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Abstract: This study examined the role and clinical significance of CXC chemokine ligand 16 (CXCL16) and its che-
mokine (C-X-C motif) (CXCR6) receptor 6 expression in human diffuse large B cell lymphoma (DLBCL) tissues and 
cell lines. The expression of CXCL16 and CXCR6 was investigated by immunohistochemistry, quantitative real time 
PCR (qRT-pCR), Western blotting and immunofluorescence. In comparison with that in the control reactive lymphoid 
hyperplasia tissues, significantly higher positive rate of CXCL16 expression, but lower CXCR6 expression were de-
tected in DLBCL tissues. Varying levels of CXCR6 were expressed in the membrane-associated cytoplasm of three 
DLBCL cell lines. Clinically, co-expression of CXCL16/CXCR6 was an independent risk factor for poor survival in 
patients with DLBCL. Together, our findings suggest that CXCL16 and CXCR6 co-expression may be valuable for 
evaluating the survival of patients with DLBCL. 
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Introduction

Non Hodgkin’s lymphoma (NHL) is a group of 
tumors originating from lymphoid tissues, and 
accounts for 4% of the new cancer cases and 
3% of the tumor associated deaths [1]. Diffuse 
large B cell lymphoma (DLBCL) is the most 
common type of aggressive NHL [2]. Previous 
studies have suggested that inflammation is 
associated with the development and progres-
sion of malignant tumors [3, 4]. The interaction 
between chemokines and their receptors is 
crucial for inflammatory cell infiltration in 
tumors. During the formation of DLBCL, there 
are different types of non-tumor immunocom-
petents, such as T lymphocytes, macrophages 
and mast cells, and stromal cells creating a 
unique microenvironment that regulates the 
development and progression of DLBCL [5]. 

However, little is known about the role of che-
mokines and their receptors in the develop-
ment of DLBCL.

The CXC chemokine ligand16 (CXCL16) can be 
membrane-bound and secreted forms and is 
predominately expressed by dendritic cells and 
its expression can be upregulated by inflamma-
tion [6]. CXCL16 binds to its specific chemokine 
(C-X-C motif) receptor 6 (CXCR6) to regulate a 
diversity of biological processes, including lym-
phocyte and NK cell responses, chronic inflam-
mation, cell adhesion, and antitumor immunity, 
tumor development and progression [7-11]. The 
CXCL16/CXCR6 system is associated with the 
development of human inflammatory diseases, 
including glomerulonephritis [12], lung disease 
[13], coronary artery disease [14], and rheuma-
toid arthritis [15]. Furthermore, CXCL16/CXCR6 
system also regulates the progression of tumor 
[16] and enhances tumor cell proliferation and 
survival by activation of the mitogen-activated 
protein/extracellular signal-regulated kinase 
pathway [17]. Our previous study has shown 
that CXCL16 is expressed in NHL tissues and 
cell lines [18]. However, there is no information 

http://www.ijcep.com


Co-expression of CXCL16 and CXCR6 in diffuse large B Cell lymphoma

5369 Int J Clin Exp Pathol 2016;9(5):5368-5377

on whether the CXCR6 is also expressed by 
DLBCL and on how the clinical significance of 
CXCL16 and CXCR6 expression in DLBCL has 
not been reported. 

In this study, the CXCL16 and CXCR6 expres-
sion in 46 fresh DLBCL tissues and 76 DLBCL 
tissue microarray samples as well as three 
human DLBCL cell lines were examined and the 
prognostic significance of CXCL16 and/or 
CXCR6 expression in DLBCL were explored.

Materials and methods

Ethics statement

Written informed consent was obtained from 
individual subjects. The experimental protocols 
were approved by the Clinical Research Ethics 
Committee of Nanfang Hospital, Southern 
Medical University. 

DLBCL tissue sample collection 

A total of 46 patients with newly diagnosed 
DLBCL were recruited at Nanfang Hospital, 
Southern Medical University, Guangzhou, Ch- 
ina, between 2009 and 2012. Patients with 
DLBCL were diagnosed and classified accord-
ing to the criteria of the World Health 
Organization (WHO). Individual patients with 
DLBCL were excluded if she/he had received 
chemotherapy or radiation therapy. Further- 
more, 27 non-tumor patients with reactive lym-
phoid hyperplasia tissues were recruited and 
served the controls. In addition, 76 DLBCL tis-
sue microarray samples were obtained from US 
Biomax (Rockville, USA). All clinical samples 
were immediately fixed in 10% formalin over-
night and paraffin-embedded. 

Cell lines and culture

Human DLBCL OCI-Ly3, OCI-Ly8, OCI-Ly10 cells 
were obtained by the Guangdong Provincial Key 
Laboratory of Molecular Oncopathology, Gu- 
angzhou, China. The cells were maintained in 
RPMI1640 medium supplemented with 10% 
fetal bovine serum, 100 U/ml penicillin and 
100 U/ml streptomycin (complete medium) at 
37°C in a humidified atmosphere of 5% CO2. 

Immunhistochemical staining  

The levels of CXCL6 and CXCR6 expression in 
DLBCL tissues and DLBCL cells were character-
ized by immunohistochemistry and immunocy-

tochemistry using the ChemMate™ EnVision™ 
Detection kit (Dako, Carpinteria, USA) [19]. 
Briefly, the paraffin-embedded tissue sections 
(3 µm) were dewaxed, rehydrated, blocked with 
3% BSA in staining buffer. The sections were 
incubated with rabbit anti-CXCR6 (1:200) and 
anti-CXCL16 (1:100, Abcam, Cambridge, UK). 
The bound antibodies were detected with HRP-
conjugated goat anti-rabbit IgG and visualized 
with reagents provided in the kit. The stained 
sections were evaluated by two pathologists 
(T.Z. and HP.T.) in a blinded manner. The per-
centages of positive cells were graded semi-
quantitatively, according to a scoring system: 
negative (-); 0%-5%, weakly positive (+); 6%- 
25%, moderately positive (++); or 26%-50%, 
strongly positive (+++). A prostate cancer sec-
tion was used as a positive control because of 
its CXCL16/CXCR6 expression. Similarly, DLBCL 
cells were cultured in glass-slides and the 
CXCR6 expression in DLBCL cells was charac-
terized by immunocytochemistry.

Quantitative real time-PCR (qRT-PCR) analysis  

Total RNA was extracted from individual types 
of DLBCL cells using the RNeasy kit according 
to the manufacturers’ protocol (Qiagen, Valen- 
cia, USA) and reversely transcribed into cDNA 
using the SurperScript II reverse transcriptase 
(Fisher, Pittsburgh, USA). The relative levels of 
CXCR6 mRNA transcripts in individual samples 
were determined by qRT-PCR using the fluores-
cent TaqMan kit in the 7500 Real-Time PCR 
system (Applied Bio-systems) [19]. The sequ- 
ences of specific primers were forward 
5’-GACTATGGGTTCAGCAGTTTCA-3’ and reverse 
5’-GGCTCTGCAACTTATGGTAGAAG-3’ for CXCR6 
(90 bp); forward 5’-AC-AGTCAGCCGCATCTTC- 
TT-3’ and reverse 5’-GACAAGCTTCCCGTTCTC- 
AG-3’ for glyceraldehydes-3-phosphate dehy-
drogenase (GAPDH, 256 bp). A portion of 
untranscribed RNA from individual samples 
served the negative controls. The data were 
analyzed by the formula 2-ΔΔCt.

Immunofluorescence

The CXCR6 expression in different DLBCL cells 
was characterized by immunofluorescence as 
previously described [18, 19]. Briefly, the cells 
(2.0 × 105/ml) were inoculated in complete 
medium in 6-well plates (Costar, Corning, NY, 
USA) for 24 h and starved in serum-free medi-
um for another 24 h. The cells were harvested, 
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deposited in cover-slits, fixed and permeabi-
lized, the cells were incubated with rabbit anti-
human CXCR6 (1:100) and stained with 
PE-conjugated donkey anti-rabbit IgG (1:150; 
Proteintech, Chicago, USA), followed by coun-
terstained with DAPI. Rabbit IgG from healthy 
animals served the negative control. The cells 
were observed under a florescence microscope 
(Nikon, Tokyo, Japan).

Western blot assay

DLBCL cells were cultured in complete medium 
for 24 h. The cells were harvested and lyzed. 
The relative levels of CXCR6 to the control 
GAPDH were determined by Western blot assay 
using anti-CXCR6 and anti-GAPDH. The results 
were analyzed by densimetric scanning and 
ImageJ software. 

Figure 1. Characterization of CXCR6 and CXCL16 expression in DLBCL. The expression of CXCL16 and CXCR6 in 
46 fresh DLBCL tissues, 76 microarray tissues as well as 27 control reactive lymphoid hyperplasia tissues was 
characterized by immunohistochemistry and semi-quantitatively analyzed in (A) as negative (a), weak (b), moder-
ate (c), or strong (d). Data are representative images (magnification x 400 for fresh DLBCL tissues, magnification x 
40 for microarray tissues) or expressed as the percentages of different intensities of antibody staining. (A) CXCL16 
expression in fresh DLBCL tissues; (B) CXCR6 expression in fresh DLBCL tissues; (C) CXCL16 in the DLBCL microar-
ray tissues; (D) The percentages of different intensities of anti-CXCL16 staining; (E) The percentages of different 
intensities of anti-CXCR6 staining.
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Statistical analysis 

Data are expressed as the case numbers. The 
difference among groups was statistically ana-
lyzed by Pearson’s Chi-square x2 test using the 
SPSS19.0. Univariate survival analysis was per-
formed using Kaplan-Meier, and the difference 
in the survival curves was analyzed by the log-
rank test. Multivariate survival analysis was 
evaluated by Cox proportional hazards model 
with the log likelihood ratio significance test. A 
two-tailed P-value of <0.05 was considered sta-
tistically significant.

Results

CXC16 and CXCR6 are widely expressed in 
DLBCL samples

To explore the importance of CXCL16 or CXCR6 
expression in DLBCL development, 76 DLBCL 
tissue microarray samples and 46 fresh DLBCL 
tissue samples as well as 27 non-tumor lymph 

node tissues were collected. Among the 46 
DLBCL patients, there were 30 male and 16 
female, with an average age of 47.61±15.19. 
There was no significant difference in the distri-
bution of gender and age between patients and 
non-tumor subjects in this population (data not 
shown). The levels of CXCL16 and CXCR5 
expression in individual samples were charac-
terized by immunohistochemistry and semi-
quantitatively analyzed (Figure 1). While there 
was no clear anti-CXCL16 and anti-CXCR stain-
ing in the interstitial cells in the DLBCL tissues 
there was obvious anti-CXCL16 and CXCR6 
staining in the membrane-associated cyto-
plasm and cytolemma of tumor cells. Semi-
quantitative analysis indicated that the positive 
rate of anti-CXCL16 staining in DLBCL was high-
er than that in the control (tissue microarray 
69.74% vs. the control 7.41%, P<0.05; fresh 
DLBCL samples 76.09% vs. the control 7.41%, 
P<0.05). In contrast, the positive rate of anti-
CXCR6 staining was significantly lower than 

Table 1. Relation between CXCR6/CXCL16 expression and clinical features of DLBCL

Feature
CXCR6 expression CXCL16 expression

n - + ++ +++ PR P n - + ++ +++ PR P
Age (y)*
    <60 36 11 10 13 2 69.44 0.190 85 21 36 17 11 75.29 0.238
    ≥60 10 1 5 2 2 90.00 37 13 14 7 3 64.86
Sex*
    Male 30 9 10 9 2 70.00 0.408 77 21 33 13 10 72.73 0.848
    Female 16 3 5 6 2 81.25 45 13 17 11 4 71.11
LDH 0.017 0.172
    Low 29 11 9 6 3 62.07 29 9 13 5 2 68.97
    High 17 1 6 9 1 92.12 17 2 8 6 1 88.24
Extranodal organs involvement
    No 18 6 6 5 1 66.67 0.370 18 5 8 4 1 77.22 0.622
    Yes 28 6 9 10 3 78.57 28 6 13 7 2 78.57
*Including tissue microarray specimens. Abbreviation: PR, positive rate. P, P values.

Figure 2. Stratification analysis of the cumulative survival of patients with DLBCL. The cumulative survival of each 
group was established by the Kaplan-Meier method and statistically analyzed by the log-rank test.
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that in the controls (fresh DLBCL samples 
73.71% vs. the control 96.30%, P<0.05). The 
positive rate of both anti CXCL16 and anti-
CXCR6 staining in the fresh DLBCL tissues was 
significantly higher than that in the control 
(65.22% vs. 7.41%, P<0.05). Clearly, both 
CXCL16 and CXCR6 are widely expressed in 
human DLBCL tissues.

CXCR6 and CXCL16 co-expression is an 
independent risk factor for poor prognosis of 
patients with DLBCL 

Stratification analyses indicated that the posi-
tive rate of anti-CXCR6 staining in patients with 
DLBCL was significantly associated with higher 
levels of serum LDH, but not with age >60, gen-
der, extranodal organs involved (Table 1). 
Similarly, there was no significantly association 
of the positive rate of anti-CXCL16 staining with 
any measure tested in this population.  

Further analysis revealed that the mean cumu-
lative survival of patients with CXCR6+ DLBCL 
was significantly shorter than those with nega-
tive DLBCL (24 moths in CXCR6+ vs. 60 months 
in CXCR6-, P<0.05). The CXCR6 expression was 
significantly associated with poor cumulative 
survival in patients with DLBCL (P=0.007, 
Figure 2). Although the mean cumulative sur-
vival of patients with CXCL16+ DLBCL was 
shorter than that in those with CXCL16- DLBCL 
the CXCL16 expression in DLBCL was not sig-
nificantly associated with cumulative survival 
of patients with DLBCL in this population 
(P=0.125). Interestingly, CXCL16 and CXCR6 
co-expression in DLBCL was significantly asso-
ciated with poor cumulative survival of patients 
with DLBCL in this population (P=0.008). Mu- 
ltivariate analysis revealed that gender, age 
>60 years, R-chop, levels of LDH, extranodal 
organs involved, single positive anti-CXCL16 or 

anti-CXCR6 staining was not a significant risk 
factor for poor prognosis of patients with DLBCL 
(Table 2). However, the CXCL16 and CXCR6 co-
expression was an independent risk factor for 
poor prognosis of patients with DLBCL in this 
population P=0.013). 

CXCR6 expression in DLBCL cell lines

Our previous study has shown that CXCL16 is 
highly expressed in human DLBCL OCI-Ly3, 
OCI-Ly8, and OCI-Ly10 cells [18]. We further 
investigated the CXCR6 expression in these 
cells by immunohistochemistry, qRT-PCR, 
Western blot and immunofluorescent assays. 
The results showed that many cells in each cell 
lines had anti-CXCR6 staining, particularly in 
their membrane-associated cytoplasm and 
cytolemma (Figure 3A). Furthermore, while sim-
ilar levels of CXCR6 mRNA transcripts were 
detected in both OCI-Ly3 and OCI-Ly10 signifi-
cantly higher levels of CXCR6 mRNA transcripts 
were observed in OCI-Ly8 cells (P<0.05, Figure 
3B). A similar pattern of CXCR6 expression was 
detected among those cell lines (Figure 3C). 
Finally, immunofluorescence revealed that 
CXCR6 was expressed in the membrane-asso-
ciated cytoplasm of those cells lines (Figure 
3D). Together, varying levels of CXCR6 were 
expressed by DLBCL cell lines tested. 

Discussion

The CXCL16/CXCR6 axis is crucial for lympho-
cyte chemotaxis [20, 21]. Previous studies 
have shown that CXCL16 is expressed in HL 
and NHL tissues and cell lines and is associat-
ed with tumorigenesis of gastric mucosa asso-
ciated lymphoma (MALT) [22-24]. Our previous 
study shows that varying levels of CXCL16 are 
expressed by HL and NHL cell lines [18]. In this 
study, we found that the frequency of DLBCL 

Table 2. Multivariate analysis of prognostic risk factors in DLBCL 
Clinical parameters B Wald Relative risk (95% CI) P Value
Sex (male/female) -1.091 3.264 0.336 (0.103-1.097) 0.071
Age (>60 y/≤60 y) 0.019 0.964 1.019 (0.982-1.057) 0.326
R-chop (yes/no) 0.576 0.966 0.779 (0.564-1.187) 0.437
LDH (high/low) 0.589 1.026 1.779 (0.564-5.613) 0.326
Extranodal organs involved (yes/no) 0.027 0.002 1.028 (0.038-3.435) 0.965
CXCL16 (positive/negative) 0.323 0.911 1.381 (0.712-2.678) 0.340
CXCR6 (positive/negative) 0.401 1.495 1.493 (0.785-2.841) 0.221
CXCL16/CXCR6 co-expression (yes/no) 2.562 6.204 12.966 (1.727-97.377) 0.013
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tissues with positive CXCL16 expression was 
similar to that in prostatic cancer tissues [23] 
and was significantly higher than that in the 
non-tumor control tissues. However, the posi-
tive rate of anti-CXCR6 staining in DLBCL tis-
sues was significantly lower than that in the 
controls in this population. Stratification analy-
sis indicated that the positive rate of CXCR6 
expression in DLBCL tissues was significantly 
associated higher levels of serum LDH, Further 
analyses suggested that CXCR6 or both CXCL16 
and CXCR6 expression in DLBCL tissues was 
significantly associated with a shorter survival 
of patients with DLBCL. Multivariate analysis 
revealed that co-expression of CXCR6 and 
CXCL16 in DLBCL tissues was an independent 
risk factor for poor prognosis of patients with 
DLBCL. To the best of our knowledge, this was 
the first report on the value of CXCL16 and 

CXCR6 co-expression in prognosis of DLBCL. 
The co-expression of CXCL16 and CXCR6 in 
DLBCL tissues may be valuable for evaluating 
the prognosis of patients with DLBCL.

The impact of CXCL16 and CXCR6 expression in 
tumor tissues on survival of patients varies 
markedly among different malignancies. Co- 
expression of CXCL16 and CXCR6 is associated 
with poor prognosis in patients with cervical 
cancer [25], bladder cancer [26], ovarian can-
cer [27], neuroblastoma [28] and malignant 
melanoma [29]. Furthermore, CXCL16 and 
CXCR6 expression is involved in the malignant 
transformation and differentiation of glial 
tumors [30]. However, co-expression of CXCL16 
and CXCR6 is associated with better survival  
of patients with gastric cancer because the 
CXCL16/CXCR6 axis can inhibit the invasion 

Figure 3. Characterization of CXCR6 expression in DLBCL cells. The relative levels of CXCR6 to control GAPDH ex-
pression in OCI-Ly3, OCI-Ly8, and OCI-Ly10 cells were determined by immunohistochemistry, qRT-PCR, Western blot 
and immunofluorescent assays. Data are representative images (magnification x 400 for immunohistochemistry, 
x 600 for immunofluorescence) or expressed as the mean ± SD of each group of cells from three separate experi-
ments. A. Immunocytochemistry (DAB; brown); B. qRT-PCR; C. Western blot; D. Immunofluorescent analysis (Blue, 
cell nucleus; red, CXCR6).
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and metastasis of gastric cancer [6]. In addi-
tion, CXCL16 expression in renal cancer is 
associated with a better survival of patients 
with renal cancer [31] while high levels of 
CXCL16 in stromal cells and positive CXCR6 
expression in NSCLC cells promote the survival 
of patients with NSCLC [32]. Thus, the CXCL16 
and CXCR6 axis regulates the progression of 
different types of tumors, depending on the 
organ origins of the tumors. 

The CXCL16/CXCR6 axis is associated with 
inflammation in the tumor environment. Given 
that CXCL16 can be resident as the membrane-
associated molecule or proteolytically cleaved 
by the disintegrin-like metalloproteinase ADA- 
M10 to secrete [33, 34]. It is possible that 
CXCL16 can regulate CXCR6+ tumor cells in an 
autocrine or paracrine manner to create an 
positive feedback loop for the progression and 
metastasis of tumor cells [16, 35, 36]. The 
membrane-associated CXCL16 can enhance 
the adhesion of CXCR6+ cells [37, 38]. The 
secreted CXCL16 can also recruit CXCR6+ in- 
flammatory cells, such as dendritic cells, mac-
rophages, and T cells and promote the prolifer-
ation and migration of CXCR6+ tumor cells [39, 
40]. Furthermore, the CXCL16/CXCR6 axis can 
enhance the Akt/mTOR signaling, interleukin 8 
(IL-8) and endothelial growth factor (VEGF) 
expression to promote the formation of mic- 
rovessels in prostate cancer cells [41]. In addi-
tion, Recombinant soluble CXCL16 promoted 
the epithelial-mesenchymal transition (EMT) 
process and migration of CRC cells [42] and 
blockade of CXCR6 signaling suppresses the 
growth and invasion of hepatocellular carcino-
ma cells by inhibiting the VEGF expression [43]. 
In contrast, the CXCR6 signaling can inhibit the 
AKT activation and MMP-2, and MMP-9 as well 
as the migration and invasion of gastric cancer 
cells [44]. Given that co-expression of CXCL16 
and CXCR6 was associated with a poor progno-
sis of patients with DLBCL it is possible that the 
CXCL16/CXCR6 axis may also promote the 
AKT/mTOR signaling and the EMT process to 
inhibit the proliferation and migration of DLBCL 
cells. 

Moreover, we detected varying levels of CXCR6 
expression in three DLBCL cell lines, extending 
our previous findings [18]. These data indicated 
that CXCL16 and CXCR6 were co-expressed by 
different DLBCL cell lines. Interestingly, the lev-
els of CXCR6 and CXCL16 expression in GC sub-
type OCI-Ly8 were significantly higher than that 

in the non-GC subtype OCI-Ly3 and OCI-Ly10 
cells. A previous study has shown that patients 
with GC-subtype DLBCL usually have a better 
survival rate than those with non-GC subtype 
DLBCL [45]. The high levels of CXCL16 and 
CXCR6 expression in GC subtype of DLBCL cells 
and poor prognosis of patients with CXCL16/
CXCR6 expressing DLBCL may reflect the differ-
ence between in vivo DLBCL and in vitro main-
tained DLBCL cells. Therefore, the clinical sig-
nificance of CXCL16 and CXCR6 co-expression 
in different subtypes of DLBCL remains further 
determined. 

We recognized that our study had limitations, 
including small sample size, the lack of molecu-
lar mechanistic studies and the precise signal-
ing in DLBCL cells. Thus, further studies in a 
bigger population are warranted to validate our 
findings and to investigate the molecular mech-
anisms underlying the action of the CXCL16/
CXCR6 axis in regulating the development and 
progression of DLBCL.    

In this study, we found that CXCR6/CXCL16 was 
wildly expressed in in the cytolemma and cyto-
plasm of DLBCL. CXCR6 or CXCR6 and CXCL16 
co-expression was significantly associated with 
shorter survival of patients with DLBCL. Clini- 
cally, co-expression of CXCL16/CXCR6 was an 
independent risk factor for t poor prognosis of 
patients with DLBCL in this population. Th- 
erefore, the expression of CXCR6 or CXCL16/
CXCR6 in DLBCL may be valuable for evaluating 
the prognosis of patients with DLBCL. 
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