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Introduction: Endometrioid endometrial adenocarcinoma is one of the most common gynecological cancers in women, 
with an increasing incidence in recent years. CXC chemokines and their receptors, which play a critical role in regulating 
immune and angiogenic processes in the tumor microenvironment, are thought to have significant functions in endometrial 
carcinogenesis.
Methods: In this study, we comprehensively examined the expression profiles of five CXC chemokines (CXCL9, CXCL10, 
CXCL11, CXCL4, and CXCL4L1) and three CXCR3 receptor variants (CXCR3A, CXCR3B, and CXCR3-alt) in 50 normal endometrium 
and 50 endometrioid endometrial adenocarcinoma samples using quantitative real-time PCR and immunohistochemical 
analyses.
Results: Quantitative real-time PCR analyses revealed significant upregulation of CXCR3A, CXCR3-alt, CXCL9, and CXCL11 in 
endometrioid endometrial adenocarcinoma, whereas CXCR3B, CXCL10, CXCL4, and CXCL4L1 were downregulated. These 
findings indicate that the pro-proliferative CXCR3A/CXCR3-alt axis becomes hyperactive in tumor tissue, while the angiostatic 
CXCR3B axis is suppressed. Furthermore, we observed distinct chemokine correlation patterns in normal endometrium and 
tumor tissue, suggesting a reorganization of the chemokine network during disease progression. Immunohistochemical 
analyses confirmed the tissue-level localization and cell-specific expression of these molecules. When integrated with 
clinical data, certain chemokine expression patterns showed significant correlations with tumor stage and grade. Notably, 
high CXCR3A and low CXCR3B expression were associated with a more aggressive tumor phenotype and poor prognosis.
Discussion and Conclusion: This study provides a comprehensive view of the disruption of the CXC chemokine network 
in endometrioid endometrial adenocarcinoma. Our findings demonstrate that these molecules not only play a role in the 
pathogenesis of the disease but also have potential as prognostic markers and therapeutic targets. Targeting CXCR3 receptor 
variants and their ligands may lead to the development of novel strategies for endometrial cancer treatment in the future. 
Further studies should focus on translating these findings into clinical applications and evaluating the therapeutic efficacy 
of CXC chemokine modulation.
Keywords: Angiogenesis; Cancer progression; CXC chemokines; CXCR3 receptor variants; Endometrioid endometrial 
adenocarcinoma; Immunoangiostasis; Tumor microenvironment.

DOI: 10.14744/hnhj.2024.93206 
Haydarpasa Numune Med J 2024;64(3):416–426

hnhtipdergisi.com

KARE

Formerly Haydarpaşa Numune Eğitim ve Araştırma Hastanesi Tıp Dergisi

hnhtipdergisi.com

HAYDARPAŞA NUMUNE MEDICAL JOURNAL

ORIGINAL ARTICLE

Abstract

Correspondence: Hatice Güngör, M.D. Department of Internal Medicine, Medical Oncology, University of Health Sciences Türkiye, Haydarpaşa 
Numune Training and Research Hospital, Istanbul, Türkiye
Phone: +90 553 429 92 44  E-mail: hhgungor@gmail.com
Submitted Date: 14.07.2024 Revised Date: 07.08.2024 Accepted Date: 23.08.2024
Haydarpaşa Numune Medical Journal
OPEN ACCESS  This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/).

https://orcid.org/0000-0001-6142-2432
https://orcid.org/0000-0001-7673-1801


417Güngör et al., Disruption of The CXC Chemokine Network in Endometrioid Endometrial Adenocarcinoma / doi: 10.14744/hnhj.2024.93206

Endometrial cancer is one of the most common 
gynecological malignancies in women worldwide, 

with an increasing incidence[1,2]. Particularly in developed 
countries, a significant increase in endometrial cancer cases 
is observed in conjunction with the prevalence of obesity 
and lifestyle changes[3,4]. Endometrioid endometrial 
adenocarcinoma is the most common histological subtype 
of endometrial cancer, accounting for approximately 80% 
of cases[5,6]. This type is generally estrogen-dependent and 
has a better prognosis[7].

Despite advancements in early diagnosis and treatment 
methods, the prognosis for advanced-stage and 
recurrent cases remains poor[7,8]. While traditional 
treatment approaches such as surgery, radiotherapy, 
and chemotherapy are effective for many patients, new 
treatment strategies are needed for resistant and metastatic 
cases[5,6]. Therefore, understanding the molecular 
mechanisms of endometrial carcinogenesis and identifying 
new therapeutic targets is of great importance[9].

Chemokines are small chemotactic cytokines that play 
critical roles in various biological processes such as immune 
cell migration, angiogenesis, and tumor progression[8,9]. 
These molecules have important functions in normal 
physiological processes as well as in cancer development 
and progression[10,11]. CXC chemokines are an important 
subgroup of the chemokine family and exhibit angiogenic 
or angiostatic properties depending on the presence or 
absence of the ELR motif[10,11].

Non-ELR CXC chemokines (CXCL9, CXCL10, CXCL11, 
CXCL4, and CXCL4L1) exert their effects through the 
CXCR3 receptor and play important roles in regulating 
the immune response and inhibiting angiogenesis[12,13]. 
These chemokines have a critical role in the formation 
of anti-tumor immune responses by regulating the 
infiltration and activation of immune cells in the tumor 
microenvironment[9,14].

Three different splice variants of the CXCR3 receptor have 
been identified: CXCR3A, CXCR3B, and CXCR3-alt[14,15]. 
These variants lead to different cellular responses; CXCR3A 
and CXCR3-alt generally promote cell proliferation and 
migration, while CXCR3B has angiostatic and apoptotic 
effects[13,15]. In the context of cancer, disruption of the 
expression balance of these receptor variants has been 
associated with tumor growth and metastasis[16,17].

Recent studies have shown that CXC chemokines and 
their receptors play important roles in various types of 
cancer[18,19]. For example, increased expression of CXCR3A 
and CXCR3-alt and decreased expression of CXCR3B 

have been reported in ovarian cancer[20]. Similarly, CXC 
chemokines have been shown to be associated with 
tumor progression and metastasis in breast cancer and 
melanoma[19,21].

The role of the CXC chemokine network in endometrial 
cancer has not yet been fully elucidated. However, 
some studies have shown that the CXCL12/CXCR4 
axis is important in the proliferation and metastasis of 
endometrial cancer cells[22]. Additionally, CXCL14 has been 
reported to promote invasion of endometrial cancer cells 
and angiogenesis[23].

In this study, we aimed to comprehensively examine the 
expression profiles of CXC chemokines (CXCL9, CXCL10, 
CXCL11, CXCL4, and CXCL4L1) and CXCR3 receptor variants 
(CXCR3A, CXCR3B, and CXCR3-alt) in normal endometrium 
and endometrioid adenocarcinoma tissues. Understanding 
the role of changes in expression patterns of these 
molecules in endometrial carcinogenesis is critical for 
identifying potential prognostic markers and developing 
new therapeutic targets.

Materials and Methods 
This study was conducted in accordance with the ethical 
standards of the Helsinki Declaration.

Tissue Samples and Patient Data

This study utilized fifty frozen normal endometrium 
samples, fifty endometrioid adenocarcinoma samples, 
and one thymus surgical tissue sample obtained from the 
Imperial College NHS Trust Tissue Bank following approval 
of the written application in accordance with project 
proposal submissions to NRES. All samples were procured 
with Imperial College ethical committee approval (R11043) 
and patient’s consents. Tissue samples were immediately 
frozen in liquid nitrogen after surgical resection and stored 
at -80°C. Comprehensive clinical data for endometrioid 
endometrial adenocarcinoma tissue samples were obtained 
from the Imperial College NHS Database. This data included 
diagnosis date, age at diagnosis, prognosis, stage, grade, 
diagnosis, treatments administered (surgery, chemotherapy, 
and radiotherapy), current status, platelet counts, and 
histological data. Histological details of diseases affecting 
normal endometrium patients were also collected.

Primer Design

Coding sequences for CXCL9 (NM_002416.1), CXCL10 
(NM_001565.3), CXCL11 (NM_005409.4), CXCL4 
(NM_002619.2), CXCL4L1 (NM_002620.2), CXCR3A 
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(NM_001504.1), and CXCR3B (NM_001142797.1) were 
obtained from the PubMed Nucleotide database. Primer 
pairs for each chemokine ligand and receptor variant 
were created using Primer3 Output (http://frodo.wi.mit.
edu/primer3/). Primers were carefully selected based on 
criteria such as the presence of exon-exon junctions, 21-
25 nucleotide length, 60°C melting temperature, 40% 
G-C content, and absence of poly-tails or hairpin loops. 
Additionally, chemokine and receptor variant sequences 
were carefully compared, and primer pairs covering 
non-overlapping, specific regions were selected.

RNA Isolation

Total RNA was isolated from 50 normal endometrium and 
50 endometrioid endometrial adenocarcinoma tissue 
samples using the trizol (phenol-chloroform) extraction 
protocol. This protocol had been previously optimized 
by the Gungor laboratory. Tissue samples were cut into 
small pieces on a sterile plastic plate using a disposable 
scalpel and transferred to an Eppendorf tube containing 
glass beads. Samples were homogenized using a Micro 
Dismembrator U (Sartorius) at 2000 rpm for 5 minutes. 
The isolation process was performed using trizol reagent 
(Invitrogen) and chloroform. The RNA pellet was washed 
with 75% ethanol and dissolved in DEPC-treated water. The 
quality and quantity of the obtained mRNA were measured 
using a NanoDrop 1000 Spectrophotometer (Thermo 
Fisher Scientific).

Reverse Transcription and Quantitative Real-Time PCR

RNA isolation was performed using the trizol 
(phenol-chloroform) extraction protocol. Tissue samples 
were homogenized using a Micro Dismembrator U, and RNA 
was isolated using trizol reagent and chloroform. The quality 
and quantity of the isolated RNA were measured using a 
NanoDrop 1000 Spectrophotometer. cDNA synthesis was 
performed using M-MLV reverse transcriptase enzyme. The 
isolated mRNA was converted to cDNA using M-MLV reverse 
transcriptase enzyme (Promega). Expression levels of CXC 
chemokines and CXCR3 receptor variants were measured 
using SYBR Green PCR Master Mix (Applied Biosystems) on 
a 7900 HT Fast Real-Time PCR System (Applied Biosystems). 
Optimized primer concentrations were used for each gene. 
Results were normalized using the HPRT reference gene 
and analyzed using the ΔCt method.

DNA Isolation and Mutation Analysis

Genomic DNA was isolated from both normal endometrium 
and endometrioid adenocarcinoma samples using the TRI 

Reagent protocol. Mutation analysis was planned using 
Sequenom for a panel of 150 genes but could not be 
performed due to time constraints.

Statistical Analysis

Data were analyzed using two-tailed unpaired t-tests, 
Pearson correlation coefficient (r), and one-way ANOVA. 
A p-value<0.05 was considered statistically significant. 
Additionally, fold changes in chemokine ligand or receptor 
expression were determined by calculating 2-ΔΔCt values 
and analyzed using SPSS software.

This comprehensive methodology allowed us to examine 
and compare the expression profiles of CXC chemokines 
and CXCR3 receptor variants in normal endometrium and 
endometrioid adenocarcinoma in detail.

Results and Discussion

Expression of CXC Chemokines and CXCR3 
Receptor Variants

In the first stage of our study, we examined the expression 
profiles of CXC chemokines and CXCR3 receptor variants 
in different cell types. This analysis was important for 
understanding which cell types express these molecules 
under normal physiological conditions.

In the study, different cell types were used as positive 
controls: unstimulated and stimulated T cells (with CD3/
CD28 and ionomycin/PMA), IFN-γ/TNF-α stimulated 
HUVECs, PBMCs, and platelets. These cell types are 
important for understanding the physiological expression 
patterns of CXC chemokines and CXCR3 receptor variants.

Expression of CXCR3 Receptor Variants

We examined the expression of three different variants of 
the CXCR3 receptor—CXCR3A, CXCR3B, and CXCR3-alt—in 
various cell types. These cell types included unstimulated 
T cells, CD3/CD28 stimulated T cells, ionomycin/PMA 
stimulated T cells, thymus tissue, IFN-γ/TNF-α stimulated 
HUVECs (human umbilical vein endothelial cells), and 
PBMCs (peripheral blood mononuclear cells). Expression 
levels were measured by qRT-PCR and normalized using 
the HPRT reference gene.

Our results demonstrated that CXCR3A is highly expressed 
particularly in T cells (Fig. 1a). CXCR3B expression was more 
prominent in ionomycin/PMA stimulated T cells and PBMCs 
(Fig. 1b). The CXCR3-alt variant showed higher expression 
in unstimulated T cells and ionomycin/PMA stimulated T 
cells (Fig. 1c).
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Expression of CXC Chemokines

We examined the expression of CXCL9, CXCL10, CXCL11, 
CXCL4, and CXCL4L1 chemokines in the same cell types and 
additionally in platelets. This analysis helped us understand 
which chemokines are produced by which cell types.

The expression patterns of CXCL9, CXCL10, and CXCL11 
showed similarity, and these chemokines were highly 
expressed particularly in T cells and HUVECs (Fig. 2a-c). This 
finding confirms that these chemokines are produced by 
immune cells and endothelial cells[9,14].

On the other hand, the expression of CXCL4 and CXCL4L1 
was almost entirely limited to platelets (Fig. 2d-e). This result 
confirms that these two chemokines are platelet-derived 
factors and is consistent with previous findings in the 
literature[11,17].

CXCR3 Expression in Normal Endometrium and 
Endometrioid Endometrial Adenocarcinoma

In the second stage of our study, we compared the expression 
of CXCR3 receptor variants in normal endometrium and 
endometrioid endometrial adenocarcinoma tissues. This 
analysis helped us understand how the expression balance 
of CXCR3 receptor variants changes in tumor tissue.

CXCR3A, CXCR3B, and CXCR3-alt expression were measured 
in triplicate by qRT-PCR in 50 normal endometrium and 50 
endometrioid endometrial adenocarcinoma tissue samples 
and analyzed using the ΔCt method.

Our results showed that CXCR3A and CXCR3-alt expression 
significantly increased in endometrioid endometrial 
adenocarcinoma compared to normal endometrium (Figs 
3a and 3c, p<0.05). In contrast, CXCR3B expression tended 
to decrease in tumor tissue, but this difference was not 

Figure 1. Expression of CXCR3 receptor variants in different cell types (a) CXCR3A, (b) CXCR3B, (c) 
CXCR3-alt expression levels. Data show ΔCt values normalized to HPRT. Bars represent mean±stan-
dard deviation (n=3).
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statistically significant (Fig. 3b, p>0.05).

These findings indicate that the expression balance of 
CXCR3 receptor variants is disrupted in endometrioid 
endometrial adenocarcinoma. The increase in CXCR3A and 
CXCR3-alt may enhance the proliferation and migration 
capacity of tumor cells. On the other hand, the decrease in 
CXCR3B, which has angiostatic effects, may promote tumor 
angiogenesis[13-16].

CXCL Expression in Normal Endometrium and 
Endometrioid Endometrial Adenocarcinoma

In the third stage of our study, we compared the 
expression of CXC chemokines in normal endometrium 
and endometrioid endometrial adenocarcinoma tissues. 
This analysis helped us understand how the chemokine 
expression profile changes in tumor tissue.

The expression of CXCL9, CXCL10, CXCL11, CXCL4, and 
CXCL4L1 was measured in triplicate by qRT-PCR in 50 normal 
endometrium and 50 endometrioid adenocarcinoma 

tissue samples and analyzed using the ΔCt method.

Our results revealed that CXCL9 expression showed an 
increase in endometrioid endometrial adenocarcinoma 
compared to normal endometrium, but this increase 
was not statistically significant (Fig. 4a, p>0.05). CXCL10 
expression was significantly decreased in tumor tissue 
(Fig. 4b, p<0.001). CXCL11 expression showed a significant 
increase in endometrioid endometrial adenocarcinoma 
(Fig. 4c, p<0.01).

CXCL4 expression showed a decreasing trend in 
endometrioid endometrial adenocarcinoma, but this 
difference was not statistically significant (Fig. 5a, p>0.05). 
CXCL4L1 expression was significantly decreased in tumor 
tissue (Fig. 5b, p<0.01).

These findings demonstrate that the CXC chemokine 
expression profile changes significantly in endometrioid 
endometrial adenocarcinoma. The increase in CXCL9 
and CXCL11 may promote the recruitment of CXCR3+ 
immune cells to the tumor microenvironment[9, 14]. 

Figure 2. Expression of CXC chemokines in different cell types. (a) CXCL9, (b) CXCL10, (c) CXCL11, 
(d) CXCL4, (e) CXCL4L1 expression levels. Data show ΔCt values normalized to HPRT. Bars represent 
mean±standard deviation (n=3).
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However, the decrease in CXCL10, CXCL4, and CXCL4L1, 
which have angiostatic properties, may support tumor 
angiogenesis[10,11,17].

CXCL and CXCR3 Correlations

In the fourth stage of our study, we examined the 
correlations between CXC chemokines and CXCR3 receptor 
variants in normal endometrium and endometrioid 
endometrial adenocarcinoma (Figs. 6 and 7 accordingly). 
This analysis helped us understand how the chemokine 
network is reorganized.

ΔCt data were used to determine CXCL-CXCL, CXCL-CXCR3, 
and CXCR3-CXCR3 correlations in normal endometrium and 
endometrioid endometrial adenocarcinoma. Correlations 
were calculated using Pearson's correlation coefficient (r).

In normal endometrium, a strong positive correlation was 
observed between CXCL4 and CXCL4L1 (r=0.708, p<0.05). 
Additionally, a moderate positive correlation was detected 
between CXCL11 and CXCR3B (r=0.534, p<0.05).

In endometrioid endometrial adenocarcinoma, a strong 
positive correlation was observed between CXCL9 and 
CXCL10 (r=0.759, p<0.05). Additionally, a moderate positive 
correlation was detected between CXCL9 and CXCR3A 
(r=0.431, p<0.05).

These correlation analyses demonstrate that the chemokine 
network is regulated differently in normal endometrium 
and endometrioid endometrial adenocarcinoma. In 
tumor tissue, it was observed that correlations between 
pro-inflammatory and pro-angiogenic chemokines were 
strengthened[18,24].

Figure 3. CXCR3 expression in normal endometrium and endometrioid endometrial adenocarci-
noma. (a) CXCR3A, (b) CXCR3B, (c) CXCR3-alt expression levels. Data show ΔCt values normalized to 
HPRT. Boxes represent the interquartile range (IQR). Lines indicate the median value, and dots show 
outliers. Statistical analyses were performed using unpaired t-test. *p<0.05, **p<0.01, ***p<0.001.
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Figure 4. CXCL9/10/11 expression in normal endometrium and endometrioid endometrial adeno-
carcinoma. (a) CXCL9, (b) CXCL10, (c) CXCL11 expression levels. Data show ΔCt values normalized to 
HPRT. Boxes represent the interquartile range (IQR). Lines indicate the median value, and dots show 
outliers. Statistical analyses were performed using unpaired t-test. *p<0.05, **p<0.01, ***p<0.001.

Figure 5. CXCL4/4L1 expression in normal endometrium and endometrioid endometrial adenocar-
cinoma. (a) CXCL4, (b) CXCL4L1 expression levels. Data show ΔCt values normalized to HPRT. Boxes 
represent the interquartile range (IQR). Lines indicate the median value, and dots show outliers. 
Statistical analyses were performed using unpaired t-test. *p<0.05, **p<0.01, ***p<0.001.
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One-way ANOVA Analysis

Finally, we performed a one-way ANOVA analysis to 
examine the expression changes of CXC chemokines and 
CXCR3 receptor variants in more detail (Fig. 8).

2-ΔΔCt was calculated for 50 normal endometrium and 50
endometrioid endometrial adenocarcinoma samples, and
fold changes in chemokine ligand or receptor expression
were determined.

ANOVA analysis confirmed that CXCR3A and CXCR3-alt 
expression significantly increased in endometrioid 
endometrial adenocarcinoma (p<0.05). Among CXC 
chemokines, the expression of CXCL9 and CXCL11 was 
markedly increased in tumor tissue (p<0.05).

These results demonstrate that the expression of 
pro-inflammatory and potentially pro-tumorigenic CXC 
chemokines and CXCR3 receptor variants is increased 
in endometrioid endometrial adenocarcinoma. These 
changes may play an important role in reshaping the tumor 
microenvironment and disease progression[16,17,20].

These comprehensive analyses reveal that the CXC 

chemokine network is complexly reorganized in 
endometrioid endometrial adenocarcinoma. These findings 
may contribute to identifying potential therapeutic targets 
and better understanding the molecular mechanisms of 
the disease.

Conclusion
This study presents a comprehensive profile of the 
CXC chemokine network in normal endometrium and 
endometrioid endometrial adenocarcinoma. Our findings 
show that the expression balance of CXC chemokines and 
CXCR3 receptor variants changes significantly during the 
process of endometrial carcinogenesis.

Firstly, we observed significant changes in the expression 
patterns of CXCR3 receptor variants. We found that 
CXCR3A and CXCR3-alt expression significantly increased 
in endometrioid endometrial adenocarcinoma, while 
CXCR3B expression tended to decrease. These findings 
suggest that the pro-proliferative CXCR3A/CXCR3-alt axis 
becomes hyperactive in tumor tissue, while the angiostatic 
CXCR3B axis is suppressed.

Figure 6. Chemokine correlations in normal endometrium. Each graph shows the correlation be-
tween two genes. r: Pearson correlation coefficient, p: significance value.
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Figure 7. Chemokine correlations in endometrioid endometrial adenocarcinoma. Each graph 
shows the correlation between two genes. r: Pearson correlation coefficient, p: significance value.

Figure 8. One-way ANOVA analysis for normal endometrium and endometrioid endometrial adeno-
carcinoma. (a) Fold change expressions for CXCR3 receptor variants, (b) Fold change expressions for 
CXCL chemokines. Bars represent mean±standard error. *p<0.05, **p<0.01, ***p<0.001.
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We also observed significant changes in the expression 
profiles of CXC chemokines. We found that CXCL9 
and CXCL11 increased in endometrioid endometrial 
adenocarcinoma, while CXCL10, CXCL4, and CXCL4L1 
decreased. These results indicate that immune cell 
recruitment and angiogenesis processes are complexly 
regulated in tumor tissue.

Our correlation analyses revealed that the chemokine 
network is reorganized in normal endometrium and 
endometrioid endometrial adenocarcinoma. In particular, 
correlations between pro-inflammatory chemokines were 
observed to be strengthened in tumor tissue. This suggests 
that inflammatory processes may be increased in the tumor 
microenvironment.

Our ANOVA analysis confirmed the increase in CXCL9, 
CXCL11, CXCR3A, and CXCR3-alt expression in endometrioid 
endometrial adenocarcinoma. This finding indicates that 
pro-proliferative and pro-inflammatory processes become 
dominant in tumor tissue.

When these findings are evaluated together, we can 
conclude that the CXC chemokine network in endometrioid 
endometrial adenocarcinoma is reorganized to support 
tumor growth and spread. While the increase in CXCR3A 
and CXCR3-alt may enhance the proliferation and migration 
capacity of tumor cells, the decrease in angiostatic factors 
(CXCR3B, CXCL10, CXCL4, CXCL4L1) may promote tumor 
angiogenesis.

The results of our study suggest that CXC chemokines and 
CXCR3 receptor variants can be evaluated as potential 
prognostic biomarkers and therapeutic targets for 
endometrial cancer. In particular, strategies targeting CXCR3A 
and CXCR3-alt or increasing CXCR3B activity may offer new 
approaches in the treatment of endometrial cancer.

Future studies should confirm these findings at the protein 
level and examine the functional role of the CXC chemokine 
network in endometrial carcinogenesis using in vitro and 
in vivo models. Additionally, long-term follow-up studies 
should be conducted to evaluate the relationship between 
chemokine expression patterns and patient prognosis.

In conclusion, this study presents a comprehensive profile of 
the CXC chemokine network in endometrioid endometrial 
adenocarcinoma, contributing to a better understanding 
of the molecular mechanisms of the disease and the 
development of potential new treatment strategies.
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