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Background: The novel chemokine CXCL17 acts as chemoattractant for monocytes, macrophages and dendritic cells. CXCL17
also has a role in angiogenesis of importance for tumour development.
Methods: Expression of CXCL17, CXCL10, CXCL9 and CCL2 was assessed in primary colon cancer tumours, colon carcinoma cell
lines and normal colon tissue at mRNA and protein levels by real-time qRT–PCR, immunohistochemistry, two-colour
immunofluorescence and immunomorphometry.
Results: CXCL17 mRNA was expressed at 8000 times higher levels in primary tumours than in normal colon (Po0.0001). CXCL17
protein was seen in 17.2% of cells in tumours as compared with 0.07% in normal colon (P ¼ 0.0002). CXCL10, CXCL9 and CCL2
mRNAs were elevated in tumours but did not reach the levels of CXCL17. CXCL17 and CCL2 mRNA levels were significantly
correlated in tumours. Concordant with the mRNA results, CXCL10- and CXCL9-positive cells were detected in tumour tissue, but
at significantly lower numbers than CXCL17. Two-colour immunofluorescence and single-colour staining of consecutive sections
for CXCL17 and the epithelial cell markers carcinoembryonic antigen and BerEP4 demonstrated that colon carcinoma tumour cells
indeed expressed CXCL17.
Conclusions: CXCL17 is ectopically expressed in primary colon cancer tumours. As CXCL17 enhances angiogenesis and attracts
immune cells, its expression could be informative for prognosis in colon cancer patients.

Chemokines are chemotactic cytokines and have been classified as
homeostatic or inflammatory on the basis of the stimuli regulating
their production (Zlotnik and Yoshie, 2012). Chemokines bind
receptors belonging to class A G-protein-coupled receptor superfamily triggering signalling cascades and promoting multiple
cellular functions (Vassilatis et al, 2003). In addition to recruiting
leukocytes to the site of inflammation, chemokines are involved in
the growth and progression of many tumour types. They can
modulate tumour progression via regulating angiogenesis through
maintaining the balance between angiogenic and angiostatic
chemokines (Rotondi et al, 2007).
CXCL9 and CXCL10, both ligands to the receptor CXCR3, have
been implicated as angiostatic chemokines that attract antitumoural dendritic cells, T lymphocytes and natural killer cells to
the site of tumour development. These chemokines have previously

been shown to be constitutively expressed by human colon cancer
cell lines and to be upregulated by treating the cells with the
cytokines interferon-g, interleukin-1b and tumour necrosis
factor-a (Dwinell et al, 2001). CXCL9 and CXCL10 were also
demonstrated in colorectal tumour tissues (Erreni et al, 2009).
CCL2 is expressed in colorectal cancer including colorectal cancer
cell lines (Jung et al, 1995; Chun et al, 2015), and recent data
indicate that CCL2 has a pro-neoplastic role by regulating myeloidderived suppressor cells (Chun et al, 2015).
CXCL17 is a novel 119 amino acid CXC chemokine whose
receptor, GPR35/CXCR8, was recently revealed (Lee et al, 2013;
Maravillas-Montero et al, 2015). It was reported to be expressed in
breast cancer and probably also in colon cancer (Weinstein et al,
2006; Matsui et al, 2012) to act as a chemoattractant for
monocytes, macrophages and mature- and immature dendritic
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cells (Weinstein et al, 2006; Mu et al, 2009), and to have an
important role in angiogenesis for tumour development
(Weinstein et al, 2006; Matsui et al, 2012). CXCL17 expression
was shown to be tightly co-regulated with vascular endothelial
growth factor expression (Weinstein et al, 2006; Lee et al, 2013).
Moreover, CXCL17 was demonstrated to recruit neutrophils to
tumour sites and promote tumorigenesis through angiogenesis in a
mouse model (Matsui et al, 2012).
In hepatic carcinoma, CXCL17 was reported to be produced
mainly by tumour-infiltrating neutrophils and occasionally by the
tumour cells (Li et al, 2014). CXCL17 was suggested to be an
independent indicator for poor prognosis both overall survival and
progression-free survival, because its expression correlated with
unfavourable immune infiltration (Li et al, 2014). In another study,
CXCL17 was suggested to be involved in antitumour immune
response during pancreatic carcinogenesis through triggering the
accumulation of dendritic cells at the tumour site promoting
tumour cells susceptibility to cytotoxic T-cell-mediated cytolysis
(Hiraoka et al, 2011).
In this study, we have investigated the expression of CXCL17 in
primary colon tumours, colon cancer cell lines and normal colon
tissue at the mRNA and protein levels, and firmly establish that
CXCL17 is ectopically expressed in colon cancer cells. For
comparison, we also analysed the expression of CXCL9, CXCL10
and CCL2.

MATERIALS AND METHODS

Patients and tissue specimens for mRNA analysis. Primary
tumour specimens from 32 colon cancer patients (13 men and 19
women; mean age 72 years, range 43–86 years) were retrieved after
surgery. None of the patients received treatment before surgery.
Twelve patients were in stage I (T1-2N0M0), 10 in stage II
(T3-4N0M0), 8 in stage III (anyTN1-2M0) and 2 in stage IV
(anyTanyNM1). Primary tumour stage distribution (pT1-pT4)
was 2, 10, 10 and 10, respectively. The tumour samples,
B0.5  0.5  0.5 cm in size, were collected immediately after
resection, snap-frozen and stored at  70 1C until RNA extraction.
Normal colon samples retrieved from the proximal or distal resection
margin of colon cancer tumours were also collected from 30 patients
(mean age 72, range 57–85 years) and treated the same way.
Cell lines and peripheral blood mononuclear cells. The human
colon carcinoma cell lines LS174T, HT29, T84, HCT8 and CaCo2
were used (Ohlsson et al, 2012). Peripheral blood mononuclear
cells (PBMCs) were isolated from healthy adults by Ficoll–
Isopaque gradient centrifugation. Polyclonal activation of PBMCs
was performed as described (Ohlsson et al, 2012).
Patients and tissue specimens for immunohistochemistry.
Primary tumour tissue specimens from 10 colon cancer patients
(4 men and 6 women; mean age 72 years) obtained after surgery
were studied. None of the patients received treatment before
surgery. One tumour was in stage I, three in stage II, four in
stage III and two in stage IV. The localisation of the tumours
was caecum (three patients), ascending colon (three patients),
transverse colon (two patients) and sigmoid colon (two patients).
Primary tumour stage distribution (pT2–pT4) was 1, 6 and 3,
respectively. Normal colon tissue specimens were also
obtained from 10 colon cancer patients (5 men and 5 women;
mean age 62 years) and were taken distant to any macroscopically detectable lesions. The localisation of the normal
colonic specimens was caecum (two patients), ascending colon
(two patients), transverse colon (one patient) and sigmoid colon
(five patients).
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RNA preparation. Total RNA was extracted using the acid–
guanidine–phenol–chloroform method as described earlier
(Ohlsson et al, 2012).
Real-time qRT–PCR. The commercially available TaqMan
Gene Expression Assays Hs01650998_m1, Hs00171042_m1,
Hs00171065_m1,
Hs00234140_m1,
Hs01567026_m1
and
Hs00154355_m1 (Applied Biosystems, Foster City, CA, USA) in
combination with TaqMan EZ technology (Applied Biosystems)
were used to determine the expression levels of CXCL17, CXCL10,
CXCL9, CCL2, CD86 and CD68, respectively. The RT–PCR
profile was 50 1C for 2 min, 60 1C for 30 min and 95 1C for
5 min followed by 45 cycles of 95 1C for 20 s and 60 1C for
1 min. Emission from the released reporter dye was measured by
the ABI Prism 7700 Sequence Detection System (Applied
Biosystems). All qRT–PCR analyses were carried out in triplicates.
The concentration of 18S rRNA was determined in each sample
by real-time qRT–PCR (Applied Biosystems) for normalisation
of chemokine mRNA levels (Bas et al, 2004). Chemokine
expression levels in primary tumours and cell lines are expressed
as relative quantity (RQ) calculated according to the equation:
2^-(Dct of the sample  the median Dct value of the normal colon
tissue samples). Dct is the ct value of the chemokine mRNA minus
the ct value of 18S rRNA in the same sample. Concentrations of
mRNA for carcinoembryonic antigen (CEA) were determined by
using a qRT–PCR constructed in the laboratory using the TaqMan
EZ technology (Applied Biosystems) and an external RNA copy
standard (Öberg et al, 2004). CEA mRNA levels were estimated by
dividing the CEA mRNA concentration with the concentration of
18S rRNA in the same sample, as determined by qRT–PCR for 18S
rRNA (Applied Biosystems) and an external standard of total RNA
from polyclonally activated human PBMCs. An amount of 1 pg
RNA is defined as one unit (U) of 18S rRNA that corresponds
approximately to 1 epithelial cell (Fahlgren et al, 2003).
Antibodies and substrate. For immunohistochemistry (IHC), the
monoclonal antibodies (mAbs) were anti-CXCL17 (MAB4207,
clone 422208; R&D Systems, Minneapolis, MN, USA), antiCXCL10 (NB600-1426; Novus, Littleton, CO, USA), anti-CXCL9
(MAB392, clone 49106; R&D Systems) and anti-CEA mAb, clone
II-7 (Dako, Glostrup, Denmark). Mouse IgG, ready to use (Dako),
served as negative control. Anti-mouse Ig ImmPress enhancement
reagents kit was purchased from Vector Laboratories (Burlingame,
CA, USA). The substrate used was 3,30 -diaminobenzidine (DAB;
Vector Laboratories).
For immunofluorescence, the mAbs were FITC-conjugated antiepithelial cell mAb BerEP4 (F0860, lot 00059670; Dako) and
unconjugated anti-CXCL17 mAb. Alexa Fluor 594-conjugated goat
anti-mouse IgG (ab150116, Abcam, Cambridge, MA, USA) was
used as secondary antibody. Anti-CEA mAb was used as a positive
control for indirect staining, and FITC-conjugated mouse IgG2b
(X0959; Dako) was used as a negative control.
Immunohistochemistry. Fresh tissue samples were rinsed with
cold phosphate-buffered saline (PBS), snap-frozen in iso-pentane
pre-cooled in liquid nitrogen and stored at  70 1C. Frozen tissue
was cut into 4–6-mm-thick sections with a cryo-microtome
(MICROM HM505E, Thermo Fisher, Waltham, MA, USA).
Briefly, as described elsewhere (Sitohy et al, 2008), the sections
were fixed with 4% paraformaldehyde for 15 min before air-drying,
rehydration in PBS and immersion in PBS containing 0.03% H2O2
and 2 mM NaN3 at 37 1C to quench endogenous peroxidase
activity. Thereafter, the sections were incubated with 0.2% bovine
serum albumin in PBS followed by ImmPress ready-to-use horse
blocking serum (Vector Laboratories) at room temperature to
block non-specific binding sites. Subsequently, the sections were
incubated with primary mAbs for 1 h at room temperature
followed by 1 h incubation with ImmPress anti-mouse Ig.
www.bjcancer.com | DOI:10.1038/bjc.2016.4
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The bound peroxidase was revealed by incubation with 0.05% DAB
and 0.03% H2O2 in 0.05 M Tris buffer (pH 7.6) at room
temperature, and was counterstained with methyl green. AntiCEA mAb was used as a positive control, and mouse IgG served as
a negative control.
Two-colour immunofluorescence. Sections of tumour tissues
were cut and fixed as described above, and were incubated with
the anti-CXCL17 mAb, followed by the Alexa Fluor 594conjugated goat anti-mouse Ig (red). Subsequently, the sections
were incubated with FITC-conjugated BerEP4 (green). Doublepositive cells develop a yellow–orange colour. The sections were
then mounted with 6-diamidino-2-fenylindole (Thermo Fisher).
Microscopy was done using a Nikon fluorescence microscope and
images were analysed with NIS elements software.
Immunomorphometry. Quantification of number of cells was
performed according to Weibel (1979), analysing the expression of
the three chemokines in tumour cells and in the surrounding
stroma in comparison with controls. Twenty randomly chosen
ocular fields were counted for each marker in each compartment.
One observer (BS) performed the analyses and the slides were
coded to avoid personal bias. An integrating cooled colour 3CCD
camera (Colour Chilled 3 CCD Hamamatsu CameraC5810;
Hamamatsu Photonics, Hamamatsu City, Japan) was used on a
standard light microscope combined with a computer image
analysis system (LeicaQWin, Leica Imaging Systems, Cambridge,
UK) with an interactive, computerised morphometry programme.
Microscopic fields were selected randomly using  40 objective
and transferred to the screen, onto which a regular 121-points
lattice was superimposed. Points outside the concerned tissue
compartment and empty spaces were not included in the
calculation. Positive cells located in the coarse points were counted,
and the ratio between the number of points covering positive cells
and the total number of points covering the tissue under
investigation was calculated for each microscopic field.

Medical Faculty, Umeå University approved this study (registration number 03-503; date of approval 3 December 2003).

RESULTS

Chemokine mRNA levels in primary colon tumours, colon
carcinoma cell lines and PBMCs. Figure 1 shows the relative
mRNA levels of CXCL17, CXCL10, CXCL9 and CCL2 in 32
primary tumours and 30 normal colon samples in which the
median value of the control group is set to 1. The difference
between the tumour samples and the controls was highly
significant for all four chemokine mRNAs. For CXCL17, the
difference between the median values of tumour and normal tissue
was 8000-fold (Table 1). For CCL2, it was 400-fold, whereas for
CXCL10 and CXCL9 it was only 70- and 40-fold, respectively
(Table 1). Interestingly, CXCL17 mRNA levels correlated with
CCL2 mRNA levels (P ¼ 0.056, r ¼ 0.34; Figure 2). As can be seen
in the graph, the samples fall into two separate groups with high
and low CXCL17 expression levels. Higher significance was
obtained if each group was analysed separately (high CXCL17
mRNA group: P ¼ 0.013, r ¼ 0.48; low CXCL17 mRNA group:

Table 1. Expression levels of mRNA for the chemokines
CXCL17, CXCL10 and CXCL9, and the CRC biomarker CEA in
primary colon tumour tissue, colon carcinoma cell lines,
freshly isolated PBMCs and PBMCs stimulated with polyclonal
T-cell activators
CRC
biomarker
mRNAb

Chemokine mRNAa
Source

CXCL17 CXCL10 CXCL9

Primary colon tumours

8192

69

39

CCL2

CEA

404

176

Colon carcinoma cell lines

Statistical analysis. The statistical significance of differences in
mRNA levels and number of cells expressing different chemokines
in primary tumour tissue compared with normal colon tissue was
calculated using the two-tailed Mann–Whitney rank sum test.
Correlation between chemokine mRNA levels was analysed using
the non-parametric Spearman correlation coefficient. Descriptive
values are expressed as mean±s.e.m. The software utilised for
statistical calculations was GraphPad Prism 5 (Graphpad Software,
San Diego, CA, USA).
Ethical considerations. Tumour samples were obtained after
patient’s consent. The Local Ethics Research Committee of the

CXCL17

Relative mRNA quantity (RQ)

10

***

8

LS174T
HT29
T84
HCT8
CaCo2

10

***

0.3

4.0

0.3

59

0

0.07

111

17

817

0.003

Abbreviations: CEA ¼ carcinoembryonic antigen; CRC ¼ colorectal cancer; PBMCs ¼
peripheral blood mononuclear cells; RQ ¼ relative quantity.
a
RQ using the median of DDct of normal colon tissue (n ¼ 30) for the respective chemokine.
For calculations see Materials and Methods section.
b
mRNA copies per 18S rRNA unit. For calculations see Materials and Methods section.
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8
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100
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8
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184
9.5
2.8

PBMCs, activated
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588
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Figure 1. Relative mRNA levels of CXCL17, CXCL10, CXCL9 and CCL2 in primary colon cancer tissue (CC, stages I–IV; n ¼ 32) and normal colon
retrieved from the proximal or distal resection margins (CTR; n ¼ 30). Relative quantity (RQ) was calculated as described in Materials and Methods
section. Statistically significant differences are depicted, ***Po0.0001.
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CXCL17 vs CCL2
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Figure 2. Correlation between mRNA levels of CXCL17 and CCL2 in
primary colon cancer tissue (stages I–IV; n ¼ 32). Relative quantity (RQ)
was calculated as described in Materials and Methods section.

P ¼ 0.033, r ¼ 0.88), indicating that there are two different
cell populations expressing these chemokines. There was no
correlation between CXCL17 mRNA levels in primary
tumours compared with either CXCL9 or CXCL10 levels
(P40.05, r ¼ 0.11 and 0.08, respectively), whereas there was a
strong correlation between mRNA levels of CXCL9 and CXCL10
(Po0.0001, r ¼ 0.80). CXCL17 mRNA levels in primary tumours
were not correlated to tumour (pT)-stage or TNM-stage (median
RQ value for stages I þ II was 10 085, and 3086 for stages III þ IV;
P ¼ 0.25). Low levels of CXCL17 mRNA (6 out of 32) could not be
assigned to a particular tumour (pT)-stage (data not shown) or
TNM-stage (4 out of 22 in stages I þ II and 2 out of 10 in stages
III þ IV).
Table 1 also depicts the chemokine mRNA levels in five colon
carcinoma cell lines, freshly isolated PBMCs, activated PBMCs and
the mRNA levels of the colorectal cancer biomarker CEA in these
cell types. CXCL17 mRNA was expressed at high levels in all colon
carcinoma cell lines and at very high levels in HT29 cells, but
essentially not in PBMCs. It is interesting to note that the
expression levels in these cell lines are similar to the median level of
primary tumours. Although CCL2 mRNA was expressed at a fairly
high median level in primary colon tumours, it was only expressed
in 1 out of 5 colon carcinoma cell lines. In contrast to CXCL17
mRNA, CCL2 mRNA was highly expressed in PBMCs, particularly
in activated PBMCs. CXCL10 and CXCL9 mRNAs were, with the
exception of CXCL10 in HT29 cells and T84 cells, very weakly
expressed in the colon carcinoma cell lines. In contrast to CXCL17,
the highest expression levels for these chemokines were seen in
activated PBMCs.
Expression of CXCL17-, CXCL10- and CXCL9 proteins in
colon cancer tumours and normal colon tissue as determined by
two-colour immunofluorescence and IHC. To ascertain that
tumour cells indeed expressed CXCL17 protein, we performed twocolour immunofluorescence experiments using anti-CXCL17
(Figure 3A and B; red) and the anti-epithelial cell mAb BerEP4
(Figure 3C and D; green). The overlay pictures (Figure 3E and F;
yellow) demonstrate that a large number of primary tumour cells
expressed both markers. Figure 4 shows immunoperoxidase staining
of sections of primary colon tumours and normal colon tissue stained
with anti-CXCL17 (Figure 4A–C) and anti-CEA (Figure 4D and E)
mAbs, and Figure 5A–C shows staining with anti-CXCL10 mAb.
Intense staining of tumour cells and no or only weak staining of
normal colon epithelial cells by antibodies against the two chemokines
700

Figure 3. Two-colour immunofluorescence staining of primary colon
cancer tissue with anti-CXCL17 mAb and BerEP4. Two different tissue
sections are shown. Section one (A, C, E) and section two (B, D, F).
(A, B) Anti-CXCL17 mAb; red colour. (C, D) BerEP4 mAb; green colour.
(E, F) Overlay; yellow colour of double-stained areas. Magnification:
 200. Section one shows many double-positive cells, whereas section
two shows relatively few double-positive cells.

was seen. Similarly, anti-CEA mAb stained the tumour cells.
Figure 4A and B, and D and E are consecutive sections demonstrating
that the tumour cells express both CXCL17 and CEA.
Figure 6 shows the results of quantification of number of stained
cells according to Weibel (1979). Only low frequencies of stained
cells were seen in normal colon. CXCL9 was expressed mainly in
the epithelial cells at 1% and only at 0.5% in the lamina propria.
Conversely, the expression of CXCL10 and CXCL17 was mainly
observed in the lamina propria (at 0.4% and 0.2%, respectively),
and only very few positive cells were detected in the epithelium
(0.1% and 0.07%, respectively; Figure 6).
CXCL17-, CXCL10- and CXCL9-positive cells were observed at
significantly higher frequencies in colon cancer compared with
controls and were most frequent among tumour cells compared
with tumour stroma. Most interestingly, 17.2% of the tumour cells
were CXCL17 positive. CXCL9- and CXCL10-positive cells
constituted 3.7% and 5.3%, respectively, of the tumour cells.
CXCL17-positive cells in the stroma constituted 2.7%, whereas
CXCL9- and CXCL10-positive cells were infrequent (0.4% and
0.1%, respectively). The differences in frequencies between tumour
and normal epithelium were highly significant (P ¼ 0.0002 for
CXCL17, P ¼ 0.0002 for CXCL10, and P ¼ 0.0088 for CXCL9). The
frequency of CXCL17 was significantly increased in the tumour
stroma compared with the normal lamina propria (P ¼ 0.0002),
but no significant differences were found for CXCL9 and CXCL10
(P ¼ 0.28 and P ¼ 0.5, respectively). Finally, we found that the
frequency of CXCL17-stained cells was significantly higher than
both CXCL9- and CXCL10-stained cells in both the tumour
compartment (P ¼ 0.0003 and P ¼ 0.0005 respectively) and also in
the stroma (P ¼ 0.0011 and P ¼ 0.0002, respectively).
www.bjcancer.com | DOI:10.1038/bjc.2016.4
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A
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C

D

E

F

Figure 4. Immunoperoxidase staining of tissue sections of primary colon cancer tumour and normal colon with anti-CXCL17 mAb and
anti-CEA mAb. (A) Anti-CXCL17 staining of primary tumour at low magnification,  32. (B) Anti-CXCL17 staining of primary tumour at high
magnification,  200. The area enlarged is indicated in A. (C) Anti-CXCL17 staining of normal colon at low magnification,  32. (D) Anti-CEA
staining of primary tumour at low magnification,  32. (E) Anti-CEA staining of primary tumour at high magnification,  200. The area enlarged is
indicated in D. (F) Conjugate control at high magnification,  200. Note that A and D, and B, E and F are consecutive sections.

A

B

C

Figure 5. Immunoperoxidase staining of tissue sections of primary colon cancer tumour and normal colon with anti-CXCL10 mAb.
(A) Anti-CXCL10 staining of primary tumour at low magnification,  32. (B) Anti-CXCL10 staining of primary tumour at high magnification,  200.
The enlarged area is indicated in A. (C) Anti-CXCL10 staining of normal colon at low magnification,  32.

Correlation between mRNAs for CXCL17 and CCL2, and
mRNAs for markers of myeloid cells. As CXCL17 and CCL2
are known to recruit myeloid cells (macrophages/dendritic cells/
antigen-presenting cells (APCs)), we investigated whether there was a
relationship between mRNA levels for the myeloid cell markers CD86
and CD68, and the two chemokines in primary colon tumours. Both
CXCL17 and CCL2 correlated with CD86 (P ¼ 0.06, r ¼ 0.4; and
P ¼ 0.02; r ¼ 0.4, respectively), suggesting that these two chemokines
recruit CD86 expressing cells to the tumour. In contrast, no
correlation was found between CXCL17 or CCL2 and CD68
(P ¼ 0.8, r ¼ 0.03; and P ¼ 0.9, r ¼ 0.007, respectively).

DISCUSSION

This study shows that (1) colon tumour cells, positive for the
epithelial cell markers BerEP4 and CEA, express the chemokine
CXCL17 as revealed by two-colour immunofluorescence and
immunohistochemical staining of consecutive tissue sections;
(2) at least 80% of primary colon tumours and 5 out of 5 colon
carcinoma cell lines express high levels of CXCL17 mRNA as
www.bjcancer.com | DOI:10.1038/bjc.2016.4

determined by qRT–PCR; and (3) 15–20% of the cells in primary
tumours express CXCL17 protein as revealed by immunomorphometry. In contrast, normal colon tissue expressed only marginal
levels of CXCL17 mRNA, and only 0.07% of the normal epithelial
cells were CXCL17 positive. Taken together, these results
demonstrate that CXCL17 is ectopically expressed in primary
colon tumours. Lack of expression in normal colon is in line with
recent data in the Human Protein Atlas, which demonstrates that
CXCL17 mRNA is expressed in normal stomach, oesophagus and
salivary gland, but not in the small- or large bowel (Uhlen et al,
2014). CXCL17 appears to be relatively tumour cell specific in
contrast to CXCL10, CXCL9 and CCL2 because CXCL17 mRNA
was only expressed at very low levels in freshly isolated PBMCs and
activated PBMCs, whereas the former three chemokine mRNAs
were expressed at comparable levels in primary tumours
and in activated PBMCs (Table 1). Moreover, different cellular
source for CXCL17 compared with CXCL10 and CXCL9 was
underscored by the lack of correlation between their mRNA levels.
CXCL9 is perhaps not a product of the tumour cells, but it may
have its origin in infiltrating immune cells, as it was hardly
at all expressed in any of the five established colon carcinoma cell
lines.
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Figure 6. Frequencies of CXCL17-, CXCL10- and CXCL9-positive cells in primary colon cancer tissue (CC) and normal colon tissue (CTR) as
determined by immunomorphometry according to Weibel (1979). (A) Tumour cells compared with normal epithelial cells. (B) Tumour stroma
compared with lamina propria in normal tissue. Ten primary tumours, stages I–IV and 9–10 normal colon samples were analysed. Bars represent
mean þ 1s.e.m. P-values for comparison between tumour and normal tissue by two-sided Mann–Whitney t-test are given. ***Po0.001 and
**Po0.01.

Only a few primary tumour samples expressed low CXCL17
mRNA levels. This could be owing to difficulties in obtaining a
representative sample of a large heterogeneous tumour. The
alternative that expression of CXCL17 mRNA was related to pTstage or TNM-stage was not seen in this clinical material. However,
it is interesting to note that the same cell population was identified
by the chemokine CCL2 (Figure 2). Whether these cells are tumour
cells, infiltrating immune cells or other non-tumour cells remain to
be established.
We noted that CXCL17 mRNA was correlated to CD86 mRNA
but not to CD68 mRNA. CD86 is primarily a marker for APCs,
whereas CD68 is expressed on several different cell populations
including blood monocytes, tissue macrophages, lymphocytes and
fibroblasts (Gottfried et al, 2008; Seliger et al, 2008). A probable
interpretation of this finding would be that CXCL17 contributes to
infiltration of colon carcinoma tumours by APCs.
Expression of CXCL17 in colon cancer differs markedly from
the expression of this chemokine in hepatic carcinoma—in colon
cancer the tumour cells are the main producers, whereas in hepatic
carcinoma it is infiltrating neutrophils (Li et al, 2014).
Our results suggest that CXCL17 could be an indicator of poor
prognosis in colon cancer similar to what was demonstrated in
hepatic carcinoma (Li et al, 2014). Thus, CXCL17 has potential of
becoming an important biomarker for colon cancer possibly both for
diagnosis and prognosis. Its expression in colon cancer cells suggests a
role in tumour progression perhaps by stimulating local angiogenesis.
To what extent CXCL17 contributes to the recruitment of immune
cells to the tumour site, and if so whether they counteract or promote
tumour growth, remains to be elucidated. CXCL17 also acts as an
antimicrobial peptide with bactericidal effects (Burkhardt et al, 2012).
It is interesting to speculate that a trigger to innate antibacterial
response by epithelial cells also can lead to angiogenesis and
consequent growth support for tumour cells.
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