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Purpose: CXCR5-positive (CXCR5+) tumor cell infiltration has different prognostic values

in different types of cancer. The objective was to evaluate the effect of CXCR5+ cell

infiltration in head and neck squamous cell carcinoma (HNSCC).

Patients and Methods: The study included two patient cohorts: The Cancer Genome Atlas

cohort (TCGA, n = 472) and the Renji Hospital cohort (RJHC, n = 201). The TCGA and

RJHC cohorts were analyzed for CXCR5-related mRNAs and CXCR5+ cell infiltration,

respectively. We then evaluated the correlation between CXCR5 mRNA and CXCR5+ cell

infiltration in terms of overall survival and the immune contexture.

Results: The 5-year overall survival rate was significantly correlated with high CXCR5

mRNA expression and CXCR5+ cell infiltration in the TCGA and RJHC cohorts, respec-

tively (p < 0.01), even after adjusting for confounders. Moreover, high CXCR5 mRNA

expression was associated with more CD4+ T cells, CD8+ T cells, plasma cells, and less

dendritic cells. A high CXCR5 mRNA expression was also correlated with increased

expression of cytotoxic IFNG, TNFSF11 (RANKL), GZMA, GZMB, GZMK, GZMM, and

PRF1 and increased expression of the immunosuppressive gene PDCD1 (PD-1), CD274

(PD-L1), CTLA4, LAG3, HAVCR2 (TIM-3), BTLA, and TIGIT.

Conclusion: HNSCC patients with a high intratumoral CXCR5 expression had a better

prognosis than those with low intratumoral CXCR5 expression. Moreover, CXCR5+ cell

infiltration could be used as an independent prognostic biomarker or as a potential therapeu-

tic target. The presence of CXCR5+ cells affects the infiltration of immunocytes in head and

neck cancer, differently from what was reported in other cancer types. Further randomized

controlled trials or studies with more patients are needed to validate our results.

Keywords: CXCR5-producing cells, immune contexture, prognosis, head and neck

squamous cell carcinoma

Introduction
The growth, proliferation, invasion, and metastasis of tumors need cross-talks between

different growth factors, cytokines, and chemokines.1,2 Chemokines are chemotactic

cytokines that regulate the migration of granulocytes, monocytes, and macrophages to

inflammatory cells. Their functions are mediated by seven transmembrane-spanning

G protein-coupled receptors (GPCRs), which are involved in inflammation and allergy

reaction, and in tumor development and metastasis. Chemokine (CX-C motif) ligand

13 (CXCL13) and its receptor, CXCR5, represent an ideal model of the functional

disruption of the chemokine ligand/receptor axis, which can cause abnormal cell
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activation and cancer promotion.2,3 Indeed, previous studies

have proved that CXCR5 is associated with the develop-

ment, invasion, metastasis, and prognosis of several tumors,

including colorectal cancer, lung cancer, breast cancer, pros-

tate cancer, gastric cancer, and others.2,9 However, there

have been few studies focused on CXCR5 in the context

of head and neck squamous cell carcinoma (HNSCC). This

study aimed to investigate the value of intratumoral

CXCR5+ cells as a prognostic marker for HNSCC patients.

Methods
Study Design and Patients
Two cohorts were analyzed in this study: The Cancer Genome

Atlas cohort (TCGA, n = 472) and the Shanghai Jiaotong

University School of Medicine, Renji Hospital cohort (RJHC,

n = 201). Information and clinical characteristics of patients

from TCGA were retrieved from http://cbioportal.org on 31

Dec 2018. The RJHC consists of patients with HNSCC (oral

cavity cancer, nasopharyngeal cancer, hypopharyngeal cancer,

and laryngeal cancer) hospitalized in the Shanghai Jiaotong

University School ofMedicine, Renji Hospital. These patients

received either surgery, radiotherapy, or chemotherapy in the

period from 1 Jan 2005 to 31 Dec 2018. The institutional

review board of Renji Hospital, School ofMedicine, Shanghai

Jiaotong University approved this study and written informed

consent was collected for the RJHC cohort. The TCGA cohort

was for CXCR5 mRNA expression cohort and the RJHC was

for CXCR5+ cell infiltration cohort. The flowchart of patients

enrolled and study design is shown in Figure 1.

Assay Methods
The immunohistochemistry (IHC) protocol and antibodies

used are shown in Table 1. The IHC images were scanned

with Image Pro Plus 6.0 (Media Cybernetics Inc., Bethesda,

MD) and each section was examined under a high power

field (HPF, ×200 magnification). Two different pathologists

evaluated the density of intratumoral cells (CXCR5+ cells,

CD4+ T cells, CD8+ T cells, dendritic cells, and plasma cells)

reported as the mean number of positive cells/HPF from six

randomized fields, three fields for each pathologist. Both

were blinded from clinical data. Representative photos of

immunocytes are shown in Figure 2. The tumor center area

was indicated as the intratumoral region.

Statistical Analysis
Statistical analyses were performed with SPSS (version

22.0), R (version 3.4.1), and Funrich (version 3.1.3).

Demographic data were analyzed by the Chi-squared test.

Overall survival was analyzed by Kaplan-Meier analysis

and the Log rank test. The hazard ratio of patient char-

acteristics, independent prognosticators, and predictive

factors was determined by multivariate analysis. The cor-

relation between gene expressions was analyzed by

Spearman’s regression. A P-value < 0.05 indicated statis-

tical significance in two-tailed tests. The cutoff points for

CXCR5 mRNA expression and CXCR5+ cells were deter-

mined by the automatic Cutoff Finder platform (http://

molpath.charite.de/cutoff).4

Figure 1 Flowchart of patients enrolled and study design.
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Results
Patient Cohort
Patients’ characteristics of the two cohorts are shown in

Table 2. We observed heterogeneities between the cohorts:

45.9% of patients died of cancer in TCGA vs. 27.8% in

RJHC, and 32.8% of the TCGA patients had a high

CXCR5 mRNA expression vs. 17.1% of patients with

high CXCR5 cell infiltration in RJHC. The heterogeneity

could ensure the wide compatibility of our results.

Prognostic Value of CXCR5 mRNA and

CXCR5+ Cells
The Kaplan-Meier curve of the TCGA cohort demon-

strated that 5-year overall survival rate was higher in the

patients with high CXCR5 mRNA-expressing tumors than

those with low CXCR5 mRNA-expressing tumors

(50.07% vs. 37.84%, p = 0.00011) (Figure 3A). In

a multivariate analysis that included age, gender, tumor

grade, and tumor stage as confounders, the Hazard Ratio

(HR) of mortality between CXCR5 mRNA high-

expression vs. low-expression tumors was 0.58 (95% CI:

0.43–0.76, p < 0.001) (Figure 3B).

In the RJHC, the overall survival rate was longer in the

group with high intratumoral CXCR5+ cells than that of the

groupwith low intratumoral CXCR5+ (p = 0.002) (Figure 4A).

The 5-year overall survival rate was 81% among patients with

high intratumoral CXCR5+ cells compared with 57% among

patients with low intratumoral CXCR5+ cells. The differences

remained significant even after confounders adjustment (HR =

0.47, 95% CI: 0.26–0.84, p = 0.011) (Figure 4B).

Association of CXCR5 mRNA and

CXCR5+ Cells with the Immune

Contexture
To confirm the changes in the immune contexture depending

on the CXCR5 mRNA expression levels, we utilized the

Cibersort software to calculate the relative proportion of the

different immune cell types. High CXCR5 mRNA expression

was associated with a higher proportion of regulatory T cells

(Tregs, P<0.001), naïve B cells (P<0.001), memory resting

CD4+ T cells (P<0.001), CD8+ T cells (P<0.001), plasma

cells (P=0.010), and monocytes (Mono, P=0.041), while it

was correlated with a lower proportion of M0 macrophages

(P<0.001), naïve CD4+ Tcells (P<0.001), activated mast cells

Figure 2 Representative images of immunocytes.

Table 1 Immunohistochemistry (IHC) Procedure and Antibodies

No Antibody Name Description Company Product No. Identical Cells

1 Anti-CXCR5 Antibody Mouse monoclonal R&D MAB190, 51,505 CXCR5+ cells

2 Anti-CD4 Antibody Mouse monoclonal Servicebio GB13064-1 CD4+ cells

3 Anti-CD8 Antibody Rabbit Polyclonal Servicebio GB11068-1 CD8+ cells

4 Anti-CD38 Antibody Mouse monoclonal Servicebio GB14035 Plasma cells

5 Anti-CD1a Antibody Mouse monoclonal Servicebio GB14029 Dendritic cells
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(P<0.001), activated dendritic cells (aDC, P=0.005), and acti-

vated NK cells (aNK, P=0.030) (Figure 5A).

The same cell type was localized in RJHC to validate the

results in the TCGA cohort (Figure 5B). We observed that

a high CXCR5+ cell infiltration was correlated with higher

CD4+ T cells (Figure 5B-1), CD8+ T cells (Figure 5B-2),

CD38 plasma cells (Figure 5B-3), and higher CD 1a+ DC

(Figure 5B-4) infiltration (All P < 0.05).

Moreover, the expression of factors mediating cytotoxic

functions,5–8 such as IFNG, TNFSF11 (RANKL), GZMA,

GZMB, GZMK, GZMM, and PRF1, was positively associated

with high CXCR5mRNA expression (Figure 6A) (Spearman’s

ρ = 0.30, 0.22, 0.34, 0.34, 0.44, 0.51, and 0.38, respectively; all

P < 0.05). In addition, the expression of some immunosuppres-

sive factors,7,8 such as PDCD1 (PD-1), CD274 (PD-L1),

CTLA4, LAG3, HAVCR2 (TIM-3), BTLA, and TIGIT, was

also positively associated with a high CXCR5 mRNA expres-

sion (Figure 6B) (Spearman’s ρ = 0.42, 0.22, 0.46, 0.35, 0.40,

0.57, and 0.52, respectively; all P < 0.05).

Discussion
CXCR5, also called Type I Burkitt lymphoma receptors

(BLR-1), is a chemokine receptor belonging to the CX-C

motif family. CXCR5 is mainly present in mature B cells,

some CD4+ T and CD8+ T cells subtypes, and skin-derived

dendritic cells. Their functions are mediated by seven

transmembrane-spanning G protein-coupled receptors

(GPCRs), which regulate the recruiting of B cells back to

the lymph node follicle and promote lymph nodes devel-

opment. CXCL13, a member of the CX-C motif family, is

the ligand of CXCR5. CXCL13 is mostly in the stomach,

liver, and lymph nodes, where it recruits B cells, regulates

the maturity and development of B cells and is involved in

the immune system signaling. The CXCL13/CXCR5 inter-

action plays an important role in the harmonization of the

humoral immunity.2,3,9

In this study, we have shown that the expression of

CXCR5 mRNA and the presence of intratumoral CXCR5+

cells are prognostic markers in two different HNCC

patient cohorts, TCGA and RJHC, respectively. This is

in agreement with previous studies that reported that

CXCR5 is correlated to poor prognosis in several tumors,

such as colorectal cancer, lung cancer, breast cancer, pros-

tate cancer, gastric cancer, and others.2,9 Our analysis

showed that the 5-year overall survival rate was higher

in the patients with high CXCR5 mRNA-expressing

tumors than those with low CXCR5 mRNA-expressing.

Moreover, we observed that the overall survival was

longer among the patients with higher intratumoral

CXCR5+ cells group than those with lower intratumoral

CXCR5+ cells. Four previous studies showed that, in oral

squamous cell carcinoma cells, CXCL13 and/or CXCR5

Table 2 Patients’ Characteristics of TCGA and RJHC

TCGA RJHC P value

Age (means, std) 61.3±12.0 61.5±9.4 NS

Gender (n,%) <0.01

Male 342 (72.5%) 186 (92.5%)

Female 130 (27.5%) 15 (7.5%)

TNM Stage (n)

Tumor T1-2 Vs T3-4

T1 35 53 P<0.01

T2 141 102

T3 139 32

T4 157 14

Node

N0 242 159 N0 Vs Nx

N1 85 36 P<0.01

N2 134 6

N3 11 0

Metastasis

M0 6 198 P<0.01

M1 466 3

Alcohol History (n)

Yes 324 113 P<0.01

No 148 88

Smoking History

0-No 112 58 S0-1 Vs S2-3

1-Mild 159 51 P<0.01

2-Moderate 68 50

3-Severe 133 42

Clinical Stage

Stage I 19 52 P<0.01

Stage II 90 103

Stage III 100 30

Stage IV 263 16

Grade

G1 54 62 P<0.01

G2 290 118

G3 121 21

G4 7 0

Types of Tumors

Hypopharynx 9 20 P<0.01

Nasopharynx 0 6

Larynx 106 166

Oral 357 9
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are correlated with tumor development, invasion, and

metastasis, in apparent contrast with our results.10–13

However, two of these studies were conducted in vitro,

one was an in vivo study using a mouse model, and the

other one compared cancer patients with healthy controls.

To date, our study is the only clinical study showing that

high CXCR5 mRNA expression or high intratumoral

CXCR5+ cells are correlated to a better overall survival

rate in HNSCC patients.

Tumor immune contexture can provide valuable informa-

tion about the status of tumor immune surveillance.2,5,21 By

comparing the immunocyte infiltration between groups with

Figure 3 Relationship between CXCR5 and patient survival in the TCGA cohort. (A) Overall survival curves. (B) Multivariate Cox analysis for CXCR5 mRNA expression.

**P < 0.01.

Figure 4 Relationship between CXCR5 and patient survival in the RJHC. (A) Overall survival curves. (B) Multivariate Cox analysis for CXCR5+ cell infiltration. *P < 0.05,

**P < 0.01.

Dovepress Chen et al

OncoTargets and Therapy 2020:13 submit your manuscript | www.dovepress.com

DovePress
5873

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


Figure 5 Comparison of infiltration levels of various immunocytes in the two cohorts. (A) Comparison of the expression levels between high and low CXCR5 mRNA

expression groups in the TCGA cohort. (B) Comparison of infiltration of different immune cell types between high and low CXCR5+ cell infiltration groups in the RJHC,

including CD4+ T cells (B-1), CD8+ T cells (B-2), CD38 plasma cells (B-3), and CD 1a+ DC (B-4). *P < 0.05, **P < 0.01.
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tumors expressing high and low levels of CXCR5 mRNA,

we found that tumors highly expressing CXCR5 mRNA

expression and having more CXCR5+ cell infiltration had

higher levels of antitumor B cells, memory CD4+ T cells,

CD8+ T cell, and plasma cells and lower levels of pro-tumor

DC infiltration. CD8+ T-cells are capable of stopping tumor

development and the presence of CD8+ T-cells in the tumor

site is correlated with positive patient prognosis, although the

existence of immunosuppressive mechanisms by the tumor

limits their effectiveness; CD8+ T-cells by themselves are

rarely curative without an external therapy.14,15 Memory

T cells are the principal cell type involved in the quick

initiation of the adaptive immune response. Moreover, they

confer rapid host protection upon cognate antigen-mediated

activation and directly kill abnormal cells.15,16 These func-

tions are in agreement with our results showing that the

presence of memory CD4+ T cells positively correlates with

prognosis. Plasma cells play an essential role in humoral

immunity and cellular immunity.5,21 This is consistent with

our data showing that a high level of plasma cells is corre-

lated to a better prognosis. The presence of immature DCs,

displaying low NF-κB activation and low MHC class II and

co-stimulatory molecule expression, are defective antigen-

presenting cells that induce Tcell anergy and exhaustion. The

presence of immature DC might also induce immunotoler-

ance. Moreover, the maturation process of CD1a+ immature

DCs may be inhibited by tumor-secreted factors.17–19 This is

consistent with our results showing that low levels of pro-

tumor CD1a+ DC infiltration in tumors highly-expressing

CXCR5 mRNA and CXCR5+ cell infiltration are correlated

to better overall survival rate. Sandel et al showed that the

number of immature DCs in the tumor did not affect the

disease outcome.18 However, another study showed that

patients with higher levels of immature DCs (i.e. CD1a+) in

the tumor had a lower disease-free survival rate, which is

quite consistent with our results.17 The correlation between

DCs and patient survival is still controversial: the discre-

pancy in different studies could be due to differences in the

intratumoral localization and by the different biology of the

tumor types. More clinical studies are needed to resolve this

controversy. Our data suggest that CXCR5+ cells in head and

neck cancer have a role in mediating the infiltration of

different immunocytes.

Furthermore, in this study, we report a positive correla-

tion between CXCR5 mRNA expression and the expres-

sion of cytotoxic proteins such as IFNG, TNFSF11,

GZMA, GZMB, GZMK, GZMM, and PRF1.5–8 CXCR5

remained an independent prognostic marker even after

adjusting for these factors as confounders. Whereas, the

mechanism of action underlying the relationship between

CXCR5 and immune contexture should have further basic

researches and clinical studies. In addition, this study

showed a positive correlation between CXCR5 mRNA

expression and the expression of immunosuppressive pro-

teins such as PDCD1, CD274, CTLA4, LAG3, HAVCR2,

and BTLA.5,20–22 Thus, it is likely that patients who have

high CXCR5 mRNA-expressing tumors can obtain more

benefits from PDCD1, CD274, CTLA4, LAG3, HAVCR2,

Figure 6 Association of CXCR5 mRNA expression with immune-associated gene expression. (A) Spearman correlation between CXCR5 mRNA expression and cytotoxic

molecules. (B) Spearman correlation between CXCR5 mRNA expression and immunosuppressive molecules.r.
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and BTLA inhibitors than other patients. Further clinical

studies are needed to assess the value of CXCR5 mRNA

expression and CXCR5+ cells in the context of therapy

with targeted treatment and immune checkpoint inhibitors

(ICIs) for head and neck cancers.23,24

Although we analyzed two different patient cohorts,

there are some limitations to our study. First, we observed

heterogeneities in the two cohorts. Second, some clinical

characteristics were different between the two cohorts.

Thus, our results should be validated by further multi-

center, randomized control trials. Moreover, it would be

interesting to investigate the role of CXCR5 in the devel-

opment of metastasis.

In conclusion, in this study, we report that a high CXCR5

expression in HNSCC patients is correlated to a better prog-

nosis than those with lowCXCR5 expression. This is probably

caused by the infiltration of immunocytes mediated by the

presence of CXCR5+ cells. Based on the available experimen-

tal research and clinical studies, this is a typical feature of

HNSCC, different from other types of cancer. CXCR5+ cells

infiltration could be used as an independent biomarker for early

diagnosis and treatment, or as a potential therapeutic target to

improve outcomes and life quality for HNSCC patients.
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