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Abstract: This study aims to identify biomarkers of ovarian cancer, specifically those tumors exhibiting homologous 
recombination deficiency (HRD), to contribute to the optimization of immunotherapy. We screened the differentially 
expressed genes coding for CXCL10 and CCL5 by analyzing the transcriptome data of patient with different HRD 
scores in the ovarian cancer cohort of the TCGA database and validated our results using pathological tissue sec-
tions. The cellular origin of CXCL10 and CCL5 were identified using the single-cell sequencing data extracted from 
the GEO database combined with the tumor mutational burden (TMB) and single nucleotide polymorphism (SNP) 
data obtained from the TCGA database. We found that CXCL10 and CCL5 expression levels were correlated with 
HRD score. Analysis of single-cell sequencing results and tumor mutation data suggested that both CXCL10 and 
CCL5 present in the tumor microenvironment were primarily derived from immune cells. In addition, we found that 
samples with high expression of CXCL10 and CCL5 also had higher stromal cell and immune cell scores, indicat-
ing low tumor homogeny. Further analysis showed that CXCL10 and CCL5 expression was associated with immune 
checkpoint-related genes, and the efficacy of using these proteins as biomarkers was significantly higher than that 
of PD-1 in predicting the effect of anti-PD-1 immunotherapy. The expression of CXCL10 and CCL5 had statistically 
different effects on the survival of patients, based on multivariate Cox regression. In summary, the results demon-
strate that in ovarian cancer, the expression of CXCL10 and CCL5 are correlated with HRD. When CXCL10 and CCL5 
are secreted by immune cells, immune cell infiltration can be chemotactic and predict the effect of immunotherapy 
more efficiently than using PD-1 as a biomarker. Therefore, CXCL10 and CCL5 look to be promising novel biomarkers 
to guide immunotherapy in ovarian cancer.
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Introduction

As one of the most prevalent tumors of the 
female reproductive system, the incidence of 
ovarian cancer continues to increase in tandem 
with the aging of our population [1]. Recent 
advancements in diagnosis, treatment, combi-
nation therapies and surgical techniques have 
provided a good foundation for creating a com-
plete management process for ovarian cancer. 
The successful use of poly (ADP-ribose) poly-
merase inhibitors (PARPi) to treat recurrent 
ovarian cancer in patients with BRCA muta-
tions, first accomplished in 2014, heralded a 
new era of precise tumor targeting. Studies 
have shown that homologous recombination 
deficiency (HRD), caused by BRCA mutations, is 

strongly corelated with patient prognosis [2-4]. 
Integrative analysis of the expression profile 
data of 316 cases and all-exon 489 cases in 
high-grade serous ovarian cancer revealed that 
up to 50% of ovarian cancers may have abnor-
mal homologous recombination repair (HRR) 
pathways [5]. In addition, studies pertaining to 
pancreatic cancer, as well as small cell lung 
cancer, have revealed that similar abnormali-
ties in homologous recombination repair path-
ways exist in a variety of tumors and may 
respond to treatment with PARP inhibitors [6, 
7].

However, homologous recombination repair 
pathway genes are widely distributed and have 
complex mechanics. Therefore, the use of HRD 
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status as a universal marker of cancer is still in 
its infancy, in terms of clinical application. 
Furthermore, although some patients initially 
show a good response to PARPi, it is clear that 
this treatment does not halt disease progres-
sion in a significant number of cases. Therefore, 
many scholars have applied themselves to 
investigating the efficacy of PARPi when used in 
combination with immune checkpoint inhibi-
tors. The therapeutic effects of immune check-
point inhibitors in patients with either BRCA 
1/2 mutated, or HRD-positive ovarian cancer 
was presented at the American Society of 
Gynecologic Oncology (SGO) in 2021. The 
results suggested it is clinically beneficial to 
supplement PARPi with atezolizumab when 
treating BRCA1/2 mutated and HRD-positive 
patients [8]. This result is consistent with the 
TOPACIO trial [9]. The study used a BRCA1-
deficient mouse model and revealed that mice 
treated with PARPi showed increased expres-
sion of PD-L1 and that the survival of mice was 
further prolonged by administering anti-PD-1 
drugs [10]. Therefore, the identification of new 
immunotherapeutic targets and tumor mark-
ers, which can be used in conjunction, offer 
practical benefits for the treatment of tumors.

Existing studies have shown that PARPi incre- 
ases cytosolic DNA by inducing fragmentation  
of double-stranded DNA. Cyclic GMP-AMP syn-
thetase (cGAS) acts as a cytosolic DNA sensor 
which ultimately activates the stimulator of 
interferon genes (STING) signaling pathway [11, 
12]. The cGAS-STING pathway represents an 
important part of the innate immune system, 
as it can stimulate dendritic cells, macro-
phages, etc., to secrete type I interferon, which 
in turn activates the innate immune response 
[13]. In dendritic cells lacking cGAS or STING, 
innate immune recognition of cancer is defec-
tive and the production of tumor-infiltrating 
CD8+ T cells is impaired. Therefore, activation 
of the cGAS - STING pathway can induce and 
promote cross-presentation of tumor antigens, 
activate T cells, and subsequently perform a 
tumor monitoring role [14].

In this study, we aim to determine biomarkers 
that can be used to guide immunotherapeutic 
treatment of patients with homologous recom-
bination-deficient ovarian cancer. To accom-
plish this objective, we analyzed the links 
between HRD scores, transcriptome data, and 
other relevant immune characteristics of ovari-

an cancer using records extracted from the 
TCGA database. CXCL10 and CCL5, the key 
downstream target genes of the cGAS-STING 
pathway, have been found to correlate with 
HRD status. Furthermore, patients with high 
expression of CXCL10 and CCL5 had survival 
rates comparable to patients with low expres-
sion. Further analysis suggested that the 
expression of CXCL10 and CCL5 was positively 
correlated with the immune score of the tumor 
microenvironment and linked with the infiltra-
tion of certain immune cells. More importantly, 
the analysis of the immunotherapeutic effect 
shows that CXCL10 and CCL5 have better pre-
dictive value than PD-1.

Methods

Data extraction and analysis

The expression profile data of genes and their 
related clinical attributes data were sourced 
from the public databases: the Cancer Genome 
Atlas (TCGA) database (https://portal.gdc.can-
cer.gov/) and the Gene Expression Omnibus 
(GEO) database (https://www.ncbi.nlm.nih.gov/
geo/). From the former, we downloaded the 
gene expression profiling data and gene muta-
tion data contained in the TCGA-OV cohort. This 
yielded a total of 339 samples, of which 96 
records were removed due to insufficient infor-
mation, a total of 243 samples were finally 
included in the final analysis. In addition, 
BRCA1-deficient ovarian cancer gene expres-
sion profiling data were derived from GSE120- 
500 (https://www.ncbi.nlm.nih.gov/geo/query/
acc.cgi?acc=GSE120500), and a total of 12 
sample data were extracted from GSE120500 
for inclusion in the final analysis. Single-cell 
sequencing data were obtained from GSE148- 
569 (https://www.ncbi.nlm.nih.gov/geo/query/
acc.cgi?acc=GSE148569).

Data related to immunotherapy were derived 
from the Imvigor210 cohort [15]. When the  
protein expression level was higher than the 
mean of all samples, it was considered that  
the protein was highly expressed. The assess-
ment of pan-cancer data was achieved through 
the Sangerbox tools, a free-of-charge online 
platform for data analysis (http://www.sanger-
box.com/tool). CXCL10 and CCL5 of different 
ovarian cancer groups were obtained from 
TISIDB database. CXCL10 and CCL5 data were 
obtained from the ovarian cancer datasets con-
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tained in the publicly accessible TISIDB data-
base [16]. The HRD score was calculated using 
the sum of loss of heterozygosity (LOH), Large-
scale State Transitions (LST), and Telomeric 
Allelic Imbalance (TAI) [17]. The HRD score of 
each sample is displayed in Supplementary 
Table 1.

Screening of differential genes and enrich-
ment analysis

First, the TCGA-OV cohort samples were ranked 
by HRD score. Samples in the first and fifth 
quintiles were selected as study subjects. We 
analyzed the gene expression data of these 
samples with the limma package [18] using  
version 3.6.3 of R [19], then performed differ-
ential gene screening using a cut-off value of 
logFC ≥ 0.5 and P-value < 0.05. Gene Ontology 
(GO) and KEGG pathway enrichment analysis 
was conducted using the “clusterProfiler” pack-
age [20].

Calculation of tumor mutation burden

Tumor mutation burden (TMB) for a specific 
region of interest is defined as the ratio.

Total number of mutations counted: Length of 
the coding region [21].

The main mutation types include nonsense 
mutations, frame-shift deletions, frame-shift 
insertions, splice sites and missense muta-
tions. In this study, the TMB was determined for 
463 samples and the calculations for each 
sample are documented in Supplementary 
Table 2.

Single-cell sequencing

The raw data used for single-cell sequencing 
analysis were derived from GSE148569. A  
total of 477 samples were included in the final 
analysis. The data were analyzed by applying 
the Seurat package [22] using version 3.6.3 of 
R [19]. The number of gene expressions > 50 
and < 5% of mitochondria-related genes was 
selected as a data filtering condition. Eventu- 
ally, the top 3000 genes, in terms of the largest 
fluctuations in gene expression, were selected 
for the next stage of analysis. Through PCA, 
TSNE performs dimensionality reduction of the 
data. The FindClusters function categorized the 
cells into seven clusters. Gene expression 
markers for each cell cluster were determined 
using the FindAllMarkers function and the 

results used for cell annotation. We used the 
public database, CellMarker [23] and the 
Mouse Cell Atlas [24] in conjunction to com-
plete the cell annotation.

Immunohistochemistry

For this analysis, our subject group contained 
42 patients with ovarian cancer, who were  
first diagnosed by Shengjing Hospital of China 
Medical University, during the period from 
January 2018 to March 2022, and who had 
been assigned an HRD score. These patients 
had had tissue samples collected, which were 
formalin fixed and paraffin embedded. This 
study was reviewed and approved by the Ethics 
Committee. Paraffin slides were dewaxed in 
xylene and then hydrated in gradient alcohol. 
After heat-induced antigen repair, the activity  
of endogenous peroxidase was blocked by  
adding 3% hydrogen peroxide solution and in- 
cubating at room temperature for 10 min. After 
three rinses phosphate buffered saline (PBS), 
goat serum albumin was dropped into the solu-
tion and incubated at room temperature for 15 
min. After dumping the serum, it was mixed 
with primary antibodies (CXCL10, 1:100, Novus 
Biologicals (NBP2-67004), USA, CCL5, 1: 20, 
Invitrogen (710001), USA) and stored over- 
night at 4°C, then incubated with HRP labeled 
anti-rabbit IgG (ZSGB-BIO (SP90001-06)) at 
room temperature for 15 min. The samples 
were then stained with 3-diaminobenzidine 
(DAB), followed by hematoxylin. The results 
were evaluated by two senior pathologists 
using semi-quantitative evaluation techniqu- 
es. Given that no significant intratumoral het-
erogeneity was observed during staining, 
immunohistochemical assessments of protein 
expression were solely based on staining in- 
tensity: negative (-), weak (+), moderate (++) or 
strong (+++).

Immune profile analysis

The tumor immune microenvironment was 
scored using the ESTIMATE package [25] with 
version 3.6.3 of R [19]. The results were visual-
ized using ggplot2 [26]. Tumor immune cell  
infiltration analysis was performed using the 
CIBERSORT function [25] and the subsequent 
results were visualized with a Vioplot package 
[27]. We investigated whether the expression 
of CXCL10 is correlated with common immune 
checkpoint genes using a combination of the 
corrplot [28] ggplot2 [26] packages.

http://www.ajcr.us/files/ajcr0146027suppltab1.xls
http://www.ajcr.us/files/ajcr0146027suppltab1.xls
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Statistical analysis

In this study, survival analysis was performed 
using GraphPad Prism9.0.2 and ROC curves 
were plotted. Correlation analysis was perform- 
ed using the Pearson correlation test. In this 
study, IBM SPSS statistics 26 was applied for 
multivariate COX regression analysis. P < 0.05 
was considered statistically significant.

Results

CXCL10 and CCL5 as the downstream genes 
of the cGAS-STING pathway is associated with 
HRD

Data relating to a total of 339 TCGA-OV cohort 
samples were downloaded from the publicly 
accessible TCGA database. After 96 samples 
were excluded due to incomplete data, 243 
samples were included in our study. Recent 
reports suggest that HRD status may play a 
crucial role in predicting ovarian cancer progno-
sis [29, 30]. HRD score ≥ 42 is defined as HRD-
positive according to the Myriad MyChoice® 
CDx test platform approved by the FDA. Survi- 
val analysis, revealed a statistically significant 
difference between the HRD-positive and HRD-
negative patient groups (P < 0.05, Supple- 
mentary Figure 1A). Further analysis revealed 
that HRD score predicted a 5-year survival rate 
of 61.36% (Supplementary Figure 1B). Thus, 
our results agreed with previous studies which 
suggest that HRD status may be a prognostic 
marker in ovarian cancer. Hence, the above 
samples were ranked individually, according to 
HRD scores. The first and fifth quintiles were 
selected for subsequent studies. The HRD 
scores of all samples are detailed in Supple- 
mentary Table 1. Differential gene expression 
analysis was performed using the limma pack-
age in R [18, 19], with a cut-off value of logFC ≥ 
0.5 and P-value < 0.05. A total of 450 differen-
tially expressed genes fell within these param-
eters, consisting of 329 up-regulated and 121 
down-regulated genes. The results are present-
ed in a volcano plot (Figure 1). KEGG and GO 
enrichment analysis of these differential genes 
revealed that the vast majority were associated 
with the chemokine pathways and to some 
extent the immune-related signaling pathways, 
such as chemokine activation and leukocyte 
migration (Figure 1). Interestingly, the chemo-
kines CXCL10 and CCL5 have been implicated 
in several of these signaling pathways. Existing 
studies have shown that CXCL10 and CCL5  

are the key downstream target genes of the 
cGAS-STING pathway. The cGAS-STING path-
way, as a part of the innate immune system, is 
abnormally activated in homologous recombi-
nation-deficient ovarian cancer [31, 32]. Such 
findings imply that CXCL10 and CCL5 may be 
involved in ovarian tumor development. Further 
analysis supported the theory that there was a 
co-expression relationship between CXCL10 
and CCL5 (Figure 2A), and the expression of 
both was correlated with HRD status (Figure 
2B, 2C). In addition, patients with high expres-
sion of both CXCL10 and CCL5 exhibited signifi-
cantly better survival rates compared with 
those with low expression (P < 0.05, Figure 
2D).

In addition, our analysis of the GSE120500 
cohort showed that STING, TBK1, IRF3, and 
CXCL10 expression was significantly increased 
in BRCA1-deficient ovarian cancer patients 
after PARPi treatment compared with controls. 
Furthermore, CXCL10 expression was strongly 
correlated with that of STING, TBK1, and IRF3 
(Figure 2E-G), which have been shown to be  
key genes of the cGAS-STING pathway [33]. A 
pan-cancer analysis of CXCL10 expression, 
using data from the TCGA database on multiple 
cancer types, indicated that this pattern of dif-
ferential CXCL10 and CCL5 expression was 
present in multiple tumors (Figure 2H, 2I). 
Furthermore, based on these results, we can 
conclude that, as a downstream gene within 
the cGAS-STING pathway, CXCL10 is associat-
ed with HRD. The differential gene screening 
process is shown in Figure 1.

Immunohistochemical results confirmed that 
CXCL10 and CCL5 were highly expressed in 
HRD-positive ovarian cancer

A total of 42 ovarian cancer patients with a 
known HRD score were enrolled in this study. 
There were twenty-one HRD-positive patients 
and twenty-one HRD-negative patients. For 
each group, the expression of CXCL10 and 
CCL5 was analyzed via immunohistochemical 
staining of surgical specimens. The results 
showed that CXCL10 and CCL5 are expressed 
in the cytoplasm and membrane. In the HRD-
positive cohort, CXCL10 expression was strong-
ly positive in two cases (9.52%, Figure 3A), 
moderately positive in eight cases (38.10%), 
weakly positive in six cases (28.57%), and neg-
ative in five cases (23.81%). Whereas in the 
HRD-negative cohort, there were two moder-

http://www.ajcr.us/files/ajcr0146027suppltab1.xls
http://www.ajcr.us/files/ajcr0146027suppltab1.xls


CXCL10 and CCL5 for immunotherapy

1908 Am J Cancer Res 2023;13(5):1904-1922

ately positive patients (9.52%), three weakly 
positive patients (14.29%), and sixteen nega-
tive patients (76.19%, Figure 3B). Chi-square 
analysis showed that CXCL10 expression was 
significantly different between the two groups 
(P < 0.05, Figure 3E). Analysis of CCL5 expres-
sion showed that in HRD-positive patients: 
three cases were strongly positive (14.29%, 
Figure 3C), nine cases were moderately posi-
tive (42.86%), five cases were weakly positive 
(23.81%), and four cases were negative 

(19.04%). However, among the twenty-one 
HRD-negative patients, one was strongly posi-
tive (4.77%), four were moderately positive 
(19.04%), four were weakly positive (19.04%), 
and twelve were negative (57.15%, Figure 3D). 
Chi-square analysis showed that the expres-
sion of CCL5 was significantly different be- 
tween the two groups (P < 0.05, Figure 3F). 
Therefore, immunohistochemical results indi-
cate that CXCL10 and CCL5 are often over-
expressed in HRD-positive ovarian cancer.

Figure 1. Flow chart of target gene screening. Key genes were screened by comparing the difference in gene expres-
sion in the top 20% versus the bottom 20% of samples with HRD scores in the TCGA-OV cohort. Volcano plots show-
ing differential genes selected with logFC ≥ 0.5, P-value < 0.05. GO and KEGG plots show the results of differential 
genes enrichment analysis.
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Single cell sequencing results suggested the 
origin of CXCL10 and CCL5 in the tumor micro-
environment

To further clarify the cellular origin of CXCL10 
and CCL5 found in the tumor microenviron-

ment, we selected a total of 477 BRCA1-
deficient mouse mammary cancer samples 
GSE148569 cohort for single-cell sequencing 
analysis. The Seurat package was used for 
assessment of sequencing data. In the data 
pre-processing stage, cells with gene expres-

Figure 2. As the downstream genes of the cGAS-STING pathway, CXCL10 and CCL5 are associated with HRD. A. 
Scatter Plot of Correlation Between CXCL10 and CCL5 Expression in TCGA-OV Cohort. B and C. CXCL10 and CCL5 
were expressed in the top 20% group and the bottom 20% of HRD score. D. Survival curves for high versus low ex-
pression of CXCL10 and CCL5 in the TCGA-OV cohort. E-G. Scatterplot of the correlation between STING, TBK1, IRF3 
and CXCL10 expression in ovarian cancer patients treated with PARPi in the GSE120500 cohort. H. Violin plot of 
CXCL10 expression in a variety of tumor tissues versus normal tissues. I. Violin plot of CCL5 expression in a variety 
of tumor tissues versus normal tissues.

Figure 3. Immunohistochemical results confirmed that CXCL10 and CCL5 were highly expressed in HRD-positive 
ovarian cancer. A. The positive expression of CXCL10 in ovarian cancer showed that the positive expression of 
CXCL10 was located in the cytoplasm and membrane. B. Negative expression of CXCL10 in ovarian cancer. C. The 
positive expression of CCL5 in ovarian cancer showed that the positive expression of CCL5 was located in the cyto-
plasm and membrane. D. Negative expression of CCL5 in ovarian cancer. E and F. Histogram of CXCL10 and CCL5 
expression differences in HRD-positive and HRD-negative ovarian cancer patients.
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sion numbers less than 2000 were filtered out, 
and cells with more than 5% mitochondria-
related genes were also excluded. Eventually, 
the top 3000 highly variable genes were select-
ed for PCA, as well as being subjected to the 
t-SNE algorithm for dimensionality reduction of 
the data (Figure 4A). PCA divided the samples 
into 15 different PCs, of which 14 PCs had a 
P-value < 0.05 (Figure 4B). At the t-SNE dimen-
sionality reduction stage, the samples ended 
up in seven different cell clusters (Figure 4C). 
Each cell cluster was annotated by screening 
for marker genes and combination with data 
from the public database Cell Marker [23] and 
the Mouse Cell Atlas [24] (Figure 4D and 
Supplementary Table 3). The types of cells in 
the seven clusters were determined to be:  
alveolar, endothelial, T-cell, mast, macrophage 
cells, dendritic and fibroblast; i.e. predomin- 
antly immune-related (Figure 4E). When each 
cluster was subject to expression analysis and 
the results compared, they revealed that 
CXCL10 mainly originated from immune-related 
cells, such as macrophages, dendritic cells  
and T cells (Figure 4F); whereas for CCL5, it 
was mainly macrophages and dendritic cells 
(Figure 4G). This suggests that CXCL10 and 
CCL5 were mainly derived from immune-relat-
ed cells in the tumor microenvironment and 
may play a role in tumor-related immune 
response.

To investigate other sources of CXCL10 and 
CCL5 in the tumor microenvironment, we ana-
lyzed the gene mutation data from the TCGA- 
OV cohort. After calculating the TMB for each 
sample, we tried to ascertain if there was any 
correlation between the expression of CXCL10 
and CCL5 with regards to TMB. The results 
showed that there was a small correlation (R = 
0.16, P = 0.034) between CXCL10 expression 
and TMB (Figure 4H), but there was no correla-
tion between CCL5 expression and TMB (P > 
0.05, Figure 4I). At the same time, we also 
investigated the relationship between single 
nucleotide polymorphisms (SNP) and CXCL10 
and CCL5 expression independently, in order  
to further clarify their source. In both compari-
sons, gene expression was found to be inde-
pendent of SNP in all of the samples that had 
measured both gene expression data and SNP 
data (Supplementary Table 4). These results 
support our earlier findings which suggest that 
CXCL10 and CCL5 are mainly derived from 
immune-related cells in the tumor microenvi-

ronment and may play a role in tumor-related 
immune responses.

High expression of CXCL10 and CCL5 are 
related with the immune profile of the tumor 
microenvironment

Current studies suggest that multiple chemo-
kines play key roles in orchestrating tumor 
immunity [34, 35]. Therefore, in this study, the 
ESTIMATE algorithm [25] was used to perform 
stromal, immune and ESTIMATE scoring for 
samples exhibiting CXCL10 or CCL5 expres-
sion. The purpose of this analysis was to obtain 
tumor microenvironment characteristics relat-
ed to expression, such as stromal cell score, 
degree of immune cell infiltration and tumor 
purity. Compared with the low expression 
group, the high expression group of CXCL10 
and CCL5 had statistically significantly higher 
(all P < 0.001) stromal scores (P < 0.001, Figure 
5A), immune scores and ESTIMATE scores 
(Figure 5A-C). Further analysis of the relation-
ship between different immune cells in the 
tumor microenvironment and CXCL10 expres-
sion showed that CD8+ T cells (P < 0.05), acti-
vated CD4+ T cells (P < 0.001), M1 macro-
phages (P < 0.001), and activated dendritic 
cells (P < 0.05) were related with CXCL10 ex- 
pression (Figure 5D). Dendritic cells, M1 mac-
rophages, M2 macrophages, activated CD4+ T 
cells, CD8+ T cells, and Treg cells were corre-
lated with CCL5 expression (P < 0.05, Figure 
5D). Subsequently, we repeated our analysis  
of the data from the TIMER database [36], 
which showed that CXCL10 expression was 
positively correlated with dendritic cells, M1 
macrophages, NK cells, CD8+ T cells, memory 
B cells, and activated CD4+ T cells, but nega-
tively correlated with mast cells, M0 macro-
phages, eosinophils, and naive B cells (Figure 
5E). Interestingly, the correlation between 
CXCL10 expression and dendritic cells exceed-
ed 0.7 (P < 0.001, Figure 5F) and similarly  
with M1 macrophages exceeded 0.5 (P < 
0.001, Figure 5F). These findings are consis-
tent with our results from single-cell sequenc-
ing. Furthermore, we observed a clear correla-
tion between CCL5 expression and M1 macro-
phages (P < 0.001, Figure 5F), but a negative 
correlation with M0 macrophages and M2  
macrophages (Figure 5F), suggesting that 
CCL5 may be involved in the polarization of 
macrophages. Moreover, recent studies have 

http://www.ajcr.us/files/ajcr0146027suppltab3.xls
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Figure 4. Single cell sequencing results suggested the origin of CXCL10 and CCL5 in the tumor microenvironment. A. 
Genes were expressed in all samples. Red dots indicate the top 3000 genes with the greatest difference in gene ex-
pression. B. PCA principal component analysis plots. C. TSNE Cluster Analysis Diagram. D. Marker Gene Bubble Plot 
for Different Clusters of Cells. E. Plots annotated to cell clusters. F and G. Scatterplot of CXCL10 and CCL5 expres-
sion in different cell clusters. H and I. Scatterplot of the correlation between CXCL10 and CCL5 expression and TMB.
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Figure 5. High expression of CXCL10 and CCL5 correlate with the immune profile of the tumor microenvironment. 
A-C. Stromal score, immune score, and ESTIMATE score in the group with high and low expression of CXCL10 and 
CCL5 in the TCGA database. D. Box diagram of immune cell difference analysis in the group with high and low ex-
pression of CXCL10 and CCL5. E and F. CXCL10 and CCL5 expression in the TCGA database in relation to different 
immune cells in the tumor microenvironment.
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shown that macrophage polarization plays a 
key role in the development of tumors, with  
M1 macrophages exhibiting mainly anti-tumor 
effects, while M2 macrophages exhibit tumor-
promoting effects [37, 38]. Importantly, acti-
vated M1 macrophages express Th1 chemo-
kines such as CXCL10 to induce immune infil-
tration, contributing to the formation of the 
tumor microenvironment. The above results 
indicate that CXCL10 and CCL5 expression cor-
relate with the immune characteristics of the 
tumor microenvironment and may play a role in 
anti-tumor immunity in ovarian cancer.

Correlation of CXCL10 and CCL5 expression 
with a variety of immune checkpoint-related 
genes

Immune checkpoints play a key role in main-
taining immune tolerance as well as regulating 
the type of immune response. This makes them 
ideal targets for those developing novel immu-
notherapies for the treatment of cancer [39]. 
Therefore, in this study, we looked for patterns 
with co-expression between either CXCL10 or 
CCL5 and more than 30 common immune 
checkpoint-related genes to clarify their appli-
cation value in ovarian cancer. As shown in  
the heatmap (Figure 6A), CXCL10 expression 
showed correlation with a variety of immune 
checkpoint-related genes. Using a cut-off of 
correlation coefficient > 0.6, we were able to 
identify thirteen immune checkpoint-related 
genes (LAIR1, LAG3, ICOS, CTLA4, CD48, HAV- 
CR2, CD80, LGALS9, IDO1, PDCD1LG2 (PD- 
L2), TIGIT, CD274 (PD-L1) and CD86) that 
appear to have a strong correlation with CXC- 
L10. Similarly, more than ten immune check-
point-related genes were significantly correlat-
ed with CCL5 expression (P < 0.001, Figure 
6B), of which CD48, CD86, HAVCR2, LAIR1, 
TIGIT, CD27, PDCD1LG2, ICOS and CTLA4  
had correlation coefficients > 0.7 with CCL5 
expression. CD274 (P < 0.001, Figure 6C, 6F), 
PDCD1 (PD-1) (P < 0.001, Figure 6D, 6G) and 
CTLA4 (P < 0.001, Figure 6E, 6H), as the most 
useful immune checkpoint-related genes in 
clinical practice, were positively correlated  
with both CXCL10 and CCL5 expression. A 
recent study showed that BTNL2 is able to 
directly inhibit the activation of CD4+ T cells. 
Furthermore, patients with tumors with low 
BTNL2 expression had significantly improved 
survival. Curiously, in our study we concluded 

that CXCL10 and CCL5 expression were in- 
versely correlated with BTNL2 [40]. In summa-
ry, we found CXCL10 and CCL5 were significant-
ly correlated with a variety of immune check-
point-related genes in ovarian cancer and could 
be used as novel biomarkers to predict the out-
come of immune checkpoint blocking therapy.

CXCL10 and CCL5 as feasible markers to pre-
dict the efficacy of cancer immunotherapy

As soon as immunotherapy was proven suc-
cessful for the treatment of certain types of 
tumors, researchers began focusing attention 
on identifying markers capable of predicting 
the effects of this type of therapy. Our previous 
studies demonstrate that CXCL10 and CCL5 
may play a role in the immune microenviron-
ment of tumors. Therefore, to further clarify the 
value of these two genes in cancer immuno-
therapy, we analyzed 348 patients (document-
ed in the Imvigor210 cohort) to assess their 
response to anti-PD-1 therapy. The results 
showed that the expression of CXCL10 and 
CCL5 were statistically different between the 
responder group and the non-responder group, 
being higher in the former (P < 0.001, Figure 
7A, 7B). Further analysis showed that patients 
with high CXCL10 and CCL5 expression had 
better survival rates in this immunotherapy 
cohort (P < 0.01, Figure 7C). By comparing the 
combination of CXCL10 and CCL5 expression 
with PD-1 expression for predicting the effect  
of immunotherapy, we found that the former 
had higher predictive efficacy than PD-1, with 
an AUC of 63.87% (95% CI: 56.89%-70.84%,  
P < 0.001, Figure 7D). A multivariate Cox pro-
portional hazards model was constructed that 
included gender, race, immune phenotyping, 
TCGA subtype, PD-1 expression, CXCL10 and 
CCL5 expression. The results showed that 
CXCL10 and CCL5 expression had a statistical-
ly significant effect on survival time (HR = 
1.575, 95% CI: 1.045-2.373, P = 0.03, Table 
1). Subsequently, we analyzed data associated 
with ovarian cancer patients obtained from  
the TISIDE database [16] and assigned each 
patient to one of four different prognostically 
different subgroups based on tumor character-
istics: differentiated, immunoreactive, intersti-
tial, and proliferative. The results showed that 
the expression of CXCL10 and CCL5 were sig-
nificantly different among these four groups. In 
addition, the expression of CXCL10 and CCL5 
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were the highest in patients assigned to the 
immunoreactive group (Figure 7E, 7F). Further- 
more, our analysis revealed that patients in  
the immunoreactive group showed significant 
T-cell infiltration and higher survival rates than 
other groups [41]. Overall, our results indicate 
that the combination of CXCL10 and CCL5 is 
superior to PD-1 in predicting the effect of  
cancer immunotherapy, making it an interest-
ing candidate biomarker for use with cancer 
immunotherapy.

Discussion

Ovarian cancer, considered the most malignant 
gynecological tumor, has invisible onset and  
no noticeable symptoms in the early stage. 
Thus, most patients are actually in advanced 
stages of the disease at the time of initial diag-
nosis. Approximately 25% of ovarian cancers 
are caused by genetic mutations. In normal 
cells, DNA damage continues to occur, which 
unless repaired in a timely fashion, can accu-

Figure 6. Correlation of CXCL10 and CCL5 expression with a variety of immune checkpoint-related genes. A and B. 
Heat map of CXCL10 and CCL5 association with immune checkpoint-related genes. C-E. Correlation plot of CXCL10 
with CD274, PDCD1, and CTLA4 expression. F-H. Correlation plot of CCL5 with CD274, PDCD1 and CTLA4 expres-
sion.



CXCL10 and CCL5 for immunotherapy

1916 Am J Cancer Res 2023;13(5):1904-1922

Figure 7. CXCL10 and CCL5 as feasible markers to predict the efficacy of cancer immunotherapy. A and B. Box plots 
of CXCL10 and CCL5 expression in the immune response group versus the non-response group in the IMvigor210 
cohort. C. Survival curves for high versus low expression of CXCL10 and CCL5 in the IMvigor210 cohort. D. ROC 
curves for CXCL10 and CCL5 versus PD-1 in the IMvigor210 cohort. E and F. Violin plot of CXCL10 versus CCL5 ex-
pression in different types of ovarian cancer in the TISIDB database.
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mulate until the mutations become harmful. 
Homologous recombination repair is a key  
signaling pathway for achieving double-strand-
ed DNA break repair. About 50% of serious 
high-grade ovarian cancers have homologous 
recombination repair defects, combined with 
the rapid proliferation of tumor cells causing 
increasing damage to DNA and subsequent 
leakage into the cytoplasm. Once detected, the 
leakage is detected by cGAS, which activates 
the cGAS-STING pathway, leading to the innate 
immune response being triggered [42, 43]. 
Recent studies have shown that genomic insta-
bility caused by both homologous recombina-
tion defects and mismatch repair defects can: 
activate the cGAS-STING pathway; create type  
I interferons and related cytokines [31, 44]; 
induce immune infiltration and exerts anti-
tumor immune effects. Immune checkpoint 
blocking therapy may further enhance this  
cascade and its effects, which could be har-
nessed to provide a novel approach for treating 
ovarian cancer. Therefore, in this study, we 
characterize the immune profile of the tumor 
microenvironment by analyzing the HRD status 
of ovarian cancer patients. We also searched 
for differentially expressed genes that have the 

potential to act as novel biomarkers that can be 
used to guide immunotherapy in ovarian cancer 
exhibiting homologous recombination repair 
defects.

Based on different HRD scores, we selected 
450 differentially expressed genes and identi-
fied their biological functions/related pathways 
using enrichment analysis. Our results revealed 
a high percentage of these genes coded for 
chemokines, forming part of immune-related 
pathways. Concurrently, we found that CXCL10 
and CCL5, the major downstream target genes 
of the cGAS-STING pathway, are positively cor-
related with HRD. In addition, we observed that 
the group of patients with high CXCL10 and 
CCL5 expression had better overall survival 
rates. Moreover, we found that the expression 
of STING, TBK1, IRF3, and CXCL10 in HRD-
positive ovarian cancer patients, after treat-
ment with PARPi, was significantly increased 
compared with the control group. We also de- 
termined that CXCL10 expression is strongly 
correlated with the expression of STING, TBK, 1 
and IRF3 (these three have been proven to be 
vital genes of the cGAS-STING pathway) [33, 
45]. It has been shown that in HRD-positive 

Table 1. Multivariate cox regression analysis of IMvigor210 cohort
Variable Group N B SE Wald P HR 95% CI
Sex

female* 59
male 221 -0.198 0.175 1.279 0.258 0.82 0.582-1.157

Race
white* 257
black 15 -0.396 0.388 1.043 0.307 0.673 0.315-1.439
other 8 -0.718 0.508 1.996 0.158 0.488 0.18-1.321

Immune phenotype
excluded* 132
desert 75 -0.007 0.18 0.001 0.969 0.993 0.698-1.413
inflamed 73 -0.282 0.203 1.922 0.166 0.755 0.507-1.124

TCGA Subtype
I-II* 110
III-IV 170 -0.223 0.155 2.077 0.149 0.8 0.591-1.083

PDCD1
HIGH* 111
LOW 169 -0.224 0.199 1.267 0.26 0.8 0.542-1.18

CXCL10+CCL5
HIGH* 104
LOW 176 0.454 0.209 4.717 0.03 1.575 1.045-2.373

“*”: Control group.
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ovarian cancer, PARPi-induced increase in dam-
aged DNA activates the cGAS-STING-TBK1-
IFR3-CXCL10 innate immune pathway. Shen, J 
demonstrated in vitro that the mRNA of both 
CXCL10 and CCL5 increased in tumor cells in a 
time-dependent manner subsequent to PARPi 
treatment. Furthermore, this up-regulation of 
CXCL10 with CCL5 gradually decreased after 
the knockdown of STING, TBK1, and IRF3 [31].

Tumor heterogeneity is one of the characteris-
tics of neoplasms [46]. Single-cell sequencing 
reveals tumor heterogeneity by untargeted 
quantitative detection of transcriptomes in in- 
dividual cells, as well as identifying ubiquitous 
transcriptomic states with specific transcrip-
tomes to help gain insight into tumor microenvi-
ronment characteristics and thus implement 
precision therapy [47]. In this study, we ana-
lyzed single-cell sequencing data from the 
GSE148569 cohort to identify the cell types  
in the tumor microenvironment from which 
CXCL10 and CCL5 originate. The results of  
our cell clustering and annotation analyses 
demonstrated that CXCL10 is mainly derived 
from macrophages, dendritic cells, and T cells, 
whereas CCL5 is primarily derived from macro-
phages and dendritic cells. In order to avoid 
alteration of CXCL10 and CCL5 transcriptional 
characteristics due to gene mutation, the gene 
mutation data of the TCGA-OV cohort were fur-
ther analyzed in this study to assess the corre-
lation between TMB, SNP and CXCL10/CCL5 
expression in the samples. The results showed 
no correlation, except for CXCL10 expression 
and TMB (P < 0.05). However, in this case, the 
correlation coefficient is only 0.16, thus it is of 
little clinical significance and may be ignored. In 
summary, the results indicate that CXCL10 and 
CCL5 are mainly derived from immune cells  
in the tumor microenvironment and may be 
involved in tumor-related immune responses. 

Tumor microenvironment refers to the local 
environment in which tumor cells grow and 
develop. In addition to tumor cells, it also con-
tains immune cells, fibroblasts, stromal cells 
and capillaries. Studies have shown that the 
tumor microenvironment provides everything 
necessary for the occurrence, development 
and metastasis of tumors [48]. By modulating 
the tumor microenvironment, it is possible to 
improve the effects of targeted therapeutic 
agents. Therefore, this study analyzes the rela-

tionship between CXCL10 versus CCL5 expres-
sion profiles and the tumor microenvironment 
in the TCGA-OV cohort. High expression of 
CXCL10 and CCL5 were found to be correlated 
with higher stromal cell scores and immune cell 
scores, suggesting that the sample tumors ex- 
hibited less tumor purity. Studies have shown 
that stromal cells, in conjunction with immune 
cells, can regulate components of the tumor 
microenvironment and promote metabolic 
remodeling of tumor cells [49]. In addition, 
CXCL10 expression was significantly correlat- 
ed with CD8+ T cells, CD4+ T cells, and den-
dritic cells. Studies by Mowat demonstrated 
that the recruitment and activation of CD8+ T 
cells depends on the overexpression of CXCL- 
10 and CCL5, and the synergistic effect be- 
tween CCL5 and IFNγ-induced CXCR3 ligands 
(CXCL9/10) secreted by bone marrow cells is 
key to orchestrating T cell infiltration in immu-
noreactive tumors [34, 44]. Spranger, using 
flow cytometry and in vivo imaging, proposed 
that the complete inhibition of CXCL10 expres-
sion in CD103+ dendritic cells would result in 
the failure of effector T cells to recruit to the 
tumor [50]. In fact, the infiltration of a sufficient 
number of lymphocytes, such as CD8+ T cells 
and CD4+ T cells, largely determines the effi-
cacy of most targeted drugs. 

As a tumor develops, its microenvironment  
usually evolves in composition to ensure the 
survival of the tumor cells. In addition, the acti-
vation of immune checkpoint pathways can 
enable tumor cells to evade detection/attack 
from host defence mechanisms. Some immune 
checkpoint blocking drugs can re-induce anti-
tumor immunity and promote the elimination  
of tumors [49]. In this study, we found that 
CXCL10 and CCL5 were significantly correlated 
with PD-1/PD-L1 and CTLA4 which are current-
ly the most widely used in clinical practice and 
in the anti-PD-1 therapy cohort, patients in the 
responsive group had high CXCL10 and CCL5 
expression and good survival rates. When com-
paring the value of CXCL10 and CCL5 with PD-1 
in predicting the efficacy of immunotherapy,  
we were surprised to find that CXCL10 and 
CCL5 could replace PD-1 as biomarkers for pre-
dicting therapeutic efficacy. Similarly, multivari-
ate Cox regression analysis showed CXCL10, 
along with CCL5, to be an independent factor 
for survival. Chow investigated the RNA and 
protein levels of CXCL9 and CXCL10 and dem-
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onstrated that they were significantly increas- 
ed in tumors following anti-PD-1 therapy. They 
also determined that the effectiveness of  
anti-PD-1 therapy was significantly reduced if 
monoclonal antibodies against CXCL9 and 
CXCL10 were administered [51]. In tumor-bear-
ing mice treated with anti-PD-1, CXCR3 and its 
ligands (CXCL9/10) are essential in the pro- 
cess of CD8+ T cell action, and anti-PD-1 treat-
ment is achieved through CXCR3 expression by 
CD8+ T cells. By examining the expression lev-
els of CXCL9 and CXCL10 in antigen-present- 
ing cells (dendritic cells) sourced from various 
solid tumors with different response efficien-
cies to anti-PD-1, it was found that the expres-
sion of CXCL10 in anti-PD-1-responsive tumors 
was significantly increased compared with anti-
PD-1-resistant tumors [51]. However, in homol-
ogous recombination-deficient tumors with 
unstable genomes, the mechanics by which 
CXCL10 and CCL5, present in the tumor micro-
environment, regulate anti-tumor immunity 
needs to be validated with additional in vivo 
and in vitro studies. This represents one of the 
limitations of this study. In addition, much of 
our data is derived from public databases, so 
there may be a certain degree of bias in the 
data collection stage.

Conclusion

In summary, the results demonstrate that in 
homologous recombination-deficient tumors, 
the CXCL10 and CCL5, the key downstream  
target genes of the cGAS-STING pathway, are 
correlated with HRD score. When CXCL10 and 
CCL5 are secreted by immune cells in the tu- 
mor microenvironment, immune cell infiltration 
can be chemotactic and can be used to predict 
the effect of immunotherapy instead of PD-1. 
Therefore, it is anticipated that future studies 
will confirm that CXCL10 and CCL5 can be use-
ful biomarkers to guide immunotherapy in 
homologous recombination-deficient ovarian 
cancer.
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Supplementary Figure 1. A. Survival curves for HRD positive and HRD negative ovarian cancer. B. ROC curves for 
HRD score in the TCGA-OV cohort.


