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Abstract Adjacent mucosa may reXect the conXicting of
host factors in response to the establishment or invasion of
cancers. Characterization of anti-tumor immunity in this
region may add help in understanding the immune-related
mechanisms of colorectal carcinoma (CRC). In this study,
adjacent non-tumor mucosa from 36 patients with colorec-
tal adenoma (CRA), 26 with CRC and normal mucosa from
15 health controls were included, immune cell populations
of dendritic cell, lymphocyte and macrophage were charac-
terized with immunohistochemistry (IHC) and tissue mes-
senger RNA (mRNA) levels of Th1 cytokines interferon
(IFN)-gamma and its upstream inducers interleukin (IL)-12
and IL-18 were quantiWed with real-time PCR; In addition,
dendritic cell diVerentiation and function inhibitors cyclo-
oxygenase-2 (COX-2) and IL-6 mRNA levels were also
quantiWed. By IHC, a signiWcant decreased dendritic cell
density in the non-tumor mucosa adjacent to CRC was
detected (P < 0.05) as compared to the normal controls or
adjacent mucosa of CRA. The grading scores for lymphocyte

number in the adjacent mucosa of CRA and CRC were
gradually non-statistically increased, while the grading
scores for macrophages number was not changed. By quan-
titative real-time PCR, distinct local cytokine gene expres-
sion proWle was demonstrated. In which, the Th1 cytokines,
particularly IL-12, were increased in adjacent mucosa of
CRA, but all signiWcantly decreased in adjacent mucosa of
CRC. In addition, the mRNA levels of IL-6 and COX-2
were signiWcantly higher in adjacent mucosa of CRC than
that in adjacent mucosa of CRA (both P < 0.05). Therefore,
dendritic cell functional changes could be one of the impor-
tant mechanisms for altered anti-tumour immunity in the
adjacent non-tumor mucosa throughout adenoma–carci-
noma sequence. The increased COX-2 and IL-6 might con-
tribute to dendritic cell funtional defect in adjacent mucosa
of CRC.
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Abbreviation
IFN-gamma Interferon gamma
IL Interleukin
real-time PCR Real-time polymerase chain reaction
RT-PCR Reverse-transcription polymerase chain 

reaction
IHC Immunohistochemistry

Introduction

Colorectal carcinoma (CRC) is one of the most common
human cancers all over the world. The occurrence of colo-
rectal adenoma (CRA) is recognized as the earlier step in
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the carcinogenesis of normal mucosa. Normal-adenoma–
carcinoma sequence is generally accepted as the description
of a series of genetic and morphological changes during the
development of CRC [1–3]. In response to the tumor initia-
tion or invasion, there are reciprocal interactions between
tumor cells and the host immune reacting components in
the tumor microenvironment. The host immune system per-
forms anti-tumor activity formed by cellular immunity.
Tumor cells use diverse strategies to inhibit the local spe-
ciWc-tumor immunity in order to escape attack and prolong
their survival [4]. This might reXect in disrupted host
immune function including altered immune cell popula-
tions and dysregulated cytokine levels during the develop-
ment of CRC [4]. Indeed, imbalanced cytokine network has
been found and related to the progression of CRA to CRC
[5, 6]; Recently, we were able to demonstrate a distinct
microenvironmental cytokine gene proWle between CRA
and CRC, in which Th1 cytokines IL-12, IL-18 and IFN-
gamma were slightly increased in CRA tissues, but all were
signiWcantly decreased in CRC tissues [7]. These results
supported a suppressed host anti-tumor immunity in the
tumor microenvironment.

In parallel to the multiple genetic changes in tumor site,
a variety of alternations may also occur in surrounding
normal tissues. Previously, it has been reported that the
non-tumor mucosa adjacent to CRA or/and CRC shows his-
tochemical abnormalities [8–11]. Filipe et al. [8] demon-
strated changed mucin secretion in mucosa remote from
adenoma and CRC. Shamsuddin et al. [12] showed abnor-
mal morphology in this area. Furthermore, the alternation
in adjacent mucosa may be reXected in genetic and molecu-
lar property changes compared with true normal mucosa
[10], abnormalities have also been demonstrated in gene
expressions of interleukin (IL)-8 and cyclooxygenase-2
(COX-2) in normal mucosa adjacent to CRC [13–18].
Thus, metabolic changes in the non-tumor mucosa adjacent
to CRC may reXect the conXicting processes between the
host and the arising or invasion of tumor. In view of these
observations, we hypothesized that immune microenviron-
ment in the adjacent non-tumor mucosa may be altered and
reXected by abnormal immune cell presentations and cyto-
kine expression proWle.

Therefore, the aim of this study was to examine dynamic
changes of immune response components in the non-tumor
mucosa adjacent to adenoma–carcinoma sequence. Popula-
tions of dendritic cells, lymphocytes and macrophages were
examined by immunohistochemistry (IHC). The expression
of Th1 cytokines interferon gamma (IFN-gamma) and its
upstream inducers IL-12 and IL-18 and dendritic cell diVer-
entiation and function inhibitors (COX-2 and IL-6) at mes-
senger RNA (mRNA) level in the adjacent non-tumor
mucosa were also measured with our improved real-time
PCR method [19]. The results indicated that anti-tumor

immunity was altered in the adjacent non-tumor mucosa
throughout adenoma–carcinoma sequence.

Materials and methods

Patients and biopsies

Adjacent normal mucosa biopsies were collected from
36 patients (22 males, 14 females, age 43–90 years) with
CRA, 26 patients (male 19, female 7, age 42–85 years) with
CRC admitted to the Departments of Gastroenterology and
Surgery, University Hospital of North Norway according to
standardized diagnostic criteria. The deWnition of normal
adjacent biopsies were: (1) taken from the normal appear-
ing region 5»7 cm far from pathological site and (2) con-
Wrmed to have grossly normal histology by heamatoxylin
and eosin (H&E) staining. In addition, normal colorectal
biopsies from 15 subjects without pathological evidence
(11 males, 4 females, age 30–68 years) by colonoscopy
were collected and used as heath controls. Detailed infor-
mation for each group is presented in Table 1. The Norwe-
gian Regional Ethical Committee of North Norway
approved the study and the Norwegian Health Department
approved the storage of human biological materials.
Informed consent was obtained from the patients.

Total RNA extraction and cDNA synthesis

Biopsies were collected in RNAlater solution (Invitrogen
Life Tech., Carlsbad, MA, USA), this media has been dem-
onstrated to preserve RNA quality at room temperature in
our previous study [19]. Total RNA was extracted by the
Trizol method (Invitrogen Life Tech.). Reverse transcription
was performed with SuperScript II (Invitrogen Life Tech.)
for cDNA synthesis according to our previous report [19].

The absolute mRNA levels of IL-12, IL-18 and 
IFN-gamma in the adjacent non-tumor mucosa quantiWed 
by real-time PCR with double stranded DNA based 
calibrator curves

Real-time PCR was performed on an ABI-prism 7900
sequence detector with TaqMan Gold™ PCR core reagents
kit (Applied Biosystems/Roche, Branchburg, NJ, USA) in
25 �l format according to our previous published method
[19]. In brief, to each reaction 2 �l unknown cDNA sample
was added, and samples were run in duplicate. Reaction con-
ditions were default TaqMan thermo-cycling (45 cycles).
Primers and probes for cytokines and house keeping gene
beta-actin (Table 2) were designed in Primer Express 1.0
(Perkin Elmer/Applied Biosystems, Foster City, CA, USA)
and synthesized by Eurogentec. (S.A., Seraing, Belgium).
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The assays were designed to cross exon splicing points in
order to avoid detection of genomic DNA.

Double stranded DNA based calibrator curves for cyto-
kines (IL-12, IL-18 and IFN-gamma) and house keeping gene
beta-actin were constructed from ampliWed regulated PCR
products according to our previous report [19]. Cytokine
mRNA levels were normalized to house keeping gene beta-
actin mRNA level and expressed as copies/�g total RNA.

The relative mRNA levels of IL-6 and COX- in the 
adjacent non-tumor mucosa quantiWed by real-time PCR

Both IL-6 and COX-2 were demonstrated to inhibit
dendritic cell diVerentiation and function in patients
with cancers [20–23]. To examine the association of
COX-2 and IL-6 with dendritic cell dysfunction in the
non-tumor adjacent mucosa throughout adenoma–carcinoma

Table 1 Basic histological information of patients and normal individuals

L: lower dysplasia; M: moderate dysplasia; H: high dysplasia
a Three patients with mixed dysplasis of L/M
b Four patients with mixed dysplasia of L/H

N Position Pathology Dysplasia

Colon Rectum Tubular Tubulovillous Villous L M H

Normal 15 10 5

CRA 36 20 16 23 11 2 23 8a 5b

Duke’s Class

Adenocarcinoma Mucinous Signet-ring A B C

CRC 26 10 16 23 2 1 8 9 9

Table 2 Primer/probe sequences for real-time PCR

Assay Primer Sequence

�-actin TaqMan Forward 5� TGCCGACAGGATGCAGAAG 3�

Reverse 5� GCCGATCCACACGGAGTACT 3�

Probe FAM 5� AGATCAAGATCATTGCTCCTCCTGAGCGC 3� TAMRA

Calibrator Forward 5� GCATGGAGTCCTGTGGCAT 3�

Reverse 5� GGGCCGGACTCGTCATACT 3�

IFN-� TaqMan Forward 5� TTTTAATGCAGGTCATTCAGATGT 3�

Reverse 5� AAGTTTGAAGTAAAAGGAGACAATTTGG 3�

Probe FAM 5� CATTTTGAAGAATTGGAAAGAGGAGAGTGACAGA 3� TAMRA

Calibrator Forward 5� TTTTAATGCAGGTCATTCAGATGT 3�

Reverse 5� TCATCTCGTTTCTTTTTGTTGCTAT 3�

IL-12 TaqMan Forward 5� TGCAAAGCTTCTGATGGATCC 3�

Reverse 5� AAAATCCGGTTCTTCAAGGGA 3�

Probe FAM 5� AGCTGATGCAGGCCCTGAATTTCAACA 3� TAMRA

Calibrator Forward 5� ACCAGGTGGAGTTCAAGACCA 3�

Reverse 5� GCCCGAATTCTGAAAGCATG 3�

IL-18 TaqMan Forward 5� ATCGCTTCCTCTCGCAACA 3�

Reverse 5� CATTGCCACAAAGTTGATGCA 3�

Probe FAM 5� CAGGAATAAAGATGGCTGCTGAACCAG 3� TAMRA

Calibrator Forward 5� TGCCACCTGCTGCAGTCTAC 3�

Reverse 5� CCAGGTTTTCATCATCTTCAGCT 3�

IL-6 TaqMan Forward 5� CCAGGAGCCCAGCTATGAAC 3�

Reverse 5� CCCAGGGAGAAGGCAACTG 3�

Probe FAM 5� CCTTCTCCACAAGCGCCTTCGGT 3� TAMRA

COX-2 TaqMan Forward 5�GAATCATTCACCAGGCAAATTG 3�

Reverse 5� TTTCTGTACTGCGGGTGGAAC 3�

Probe FAM 5� TTCCTACCACCAGCATCCCTGCCA 3� TAMRA
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sequence, the expression of IL-6 and COX-2 genes in
adjacent mucosa were quantiWed with real-time PCR as
described above, but without calibrator curves. Primers
and probes for IL-6 and COX-2 were present in Table 2.
The IL-6 and COX-2 mRNA levels in adjacent mucosa of
CRA and CRC were expressed relative to that of normal
mucosa as fold diVerence (N) = 2¡��CT, �CT = CTtaget gene¡
CTbeta-actin, ��CT = �CTCRA/CRC ¡ average �CTnormal [24].

Immune cells present in the adjacent non-tumor mucosa 
identiWed by immunohistochemistry (IHC)

The biopsies from patients were prepared and embedded in
paraYn routinely. Four micrometer sections were cut, and
then stained with H&E. Immunohistochemistry was per-
formed with LSAB-2 system-HRP kits (Dako, Carpinteria,
CA, USA) according to the manufacturer’s instructions
[25]. Antigen retrieval was achieved by boiling sections
for 15 min in 0.01 M citrate buVer, pH 6.0. The following
primary antibodies were used: Rabbit anti-human CD3,
mouse anti-human CD68, mouse anti-human CD83 anti-
bodies (1:100, all from Dako) to mark lymphocytes, mac-
rophages and dendritic cells in the adjacent mucosa.
Antibodies were added to the prepared tissue slides and
incubated over night at 4°C, 3-amino-9-ethylcarbazole
(AEC; Vector Laboratories, Burlingame, CA, USA) was
used as chromogen and slides were counterstained with
Mayer's hematoxylin.

Morphometric analysis

Well-oriented sections were examined with a light micro-
scope (Reichert Inc, New York, USA). Semi-quantiWcation
of immunoreactive cells was done in normal, adjacent
mucosa from adenoma and CRC, the density of immune
cells in the mucosa were scored according to the method
reported by Naito et al. [26]. In brief, immune cells (labeled
by relative antibody immunoreactivities (IRs)) in each slide
were graded as: nil (0), 1–19 cells/Weld (1+), 20–49 cells/
Weld (2+) and >50 cells/Weld (3+) in at least 5 optical Welds
(£400) with abundant distribution and average values were
taken.

Statistics

Results were expressed as mean § SEM (standard error
mean) unless otherwise stated. Mann-Whitney tests were
used to compare diVerences between groups and one-way
ANOVA (non-parametric Kruskal–Wallis test) was used to
compare diVerences among three groups. P < 0.05 was con-
sidered as statistically signiWcant.

Results

DiVerent immune cell populations in the adjacent 
non-tumor mucosa throughout colorectal adenoma 
and carcinoma

In the normal mucosa from the health controls, lympho-
cytes, macrophages and dendritic cells were predomi-
nantly found in the stroma, most of them were present in
the upper half region toward the lumen. Some intraepithe-
lial lymphocytes and macrophages were also found, but
dendritic cells were rarely shown in the epithelium
(Fig. 1a).

The number of dendritic cells present in the non-
tumor mucosa adjacent to CRA and CRC was distinctly
diVerent. As compared with normal mucosa from health
control subjects, the number of dendritic cells in the
stroma of adjacent mucosa from adenoma was slightly
and non-signiWcantly increased, most were »score 2
(Fig. 2a) with a high abundance in the part of stroma
close to the epithelium (Fig. 1b). Among diVerent dys-
plasia grades, the grading scores of dendritic cell number
did not signiWcantly diVer (low vs. moderate vs. high
dysplasia: 1.8 vs. 1.2 vs. 1.7, P < 0.05). In the adjacent
mucosa from CRC, the dendritic cells were distributed in
the stroma (Fig. 1c) and no intraepithelial dendritic cell
could be found. The grade of dendritic cell population in
the stroma of adjacent mucosa was signiWcantly lower
as compared with adjacent mucosa from either normal
controls or adenoma (Fig. 2a). However, the grades of
dendritic cell number did not statistically diVer among
Duke’s classes (Duke’s A vs. B vs. C: 0.8 vs. 1.4 vs. 1.3;
P > 0.05).

The numbers of lymphocytes present in adjacent mucosa
to CRA and CRC was slightly gradual increased (Fig. 2b),
but the diVerences were not statistically signiWcant
(P > 0.05). The number of macrophages was comparable to
that in normal controls (Fig. 2c). In adjacent mucosa from
either CRA or CRC, most of lymphocytes and macro-
phages were scattered in the stroma (Fig. 1e, f, h, i). In
adjacent mucosa from diVerent dysplasia grades of CRA,
the diVerence for lymphocyte number and macrophage
number were not statistically signiWcant (for lymphocytes:
lower dysplasia vs. moderate vs. high dysplasia = 2.4 vs.
1.7 vs. 2.5 and for macrophages: lower dysplasia vs. mod-
erate vs. high dysplasia = 2.4 vs. 2.2 vs. 2.7; both P > 0.05).
Similarly, the scores for lymphocyte number and macro-
phage number among diVerent Duke’s stages did not diVer
signiWcantly (Duke’s A vs. B vs. C, for lymphocytes: 2.4
vs. 2.6 vs. 2.3; for macrophages: 2.3 vs. 2.5 vs. 2.5; both
P > 0.05).
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Distinct IL-12, IL-18 and IFN-gamma mRNA levels in the 
adjacent non-tumor mucosa throughout CRA and CRC

The mRNA expressions of cytokines IL-12, IL-18 and IFN-
gamma in normal mucosa of the health controls, the adjacent
non-tumor mucosa of adenoma and CRC are presented in
Fig. 3a–c. As compared to normal controls, the tissue mRNA
levels of IFN-gamma, IL-12 and IL-18 in the non-tumor
mucosa adjacent to adenoma were all elevated (Fig. 3a–c)
and particularly IL-12 was signiWcantly increased (Fig. 3b).
To assess whether the cytokine levels in adjacent mucosa
were associated with dysplasia grading in adenoma, the cyto-
kine mRNA levels were compared between low and moder-
ate dysplasia (high dysplasia adenomas was excluded for
analysis, because cytokines were only detected in 2 of 5
cases). A decreased trend of the cytokine levels was found
following the dysplasia degree grading increase in CRA (low
vs. moderate: IL-18, 3904000 § 2091000 copies/�g total
RNA vs. 977785 § 293257 copies/�g total RNA; IL-12,

32364 § 12796 copies/�g total RNA vs. 9318 § 1800 cop-
ies/�g total RNA; IFN-gamma, 4790 § 4061 copies/�g total
RNA vs. 231 § 105 copies/�g total RNA), though not sig-
niWcantly (all P > 0.05).

In contrast to the cytokine proWle in the non-tumor
mucosa adjacent to adenoma, the mRNA of IL-18 in adjacent
mucosa from CRC was only detected in 65% cases and the
level was signiWcantly decreased (Fig. 3c). Both IFN-gamma
and IL-12 became undetectable in most cases of adjacent
mucosa from CRC (80% undetectable for IL-12 and 78%
undetectable for IFN-gamma). Even in those detectable cases
(20% for IL-12; 22% for IFM-gamma), the expression level
of IL-12 was remarkably decreased as compared with that
in adjacent non-tumor mucosa from CRA (Fig. 3b). The
mRNA level of IFN-gamma was also decreased in adjacent
mucosa from CRC (Fig. 3a), though not signiWcantly. Since
these cytokine mRNAs in adjacent mucosa from CRC were
undetectable in many cases, thus, it was hard to compare the
diVerence among diVerent Duke’s class groups.

Fig. 1 Immunohistochemical examination of dendritic cells (labeled
by anti-human CD83), lymphocytes (labeled by anti-human CD3) and
macrophages (labeled by anti-human CD68) in the non-tumor mucosa
adjacent to colorectal adenoma (CRA) and carcinoma (CRC). It shows
that dendritic cells in the non-tumor muocsa adjacent to CRA (N-CRA)
were mostly distributed in the upper part of stroma b, but the number
of dendritic cells was remarkably decreased as compared with the non-
tumor adjacent mucosa of CRC (N-CRC) c or normal colorectal

mucosa from health controls a. In contrast, the number of lymphocytes
was gradual slightly increased and the number of macrophages was
comparable to that in normal controls in both N-CRA (e for macro-
phages and h for lymphocytes) and N-CRC (f for macrophages and i
for lymphocytes) as compared with the normal colorectal mucosa from
health controls (d for macrophages and g for lymphocytes). (Immuno-
histochemistry, counterstained with hematoxylin, original magniWca-
tion 200£)
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Fig. 2 Morphometrical population grades of dendritic cell, lympho-
cyte and macrophage in the non-tumor mucosa adjacent to CRA (N-
CRA) and CRC (N-CRC). The grading scores for dendritic cell number
in the stroma of N-CRC (Black bar in a) was signiWcantly lower as
compared with N-CRA (Grey bar in a) and normal colorectal mucosa
from health controls (White bar in a) (P < 0.05, nonparametric Krus-
kal–Wallis test). However, the grading scores for lymphocyte number
in both N-CRA (Grey bars in b) and N-CRC (Black bars in b) were
slightly increased as compared with normal colorectal mucosa from
health controls (P > 0.05, non-parametric Kruskal–Wallis test), while
the grading scores for macrophage number in both N-CRA (Grey bars
in c) and N-CRC (Black bars in c) were at the same level as that in nor-
mal controls (P > 0.05, non-parametric Kruskal–Wallis test)
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Fig. 3 The mRNA levels of IL-12, IL-18 and IFN-gamma in the
non-tumor mucosa adjacent to CRA (N-CRA) and CRC (N-CRC)
measured with quantitative real-time PCR. Compare to the normal
colorectal mucosa from health controls (White bars in a–c), all three
Th1 cytokines IFN-gamma a, IL-12 b and IL-18 c were increased in N-
CRA (Grey bars in a–c), but signiWcant decreased in colorectal carci-
noma (CRC) (Black bars in a–c). Notably, IL-12 and IFN-gamma
mRNA levels were only detectable in 20% (for IL-12) and 28% (for
IFN-gamma) of N-CRC
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SigniWcant increased expression levels of COX-2 and IL-6 
in the adjacent non-tumor mucosa of CRC as compared 
with CRA

To examine the possible role of COX-2 and IL-6 in induc-
ing dendritic cell dysfunction in the non-tumor adjacent
mucosa throughout adenoma–carcinoma sequence, their
mRNA expression levels were examined with real-time
PCR. The results showed that both the relative mRNA
expression levels of COX-2 (Fig. 4a) and IL-6 (Fig. 4b) in
adjacent mucosa of CRC were signiWcantly higher than that
in adjacent mucosa of CRA (both P < 0.05).

Discussion

Previously, we have demonstrated an altered microenviron-
mental Th1 cytokine gene expression pattern accompanies
the adenoma–carcinoma sequence of colorectum [7], in
which Th1 cytokines IL-12, IL-18 and IFN-gamma were
remarkably decreased in CRC tissues. In this study, we
were able to demonstrate a reduced dendritic cell number

and a similar Th1 cytokine mRNA expression trend, partic-
ular low IL-12 mRNA levels, in morphological normal
mucosa adjacent to CRC.

In human colorectal cancers, reduced dendritic cell num-
bers were already reported in tumour tissue [27], but few
studies examined the dendritic cells present in the morpho-
logical normal mucosa adjacent to adenoma and CRC. In
the current study, we demonstrated a grossly normal num-
ber of dendritic cell in the adjacent mucosa of adenoma, but
remarkably decreased in the adjacent mucosa from CRC.
Since dendritic cells play a crucial role in response to the
uptake, processing and cross-presentation of tumor associ-
ated antigens to T cells necessary for generating tumor-spe-
ciWc immunity [28], a decreased dendritic cell number may
indicate decreased immune response to tumor antigens and
increased chance of survival of tumor cells. IL-12 is a
strong inducer for tumor-speciWc immunity and IFN-
gamma is its downstream actor [32]. The dendritic cell is
the main cellular source of IL-12. Previously, we have
found that IL-12 mRNA level in CRC was over hundred
times lower as compared with CRAs and normal controls
[7]. This may indicate a heavy functional damage of den-
dritic cells in the tumor microenvironment. Interestingly,
IL-12 mRNA level was also signiWcantly downregulated
and over several hundred times lower in non-tumor mucosa
adjacent to CRC as compared with CRA or normal controls
in the current study. Our current data suggest that a sup-
pression of anti-tumor immunity also exists in adjacent
mucosa from CRC, since IL-12 plays a critic role in gener-
ating anti-tumor immunity [32–35]. In this study, we have
also shown a diVerent anti-tumor cytokine regulatory net-
work including IL-18 and IFN-maga mRNAs in adjacent
mucosa accompanies with CRA and CRC. Throughout ade-
noma–carcinoma sequence, a distinct diVerent Th1 cyto-
kine mRNA level in the adjacent non-tumor mucosa was
demonstrated: the Th1 cytokines were increased in the
former, but signiWcantly decreased in later. This altered
Th1 cytokine expression proWle may represent a prerequi-
site dysfunction of the local anti-tumor immunity and
favourite tumor invasion.

The mechanisms behind the reduced number of dendritic
cell number and IL-12 level are currently unclear. It could
be related to many factors released from cancer cells. It
have been found that COX-2, IL-6 and vascular endothelial
growth factor (VEGF) produced by cancer cells may inter-
fere with dendritic cell diVerentiation, maturation and
recruitment [29], the suppressing eVect could be both
locally and systemically [20]. COX-2 and IL-6 are the two
major inhibitors of dendritic cell diVerentiation and func-
tions in patients with cancers [21–23, 30, 31]. To extend the
Wndings of signiWcantly increased COX-2 in the non-tumor
“normal” mucosa adjacent to CRC by Hao et al. [13], our
current study further demonstrated remarkably increased

Fig. 4 The mRNA levels of COX-2 and IL6 in the non-tumor mucosa
adjacent to CRA (N-CRA) and CRC (N-CRC) measured with quanti-
tative real-time PCR, the results were expressed a relative folder re-
ferred to normal controls. It showed that the relative expression mRNA
level of COX-2 a and IL-6 b in the adjacent mucosa of CRC (Black
bars) were signiWcantly increased as compared with the adjacent mu-
cosa of CRA (Grey bars) (both P < 0.05)
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COX-2 and IL-6 mRNA expression levels in adjacent
mucosa of CRC as compared with adjacent mucosa of CRA
(Fig. 4). This could be a potential explanation for the great
diVerence of DC density in the adjacent mucosa throughout
adenoma–carcinoma sequence. In addition, we have previ-
ously found that cancer cells can produce IL-10 to inhibit
Th1 cytokines in CRC [7]. Thus, a suppressed anti-tumor
immunity in adjacent mucosa from CRC that is not seen in
CRA could result from several factors [36].

Previously, lymphocytes and macrophages inWltrated in
CRC tissues have been frequently reported [27, 37–39].
Interestingly, we also found a slightly increased number of
lymphocytes and a normal density of macrophages in the
adjacent mucosa throughout adenoma–carcinoma sequence.
However, whether these immune cells function as tumor-
killers or tumor-promoters are still questionable. Recent
Wndings suggest that macrophages inWltrated in the tumor
microenviroment may inhibit host immunity and stimu-
late tumor cell growth via release of various molecules
[33–35].

Taken together, our current study revealed a suppressed
local anti-tumor immunity in the adjacent non-tumor
mucosa from CRC and which might reXect a host–tumor
interaction status and explain the lack of eYcient immune
response in CRC invasion.
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