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Expression of Chemokine Receptor CXCR6
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Abstract. Infiltration of inflammatory cells into colorectal
adenocarcinomas is considered of importance for tumour
progression. Tumour-associated macrophages and T cells are
predominant components of the chemokine-guided filtrate of
most colorectal tumours. CXCR6 is a chemokine receptor
expressed by Thl, Tc, NKT cells and smooth muscle cells. To
determine whether CXCRO is expressed in human colorectal
cancer and corresponding normal tissue, we analysed CXCR6
protein expression in 32 surgical specimens. Immuno-
histochemistry revealed CXCRG6 protein predominantly
localised in normal epithelial cells and some scattered stromal
cells. No or weak expression was found in cancerous tissue.
Western blot analysis showed, in 41 % of the cases, a notable
suppression of CXCRG6 protein (p<0.05) in cancerous tissue
compared with non-cancerous tissue. Up-regulation was found
in 9% of the cases. CXCRO6 protein expression, in 25% of the
cases, showed no difference between tumour and adjacent
normal tissue. Furthermore, 25% of the cases revealed
undetectable levels of CXCRO6 protein in tumour as well as
corresponding normal tissue. The results may reflect one of the
immunological features of normal and cancerous colorectal
tissue and studies on regulation of CXCRG6 are necessary in
order to determine its role in colorectal carcinogenesis.

Colorectal cancer (CRC) is a common cause of death from
cancer in Western countries. The major part of CRC is
derived from the mucosa and it is clear that genetic alterations
in epithelial cells can enter the neoplastic process (1).
Leukocyte infiltration of macrophages and T cells is found in
human epithelial cancers and expresses a complex network of
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cytokines and chemokines (2-4). Cytokines, growth factors and
angiogenic factors, among others, are released from
leukocytes attracted by chemokines into the tumour
microenvironment. Tumour-associated leukocytes contribute
to growth and spread of the malignancy, but the leukocytes
have also been shown to play an antitumourigenic role (2,5,6).

Several CC and CXC chemokine receptors are variably
expressed on a number of colonic adenocarcinoma cell lines,
but also on colon epithelial cells in vivo (7-9). However, the
role of many of the chemokines and receptors are unclear.
Blocking CXCL1 or its receptor CXCR2 with specific
antibodies inhibited the growth of melanoma cells in vitro
(10). Conversely, the over-expression of CXCL1 (11), CXCL2
or CXCL3 (12) in various melanoma cell lines increased their
ability to form colonies in soft agar and their tumourigenicity
in nude mice. Furthermore, expression of CXCR2 on certain
cells in the presence of persistent autocrine and paracrine
stimulation with specific CXC chemokine ligands can promote
pre-neoplastic into neoplastic cellular transformation (13).

CXCR6 is a chemokine receptor for the chemokine
CXCLI16 and is expressed by Thl, Tc, NK, NKT cells, bone
marrow plasma cells, myeloma cells and smooth muscle cells
(14-17). CXCRo6-expressing Th1 cells display tissue-homing
potential and are enriched in inflamed tissues, suggesting its
novel role in mediation of type I inflammation (15).
Interestingly, CXCL16, expressed on monocytes/macrophages,
B cells and dendritic cells in the T cell zone of lymph nodes,
by sinusoid associated cells of the splenic red pulp (18,19), as
well as by human T cells, (15) functions as a cell adhesion
molecule for cells expressing CXCRG6 (20).

To date, the expression of CXCR6 has not been
described in human colorectal cancers. Therefore, we
wanted to study if CXCRG6 is expressed in the specimens of
cancerous and adjacent non-cancerous tissue.

Materials and Methods
Patients and sampling. This study comprised tissue samples, which

were obtained from 32 consecutive patients who had undergone
surgical resections for primary colorectal adenocarcinomas,
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diagnosed at the Department of Surgury, Ryhov County Hospital,
Jonkoping, Sweden. This study group comprised 19 males and 13
females. The mean age was 71 years, with a range from 50-90 years,
and all tumours were classified according to the Dukes’
classification system; stage A (n=4), stage B (n=14), stage C
(n=13) and stage D (n=1). Eighteen were located in the rectum
and 14 in the colon. From each patient tumour tissue and adjacent
normal mucosa (about 5 cm from the tumour) was excised and
immediately frozen at -70° C until analysis.

Protein preparation. Frozen tumour tissue and normal mucosa were
thawed, homogenised in ice cold lysis buffer containing PBS (9.1 mM
dibasic sodium phosphate, 1.7 mM monobasic sodium phosphate, 150
mM NaCl, pH=74) and 1% Nonidet P-40, 0.5% sodium
deoxycholate, 0.1% sodium dodecyl sulphate (SDS), 100 pg/ml
phenylmethylsulphonyl flouride (PMSF), 2 ug/ml aprotinin, 1 mM
sodium orthovanadate and 1 ug/ml leupeptin. The lysate was placed
on ice for 30 minutes and then centrifuged at 13,000 g for 10 minutes.
The protein content of the supernatant fluid was determined for each
sample using the Lowry assay (21).

Western blot analysis. Proteins (60 pg) in the lysates were separated
under reducing conditions by electrophoresis using 10% SDS-PAGE
(polyacrylamide gel electrophoresis) (21). Separated proteins were
transferred onto  nitrocellulose membranes (Amersham,
Buckinghamshire, UK) in a transblot electrophoretic transfer cell
(Bio-Rad Laboratories, Hercules, CA, USA). After transblotting, the
blots were blocked for two hours with 5% (wt/vol) non-fat dry milk
dissolved in TTBS (1xTTBS: 20mM Tris, 150 mM NaCl, pH 7.5,
0.1% Tween 20). The blots were probed for four hours with an
affinity-purified rabbit antihuman polyclonal CXCR6 antibody
(Prosci Inc, Poway, CA, USA) diluted in TTBS (2 pg/ml) containing
3% (wt/vol) non-fat dry milk. After extensive washing in TTBS, the
blots were reincubated for two hours with horseradish peroxidase-
conjugated secondary antibody (Santa Cruz Biotecchnology, Santa
Cruz, CA, USA) diluted 1:4000 in TTBS containing 3% (wt/vol)
non-fat dry milk. Blots were developed using an enhanced
chemiluminescence (ECL) system (Amersham) and exposed to
Hyperfilm ECL (Amersham). Loading was controlled by an anti-
human monoclonal actin antibody (Santa Cruz Biotechnology). The
optical density was measured by densitometry and the result is shown
as relative expression for tumour versus normal mucosa.

Immunohistochemistry. Ten of the 32 tumour samples were
available for immunohistochemical staining to study the cell type
origin of the CXCR6 expression. Staining for CXCR6 was
performed using a standard protocol on slides from formalin-fixed
paraffin-embedded tissue blocks. The incubation of rabbit anti-
human polyclonal CXCR6 antibody was followed by incubation
with a biotinylated goat anti-rabbit IgG (Dakopats, Glostrup,
Denmark). For anti-CXCR6 antibody blocking, serving as negative
control, the antibody was preincubated for 1 hour at 37°C with 10
times excess of the antigenic CXCR6 peptide (Prosci). Avidin-
biotin peroxidase complexes (ABC Elite Kit, Vector Labs,
Burlingame, CA, USA) were added, followed by visualization with
3.3’-diaminobenzidine tetrahydrochloride (Vector Labs). The slides
were then counterstained with Mayer’s hematoxylin.

Statistical analysis. Differences of CXCR6 protein between tumour
and paired normal tissues were examined by Wilcoxon signed rank
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Figure 1. Western blot analysis of CXCRO6 (43 kDa) protein expression in
8 representative specimens of human colorectal cancer in two separate
experiments. T, tumour tissue; N, matched normal tissue.

test. The data were subjected to computerized statistical analysis
using the SPSS for Windows version 6.1 and the results were
considered significant at the level p<0.05.

Results

Western blot analysis. Western blot analysis of CXCR6
protein in human colorectal tumour tissue was pair-wise
related to normal mucosa from 32 examined surgical
specimens. Probing of tissue proteins immobilized on
nitrocellulose membranes with anti-human CXCR6
antibody and subsequent semi-quantitative evaluation by
densitometry showed a relative expression (tumour vs
normal mucosa) in 13 cases < 1 (p<0.05), in 8 cases =1 and
in 3 cases > 1. No CXCR6 expression was observed in 8
cases. A representative immunoblot prepared from 8
patients with matched normal tissue CXCR6 expression is
shown in Figure 1. Actin expression was used to
demonstrate protein loading (data not shown). Expression
of the CXCRG6 protein levels in all analyzed tissues did not
correlate with clinicopathological characteristics such as
Dukes’ stage and localisation (data not shown).

Immunohistochemical findings. Non-cancerous tissue (resected
outside the tumour tissue) showed immunoreactivity of
CXCR6. CXCR6 was predominantly localised in normal
epithelial cells and also in some scattered stromal cells in the
lamina propria, with the morphological characteristics of
lymphocytes and fibroblasts. Overall, in normal epithelial cells,
CXCRG6 protein was detected where the intensity of staining
varied from weak to strong cytoplasmic expression. No
staining was observed in carcinoma cells in cancerous tissue.
In the surrounding stroma a few stromal cells were stained
weakly, Figure 2.

Discussion
In an ongoing effort to clarify colorectal carcinogenesis with

special reference to the wunderlying immunological
mechanisms, we analyzed the protein expression of the
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chemokine receptor CXCR6. Using Western blot analyses,
we demonstrated that there was a notable suppression of
CXCRG6 protein in 41% (13/32) of the colorectal tumours
compared with adjacent normal mucosa. Nine percent
(3/32) showed up-regulation and 25% (8/32) showed no
difference between tumour and adjacent normal tissue.
Twenty-five % (8/32) of the cases revealed undetectable
levels of CXCRO6 protein in tumour as well as corresponding
normal tissue.

We used immunohistochemistry to discriminate the origin
of the CXCR6 expression. This investigation revealed
CXCROG6 protein expression mainly in normal epithelial cells
and in sporadic lymphocytes and fibroblasts located in
lamina propria. In cancerous tissue, no/weak staining could
be observed in carcinoma cells as well as in stromal cells.

In recent years it has become clear that chemokines and
their receptors are involved in the promotion or inhibition
of tumour development (2,13). Attention has been focused
on the hypothesis that macrophages and cancer cells can
secrete cytokines and provide directional stimulus for the
movements of tumouricidal lymphocytes. In some cases the
tumour infiltrating macrophages appear to be able to
produce angiogenic factors and proteases that favour
tumour progression and metastasis (22). CXCL16 is a
newly-discovered CXC chemokine, which exists both in a
transmembrane and soluble form. Membrane CXCL16 is
expressed by macrophages, B cells and dendritic cells.
Soluble CXCL16 has been shown to induce chemotaxis of
Thl, Tcl and NK T cells, which express the functional
receptor CXCR6.

In the gastrointestinal tract, the intestinal mucosa
regulates trafficking of leukocytes into and out of the lamina
propria adjacent to the epithelium. This may reflect
production of chemokines by intestinal epithelium (23).

In the present study, CXCR6 protein was expressed in
75% of the cases including normal and tumour colorectal
tissue. In 41% of the cases the level of CXCRG6 protein was
higher in normal tissue compared with adjacent tumour
tissue. One may speculate that, in normal tissue, the
epithelial chemokine receptor CXCRG®6 is able to enrich the
mucosa with antigen-presenting cells by direct binding to
membrane-anchored CXCL16. The down-regulation of
CXCR6 seen in tumour tissue could be a strategy by
tumours to escape confrontation with tumour infiltrating
leukocytes such as antigen-presenting cells.

The control of CXCRG6 expression in the gastrointestinal
tract is not understood. In this study we were able to
demonstrate that 25% of cases showed no CXCR6
expression in normal and tumour tissues. A possible
explanation of the absence of CXCR6 protein expression
might depend on mutations in still unknown CXCRG6-
regulating genes. Moreover, the regulating process may
require input from multiple signal transduction pathways.

Figure 2. Representative immunohistochemical staining of CXCR6
protein in human colorectal cancer. (A) CXCRO6 expression is present to a
large degree in normal epithelial cells and to a low extent in cells located
in lamina propria. (B) Negative control. (C) Cancerous tissue showing
weak staining of CXCR6.

Cellular defects in these signalling pathways can differently
promote the expression of CXCR6 through the loss of pre-
and post- transcriptional regulatory mechanisms.

In summary, the major observations in this study are: (i)
CXCR6 protein expression in human cancerous and
adjacent normal colorectal tissue and (ii) in a subset of the
cases, there is a notable suppression of CXCR6 in
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cancerous tissue compared with corresponding normal
tissue. The present data may add to our understanding of
immunological features in colorectal cancer. The role of
CXCRGO6, by its suggested cell adhering activity in the colon
and rectum, remains to be seen. Further investigations are
needed to clarify the precise role of CXCRG6 in colorectal
carcinogenesis.

Acknowledgements

This work was supported by grants from the Cancer Society in
Stockholm, Sweden, the County Council of Jonkdping, Sweden and
the Health Research Council in the South-East of Sweden.

References

1 Fearon ER and Vogelstein B: A genetic model for colorectal
tumorigenesis. Cell 61: 759-67, 1990.

2 Balkwill F and Mantovani A: Inflammation and cancer: back to
Virchow? Lancet 357: 539-45, 2001.

3 Mantovani A, Sozzani S, Locati M, Allavena P and Sica A:
Macrophage polarization: tumor-associated macrophages as a
paradigm for polarized M2 mononuclear phagocytes. Trends
Immunol 23: 549-55, 2002.

4 Wilson J and Balkwill F: The role of cytokines in the epithelial
cancer microenvironment. Semin Cancer Biol 72: 113-20, 2002.

5 Coussens LM and Werb Z: Inflammation and cancer. Nature
420: 860-7, 2002.

6 Lin EY, Nguyen AV, Russell RG and Pollard JW: Colony-
stimulating factor 1 promotes progression of mammary tumors
to malignancy. J Exp Med 193: 727-40, 2001.

7 Dwinell MB, Eckmann L, Leopard JD, Varki NM and Kagnoff
MF: Chemokine receptor expression by human intestinal
epithelial cells. Gastroenterology 717: 359-67, 1999.

8 Jordan NJ, Kolios G, Abbot SE, Sinai MA, Thompson DA,
Petraki K and Westwick J: Expression of functional CXCR4
chemokine receptors on human colonic epithelial cells. J Clin
Invest 104: 1061-9, 1999.

9 Brand S, Sakaguchi T, Gu X, Colgan SP and Reinecker HC:
Fractalkine-mediated signals regulate cell-survival and immune-
modulatory responses in intestinal epithelial cells.
Gastroenterology 122: 166-77, 2002.

10 Norgauer J, Metzner B and Schraufstatter I: Expression and
growth-promoting function of the IL-8 receptor beta in human
melanoma cells. J Immunol 756: 1132-37, 1996.

11 Balentien E, Mufson BE, Shattuck RL, Derynck R and
Richmond A: Effects of MGSA/GRO alpha on melanocyte
transformation. Oncogene 6: 1115-24, 1991.

3714

12 Owen JD, Strieter R, Burdick M, Haghnegahdar H, Nanney L,
Shattuck-Brandt R and Richmond A: Enhanced tumor-forming
capacity for immortalized melanocytes expressing melanoma
growth stimulatory activity/growth-regulated cytokine beta and
gamma proteins. Int J Cancer 73: 94-103, 1997.

13 Vicari AP and Caux C: Chemokines in cancer. Cytokine
Growth Factor Rev 13: 143-54, 2002.

14 Chandrasekar B, Bysani S and Mummidi S: CXCL16 signals via
Gi, PI3 kinase, Akt, Ikappa B kinase and nuclear factor-kappa
B, and induces cell-cell adhesion and aortic smooth muscle cell
proliferation. J Biol Chem 279: 3188-96, 2004.

15 Kim CH, Kunkel EJ, Boisvert J, Johnston B, Campbell JJ,
Genovese MC, Greenberg HB and Butcher EC: Bonzo/CXCR6
expression defines type 1-polarized T-cell subsets with
extralymphoid tissue homing potential. J Clin Invest 107: 595-
601, 2001.

16 Motsinger A, Haas DW, Stanic AK, Van Kaer L, Joyce S and
Unutmaz D: CD1d-restricted human natural killer T cells are
highly susceptible to human immunodeficiency virus 1 infection.
J Exp Med 195: 869-79, 2002.

17 Nakayama T, Hieshima K, Izawa D, Tatsumi Y, Kanamaru A
and Yoshie O: Cutting edge: profile of chemokine receptor
expression on human plasma cells accounts for their efficient
recruitment to target tissues. J Immunol 770: 1136-40, 2003.

18 Matloubian M, David A, Engel S, Ryan JE and Cyster JG: A
transmembrane CXC chemokine is a ligand for HIV-coreceptor
Bonzo. Nat Immunol 7: 298-304, 2000.

19 Wilbanks A, Zondlo SC, Murphy K, Mak S, Soler D, Langdon
P, Andrew DP, Wu L and Briskin M: Expression cloning of the
STRL33/BONZO/TYMSTR ligand reveals elements of CC,
CXC, and CX3C chemokines. J Immunol 766: 5145-54, 2001.

20 Shimaoka T, Nakayama T, Fukumoto N, Kume N, Takahashi
S, Yamaguchi J, Minami M, Hayashida K, Kita T, Ohsumi J,
Yoshie O and Yonehara S: Cell surface-anchored SR-
PSOX/CXC chemokine ligand 16 mediates firm adhesion of
CXC chemokine receptor 6-expressing cells. J Leukoc Biol 75:
267-74., 2004.

21 Bollag DM, Rozycki MD and Edelstein SJ: Protein Methods.
New York, Wiley-Liss, 1996.

22 Bingle L, Brown NJ and Lewis CE: The role of tumour-
associated macrophages in tumour progression: implications for
new anticancer therapies. J Pathol 796: 254-65, 2002.

23 Dwinell MB, Johanesen PA and Smith JM: Immunobiology of
epithelial chemokines in the intestinal mucosa. Surgery 133:
601-7, 2003.

Received June 8, 2004
Revised August 23, 2004
Accepted September 7, 2004



