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ABSTRACT
Preterm birth (PTB) is an immune-inflammatory disease that needs to be resolved. This study 
aimed to identify the role of interleukin-27 (IL-27), an immunomodulatory factor, in PTB and its 
associated mechanisms. Here, we analyzed the high-throughput of samples data from the 
maternal-fetal interface to the peripheral circulation obtained from public databases and reported 
that the elevated IL-27 was involved with the onset of PTB. Further bioinformatics analyses (e.g. 
GeneMANIA and GSEA) revealed that IL-27 overexpression in the peripheral circulation as well as 
maternal-fetal interface is related to the activation of the immune-inflammatory process repre
sented by IFN-γ signaling, etc. In addition, IL-27 and immune infiltration correlation analysis 
demonstrated that IL-27 mediates this immune-inflammatory imbalance, plausibly mainly through 
monocyte-macrophage and neutrophils. This finding was further validated by analyzing additional 
datasets. Overall, this is the first study to elaborate on the role of IL-27-mediated immuno- 
inflammation in PTB from the perspective of bioinformatics, which may provide a novel strategy 
for the prevention and treatment of PTB.

ARTICLE HISTORY
Received 23 April 2021 
Revised 11 June 2021 
Accepted 12 June 2021 

KEYWORDS
Preterm birth; interleukin- 
27; inflammation; immune; 
mechanism

CONTACT Nanlin Yin yinnanlin@cqmu.edu.cn The First Affiliated Hospital of Chongqing Medical University, 1 Youyi Rd, Yuzhong District, Chongqing 
400016, China; Hongbo Qi qihongbocy@gmail.com The First Affiliated Hospital of Chongqing Medical University, 1 Youyi Rd, Yuzhong District, 
Chongqing 400016, China.

Supplemental data for this article can be accessed here.

BIOENGINEERED
2021, VOL. 12, NO. 1, 3201–3218
https://doi.org/10.1080/21655979.2021.1945894

© 2021 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (http://creativecommons.org/licenses/by-nc/4.0/), which 
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

http://orcid.org/0000-0002-4806-7330
https://doi.org/10.1080/21655979.2021.1945894
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/21655979.2021.1945894&domain=pdf&date_stamp=2021-07-02


Introduction

Preterm birth (PTB), one of the most common 
complications of pregnancy, is characterized by 
birth before 37 weeks of gestation [1]. At present, 
the average PTB rate worldwide is about 10.6%, 
which accounts for around 15 million premature 
babies every year [2,3]. Worse yet, PTB is not only 
the major cause of neonatal mortality (>27%), but 
also the reason for the morbidity increase (cerebral 
palsy, growth retardation, etc.) of surviving new
borns, adversely affecting their long-term quality 
of life [4–6]. Thus, presently, PTB is a focal con
cern in obstetrics and a severe socioeconomic pro
blem for every country [7]. Despite significant 
medical advances in the last decades, the diagnosis 
and treatment of preterm labor remain 
a challenging task, mainly due to the lack of 
knowledge on PTB pathogenesis [8]. PTB has 
long been recognized as a multifactorial syndrome, 
and recently, increasing studies have shown that 
the immune-inflammatory imbalance is a hallmark 
pathogenetic feature of PTB [9,10]. This theory 
holds that the mother’s immune tolerance toward 
the fetus starts diminishing before term, which 
leads to profound proliferation of the mother’s 
immune cells and activation of the complement 
cascade, inducing the release of an array of pro- 
inflammatory factors. Thus, an excessive inflam
matory response is generated within the overall 
maternal-fetal system, leading to uterine contrac
tions, fetal membrane disruption, and other signs 
of labor, culminating in PTB. However, the key 
regulatory factors and details of these systemic 
biological processes in PTB remain obscure 
[11–13].

Interleukin-27 (IL-27), a novel member of the 
IL-12 family, was first discovered in 2002 [14]. It is 
a heterodimeric cytokine that comprises a unique 
IL-27p28 subunit (encoded by gene IL27) and 
Epstein-Barr virus-induced gene 3 (EBI3), the 
structural component shared with IL-35 [15]. IL- 
27 is primarily synthesized by antigen-presenting 
cells, and it is widely expressed in a myriad of cells, 
including placental trophoblast cells [16]. The bio
logical effects of IL-27 are mediated through its 
receptor (IL-27 R), which is expressed by multiple 
hematopoietic and immune cells. IL-27 R entails 

gp130 (utilized by IL-6 and so on) and a specific 
subunit IL-27Rα (also known as WSX-1) [17]. 
Although multiple studies have reported IL-27 as 
an essential regulator of immune response and 
inflammation, its precise role in the immune 
response is still disputable [18,19]. 
Conventionally, IL-27 has been envisaged as 
a potent promoter of inflammation. When first 
discovered, it was characterized as a promoting 
factor in the rapid initiation of inflammatory 
responses, processing the ability to stimulate the 
rapid expansion of naïve CD4+T and then the 
production of IFN-γ, which has been demon
strated by various subsequent studies [14,19]. J.H. 
Cox et al. demonstrated that IL-27 signaling plays 
a vital role in the development of colitis in mouse 
models, which promotes the differentiation of the 
CD4+T into Th1 and IFN-γ production, while 
inhibits the conversion of naïve T cells into 
Foxp3+ regulatory T cells (Tregs), thus contribut
ing the inflammatory environment of the intestinal 
tract [20]. Besides, IL-27 also enhances inflamma
tion by activating innate immune cells such as 
monocytes and dendritic cells. In human periph
eral blood monocyte, IL-27 induces secretion of 
pro-inflammatory cytokines, such as IL-6, IP-10, 
MIP-1, MIP-1, and TNF-α, through STAT1/3 and 
NF-κB signaling pathways [21,22]. Although the 
contribution of IL-27 in initiating and maintaining 
inflammation is well evidenced, some studies still 
suggested that it is an immune-inflammatory 
antagonist. In disorders such as Sjögren 
Syndrome, psoriasis, and cancers, IL-27 stimulates 
IL-10 production of CD4+ T cells, promotes spe
cific T regulatory cell responses, and downregu
lates the function of Th1 and other immune cells 
that secrete inflammatory factors [23–27]. Thus, 
we are wondering what role will IL-27 play in 
PTB as a pleiotropic cytokine.

In recent years, high-throughput sequencing 
technology has generated a massive amount of 
molecular information about various diseases. 
Based on this, bioinformatics analysis brings us 
the possibility to unravel the role of various RNA 
molecules and the underlying mechanism in dis
eases (e.g. cancer, diabesity) at a holistic level [28– 
30]. For instance, from the perspective of mRNA, 
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single-cell sequencing analysis demonstrated that 
the increased level of specific immune cell type 
signatures in the placenta is linked with preterm 
labor [31]. In addition, 153 miRNAs in maternal 
peripheral blood were found to be dynamically 
associated with the gestational week of PTB preg
nancies, and bioinformatic analysis further sug
gested that they were enriched in pathways 
regulating the immune process [32]. Recently, 
transcriptomic analysis has shown that circRNAs 
act as novel biomarkers of PTB and regulate the 
immune-inflammatory imbalance in PTB [33]. 
Thus, high-throughput data-based bioinformatics 
strategies are efficient and comprehensive research 
methods that have effectuated new perspectives 
and remarkable breakthroughs in resolving disease 
perplexities [34–36].

IL-27 has a significant regulatory effect on 
immuno-inflammation, whose imbalance is the 
important link in PTB development. Therefore, 
we speculate that IL-27 might play a crucial role 
in the PTB pathology. Our previous study showed 
that IL-27 is elevated in the serum of preterm 
pregnant women [37]. This study aims to investi
gate the role and mechanism of IL-27 in the PTB 
from the maternal circulation to the maternal-fetal 
interface using bioinformatics strategies. The out
comes of this analysis suggested the increased 
levels of IL-27 expression in PTB and its associa
tion with the activation of immune-inflammatory 
pathways and the altered immune cell abundance. 
This might provide new ideas and theoretical gui
dance for the diagnosis and treatment of PTB.

Methods and materials

Data collection and processing

High-throughput data of maternal and fetal tissues 
were obtained from the NCBI Sequence Read 
Archive (SRA) (http://www.ncbi.nlm.nih.gov/sra) 
and the Gene Expression Omnibus (GEO) 
(http://www.ncbi.nlm.nih.gov/geo/) databases. 
The selection criteria were as follow: (a) mRNA 
dataset of pregnant women with singleton gesta
tion; (b) pregnant women with significant compli
cations (e.g., preeclampsia) or comorbidities were 
excluded. (c) The preterm group with the signs 
and symptoms of spontaneous preterm labor 

(such as regular uterine contractions) before 
37 weeks of gestation. (d) The gestational age of 
the term group greater than 37 weeks. Thus, the 
high-throughput data from a total of 152 samples 
of maternal peripheral blood (GSE96083), chorion 
(GSE73685 and SRP139931), placenta (GSE73685, 
GSE118442, and GSE73712), decidua (GSE73685 
and GSE73712), and myometrium (GSE73685, 
GSE9159, and ERP116770) were selected for this 
study (Table 1).

RNA-Seq data were aligned against the human 
reference genome (h19) using the HISAT2 soft
ware [38]. The mapped reads were assembled 
using StringTie and normalized using DESeq2. 
All the software was set to default parameters 
[39,40].

In addition, Microarray data were normalized 
and analyzed by the R package ‘limma’ [41].

Interaction network analysis

Protein-protein interaction (PPI) network was 
deciphered using GeneMANIA tool in Cytoscape 
(version 3.6.1) software with the default settings 
(max resultant genes: 20; max resultant attributes: 
10) [42]. Based on its homo database, 
GeneMANIA can generate a global view of the 
validated interactions between the selected genes, 
including co-expression, co-localization, genetic, 
shared protein domains, pathway, and physical 
interactions of the genes.

Functional enrichment analysis

The GO (Gene Ontology) and the KEGG (Kyoto 
Encyclopedia of Gene and Genomes) pathway 
enrichment analyses were conducted using the 
R package ‘Clusterprofiler’ [43]. GO terms or 
KEGG pathways with P-value < 0.05 were 
assembled and clustered according to their mem
bership similarities. Then, the results were visua
lized by Cytoscape software and the ‘ggplot2’ 
package of R software [44,45].

Gene set enrichment analysis (GSEA)

For GSEA, the GSEA (version 4.0.3) software with 
the Hallmark and C7 gene sets obtained from the 
MSigDB database (http://software.broadinstitute. 
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org/gsea/msigdb/) were employed [46]. All the 
samples were categorized into two groups based 
on the IL-27 expression levels, and genes were pre- 
ranked from the highest to the lowest using log2 
fold-change values. Gene-set permutation was 
applied 1000 times, and P < 0.05 was set as the 
filtering threshold. The normalized enrichment 
score (NES) was considered as the major statistic 
index for to evaluate the enrichment results.

Immune infiltration analysis

ImmuCellAI tool, a gene set signature-based 
method that can accurately assess the abundance 
of 24 immune cells, was employed to determine 
the relative abundances of immune cells [47]. This 
tool is suitable for analyzing both RNA-Seq and 
microarray expression data from blood or tissue 
samples. Our analyses were completed using the 
default settings. Subsequently, the correlations 
between IL-27 expression and immune cell abun
dances were calculated using Pearson’s test and 
visualized using R software.

Statistical analysis

Statistical analysis was performed using the SPSS 
software (version 25.0, Chicago, IL, USA). The 
mean and standard deviation (mean ± SD) of 

mRNA expression data were calculated. The 
Student’s t-test was used to analyze the differ
ences between groups. P < 0.05 was set as sta
tistical significance. The significance of 
coefficients and line regression models was ana
lyzed using Student’s t-test and F-test, respec
tively. Significant correlation of genes with IL- 
27 expression was determined through Pearson 
correlation analysis. GraphPad Prism (version 
8.0, San Diego, CA) and R (version 3.6.2) soft
ware were used for the visualization of the 
results.

Results

IL-27 is a potent regulator of immune inflam
mation. This study, for the first time, employed 
bioinformatic analysis to discern the role and 
potential mechanism of IL-27 in PTB. Firstly, 
using a series of high-throughput data obtained 
from GEO and SRA databases, we identified the 
expression landscape of IL-27/IL-27 R and its 
related gene networks in pregnant women. 
Subsequent enrichment analysis revealed that 
IL-27 is involved in PTB by promoting immune- 
inflammatory activities. Finally, we explored and 
validated the relative percentages of 24 immune 
cell subgroups and their correlations with IL-27 
expression in preterm and term pregnancy.

Table 1. Detail information of datasets included in this study.

Sample type Database Accession Contributor(s)
Preterm 
Group

Term 
Group Data Type Complications

Peripheral 
Blood

GEO GSE96083 Lye S et al, 2017 15 23 RNA-seq 
counts

no

Chorion GEO GSE73685 Baldwin DA, 2015 8 7 Microarray 
data

no

SRA SRP139931 Universidad de la Republica, 
2018

4 4 RNA-seq 
rawdata

no

Placenta GEO GSE73685 Baldwin DA, 2015 5 5 Microarray 
data

no

GEO GSE118442 Brockway HM et al, 2018 8 9 RNA-seq 
counts

no

GEO GSE73712 Ackerman WE et al, 2015 5 5 RNA-seq 
counts

no

Decidual GEO GSE73685 Baldwin DA, 2015 6 7 Microarray 
data

no

GEO GSE73712 Ackerman WE et al, 2015 5 5 RNA-seq 
counts

no

Myometrium GEO GSE73685 Baldwin DA, 2015 6 7 Microarray 
data

no

SRA ERP116770 University of Liverpool, 2020 6 6 RNA-seq 
rawdata

no

GEO GSE9159 Mason CW et al, 2007 3 3 Microarray 
data

preterm group with 
chorioamnionitis
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The mRNA expression levels of IL-27 and its 
receptor

We downloaded one peripheral blood dataset, two 
chorion datasets, three placental datasets, two decid
ual datasets, and three myometrial datasets from the 
SRA and GEO databases, covering the major sample 
types for maternal-fetal studies, to detect the mRNA 
expression levels of IL-27 (IL-27p28 and EBI3) and 
its receptor (IL-27Rα and gp130) (Table 1). As 
shown in Figure 1, IL-27/IL-27 R mRNA expression 
was expressed in all samples. Most notably, we 
observed that IL-27p28 expression was significantly 
elevated, but EBI3 expression remained unaltered in 
preterm peripheral blood and chorion samples. 
However, gp130 expression decreased, but IL-27Rα 
expression was not altered significantly in preterm 

peripheral blood samples. Besides, expression levels 
of neither of them differed between preterm and 
term chorions (Figure 1(a,b)). There appears to be 
a differential expression of IL-27 R in placenta tis
sues, however, it was not stable (Figure 1(c)). 
Additionally, no significant correlations were iden
tified between IL27/IL27R and PTB in myometrial 
and decidual samples (Figure 1(d,e)).

IL-27p28-correlated genes involved in PTB

The genes correlated to IL-27p28 were selected by 
estimating the correlation coefficient between the 
expression of all genes and IL-27p28 (Pearson’s 
r > 0.7 and P-value < 0.05). In peripheral blood, 
a total of 56 and 4 genes were identified to be 
positively and negatively correlated to IL-27p28, 

Figure 1. The mRNA expression levels of IL-27 (IL-27p28 and EBI3) and IL-27 receptor (IL-27Rα and gp130) in term and preterm 
pregnancies samples. (a) maternal peripheral blood, (b) chorion tissues, (c) placenta tissues, (d) myometrium tissues, and (e) decidua 
tissues.
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respectively. In chorion, 309 and 272 genes were 
identified to be positively and negatively correlated 
to IL-27p28, respectively (Figure 2(a)). The hier
archical clustering results showed a clear distinc
tion in gene expression levels between preterm and 
term groups, indicating their vital role in PTB 
development (Figure 2(b)). PPI network of these 
genes was constructed to reveal the potential 

interactions between them. In the peripheral 
blood and chorion samples, 79.4% and 59.4% of 
IL-27p28-related genes were co-expressed, 14.66% 
and 24.35% genes showed physical interactions, 
2.94% and 7.18% showed co-localization, 2.59% 
and 2.9% showed genetic interactions, and 0.55% 
and 0% shared protein domains, respectively 
(Figure 2(c)) (The network of genes in the chorion 

Figure 2. The characteristics of IL-27p28-correlated genes. (a) Pearson’s correlation coefficients of IL-27p28-correlated genes in 
maternal peripheral blood and chorion tissues. (b) Heatmap of expressions of IL-27p28-correlated genes in preterm and term 
pregnancies. (c) PPI network of IL-27p28-correlated genes in maternal peripheral blood. (d) Venn analysis of IL-27p28-correlated 
genes in maternal peripheral blood and chorion tissues.
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is not shown). As per the outcomes, IL10RB, 
SLC22A4, RIPK3, and TIFA were found to be 
associated with IL-27p28 in both peripheral 
blood and chorion (Figure 2(d) and 
Supplementary Figure 1).

Functional annotations of IL-27p28-correlated 
genes

To elucidate the underlying mechanisms for IL- 
27p28 contribution in PTB progression, the above- 
mentioned correlated genes were subjected to GO 
and KEGG pathway analyses. The results revealed 
that these genes were involved in the IFN-γ- 
mediated signaling pathway, regulation of hor
mone biosynthetic process, and regulation of 
T-helper 1 cell differentiation, and so on in per
ipheral blood (Figure 3(a,b)). In the chorion, the 
related genes were enriched in leukocyte 

degranulation, TNF signaling pathway, and regu
lation of TGF-β receptor signaling pathway, and so 
on (Figure 3(c,d)). These findings indicate that IL- 
27p28 might play a crucial role in PTB by regulat
ing immune-inflammatory processes through its 
associated gene networks.

IL-27p28 promote the immune-inflammatory 
processes in PTB

To gain a better understanding of the biological 
pathways involved in the PTB pathogenesis as 
a result of IL-27p28 overexpression, GSEA ana
lyses were performed. In peripheral blood, 
enrichment plots of GSEA showed an apparent 
overlap between IFN-α/γ response-dependent 
and IL-27p28-upregulated gene sets, suggesting 
that IL-27p28 may activate IFN-α and IFN-γ 
signaling (Figure 4(a)). Interestingly, the top 

Figure 3. Visualizations of GO and KEGG analysis. (a, c) The network of enriched GO and KEGG terms colored by the cluster. The most 
significant enriched terms in (b) maternal peripheral blood and (d) chorion tissues.
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six gene sets that were positively enriched in 
IL-27p28 overexpressing chorion samples were 
TNFA signaling via NF-κB, IFN-γ response, 
inflammatory response, complement, IL-6-JAK- 
STAT3, and allograft rejection (Figure 4(c)). 
These findings indicate activation of inflamma
tion as the potential function of IL-27p28 in 
PTB. Besides, we also observed significant 
changes in relative levels of multiple immune 
cells as a result of IL-27 overexpression (Figure 
4(b,d)).

Correlation analysis between IL-27p28 and 
immune cells in PTB

Based on the potential function of IL-27p28 as 
a PTB pathological factor, mediated via 
increased immuno-inflammation, we deter
mined the immune cell profiles in preterm 

and term groups and analyzed their associa
tions with IL-27p28 levels (Supplementary 
Figure 2). In peripheral blood, the relative 
abundances of a total of eight immune cells 
were significantly altered in the preterm 
group. In particular, CD4+T, CD4+naïve T, 
CD8+T, central memory T (Tcm), and Th17 
cells were decreased, and dendritic cells (DC), 
monocyte, and Exhausted T cells (Tex) 
increased (Figure 5(a)). Linear regression ana
lysis indicated a negative correlation between 
IL-27p28 and CD4+T, CD8+T, and Tcm, and 
a positive correlation between monocyte and 
IL-27p28 (Figure 5(b)). In the chorion, 
CD4+T, macrophage, and neutrophil abundance 
increased, and that of CD8+T, DC, and Th2 
decreased in the preterm group (Figure 5(c)). 
Out of these immune cells, CD8+T was linearly 
and negatively correlated with IL-27p28 

Figure 4. Gene Set Enrichment Analysis. The hallmark pathways associated with IL-27p28 overexpression in (a) maternal peripheral 
blood and (c) chorion tissues. The immune changes associated with IL-27p28 overexpression in (b) maternal peripheral blood and (d) 
chorion tissues.

3208 Y. RAN ET AL.



expression, while macrophages and neutrophils 
were linearly and positively correlated with IL- 
27p28 expression (Figure 5(d)). Pearson corre
lation analysis validated the significant correla
tion between IL-27p28 and the above- 

mentioned immune cells in peripheral blood 
and chorion, respectively (Figure 5(e,f)). Thus, 
the role of IL-27p28 in the PTB pathogenesis 
may be inextricably linked to the alterations in 
these immune cells.

Figure 5. Correlation between IL-27p28 expression and immune sub-cells in PTB. The different immune cells in (a) maternal 
peripheral blood and (c) chorion tissues. The linear regression analysis for the immune cells and IL-27p28 in (b) maternal peripheral 
blood and (d) chorion tissues. (e, f) Pearson’s correlation coefficients between the immune cells and IL-27p28. (Th: T helper; Tfh: 
T follicular helper; Treg: regulatory T; Tgd: γδ T; Tem: effector memory T; Tcm: central memory T; Tc: cytotoxic T; Tex: exhausted T; 
Tr1: Type 1 regulatory T; MAIT: mucosal-associated invariant T; NK: Natural killer; NK T: Natural killer T. * indicates P < 0.05; ** 
indicates P < 0.01; *** indicates P < 0.001.).
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Figure 6. Validation of IL-27p28 expression level and its role in PTB. (a) The mRNA expression of IL-27 (IL-27p28 and EBI3), IL-27 
receptor (IL-27Rα and gp130) and associated genes in the peripheral blood of preterm and term pregnancies. (b) The correlations 
between IL-27p28 expression level and immune cells in PTB. (c) The linear regression analysis for the immune cells and IL-27p28. (d) 
The mRNA expression levels of IL-27 (IL-27p28 and EBI3), IL-27 receptor (IL-27Rα and gp130) and related genes in the peripheral 
blood monocyte of preterm and term pregnancies. (* indicates P < 0.05; ** indicates P < 0.01; *** indicates P < 0.001).
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Validation of the IL-27p28 expression and its 
potential role in PTB

To confirm the IL-27p28 expression level in the 
peripheral blood of PTB and its correlation with 
CD4+T, CD8+T, monocyte, and neutrophil cells, 
we performed validation studies based on addi
tional peripheral blood transcriptome data 
(SRP107901 and SRP144363, preterm group = 19, 
term group = 16). The results were in line with 
those observed above. The IL-27p28 overexpressed 
in the peripheral blood of the preterm group while 
the EBI3 expression level did not differ signifi
cantly between the two groups. In addition, 
expression levels of previously screened IL- 
27p28- related genes (IL10RB, SLC22A4, RIPK3, 
and TIFA) also increased, validating the activation 
of the IL-27p28 biological network in PTB 
(Figure 6(a)). Analysis of the immune cell expres
sion profile and its association with IL-27 expres
sion indicates a favorable correlation between IL- 
27 and immune cells, especially CD4+T, CD8+T, 
monocyte, and neutrophil cells (Figure 6(b)). As 
shown in Figure 6(c), IL-27p28 has a strong posi
tive linear relationship with neutrophils and 
monocytes, and a significant negative linear rela
tionship with CD4+ T and CD8+ T cells.

Furthermore, considering the close correlation 
between IL-27p28 and these immune cells, sequen
cing data from peripheral blood monocytes 
(GSE96077, preterm group = 10, term group = 29) 
were selected for in-depth exploration. 
Interestingly, in monocytes, IL-27p28 and EBI3 
expression levels did not differ between the two 
groups, but the receptor IL-27Rα expression was 
significantly increased in the preterm group. In 
addition, the levels of IL-27-related genes also 
increased in the preterm group (Figure 6(d)). 
These results may indicate that the increased IL- 
27p28 level in peripheral blood may activate the 
associated biomolecular network by acting on 
immune cells and thus regulate the immune 
response.

Discussion

Although PTB is recognized as an immune- 
inflammatory disease, its specific mechanism 
remains ambiguous. In this study, for the first 

time, we reported the expression landscape of IL- 
27/IL-27 R and their potential functions in PTB 
from the bioinformatic perspective. The outcomes 
of the analysis indicate that the IL-27p28 subunit 
is significantly correlated to PTB, and it might 
promote immuno-inflammation in the PTB. In 
addition, we also identified the altered immune 
cells and their underlying associations with IL- 
27p28 in PTB. These findings may unveil new 
prospects for studying the immune mechanism 
of PTB.

Previous studies have demonstrated that IL-27/ 
IL-27 R is expressed in various tissues (for 
instance, decidua and placenta) from early to late 
pregnancy in normal pregnant humans and mice 
[48,49]. These findings were in line with our study, 
as IL-27/IL-27 R expression was detected in per
ipheral blood, chorion, decidua, myometrium, and 
placenta of normal pregnancies (Figure 1). 
Depending upon the conditions, the IL-27/IL-27R 
exerts either pro-inflammatory or anti- 
inflammatory effects to maintain the immune 
homeostasis in pregnancy [50–52]. Thus, altered 
levels of IL-27/IL-27R are of great importance in 
the development of gestational complications. As 
reported in previous studies, decreased level of IL- 
27 in the decidua during early pregnancy attenu
ates its promoting effect on the secretion of anti- 
inflammatory IL-10 by CD4+Treg cells and its 
inhibiting effect on the production of pro- 
inflammatory IL-17 by CD4+Th17 cells, which is 
an essential mechanism of recurrent miscarriage 
[49]. Similarly, increased levels of IL-27 in periph
eral blood during late pregnancy might activate 
a systemic inflammatory state culminating in pre
eclampsia [53,54]. Our study revealed that 
increased levels of IL-27 in peripheral blood and 
chorion were strongly associated with PTB (Figure 
1(a,b)). Peripheral blood reflects systemic changes 
in the mother, while the chorion, a component of 
the fetal membrane that directly encases the fetus 
and amniotic fluid, has its outer surface attached 
to the uterine wall and is an important site for 
maternal-fetal signal transmission and immune 
response [55,56]. Thus, we believe that IL-27 is 
involved in the mechanism of PTB from the per
ipheral circulation to the maternal-fetal interface. 
Interestingly, we observed that IL-27p28, the spe
cific subunit of IL-27, was significantly associated 
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with PTB, rather than EBI3, a subunit shared with 
other members of the IL-12 family. This phenom
enon can be explained by the transcription of p28 
and EBI3 are activated by different signals thus 
independent of each other, and subsequently, 
these two subunits together are secreted after com
bined as the IL-27 heterodimer in the endoplasmic 
reticulum [17].

The potential function of a single gene can be 
revealed by analyzing the genes associated with its 
expression, an approach known as ‘guilt of associa
tion’ [57–59]. We constructed the networks of IL- 
27p28-related genes in the peripheral blood and at 
the chorion, respectively, to explore its possible 
effects in PTB (Figure 2). The functional network 
of peripheral blood and chorion had four overlap
ping genes (RIPK3, TIFA, SLC22A4, and IL-10RB) 
(Supplementary Figure 1). RIPK3, a crucial regula
tor of inflammation and cell death with serine/ 
threonine kinase activity, is expressed in a variety 
of human tissues and interacts with the TNF recep
tor family and toll-like receptors (TLRs) to control 
their downstream signalings, such as activation of 
the NF-κB pathway and inflammasome [60–63]. 
Moreover, the activation of these downstream sig
nals has been corroborated as a vital part of the 
PTB pathogenesis. Similarly, as an inflammatory 
signaling adaptor, TIFA also activates the NF-κB 
pathway and NLRP3 inflammasome, mediating the 
adaptive and innate immunity. Strikingly, TIFA 
induces the HMGB1 secretion from hepatocytes 
in vitro, while the increase of HMGB1 in the 
amniotic cavity is one of the predisposing factors 
for PTB [64–66]. In slight contrast to the former 
two, SLC22A4 encodes an organic cation transpor
ter and plasma integral membrane protein that 
transports drugs and L-carnitine to the placenta 
during the gestational period [67,68]. However, as 
per the previous studies, SLC22A4 gene poly
morphism is associated with an increased risk of 
inflammatory bowel disease and rheumatoid 
arthritis, and immune imbalance in these diseases 
is similar to that of PTB [69,70]. Nevertheless, we 
observed that IL-10RB is upregulated in PTB, sug
gesting a bidirectional regulatory effect of IL-27p28 
in PTB. IL-10RB, encoding the IL-10 receptor β 
subunit, which is necessary for IL10-induced signal 
transduction [71]. IL-10 has significant anti- 
inflammatory activity, reducing pro-inflammatory 

cytokines (such as IL-1, IL-6, IL-12, and TNF-α) 
and blocking antigen presentation. Previous 
reports stated that its abnormal expression plays 
a crucial role in the pathology of gestational com
plications, such as PTB, miscarriage, and pree
clampsia [72,73]. In a word, these above genes, 
which are strongly associated with IL-27p28 in 
peripheral blood and chorion, are engaged in the 
immune-inflammatory activity. They reflected the 
biological function of IL-27p28 in PTB to some 
extent, which was confirmed by the function 
enrichment and GSEA analysis in this study.

It is worth noting that the IL-27p28-related 
gene networks were involved in the immune- 
inflammatory imbalance of PTB in both the per
ipheral circulation and the chorion. However, their 
specific functions seem to be different. Our results 
showed that the top pathways associated with IL- 
27p28 are the ‘IFN-γ signaling pathway’ and ‘sal
monella infection’ in the peripheral circulation, 
while are ‘leukocyte activation’ and ‘leukocyte 
degranulation’ in the chorion (Figure 3). 
Peripheral circulation is a direct window to 
observe the pathophysiology of the perinatal dis
ease, which mediates a myriad of systemic biolo
gical activities [74–76]. It is widely known that 
with increasing gestational age, IFN-γ level also 
increases in the peripheral blood, and it peaks at 
labor [77]. Moreover, the abnormal elevation of 
IFN-γ in the circulation may result in miscarriage 
or PTB by stimulating uterine contraction or 
damaging blood vessels [78–80]. IFN-γ is 
a classic downstream molecule of IL-27 since IL- 
27 activates immune cells, such as NK cells and 
T cells, to secret IFN-γ, which causes pro- 
inflammatory effects in various diseases [19]. 
Therefore, we speculate that the IL-27-IFN-γ axis 
in the peripheral circulation may potentially pro
mote PTB. Indeed, the maternal-fetal interface 
serves as the primary site for interaction between 
fetal antigens and the maternal immune system, 
and it is also the original site of the signals that 
trigger the labor. In such a microenvironment, IL- 
27 seems to exhibit stronger immune- 
inflammatory activation than in peripheral circu
lation. The GSEA results indicated that in addition 
to the classic IFN-γ, TNF, and IL-6 inflammatory 
signals, complement and allograft rejection activ
ities are also related to the increase of IL-27 in PTB 
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(Figure 4). As we know, allograft rejection is a vital 
component of labor initiation. During pregnancy, 
the maternal immune system develops a tolerance 
to the fetus (as a semi-allograft) to maintain the 
progress of the pregnancy. As the labor time nears, 
antigen presentation increases and immune cells is 
activated in large numbers, resulting in excessive 
inflammation and rejection response [81,82]. 
Previous studies have demonstrated that IL-27 
promotes allograft rejection by activating the 
STAT pathway and up-regulating IFN-γ in the 
skin transplantation mouse model. Based on this, 
we speculated that increased levels of IL-27 at the 
maternal-fetal interface might induce PTB by pre
maturely activating the maternal rejection 
response to the fetus [83]. Moreover, as an impor
tant part of innate immunity, the complement 
cascade has recently been considered as 
a promising direction for PTB study since its acti
vation involved in labor, especially the deposition 
of complement components C1q and C5b-9 at the 
maternal-fetal interface. Meanwhile, IL-27 has also 
been reported to be participated in influencing the 
complement cascade pathway in the retina and 
macrophages [84–87]. Thus, unraveling the regu
latory function of IL-27 in the complement cas
cade activation in PTB could be highly valuable as 
far as its role in PTB is concerned. Overall, IL-27 
might have different immune-inflammatory regu
latory effects on the circulation and the local 
region, acting as a crucial modulator of the biolo
gical processes discussed above to induce PTB, 
respectively.

Premature activation of the maternal and fetal 
immune system and recruitment of circulating 
immune cells to the maternal-fetal interface to 
form an inflammatory cascade is a vital compo
nent of PTB [13,88]. Consistently, in this study 
also, we identified the significant changes in innate 
and adaptive immune cells in the circulation and 
at the maternal-fetal interface in PTB. More 
importantly, we observed that out of these 
immune cells, elevated monocyte-macrophage 
and neutrophils (innate leukocytes) were signifi
cantly and positively correlated with IL-27 levels, 
while the altered levels of CD4+T and CD8+T cells 
(adaptive leukocytes) showed an intriguing asso
ciation with IL-27 levels (Figures 5 and 6). The 
outcomes of this study in context to innate 

leukocytes and IL-27 are in line with the study 
by Peshkova et al. that suggested IL-27 signaling 
as the key regulator of the pathological stimuli- 
induced expansion of myeloid cells (such as 
monocyte-macrophages and neutrophils) in 
abdominal aortic aneurysm [89]. Circulating 
monocytes are recruited to the maternal-fetal 
interface and then differentiate into macrophages, 
which promotes cervical maturation and labor 
initiation by secretion of pro-inflammatory med
iators, such as IL-1, IL-6, TNF, and MMPs and 
NO [12,90]. During inflammatory responses, IL-27 
has been proven to enhance pro-inflammatory 
cytokine secretion and the NLRP3 activation 
inflammasome via upregulating TLR4 expression 
and signaling in monocytes [91,92]. Interestingly, 
monocyte-macrophages can be activated by patho
genic stimulation and produce IL-27, which in 
turn enhances the response of these cells to stimu
lation and increases secretion of inflammatory 
cytokines from these cells, forming an increasingly 
amplified inflammatory response [93]. Similarly, 
neutrophils are terminally differentiated innate 
leukocytes that can rapidly migrate from the cir
culation to target sites when acted upon by low 
levels of chemokines. In PTB, the neutrophils in 
the maternal circulation infiltrate the chorion- 
decidua, increasing the levels of pro- 
inflammatory cytokines (IL-1β, IL-6, IL-8, and 
TNF-α) to induce labor and causing damage of 
the fetal membrane through their major extracel
lular killing function – degranulation (a main bio
logical activity of the IL-27-related gene network 
involved in the chorion) [94]. Due to its pleiotro
pic nature, the effects of IL-27 on neutrophils 
remain controversial. However, previous studies 
have shown that IL-27 directly acts upon hemato
poietic stem cells, resulting in enhanced expansion 
of neutrophils and significant upregulation of the 
production of pro-inflammatory cytokines, such as 
IL-1β and TNF-α by neutrophils [95]. In addition 
to the innate leukocytes mentioned above, adap
tive leukocytes, specifically T cells, are also 
involved in labor initiation. The outcomes of this 
study demonstrated an attractive phenomenon 
that CD4+T cells decreased in peripheral blood 
while increased in the chorion. That is possibly 
due to its characteristics of migrating from periph
eral blood to the maternal-fetal interface resulting 
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in promoting a pro-inflammatory microenviron
ment before labor. Moreover, this recruitment 
appears to be significantly associated with the 
level of IL-27p28 (p = 0.002) (Figures 5 and 6). 
Coincidentally, E. Gwyer Findlay et al. have shown 
that IL-27 receptor signaling modulates 
CD4+T cell chemotactic responses during infec
tion [96]. Thus, IL-27 might have a similar regu
latory effect on CD4+T cells during pregnancy or 
PTB. Besides, we observed that the relative abun
dance of CD8+T cell was significantly lower in 
preterm than in term pregnancies; also, it was 
strongly and negatively correlated with IL-27 levels 
(Figures 5 and 6). CD8+T cells, commonly known 
as cytotoxic T lymphocytes (CTL), play a crucial 
role in the body’s immune defense by secreting 
cytokines (mainly TNF-α and IFN-γ) and releasing 
cytotoxic granules that kill the target cells. 
However, during pregnancy, CD8+ T cells appear 
to be in a specific tolerance phenotype, expressing 
extremely low levels of the cytolytic molecules of 
perforin and granular enzyme B, and high levels of 
co-repressing molecules, thus contributing to the 
maintenance of pregnancy [97–99]. Notably, 
reduced CD8+T cell levels were observed in mis
carriage (a condition similar to PTB), and depleted 
CD8+T cells could abolish the pregnancy protec
tive effect of progesterone treatment [100,101]. 
However, studies on its specific mechanisms are 
still scarce. So, it might be interesting to further 
explore whether IL-27 has a potential effect on 
these special CD8+T cells during pregnancy, 
thereby disrupting maternal-fetal immune toler
ance and leading to PTB. All the above evidence 
suggests the great potential of IL-27 in the 
immune activity of PTB.

Certainly, this study has limitations. Firstly, the IL- 
27/IL-27R expression profiles of different samples 
were derived from different data sets. Thus, these 
profiles might be slightly different from their actual 
status in various samples within the same body at the 
same time. Secondly, the specific relationships 
between IL-27 and the above-mentioned immune 
cells in PTB are still worth further exploring. 
Thirdly, we revealed the expression and effects of 
IL-27 in PTB from a macro level for the first time 
using the bioinformatics strategies, but these results 
need to be further investigated and validated by ana
lytical approaches. Thus, in future studies, we will 

deeply dissect the specific role of IL-27 in the complex 
biological system of PTB from multiple perspectives 
through systematic molecular experiments.

Conclusion

In summary, based on bioinformatics strategies, 
we identified that an increase in IL-27 in the 
peripheral circulation and at the maternal-fetal 
interface is associated with the onset of PTB. 
This phenomenon involves the activation of 
immune-inflammatory processes represented by 
IFN-γ signaling. Furthermore, we observed and 
validated that IL-27 mainly mediates monocyte- 
macrophages and neutrophils during these pro
cesses. These results deserve further exploration 
through molecular experiments. This study pro
vides a novel strategy for interpreting the immune- 
inflammatory mechanism of PTB.
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