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Decreased expression of the chemokine CCL21
in human colorectal adenocarcinomas
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Abstract. Recent studies have revealed participation of
chemokines in cancer by regulating leukocyte movement to
modify local immunoresponse. The chemokine CCL21 has
been identified to play a pivotal role in homing and localization
of immune cells to lymphoid tissue and into organ of non-
lymphoid origin. In the cancer biology CCL21 seems to have
multifaceted roles. CCL21 attracts CCR7 bearing cells
especially T and dendritic cells but also various cancer
cells. Besides the antitumour role as leukocyte recruiting,
CCL21 has been shown to facilitate dendritic cell functions
and to exert an angiostatic effect. To gain insight into the
possible influence of CCL21 on colorectal cancer (CRC) we
determined whether the CCL21 is altered in CRC tissue.
Collectively, by using ELISA we noted a significant lower
CCL21 level in cancer tissue compared with paired normal
tissue. Patients with a tumour localized in the rectum
revealed significantly lower level of CCL21 than patients
with a tumour localized in the colon both compared with
paired normal tissue. We used immunohistochemistry and
found heterogeneous immunoreactivity predominantly within
areas of stromal cells mainly in macrophages. We also used a
TagMan system to investigate two single-nucleotide poly-
morphisms rs 11574915 and rs 2812377 with supposed effect
on CRC. No significant difference was observed between
CRC and control subjects regarding genotype and allelic
distributions or associations to clinical characteristics or
CCL21 tissue levels. Our study implied that lower level of
CCL21 in CRC tissue supports the idea that cancer is related

Correspondence to: Dr Jan Dimberg, Department of Natural
Science and Biomedicine, University College of Health Sciences,
Box 1026, S-551 11 Jonkoping, Sweden

E-mail: jan.dimberg@hhj.hj.se

Key words: CC chemokine ligand 21, polymorphism, protein
expression, colorectal cancer

to immunodeficiency probably depending on regulatory
factors produced by tumour cells and that the different levels
of CCL21 in rectum and colon may reflect divergent
mechanisms in colorectal carcinogenesis. Further studies are
needed to clarify whether the CCL21 level has an impact on
CRC progression and survival rate.

Introduction

Chemokines (chemoattractic cytokines) are secreted proteins,
primarily identified as mediators of leukocyte trafficking and
homing. In cancer, chemokines play a major antitumourigenic
role but have also been shown to participate in tumour growth
and tumour progression by angiogenesis, homing of tumour
cells to lymph nodes and metastasis to specific organs (1-4).
Accumulating evidence point out the implication of chemo-
kines with favorable prognosis in human colorectal cancer
(CRC) due to recruiting leucocyte infiltrates (5).

CC chemokine ligand 21 (CCL21)/secondary lymphoid
chemokine (SLC) was initially identified to play an important
role in homing of immune cells to lymphoid tissue (6,7) but
it is also involved in accumulation of lymphocytes into organ
and tissue of non-lymphoid origin (8). CCL21 is expressed in
high endothelial venules and stromal cells of lymph nodes,
T-cell zones of spleen and Peyers patches (6,9). CCR7, the
receptor for CCL21 is expressed in naive T cells, memory T
cells, dendritic cells and natural killer T cells (NKT) (6,10,11).
In human, CCR7 has been shown to be expressed in various
cancers including epithelial cells of CRC and thought to play
an important role in the mechanism of lymph node spread in
CRC (12,13). Furthermore, CCR7 has been suggested to
mediate inflammatory associated tumour progression in
squamous cell carcinoma of the head and neck (14).

Studies reported that CCL21/CCR7 signaling is involved
in spreading of tumour cells to lymph node and metastasis
to other organ as shown in squamous cell carcinoma of head
and neck and breast cancer (14,15). Moreover, CCL21/CCR7
interaction has also been suggested to have a partial influence
on lymph node metastasis regarding gastric carcinoma, non-
small cell lung cancer and melanoma (16-18). On the other
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hand, intratumoural injection of CCL21 has demonstrated an
antitumourigenic role of CCL21 in murine pancreatic
tumours through recruitment of immune cell infiltrates which
reduce the growth of distant tumours as well as treated
tumours (19).

Recently, it has been noted that patients who develop
colorectal liver metastasis express more CCL21 in their
normal liver tissue compared to those with non-malignant
liver disorders (20). The same study also observed no
markedly higher CCL21 expression in normal liver tissue in
comparison with paired normal tissue of esophagus, stomach,
pancreas, colon and rectum.

The CCL21 gene is located on chromosome 9 in a cluster
with CCL19, CCL27 and IL11RA. Recent studies have
identified polymorphisms in chromosome 9 as an interesting
target for several diseases (21,22). Several single nucleotide
polymorphisms (SNPs) of the CCL21 gene have been
identified, ordered into one haploblock. No studies related to
CCL21 and CRC have been published. Two of the poly-
morphisms, the T>G conversion in exon 1 (rs 11574915) and
T>G conversion (rs 2812377) are located in the promoter
sequence of the CCL21 gene. However, their functional
significance is yet unknown.

Data concerning the expression profile of CCL21 in
human CRC are limited. Therefore, we evaluated the protein
expression of CCL21 in CRC tissue and examined the
relationship of its expression to clinicopathological para-
meters. Moreover, we screened for CCL21 gene poly-
morphisms (rs 11574915) and (rs 2812377) to investigate
whether they are associated with susceptibility to CRC.

Materials and methods

Patients and controls. This study comprised blood samples
from 262 consecutive patients from southeastern Sweden.
The samples were collected when they underwent surgical
resections for primary colorectal adenocarcinomas at the
Department of Surgery, Ryhov County Hospital, Jonkoping,
Sweden. Clinicopathological characteristics from the patient
were received from surgical and pathological records. The
patient group represented 137 males and 125 females with a
mean age of 70 years (range: 29-93). The tumours were
localized in the colon (n=134) and rectum (n=128) and were
classified according to Dukes' classification system: stage A
(n=49), B (n=108), C (n=90) and D (n=15). Blood donors
(n=267) with no known CRC history and from the same
geographical region as the CRC patients were selected as the
controls. The control group consisted of 141 males and 126
females with a mean age of 68 years (range: 50-83). All
blood samples were centrifuged to separate plasma and blood
cells and then stored at -70°C.

Tissue samples and lysates. This study utilized tissue samples
which were available from 74 of the CRC patients. The
tumours and matched normal mucosa used for CCL21
analysis included 42 males and 32 females with the mean
age of 67 years (range: 29-83). The tumours were classified
according to Dukes' classification system: stage A (n=14),
B (n=27), C (n=22) and D (n=11). The tumours were localized
in the colon (n=41) and rectum (n=33). Tumour tissue and
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Figure 1. Protein levels of CCL21 in colorectal tissue from 74 colorectal
cancer patients. The levels of CCL21 in cancer tissue (T) were compared
with paired normal tissue (N).

adjacent normal mucosa (~5 cm from the tumour) from each
patient were excised and immediately frozen at -70°C until
analysis.

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 phos-
phate, 150 mM NaCl, pH 7.4) and 1% Nonidet P-40, 0.5%
sodium deoxycholate, 0.1% sodium dodecyl sulphate (SDS),
100 mg/ml phenylmethylsulphonyl flouride (PMSF), 2 mg/ml
aprotinin, 1 mM sodium orthovanadate and 1 mg/ml leupeptin.
The lysate was placed on ice for 30 min and then centrifuged
at 13,000 x g for 10 min. Protein content of the supernatant
fluid was determined for each sample using the Bradford
protein assay (Bio-Rad Laboratories, UK).

ELISA of CCL21. CCL21 was measured in tissue using a
commercially available enzyme-linked immunosorbent
(ELISA) kit (R&D Systems Europe, UK) following the
manufacturer's instructions. The tissue levels of CCL21
from the tumour and paired normal tissue were expressed as
picograms per milligram of protein (pg/mg).

Immunohistochemistry. Fourteen tumour samples were
available for immunohistochemical staining to study the cell
type origin of CCL21 expression. Staining was performed
using a standard protocol on 4 ym sections from formalin-
fixed paraffin-embedded tissue blocks. Antigen retrievel was
performed by microwave treatment in citrate buffer (pH 6.0).
Endogenous peroxidase activity was quenched by treat-
ment with 3% hydrogen peroxide for 5 min. Sections were
subsequently incubated with a primary goat anti-human
monoclonal CCL21 antibody (R&D Systems Europe) in
1:100 dilution for 3 h at room temperature. After rinsing in
tris-buffered saline, sections were incubated with secondary
biotinylated antibody; horse anti-goat IgG (Immunkemi,
Sweden). Avidin-biotin peroxidase complexes (Dako Cyto-
mation, Denmark) were added followed by visualization with
3,3'-diaminobenzidine tetrahydrochloride (Dako Cytomation).
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Figure 2. Immunohistochemical detection and localization of CCL21 in colorectal tissue from patients with colorectal cancer. Detection of CCL21 in normal
tissue (A) and cancerous tissue (C). Corresponding serial sections (B and D) showing CD68 positive macrophages. Magnification, x200.

All sections were counterstained with Mayer's hematoxylin
(Histolab Products, Sweden). As negative controls, the
primary antibodies were replaced by an isotype control IgG.
Immunohistochemical analyses of adjacent sections with cell
type-specific antibody for localization of macrophages were
also carried out using mouse monoclonal anti-human CD68
IgG antibody (Dako Cytomation) followed by using
EnVision visualization system including avidin-biotin
peroxidase complexes and 3,3'-diaminobenzidine tetrahydro-
chloride (Dako Cytomation). All staining procedures were
performed according to the manufacturer's instructions.

CCL21 genotype determination. DNA was isolated from 262
CRC blood samples and 267 donor blood samples using
QiaAmp DNA blood kit (Qiagen, USA). DNA samples were
genotyped using the 5'-exonuclease allelic discrimination
assay (Applied Biosystems, USA). Tagman SNP Genotyping
assay was used for analysis of the rs 2812377 (T>G) and rs
11574915 (T>G) genotypes (Applied Biosystems). DNA
(10 ng) was amplified in a total volume of 12 ul containing
TagMan Universal PCR master mix (Applied Biosystems)
including 1X TagMan SNP genotyping assay. Amplification
was performed using an initial cycle at 95°C for 10 min
followed by 40 cycles at 92 °C for 15 sec and 60 °C for 1 min.
A post PCR endpoint reading was performed on each plate
using the 7500 Fast Real-Time PCR system (Applied Bio-
systems). For rs 11574915 (T>G) 259 of the 262 CRC blood
samples were available. The manual calling option in the
allelic discrimination application ABI PRISM 7500 SDS
software version 1.3.1 was then used to assign genotypes.

Statistical analysis. Differences in the frequencies of the
CCL21 gene polymorphisms between CRC patients and the

control group and between clinical characteristics within the
CRC subgroup were analyzed using the Chi-squared test and
the Hardy-Weinberg equilibrium was tested for the genotypes.
Differences in CCL21 protein expression between tumour
and normal paired tissues were examined by the Wilcoxon's
signed rank test. Statistical analyses were performed using
SPSS for Windows computer package (Rel. 14.0, SPSS Inc.,
Chicago: 2005, USA). Results were considered significant at
p<0.05.

Results

Protein levels of CCL21 in colorectal tissue. In order to
evaluate the CCL21 protein expression in colorectal cancer
tissue and paired normal tissue we measured the con-
centrations using ELISA in protein lysates from 74 patients.
We found a significant difference (P=0.003) in the levels of
CCL21 protein in cancer tissues (median:123.7 pg/mg;
range: 3.8-684 pg/mg) in comparison with paired normal
tissue (median: 192.0 pg/mg; range: 17.8-1548 pg/mg) (Fig. 1).
When subdividing the patients into groups of rectum (n=33)
and colon (n=41) the evaluation of the relative expression
(tumour vs. normal tissue) showed suppression in 79%
(26/33) and 54% (22/41) of the subgroups, respectively.
The level of CCL21 protein concentration in rectal cancer
(108.2 pg/mg) was significantly lower (P<0.001) compared
with paired normal tissue (210.2 pg/mg). In the colon cancer
subgroup, the CCL21 protein level (135.7 pg/mg) was not
significantly different (P=0.176) compared with the level in
normal paired tissue (172.0 pg/mg) (Fig. 1). There was no
association between levels of CCL21 protein and clinical
characteristics such as Dukes' stages and gender (data not
shown).
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Table I. Genotypic and allelic distributions in % (n) of CCL21 gene polymorphism (rs 11574915) in CRC patients and controls.

Genotype CRC Controls Allele CRC Controls
(n=259) (n=267) (n=518 alleles) (n=534 alleles)

T-G
T/T 78.4 (203) 73.4 (196)

T 88.8 (460) 85.8 (458)
T/G 20.8 (54) 24.7 (66)

G 11.2 (58) 14.2 (76)
G/G 0.8 (2) 1.9 (5)

CRC patients vs. controls, not statistically significant.

Table II. Genotypic and allelic distributions in % (n) of CCL21 gene polymorphism (rs 2812377) in CRC patients and controls.

Genotype CRC Controls Allele CRC Controls
(n=262) (n=267) (n=524 alleles) (n=534 alleles)

T-G
T/T 424 (111) 41.2 (110)

T 63.5 (333) 62.7 (335)
T/G 424 (111) 43.1 (115)

G 36.5 (191) 37.3 (199)
G/G 15.2 (40) 15.7 (42)

CRC patients vs. controls, not statistically significant.

Immunohistochemical staining for CCL21. Sections from
CRC specimens were stained to detect localization of CCL21
expression. Immunoreactivity varying from none to weak in

Table III. Distribution of combined genotypes in % (n) of
CCL21 gene polymorphisms in CRC patients and controls.

epithelial cells of the cancer and at the resection border that ~ Combined rs 11574915  rs 2812377 CRC Controls
reflects normal tissue. However, heterogeneous staining was ~ genotype (n=259) (n=267)
localized in stromal cells predominantly confined within
infiltrate of CD68* cells which were identified as macro- 1 T/T T/T 29.3 (76) 25.1 (67)
phages and partly revealed immunoreactivity (Fig. 2). No 2 T/T T/G 33.6 (87) 32.9 (88)
staining was observed with isotypic IgG antibody which was 3 T/T G/G 154 (40)  15.4 (41)
used as a negative control (data not shown). 4 /G /T 124 (32) 142 (38)
CCL21 gene polymorphisms. We used a TagMan System to > G /G 8502 10127
ascertain whether an association exists between CCL21 SNPs ~ © TG G/G 000 04
7 G/G T/T 0.8 (2) 1.9(5)

in CRC patients vs. non CRC subjects and found no significant
difference in genotype distribution and in allelic frequencies
(Tables I and II). We found 7 combined genotypes and these
revealed no significant difference in distribution between
CRC patients and the control group (Table III).

When assessing the levels of CCL21 protein in the
analysed tissue samples or subdividing the patients in groups
of clinicopathological characteristics we were unable to
identify any significant difference in genotype or in allelic
frequencies (data not shown). Neither the patient nor the
control group showed significant deviation from the Hardy-
Weinberg equilibrium.

CRC patients vs controls, not statistically significant.

Discussion

Several chemokines and their respective receptors are known
to play an important role in the tumour progression (1). CCR7,
the receptor for the chemokine CCL21 has been detected in
various cancers and has been shown to mediate inflammatory
associated tumour progression (12,14).
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To our knowledge little is known about the expression of
CCL2I in CRC tissue. In this study, we demonstrated that
CCL21 protein level was significantly lower in cancer tissues
in comparison with paired normal tissues (P=0.003). We noted
a significantly lower CCL21 level in rectal cancer compared
with paired normal tissue (P<0.001). Moreover, we did not
observe a significant difference between the level of CCL21
protein in the colon cancer subgroup and paired normal colon
tissue. The difference regarding CCL21 expression in
tumours from the rectum and colon may reflect a different
mechanism involved in the pathogenesis of cancer in rectum
and colon. It has been reported that there may be a different
mechanism in the carcinogenesis of CRC based on the
tumour location (23). To identify the cellular source and
localization of CCL21 we used immnunohistochemistry and
found heterogeneous immunoreactivity predominantly within
areas of stromal cells mainly in macrophage rich areas. One
recent article has showed CCL21 expression both in macro-
phages and T cells within atherosclerotic lesions (8). Our
findings may confirm that macrophages are capable of
CCL21 expression. Moreover, one research group has
previously detected CCL21 gene expression in normal colon
and rectum (20). Interestingly, transfected CCL21 in breast
cancer provides evidence that CCL21 increases antigen
presentation and apoptosis resistance of dendritic cells which
indicate different antitumour roles for CCL21 (24). In
addition, studies have reported that CCL21 exert angiostatic
effects in mice (25,26).

One may speculate that the down-regulated CCL21
expression in cancer tissue seen in the current study,
probably depends on regulatory factors secreted from tumour
cells. This could be a strategy by the tumour to disturb the
leukocyte homing and thereby suppress the intestinal
immunity. This raises the possibility that elevation of CCL21
levels in CRC tissue could be targeted as the therapy for this
cancer.

To date no functional studies have been carried out to
elucidate the consequences of the CCL21 gene poly-
morphisms rs 11574915 and rs 2812377. We attempted to
determine whether an association exists between these gene
variants and CRC. We found 7 combined genotypes and the
data showed that the genotype distributions and allelic
frequencies for the gene variants were not significantly
associated with CRC. Furthermore, we investigated whether
these SNPs could be potential candidates affecting the
expression of CCL21. However, the results showed no
correlation (data not shown).

Overall, the present study is a piece of preliminary work
looking for the importance of CCL21 levels in colorectal
tissue in connection with CRC. Further studies are needed to
clarify whether the CCL21 level has impact on CRC
progression and survival rate. The screened gene variants of
CCL21 seem not to be involved in conferring susceptibility to
CRC.
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