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Introduction: POLD2 is an indispensable subunit of DNA polymerase δ, which is

responsible for the synthesis of the backward accompanying strand in

eukaryotic organisms. Current studies have found an association between

POLD2 and the development of a variety of cancers. However, its value in

cancer immunotherapy has not been fully established.

Methods: POLD2 expression was analyzed using RNA expression and clinical

data from TCGA and GTEx databases. The prognostic impact of POLD2 on

tumor patients was analyzed using clinical survival data from TCGA. Gene

enrichment analysis was performed using the R package “cluster analyzer” to

explore the role of POLD2. We used the TIMER2 database to analyze the

relationship between immune cell infiltration and POLD2 expression in

TCGA. We downloaded relevant data from TCGA and analyzed the

relationship between POLD2 and immune checkpoints, immunosuppressive

genes, immune activating genes, chemokines and chemokine receptors.

Results: POLD2 was significantly overexpressed in most tumors compared to

normal tissue. High POLD2 expression was significantly associated with

advanced tumor stage, significantly shorter overall survival and

progression-free survival. Also, we found that POLD2 expression

correlated strongly with immunomodulatory genes, and significantly

negatively with most immune checkpoints (PD-L1, CTLA4, TIM3, and

CD28). Pathway enrichment analysis suggests that low expression of

POLD2 promotes immune regulation-related pathways and high

expression promotes metabolic and DNA repair-related pathways.

Furthermore, tumor microenvironment analysis suggests that high

POLD2 expression inhibits infiltration of CD8+ T cells and CD4+ memory T

cells.

Discussion: In conclusion, POLD2 may be a molecular biomarker for pan-

cancer prognosis and immunotherapy. It may serve as a potential target for new

insights in human tumor prognosis prediction and immunotherapy assessment.
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Introduction

POLD2 (DNA Polymerase Delta 2) is a subunit of the DNA

polymerase delta (DNA Pol δ) complex, the major replication

enzyme in eukaryotic chromosomal DNA replication, involved

in DNA replication and many forms of DNA damage repair

processes. POLD2 interacts with the other three subunits to form

a scaffold for the assembly of DNA Pol δ, maintaining the

stability and function of the complex. (Layer et al., 2020).

Meanwhile, POLD2 has a role in maintaining DNA

polymerase δ function that other subunits do not possess

(Brocas et al., 2010). In mammalian cells, the POLD2 protein

interacts with several proteins regulating DNA metabolism and

exerts its functions, including PIAS2, P21, and PDIP1

(polymeraseδ-interaction protein 1), PDIP38, PDIP46, and

WRN (Warner protein) (Zheng et al., 2012). Furthermore,

relevant studies confirm that POLD2 is a novel component of

the DRR-TGS pathway, is involved in the maintenance of

genomic integrity, and is required for the correct

establishment of epigenetic markers to regulate gene

expression during DNA replication (Zhang et al., 2016).

POLD2 may be the promoter of chromosomal translocations.

When chromosomal translocations occur, normal proto-oncogenes

are transformed into oncogenes that cause malignant

transformation of cells, that is why we believe that POLD2 has

the potential to act as a cancer marker. High expression of the

POLD2 gene is associated with low overall survival in patients with

uroepithelial carcinoma of the bladder and may affect the overall

survival of patients by inhibiting the pro-apoptotic effects of

chemotherapy (Givechian et al., 2018). In human glioma

specimens, POLD2 showed high expression. Further studies

revealed that high expression of POLD2 accelerated the

proliferation of GBM cells, leading to increased invasion of

A172 cells and was associated with poor patient survival (Xu

et al., 2020). Other studies have also demonstrated that

POLD2 is highly expressed in a variety of cancers and is also

associated with poor disease prognosis. Obviously, POLD2 can

provide some new ideas for cancer treatment, but we have not

been well explored for the specific relationship between high

POLD2 expression and carcinogenesis, therefore, further study of

themechanism of POLD2 oncogenic effect has some significance for

cancer treatment.

In addition, we have found that POLD2 plays an important

role in immunity. In some patients, POLD2 has a homozygous

missense mutation, which affects the stability and enzymatic

activity of DNA polymerase δ complex (Conde et al., 2019)

(Sánchez-Ramón et al., 2019). We learned that the loss of

polymerase function resulting in replicative stress-related

immunodeficiency can be an etiology of primary

immunodeficiency disease. A large part of the tumor

susceptibility in patients with primary immunodeficiency

disease arises from the same molecular defects as the

immunodeficiency itself (Hauck et al., 2018). Due to the lack

of tumor immune surveillance, primary immunodeficiency

predisposes to different types of cancer such as lymphoma

and skin cancer (Kebudi et al., 2019), but no general

mechanism of tumor susceptibility in patients with primary

immunodeficiency disease has been identified. Previous studies

have not provided a detailed description of the POLD2 in the

immune system oncogenic role in detail, so future studies should

be conducted in the context of immunity.

This article focuses on the potential of POLD2 in tumor

immunotherapy. The article investigated the expression levels of

POLD2 in different cancers and examined the potential impact of

POLD2 in the tumor microenvironment. In addition, the article

investigates the correlation of POLD2 with immunomodulatory

genes and immune marker sets, such as tumor mutation burden

(TMB) and microsatellite instability (MSI). Overall, this work

provides evidence to elucidate the immunotherapeutic role of

POLD2 in cancer and contributes to further functional

experimental studies of cancer therapy.

Methods

Data collection

We downloaded RNA expression and clinical data for The

Cancer Genome Atlas (TCGA) and Genotype Tissue Expression

(GTEx) from the UCSC-XENAdatabase (Goldman et al., 2020).

These data allowed us to analyze the expression of POLD2 in tumor

tissues of different cancer types and in adjacent normal tissues for

more than 1,000 tumor samples from 33 human cancers. We also

downloaded DNA copy number and methylation data from the

cBioPortal database (https://www.cbioportal.org/) and ensured that

the acquisition and application methods were consistent with

relevant guidelines and regulations. To verify the prediction

value of POLD2 in immunotherapy response, gene expression

data and clinical data of GSE78220, IMvigor210, and GSE67501,

which are the immunotherapy cohort of metastatic melanoma,

uroepithelial carcinoma and renal cell carcinoma, were downloaded

from the Gene Expression Omnibus (GEO) database.

Expression of POLD2 associated with
immune cells analysis

In the TCGA project, the TIMER2 database was used to assess

the correlation between POLD2 expression and tumor immune

infiltration (Li et al., 2017). We used the ESTIMATE algorithm to
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assess POLD2 expression in the tumor microenvironment (TME).

The extent of immune cell infiltration was compared by

ImmuneScore, StromalScore and ESTIMATEScore. We analyzed

MSI and TMB using POLD2 expression in TCGA tumor tissue and

GTEx normal tissue, respectively.

Gene set enrichment analyses

Correlation analysis of POLD2 was performed for all genes

using TCGA data. We calculated the correlation coefficients and

selected the genes associated with POLD2 for gene set enrichment

FIGURE 1
Comparison of POLD2 expression in cancer and non-cancer samples. (A) Expression of POLD2 in tumor and adjacent normal tissues in the pan-
cancer data of TCGA cohort. (B) POLD2 expression in tumor tissues of TCGA and normal tissues of TCGA and GTEx cohorts. Data are shown as
mean ± SD. *p < 0.05, **p < 0.01, and ***p < 0.001.

FIGURE 2
Expression levels of POLD2 in different cancer stages. (A–F) POLD2 expression in the different stages of cancers ACC, HNSC, LUAD, TGCT, OV,
and THCA.
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FIGURE 3
Kaplan-Meier analysis of OS correlation of POLD2. (A–Q) Survival curves of POLD2 in corresponding tumours.
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FIGURE 4
Kaplan-Meier analysis of DSS correlation of POLD2. (A–R) Survival curves of POLD2 in corresponding tumours.
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FIGURE 5
Kaplan-Meier analysis of PFI correlation of POLD2. (A–S) Survival curves of POLD2 in corresponding tumours.
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FIGURE 6
Univariate Cox regression analysis of POLD2. (A) Forest plot showing univariate Cox regression results of POLD2 onOS in TCGA pan-cancer. (B)
Forest plot showing the univariate Cox regression results of POLD2 on DSS in TCGA pan-cancer. (C) Forest plot showing univariate Cox regression
results of POLD2 on PFI in TCGA pan-cancer. Red color represents significant results.

FIGURE 7
Immune cell infiltration analysis. Heat map shows the correlation of POLD2 expression in cancer with tumor immune infiltration.
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analysis (GSEA). GSEA was performed using the R package

“clusterProfiler” to obtain gene KEGG pathway analysis and

HALLMARK analysis (Subramanian et al., 2007).

Immunomodulation analysis

We used TCGA data to analyze the correlation between

POLD2 and immune regulation. The correlation between

POLD2 expression and immune activation genes, immune

suppression genes, chemokines and chemokine receptors was

presented by heat map. p < 0.05 was a significant statistical result.

Prognostic analysis

Univariate Cox regression analysis and Kaplan-Meier mapper

(Goel et al., 2010) allows to assess the effect of genes on the prognosis

of different cancers. We used Kaplan-Meier and Univariate Cox

regression to analyze the correlation between overall survival (OS),

disease-specific survival (DSS) and progression-free interval (PFI) of

POLD2 in TCGA.

Statistical analysis

We will present the data in the form of mean ± standard

error (SD). POLD2 mRNA expression values from different

datasets were used to create low and high POLD2 expression

groups based on p values determined by t-tests. Kaplan-

Meier survival curves were used to assess the correlation

between POLD2 and prognosis. Spearman correlation test

was used to assess the correlation between POLD2 expression

and targets of study, including tumor mutation burden

(TMB) and microsatellite instability (MSI). All statistical p

values were two-sided with p < 0.05 denoting statistical

significance.

Results

The relationship between the expression
level of POLD2 in human cancer and
tumor stage

We evaluate the expression of POLD2 in a variety of cancers

and normal samples to study the relationship between

POLD2 and cancer. We first compared the expression of

POLD2 in cancer and paraneoplastic tissues based on TCGA

databases (Figure 1A). The results showed that the expression of

POLD2 was significantly increased in BLCA, BRCA, CHOL,

COAD, ESCA, GBM, HNSC, KIRC, KIRP, LGG, LIHC, LUAD,

LUSC, PAAD, PRAD, READ, STAD, and UCEC (p < 0.05).

Considering the small number of paracancerous tissue samples in

the TCGA database, we included normal samples from the GTEx

database for comparative analysis. The results showed that the

expression of POLD2 was significantly increased in ACC, BLCA,

BRCA, CESC, CHOL, COAD, ESCA, GBM, HNSC, KIRC, KIRP,

LGG, LIHC, LUAD, LUSC, OV, PAAD, PRAD, READ, SKCM,

STAD, TGCT, UCEC, and UCS (p < 0.05, Figure 1B). This

indicates that POLD2 may play a facilitating role in tumor

development in a variety of cancers. Then, we explored the

relationship between POLD2 expression and tumor stage. It

was found that as the cancer stage increased, the expression

level of POLD2 in ACC, HNSC, LUAD, and TGCT increased

(p < 0.05, Figures 2A–D). In contrast, lower POLD2 expression

levels were observed only in OV and THCA at higher stages (p <
0.05, Figures 2E,F). The results indicate that the high level of

POLD2 expression may be closely related to the advanced stage

of the tumor. We performed structural analysis of this protein

(Supplementary Figure S1). At the same time, we also performed

functional analysis of this protein, and found that POLD2 is a

component of DNA polymerase δ complex andDNA polymerase

Zeta complex. POLD2 can be used as a component of trimer and

tetramer DNA polymerase δ complex. POLD2 plays a role in

high-fidelity genomic replication, including in lag chain synthesis

and repair.

The prognostic significance of POLD2 in
human cancer

Next, we use Kaplan-Meier survival curve analysis to

evaluate the impact of POLD2 on the prognosis of different

cancers. We used Kaplan-Meier to analyze the correlation

between POLD2 and OS, DSS, and PFI in TCGA. We found

that, especially in ACC, KICH, HNSC, LGG, MESO, and

SARC (Figures 3–5), the expression level of POLD2 was

negatively correlated with OS, DSS, and PFI (p < 0.05).

These results indicate that the high expression of

POLD2 may have a negative impact on the prognosis of

cancer. In addition, through univariate COX analysis: OS

results show that POLD2 is a risk factor for ACC, BLCA,

COAD, HNSC, KICH, LGG, LIHC, LUAD, MESO, SARC, and

THCA patients, and a protective factor for DLBC, ESCA,

KIRP, OV, and PAAD patients (Figure 6A). DSS results show

that POLD2 is a risk factor for patients with ACC, BLCA,

HNSC, KICH, KIRC, LGG, LIHC, LUAD, LUSC, MESO,

PRAD, SARC, THCA, UVM, and POLD2 is a protective

factor for ESCA, OV, and PAAD patients (Figure 6B). PFI

results show that POLD2 is a risk factor for patients with ACC,

BLCA, BRCA, ESCA, HNSC, KICH, KIRC, KIRP, LGG, LIHC,

LUAD, MESO, PRAD, SARC, and TGCT, and a protective

factor for patients with GBM, PAAD, and READ (Figure 6C).

It can be seen that high expression of POLD2 may lead to poor

prognosis of patients.
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POLD2 expression and immune cells
infiltration analysis

We use the ESTIMATE algorithm to evaluate the expression

of POLD2 in the tumor microenvironment through the TIMER

database. It was found that in ACC, BRCA, CESC, COAD,

DLBC, ESCA, GBM, HNSC, KICH, KIRC, LAML, LIHC,

LUAD, LUSC, OV, PAAD, PRAD, SKCM, STAD, TGCT,

THCA, UCEC, and POLD2 is negatively correlated with

ImmuneScore (p < 0.05, Supplementary Figure S2). In ACC,

BRCA, CESC, CHOL, COAD, DLBC, ESCA, GBM, HNSC,

KIRC, KIRP, LAML, LIHC, LUAD, LUSC, MESO, OV,

PAAD, PRAD, SARC, SKCM, STAD, TGCT, THCA, THYM,

UCEC, and POLD2 is negatively correlated with StromalScore

(p < 0.05, Supplementary Figure S3). In ACC, BRCA, CESC,

COAD, DLBC, ESCA, GBM, HNSC, KICH, KIRC, KIRP, LAML,

LIHC, LUAD, LUSC, OV, PAAD, PRAD, SARC, SKCM, STAD,

TGCT, THCA, UCEC, and POLD2 is negatively correlated with

ESTIMATEScore (p < 0.05, Supplementary Figure S4). It can be

seen that POLD2 is negatively correlated with tumor purity.

Next, we used the TIMER2 database to evaluate the correlation

between POLD2 expression and tumor immune infiltration in

cancer (Figure 7). The results showed that: Eosinophil was

positively correlated with the expression of POLD2 in tumors

(p < 0.05). T cell.CD8. Is negatively correlated with

POLD2 expression in tumors (p < 0.05).

FIGURE 8
Relationship between POLD2 and immune checkpoint genes. Heatmap shows the relationship between immune checkpoint genes and
POLD2 in different cancers.
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T cell.CD4.memory.resting is negatively correlated with

POLD2 expression in tumors (p < 0.05).

The correlation between POLD2 and
immune marker set tumor mutation
burden and microsatellite instability

Immune monitoring and immune escape are of great

significance to the survival of cancer patients. Cancer cells

can use immune checkpoint genes to evade immune

surveillance. By examining the relationship between

POLD2 and immune checkpoint genes (Figure 8), we found

that in KICH, POLD2 expression is positively correlated with

the expression of NRP1, LAG3, ICOS, CD40LG, CTLA4,

CD200R1, CD276, PDCD1, PDCD1LG2, CD70, TNFSF9,

CD27, TNFRSF25, VSIR, CD40, TNFRSF18, TIGIT, CD44,

and TNFRSF9 (p < 0.05), this indicates that the high

expression of POLD2 plays an important role in mediating

immune evasion. After that, we used the expression of

POLD2 in TCGA to analyze MSI and TMB, respectively

(Figure 9). We found that POLD2 was negatively correlated

with TMB in THCA and THYM(p < 0.05), while POLD2 was

positively correlated with TMB in STAD, SKCM, SARC,

PRAD, PAAD, MESO, LUSC, LUAD, LIHC, LGG, KIRC,

KICH, HNSC, GBM, and BRCA (p < 0.05). And POLD2 is

negatively correlated with MSI in SARC(p < 0.05), and

POLD2 is positively correlated with MSI in UCEC, STAD,

SARC, PAAD, OV, LUSC, LIHC, KIRC, and HNSC(p < 0.05).

This indicates that POLD2 may be used as a new tumor

marker.

The correlation between POLD2 and
immunoregulatory genes

We researched the correlation of 46 immune activation genes

with POLD2 in pan-cancer (Figure 10A). In most cancers, CD86,

TNFSF14, KLRK1, CD48, CD40LG, CD28, C10orf54, ENTPD1,

CXCL12, and POLD2 are negatively correlated (p < 0.05). In the

analysis of 23 immunosuppressive genes (Figure 10B),

PVRL2 was positively correlated with the expression of

POLD2 in most cancers (p < 0.05). The results indicate that

POLD2 may cause immunosuppression. In addition, we also

studied the correlation between the expression of POLD2 and

chemokines and their receptor genes (Figures 10C,D). The results

show that in most cancers, the expression of chemokine

CCL27 and POLD2 are positively correlated (p < 0.05). The

expression of chemokines CCL4, CXCL16, CCL23, CXCL12,

CCL16, and CCL14 was negatively correlated with the

expression of POLD2 (p < 0.05). In most cancers, most

chemokine receptors are negatively correlated with the

expression of POLD2 (p < 0.05).

MMRs gene expression

Here we use the expression profile data of TCGA to evaluate

5 MMRs genes: the relationship between MLH1, MSH2, MSH6,

PMS2, and EPCAM mutations and the expression of POLD2

(Figure 11). We found that in most tumor samples, these

5 MMRs gene mutations were positively correlated with

POLD2 expression (p < 0.05). This indicates that POLD2 may

cause the loss of the function of key genes in the mismatch repair

FIGURE 9
Correlation of POLD2 expression analysis with MSI and TMB. (A) Relationship between POLD2 expression and TMB in human cancers. (B) The
relationship between POLD2 expression and MSI in human cancers. The Spearman’s correlation coefficient and p-value are shown in the radar plot.
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mechanism in the cell, resulting in DNA replication errors that

cannot be repaired, leading to higher somatic mutations, and

ultimately leading to the occurrence of tumors.

Gene enrichment analysis and functional
judgment

We used GSEA to identify the functional enrichment of high

expression of POLD2 and low expression of POLD2 (Figure 12).

The results showed that in the POLD2 high expression group,

Pyrimidine Metabolism, Purine Metabolism, Spliceosome,

Glycolysis, MYC_TARGETS_V2, and DNA_REPAIR expression

increased (p < 0.05). It can be seen that the high expression of

POLD2 is related to tumor occurrence and poor prognosis. We

made a functional judgment on POLD2. The results showed that

POLD2 was positively correlated with proliferation and cellcycle in

LUAD (p < 0.05). POLD2was positively correlated with DNArepair

in BRCA (p < 0.05). POLD2 was negatively correlated with

DNAdamage, quiescence and apoptosis in UM (p < 0.05).

Association between POLD2 expression
and immune checkpoint blockade
response

The correlation between POLD2 expression and ICB

response was validated by analyzing data from the

FIGURE 10
Correlation of POLD2 with immunomodulatory genes. (A) Correlation of immune activation genes in pan-cancer with POLD2. (B) Correlation
of immunosuppressive genes in pan-cancer with POLD2. (C) Correlation of chemokines with POLD2 in pan-cancer. (D) Correlation of chemokine
receptors with POLD2 in pan-cancer.
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immunotherapy cohort of uroepithelial carcinoma

(IMvigor210). Significant differences were found in

POLD2 expression in patients with different efficacies.

POLD2 was highly expressed in patients with respond by

analyzing the data from GSE78220 (p = 0.033, Figure 13A).

Similarly, POLD2 expression was higher in patients with

response than in those with not response in IMvigor210

(p = 0.0014, Figure 13B). However, we did not observe the

above phenomenon in GSE67501 (p = 0.93, Figure 13C). It

suggests that patients with high POLD2 expression could be a

potentially beneficial population for ICB treatment.

PPI network analysis

Weextract 20 genes closely related to POLD2 expression for PPI

network analysis. There are 20 points in the network, and there are

5 proteins interacting with POLD2 (Supplementary Figure S5).

Discussion

POLD2 is a subunit of the DNA polymerase delta complex,

which encodes a protein involved in DNA replication and repair

(Perez et al., 2000). Many researches point out that the abnormal

expression of POLD2 is frequently related to the occurrence,

development or metastasis of human cancer. PLOD2, highly

expressed in esophageal squamous cell carcinoma, promotes the

invasion and metastasis of esophageal squamous cell carcinoma

through the epithelial to mesenchymal transition via the FAK/AKT

signal pathway (Di et al., 2019; Dongre and Weinberg, 2019). In

addition, POLD2 is also associated with a poor prognosis in patients

with bladder urothelial cancer (Elgaaen et al., 2010). Moreover, the

upregulation of PLOD2 in osteosarcoma is related to lymphatic

metastasis and distant metastasis. It may promote the invasion and

metastasis of osteosarcoma through the FAK/JAK2-

STAT3 signaling pathway (Cao et al., 2019). Despite the above

findings, the functional role and mechanism of POLD2 in pan-

cancer remains to be elucidated. The relationship between

POLD2 overexpression and clinical parameters or prognosis

needs to be further explored.

In this study, comparing the normal tissues, we analyzed the

expression of POLD2 in various tumors in TGCA and the

relationship between abnormal expression and prognosis. It

was found that compared with the neighboring normal

tissues, POLD2 was significantly overexpressed in a variety of

tumors. In addition, survival analysis showed that the

overexpression of POLD2 was poorly correlated with OS and

DSS, while analyzing the survival curve of patients, it was found

that the high expression of POLD2 was correlated with the lower

survival rate of patients. And as the cancer stage progresses, the

expression of POLD2 shows an upward trend in most cancers.

These indicate that the high expression of POLD2 is associated

with the poor prognosis of cancer patients, and it may result in a

lower survival rate of patients.

In the normal body, the immune system performs an

immune surveillance function, which can identify and

eliminate abnormal cells in the body. Nonetheless, tumors

may evade the immune system through different mechanisms,

leading to further growth and invasion. For instance, cancer cells

can use immune checkpoint genes such as PD-1 and CTLA-4 to

evade immune surveillance. We examined the relationship

between POLD2 expression and immune checkpoint genes,

and then further analyzed the correlation with the degree of

immune infiltration in human cancers. And it was found that

high POLD2 expression plays an important role in mediating the

immune escape of many tumors. MSI is a major predictive

biomarker for the efficacy of immune checkpoint inhibitors

(Cohen et al., 2019), and TMB can be regarded as a marker

for the treatment response of immune checkpoint inhibitors

(Chan et al., 2019). We evaluated MSI and TMB and it showed

that high POLD2 expression was positively correlated with MSI,

FIGURE 11
Correlation of MMRs genes with POLD2 expression. Heat map presents the relationship between MLH1, MSH2, MSH6, PMS2, and EPCAM
mutations and POLD2 expression.
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and negatively correlated with TMB in a variety of tumors. MSI is

associated with a higher risk of cancer and with

clinicopathological features, such as higher quality of tumor

infiltrating lymphocytes (Cohen et al., 2019). Therefore, our

work clarifies the potential role of POLD2 in cancer

immunology and its prognostic value to human cancer.

Furthermore, POLD2 plays a vital role in the occurrence and

development of tumors. In our study, pathway enrichment analysis

demonstrated that the high expression of POLD2 is associated with

abnormal pyrimidine and purinemetabolism, which play a vital role

in the occurrence and development of cancer in the early stage (Yin

et al., 2018). At the same time, we noticed that the high expression of

POLD2 is also related to MYC targets v2, and the high MYC target

score is related to tumor aggressiveness and poor prognosis in

metastatic adenocarcinoma (Schulze et al., 2020). In addition, we

found that the high expression of POLD2 is negatively correlated

with some immune-activating genes, and positively correlated with

some immunosuppressive genes in a variety of tumors, which may

inhibit the tumor suppressor effect of related immune cells

(Takenaka et al., 2019; Whelan et al., 2019), thereby helping the

immune evasion of the tumor. This may indicate the potential of

POLD2 as an immune checkpoint.

FIGURE 12
Enrichment analysis of POLD2-related genes. (A) Enrichment analysis of the POLD2 high expression group in the KEGG pathway. (B)
Enrichment analysis of POLD2 low expression group in KEGG pathway. (C) Enrichment analysis of the POLD2 high expression group in the
HALLMARK pathway. (D) Enrichment analysis of the POLD2 low expression group in the HALLMARK pathway. (E) Functional analysis of POLD2 at
single cell level.
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Although having explored and integrated information from

various databases, we acknowledge that our research has certain

limitations. First of all, though we have obtained some

meaningful insights into POLD2 in human cancer from data

mining, it will be beneficial to clinical applicability if these

findings are verified by cell or animal experiments. In

addition, more clinical trials are needed to verify the immune

checkpoint function of POLD2.

In summary, the results of the present study clarify the strong

correlation between POLD2 expression and the prognosis of various

cancers. Since POLD2 is overexpressed in a variety of human cancers

and is associated with worse survival, it may serve as a potential target

for cancer management. Furthermore, our research provides insights

into the underlying mechanism by which POLD2 overexpression

may regulate tumor immunity. In the future, more basic and clinical

researches based on POLD2 and tumor microenvironment may help

us to optimize the clinical strategy of cancer treatment.

Conclusion

In this study, a pan-cancer analysis of POLD2 was

performed, and the results showed that the upregulation of

POLD2 expression is associated with the poor prognosis of

many tumors. Furthermore, POLD2 is also involved in tumor

immune escape, whichmay be used as an immune checkpoint for

cancer treatment. Our research showed that POLD2 is a potential

prognostic biomarker, which can be used for clinical tumor

prognosis prediction and immunotherapy assessment.

Data availability statement

The original contributions presented in the study are

included in the article/Supplementary Material, further

inquiries can be directed to the corresponding authors.

Ethics statement

The studies involving human participants were reviewed and

approved by Guangxi Medical University Cancer Hospital. The

patients/participants provided their written informed consent to

participate in this study. Written informed consent was obtained

from the individual(s) for the publication of any potentially

identifiable images or data included in this article.

Author contributions

All authors listed have made a substantial, direct, and

intellectual contribution to the work and approved it for

publication.

Funding

Guangxi Science and Technology Project (AD19245197),

and the Guangxi Scientific Research and Technology

Development Project (Guike AB18126033).

FIGURE 13
The association of POLD2 expression with immune checkpoint blockade (ICB) response. The association between POLD2 expression and ICB
response. Data from the immunotherapy cohort GSE78220 (A), IMvigor210 (B) and GSE67501 (C), showing non-responder and responder.

Frontiers in Genetics frontiersin.org14

Cong et al. 10.3389/fgene.2022.877468

https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2022.877468


Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fgene.

2022.877468/full#supplementary-material

References

Brocas, C., Charbonnier, J. B., Dhérin, C., Gangloff, S., and Maloisel, L. (2010).
Stable interactions between DNA polymerase δ catalytic and structural subunits are
essential for efficient DNA repair. DNA repair 9 (10), 1098–1111. doi:10.1016/j.
dnarep.2010.07.013

Cao, F., Kang, X. H., Cui, Y. H., Wang, Y., Zhao, K. L., Wang, Y. N., et al. (2019).
Upregulation of PLOD2 promotes invasion and metastasis of osteosarcoma cells.
Zhonghua Zhong Liu Za Zhi 41 (6), 435–440. doi:10.3760/cma.j.issn.0253-3766.
2019.06.007

Chan, T. A., Yarchoan, M., Jaffee, E., Swanton, C., Quezada, S. A., Stenzinger, A.,
et al. (2019). Development of tumor mutation burden as an immunotherapy
biomarker: utility for the oncology clinic. Ann. Oncol. 30 (1), 44–56. doi:10.
1093/annonc/mdy495

Cohen, R., Hain, E., Buhard, O., Guilloux, A., Bardier, A., Kaci, R., et al. (2019).
Association of primary resistance to immune checkpoint inhibitors in metastatic
colorectal cancer with misdiagnosis of microsatellite instability or mismatch repair
deficiency status. JAMA Oncol. 5 (4), 551–555. doi:10.1001/jamaoncol.2018.4942

Conde, C. D., Petronczki Ö, Y., Baris, S., Willmann, K. L., Girardi, E., Salzer, E.,
et al. (2019). Polymerase δ deficiency causes syndromic immunodeficiency with
replicative stress. J. Clin. Invest. 129 (10), 4194–4206. doi:10.1172/JCI128903

Di, W. Y., Kang, X. H., Zhang, J. H., Wang, Y., Kou, W. Z., and Su, W. (2019).
Expression of PLOD2 in esophageal squamous cell carcinoma and its correlation
with invasion and metastasis. Zhonghua Bing Li Xue Za Zhi 48 (2), 102–107. doi:10.
3760/cma.j.issn.0529-5807.2019.02.005

Dongre, A., and Weinberg, R. A. (2019). New insights into the mechanisms of
epithelial-mesenchymal transition and implications for cancer. Nat. Rev. Mol. Cell
Biol. 20 (2), 69–84. doi:10.1038/s41580-018-0080-4

Elgaaen, B. V., Haug, K. B., Wang, J., Olstad, O. K., Fortunati, D., Onsrud, M.,
et al. (2010). POLD2 and KSP37 (FGFBP2) correlate strongly with histology, stage
and outcome in ovarian carcinomas. PloS one 5 (11), e13837. doi:10.1371/journal.
pone.0013837

Givechian, K. B., Garner, C., Garban, H., Rabizadeh, S., and Soon-Shiong, P.
(2018). CAD/POLD2 gene expression is associated with poor overall survival and
chemoresistance in bladder urothelial carcinoma. Oncotarget 9 (51), 29743–29752.
doi:10.18632/oncotarget.25701

Goel, M. K., Khanna, P., and Kishore, J. J. I. j. o. A. r. (2010). Understanding
survival analysis: Kaplan-Meier estimate. Int. J. Ayurveda Res. 1 (4), 274–278.
doi:10.4103/0974-7788.76794

Goldman, M. J., Craft, B., Hastie, M., Repečka, K., McDade, F., Kamath, A., et al.
(2020). Visualizing and interpreting cancer genomics data via the Xena platform.
Nat. Biotechnol. 38 (6), 675–678. doi:10.1038/s41587-020-0546-8

Hauck, F., Voss, R., Urban, C., and Seidel, M. G. (2018). Intrinsic and extrinsic
causes of malignancies in patients with primary immunodeficiency disorders.
J. Allergy Clin. Immunol. 141 (1), 59–68. e4. doi:10.1016/j.jaci.2017.06.009

Kebudi, R., Kiykim, A., and Sahin, M. K. (2019). Primary immunodeficiency and
cancer in children; A review of the literature. Curr. Pediatr. Rev. 15 (4), 245–250.
doi:10.2174/1573396315666190917154058

Layer, J. V., Debaize, L., Van Scoyk, A., House, N. C., Brown, A. J., Liu, Y., et al.
(2020). Polymerase δ promotes chromosomal rearrangements and imprecise
double-strand break repair. Proc. Natl. Acad. Sci. U. S. A. 117 (44),
27566–27577. doi:10.1073/pnas.2014176117

Li, T., Fan, J., Wang, B., Traugh, N., Chen, Q., Liu, J. S., et al. (2017). Timer: a web
server for comprehensive analysis of tumor-infiltrating immune cells. Cancer Res.
77 (21), e108–e110. doi:10.1158/0008-5472.CAN-17-0307

Perez, A., Leon, A., and Lee, M. Y. (2000). Characterization of the 5’-flanking
region of the gene encoding the 50 kDa subunit of human DNA polymerase delta.
Biochim. Biophys. Acta 1493 (1-2), 231–236. doi:10.1016/s0167-4781(00)00153-6

Sánchez-Ramón, S., Bermúdez, A., González-Granado, L. I., Rodríguez-Gallego,
C., Sastre, A., Soler-Palacín, P., et al. (2019). Primary and secondary
immunodeficiency diseases in oncohaematology: warning signs, diagnosis, and
management. Front. Immunol. 10, 586. doi:10.3389/fimmu.2019.00586

Schulze, A., Oshi, M., Endo, I., and Takabe, K. (2020). MYC targets scores are
associated with cancer aggressiveness and poor survival in ER-positive primary and
metastatic breast cancer. Int. J. Mol. Sci. 21 (21), E8127. doi:10.3390/ijms21218127

Subramanian, A., Kuehn, H., Gould, J., Tamayo, P., and Mesirov, J. P. J. B. (2007).
GSEA-P: a desktop application for gene set enrichment analysis. Bioinformatics 23
(23), 3251–3253. doi:10.1093/bioinformatics/btm369

Takenaka, M. C., Gabriely, G., Rothhammer, V., Mascanfroni, I. D., Wheeler, M.
A., Chao, C. C., et al. (2019). Control of tumor-associated macrophages and T cells
in glioblastoma via AHR and CD39. Nat. Neurosci. 22 (5), 729–740. doi:10.1038/
s41593-019-0370-y

Whelan, S., Ophir, E., Kotturi, M. F., Levy, O., Ganguly, S., Leung, L., et al. (2019).
PVRIG and PVRL2 are induced in cancer and inhibit CD8(+) T-cell function.
Cancer Immunol. Res. 7 (2), 257–268. doi:10.1158/2326-6066.CIR-18-0442

Xu, Q., Hu, C., Zhu, Y., Wang, K., Lal, B., Li, L., et al. (2020). ShRNA-based
POLD2 expression knockdown sensitizes glioblastoma to DNA-damaging
therapeutics. Cancer Lett. 482, 126–135. doi:10.1016/j.canlet.2020.01.011

Yin, J., Ren, W., Huang, X., Deng, J., Li, T., and Yin, Y. (2018). Potential
mechanisms connecting purine metabolism and cancer therapy. Front.
Immunol. 9, 1697. doi:10.3389/fimmu.2018.01697

Zhang, J., Xie, S., Cheng, J., Lai, J., Zhu, J. K., and Gong, Z. (2016). The second
subunit of DNA polymerase delta is required for genomic stability and
epigenetic regulation. Plant Physiol. 171 (2), 1192–1208. doi:10.1104/pp.15.
01976

Zheng, Y., Sheng, S., Wang, H., Jia, X., Hu, Y., Qian, Y., et al. (2012). Identification
of Pold2 as a novel interaction partner of protein inhibitor of activated STAT2. Int.
J. Mol. Med. 30 (4), 884–888. doi:10.3892/ijmm.2012.1065

Frontiers in Genetics frontiersin.org15

Cong et al. 10.3389/fgene.2022.877468

https://www.frontiersin.org/articles/10.3389/fgene.2022.877468/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fgene.2022.877468/full#supplementary-material
https://doi.org/10.1016/j.dnarep.2010.07.013
https://doi.org/10.1016/j.dnarep.2010.07.013
https://doi.org/10.3760/cma.j.issn.0253-3766.2019.06.007
https://doi.org/10.3760/cma.j.issn.0253-3766.2019.06.007
https://doi.org/10.1093/annonc/mdy495
https://doi.org/10.1093/annonc/mdy495
https://doi.org/10.1001/jamaoncol.2018.4942
https://doi.org/10.1172/JCI128903
https://doi.org/10.3760/cma.j.issn.0529-5807.2019.02.005
https://doi.org/10.3760/cma.j.issn.0529-5807.2019.02.005
https://doi.org/10.1038/s41580-018-0080-4
https://doi.org/10.1371/journal.pone.0013837
https://doi.org/10.1371/journal.pone.0013837
https://doi.org/10.18632/oncotarget.25701
https://doi.org/10.4103/0974-7788.76794
https://doi.org/10.1038/s41587-020-0546-8
https://doi.org/10.1016/j.jaci.2017.06.009
https://doi.org/10.2174/1573396315666190917154058
https://doi.org/10.1073/pnas.2014176117
https://doi.org/10.1158/0008-5472.CAN-17-0307
https://doi.org/10.1016/s0167-4781(00)00153-6
https://doi.org/10.3389/fimmu.2019.00586
https://doi.org/10.3390/ijms21218127
https://doi.org/10.1093/bioinformatics/btm369
https://doi.org/10.1038/s41593-019-0370-y
https://doi.org/10.1038/s41593-019-0370-y
https://doi.org/10.1158/2326-6066.CIR-18-0442
https://doi.org/10.1016/j.canlet.2020.01.011
https://doi.org/10.3389/fimmu.2018.01697
https://doi.org/10.1104/pp.15.01976
https://doi.org/10.1104/pp.15.01976
https://doi.org/10.3892/ijmm.2012.1065
https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2022.877468

	An integrative analysis revealing POLD2 as a tumor suppressive immune protein and prognostic biomarker in pan-cancer
	Introduction
	Methods
	Data collection
	Expression of POLD2 associated with immune cells analysis
	Gene set enrichment analyses
	Immunomodulation analysis
	Prognostic analysis
	Statistical analysis

	Results
	The relationship between the expression level of POLD2 in human cancer and tumor stage
	The prognostic significance of POLD2 in human cancer
	POLD2 expression and immune cells infiltration analysis
	The correlation between POLD2 and immune marker set tumor mutation burden and microsatellite instability
	The correlation between POLD2 and immunoregulatory genes
	MMRs gene expression
	Gene enrichment analysis and functional judgment
	Association between POLD2 expression and immune checkpoint blockade response
	PPI network analysis

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Supplementary material
	References


