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PLA2G2D and CHIT1: Potential biomarkers for 
immune infiltration and prognosis in cervical 
squamous cell carcinoma

Liangliang Jiang1, Qiushuang Qiao2, Jing Wang1

1 Introduction

Cervical cancer ranks fourth among female malignant tumors 
worldwide, following breast cancer, colorectal cancer, and 
lung cancer. Every year, more than 500 thousand women are 
diagnosed with cervical cancer around the world, with over 300 
thousand deaths[1]. The incidence of cervical cancer is highest 
among women aged 40 to 50, with another peak occurring 
between 60 and 70 years old. It is rare among women under 20 
years old. Cervical cancer primarily comprises cervical squamous 
cell carcinoma, adenocarcinoma, adenosquamous carcinoma, 
and a few other types, with squamous cell carcinoma being the 

predominant histological type[2]. 

Immunocytes, also known as immune cells, are cells involved in or 
related to immune response, constituting a crucial component of the 
tumor microenvironment. They possess dual functions within this 
environment, capable of either inhibiting tumor formation or promoting 
tumor occurrence. In terms of tumor immunity, cytotoxic T cells serve 
as vital effector cells in anti-tumor immunity[3]. CD4+ T cells exhibit 
the capacity to differentiate into numerous subtypes and collaborate 
in a wide array of immune responses, including possessing a 
cytotoxicity program that enables direct killing of tumor cells[4]. CD8+ 
T cells play an important role in tumor immunomodulation, with the 
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diminished response of tumor-specific CD8+ T cells representing 
the primary mechanism of tumor evasion[5]. B cells contribute by 
presenting antigens to both CD4+ and CD8+ T cells, thereby forming 
a tumor microenvironment characterized by antigen-specific immune 
responses[6]. NK cells, meanwhile, demonstrate the ability to 
recognize tumor cells at an early stage and subsequently lyse them 
upon activation[7]. Tumor immunotherapy aims to stimulate the body's 
anti-tumor immune response. 

The functions of the immune system are intricately tied to T cells, B 
cells, and natural killer cells. Decreased levels of CD4+ and CD8+ T 
cells can impair immune function, potentially leading to the failure to 
timely clear infected cells, which may contribute to the development 
of cervical cancer[8]. Conversely, an increase in CD4+ and CD8+ 
T cell signaling has been closely associated with the efficacy of 
neoadjuvant chemotherapy[9]. B cells play a crucial role in immune 
protection against cervical cancer by effectively eliminating invading 
human papillomavirus[10]. Utilizing TCGA gene expression data, 
we identified and constructed immune-related prognostic markers 
for cervical cancer that significantly predict longer overall survival 
in patients. In addition, we conducted an analysis to discern 
differences in immune infiltration scores and biological functions 
between groups with high and low immune prognosis scores.

2 Materials and Methods

2.1 Data preparation and preprocessing

Gene expression data and clinical phenotype data of 308 patients 
with cervical squamous cell carcinoma (CESC) and endocervical 
adenocarcinoma were obtained from the UCSC Xena database 
(https: //xena.ucsc.edu/). The ethical statement of human use and 
welfare was approved by the Institutional Review Board of Harbin 
Medical University Cancer Hospital (IRB: No. KY2022-68). 

2.2 Gene Set of immunocytes

The gene set of 22 types of immunocytes was obtained from 
CIBERSORT (http: //cibersort.stanford.edu). 

TIDE score was used to evaluate the potential clinical efficacy of 
immunotherapy across various risk groups, serving as an indicator 
of tumor immune escape potential. A higher TIDE score indicates 
diminished efficacy of immune checkpoint inhibitors (ICI). To obtain 
immune-related scores for CESC patients, we utilized an online tool 
for calculating the TIDE score (http://tide.dfci.harvard.edu/login/). 

2.3 Construction of immune-related prognostic markers

Firstly, we employed single-sample gene set enrichment analysis 
(ssGSEA) to calculate and score 22 kinds of immunocytes 

within each CESC sample based on the gene expression 
data. Subsequently, genes were subjected to univariate Cox 
regression analysis to determine hazard ratio (HR) and prognostic 
significance. Genes with a significance level of P < 0.05 were 
identified as prognosis-related immunocytes. Secondly, a gene 
set comprising prognosis-related immunocytes was obtained 
using weighted correlation network analysis (WGCNA) (Reference: 
WGCNA: an R package for weighted correlation network analysis) 
as the candidate gene set. Thirdly, based on the candidate gene 
set, immune-related prognostic genes were selected using the 
lasso-cox method (P < 0.05), and immune-related prognostic 
markers were constructed. The scoring formula for the prognostic 
marker is as follows: Score = -0.011118867*exp(PLA2G2D) - 
0.004579813*exp(CHIT1). Finally, the samples were categorized 
into high and low groups based on the median score, and the 
correlation between these two types and CESC was further 
analyzed. In addition, multivariate Cox analysis was performed to 
explore the independent prognostic value of the score. 

2.4 Screening of differentially expressed genes and 
functional enrichment analyses

Differential expression analysis was carried out on two groups 
of patients using fold change values and the Wilcox test. 
Differentially expressed genes were screened using a specific 
filter condition, requiring an absolute value of log2 (FC) greater 
than 1 and P-value less than 0.05. KEGG and GO enrichment 
analyses were performed on differentially expressed genes using 
the DAVID tool, and the results were visually presented with a 
false discovery rate (FDR < 0.05). 

2.5 Patients and tissue specimens

After obtaining approval from the Institutional Review Committee 
and obtaining informed consent from patients, we collected 
samples from 35 CESC patients residing in cold regions. These 
patients were recruited from the Cancer Hospital affiliated 
with Harbin Medical University in China from January 2015 to 
December 2018. Among the cohort, 20 patients were diagnosed 
with cervical cancer, while 15 had normal cervical epithelium. 
Patients with normal cervical epithelia received hysterectomy to 
address benign conditions, while those diagnosed with cervical 
cancer patients underwent radical hysterectomy and pelvic 
lymphadenectomy. Patients identified with high-risk factors 
received postoperative radiotherapy.

2.6 Immunohistochemical staining

Paraffin sections were first dewaxed, hydrated, and then 
inactivated with 3% hydrogen peroxide. Subsequently, different 
paraffin sections were incubated with PLA2G2D and CHIT1 
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specific antibodies (1∶ 1000 dilution, Abcam) at 4°C for 12 hours. 
Following this, the paraffin sections were mixed with the second 
antibody mixture and incubated for 30 minutes. The sections were 
then stained using 3, 3 '-diaminoamphetamine (DAB) solution. 
After staining, hematoxylin counterstaining and 1% hydrochloric 
acid ethanol differentiation were performed. The stained sections 
were observed under a microscope (Olympus, Tokyo, Japan).

2.7 Real-time PCR

Total RNA from the cervical cancer tumor and control groups 
was extracted by TRIpure lysis solution (BioTeke, Beijing, 
China). These RNAs were then reverse-transcribed into cDNA 
using BeyoRT II M-MLV reverse transcriptase (Beyotime 
China). Then, real-time PCR reaction was performed using the 
cDNA as a template using the fluorescence quantitative real-
time PCR kit (Takara). Fluorescence quantitative analysis was 
performed using the ExicyclerTM 96 fluorescence quantitative 
analyzer (BIONEER, Korea). The relative mRNA expression was 
calculated using 2−ΔΔCt methods. The primer pair sequences used 
are as follows: For CHIT1: 5'-CAGCGAACTCATCTTTGCCAG' 
(forward) and 5 '-GGACACCTGGAATTCGTTGC-3' (reverse); 
for PLA2G2D: 5'-ACTTTTCCCAGGGGAACATCC-3' (forward) 
and 5 ' -GCAGTCGCTTCTGGTAGGTG-3'  ( reverse) ;  for 
β-act in: 5 '-GGCACCCAGCACAATGAA-3' ( forward) and 
5'-TAGAAGCATTTGCGGTGGG-3' (reverse). 

2.8 Statistical analysis

R software (version 4.2.1) was used for all statistical analyses. 
The Wilcox test was used to identify statistically significant 
differences in gene expression and infiltrating immunocytes. 
Kaplan-Meier curves were generated, and differences in overall 
survival (OS) between groups were assessed using the log-rank 
test. Multivariate Cox proportional hazard regression analysis was 
conducted to explore the relationship between scores and OS. 

Receiver operating characteristic (ROC) analysis was performed 
to evaluate the sensitivity and specificity of the score in predicting 
prognosis, with the area under the ROC curve (AUC) as an 
indicator of prognostic accuracy. A significance threshold of P < 
0.05 was applied to all analyses.

3. Results

3.1 Recognition of prognosis-related immunocytes

Based on gene expression data, scores representing the abundance 
of 22 types of immunocytes in each CESC sample were calculated 
using the single-sample gene set enrichment analysis (ssGSEA) 
method. Univariate Cox regression analysis was performed to identify 
immunocytes associated with prognosis. Among the immunocytes 
analyzed, a total of 10 types were found to be significantly correlated 
with the OS in the patients. These included B cells memory, B cells 
naïve, NK cells resting, plasma cells, T cells CD4 memory resting, T 
cells CD4 naïve, T cells CD8, T cells follicular helper, T cells gamma 
delta, and T cells regulatory Tregs (Fig. 1).

3.2 Recognition of gene modules of prognosis-related 
immunocytes

Based on gene expression data, the WGCNA method was 
employed to identify gene modules significantly associated 
with the prognosis of immunocytes. Among the the identified 
modules, gene module 6 exhibited a significant correlation with 
all prognostic immunocytes (P < 0.05). This module comprises 47 
genes, including CCL18 and IFNG, which are closely related to 
the immune processes (Fig. 2).

3.3 Construction of immune-related gene markers

Using the 47 genes identified in module 6 as the core, the lasso-
cox method was used to analyze gene expression data, leading 

Fig. 1 Survival curve of immune cell score
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Fig. 2 WGCNA analysis

(A) WGCNA determines optimal threshold; (B) WGCNA hierarchical clustering; (C) Correlation analysis map between gene module and immune cell score.

Fig. 3 LASSO regression analysis

(A) The larger the lambda is, the closer the regression coefficient tends to zero; (B) The smaller the likelihood deviation is, the better the model fittingis; (C) Survival 

curve of immune-related gene marker scores.

to the identification of two genes PLA2G2D and CHIT1, that are 
significantly associated with OS time of cancer patients (Fig. 
3A-B). CESC patients were then stratified into groups based on 
the median score of these gene markers. The study revealed a 
longer OS time in CESC patients with a high immune score (log-
rank test, P = 0.0027, Fig. 3C).

Furthermore, to account for the effects of age and AJCC stage, a 
multifactor cox proportional hazard model was employed. It was 
observed that the scores of the immune-related genetic markers, 
along with AJCC stage IV, independently and significantly 
predicted OS in CESC patients. Moreover, utilizing the clinical 
phenotype data of CESC patients, a nomogram was constructed 
to quantitatively predict the survival rate of patients. Furthermore, 
by plotting the ROC curve, it was demonstrated that the immune-
related gene markers' score could predict patients' 5-year survival 
time, with an area under the curve (AUC) of 0.818 (Fig. 4).

In addition, we analyzed the prognostic value of this gene 
marker in CESC patients stratified by the four AJCC stages. Our 
analysis revealed that the gene marker could predict shorter OS 
time in patients with stage II and stage III CESC patients (logrank 

test, P = 0.05 and 0.035. Fig. 5).

3.4 Association analysis between immune-related 
gene markers and immune scores

Initially, the stromal score, immune score, and ESTIMATE score 
of CESC patients were obtained from the ESTIMATE data 
resource. Through the Wilcox rank sum test, it was discovered 
that patients with low scores of immune-related gene markers 
exhibited significantly higher stromal score, immune score, and 
ESTIMATE score compared to those with high scores (P < 0.05, 
Fig. 6A). Additionally, other immune-related scores were retrieved 
from the TIDE data resources. With the exception of the TIDE 
score, all other immune-related scores demonstrated a significant 
correlation with immune-related gene markers. Notably, in patients 
with high scores of immune-related gene markers, the scores of 
cancer-associated fibroblasts (CAF), exclusion, myeloid-derived 
suppressor cells (MDSC), and M2 macrophages (TAM.M2) were 
notably higher compared to those in patients with low scores (P < 
0.05). Conversely, the scores of CD8, CD274, dysfunction, IFNG, 
Merck18 and MSI in patients with low scores of immune-related 
gene markers were significantly higher than those in patients with 
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Fig. 4 Survival association analysis of immune-related gene markers

(A) Multivariate cox proportional risk model analysis; (B) Nomogram of survival prediction of cervical squamous cell carcinoma (CESC) patients; (C) ROC curve analysis.

Fig. 5 The overall survival of the gene markers in stage II and stage III cervical squamous cell carcinoma (CESC) patients

high scores (P < 0.05, Fig. 6B).

3.5 Biological functions of immune-related genetic 
markers

To delve deeper into the potential biological behavior of immune-
related gene markers, fold change values and the Wilcox rank 
sum test were employed to analyze differential expression 

between patients with high and low scores. Under the condition 
of |log2FC| > 1 and FDR < 0.05, a total of 857 upregulated 
genes and 979 downregulated genes were identified. GO and 
KEGG enrichment analyses were carried out by the DAVID 
software on differentially expressed genes (Fig. 7). The results 
revealed that immune-related gene markers were significantly 
associated with immune functions such as immune response, 
cellular response to interleukin (IL)-1, and positive regulation 
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of IL-12 production (Fig. 7). Meanwhile, immune-related gene 
markers exhibited significant correlations with key cancer 
pathways such as the chemokine signaling pathway and NF-κB 
signaling pathway (FDR < 0.05, Fig. 7).

According to the GEPIA2 database, we also found that PLA2G2D 
and CHIT1 were abundantly expressed in CESC patients 
compared to the normal samples (Fig. 8).

3.6 Up-regulated expression of PLA2G2D protein and 
CHIT1 protein in cervical cancer

Immunohistochemical staining was used to detect the expression 
of PLA2G2D protein and CHIT1 protein, respectively, in 20 
cases of cervical cancer left over from surgery and 15 cases of 
normal control group. The results showed that compared with 
the control group, the expression levels of PLA2G2D protein and 
CHIT1 protein in cervical cancer tissues were significantly up-
regulated (Fig. 9A-J) and were mainly located in the cytoplasm, 
with statistically significant differences (Fig. 9K-L). Real-time 
PCR was used to detect the expression levels of PLA2G2D and 
CHIT1 genes in cervical cancer tissues and control group. The 
results showed that: Compared with the control group, mRNA 
expressions of PLA2G2D and CHIT1 genes in cervical cancer 
tissues were significantly increased, with statistically significant 
differences (P < 0.001) (Fig. 10).

Immunohistochemical staining was employed to detect the 
expression of the PLA2G2D and CHIT1 proteins in 20 cases 
of cervical cancer samples remaining from surgery and 15 
cases from the normal control group. The findings revealed a 
significant up-regulation of both PLA2G2D and CHIT1 protein 
expression in cervical cancer tissues compared to the control 
group (Fig. 9A-J). These proteins were predominantly located in 
the cytoplasm, exhibiting statistically significant variances (Fig. 
9K-L). Furthermore, real-time PCR was conducted to assess the 
expression levels of the PLA2G2D and CHIT1 genes in cervical 
cancer tissues and the control group. The results demonstrated 
a marked increase in mRNA expressions of both PLA2G2D and 
CHIT1 genes in cervical cancer tissues compared to the control 
group, with statistically significant differences (P < 0.001) (Fig. 10).

4 Discussion

Based on the gene expression data,  the cel l  score of 
CESC samples was initially calculated using the ssGSEA 
method. Univariate Cox regression analysis revealed that 10 
immunocytes tended to be closely associated with the overall 
survival time of patients. Subsequently, WGCNA identified 
6 gene modules signif icantly correlated with prognostic 
immunocytes. Module 6, comprising 47 genes, was identified 
as pivotal, among which PLA2G2D and CHIT1 emerged as 
core genes significantly linked to the overall survival time of 

Fig. 6 Immune score differences between the high immune-related gene marker score group and the low immune-related gene marker score group

(A) Difference of immune score from ESTIMATE data resource; (B) Difference of immune score from TIDE data resource.
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Fig. 7 Analysis of biological function differences between the high immune-related gene marker score group and the low immune-related gene marker score group

(A) Biologic process function of differentially expressed genes; (B) Cellular components function of differentially expressed genes; (C) Molecular functions of 

differentially expressed genes; (D) KEGG pathway enrichment analysis of differentially expressed genes.

cancer patients. Based on the median score of gene markers, 
CESC patients were stratif ied into two groups. Patients 
with low immune scores, Patients with high immune scores 
demonstrated significantly prolonged OS compared to those 
with low immune scores, indicating the potential utility of 
immune scores in survival analysis. 

This study highlights the potential relevance of two key 
immune-related genes, PLA2G2D and CHIT1, to the prognosis 
and survival time of patients with cervical cancer. PLA2G2D, 
a member of the secretory phospholipase A2 (Spla2) family, 
exhibits wide expression across various tissues, including 
squamous epithelium, spleen, and lymph nodes[11]. Upon 
stimulation by pro-inflammatory mediators, immunocytes, 
including dendritic cells and macrophages, secrete PLA2G2A, 
promoting the production of pro-inflammatory l ipids and 
cytokines[12]. Depending on the context of inflammation and 

cancer, PLA2G2D may exert either beneficial or detrimental 
effects.  Studies have shown that PLA2G2D def ic iency 
enhances anti-tumor immunity, reducing tumor-promoting M2-
like macrophages while augmenting tumor-suppressing M1-
like macrophages and cytotoxic T cells[13-14]. Similarly, CHIT1, 
a highly conserved and regulated chitinase belonging to the 
similarly, CHIT1, a highly conserved and regulated chitinase 
belonging to the 18-glycosylase family (GH18)[15-16], is secreted 
by activated macrophages and plays a crucial role in the 
body's immune response, closely associated with inflammation, 
infection, tissue damage and tumor[17]. Both immunocytes, 
such as activated macrophages and neutrophils, and structural 
cells, such as epithelial cells, can secrete CHIT1[18]. Elevated 
expression of CHIT1 has been observed in macrophages of 
patients with idiopathic pulmonary fibrosis[17], and therapeutic 
inhibition of CHIT1 has shown promise in reducing pulmonary 
fibrosis[19]. Moreover, Yu et al.[20] identified four core genes, 
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Fig. 8 The expression of PLA2G2D and CHIT1 between cervical squamous cell 

carcinoma (CESC) patients and normal samples

Fig. 9 Expression changes of PLA2G2D and CHIT1 in tumor tissues of cervical squamous cell carcinoma (CESC) patients and normal controls

(A) Negative expression of PLA2G2D in normal cervical epithelium; (B-C) Low and high expression of PLA2G2D in cervical squamous cell carcinoma; (D-E) Low and high 

expression of PLA2G2D in cervical adenocarcinoma; (F) Negative expression of CHIT1 in normal cervical epithelium; (G-H) Low and high expression of CHIT1 in cervical 

squamous cell carcinoma; (I-J) Low and high expression of CHIT1 in cervical adenocarcinoma (100x); (K-L) Immunohistochemical results of expression of PLA2G2D and 

CHIT1 in tumor tissues of CESC patients and normal controls.

To delve deeper into the predictive significance of two key 
immune-related genes (PLA2G2D and CHIT1) in cervical 
cancer prognosis, a correlation analysis was conducted 
between immune-related gene markers and immune scores. 
It was observed that there tended to be a negative correlation 
between the scores of immune-related gene markers and 
stromal score, immune score, and ESTIMATE score. In other 
words, patients with low scores of immune-related gene 
markers exhibited significantly higher stromal score, immune 
score, and ESTIMATE score. This finding aligns with the 
research by Wang et al.[21] who reported an inverse relationship 
between ESTIMATE score and tumor purity in cervical cancer. 
Moreover, the group with lower immune marker scores 
displayed lower tumor purity and a more favorable prognosis. 
Conversely, the scores of MDSC, exclusion, CAF, and TAM.
M2 in the group with high scores of immune-related gene 
markers were notably elevated compared to those in the low-
score group. This observation resonates with the findings of Yu 
et al.[20] who identified a positive association between MDSC 
score and CAF score with tumor-promoting immunocytes and 
tumor prognosis.

However, contrasting results were reported by Wen et al.[22] who 
demonstrated that lung adenocarcinoma patients with high MDSC 

inc lud ing CHIT1,  GTSF1L,  PLA2G2D,  and GNG8,  by 
analyzing TCGA transcriptome data in conjunction with the 
infiltration levels of 28 immunocytes. They stratified cervical 
cancer patients into high-score and low-score subgroups, 
revealing distinct infiltration landscapes, survival outcomes, 
and responses to ICI between the two subgroups. This finding 
underscores the potential clinical implications of immune-
related genes in cervical cancer management.
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activated NF-κB is associated with various aspects of tumor 
biology including occurrence, proliferation, anti-apoptosis, 
invasion, angiogenesis, and metastasis. NF-κB is continuously 
activated in many tumors[30]. Finally, this article validates the 
upregulation of proteins and nucleic acids, specifically CHIT1 and 
PLA2G2D, in cervical cancer tumor tissues of patients from cold 
regions of northern China. This finding underscores the potential 
significance of CHIT1 and PLA2G2D as biomarkers in cervical 
cancer prognosis and suggests their possible involvement in 
tumor progression in this geographical context.

5 Conclusion

In conclusion, the bioinformatics analysis presented in this 
paper highlights the close association between immune-related 
markers PLA2G2D and CHIT1 and the prognosis of CESC. 
While the study conducted bioinformatics analysis alongside 
immunohistochemical and real-time PCR tests, it remains 
essential to supplement these findings with further in vivo and 
in vitro experiments in future research endeavors. Nonetheless, 
PLA2G2D and CHIT1 emerge as promising biomarkers for 
evaluating immune infiltration and prognosis outcomes in 
patients with cervical cancer. Their potential significance 
warrants continued investigation to elucidate their role in 
cervical cancer progression and their utility in clinical settings.
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scores experienced more pronounced immune escape, leading 
to a poorer prognosis. Further analysis revealed that patients 
with low scores of immune-related gene markers exhibited 
significantly higher scores of CD8, CD274 (PD-L1), dysfunction, 
IFNG, Merck18, and MSI compared to those with high scores. 
This trend is consistent with the findings of Zhou et al.[23] who 
noted increased scores of Merck18, CD274, and CAF in the 
low-risk group of breast cancer, suggesting lower sensitivity 
to chemotherapy drugs. Consequently, patients in the low-risk 
group may derive greater benefits from immunotherapy and 
chemotherapy interventions, as supported by our results.

This study delves further into the biological behavior of immune-
related gene markers, revealing their significant associations with 
immune functions such as immune response, cellular response 
to IL-1, and positive regulation of IL-12 production. IL-1 has 
been implicated in promoting tumor growth and metastasis in 
both mouse and human tumors, while also dampening effective 
adaptive anti-tumor immune responses[24]. Conversely, IL-
12 functions as an anti-tumor cytokine primarily acting on 
lymphocytes, promoting the differentiation of Th1 cells with anti-
tumor activity while inhibiting cytokines such as IL-4 produced 
by Th2 cells, which have tumor-promoting activity[25-27]. Through 
KEGG enrichment analysis, IL-12 was found to be significantly 
associated with crucial cancer pathways including the chemokine 
signaling pathway and the NF-κB signaling pathway. The 
chemokine signaling system plays a role in tumor growth and 
progression through various mechanisms[28]. Chemokine receptors 
expressed by cancer cells can interact with ligands secreted 
by tumor cells, tumor-associated fibroblasts, and immunocytes 
infiltrating the tumor microenvironment. This interaction activates 
signaling pathways such as PI3K/AKT and ERK 1/2 leading 
to tumor cell proliferation[29]. Additionally, the NF-κB signal 
transduction pathway is known to promote tumorigenesis 
by responding to inflammatory factors, carcinogens, cancer 
promoters, and the tumor microenvironment. Continuously 

Fig. 10 The expression levels of CHIT1 and PLA2G2D genes in the cervical 

squamous cell carcinoma (CESC) and normal control group were detected by 

Real-time PCR
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