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miR-21 and its target gene CCL20 are both highly
overexpressed in the microenvironment of colorectal
tumors: Significance of their regulation
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Abstract. Recently, we reported a functional interaction
between miR-21 and its identified chemokine target CCL20
in colorectal cancer (CRC) cell lines. Here, we investigated
whether such functional interactions are permitted at the
cellular level which would require an inverse correlation of
expression and also co-expression of miR-21 and CCL20 in the
same cell. Expression profiling was performed using qPCR,
and ELISA, in situ hybridization and immunohistochemistry
were applied for the presentation of their cellular localization.
We demonstrated that miR-21 as well as CCL20 were both
significantly upregulated in CRC tissues; thus, showing no
antidromic expression pattern. This provided an initial clue
that miR-21 and CCL20 may not be expressed in the same
cell. In addition, we located miR-21 expression at the cellular
level predominantly in stromal cells such as tumor-associated
fibroblasts and to a minor degree in immune cells such as
macrophages and lymphocytes. Likewise, CCL20 expression
was primarily detected in tumor-infiltrating immune cells.
Thus, investigating the cellular localization of miR-21 and
its target CCL20 revealed that both molecules are expressed
predominantly in the microenvironment of CRC tumors.

Introduction

microRNAs (miRNAs) are small ~22-nt long, endogenous,
non-coding RNA molecules which are involved in the post-
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transcriptional regulation of gene expression (1). They
mediate their regulatory function through interactions
with the RNA-induced silencing complex (RISC) which is
guided to target messenger-RNAs (mRNAs) by sequences
which are partially complementary to the seed region of the
loaded miRNAs (1,2). The targeted mRNA can be affected
by the miRNA-RISC complex in two ways: (i) inhibition of
translation or (ii) degradation of mRNA (3). It was reported
that miRNAs regulate the expression of ~30% of all human
proteins (4) and therefore miRNAs are proposed to have a
huge impact on post-transcriptional gene regulation.

miRNAs are transcribed in the nucleus by RNA poly-
merase II or III resulting in so-called primary-miRNAs
(pri-miRNA) (5,6). These pri-miRNAs are further processed
to ~60-70 bp long hairpin precursor (pre-miRNA) through
nuclear cleavage by a protein complex containing the RNase I11
endonuclease Drosha (7). The processed pre-miRNAs are
exported from the nucleus to the cytoplasm by Exportin-5 (8)
where they are further processed by Dicer resulting in mature
miRNAs. Alterations in any of the processing steps or
epigenetic modification of miRNA genes potentially result in
deficient miRNA expression.

Since the discovery of miRNAs, deficient miRNA
expression moved into the focus of investigation related to
the development and progression of cancer. In recent years,
dysregulated expression of miRNAs was detected as a crucial
factor and prognostic feature of various cancer entities.
However, deficient miRNA expression has the potential to
influence the expression of both proto-oncogenes and tumor-
suppressor genes in a direct or indirect manner (9). Thus, the
impact of dysregulated miRNAs on cancer depends on the
subset of target genes regulated by the particular miRNA.
One example of a proto-oncogenic effect of a dysregulated
miRNA is represented by overexpression of miR-152 in
endometrial cancer cell lines, which results in decreased
growth of tumor cells (10). In contrast, inhibition of miR-21
in breast cancer cells decreases proliferation, migration
and tumor growth (11). In this respect, miRNAs that down-
regulate tumor-suppressor genes are designated as oncomiRs
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whereas miRNAs that control oncogenes are designated as
tumor-suppressor miRNAs. In colorectal carcinoma (CRC),
various miRNAs have been identified which were shown to
be dysregulated and exhibit upregulation or downregulation
compared to corresponding unaffected tissues (12,13). In
this respect, miR-21 was proposed to act as an oncomiR in
CRC (14).

Recently, various miRNAs were shown to target miscel-
laneous chemokines in different cancer entities (15,16). In this
respect, chemokine (C-C-motif) 20 (CCL20) was shown to
play a role in CRC progression and metastasis via its inter-
action with its receptor CCR6 (17,18). Recently, we reported
a functional interaction between miR-21 and its identified
target gene CCL20 in CRC cells (16). However, for functional
interaction of miRNAs with their target genes, both molecules
must be present in the same cell.

Since dysregulated miRNA expression has been observed
in tumor cells (19) as well as in the microenvironment of
tumor (20), the cellular localization of miR-21 and its target
gene CCL20 has moved into the focus of our interest. Hence,
the present study aimed to investigate the expression profile
and cellular distribution of miR-21 and its target gene CCL20
in tissue specimens from CRC patients.

Materials and methods

Patients and samples. Surgical specimens and corresponding
normal tissue from the same samples were collected from
patients who underwent surgical resection at our department
between 2003 and 2010. No patient underwent any specific
cancer therapy prior to the resection. A total of 46 patients
with different stages of CRC were analyzed. The patient char-
acteristics and clinical data were obtained from a prospective
database and are summarized in Table I. Informed consent for
tissue procurement was obtained from all patients. The study
was approved by the Ethics Commission of the Arztekammer
of the Saarland.

Tissue preparation. All tissue specimens were snap frozen
in liquid nitrogen directly after surgical resection and stored
at -80°C until further processing. The steps were performed
under nucleic acid sterile conditions. Regarding corresponding
normal tissue, adjacent non-affected tissue from the same
resection specimen was applied. All tissues were evaluated by
an experienced pathologist, and only CRC tissues comprising
at least 70% tumor area were applied.

Single-strand cDNA synthesis. The mirVana miRNA isola-
tion kit (Life Technologies, Carlsbad, CA, USA) was used to
isolate total RNA from the tissue samples according to the
manufacturer's protocol. The quality of RNA was checked
spectrophotometrically and by electrophoresis on 1% agarose
gels.

For synthesis of cDNA, 1 ug of each tissue total RNA was
reverse transcribed in a final reaction volume of 50 ul. Each
reaction contained 1X TagMan RT buffer, 2.5 yM random
hexamers, 500 M each dNTP, 5.5 mM MgCl,, 0.4 U/ul
RNase inhibitor, and 1.25 U/ul MultiScribe RT. The cycler
program was 10 min at 25°C, 90 min at 48°C, and 5 min at
95°C. For reverse transcription of miRNAs, 10 ng of each total
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Table I. Clinical characteristics of the patients with colorectal
carcinoma.

No. of
patients (n=46)

Characteristic

Localization of primary tumor

Colon 23

Rectum 23
Gender

Male 28

Female 18
Age at surgery (years)

Median 68.3

Range 44-88
Tumor (T)-classification of the primary tumor

T1 8

T2 12

T3 16

T4 10
Lymph node status

Positive 26

Negative 20
AJCC stage of the primary tumor

I 16

II 7

1 17

1AY 6
Grade

Gl 4

G2 19

G3 21

G4 2

RNA sample was attached in a final reaction volume of 15 ul.
Each reaction included 1X RT buffer, 3 ul small RNA-specific
RT primer, 1 mM dNTPs, 0.25 U/ul RNase inhibitor, and
3.33 U/ul MultiScribe RT. The cycler program was 30 min at
16°C, 30 min at 42°C and 5 min at 85°C. All RT-PCR reagents
were purchased from Life Technologies and used according to
the manufacturer's instructions.

Quantitative real-time PCR. CCL20 mRNA detection
was performed in a q-RT-PCR reaction containing 10 ul
2X TagMan Universal PCR Master Mix II and 1 ul CCL20
gene expression assay (Life Technologies), 8 ul RNase-free
water and 1 ul cDNA template (20 ng/ul). miRNA quantifi-
cation assays contained 10 pl 2X TagMan Universal PCR
Master Mix II and 1 ul 20X TagMan Small RNA assay (Life
Technologies), 7.67 ul RNase-free water and 1.33 ul cDNA
template (0.66 ng/ul). The theoretical basis of q-RT assays is
described in detail elsewhere (21). Reactions were run in the
ABI Prism 7900 sequence detector (Life Technologies) with
an initial step of 10 min at 95°C, followed by 40 thermal cycles
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of 15 sec at 95°C and 10 min at 60°C and the log-linear phase
of amplification was monitored to obtain Ct values for each
RNA sample. All reactions were run in triplicates together
with a no template control and a DNA contamination control
where the reverse transcriptase was omitted. CCL20 mRNA
(RefSeq: NM_004591.1) expression was normalized according
to the expression of the slope matched housekeeping gene
B-2-microglobulin (b2m) (RefSeq: NM_004048.2) applying
the 242t method (22).

FOld difference = 2-(mean Ct pathological tissue - mean C; calibrator) — 2-AC1

Expression of miR-21 (miRBase: MIO000077) was
analyzed applying the 224Ct method relative to the levels of
RNU48 (RefSeq: NR_002745.1) using a special miR-21 detec-
tion assay (assay ID,000397; Life Technologies) for g-RT-PCR.
miR-21 expression data are depicted as n-fold expression rela-
tive to the corresponding normal colorectal tissues.

Isolation of total protein. Protein lysates were extracted from
frozen tissue using the radioimmunoprecipitation (RIPA)
buffer containing ‘Complete’, which is a protease inhibitor
cocktail (Roche, Penzberg, Germany). The Pierce BCA protein
assay reagent kit (Pierce Biotechnology, Inc., Rockford, IL,
USA) was applied for quantification of total protein.

Sandwich-type enzyme-linked immunosorbent assay. CCL20
protein levels in the different tissue lysates were determined by
sandwich-type enzyme-linked immunosorbent assays (ELISA)
according to the manufacturer's protocol. Duplicates were
assayed for all samples, and the protein levels were calculated
as the mean of two measurements. A validated commercial
ELISA kit (DuoSet DY360; R&D Systems, Minneapolis, MN,
USA) was used to determine the protein levels of CCL20
(SwissProt, P78556). The absorbance was analyzed at a wave-
length of 450 nm (530 nm reference wavelength) in a 96-well
microtiter plate reader (Unimax 2010; Heidolph Instruments,
Schwabach, Germany). CCL20 protein concentration from
each cell lysate was normalized to the total protein content of
each sample.

Immunohistochemistry. Surgically resected specimens
were fixed in formalin, embedded in paraffin, cut into 4-ym
sections and mounted on Superfrost Plus slides (Thermo
Fisher Scientific, Waltham, MA, USA). After deparaffiniza-
tion and rehydration from graded ethanol to deionized water,
the sections were microwaved in target retrieval solution
pH 9.0 (Target Retrieval; Dakocytomation, Carpinteria,
CA, USA). Endogeneous peroxidase activity was blocked
with 3% hydrogen peroxide. Further blocking steps were
performed with normal rabbit serum, avidin and biotin (Vector
Laboratories, Burlingame, CA, USA). Overnight incubation
of slides with primary goat polyclonal anti-human CCL20
antibody (15 pg/ml, AF360; R&D Systems) was followed by
incubation with secondary biotinylated rabbit anti-goat IgG
antibody and the avidin-biotin-peroxidase reaction (Vector
Laboratories). After color reaction with aminoethylcarbazide
solution (Merck KGaA, Darmstadt, Germany) tissue sections
were counterstained with haematoxylin and mounted with
Aquatex. Specimens incubated without primary antibody
served as the negative control.
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In situ hybridization. For the detection of miR-21, the
miRCURY LNA™ microRNA ISH optimization kit (FFPE)
(Exigon A/S, Vedbaek, Denmark) was applied. The specimens
were fixed in formalin, embedded in paraffin, cut in 6-ym
sections and mounted on Superfrost Plus slides. The sections
were deparaffinized and rehydrated from graded ethanol to
deionized water. Subsequently, specimens were incubated
for 24 min with proteinase K (15 pg/ml; Exiqon A/S). After
dehydration, 150 nM of the specific probe was added to each
specimen in hybridization buffer (Exiqon A/S). A probe
complementary to U6 snRNA was applied as a positive control,
and a scrambled probe not known to be complementary to
any endogeneous miRNA was used as a negative control
(Exiqon A/S). U6 snRNA is a small nucleic acid present in
abundance in the nucleus of all cells and is therefore easy to
detect.

Subsequently,acoverslip was attached, sealed with Fixogum
and slides were incubated for 1 h at 57°C. Consequently, cover-
slips were removed and sections were washed in decreasing
concentrations of SSC buffer (Life Technologies) at the
hybridization temperature. Endogenous alkaline phosphatase
was blocked with blocking solution (Roche Applied Science,
Indianapolis, IN, USA) for 15 min followed by incubation with
an anti-DIG antibody for 60 min (Roche Applied Science). The
color reaction with AP substrate (NBT/BCIP tablet; Roche
Applied Science) was stopped with the KTBT buffer after 1 h.
After counterstaining with Nuclear Fast Red (Sigma-Aldrich,
St. Louis, MO, USA) for 1 min, the sections were dehydrated
and mounted with Eukitt (Sigma-Aldrich).

Calculations and statistical methods. CCL20 and miRNA
expression profiles of the different groups are shown as
the means and standard error of the means (SEM). Where
appropriate, the Student's t-test was applied to test for group
differences of continuous variables. All calculations were
carried out using SPSS, version 19. The significance level was
P<0.05.

Results

CCL20 mRNA and protein expression in CRC tissues. To
study CCL20 gene expression at the mRNA and protein levels,
tissue samples from patients with different clinicopathological
features of CRC were analyzed using q-RT-PCR and ELISA.
Since the regulated control of target genes by miRNAs may
be achieved by degradation of their mRNA, we monitored
changes in CCL20 mRNA expression by g-RT-PCR in 46 CRC
tissue samples in relation to the tumor-free corresponding
tissues as reference. Independent of the patient charateristics,
CCL20 mRNA expression was significantly increased in the
tumor tissues (P<0.05) when compared to expression in the
normal mucosa (Fig. 1). As regulated control of target genes
by miRNAs may also be achieved by inhibition of translation,
we subsequently monitored changes in CCL20 protein expres-
sion in 46 CRC tissue samples from the same patient cohort
applying an ELISA assay specific for CCL20. In line with
the CCL20 mRNA expression data, CCL20 protein expres-
sion was significantly increased in the tumor tissues (P<0.05)
independently of T-classification and differentiation or clinical
stage (Fig. 2).
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Figure 1. CCL20 mRNA expression in CRC of different clinical charac-
teristics as determined by q-RT-PCR. q-RT-PCR data are expressed as
means + standard error of the mean (SEM), "P<0.05, n=46. Fold increase >1
indicates CCL20 overexpression in CRC tissues relative to the unaffected
adjacent tissues, respectively. (A) Mean data of all investigated patients.
(B) Mean patient data according to T-classification. (C) Mean patient data
according to clinical staging. (D) Mean patient data according to differentia-
tion states.

miR-21 expression in the CRC tissues. Analyzing CCL20
mRNA and protein expression in CRC tissues revealed signifi-
cant overexpression. Subsequently, we determined miR-21
expression in the same 46 CRC tissue samples compared to
the corresponding normal tissues applying special miRNA
expression assays for q-RT-PCR. Based on our functional
tests, we were expecting an antidromic expression pattern of
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Figure 2. CCL20 protein expression in CRC of different clinical charac-
teristics as determined by ELISA assays. ELISA results are presented as
absolute values of pg/ml chemokine ligand per mg total protein in CRC tis-
sues and unaffected adjacent tissues, respectively. The data are expressed as
means + standard error of the mean (SEM), "P<0.05, n=46. (A) Mean data of
all investigated patients. (B) Mean patient data according to T-classification.
(C) Mean patient data according to clinical staging. (D) Mean patient data
according to differentiation states.

miR-21 and CCL20 provided both molecules are expressed
in the same cell. Yet, in the total CRC patient cohort, the
mean miR-21 expression was significantly (P<0.05) increased
in tumor samples relative to corresponding non-affected
tissues (Fig. 3A). However, analysis of the clinicopathological
features of the total patient cohort revealed that significantly
increased miR-21 expression was restricted only to advanced
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Figure 3. miR-21 expression in CRC of different clinical characteristics as
determined by q-RT-PCR. q-RT-PCR data are expressed as means =+ stan-
dard error of the mean (SEM), "P<0.05, n=46. Fold increase >1 indicates
miR-21 overexpression in CRC tissues relative to unaffected adjacent tissues,
respectively. (A) Mean data of all investigated patients. (B) Mean patient data
according to T-classification. (C) Mean patient data according to clinical
staging. (D) Mean patient data according to differentiation states.

T, G and clinical stages (T3+T4 and G3+G4, III+IV)
(P<0.05) (Fig. 3B-D).

In contrast to our expectations, CRC tissue expression
analysis revealed that CCL20 and miR-21 were not inversely
expressed in CRC tissue samples but were both shown to be
significantly upregulated (Figs. 1A, 2A and 3A).

Monitoring CCL20/miR-21 cellular localization in CRC
tumor sections. The fact that no antidromic expression pattern
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Figure 4. Localization of CCL20 protein expression in CRC. Representative
specimens of the normal mucosa as well as of the colorectal adenocarci-
nomas were probed with antibodies against CCL20 (15 pg/ml; ABC method).
(A) In unaffected colorectal tissues, immunoreactivity against CCL20 was
detected in the perinuclear regions of mucosal epithelial cells (arrowheads)
and mesenchymal cells (arrows). (B) In the colorectal tissue specimens,
immunoreactive signals against CCL20 were predominantly detected in the
mesenchymal portions (arrows) while no anti-CCL20 signals were observed
in adenocarcinoma cells. (C) One specimen revealed immunoreactivity
against CCL20 in both adenocarcinoma cells (black asterisks) and mesen-
chymal elements (black arrows).

was noted in CRC tissues indicated that miR-21 and CCL20
may not be expressed in the same cell. To test this hypoth-
esis, we investigated the cellular localization of miR-21 and
its target gene CCL20 in 8 formalin-fixed paraffin-embedded
CRC tissue sections using an immunohistochemical approach
and in situ hybridization, respectively.

Monitoring CCL20 cellular localization in CRC tumor
sections. Based on an immunohistochemical approach,
we investigated the cellular distribution of CCL20 in
8 formalin-fixed paraffin-embedded CRC tissue sections
using tumor-free corresponding colonic tissues as reference.
In adjacent normal tissues, CCL20 expression was observed
predominantly in the perinuclear regions of mucosal epithelial
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Figure 5. Localization of miR-21 expression in CRC. Representative specimens of colorectal adenocarcinomas were hybridized with probes against miR-21
(150 nM, alkaline phosphatase method, counterstained with Nuclear Fast Red). As positive control, a probe complementary to U6 snRNA (1 nM) was applied
and a scrambled probe (25 nM) not known to be complementary to any endogeneous miRNA served as a negative control. (A) Applying a negative control
resulted in no detectable signal while (B) in situ hybridization with the probe complementary to U6 snRNA showed positive reactivity in the majority of nuclei
without substantial background reactivity. (C and D) Positive reactivity against miR-21 was predominantly detected in the cytoplasmic compartments of tumor-
associated fibroblasts and to a minor degree in immune cells such as macrophages and lymphocytes. Arrowheads indicate mesenchymal areas with positive
miR-21-associated signaling in the mircroenvironment of the tumor. Asterisks indicate tumor areas negative for miR-21 staining. (C) Lower magnification.

(D) Detailed magnification.

cells (Fig. 4A). In addition, mesenchymal cells also exhibited
positive CCL20 signals (Fig. 4A). While CCL20 expression
profiling in CRC tissues indicated significant upregulation, the
cellular distribution of CCL20 revealed that the tumor areas
were negative for CCL20 reactivity. Positive CCL20-associated
signaling was almost exclusively observed in mesenchymal
elements such as macrophages or lymphocytes in the tumor
microenvironment (Fig. 4B). Thus, only 1 out of 8 CRC tissue
sections under investigation showed positive CCL20 signals
which were attributed to adenocarcinoma cells as well as to
mesenchymal elements exhibiting positive reactivity against
CCL20 (Fig. 4C). Hence, the vast majority of CCL20 expres-
sion found in CRC tissues was restricted to the mesenchymal
elements. Therefore, it may be concluded that the significantly
upregulated CCL20 expression exhibited by the majority of
CRC patients under investigation was related to an increase in
mesenchymal cells associated with infiltration of immune cells
such as macrophages or lymphocytes to the site of the tumor.

Monitoring miR-21 cellular localization in CRC tumor
sections. Next, we examined the cellular localization of miR-21
in the same 8 formalin-fixed paraffin embedded CRC tissue
samples by situ hybridization experiments. While the nega-
tive control resulted in no detectable signal (Fig. 5A), in situ
hybridization with the probe complementary to U6 snRNA
showed positive reactivity in the majority of nuclei without
substantial background reactivity (Fig. 5B). In situ hybrid-
ization experiments with miR-21 probes resulted in positive
reactivity exclusively restricted to mesenchymal areas in the

mircroenvironment of CRC tumor tissues (Fig. 5C and D).
Hence, tumor-associated fibroblasts were shown to exhibit
considerable miR-21 reactivity in their cytoplasmic compart-
ments. To a minor degree, positive miR-21-associated signaling
was also detected in immune cells such as macrophages and
lymphocytes which were recruited to the site of the tumor.
However, no positive miR-21 reactivity was observed in tumor
cells of CRC patients (Fig. 5C and D). Thus, the significant
miR-21 overexpression detected in the majority of CRC
patients under investigation can now be allocated to the vast
number of tumor-associated fibroblasts and to an increase in
mesenchymal cells associated with the infiltration of immune
cells whereas tumor cells may be excluded as the source of
miR-21 expression in CRC tissues.

Discussion

In a recent study (16), we demonstrated a functional interac-
tion between miR-21 and CCL20 in various CRC cell lines
suggesting the regulation of CCL20 expression may be orches-
trated under the control of miR-21. In the present study we
explored whether such functional interactions are permitted
at the cellular level which requires co-expression of miR-21
and CCL20 in the same cell. Likewise, we would expect an
inverse correlation of expression of the two molecules in
CRC tissue samples. However, our first set of experiments
investigating the expression profile of CCL20/miR-21 in tissue
samples of CRC patients revealed that CCL20 and miR-21
were both significantly upregulated in CRC tissues. Thus, we
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observed significant CCL20 gene and protein overexpression
independent of clinicopathological patient characteristics such
as T-classification and differentiation or clinical staging.

In contrast, clinicopathological differentiation of CRC
patients with respect to miR-21 expression revealed significant
upregulation only in late T, G and clinical stages (T3+T4,
G1+G2 and stages III and IV). These data correlate with a
recent study (23) showing a significant trend of higher miR-21
levels with progression of CRC although these results only
refer to patients that did not develop metastases compared to
patients that developed metastases. While Vickers er al (23)
demonstrated significant miR-21 overexpression in both patient
groups under investigation, we observed significant miR-21
upregulation exclusively in patients with more advanced or
less differentiated tumors. Likewise, another study associated
miR-21 expression with the development of distant metas-
tases and clinical stages of CRC and also with lymph node
positivity (24). Moreover, the authors demonstrated increased
miR-21 levels from well (G1) to poorly (G3) differentiated
tumors. These data are in compliance with our results indi-
cating an association of higher miR-21 expression with a
decreased differentiation state of CRC tissues. Thus, miR-21
expression may be linked to clinicopathological patient char-
acteristics and progression of the tumors under investigation.

However, with respect to significantly upregulated CCL20
and miR-21 expression in CRC tissues, our results were
contrary to our expectations. We expected an inverse expres-
sion pattern in CRC tissues since we had previously shown
that miR-21 interacts with the 3' UTR of CCL20 mRNA in
CRC cell lines. Showing no antidromic expression pattern in
CRC tissues provided a first clue that miR-21 and CCL20 may
not be expressed in the same cell. Hence, investigation of their
cellular localization revealed that miR-21 is predominantly
expressed in mesenchymal compartments particularly in
tumor-assocated fibroblasts and in some infiltrating immune
cells, e.g. macrophages of the tumor but not within tumor
cells. These findings correlate with other studies describing
miR-21 expression primarily in tumor-associated fibroblasts in
the stroma of CRC tumors (25,26). Similarly, miR-21 expres-
sion was localized to the stroma rather than to the cancer
areas in other cancer entities including breast cancer (27) and
pancreatic cancer (28). Therefore, our results demonstrated
that miR-21 overexpression in CRC tissues is not associated
with tumor cells. Hence, it may be speculated that miR-21
expression in tumor-associated fibroblasts is induced by para-
crine signaling of CRC cells or infiltrating immune cells. It
is well established that carcinogenesis is a process involving
the attraction of immune cells to the tumor microenviron-
ment (29,30). Since miR-21 is predominantly expressed by
fibroblasts but also by immune cells such as macrophages
and lymphocytes it may be concluded that the significant
miR-21 upregulation observed in CRC tissues is in part also
supported by the tumor-conducted attraction of immune cells.
Likewise, the significant upregulation of CCL20 mRNA and
protein we observed in CRC tissues may be explained by the
tumor-conducted attraction of immune cells to the tumor
microenvironment. This conclusion is in line with recent
studies suggesting that upregulation of CCL20 in CRC and
adenomas may be due to the inflammatory microenvironment
accompanying both the benign and malignant neoplasms (31).
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Moreover, applying semi-quantitative immunohistochemistry,
Brand ef al (32) observed in 9 of 15 CRCs under investigation
that CCL20 expression was lost or decreased in comparison
to normal colonic tissue suggesting that CCL20 is down-
regulated in cancerous and metastatic tissues. These results
are also concordant with our immunohistochemistry-based
findings showing that CCL20 expression is predominantly
located in mesenchymal elements in the tumor microenviron-
ment including infiltrating immune cells. In contrast, almost
all tumors under investigation turned out to be negative for
CCL20 staining. Our observations are further supported by
recent investigations in a mouse model where also CRC tumor-
associated macrophages expressed CCL20, thereby recruiting
CCR6-positive regulatory T cells leading to tumor progres-
sion (30). Moreover, our results showed that the increased
CCL20 expression we observed in CRC tissues is essentially
due to the infiltration of immune cells which secrete CCL20
thereby influencing the behavior of CRC cells. In this context,
the cellular composition of the tissue samples under investiga-
tion represents a critical factor determining the outcome of
an expression profiling experiment. With respect to CCL20,
the portion of infiltrating immune cells in the investigated
tumor samples may predominantly account for the increased
CCL20 expression; whereas for miR-21 expression the portion
of tumor-associated fibroblasts may primarily account for the
miR-21 overexpression detected in the tumor samples. Hence,
variations in the composition of the different cell types in
tumor samples may explain the high variability of expression
we observe between individual patients.

It may also be speculated that CCL20 secreted by immune
cells influences miR-21 expression in tumor-associated
fibroblasts via CCR6 signaling. Altered miRNA expression
upon chemokine stimulation has recently been shown for the
CXCL12/CXCR4 axis in breast cancer (33).

Although we previously demonstrated in vitro that miR-21
downregulates CCL20 expression in CRC cell lines and func-
tionally interacts with the 3'-UTR of CCL20 (16), we showed
here that miR-21 and CCL20 are expressed predominantly
in different cell types in the microenvironment of colorectal
tumors. Thus, our results clearly exclude the chance of miR-21
and CCL20 being expressed in the same cell. Thus, a func-
tional interaction between miR-21 and CCL20 in vivo is rather
unlikely.

In conclusion, our results revealed that the cellular compo-
sition of tissues and the degree of immune cell infiltration
constitute a critical factor determining the outcome of an
expression profiling experiment. Moreover, it became evident
that due to their locally separated expression in different cell
types in the microenvironment of colorectal tumors, regulatory
in vivo interactions between miR-21 and CCL20 constitute an
unlikely option. To enable a functional interaction in vivo,
miRNA and the target need to be expressed in the same cell.
Consequently, the pure knowledge of dysregulated expression
of miRNAs and their target genes in tissues does not allow an
assumption on regulatory interactions as long as their accurate
localization is not known.
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