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Background: Disturbances in immunological responses and modulation lead to implantation and 
pregnancy failure and might be involved in the pathogenesis of infertility. This project aimed to screen and 
identify immune-related genes as potential biomarkers for treatment.
Methods: Gene expression profiles were obtained from Gene Expression Omnibus (GEO) databases. 
Differentially expressed genes (DEGs) were screened using GEO 2R to explore potential biomarkers. 
Protein-protein interaction (PPI) network analysis and functional enrichment analysis were applied to 
explore possible mechanisms. The deconvolution algorithm [referred to as Cell-type Identification by 
Estimating Relative Subsets of RNA Transcripts (CIBERSORT)] was employed to assess tissue-infiltrating 
immune cells. Western blot analysis and immunohistochemistry (IHC) were conducted for determination of 
protein levels.
Results: In this research, we identified 24 candidate immune-related DEGs via combined DEGs and 
functional analysis. We also found that the ratio of M0 macrophages and resting mast cells was higher in 
infertile group (P<0.05), whereas the amounts of activated natural killer (NK) cells was significantly lower 
compared with the control group (P<0.05). Furthermore, we evaluated the relationship between immune 
cells and candidate genes and found that 17 genes were related to M0 macrophages, resting mast cells, or 
activated NK cells. The genes CD40, PRF1, and EDN3 were chosen based on validation from independent 
datasets. Finally, our clinical samples confirmed the expression of the 3 genes. 
Conclusions: The study recognized 3 genes that are signatures and could be potential biomarkers for 
unexplained infertility. These genes might guide the immunotherapy of these patients and become new 
treatment targets.
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Introduction

Infertility is a subject of worldwide concern, affecting 
10–15% of couples of childbearing age (1). Infertility 
is defined as the inability to conceive after at least  
12 months of unprotected sex (2). The etiology of infertility 
can be broken down into 4 main groups including male 
factors, female factors, combined male and female factors, 
or unexplained causes (3). Infertility patients with the 
absence of definite causes are classified as unexplained 
infertility (UEI). The diagnosis of UEI requires the 
presence of a normal tubal patency test (at least one tubal 
patency), regular ovulatory cycles, and no abnormality 
in spouse semen analysis (4). After a standard screening, 
approximately 30% of couples experiencing infertility are 
diagnosed with UEI (4). Clinical practitioners are aware of 
the limitations of this diagnostic assessment. A number of 
factors may contribute to infertility, including age, quality 
of the oocytes, cervical mucus, genetics, immune factors, 
fertilization failure, and others. It is not possible to exclude 
all the above reasons using sensitive and specific examination 
methods, so they come into play as potential factors in UEI. 
In this case, intervention measures are frequently taken 
without determining the causes of infertility, which can 
lead to frustration for both patients and clinicians. In vitro 
fertilization (IVF) has also been employed to treat UEI, but 
among UEI patients aged ≤40 years, the live birth rate of 
IVF per cycle was between 25% and 43% (5).

There is a growing bulk of evidence that aberrant 
alterations in the balance of immunosuppressive arms or 

immune inflammatory factors are associated with various 
types of infertility (6-8). Pregnancy involves immune 
cells, immunoglobulins, cytokines, and other factors, and 
the coordination of these factors is critical for successful 
implantation and conception. Shakerian et al. revealed a 
significant drop in the percentage of CD8 T cells and CD56 
NK cells in infertile patients compared to the controls, 
indicating that adaptive immunity plays a vital role in the 
etiology of infertility (9). Regulatory T cells (Tregs) inhibited 
effector immunity, mediated maternal immune tolerance 
and supported maternal vascular adaptations. Inadequate 
functional competence or insufficient Treg numbers are 
related to infertility (10). Bai et al. reported that the presence 
of such antibodies as antiendometrium (AEmAb), antisperm 
(AsAb), antiovary (AoAb), and antitrophoblast (ATB) may 
affect the fertilization process, resulting in infertility (11). 
Brazdova et al. showed that lower expression of Foxp3, failure 
of lymphocyte chemotaxis and adherence, and diminished 
CD4+CD25+ Treg population seemed to be precursors of 
infertility (12). In recent years, researchers have paid attention 
to immune cells and immune factors and found that their 
changes could break maternal immune tolerance and lead to 
infertility, especially UEI. For example, Ehsani et al. suggested 
that CD8+ Human leukocyte antigen (HLA)-G+ regulatory 
T cell, a distinct subset of regulatory T cells, is involved in 
the pathogenesis of UEI (13). Madendag et al. found that 
secretory leukocyte protease inhibitor (SLPI) levels in patients 
with UEI are significantly elevated, which triggers an immune 
response that may be one of the causes of UEI (14). A study 
even showed that the immune system plays an important role 
in pregnancy outcome, and immune imbalance is considered 
to be the main cause of 50% UEI (15). 

Despite recent advancements in assisted reproductive 
technology (ART) and other treatments, some patients still 
experience intractable infertility. Therefore, it is imperative 
to better understand disease mechanisms and to search for 
biomarkers to assess infertility risks and predict pregnancy 
outcome. Multiple factors can cause infertility. Some 
studies focus on infertility with a clear etiology. According 
to Lőrincz et al., polypectomy can boost the fertility rate 
in the following year in infertile women regardless of the 
surgical resection methods (16). Using multivariate logistic 
regression analysis, Adedigba et al. found that women who 
did not have hydrosalpinx were less likely to be infertile 
than those who did. Immune dysfunction may be a part of 
the pathogenesis (17). Thus, some researchers attempt to 
identify immune biomarkers for guidance on clinical practice 
in order to optimize the chances of successful pregnancy 
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by reversing the imbalance in immune players. For 
instance, Huang et al. analyzed the differential expression 
and immune infiltration of endometriosis (EMS) related 
genes and provided a framework for developing molecular 
networks related to EMS pathology (18). However, there 
is still little clear evidence about how immune-related 
gene (IRG) expression and immune landscapes are altered 
in patients with UEI. So far, UEI is still a challenging 
“diagnosis” in reproductive medicine. In addition, after 
taking various treatment measures, the pregnancy outcome 
is not satisfactory. Therefore, it is urgent to better explore 
the underlying etiology and disease mechanism of infertility. 
It is important in reproductive medicine to clarify the 
immune mechanism of the endometrium, leading to the 
success of implantation and pregnancy. Identifying immune 
checkpoints responsible for immune imbalances in women 
who suffer from UEI was the purpose of this study, which 
examined infiltrating immune cells and immune-associated 
genes in the microenvironment of UEI. The results of 
this study provided novel and reliable biomarkers for 
UEI patients, which may aid in personalizing treatments 
and promoting a successful pregnancy. We present the 
following article in accordance with the MDAR reporting 
checklist (available at https://atm.amegroups.com/article/
view/10.21037/atm-22-5810/rc). 

Methods

Patients 

The endometrial tissues of infertile and pregnant women 
under 40 years of age were obtained from The First 
Hospital of Lanzhou University between September 2021 
and September 2022. The inclusion criteria for studies 
were: (I) embryo transfer ≥2 times; (II) normal uterine 
cavity; (III) normal ovulation; (IV) at least one patent 
fallopian tube; (V)male partner with normal semen analysis. 
Exclusion criteria included obesity, uterine malformation or 
adhesion, EMS, polycystic ovarian syndrome, chromosomal 
abnormalities, and autoimmune disorders. We collected 
12 fresh endometrial tissue and 12 formalin-fixed paraffin-
embedded tissue specimens from UEI patients. Additionally, 
12 fresh tissue and 12 formalin-fixed paraffin-embedded 
samples were collected from the endometrium of pluripara 
women. The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). This study 
was conducted with approval by the Ethics Committee of 
The First Hospital of Lanzhou University (approval No. 
LDYYLL2022-246) and informed consent was taken from 

all the patients. 

Data acquisition and identification

We used the keywords “infertility” to search on the Gene 
Expression Omnibus (GEO) database (https://www.ncbi.
nlm.nih.gov/). All datasets were included according to the 
following criteria: (I) They used human endometrial tissue; 
(II) They had case-control groups (UEI and fertility); (III) 
They contained at least 9 samples. Finally, 3 gene expression 
profiles (GSE16532, GSE92324, and GSE120103) were 
downloaded. Specifically, GSE16532 contains gene 
expression data between 4 infertile samples and 5 fertile 
samples; GSE92324 contains gene expression data between 
10 infertile cases and 8 normal cases; GSE120103 contains 
gene expression data between 9 infertile samples and 9 
normal samples. 

Identification of differentially expressed IRGs (DEIRGs)

In GSE16532, the genes with differential expression were 
analyzed by the GEO2R tool. Genes with |log FC| ≥1 and 
P<0.05 were selected as candidate genes for next step. The 
Immunology Database and Analysis Portal (ImmPort) is a 
biological information database for analysis in immunology. 
A list of immunologically relevant genes was downloaded 
from ImmPort on 27 December 2020. Overlapping genes 
among the immunologically relevant genes and DEGs 
were identified by Venn diagram (http://bioinformatics.
psb.ugent.be/webtools/Venn/) for further analysis, and they 
were subsequently called DEIRGs.

Functional enrichment analysis of DEIRGs

Gene Ontology (GO) analysis was used to annotate 
DEIRGs. The results of GO analysis were displayed by 
3 domains including biological processes (BP), cellular 
component (CC), and molecular functions (MF). The Kyoto 
Encyclopedia of Genes and Genomes (KEGG) analysis was 
applied for pathway enrichment analysis. Both the GO and 
KEGG analysis were performed using the “clusterProfiler” 
R package (The R Foundation for Statistical Computing, 
Vienna, Austria).

Protein-protein interaction (PPI) network and module 
analysis

The Search Tool for the Retrieval of Interacting Genes/

https://atm.amegroups.com/article/view/10.21037/atm-22-5810/rc
https://atm.amegroups.com/article/view/10.21037/atm-22-5810/rc
https://www.ncbi.nlm.nih.gov/
https://www.ncbi.nlm.nih.gov/
http://bioinformatics.psb.ugent.be/webtools/Venn/
http://bioinformatics.psb.ugent.be/webtools/Venn/
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Proteins (STRING; https://www.strin g-db.org) was used 
to explore interactions between DEIRGs. PPI with a 
confidence score ≥0.4 were reserved and further analyzed 
by Cytoscape software (https://cytoscape.org/). We used the 
application of molecular complex detection (MCODE) with 
default parameters in Cytoscape to analyze the hub clustering 
modules in PPI network. Moreover, hub genes were selected 
based on maximal clique centrality (MCC) and Degree. 

Estimation of tumor-infiltrating immune cells

We used CIBERSORTx (https://cibersort.stanford.edu) 
to identify the relative percentage of immune infiltrating 
cells in the immune microenvironment of patients with 
GSE16532 dataset. The parameters were as follows: 
signature genes: LM22, batch correction mode: B-mode, 
and permutations: 1,000. We further applied Wilcoxon’s test 
to compare the infiltration rates of 22 types of immune cells 
between infertile and fertile samples. We also detected the 
correlation between the expression level of the hub genes 
and the immune cell fraction using Spearman correlation 
analysis. We screened genes related to immune cells for 
further research and called them candidate genes. 

Gene set enrichment analysis (GSEA)

First, we verified the expression of newly identified 
candidate genes among the GSE92324 dataset. We 
choose genes that are statistically different. Then, GSEA 
was employed to identify the potential function of the 
genes. Hallmark gene sets (c5.go.v7.2.entrez.gmt/c2.cp.
kegg.v7.2.entrez.gmt) were downloaded from Molecular 
Signatures Database (MSigDB). A P value <0.05 was 
considered statistically significant.

GSE120103 dataset validation

We also obtained the gene expression from GSE120103 
dataset to validate our study results, including 3 IRGs. 
Moreover, we performed a receiver operating characteristic 
(ROC) analysis to assess the diagnostic value of 3 DEIRGs. 
Thus, the ROC curve was built and the area under the 
curve (AUC) was computed. The AUC value >0.5 was 
considered a good diagnostic value for infertility.

Western blot analysis

Western blot analysis was applied for determining the 

levels of CD40, EDN3, and PRF1. Primary antibodies 
were  CD40  (1 :1 ,000 ,  66965-1- Ig ,  Pro te in tech , 
Rosemont, Il, USA), EDN3 (1:1,000, ab197374, Abcam, 
Cambridge, UK), and PRF1 (1:1,000, ab256453, Abcam, 
Cambridge, UK). The tissues of patients were lysed in 
radioimmunoprecipitation assay (RIPA) buffer. Total tissue 
protein was extracted and its concentration was quantified. 
Then, the proteins were transferred onto a polyvinylidene 
fluoride (PVDF) membrane. We blocked the membrane 
with 5% nonfat milk powder for 1 hour and added the 
primary antibody. After that, we incubated the membrane 
with diluted secondary antibody for 1 hour. Finally, protein 
bands on membrane were visualized. Glyceraldehyde 
3-phosphate dehydrogenase (GAPDH) was used as the 
endogenous control.

Immunohistochemistry (IHC)

IHC helps to reveal the distribution and expression of 
relative protein based on specific binding of antigens with 
antibodies. IHC was conducted to determine the CD40, 
EDN3, and PRF1 expression in endometrial tissue samples 
at the protein level of infertile and fertile patients. In 
brief, samples were prepared into paraffin sections, then 
deparaffinized and hydrated. They were immersed in 
sodium citrate buffer and heated at high temperature for 
antigen unmasking. After adding endogenous peroxidase 
blocker, the samples then blocked with goat serum. Slides 
were stained with primary antibodies (1:1,000) under 4 ℃ 
overnight, followed by an additional 30 minutes at room 
temperature of incubating by secondary antibodies. After 
adding 3,3’diaminobenzidine (DAB) staining solution 
and hematoxylin staining, the sections were sealed and 
observed under microscope. The stained specimens were 
independently interpreted by 3 senior pathologists. The 
staining results were judged by the percentage of cells 
stained and the intensity of the brown-yellow positive 
signal. The percentage of stained cells was multiplied by the 
staining intensity value as a total score. If the product of the 
2 scores was greater than 4 points, it was suggested to be 
positive.

Statistical analysis

All statistical analyses were performed with R software 
(4.0.3; The R Foundation for Statistical Computing). Group 
comparisons were performed using independent t-tests or 
Wilcoxon’s test. Statistical tests were 2-sided and P values 
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<0.05 were considered significant (19). The R packages used 
in this study included limma, psych, corrplot, pheatmap, 
ggplot2, ggrepel, ggpubr, reshape, SQLite, org.Hs.eg.db, 
clusterProfiler, ggnewscale, cowplot, pROC, and gridExtra.

Results

Identification of DEIRGs

In the present study, DEIRGs and their significant 

biological functions were identified based on GEO datasets 
through comprehensive bioinformatics analysis of infertile 
patients (Figure 1). A total of 1,328 DEGs were detected 
from GSE16532 (Figure 2A). The expression levels of 1,793 
IRGs were examined among the previously mentioned 1,328 
DEGs (Figure 2B). After analysis, 124 DEIRGs comprising 
50 upregulated and 74 downregulated genes were obtained 
(Figure 2C) and considered according to the criteria of 
P<0.05 and |log FC| ≥1.

GSE16532

IMMPORT

DEGs
IRGs

PPI

KEGG pathway

Gene ontology

CIBERSORTx

Immune cells

Spearman correlation analysis

Expression in GSE92324 datasets

Identification of differential expression genes

Expression in GSE120103 datasets

Expression in patients’ samples

Western blot analysis Immunohistochemistry

GSEA analysis3 genes

17 genes

24 Hub genes

124 DEIRGs

Figure 1 Workflow of the present study. DEG, differentially expressed gene; IRG, immune-related gene; KEGG, Kyoto Encyclopedia of 
Genes and Genomes; PPI, protein-protein interaction; GSEA, gene set enrichment analysis.
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Functional enrichment analysis of DEIRGs

We performed GO and KEGG pathway enrichment 
analyses to elucidate the potential biological functions 
of 124 DEIRGs. The results are presented in Figure 3.  
The GO analysis revealed that the DEIRGs were mainly 
enriched in BP related to immune mechanism involving 
regulation of chemotaxis, T cell activation, positive 
regulation of ERK1 and ERK2 cascade，positive regulation 
of cytokine production, and leukocyte cell-cell adhesion 
(Figure 3A). In CC analysis, we found that many gene 
products were located in the external side of plasma 
membrane (Figure 3B). In MF analysis, we found that many 
DEIRGs were involved in receptor ligand activity, signaling 
receptor activator activity, immune receptor activity and 
cytokine activity (Figure 3C). The enrichment of MF 
supports BP. According to KEGG pathway enrichment 
analysis (Figure 3D), the 124 DEIRGs were primarily 
associated with antigen processing and presentation, 

cytokine-cytokine receptor interaction, and intestinal 
immune network for IgA production. In addition, we found 
that they played an important role in allograft rejection and 
graft-versus-host disease.

PPI network and module analysis

The relationships and functions of the DEIRGs are 
revealed using a PPI network consisting of 119 nodes and 
380 interactions (Figure 4). Based on highest degree, the 
top 28 genes were selected. We also chose the 28 genes 
with the highest MCC scores. As a result, we identified 
the 24 overlapping genes as the target hub genes (Table 1).  
The MCODE plugin was applied to detect important 
modules in the PPI network, which yielded 6 modules. The 
abovementioned 24 genes were presented in 3 modules  
(Figure 5A-5C ) ,  implying that the modules could 
significantly represent the important biological features in 
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the PPI network.

Analysis of immune cells

We presented the infiltration of immune cells into each 
sample by a heat map (Figure 6A). We found that natural 
killer (NK) cells activated, macrophages M0, and mast 
cells (MCs) resting showed changes in infiltration between 
groups. We removed both T cells gamma delta and MCs 
activated because they did not infiltrate in both infertile 
and fertile groups. We used Wilcoxon’s test to compare the 
levels of penetration of 20 immune cells in different groups 
(Figure 6B). We found that macrophages M0 (P=0.016) and 
MCs resting (P=0.032) were more abundant in the infertile 

group. Nevertheless, fewer NK cells activated (P=0.032) 
were identified in the infertile group. To further understand 
the role of 24 hub genes in immune cells infiltration, we 
evaluated the relationship between the hub genes and  
3 types of immune cells (Figure 6C). We found that 17 hub 
genes were related to macrophages M0, MCs resting, or 
NK cells activated. 

Validation in GSE92324 dataset

We employed the GSE92324 dataset as an independent 
data for testing. We did a gene difference analysis and 
found that there were 1,149 different genes in infertile and 
healthy fertile control tissues (Figure 7A). We intersected 
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the 1,149 genes with the above 17 genes and found 
3 common genes including CD40, PRF1, and EDN3  
(Figure 7B). As shown in Figure 7C, we found that the  
3 genes were significantly different in infertile and healthy 
fertility groups. The infertile patients exhibited significantly 
higher EDN3 expression (P=0.00021), and lower CD40 
(P=0.024) and PRF1 (P=0.0082) expression. The results 
demonstrated that these 3 genes were related to infertility. 
Furthermore, we also found that 3 genes had good diagnostic 
values for infertility. The AUCs of CD40, EDN3, and PRF1 
were 0.951, 1.000, and 0.778, respectively (Figure 7D-7F). 

CD40, PRF1, and EDN3 GSEA in GSE92324 dataset

In order to explore the biological functions related to 
CD40, PRF1, and EDN3, other genes in the GSE92324 
data set were sequenced according to their expression 
correlation with the 3 genes, and then GSEA was 
performed. We confirmed that GO terms such as adaptive 
immune response, cell adhesion molecule binding, cell 
substrate junction, collagen containing extracellular 

matrix, external side of plasma membrane were associated 
with CD40 (Figure 8A). We obtained the GO enrichment 
in which EDN3 was involved in including adaptive 
immune response, mitochondrial protein complex, 
positive regulation of cell activation, positive regulation 
of lymphocyte activation, and t cell activation (Figure 8B).  
We found that these GO terms included collagen 
containing extracellular matrix, extracellular structure 
organization, phagocytosis, platelet degranulation, and 
vesicle lumen related to PRF1 (Figure 8C). The GSEA 
analysis revealed 5 significant KEGG pathways associated 
with CD40, including complement and coagulation 
cascades, focal adhesion, oxidative phosphorylation, 
pathways in cancer, and the transforming growth factor-
beta (TGF-β) signaling pathway (Figure 8D). As shown 
in Figure 8E, pathways including cell adhesion molecules 
(CAMS), cytokine-cytokine receptor interaction, primary 
immunodeficiency, starch and sucrose metabolism, and 
terpenoid backbone biosynthesis were enriched in the 
EDN3 expression phenotype. GSEA revealed that dilated 
cardiomyopathy, focal adhesion, graft-versus-host disease, 

Figure 4 PPI network of the DEIRGs. PPI, protein-protein interaction; DEIRG, differentially expressed immune-related gene.
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Table 1 Top 24 hub genes based on the MCC and degree

Rank Degree MCC Common Gene title

1 AGT AGT – –

2 CCR7 SAA1 – –

3 STAT3 GPR17 AGT Angiotensinogen

4 SAA1 AGTR2 CCR7 C-C motif chemokine receptor 7

5 CD86 CCR7 STAT3 Signal transducer and activator of transcription 3

6 FGF2 S1PR1 SAA1 Serum amyloid A1

7 AGTR2 CCL19 CD86 CD86 molecule

8 IGF1 SSTR2 AGTR2 Angiotensin II receptor type 2

9 PTGS2 CCL21 GPR17 G protein-coupled receptor 17

10 GPR17 CXCL3 SSTR2 Somatostatin receptor 2

11 SSTR2 GPER1 CD40 CD40 molecule

12 CD40 CCL1 S1PR1 Sphingosine-1-phosphate receptor 1

13 S1PR1 RXFP3 CCL19 C-C motif chemokine ligand 19

14 CCL19 CCL25 CCL21 C-C motif chemokine ligand 21

15 CCL21 CCL16 IL21 Interleukin 21

16 IL21 TRH CXCL3 C-X-C motif chemokine ligand 3

17 CXCL3 EDN3 GPER1 G protein-coupled estrogen receptor 1

18 GPER1 NMBR PRF1 Perforin 1

19 PRF1 EDNRA CCL1 C-C motif chemokine ligand 19

20 CCL1 PTGFR RXFP3 relaxin/insulin like family peptide receptor 3

21 RXFP3 CD86 CCL25 C-C motif chemokine ligand 25

22 CCL25 CD40 CCL16 C-C motif chemokine ligand 16

23 CCL16 PRF1 KLRK1 Killer cell lectin like receptor K1

24 KLRK1 PDCD1 PDCD1 Programmed cell death 1

25 PDCD1 STAT3 TRH Thyrotropin releasing hormone

26 TRH IL21 EDN3 Endothelin 3

27 FCGR2B KLRK1 – –

28 EDN3 ICOS – –

MCC, maximal clique centrality.

hypertrophic cardiomyopathy (HCM), and NK cell-
mediated cytotoxicity were significantly enriched in the 
PRF1 expression phenotype (Figure 8F).

Validation in GSE120103 dataset

We fur ther  ver i f i ed  CD40 ,  PRF1 ,  and  EDN3  in 

GSE120103. Gene differential expression analysis displayed 
that CD40 and PRF1 were downregulated. Although EDN3 
was up-regulated, there was no significant difference  
(Figure 9A-9C). In addition, the results of the GSE120103 
dataset showed that 3 genes had good diagnostic values 
for infertility. The AUCs of CD40, EDN3, and PRF1 were 
1.000, 0.778, and 0.951, respectively (Figure 9D-9F).



Wang et al. Immune-related genes associated with UEIPage 10 of 19

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2023;11(2):84 | https://dx.doi.org/10.21037/atm-22-5810

A

B C

Figure 5 (A-C) Three modules were identified from the PPI network using MCODE. PPI, protein-protein interaction; MCODE, 
molecular complex detection.

Validation of differentially expressed levels for 3 key genes 
by western blot

A total of 12 infertile patients and 12 healthy female 
controls were included in this study. Western blot detection 
was performed on the expression proteins of CD40, EDN3, 
and PRF1 in the 2 groups, and the results showed that 
they were downregulated in infertile tissues compared with 
normal samples (Figure 10).

Validation of differentially expressed levels for 3 key genes 
by IHC 

We validated the expression of CD40, EDN3, and PRF1 
proteins in clinical specimens by IHC. As shown in  
Figure 11, the relative expression levels of the 3 genes in 
infertile samples were lower than in fertile samples.

Discussion

In our study, the analyses of DEGs from the GEO database 
and IRGs from the ImmPort database were combined 
to identify biomarkers associated with UEI. We used 
CIBERSORT to evaluate immune cell infiltration into the 

microenvironment of UEI patients. Then, the correlations 
between DEIRGs and infiltration of 3 types of immune cells 
in UEI were estimated. Finally, on the basis of independent 
dataset and clinical specimen verification, CD40, PRF1, 
and EDN3 were confirmed as potential biomarkers of UEI. 
Mechanistically, the 3 genes may function through multiple 
immune-related BP and MF.

Our study analyzed the difference between the immune 
infiltrating cells in unexplained infertile tissue and normal 
endometrial tissue. The results revealed the imbalance of 
resting MCs, M0 macrophages, and activated NK cells. 
This implies that these 3 types of cells may be related 
to the disorder of the immune microenvironment in 
unexplained infertile patients. MCs have been recognized 
as important effector cells involved in innate immunity, 
allergic reactions, and immune surveillance (20-22). They 
are found in the cervix, myometrium, and endometrium 
of rodents and humans, and are closely associated with 
sensory nerves and blood vessels (22). In the resting phase, 
MCs develop cytosolic granules containing cytokines, 
peptides, and biogenic amines, as well as proteases (chymase, 
tryptase, and carboxypeptidase A3), which are released 
upon activation (23). A study has revealed a central role for 
MCs in implantation and fetal survival through mediating 
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samples from GSE16532 dataset. (B) Radar plot showing the difference in the abundance of 20 immune cells in groups. (C) The correlation 
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placentation and spiral artery formation, both key events 
that ensure optimal development of the fetus (22). Another 
study has shown that MCs are crucially involved in EMS-
associated infertility. They found that stem cell factor, the 
main chemoattractant and growth differentiation factor 
for MC, is at a higher concentration in the peritoneal fluid 
of EMS patients (21). Our findings are consistent with 
these reports. We found that the extent of resting MCs 
infiltration in the endometrial tissue of infertile patients was 
up-regulated. Macrophages are involved in various immune 
responses through antigen presentation, phagocytosis, 
and secretion of a variety of growth factors and cytokines 
(24,25). Macrophages play crucial roles in pregnancy. Li 
et al. found significantly elevated proportions of CD68+ 

macrophages in recurrent reproductive failure patients 
with chronic endometritis (CE) (8). Increased macrophages 
have been observed in the peritoneal fluids from women 

with EMS, implicating that these cells could be associated 
with the occurrence of EMS-associated infertility (21,26). 
A study reported that the number of stromal macrophage 
in endometrial functional layer increased in patients with 
implantation failure (27). Our results confirmed that 
the infiltration level of M0 macrophages was elevated in 
patients with infertility. The exact mechanisms by which 
the observed increase in macrophage density may inhibit 
fertility are still a matter of debate. A study has shown 
that macrophages have the capability to secrete cytokines 
and reactive oxygen species, all of which are potentially 
toxic to embryos (27). NK cells are considered the most 
important cells in our immune defense system (28). They 
exist in the blood circulation and peripheral organs to 
perform the function of innate immune response (7). 
Human endometrium contains an unusual type of NK 
cells, termed uterine NK (uNK) cells, which have been 
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the most investigated of the endometrial population of 
leucocytes (29). uNK cells can produce cytokines creating 
a pro-invasive environment and promoting spiral artery 
remodeling and supporting trophoblast implantation (30). 
uNK cells are very important for pregnancy. Dysregulated 
uNK cells may be harmful to implantation and pregnancy. 
The quantitative and qualitative imbalance of NK cells 
may lead to the disruption of implantation and placental 
processes, causing an adverse obstetric outcome (31). 
A study demonstrated that lower endometrial NK cell 
percentages were detected in primary infertility women (32). 
Infertile patients had a lower frequency of NK T-like cells 
than normal subjects (33). Our result shows that activated 
NK cells were decreased in endometrial tissue of infertile 
patients, and could be regarded as a potential biological 
marker.

Our study also identified 3 genes (CD40, PRF1, and 

EDN3) associated with the microenvironment of patients 
with UEI. CD40 is a member of the tumor necrosis 
factor receptor (TNF-R) family (34,35). CD40 is widely 
distributed in many normal cells, such as epithelial cells, 
macrophages, B cells, dendritic cells, smooth muscle cells, 
fibroblasts, and activated platelets (35-37). CD40 plays a 
critical role in adaptive and innate immunity and activates 
immune responses after interacting with its ligand, CD40L 
(CD154). CD40 promotes B cells development and 
proliferation by increasing the production of Interleukins 
and chemokines and induces B cells to differentiate into 
plasma cells that secrete antibodies (38). CD40 is also an 
effective inducer of Th1 (T-helper type 1) cytokines (39).  
Activated CD40 can enhance transcription factors including 
STAT-3 and NF-κB, which leads to the induction of 
cytokines such as IL-6 and IL-10 (39). Recently, it was 
reported that CD40 up-regulation and CD40-CD40L 

4

2

0

−2

−4

0.0     0.2      0.4      0.6     0.8      1.0
1-Specificity

0.0     0.2      0.4      0.6      0.8      1.0
1-Specificity

0.0     0.2      0.4      0.6     0.8      1.0
1-Specificity

CD40 ROC curve

GSE92324

1,146 14

0.024
0.00021

0.0082

EDN3
CD40
PRF1

GSE16532
Control   IF

−0.167 (0.778, 1.000) −0.781 (1.000, 1.000) 0.227 (0.778, 1.000)

−0.913 (1.000, 0.778)

AUC: 0.951 AUC: 1.000 AUC: 0.778

Control   IF Control  IF

EDN3 ROC curve PRF1 ROC curve

1.0

0.8

0.6

0.4

0.2

0.0

S
en

si
tiv

ity

1.0

0.8

0.6

0.4

0.2

0.0

S
en

si
tiv

ity
1.0

0.8

0.6

0.4

0.2

0.0

S
en

si
tiv

ity

60

40

20

0

C
D
40

200

100

0

E
D
N
3

1500

1000

500

0

P
R
F1

A B C

D E F

Figure 7 Validation in GSE92324 dataset. (A) Heat map of DEGs from GSE92324 dataset. (B) Venn diagram of the DEGs from GSE92324 
dataset and the 17 candidate core genes. (C) CD40, EDN3, and PRF1 expressions in GSE92324 dataset between infertile and control groups. 
ROC curves of selected differentially expressed genes in the GSE92324 dataset: CD40 (D), EDN3 (E) and PRF1 (F). DEG, differentially 
expressed gene; IF, implantation failure; ROC, receiver operating characteristic; AUC, area under the curve.



Annals of Translational Medicine, Vol 11, No 2 January 2023 Page 13 of 19

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2023;11(2):84 | https://dx.doi.org/10.21037/atm-22-5810

5000                                 10000                                15000
Rank in ordered dataset

5000                                 10000                                15000
Rank in ordered dataset

5000                                 10000                                15000
Rank in ordered dataset

5000                                 10000                                15000
Rank in ordered dataset

5000                                 10000                                15000
Rank in ordered dataset

5000                                 10000                                15000
Rank in ordered dataset

0.3

0.2

0.1

0.0

R
un

ni
ng

 e
nr

ic
hm

en
t s

co
re

0.5

0.4

0.3

0.2

0.1

0.0

R
un

ni
ng

 e
nr

ic
hm

en
t s

co
re

0.4

0.3

0.2

0.1

0.0

R
un

ni
ng

 e
nr

ic
hm

en
t s

co
re

0.50

0.25

0.00

−0.25

−0.50

R
un

ni
ng

 e
nr

ic
hm

en
t s

co
re

1.0
0.5
0.0

−0.5
−1.0R

an
ke

d 
lis

t m
et

ric

1.0
0.5
0.0

−0.5
−1.0R

an
ke

d 
lis

t m
et

ric

1.0
0.5
0.0

−0.5
−1.0R

an
ke

d 
lis

t m
et

ric1.0
0.5
0.0

−0.5
−1.0R

an
ke

d 
lis

t m
et

ric

1.0
0.5
0.0

−0.5

R
an

ke
d 

lis
t m

et
ric

1.0
0.5
0.0

−0.5

R
an

ke
d 

lis
t m

et
ric

0.50

0.25

0.00

−0.25

R
un

ni
ng

 e
nr

ic
hm

en
t s

co
re

0.4

0.2

0.0

−0.2

R
un

ni
ng

 e
nr

ic
hm

en
t s

co
re

A B

C D

E F

Figure 8 CD40, PRF1, and EDN3 GSEA in GSE92324 dataset. (A-C) Results of GSEA analysis (GO). Listed CD40 (A), EDN3 (B) and 
PRF1 (C) in infertile samples using GSE92324 cohort. The top 5 signaling pathways are shown. (D-F) Results of GSEA analysis (KEGG). 
Listed CD40 (D), EDN3 (E) and PRF1 (F) in infertile samples using GSE92324 cohort. The top 5 signaling pathways are shown. GSEA, 
gene set enrichment analysis; GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes.

cross-talk are related to Th17/Treg imbalance (40). Another 
study showed that CD40-CD40L interaction induced 
the production of TGF-β leads to the enhancement of  
immunosuppression (38). The expression of CD40 on 
uterine epithelial cells suggests that the CD40 may have 
a role in the pathogenesis of pregnancy (41). Our results 
indicate that the levels of CD40 is decreased in infertile 
patients compared with the normal pregnancy. In a 
microarray study, CD40 and its ligand CD40L appear to 
be highly dysregulated in the endometrium of infertile 
patients, and it is assumed to interact with G-CSF (36). 
Polymerase chain reaction (PCR) array data analysis 
identified significantly lower expression of CD40 and 
greater expression of CD40L in unexplained repeated 

implantation failure women than in healthy fertile women 
(42). CD40 ligation-induced innate immune activation is 
related to early pregnancy loss and endocrine dysfunction 
(43). At present, the specific role of CD40 in the mechanism 
of infertility is unclear. However, Laskowska et al. found 
that a higher levels of soluble CD40L could prevent 
maternal immune cells carrying CD40 receptor from Fas-
mediated apoptosis (44). Another study indicated that, 
during normal pregnancy, the CD40-CD40L interaction 
between CD4+ T lymphocytes and antigen presenting 
cells is reduced, which may be one of the mechanisms 
that protect the developing fetus from the activation of 
the maternal immune system (45). Endothelins (EDNs), 
found in humans, participate in a variety of physiological 
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events (46). EDNs and their G protein-coupled receptors 
A and B negatively regulate the immune response. 
Available evidence shows that endothelin promotes 
the polarization of macrophages to the M2 phenotype, 
and stimulates the secretion of the immunosuppressive 
cytokines TGF-β and IL-10 by macrophages (47). Yan et al.  

revealed that EDNRA is correlated with interleukin 1 
receptor binding, activation of NK cells involved in immune 
response, and immunoregulatory interactions between non-
lymphoid and lymphoid cell pathways (48). The EDN3 
protein is a member of the endothelin/sarafotoxin family 
and is a secreted vasoactive peptide. Looking up a lot of 
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Figure 11 Relative expression levels of CD40, EDN3, and PRF1 detected by immunohistochemistry. Scale bar =100 μm. IF, implantation 
failure.

literature, the relationship between EDN3 and immunity 
response is not clear. However, it was found that EDN3 
increased the level of FOXP3+ Tregs, which indicated 
that EDN3 promoted Tregs proliferation, increasing 
FOXP3 expressing cells (49). Both Ednrb−/− and Edn3−/− 
enterocolitis mice showed a significant decrease in thymus 
volume, mature B cells, and CD4 and CD8 T cells (50). 
A study showed that EDN3 was associated with epithelial-
mesenchymal transition (EMT) and TGF-β signaling, and 
may regulate immune cell infiltration in prostate cancer (51).  
Liu et al. identified that EDN3 is a key immune gene 
related to Alzheimer’s Disease (AD), which may become 
a new target of immunotherapy for AD patients (52).  
EDN3 is essential in ovulation, folliculogenesis, and 
embryo implantation. An early study has shown that EDN3 
regulates oviductal secretions (53). In addition, it may 
also affect ciliary activity in oviductal epithelial cells (53). 
Mice treated with endothelin receptor antagonists excreted 
fewer 2-cell embryos from the oviduct (54). Several 
studies have reached a consistent conclusion that EDN3 is 
downregulated in endometrial tissue during the window 
of implantation, which promotes embryo implantation 
(55-58). Some studies have provided evidence that EDN3 
and EDNRA are localized in endometrial vascular smooth 
muscle cells, suggesting that this vasoactive agent may play 

a role in the local control of the uterine vascular bed (59-61).  
Our gene differential expression revealed that EDN3 is up-
regulated in UEI patients, but this has not been verified 
in independent validation data sets, and the opposite 
conclusion has been reached in clinical trials. However, 
combined with other existing research conclusions, the 
effect of EDN3 on UEI patients deserves further study. 
The PRF1 gene encodes perforin (PRF1), which plays a 
crucial role in the granule-dependent killing activities of 
NK cells and cytotoxic T lymphocytes (CTLs) (62). Fan 
et al. findings displayed that high PRF1 expression had 
elevated levels of M1 macrophage, NK cell, CD4+ T cell, 
and CD8+ T cell infiltration in head and neck squamous cell 
carcinoma (63). Sidore et al. discovered that PRF1 mutation, 
PRF1:p.A91V, is helpful to regulate different immune 
subtypes, especially to enhance the memory cytotoxic T cell 
compartment: effector-memory CD8bright, CD8dim, TCR 
γδ+, and CD8dimCD28− T cell pool (64). Perforin pathway 
interruption leads to autoimmune disorders, neoplastic 
disease, transplant rejection, and prolonged inflammation 
(64-68). Our study revealed that PRF1 was downregulated 
in unexplained infertile patients. A recent study reported 
that miR-30e can reduce the cytotoxicity in NK cells by 
targeting PRF1, which inhibits Th1 tolerance phenotype 
and induces Th2 immunodominance, consequently 
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forming an immune tolerance microenvironment at the 
maternal-fetal interface (69). Another study declared that 
the high messenger RNA (mRNA) expression of PRF1 in 
peripheral CD300a+CD8+ T lymphocytes may be related 
to the anti-fetal cellular rejection of the chorioamniotic  
membranes (70). At present, the potential role of PRF1 in 
UEI has not been clearly studied. Relevant evidence and 
research are scarce. Therefore, the influence of PRF1 on the 
occurrence and progression of infertility needs to be further 
clarified.

We conducted an integrated bioinformatic analysis based 
on the public database to identify key IRGs associated 
with UEI. Our findings were also confirmed by practical 
clinical sample data. However, the present study had 
several limitations. First, since the GEO database does not 
provide enough clinical information for our purposes, the 
association between the key genes and clinicopathological 
features of infertile was not analyzed. Second, whether 
the genes have the ability to be used to screen out infertile 
patients suitable for immunotherapy and use them as targets 
for immunotherapy has not been confirmed. Finally, due 
to the scarcity of clinical samples, the analysis results may 
not accurately reflect the actual clinical value of candidate 
genes. In future research, we will try to collect the larger 
clinical sample data to verify our findings and improve 
the reliability of our conclusion. Further, we will use new 
statistical methods to build a predictive model to predict 
the prognostic value of biomarkers for unexplained infertile 
patients, instructing immunotherapy for these patients.

Conclusions

In conclusion, 3 IRGs associated with UEI were found and 
validated. They are expected to become new therapeutic 
targets for unexplained infertile patients. However, further 
in-depth studies are essential to validate our findings. 
Ultimately, we expect that these molecular biomarkers will 
help the screening patients with UEI who are suitable for 
immunotherapy and to guide immunotherapy.
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