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Abstract

AIM: To evaluate and compare the expression profiles of
CXCL12 (SDF-1), CCL19 (MIP-3B), CCL20 (MIP-3a) and
CCL21 (6Ckine, Exodus?2) and their receptors on RNA and
protein levels in hepatocellular carcinoma (HCC) versus
colorectal liver metastases (CRLM) and to elucidate
their impact on the carcinogenesis and progression of
malignant liver diseases.

METHODS: Chemokine expression was analyzed by
RT-PCR and ELISA in 11 cases of HCC specimens and
in 23 cases of CRLM and corresponding adjacent non-
tumorous liver tissues, respectively. Expressions of their
receptors CXCR4, CCR6 and CCR7 were analyzed by RT-
PCR and Western blot analysis in the same cases of HCC
and CRLM.

RESULTS: Significant up-regulation for CCL20/CCR6
was detected in both cancer types. Moreover, CCL20
demonstrated significant overexpression in CRLM in
relation to the HCC tissues. Being significantly up-
regulated only in CRLM, CXCR4 displayed an aberrant
expression pattern with respect to the HCC tissues.

CONCLUSION: Correlation of CXCR4 expression
with CRLM suggests CXCR4 as a potential predictive
factor for CRLM. High level expression of CCL20 and
its receptor CCR6 in HCC and CRLM with marked up-
regulation of CCL20 in CRLM in relation to HCC tissues
indicates involvement of the CCL20/CCR®6 ligand-receptor
pair in the carcinogenesis and progression of hepatic
malignancies.
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INTRODUCTION

Chemokines represent a family of small chemotactic
cytokines, initially identified as mediators of leucocyte
trafficking and homing, In the last few years, chemokines
have been shown to participate also in tumor growth
and the lymphatic and even distant spread of malignant
tumors'"”. Here we compare the expression profiles of
several chemokine/chemokine receptor pairs, namely
CXCL12/CXCR4, CCL20/CCR6 and CCL19/CCL21/
CCR7 in hepatocellular carcinoma (HCC) versus colorectal
liver metastases (CRLM). We chose to investigate this
group of chemokines and their receptors because their
roles in tumor growth and metastasis have recently gained
increasing importancep’“. Like HCC, which is a highly
malignant tumor with a poor prognosis due to its rapidly
progressing and infiltrating growth, colorectal cancer (CRC)
also still remains one of the leading causes of cancer-
related death worldwide” ™. The mortality of CRC is
principally attributable to the development of metastases,
which primarily infest the liver, and CRLM are present in
up to 95% of patients in the advanced disease stage.

The CC-chemokines CCL19 and CCL21 are highly
expressed in lymph nodes and signal through a common
receptot, the lymphocyte chemoattractant receptor
CCR7"". While CCR7 was recently reported to predict
lymph node metastasis in colorectal carcinoma and other
cancer types' "% the cognate CXCIL12 receptor CXCR4
has been suggested as a risk factor for the outgrowth of
colon carcinoma micrometastases'” and the invasion and
spreading of several other cancers'”"". Also CC1.20/CCRG
involvement in the neoplastic progression and cancer-
specific metastasis of several tumor types is presently
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reported, with major focus on the amplification of local
necroinflammatory response in the liver'*" suggesting
CCR6 as an important factor in the recruitment of lym-
phocytes from peripheral blood to HCC*"*! .| However,
data concerning the expression profiles and clinical impact
of CCL20/CCR6 in HCC and CRLM are still limited
and no expression data are currently available concerning
the pathophysiological relationship of chemokines in
HCC and CRLM. While our group and others previously
suggested an association between the CCL20/CCR6
expression in CRC and the promotion of CRLM™*, we
now demonstrate a correlation between the CCL20/CCR6
expression profile in HCC and CRLM with a marked
overexpression of the CCL20 gene product in relation
to HCC tissues. Consequently, we hypothesize that the
CCL20/CCR6 chemokine receptor pair may be of general
importance in the development of hepatic malignancies of
different origins.

MATERIALS AND METHODS

Patients

HCC and CRLM specimens and corresponding non-
tumorous liver tissues were collected from 11 HCC
and 23 CRLM patients who underwent resection in our
department between 2002 and 2006. All patients provided
informed consent for tissue procurement, which was
approved by the ethics commission of the Arztekammer
of the Saarland. The clinical variables presented in Table
1 were obtained from clinical and pathological records
according to the UICC TNM classification™ system.

Tissue preparation

Immediately after resection tissue samples were collected
and processed under nucleic acid sterile conditions, snap
frozen in liquid nitrogen and then stored at -80°C until
RNA and protein were extracted. For corresponding
normal tissue we used adjacent healthy tissue from the
same resected liver specimen. All tissues obtained were
reviewed by an experienced pathologist and examined
for the presence of tumor cells. As minimum criteria for
usefulness for our studies we only chose tumor tissues in
which tumor cells occupied a major component (> 60%)
of the tumor biopsy.

Single-strand cDNA synthesis

Total RNA was isolated using RNeasy columns from
Qiagen (Hilden, Germany) following the manufacturer’s
instructions and RNA integrity was confirmed
spectrophotometrically and by electrophoresis on 1%
agarose gels. For cDNA synthesis, 5 pug of each patient’s
total RNA sample were reverse-transcribed in a final
reaction volume of 50 pL containing 1 X TagMan RT
buffer, 2.5 umol/L random hexamers, 500 pumol/L each
dNTP, 5.5 mmol/L MgClz, 0.4 U/uL RNase inhibitor,
and 1.25 U/ pL Multiscribe RT. All RT-PCR reagents were
purchased from Applied Biosystems (Applied Biosystems,
Foster City, CA). The reaction conditions were 10 min at
25°C, 30 min at 48°C, and 5 min at 95°C.
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Factor HCC’n = 11 CRLM’n = 23
Localization of primary tumor
Liver 11
Colon = 14
Rectum o 9
Gender

Male 5 17

Female 6 6
Age, yr! 62.6 (29-82) 65.0 (39-76)
Hepatitis (A, B or C)

Positive 4 1

Negative 7 22
Liver chirrhosis

Positive 5 6

Negative 6 17
Fibrosis

Positive 1 3

Negative 10 20
Largest tumor diameter (cm)* 4.3 (1.2-6.8) 10.3 (1.3-19)
TNM' stage of primary tumor

I 2 2

I 4 2

I 5 15

v 0 3
Grading

I 0 2

Il 7 16

I 4 5

v 0 0
Lymphatic permeation

Positive 1 16

Negative 10 7
Vascular invasion

Positive 4 1

Negative 7 22
Chemotherapy before operation 0 13
Radiotherapy before operation 0 3

1 .2 . 3 .

Tumor-node-metastasis; "Hepatocellular carcinoma; Colorectal liver
4 . . .

metastases; "Median with range in parentheses.

Real-time PCR

All qRT assays containing the primers and probe mix
were purchased from Applied Biosystems, (Applied
Biosystems, Foster City, CA) and utilized according to the
manufacturet’s instructions. PCR reactions were carried
out using 10 pulL 2 X Tagman PCR Universal Master Mix
No AmpErase” UNG and 1 pl. gene assay (Applied
Biosystems, Foster City, CA), 8 ul. Rnase-free water and
1 uL cDNA template (50 mg/L). The theoretical basis
of the qRT assays is described in detail elsewhere™. All
reactions were run in duplicates along with no template
controls and an additional reaction in which reverse
transcriptase was omitted to allow for assessment of
genomic DNA contamination in each RNA sample. For
the signal detection, ABI Prism 7900 sequence detector
was programmed to an initial step of 10 min at 95°C,
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followed by 40 thermal cycles of 15 s at 95C and 10 min
at 60°C and the log-linear phase of amplification was
monitored to obtain Cr values for each RNA sample. Gene
expression of all target genes was analyzed in relation
to the levels of the slope matched housekeeping genes
Cyclophilin C (CycC) and B2-Microtubulin (B2M)“. Since
reporting of data obtained from raw Cr values falsely
represent the variations, we converted the individual Cr
values to the linear form as follows:

: -(mean C_ pathological tissue-mean C__calibrat ~delta C
Fold dlffereﬂce — 2 (mean qu ological tissue-mean Tcn rator) — 2 clta T

Hence, the liver of the tumor-neighboring tissue became
the 1 X sample, and all other quantities were expressed as
an n-fold difference relative to this tissue.

Isolation of total protein

Protein lysates from frozen tissues were precipitated with
the RIPA buffer. Protein quantitation was performed using
the Pierce BCA protein assay reagent kit (Pierce, Rockford,
USA).

Western blot analysis

Chemokine receptors were detected with anti-CXCR4
(1:500, Serotec, AHP442 rabbit anti-human, Serotec,
Oxford, UK; 1:5000, BioRad cat. 170-6515 goat anti-
rabbit HRP, BioRad, Muenchen, Germany), anti CCR6
(1:500, Biomol, goat anti-human C2099-70B, Biomol,
Hamburg, Germany; 1:5000 Santa Cruz, sc-2056 donkey
anti-goat HRP) and anti-CCR7 (1:500, Santa Cruz, sc-9700
goat anti-human; 1:5000, Santa Cruz, sc-2056 donkey
anti-goat HRP, Santa Cruz Biotechnology, Santa Cruz,
CA USA), visualized by ECL Western blotting analysis
system (Amersham Biosciences, Piscataway, NJ, USA), and
quantified densitometrically. Human cell lysates HL-60
(sc-2209, Santa Cruz Biotechnology, Santa Cruz, CA,
USA), Imgenex cell lysates A375, and HelLa (Imgenex, San
Diego, USA) served as positive controls.

Enzyme-linked immunosorbant assay

Chemokine protein levels in the different tissue lysates
were determined by sandwich-type ELISA according to
the manufacturer’s protocol: R&D systems (R&D Systems
Inc. Minneapolis, Minnesota, USA) for the quantification
of CCL19, CCL20, CXCL12 or ProSci (ProSci, San Diego,
USA) for CCL21. The absorbance was read at 450 nm.

Laser capture microdissection

Laser microbeam microdissection (LMM) was employed
for obtaining pure tumor cell and pure normal cell samples
for subsequent genetic analysis. LMM was performed on
three samples for each tissue type and each chemokine,
respectively. Histochemical staining was used on cryo
sections before microdissection. Specimen preparation,
microdissection and catapulting were performed
following a laser pressure catapulting protocol according
to the manufacturer’s instructions (P.A.L.M. Microlaser
Technologies, Bernried, Germany). RNA was extracted
using the P.A.L.M. RNA extraction kit and for reverse
transcription the invitrogen reverse transcription kit
(Invitrogen Life Technologies, Karlsruhe, Germany)
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Figure 1 Expression of chemokine/chemokine receptor pairs in HCC and CRLM
as determined by Q-RT-PCR. A: CXCL12/CXCR4 expression; B: CCL20/CCR6
expression; C: CCL19/CCL21/CCR7 expression (mean + SE, °P < 0.05, n = 11
and 23, respectively).

was applied. Subsequently quantitative PCR analysis was
performed as described catlier.

Statistical analysis

The statistical significance of differences in chemokine and
chemokine receptor expression were summarized using
mean and SEM (standard error of the mean). All statistical
calculations were done with the MedCalc software package
(MedCalc software, Mariakerke, Belgium)pﬂ. Where
appropriate, either the Student’s t-test or the Wilcoxon’s
rank sum test was applied to test for group differences of
continuous variables. P < 0.05 was considered significant.

RESULTS

Chemokine/chemokine receptor expression

To assess potential differences in chemokine/chemokine
receptor expression levels in HCC »s CRLM, we performed
quantitative RT-PCR analysis in 11 HCC and 23 CRLM
specimens and their corresponding tumor neighboring
tissues, respectively. The adjacent, non tumor invaded liver
tissues of the HCC and CRLM patients served as control
groups. qRT analysis of the chemokine ligand CXCL12
displayed no significant difference in gene expression
between the tumor and the tumor neighboring tissues
in HCC or CRLM as shown in Figure 1A. In contrast to
its ligand, the CXCL12 receptor CXCR4 demonstrated
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Figure 2 Expression of CXCL12, CCL20, CCL19 and CCL21 in HCC and
CRLM as determined by the enzyme-linked immunosorbant assay (ELISA).
A: Chemokine expression in HCC; B: Chemokine expression in CRLM. (ng/L
chemokine ligand related to 1 g total protein for the HCC and CRLM tissues. mean
+ SE, °P<0.05; n=11and 23, respectively).

significant up-regulation in the CRLM compared with
the tumor neighboring liver tissues (P < 0.05) thus
demonstrating that CXCL12 and CXCR4 are inversely
expressed in CRLM (Figure 1A). However, no significant
difference in gene expression was detected for CXCR4
in the HCC tissues between the tumor and the tumor
neighboring liver tissues thus indicating a clear difference
in CXCR4 expression between HCC and CRLM. CC-
chemokine CCL20 was found to be significantly up-
regulated in the tumor tissue of patients with HCC and
CRLM in comparison to their tumor neighboring tissues
(P < 0.05), as shown in Figure 1B. Similarly, the CCL20
receptor CCRO6 revealed a significantly higher mRNA
expression in the tumor specimens of both HCC and
CRLM patients in relation to the corresponding normal
liver tissues, respectively (P < 0.05) (Figure 1B). In
contrast, we observed no significant difference in CCL19
and CCL21 gene expression between the tumor and tumor
neighboring tissues in either tissue type as demonstrated in
Figure 1C. Likewise, no significant up- or down-regulation
was detected for the corresponding receptor CCR7 in the
HCC or CRLM tissues, respectively (Figure 1C). Analysing
the differences between gene expressions from matched
normal/cancer samples corresponded widely with the
results presented in Figure 1 thus ensuring that averaging
out the Ct values did not mask significant differences
between individual paited samples. Sections of tumor and
normal cells have been microdissected in three CRLM
and HCC tissue specimens, respectively, followed by
subsequent chemokine qRT gene expression analysis that
corresponded well with the results presented in Figure 1.
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Figure 3 Expression of chemokine receptor CCR6 in HCC and CRLM as
determined by Western blot analysis. A: Chemokine expression in HCC; B:
Chemokine expression in CRLM. Total cell lysates of tumor (P) and corresponding
normal tissues (N) of three patients with HCC and CRLM, respectively, were
immunoblotted with antibodies specifically recognizing chemokine receptor CCR6.
Cell line HL60 served as a positive control for the detection of CCR6. (n = 11 and
23, respectively).

Chemokine/chemokine receptor expression on the protein
level

Consistent with our RNA data, gene expression data for
CXCL12, as assessed by enzyme-linked immunosorbant
assay (ELISA), showed no significant difference in
expression between the tumor and tumor neighboring
tissues in either tissue type (Figure 2). Similarly, absolute
CXCL12 protein quantities were largely the same in HCC
and CRLM tissues. In contrast, we found statistically
relevant up-regulation of CCL20 protein expression
in both CRLM and HCC tissues compared with the
respective tumor neighboring tissues (P < 0.05). These
findings are again well in line with the RNA expression
profiles. Comparative analysis of the absolute protein
quantities between CRLM and HCC tissues revealed
a significantly higher CCL20 expression of almost
24000 ng/L CCL20 in the CRLM tissues compared to
approximately 6000 ng/I. CCL20 in the HCC tissues (P
< 0.05) as shown in Figure 2. In accordance with our
qRT results we found no significant difference in protein
expression for CCL19 and CCL21 between the tumor and
tumor neighboring tissues in either tissue type (Figure 2).
Despite a seemingly higher CCL21 protein expression level
in the CRLM tissues compared with the HCC tissues, this
difference was statistically not significant.

As assessed by western blot analysis and subsequent
densitometric measurements, no significant difference in
gene expression was observed for CXCR4 in the HCC
tissues, whereas a statistically relevant 4-fold up-regulation
of CXCR4 expression was detected in the CRLM tissues (P
< 0.05), thus confirming the RNA transcript level analysis.
Likewise, we found statistically relevant up-regulation
of CCRO6 expression in both tissue types (P < 0.05) as
shown in Figure 3, but no significant difference in CCR7
expression between the HCC and CRLM tissues thus
paralleling our qRT results.

DISCUSSION

To date, various studies implicate chemokines CXCL12,
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CCL20, CCL19 and CCL21 and their corresponding
receptors not only in inflammatory cell recruitment but
also in the tumorigenic process and metastatic homing
of tumor cells. Recent data focus special emphasis on
their roles in CRC, HCC and liver metastasis of different
origins”"***", These findings prompted us to comparatively
investigate their expression profiles in HCC and CRLM as
the primary site of hematogenous metastases in CRC.

In recent years chemokine receptor CCR7 attracted
considerable interest as a key receptor in determining
lymph node metastasis in various malignant processes and
tumor types such as leukemia, melanoma, gastric or non-
small cell lung cancer>*™, whereas also anti-tumorigenic
effects have been demonstrated for the corresponding
CCR7 ligand CCL21"". However, we observed no
correlation between CCR7 expression and HCC or CRLM,
respectively. Similatly, the corresponding ligands CCL19
and CCL21 showed no significant difference in their gene
expression between the tumor and tumor neighboring
tissues in either cancer type. Therefore, we believe that an
association of these chemokine/receptor pairs with the
progression of CRLM or HCC is rather unlikely.

While investigating CXCL12/CXCR4 expression,
we made the interesting observation that CXCR4 was
significantly up-regulated in the CRLM compared with
the tumor neighboring liver tissues, yet no significant
difference in gene expression was detected for CXCR4
in the HCC tissues thus indicating a distinct difference
in the CXCR4 expression pattern between HCC and
CRLM. These results are in line with recent findings
that report CXCR4 gene expression in primary CRC
demonstrated significant associations with recurrence
and survival suggesting CXCR4 as a prognostic factor for
poor disease outcome'™. Unlike CXCR4, the chemokine
ligand CXCL12 displayed no significant difference in gene
expression between the tumor and the tumor neighboring
tissues in HCC or CRLM thus indicating that CXCL12
and CXCR4 are inversely expressed in CRLM. This type
of expression pattern was also demonstrated for CRC
cell lines®”. CXCI12 is presently discussed controversially
with respect to its role in promoting tumor growth and
metastasis. Various studies suggest CXCL12 involvement
in metastasis, angiogenic activity and modulation of tumor
immunity™*">** while others describe efficient antitu-
mor responses promoted by the CXCL12/CXCR4 interac-
tion, suggesting that secretion of CXCL12 in tumots may
mediate T-cell-dependent antitumor responses'* .

CCL20 is also presently controversially discussed with
respect to its role in tumorigenesis. With regard to the
chemoattractant properties of CCL20 for dendritic cells
(DC), Fushimi ez a/ reported on the tumor suppressive
properties of this chemokine showing that CCL20
transgenes attract DC to established murine tumors and
suppress tumor growth", However, other studies correlate
CCL20 transfection into a mouse tumor cell line with
decreased immunogenicity and enhanced tumor growth!”
and recent data correlate increased serum levels of CCIL20
in HCC with cancer-related factors™. Other reports
allocating tumor growth promoting qualities with CCL20,
associate CCRO6 expression with hepatic metastasis in a
rodent model and recent results, based on chemotactic and

actin polymerization assays, correlate CCR6 expression
with intrahepatic metastasis of HCC"™", In our study,
CCL20/CCR6 was the only pair among the chemokine
ligand/receptor pairs under investigation that displayed
a prominent expression pattern in HCC and CRLM,
showing significant up-regulation in the tumor tissues of
patients of both cancer types in comparison to the tumor
neighboring tissues, respectively. We assume that these
high expression levels in the malignant liver tissues of
different origins - in one case primary tumot, in the other
case liver metastases - indicate a possible pathogenetic
role of CCL20 and its receptor in the development of
hepatic malignancies. Moreover, we detected significantly
higher CCL20 expression in the CRLM tissues compared
with the HCC tissues. One possible explanation for this
marked CCL20 overexpression in the hepatic metastases
could be related to the ferocious malignity of metastatic
cells. In other words, the malignant status of a cancer
cell might be correlated with CCL20 expression. It is
well known that the survival rate for patients is far worse
when they have developed metastases at the time of
surgery as compared to patients with the same primary
tumor who have not developed metastases. It seems that
as the chemokine metabolism of a cancer cell becomes
increasingly unbalanced the further the malignity of the
cell proceeds and the more aggressive a cancer tissue
turns. This assumption is supported by previous clinico-
pathological findings of our group!”, which demonstrate a
significant increase in CCL20 expression rates in HCC tis-
sues from grade Il tumors in comparison to HCC tissues
from grade II tumors. Consequently, the marked CCL20
up-regulation in CRLM in comparison to the HCC tissues
reported here could be interpretated as an indication of
the extent of alteration in the tumor cells. In line with this
theory, we would expect higher CCL20 expression rates in
liver metastases in comparison to the moderately differen-
tiated tumor cells of the HCC tissues, since metastatic cells
virtually show the highest grading level of tumor differen-
tiation, usually bearing no resemblance with normal liver
cells.

In summary, the results presented in this study
suggest an association of the CCL20/CCR6 pair and the
development and progression of hepatic malignancies and
we propose CCL20 as a predictive pathogenetic marker
for tumor grading and the existence of liver metastases.
Since we also presented evidence for a correlation between
CXCR4 expression and CRLM, our results also support
theories that suggest CXCR4 as a potential predictive
factor for colorectal metastasis of the liver. Since the
identification of chemokines as key targets in cancer and
metastasis has emerged as a quickly progressing research
topic, vatious chemokine receptor antagonist compounds
are presently being developed. The identification of the
CCL20/CCR6 and CXCL12/CXCR4 paits as novel targets
in CRLM and other metastatic processes may be of poten-
tial clinical value for the staging of primary tumors and the
prevention of hepatic recurrences.
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