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Purpose: One of the most catastrophic malignant tumors is triple negative breast cancer (TNBC). It is characterized by rapid 
progression in the clinic. CircRNAs are abnormally expressed in almost all cancers and play important roles in tumor immune evasion. 
Nevertheless, the biological roles of the circular fibroblast growth factor receptor 4 RNA (circFGFR4) in TNBC remain unclear.
Methods: The expression of circFGFR4 in TNBC tissues and paired nontumor tissues was detected using quantitative real-time 
polymerase chain reaction (qRT-PCR). The role of circFGFR4 in TNBC immune evasion was estimated by analyzing clinical tissues. 
In vivo circRNA precipitation, RNA immunoprecipitation, and luciferase reporter assays were performed to explore interaction 
between circFGFR4 and miR-185-5p.
Results: Our results indicated that circFGFR4 was significantly overexpressed in TNBC tissues. Upregulated circFGFR4 expression 
was correlated with decreased CD8+ T cell infiltration in tumor tissues and resistance to anti-programmed cell death 1 (PD-1) 
immunotherapy in TNBC patients and mice bearing TNBC tumors. Forced circFGFR4 expression inhibited CD8+ T cell infiltration in 
tissue sections from TNCB tumor bearing mice. Mechanistically, circFGFR4 competitively sponged miR-185-5p and prevented miR- 
185-5p from decreasing the levels of C-X-C motif chemokine receptor 4 (CXCR4).
Conclusion: Ultimately, our results indicated that circFGFR4 plays an important role in immune evasion and anti-PD-1 immunother-
apy resistance via regulates miR-185-5p/CXCR4 axis in TNBC, thus suggesting that circFGFR4 has significant potential as 
a biomarker for predicting sensitivity to anti-PD-1 immunotherapy and as an immunotherapeutic target for TNBC.
Keywords: circFGFR4, triple negative breast cancer, TNBC, immune evasion, immunotherapy

Introduction
Breast cancer (BC) mainly occurs in women, and most of BC lesions are malignant tumors. According to Global Cancer 
Statistics 2020, female BC accounts for an estimated 2.3 million new cancer cases (11.7%) and more than 0.69 million 
cancer-related deaths (6.9%).1 Triple-negative breast cancer (TNBC) is a BC subtype that is characterized by the absence 
of the expression of three receptors (ER-/PR-/HER2-).2 TNBC is more invasive and has higher metastatic potential than 
luminal and HER2+ subtypes.2 Endocrine therapies and targeted therapies are limited for TNBC, and standardized 
regimens for TNBC treatment are still lacking. To date, chemotherapy is the main systemic treatment, but the efficacy of 
conventional chemoradiotherapy is poor. Recently, several clinical trial results have indicated the efficacy of anti- 
programmed cell death 1 (PD-1) immunotherapy plus chemotherapy in metastatic and neoadjuvant settings for 
TNBC.3–5 However, PD-1/programmed cell death ligand 1 (PD-L1) monoclonal antibody-based immunotherapy seems 
to be effective in only a small number of TNBC patients. Thus, studies exploring the mechanisms underlying the poor 
response of TNBC to PD-1/PD-L1 antibody-based immunotherapy are urgently needed.

Circular RNAs are novel noncoding RNAs. They are distinctive and special due to the presence of a covalently closed 
loop structure and lack of a 5’ to 3’ polyadenylated tail.6,7 Increasing evidence shows that abnormally expressed 
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circRNAs participate in many aspects of tumor progression, including proliferation, chemotherapy resistance, invasion, 
migration, and immune evasion.8–10 For instance, circTRIM33-12 sponges miRNA-191 and inhibits hepatocellular 
carcinoma (HCC) cell proliferation.8 The authors’ previous research report showed that circFGFR1 directly sponges 
miR-381-3p to increase the expression of C-X-C motif chemokine receptor 4 (CXCR4), subsequently promoting non- 
small lung cancer (NSCLC) progression and resistance to anti-PD-1-based therapy.11 In TNBC, circGFRA1 via sponging 
miR-34a to regulate GFRA1 expression promote tumor progression.12 In addition, circEZH2 was overexpressed in liver 
metastases tumor and predicted the worse prognosis in patients with breast cancer.13 However, knowledge of the function 
of FGFR family gene-derived circRNAs in TNBC is insufficient.Our results indicated that circFGFR4 (hsa_-
circ_0075147) expression was significantly increased in TNBC tissues compared with the corresponding controls. 
Experiments assessing its biological function and molecular mechanism indicated that hsa_circ_0075147 functioned as 
a sponge for miR-185-5p to prevent its inhibition of the CXCR4 mRNA, which promoted immune evasion and resistance 
to anti-PD-1 immunotherapy in TNBC. Collectively, our findings confirmed that circFGFR4 is a tumor promoter in 
TNBC and indicate its potential as both a prognostic biomarker and an immunotherapeutic target.

Materials and Methods
Cell Lines
The human TNBC cell line MDA-MB-231 and HEK-293T cells were provided by the American Type Culture Collection. 
Cells were cultivated in Dulbecco’s modified Eagle’s medium supplemented with 10% fetal bovine serum and 1% 
penicillin G and some remaining streptomycin in humidified air containing 5% CO2 at 37°C.

Patients and Follow-Up
TNBC tissues and adjacent nontumor tissues were collected in East Hospital of Tongji University and the Taizhou 
People’s Hospital. Both the East Hospital of Tongji University and the Taizhou People’s Hospital examined the 
pathology. Each patient in this study was confirmed to have received curative resection. The research period of this 
paper was from January 1, 2015, to December 31, 2018, and a large amount of clinical and pathological information was 
collected and summarized. Ethical approval was provided by the Biomedical Research Department, Shanghai East 
Hospital, Tongji University School of Medicine. Written informed consent was obtained from all patients. All the 
methods related to patients in this study were performed in accordance with the principles stated in the Declaration of 
Helsinki.

Quantitative Real-Time Polymerase Chain Reaction (qRT-PCR), Western Blotting, and 
Immunohistochemistry (IHC) Assays
qRT‒PCR, Western blotting, and IHC assays were performed as described in previous studies.11 The qRT-PCR primers used in 
this study are listed in Supplementary Table 1. The antibodies used in this study are listed in Supplementary Table 2.

In vivo circRNA Precipitation (circRIP), RNA Immunoprecipitation (RIP), and 
Luciferase Reporter Assays
In vivo circRIP, RIP, and luciferase reporter assays were conducted as described in previous studies.8,14,15 Briefly, 
GeneChem Company synthesized biotin-labeled circFGFR4 and negative control probes. MDA-MB-231 cells were fixed 
with 1% formaldehyde and lysed in co-IP buffer. The supernatant of lysed MDA-MB-231 cells was cultured with a M280 
streptavidin Dynabeads (Invitrogen) mixture and incubated at 30°C for 12 hours. To reverse the formaldehyde cross-
linking, the probes-dynabeads-circRNAs mixture was washed and incubated with 200 μL lysis buffer and proteinase 
K. Certain operations were performed in the presence of TRIzol reagent to extract RNA from the mixture.

RIP was performed using a Magna RIP RNA-binding protein immunoprecipitation kit. Briefly, total RNA was 
extracted from the cell lysate, incubated with Dynabeads coated with an Argonaute 2 (AGO2) antibody or IgG antibody 
at 4°C for 12 h, and the enriched circFGFR1 and miRNAs were measured using qRT-PCR.
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Using StarBase v3.0, the relevant luciferase reporter was detected, and the possible location of binding sites was 
predicted. HEK-293T cells were transfected with pGL3-LUC-circFGFR4, pGL3-LUC- CXCR4 3′ UTR or mutant pGL3- 
LUC-circFGFR4, pGL3-LUC- CXCR4 3′ UTR and miR-185-3p mimics or negative control mimics. After two days, 
ideal cells were obtained during the experiment. Using a dual-luciferase reporter determination system, luciferase activity 
was measured.

Transfection Experiment to Overexpress circFGFR4 and miR-185-5p
CircFGFR4-overexpressing and negative control lentiviruses were synthesized by Genomeditech Company (Shanghai, 
China). The miR-185-5p mimics and negative control were synthesized by GeneChem Company (Shanghai, China). 
MDA-MB-231 and HEK-293T cell lines were transfected with the circFGFR4-overexpressing lentivirus and miR-185-5p 
mimics according to the manufacturer’s instructions.

Animals
The experiments in the NSG mice were approved by the Animal Experimentation Ethics Committee of East Hospital, 
Tongji University and performed in accordance with the NIH guidelines for the care and use of laboratory animals (8th 
edition, NIH). Hu-PBL-NSG mouse model was established as described as in reference.11,16 In brief, 1.0×107 PBMC 
derived from healthy donor for intravenous injection in the tail of NSG mouse. A total of 2 × 106 cells MDA-MB-231- 
circFGFR4 cells or MDA-MB-231-Mock cells were transplanted subcutaneously in the left flank of the Hu-PBL-NSG 
mice. When tumors reached a size of approximately 100 mm3, the mice were assigned to four groups and treated with 
a PD-1 monoclonal IgG antibody or isotype control IgG antibody. Animals were euthanized when tumors reached 
a maximum of 1000 mm3 (n = 6).

Statistical Analysis
The statistical analysis of the data in this paper was performed using SPSS software, as described in previous studies.11 

Briefly, the values are reported as the means ± standard deviations (SDs). Student’s t-test was used for scientific 
comparisons between groups. Correlation analyses between circFGFR4 and CXCR4 expression were performed. The 
Kaplan‒Meier method was used to analyze the cumulative recurrence and survival rates. P<0.05 indicates statistical 
significance.

Results
CircFGFR4 is Upregulated in TNBC Tissues and Correlates with a Poor Prognosis
Considering the important biological functions of the FGFR4-related pathway in breast cancer progression, FGFR4 
overexpression was determined to be a common event in breast cancer.17,18 First, we analyzed the expression of fgfr4 
gene-derived two circRNAs from 30 TNBC tissues and paired adjacent nontumor tissues using qRT-PCR. Of two 
circRNAs, hsa_circ_0075147 was significantly upregulated in TNBC tumor tissues compared with paired adjacent 
nontumor breast tissues. However, hsa_circ_0075146 expression was not significantly different between TNBC tissues 
and paired adjacent nontumor breast tissues (Figure 1A and B). Therefore, the biological function of hsa_circ_0075147 
(circFGFR4 in this study indicate hsa_circ_0075147) was analyzed in this study. CircFGFR4 consists of 903 nucleotides 
and 6 exons (Figure 1C). We analyzed circFGFR4 expression in another 60 paired TNBC tissues and paired adjacent 
nontumor breast tissues to further clarify the function of circFGFR4 in TNBC and found that circFGFR4 expression was 
significantly increased (44/60) in TNBC tissues (Figure 1D). Next, we analyzed the relationship between circFGFR4 
expression and the clinicopathological characteristics of 60 TNBC patients, as listed in Table 1. The results indicated that 
TNBC patients with circFGFR4high cells had bigger tumors (P = 0.002). Then, we investigated the relationship between 
circFGFR4 expression and the clinicopathological features of 60 patients with TNBC. The results suggested that TNBC 
patients with high circFGFR4 expression had a large tumor size (Figure 1E). Next, we discussed the prognostic 
significance of circFGFR4 expression in patients with TNBC. Compared with TNBC patients presenting low 
circFGFR4 expression, TNBC patients with high circFGFR4 expression had a poor prognosis (Figure 1F and G).
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circFGFR4 Expression Correlates with Decreased CD8+ T Cell Infiltration
Recently, several studies reported that dysregulated circRNA expression induces resistance to immunotherapy in various 
malignant tumors.9,11 In addition, the quantity of infiltrating CD8+ T cells in tumor tissues is considered an indicator of 
a good prognosis and a good response to a PD-1 antibody for patients with several malignant tumors.19,20 For a deeper 
understanding of whether there is a relationship between circFGFR4 and resistance to anti-PD-1 immunotherapy, we 
detected the infiltration of CD8+ T cells in above 60 TNBC tissues (Figure 2A). TNBC patients with high circFGFR4 
expression exhibited decreased CD8+ T cell infiltration in tumor tissues (Figure 2A). The scatter plot and analysis showed 
that circFGFR4 expression in TNBC tissues was negatively correlated with the frequency of CD8+ T cells (Figure 2B).

Figure 1 CircFGFR4 is upregulated in TNBC tissues. (A and B) Expression of circRNAs derived from the FGFR4 gene in TNBC tissues compared with matched adjacent 
nontumor tissues, as examined using qRT‒PCR (A: hsa_circ_0075146 and (B) hsa_circ_0075147). (C) Schematic illustration of circFGFR4. (D) Differential expression of 
circFGFR4 in TNBC tissues and adjacent nontumor tissues from 60 patients. (E) Sixty patients were divided into ≤3 cm and >3 cm tumor size groups. The diagram shows 
circFGFR4 expression in each group. (F and G) Kaplan‒Meier analysis of overall survival and recurrence in 60 patients with TNBC grouped according to circFGFR4 
expression (Log rank test). Data are presented as the means ± SDs of three independent experiments. **P < 0.01 and ***P < 0.001. 
Abbreviation: ns, no significant.
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High Levels of circFGFR4 Indicate Resistance to Anti-PD-1 Immunotherapy in TNBC 
Patients
Because increased circFGFR4 expression correlates with decreased infiltration of CD8+ T cells in TNBC tissues, we 
hypothesized that circFGFR4 upregulation might limit the therapeutic effect of the PD-1 monoclonal antibody. Therefore, 
we analyzed retrospective data of 17 TNBC patients with relapsed disease and distant metastasis of TNBC who received 
anti-PD-1 immunotherapy (pembrolizumab). After four therapy cycles, enhanced CT was used to evaluate the treatment 
effect. According to the iRECIST criteria, the results indicated that no patients achieved a partial response (PR) or 
complete response (CR), 5 patients had stable disease (SD), and 12 patients had progressive disease (PD) (Figure 3A). 
Then, circFGFR4 expression was detected using qRT-PCR. The circFGFR4 in the PD group was higher than that in the 
SD group (Figure 3B). To further validated that increased circFGFR4 expression limit the therapeutic effect of the anti- 
PD-1 immunotherapy in TNBC patient. Next, we analyzed another cohort 20 patients with distant metastasis of TNBC 
who received anti-PD-1 immunotherapy (pembrolizumab). CircFGFR4 expression levels were then detected and divide 
into circFGFR4High and circFGFR4Low two groups (Figure 3C), and Kaplan-Meier survival analysis indicated that the 

Table 1 The Clinicopathological Features of 60 TNBC Patients

Characteristics CircFGFR4 Expression Level

Low High p value

Age
≤ 50 23 19 0.399
> 50 7 11

Ki-67 (10%)
Low 5 8 0.532
High 25 22

Pathological grade
≤ 2 15 22 0.110
> 2 15 8

Lymphatic metastasis
Negative 21 18 0.589
Positive 9 12

Tumor size (cm)
≤ 3 20 7 0.002
> 3 10 23

Figure 2 The correlation between circFGFR4 expression and the number of CD8+ cells in TNBC tissues. (A) Representative TNBC samples were analyzed by performing 
IHC staining for CD8. (B) A negative correlation between circFGFR4 expression and the number of CD8+ cells was observed in TNBC tissues.
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PFS for the circFGFR4High group was decreased compared to circFGFR4Low group (Figure 3D). Taken together, we 
conclude that upregulated circFGFR4 lead to TNBC anti-PD-1 resistance.

CircFGFR4 Upregulates CXCR4 by Sponging miR-185-5p
An increasing number of research reports indicate that circRNAs mainly act as competitive endogenous RNAs (ceRNAs) 
by sponging miRNAs. Therefore, the researchers conducted RIP with antibodies against AGO2 to further explore 
whether circFGFR4 sponged some miRNAs in MDA-MB-231 TNBC cells. The anti-AGO2 antibody significantly 
enriched circFGFR4, but circANRIL was not amplified (Figure 4A). These results indicate that circFGFR4 might 
function as a ceRNA to sponge some miRNAs in TNBC cell lines. Next, StarBase v3.0 was used to predict miRNAs 
binding to circFGFR4, and 49 candidate miRNAs were identified. By performing circRIP with a circFGFR4 probe, we 
observed the significant enrichment of circFGFR4 and miR-185-5p, but other miRNAs were not significantly enriched 
(Figure 4B), indicating that miR-185-5p was the miRNA related to circFGFR4 in MDA-MB-231 cells. We used HEK- 
293T cells to cotransfect miR-185-5p mimics and a luciferase reporter for the luciferase assay to further validate these 

Figure 3 Forced circFGFR4 expression correlates with resistance to anti-PD-1 therapy in TNBC patients. (A) Representative TNBC patients were detected using enhanced 
CT before and after anti-PD-1 therapy. (B) Seventeen patients were divided into SD and PD groups. The diagram shows circFGFR4 expression in each group. (C) circFGFR4 
expression in TNBC tissues was examined via qRT-PCR. (D) Comparison of PFS curves for patients with circFGFR4high and circFGFR4low expression that were treated with 
anti-PD-1. Data are presented as the means ± SDs of three independent experiments. **P < 0.01.
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results. Compared with the negative control (NC), the miR-185-5p mimics significantly inhibited the luciferase reporter 
activity in cells expressing the wild-type circFGFR4 sequence but did not inhibit luciferase activity in cells transfected 
with the miR-185-5p-targeted mutant circFGFR4 sequence (Figure 4C and D). We performed an in-depth investigation of 
the downstream pathway of circFGFR4/miR-185-5p that promotes TNBC immune escape by applying StarBase v3.0 and 

Figure 4 CircFGFR4 regulates the miR-185-5p/CXCR4 pathway in TNBC cells. (A) RIP experiments were performed using an anti-AGO2 antibody and MDA-MB-231 cell 
extracts. (B) RIP was performed for circRNA in MDA-MB-231 cells using a circFGFR4 probe and NC probe. (C) The putative binding site for miR-185-5p in circFGFR4 was 
predicted with StarBase v3.0. (D) Luciferase activity of pGL3-circFGFR4 in HEK-293T cells cotransfected with miR-185-5p. (E) The putative binding site for miR-185-5p on 
the CXCR4 mRNA was predicted using StarBase v3.0. (F) Luciferase activity of the pGL3-CXCR4 mRNA in HEK-293T cells cotransfected with miR-185-5p. (G) The 
relative level of miR-185-5p was measured using qRT‒PCR in MDA-MB-231 cells transfected with miR-185-5p mimics or the NC. (H and I) The levels of the CXCR4 mRNA 
and protein in MDA-MB-231 cells transfected with miR-185-5p mimics or the NC were measured using qRT‒PCR and Western blotting, respectively. (J) The relative level of 
circFGFR4 was measured in MDA-MB-231 cells transfected with miR-185-5p mimics or the NC using qRT‒PCR. (K) The relative level of circFGFR4 was measured in MDA- 
MB-231 cells transfected with circFGFR4 or the NC using qRT‒PCR. (L and M) The levels of the CXCR4 mRNA and protein in MDA-MB-231 cells transfected with 
circFGFR4 or the NC were measured using qRT‒PCR and Western blotting, respectively. (N) The relative level of miR-185-5p was measured in MDA-MB-231 cells 
transfected with circFGFR4 mimics or the NC using qRT-PCR. The data are presented as the means ± SD, *P < 0.05, **P < 0.01. 
Abbreviation: NS, not significant.
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PITA to predict the target mRNAs of miR-185-5p. Our results indicated that the CXCR4 mRNA 3’ UTR contained 
predicted miR-185-5p target sequences. Next, a luciferase reporter gene assay was performed to verify whether the 
3’UTR of the CXCR4 mRNA was the binding site of miR-185-5p in HER-293T cells. With the negative control mimics 
(NC) serving as the reference, miR-185-5p mimics suppressed luciferase reporter activity in cells transfected with the 
wild-type CXCR4 sequence but did not inhibit luciferase activity in cells transfected with the miR-185-5p-targeted 
mutant CXCR4 gene sequence (Figure 4E and F). Importantly, after the forced expression of miR-185-5p expression in 
MDA-MB-231 cells, CXCR4 mRNA and protein levels were significantly reduced (Figure 4G–I). However, after 
elevated expression of miR-185-5p in MDA-MB-231 cells, circFGFR4 expression did not change significantly 
(Figure 4J). Moreover, after the forced expression of circFGFR4 in MDA-MB-231 cells, CXCR4 mRNA and protein 
expression increased significantly (Figure 4K–M). Additionally, no significant change in miR-185-5p expression was 
observed after the forced expression of circFGFR4 in MDA-MB-231 cells (Figure 4N).

Increased circFGFR4 Expression are Correlated with Resistance to Anti-PD-1 
Immunotherapy in TNBC
To further determine the effects of circFGFR4 expression on anti-PD-1 therapy resistance, therefore, we examine the 
anti-tumor effects of the PD-1 antibody in Hu-PBL-NSG mice that transplanted MDA-MB-231-circFGFR4 cells or mock 
cells. Compared to that of the mock cell group, the tumor growth in the MDA-MB-231-circFGFR4 cells transplant 
xenograft mice showed an obvious phenotype of resistance to PD-1 monoclonal antibody, and the xenograft mice had 
a shorter survival time (Figure 5A–C). In addition, the number of CD8-positive cells in tumor tissues derived by MDA- 
MB-231-circFGFR4 cells was significantly decreased compared with that in tumors derived by MDA-MB-231-Mock 
cells (Figure 5D).

Figure 5 CircFGFR4 promotes resistance to TNBC anti-PD-1 therapy. (A) MDA-MB-231-Mock or MDA-MB-231-circFGFR4 cells were subcutaneously injected into Hu- 
PBL-NSG mice, and when tumors volume approximately 100 mm3, the mice were treated with an isotype IgG or PD-1 antibody. The data are expressed as the mean tumor 
volume. (B) The data are expressed as the inhibition rate of tumors treated with an isotype IgG or PD-1 antibody (the data are presented as the mean ± SD). (C) 
Comparison of the overall survival curves for mice with different levels circFGFR4 expression of xenograft TNBC tumors that were treated with a mouse PD-1 antibody. 
(D) CD8-positive cells in the MDA-MB-231-Mock or MDA-MB-231-circFGFR4 cell-derived tumor tissues were analyzed by IHC. The data are represented as the mean ± SD.
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Elevated CXCR4 Expression Correlates with Resistance to Anti-PD-1 Immunotherapy 
in TNBC
We next determined whether forced CXCR4 expression impeded the therapeutic effect of anti-PD-1 immunotherapy by 
combining the retrospective data from the aforementioned 17 TNBC patients with relapsed disease and distant metastasis 
of TNBC who received anti-PD-1 immunotherapy. Then, CXCR4 expression levels were detected using IHC 
(Figure 6A). The PD group displayed higher CXCR4 expression than the SD group (Figure 6B). These results indicate 
that CXCR4 upregulation might be involved in the resistance of TNBC patients to PD-1 immunotherapy. The results 
from the scatter plot analysis proved the positive correlation between the expression of circFGFR4 and CXCR4 in TNBC 
tissues (Figure 6C). All the results suggested that circFGFR4 may play an immunosuppressive role by sponging miR- 
185-5p to upregulate CXCR4 expression.

Discussion
Although anti-PD-1-based immunotherapy appears to provide advantages to patients with TNBC, not all these patients 
effectively respond to anti-PD-1 therapy.21,22 The low response rate is partially due to the decreased infiltration of tumor- 
infiltrating lymphocytes in tumor tissues and eventual inability to control tumor progression.23 We learned from this 
study that circFGFR4 forced TNBC immune evasion by upregulating CXCR4 expression. The present study validated 
that circFGFR4 inhibited miR-381-3p binding to CXCR4 to promote immune evasion in TNBC patients. Importantly, our 
results demonstrated that circFGFR4 plays a vital role in immune evasion and as a promising immunotherapeutic target 
for TNBC.

An increasing number of studies have reported that miRNAs decrease target gene expression by binding to the 3’ UTR of 
target mRNAs, leading to the degradation or inhibition of the translation of target mRNAs.24 Recently, studies have confirmed 
that circRNAs sponge miRNAs as endogenous competing RNAs, subsequently releasing target mRNAs from the repression of 
miRNAs.8,11 In addition, miRNA-185-5p has been proven to be a tumor suppressor involved in inhibiting cancer progression. 
For example, miRNA-185-5p inhibits the proliferation, migration, and invasion of non-small cell lung cancer cells by targeting 
RAB35.25 In glioma, circPOSTN promotes tumor progression by acting as a miR-185-5p sponge to upregulate KIF1B 
expression.26 In TNBC, the expression of circRNA-CREIT was decreased in doxorubicin resistant TNBC cells and associated 
with a poor prognosis.27 Here, we verified that forced circFGFR4 expression promotes CXCR4 expression and immune 
evasion in TNBC patients. Therefore, CXCR4 is regulated by circFGFR4 at the posttranscriptional level in TNBC cells. 
CXCR4 is expressed at higher levels in multiple human malignant tumors than in control tissues and promotes the progression 
and immune evasion of these cancers, including TNBC.11,28–30 For example, the rate of distant metastasis was significantly 
higher in CXCR4-positive TNBC.31 Increased CXCR4 expression is also significantly related to unfavorable clinical 
characteristics and a poor prognosis of TNBC patients.31 In patients with colorectal cancer, the upregulation of CXCR4 in 

Figure 6 Increased circFGFR4 expression correlates with resistance to anti-PD-1 therapy in TNBC patients. (A) TNBC tissues were assessed using IHC. (B) Seventeen 
patients were divided into SD and PD groups. The diagram shows CXCR4 expression in each group. (C) A positive correlation between circFGFR4 and CXCR4 expression 
was observed in TNBC tissues. Data are presented as the means ± SD of three independent experiments. *P < 0.05.
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cancer cells is associated with a higher recurrence rate and shorter survival. In addition, an increasing number of studies have 
reported that circRNAs play a key role in cancer progression by regulating CXCR4 expression.32 For example, circFGFR1 
upregulates CXCR4 to promote NSCLC immune escape and resistance to PD-1 immunotherapy.11 The circPVT1 family 
promotes CXCR4 expression by sponging miR-455-5p to drive the growth and metastasis of medullary thyroid carcinoma.33 

In TNBC, circBACH2 acts as an oncogenic circRNA that promotes proliferation, invasion, and migration by regulating the 
miR-186-5p/miR-548c-3p/CXCR4 axis.34 In the present study, we detected significant overexpression of circFGFR4 in TNBC 
tissues. Moreover, increased circFGFR4 expression limited the curative effect of anti-PD-1 on TNBC. Therefore, this study 
revealed the biological role of circFGFR4 in TNBC immune evasion for the first time.

Conclusion
Overall, the research results show that circFGFR4 promotes TNBC immune evasion and acts as a biomarker to predict 
sensitivity to anti-PD-1 immunotherapy. Mechanistically, when overexpressed, circFGFR4 competitively sponges miR- 
185-5p and prevents miR-185-5p from suppressing CXCR4 expression, subsequently inhibiting the infiltration of CD8+ 

T cells into TNBC tissues. Furthermore, circFGFR4 might represent a therapeutic target in patients with TNBC, 
especially those receiving anti-PD-1 immunotherapy.

Abbreviations
circRNA, circular RNA; PD-1, programmed cell death 1; CXCR4, C-X-C motif chemokine receptor 4; TNBC, triple negative 
breast cancer; PD-L1, programmed cell death ligand 1; NSCLC, non-small lung cancer; HCC, hepatocellular carcinoma; IHC, 
immunohistochemistry; qRT‒PCR, quantitative real-time polymerase chain reaction; RIP, RNA immunoprecipitation.
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