significant decrease in IL17RD and TNFSF15
levels was observed (Figs. 3 and S2).

In the third trimester of pregnancy, a significant upregu-
lation in the levels of 6 genes was observed in the patients
with PPD, in comparison to the control euthymic women and
the always-depressed patients: CCLS5, ILISRAP, TNFRSF17,
TNFSFIB, TNF and TNFRSF10B (Figs. 4 and S3). The levels
of none of these genes differed significantly between the
euthymic women and always-depressed patients.

Among the genes encoding for cytokines, chemokines, and
relative receptors that could be evaluated in the GSE45603
dataset, none of them were significantly modulated in the early
post-partum period (within the first 7 weeks after delivery).

Discussion

The aim of this study was to evaluate transcriptomic differ-
ences in genes encoding for cytokines, chemokines and
receptors, in a period of time ranging from preconception to
the 3th trimester of pregnancy and early after the delivery
period and to correlate the changes in peripheral transcrip-
tomic profile to the development of PPD. The control group
consisted of pregnant women that had not developed PPD
(euthymic) or pregnant always-depressed patients. Overall, the
expression levels of 94 genes were investigated by analyzing
the publicly available GSE45603 microarray dataset. The use
of whole-genome expression data has been largely used by our
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Figure 1. Heatmap showing the mean expression levels of the 94 cytokines,
chemokines and corresponding receptors in the peripheral blood of euthymic
patients, patients with PPD and always-depressed patients at preconception,
Ist and 3rd trimester of pregnancy and in the early post-partum period, as
evaluated in the GSE45603 dataset. PPD, post-partum depression.

group and other groups (22), to find pathogenic pathways and
novel therapeutic targets for several disorders, including auto-
immune diseases (23-28), cancer (29-32), degenerative (33)
and infectious diseases (34).

The analysis of the data demonstrated that multiple modifi-
cations of the immune system, occurring at preconception and
throughout the pregnancy period may be associated with the
development of PPD.

It is of interest, from the pathogenic and possibly also the
therapeutic point of view, to highlight that a modulation of the
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Figure 2. Scatterplots showing the expression levels of genes with significant differences in expression at preconception between the euthymic and patients
with PPD, as evaluated in the GSE45603 dataset. PPD, post-partum depression.
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Figure 3. Scatterplots showing the expression levels of genes with significantly differences in expression at the 1st trimester of pregnancy between the euthymic
and patients with PPD, as evaluated in the GSE45603 dataset. PPD, post-partum depression.

peripheral immune transcriptomic profile was observed in

this time-point, with the exception of CCR2 expression, which
women already at the preconception period. In particular, at

was significantly downregulated, the levels of IL11RA, IL18
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Figure 4. Scatterplots showing the expression levels of genes with significantly differences in expression at the 3rd trimester of pregnancy between the
euthymic and patients with PPD, as evaluated in the GSE45603 dataset. PPD, post-partum depression.

and TNFSF14 were significantly upregulated as compared
to the euthymic controls. Notably, the CCR2 levels in the
always-depressed patients exhibited a comparable trend to
those of the PPD patients (although the statistical significance
was not reached), while the levels of ILI1RA, IL18 and
TNFSF14 in the always-depressed pregnant patients were
similar to those of euthymic pregnant women.

During the first trimester of pregnancy, the levels of
IL10RB, IL1B, TNF, TNFRSF10B and TNFSF4 were upregu-
lated in women with PPD, as compared to euthymic pregnant
women and always-depressed pregnant patients, along with a
moderate, yet significant decrease in the levels of IL17RD and
TNFSF15.

In the third trimester of pregnancy, the levels of CCLS5,
IL1ISRAP, TNFRSF17, TNFSF1B, TNF and TNFRSF10B were
found to be significantly upregulated in women with PPD as
compared to euthymic pregnant women and always-depressed
patients.

Taken together, these observations are consistent with
the hypothesis that an altered immunological profile, occur-
ring already at preconception may predispose to deregulated
immune responses during pregnancy that, in turn, may ulti-
mately contribute to the development of PPD. The exact mode
of action through which the pregnancy may further deregulate
the functionality of the immune system during pregnancy
remains to be determined. However, it is likely that hormonal
modifications may eventually amplify preexisting abnormali-
ties. This seems to be consistent with the observation that the

transcriptomic abnormalities reverted in the early post-partum
phase.

It also remains to be established whether and at what extent
the immune abnormalities observed may contribute to the
development of PPD. It has been postulated that a predomi-
nance of pro-inflammatory Th1/Thl7, over anti-inflammatory
Th2/Th3 cytokines, may contribute to the pathogenesis of
major depressive disorders (MDD). A certain degree of vari-
ability in the fluctuation of mRNA transcripts among the
different genes considered makes it difficult to firmly apply
the cytokine hypothesis of MDD also to PPD. Nonetheless,
it is interesting that, as regards the cytokines and cytokine
receptors studied, an upregulation in the levels of Th1/Th17
cytokines over the Th2/Th3 counterparts seems to occur
during the frame-time considered from preconception to
the third trimester of pregnancy. In particular, the mRNA
transcripts of the prototypical type 1 cytokine, IL18, were
increased at preconception in women that will develop PPD.
In these women, during the first trimester of pregnancy, this
increase was followed by an increase in the mRNA tran-
scripts of the pro-inflammatory cytokines, IL1B and TNF,
along with a reduction in the levels of the receptors, ILIORB
and IL17RD. The net consequence of these changes would
result in upregulated Thl and Th17 events as compared to
Th2/Th3-mediated anti-inflammatory events that are further
dampened by the reduction in the levels of the IL10 receptor
RB. In the third trimester of pregnancy, a similar scenario
of pro- vs. anti-inflammatory cytokine-mediated events was
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observed, as there was a significant increase in the mRNA
transcripts of TNF and ILIS8RAP. In particular, ILISRAP
is needed for the assembly of IL18 to the IL18 receptor and
activation of the subsequent signaling cascade (35-37) and
its upregulated expression may indicate augmented signaling
through the IL18/IL18 receptor system. As stated before, it
is of interest that increased mRNA transcripts for IL18 were
observed in women already at preconception, thus indicating
that an upregulated profile of the IL18/IL18 receptor system
occurs in women that will develop PPD.

The detailed mechanism through which, from the mecha-
nistic and biomolecular point of view, upregulated Th1/Th17
events may induce PPD, remain to be determined. It has been
proposed that pro-inflammatory cytokines, such as IL18,
TNF-a and IFN-y may play multiple roles in the pathogenesis
of MDD by activating monoamine reuptake, stimulating the
hypothalamic-pituitary-adrenocortical (HPA) axis, upregu-
lating oxidative events and decreasing the production of
serotonin due to the increased activity of indolamine-2,3-di-
oxygenase (IDO) (38,39).

A recent support of the possible role of pro-inflammatory
cytokines to the pathogenesis of PPD via augmented tryp-
tophan (TRP) synthesis comes from a recent study from
Teshigawara et al who evaluated alterations in tryptophan
metabolism during the pregnancy and post-partum periods. By
using the EPDS, participants were divided into a non-depres-
sive (ND) group, a post-partum depressive (PD) group, a
temporary gestational depressive (TG) group, and a contin-
uous depressive (CD) group. Blood samples were collected
before and 1 month following delivery. The authors observed
significant differences in the plasma levels of TRP metabolites
during the pregnancy and post-partum periods between the
women in the ND group and PD group, but not between those
in the TG or CD group. In the PD group, the plasma levels of
kynurenine (KYN) and kynurenic acid (KA), and KYN/TRP
and KA/KYN ratio during the pregnancy period were higher
and the levels of 3-hydroxyanthranilic acid B3HAA) during the
post-partum period was lower than those in the women in the
ND group (40).

However, critical appraisal of these hypotheses is required,
as cytokine elevation is not specific to depression. As stated
above, PPD seems to represent a multifactorial syndrome
and it is likely that the abnormal immune parameters may
represent a cofactor able to increase the likelihood of its
development.

That these immune abnormalities may not be the key
mediator of PPD is also consistent with the observation that
the symptoms of depression do not occur already during preg-
nancy, when many immune abnormalities occur. It is likely
that the combined action of hormonal modifications observed
during pregnancy and immune abnormalities may dictate the
timeline of PPD occurrence. On the basis of these data, we
favor the possibility that immune abnormalities, that polarize
immune responses toward a Th1/Th17 mediated cytokine
profile, may predispose pregnant women to developing PPD
in the future.

It is worth noting that our transcriptomic analysis failed
to demonstrate major abnormalities of genes for the several
cytokines studied in the always-depressed patients. This is at a
variance with several studies, including a recent meta-analysis
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that indicated multiple abnormalities of circulating cytokines
in patients with MDD, such as increased levels of IL6, TNF-a,
IL10, the soluble IL2 receptor, CCL2,IL13,1L18,1L12, the IL1
receptor antagonist, and the soluble TNF receptor 2 and lower
levels of interferon-vy (41).

The reason for these discrepancies remains to be deter-
mined. However, it should be noted that the cytokines reported
to be augmented in the meta-analysis were measured in the
periphery blood and thus, in most cases, they also reflect
production from non-immune cells, such as endothelial
cells; thus, their circulating values do not necessarily reflect
the specific production from mononuclear cells, as we have
analyzed in this DNA microarray study. In addition, different
ethnicities of patients with PPD and different medications and
comorbidity may contribute to the varying results obtained.

Another point of view that emerges from the analysis of
this study is the abnormal expression of TNFSF14, that was
increased at preconception in the women with PPD. In addi-
tion, the levels of TNFRSF10B, TNFSF15 and TNFSF4 were
found to be altered at the 1st trimester, and those of TNFRSF17,
TNFSF1B and TNFRSF10B were also found to be altered at
the 3rd trimester.

These genes belong to ligands and receptors of the TNF
superfamily and are primarily, but not exclusively, involved
in the control of apoptosis. These ligands and receptors are
expressed on different cell types and are also implicated in
several biological processes, including osteoclastogenesis and
the regulation of immune-inflammatory responses (42).

To the best of our knowledge, this is the first study to
observe a significant fluctuation in the mRNA transcripts of
these molecules from preconception to pregnancy, in women
developing PPD, and to suggest their putative role in the patho-
genesis of the disease. However, further studies are required to
confirm our findings and hypotheses.

In addition, in this case, profound differences in tran-
scriptomic profiles with the always-depressed patients were
observed. This underlines and enforces previously described
immunopathogenic differences between PPD and MDD also
outlined by the different therapeutic approaches thus far
utilized and that are being studied (43,44).

It is difficult to predict the eventual translational relevance
of our present findings to the clinical setting. However, the
present finding of upregulated Th1/Th17 balance in PPD may
have both diagnostic and therapeutic relevance if it may allow
early diagnosis of women at risk for PPD and early therapeutic
or even prophylactic intervention.

To the best of our knowledge, this is the first study to
demonstrate transcriptomic modifications of these genes in
women that will develop PPD. However, the precise role of
these genes in the contribution of the disease remains to be
determined.
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