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Abstract Cytokines have been suggested to be key
factors in modulating immune response against tumori-
genesis in the microenvironment. Therefore, character-
ization of cytokine expression along the colorectal
adenoma–carcinoma sequence may add important
information for understanding the immune-related
mechanisms of the development of colorectal carci-
noma (CRC). In this study, biopsies from 32 patients
with colorectal adenoma (CRA), 20 patients with CRC
and 18 healthy controls were examined. Cytokine gene
expressions of interleukin-4 (IL-4), IL-10, tumor
necrosis factor (TNF)-alpha, interferon (IFN)-gamma
and its upstream inducers (IL-12A and IL-18) were
measured at messenger RNA (mRNA) level with
quantitative real-time PCR (Q-PCR). Cytokine
expressing cells were characterized using immunohis-
tochemistry (IHC). A distinct diVerent cytokine proWle
between adenoma and CRC was observed: the Th1
cytokines (IFN-gamma, TNF-alpha, IL-12A and IL-18)

were increased in local tissues of CRA and decreased
in CRC. Consistent with the quantitative cytokine
data, IHC examinations revealed slightly increased
densities of Th1 cytokine-expressing cells in CRA and
a remarkably decreased density of the Th1 cells in
CRC. In CRA, the cytokine-expressing cells were
highly polarized to the subepithelial stroma while the
cells were evenly distributed through the stroma in
CRC. In conclusion, distinct changes in the Th1 cyto-
kine proWle appear along the colorectal adenoma–
carcinoma sequence. This may reXect a change in the
host immune regulatory function in the adenoma–
carcinoma sequence.
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Abbreviation
TNF alpha Tumor necrosis factor alpha
IFN Gamma Interferon gamma
IL Interleukin
Q-PCR Quantitative real-time polymerase chain

reaction
IHC Immunohistochemistry
CRA Colorectal adenoma
CRC Colorectal carcinoma

Introduction

The development of colorectal carcinoma (CRC) has
been hypothesized to arise through a multistep process
from initially low-grade dysplastic adenoma to high-
grade dysplastic adenoma and eventually to carcinoma.
This process has been called the adenoma–carcinoma
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sequence [1]. Thus, the genetic and molecular changes
of colorectal adenoma (CRA) may represent the pri-
mary pre-cancerous lesion for CRC. Although a serial of
genetic changes have been identiWed along this sequence
[2], the exact mechanisms are still not fully understood.

It has long being recognized that the interaction of
tumor cells with their microenvironment may aVect
tumor development and growth. The tumor microenvi-
ronment consists of a variety of cell types that interact

in a complex manner [3, 4]. In CRC, much attention
has been given to the contribution of local immune
response to the tumor microenvironment [5, 6]. Of par-
ticular interest is the increased inWltration of immune
cells in the tissues of tumor and even in the pre-cancer-
ous lesions [5–12]. The inWltrates are polarized with
predominance of CD4 positive T cells in the stroma
and intraeptithelial CD8 positive T cells [11, 12]. The
increase of inWltrating lymphocytes has been associated

Table 1 Histological data of patients and normal controls

Position Pathology Duke’s

Colon Rectum Tubular Tubulovillous Villous A B C

Normal 13 5
Adenoma 19 13 20 10 2

Adenocarcinoma Mucinous Signet-ring

CRC 6 14 17 2 1 5 9 6

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�

TNF � TaqMan Forward 5� CACGCTCTTCTGCCTGCTG 3�
Reverse 5� GATGATCTGACTGCCTGGGC 3�

Probe FAM 5� CCAGAGGGAAGAGTTCCCCAGGGAC 3� TAMRA
Calibrator Forward 5� AAAGCATGATCCGGGACGT 3�

Reverse 5� GGGTTTGCTACAACATGGGCT 3�

IL4 TaqMan Forward 5� CGGCTCGACAGGAACCTCT 3� 
Reverse 5� TCCAAGAAGTTTTCCAACGTACTCT 3�

Probe FAM 5� CGGGCTGGAATTCCTGTCCTGTGAAG 3� TAMRA
Calibrator Forward 5� TCCACAGGCACAAGCAGCT 3�

Reverse 5� GCTATCAAAAACTCATAAATTAAAATATTCAGC 3�

IL10 TaqMan Forward 5� CGAGATGCCTTCAGCAGAGTG 3�
Reverse 5� TCATCTCAGAACAAGGCTTGGC 3� 
Probe FAM 5� CCTTGCTGGAGGACTTTAAGGGTTACCTGG 3� TAMRA

Calibrator Forward 5� ACCTGCCTAACATGCTTCGAG 3�
Reverse 5� GGTCTTGGTTCTCAGCTTGGG 3�

IL12A TaqMan Forward 5� TGCAAAGCTTCTGATGGATCC 3� 
Reverse 5� AAAATCCGGTTCTTCAAGGGA 3�

Probe FAM 5� AGCTGATGCAGGCCCTGAATTTCAACA 3� TAMRA
Calibrator Forward 5� ACCAGGTGGAGTTCAAGACCA 3�

Reverse 5� GCCCGAATTCTGAAAGCATG 3�

IL18 TaqMan Forward 5� ATCGCTTCCTCTCGCAACA 3� 
Reverse 5� CATTGCCACAAAGTTGATGCA 3�

Probe FAM 5� CAGGAATAAAGATGGCTGCTGAACCAG 3� TAMRA
Calibrator Forward 5� TGCCACCTGCTGCAGTCTAC 3�

Reverse 5� CCAGGTTTTCATCATCTTCAGCT 3�
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with a favourable prognosis especially regarding the
risk of metastatic disease [5–10]. However, despite a
dense inWltrate of immune cells CRC still grows
invasively. One potential mechanistic explanation of
tumor growth is that the inWltrating immune cells may
be functionally compromised by factors from tumor
cells or/and host cells [13]. Cytokines generated by
immune cells as well as non-immune cells appear to be
key regulators of the cellular immune response against
tumor development and growth. Therefore, modula-
tion of cytokine expression proWle in the microenviron-
ment may represent an index for immunity shaping in
CRC. Indeed, imbalanced cytokine network has been
found and related to the progression of CRC in both
mice and human [10, 14–30].

Therefore, to elucidate early immunological events
in the oncogenesis of CRC, the main objective of this

study was to characterize the local cytokine expression
proWle in the CRA in comparison with CRC.

Materials and methods

Tissue specimens

Patients admitted at the Departments of Gastroen-
terology and Surgery, University Hospital of North-
ern Norway, Tromsø were included in the study
according to standardized diagnostic criteria. Sam-
ples of colorectal adenomas resected by endoscopy
were collected from 32 patients (males 18, females
14, age 43–90 years), CRC resected by surgery (from
the tumor core) in 20 patients (males 13, females 7,
age 42–79 years). Moreover, biopsies from 18

Fig. 1 Cytokine mRNA expressions along adenoma–carcinoma sequence of colorectal mucosa measured with real-time PCR. For fur-
ther details, see text
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subjects (males 12, females 6, ages 30–77 years) with
normal colonoscopy and histology served as a nor-
mal control group. None of the participants received

any immunomodulatory or radiotherapy treatment.
The histological diagnoses were determined rou-
tinely and conWrmed by a senior pathologist (Steigen

Fig. 2 Distribution of cytokine-expressing cells in the tissues of
adenoma–carcinoma sequence. The Th1 (IFN-gamma, TNF-al-
pha, IL12-A and IL-18) and the Th2 cytokine-expressing cells
(IL-4, IL-10) in both normal mucosa (thin arrows a, d, g, j, m, p)
and adenoma (thin arrows b, e, h, k, n, q) were predominated in
the subepithelial part of the stroma. In CRC, they were evenly
distributed in the stroma (thin arrows c, f, i, l, o, r); note that the
Th1 cytokines IFN-gamma- (c), IL12- (i) and IL-18-expressing (l)
cells in the stroma are signiWcantly decreased. The numbers of

Th2 cytokine IL-4- and IL-10-expressing cells in the stroma of
CRC (o for IL-4 and r for IL-10) were slightly increased as com-
pared with normal mucosa (m for IL-4 and p for IL-10). In addi-
tion, expression of the Th1 cytokines could be detected in normal
epithelium in some cases (wide arrows a, g, j), Th1 cytokine IFN-
gamma-IR could occasionally be detected in the epithelium of
adenoma (wide arrows b). (Immunohistochemistry, counter-
stained with hematoxylin, original magniWcation £200)
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SE). Detailed histological information for each study
group is presented in Table 1.

The Regional Ethical Committee of Northern Nor-
way and the Norwegian Social Science Data Services
approved of the study. Storage of biological material was
approved by the Norwegian Health Department. Writ-
ten informed consent was obtained from the patients.

RNA extraction and reverse transcription

Biopsies were collected in RNAlater (Ambion Europe,
Cambridgeshire, UK) and total RNA was extracted by
the Trizol method (Invitrogen Life Tech., Carlsbad,
MA, USA). The RNA integrity was measured with
RNA 6000 Nano chips (Agilent Technology, Inc, Böb-
lingen, Germany) [31]. Extractions with RNA integrity
number (RIN) values lower than seven were excluded
from the study. Reverse transcription was performed
with SuperScript II (Invitrogen Life Tech., Carlsbad,
MA, USA) [31].

Absolute cytokine quantiWcation by real-time PCR

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 previously
published method [31]. In brief, to each reaction 2 �l
cDNA from unknown sample was added, and samples
were run in duplicate. Reaction conditions 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). The assays were designed to cross exon-splic-
ing points in order to avoid detection of genomic DNA.

Double strand (ds) DNA based calibrator curves
for cytokines and house keeping gene beta-actin were
constructed from ampliWed PCR products according to
our previous report [31].

Immunohistochemical (IHC) detection of cytokine-
expressing cells

The biopsies were prepared and embedded in paraYn
routinely. Four micrometer sections were cut and
stained with hematoxylin and eosin (H&E). IHC was
performed with LSAB-2 system-HRP kits (Dako, Car-
pinteria, CA, USA) according to the manufacturer’s
instructions and our previously published method [32].
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: Th1/Th2 cells were
determined by their intracellular cytokine pattern
using rabbit anti-human TNF-alpha, IFN-gamma, IL-
12A, IL-18, IL-4 and IL-10 antibodies (1:100, all from
Santa Cruz Inc., Santa Cruz, CA, USA). Slides with
antibodies were incubated over night at 4°C, 3-Amino-
9-ethylcarbazole (AEC; Vector Laboratories, Burlin-
game, CA, USA) was used as chromogen and slides
were counterstained with Mayer’s hematoxylin. The
negative control slides for IHCs were performed rou-
tinely: (1) primary antibodies were substituted with the
isotype-matched control antibodies; (2) secondary
antibody was substituted with phosphate buVered
saline (PBS).

Double immunoXuorescence staining for the cytokine 
expression in macrophages and lymphocytes

To examine the cytokine expression of macrophages
and lymphocytes, double immunoXuorescence staining
with monoclonal anti-human CD68 antibody (1:100;
DAKO, Carpinteria, CA, USA)/cytokine antibodies;
monoclonal anti-human CD3 antibody (1:100; DAKO,
Carpinteria, CA, USA)/cytokine antibodies were
applied according to our previous published method
[32]. In brief, following anti-human CD68 or CD3 anti-
bodies incubation (both at 1:100 dilutions) at room
temperature for 2 h, slides were developed with Xuo-
rescein isothiocyanate (FITC)-conjugated secondary
antibody (1:200; Jackson ImmunoRearch Lab., West
Grove, PA, USA). Then the slides were incubated with
diVerent cytokine antibodies (all at 1:100 dilutions) at
4°C overnight after washing with phosphate buVered
saline (PBS)-Triton-100 10 min £ 3. Finally, slides
were developed with incubation of tetramethylrhod-
amine isothiocyanate (TRITC)-conjugated secondary
IgG antibody (1:200; Jackson ImmunoRearch Lab.,

Table 3 Density grades of cytokine-expressing cells in the
stroma of normal, CRA and CRC

CRC compared with normal mucosa, *P < 0.05, **P < 0.01

CRC compared with adenoma, ‡ P < 0.01

Normal CRA CRC

IFN-gamma-
expressing cell 

1.82 § 0.1 1.97 § 0.19 1.04 § 0.1**, ‡

TNF-alpha-
expressing cell

1.75 § 0.2 2.38 § 0.15 1.16 § 0.25**, ‡

IL12A-expressing 
cell

1.65 § 0.14 2.0 § 0.42 1.27 § 0.15

IL18-expressing 
cell

1.16 § 0.06 1.20 § 0.13 0.53 § 0.17*

IL4-expressing 
cell

1.75 § 0.11 1.71 § 0.14 1.99 § 0.19

IL10-expressing 
cell

2.06 § 0.17 2.31 § 0.20 2.40 § 0.22
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West Grove, PA, USA) for 30 min and sealed with
Xuorescence cover medium (Dako, Carpinteria, CA,
USA). Negative controls were performed with [1] pri-
mary antibodies were substituted with the isotype-
matched control antibodies; [2] The cross-reactivity
were examined by crossing diVerent secondary anti-
bodies and it was occasionally observed in few cells.

Morphometric evaluation

The semi-quantitative density scoring examination of
cytokine-expressing cells in all three groups were per-
formed according to the method reported by Naito
et al. [7]. In brief, cytokine-expressing cells [labeled by
relative anti-cytokine 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
Wve optical Welds (£400) with abundant distribution.
Since Th2 cytokines IL-4 and IL-10 are frequently pro-
duced by malignant epithelium of CRC, the intensity
of epithelial IL-4 and IL-10 immunoreactivity (IR) was
evaluated at and graded as: no stain (0), weakly posi-
tive (1+), moderately positive (2+) and strongly posi-
tive (3+). The average values per slide were used for
statistic analysis. Double immunoXuorescence staining
was observed by confocal microscopy (LSM-510 meta,
Carl Zeiss, Jena, Germany).

Statistical analysis

Results were expressed as mean § SEM (standard
error mean) unless otherwise stated. Cytokine mRNA
levels were normalized to house keeping gene beta-
actin level and expressed as copies/�g total RNA [31].
Mann–Whitney tests were used to compare diVerences
between groups and nonparametric Kruskal–Wallis
test was used to compare diVerence among three
groups. P < 0.05 was considered as statistic signiWcant.

Results

Expression of cytokine genes in adenoma and CRC

Compared to normal controls, the tissue mRNA levels
of Th1 cytokines TNF-alpha, IFN-gamma, IL12-A and
IL-18 in CRA were increased (Fig. 1a–d) and IL12-A
as the most markedly increased cytokine (Fig. 1c, CRA
versus normal, P < 0.01). The mRNA levels for Th2
cytokines IL-4 and IL-10 in CRA tissues was only
slightly increased (Fig. 1e, f; P > 0.05).

Comparisons of tissue cytokine mRNA levels
between CRA and CRC demonstrated distinct diVer-

ences. All the Th1 cytokine levels in CRC tissues were
decreased as compared with CRA tissues. Particularly,
IFN-gamma, IL-12A and IL-18 mRNAs were signiW-
cantly lower than that in CRA (Fig. 1a, CRA versus
CRC, P < 0.01; c, CRA versus CRC, P < 0.0001; d,
CRA versus CRC, P < 0.005). Th2 cytokine IL-4 tissue
level in CRC was increased than that in normal con-
trols (P · 0.05), however, it was only non-statistic
higher as compared with CRA (Fig. 1e). Another Th2
cytokine IL-10 tissue level in CRC was also shown in
non-statistic increasing trend (Fig. 1f).

There were no diVerences between mRNA levels of
the cytokine and the histological type of adenoma.
Moreover, the cytokine mRNA levels among diVerent
Duke’s stages did not diVer signiWcantly.

Distribution of cytokine-expressing cells in the stroma 
of CRA and CRC

In the mucosa of normal controls and CRA, many
cytokine-expressing cells were polarized to the subepi-
thelial stroma (Fig. 2). There were no diVerences in the
densities of Th1- and Th2- cytokine-expressing cells
when comparing normal mucosa and CRA (Table 3).
In CRC cytokine-expressing cells were evenly distrib-
uted in the stroma, but Th1 cytokine-expressing densi-
ties, particularly TNF-alpha and IFN-gamma
expressing cell densities, were decreased; whereas Th2
cytokine expressing cell densities were only slightly
increased (Fig. 2; Table 3).

Cellular sources of cytokine expressions in the tumor 
microenvironment

To further identify the cellular sources of cytokine-
expressing cells in the stroma, double immunoXuores-
cence techniques were applied. Since the populations
of macrophage and lymphocyte in the stroma in both
CRA and CRC were much bigger than that in normal
mucosa, many CD68 labelled macrophages and CD3
labelled lymphocytes were consequently co-localized
with Th1/Th2 cytokines. In general, the co-localization
of lymphocytes or macrophages with Th1 cytokines
such as CD3/IL-12A IRs (Fig. 3a–f) or CD68/IFN-
gamma (Fig. 4a–f) IRs was more frequently observed
in CRA than that in CRC, whereas the co-localization
of lymphocytes or macrophages with Th2 cytokines
such as CD3/IL-4 (Fig. 3h–j) and CD68/IL-10 (Fig. 4h–
j) IRs was more abundant in CRC.

In addition, the epithelial cells could be another pos-
sible cytokine cellular sources. The IRs of Th1 cyto-
kines IFN-gamma, TNF-alpha, and their upstream
regulators IL-12A and IL-18 were frequently detected
123
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in the epithelium of normal mucosa (Fig. 2a, j, g) and
CRA (Fig. 2b). IL-4 and IL-10 IR was rarely observed
in normal epithelium, but could be frequently
demonstrated in malignant epithelium of CRC (Fig. 5a
for IL-4 IR and Fig. 5b for IL-10 IR). In addition, the

semi-quantiWed intensity grades of IL-4 and IL-10 IRs
were evaluated in epithelium and shown in increased
scores in malignant epithelium as compared with normal
epithelium (For IL-4, CRC versus normal: 1.72 versus
1.47; For IL-10, CRC versus normal: 2.2 versus 1.8).

Fig. 3 Double immunoXuorescence staining for the examination
of cytokine-producing lymphocytes in the tissues of adenoma–
carcinoma sequence. In CRA, the increased numbers of lympho-
cytes labeled by CD3 immunorecativity (IR) (FITC, green; ar-
rows a) were paralleled to the increased IL-12 expressing cells
(TRITC, red) in the stroma (arrows b), but not in carcinoma sec-
tions (CRC, e), in which IL-12 IR cells were remarkably de-
creased although CD-3 IR cells were increased; Consequently,

the cell number with co-localization of CD3/IL-12 IRs in CRC (f)
were remarkably lower than that in CRA (arrow heads c). The IR
of Th2 cytokine IL-4 (TRITC, red) could be detected in both
CRA and CRC (h, k). However, the IR of IL-4 was not only de-
tected in the stroma cells (arrows k), but also in malignant epithe-
lium (Wngers point k, l) as compared with that in CRA (h).
(Double immunoXuorescence staining, original magniWcation
£400)
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Discussion

Previously, disrupted cytokine network in both circula-
tion and local tissues has been found in human CRC
[10, 14–30], particular interesting Wndings are that
alternation of serum cytokine pattern is shown along

adenoma–carcinoma sequence and increased serum
Th2 cytokines have a prognostic signiWcance in patients
with CRC [15, 25, 29, 33]. In the current studies, we
have demonstrated distinct diVerences in the distribu-
tion patterns of Th1 cytokine-expressing cells and tis-
sue Th1 cytokine gene expression proWles accompanies

Fig. 4 Double immunoXuorescence staining for the examination
of cytokine-producing macrophages in the stroma of adenoma–
carcinoma sequence. In both CRA and CRC, the number of mac-
rophages labeled with CD68 IR (FITC, green) was increased
(arrows a for CRA and d for CRC). While the number of Th1
cytokine IFN-gamma expressing cells (TRITC, red) in CRA (ar-
rows b) was higher than that in CRC (arrows e). Thus, in CRA,

many co-localization (arrow heads c) of CD68/IFN-gamma could
be shown in the stroma as compared with CRC (f). The IR of Th2
cytokine IL-10 (TRITC, red) could be detected in both CRA (ar-
rows h) and CRC (arrows k). However, the double IRs of CD68
with Th2 cytokine IL-10 in the stroma of CRC (arrow heads l) was
stronger that than in CRA (arrow heads i). (Double immunoXuo-
rescence staining, original magniWcation £400)
123



Cancer Immunol Immunother (2007) 56:985–995 993
with adenoma–carcinoma sequence of colorectum. Our
IHC results were mostly consistent with Q-PCR
results. To our knowledge this is the Wrst documenta-
tion of such changes in local immune proWle, although
a change from Th1 to Th2 in the general circulation has
been described previously [14, 15, 20].

The increased Th1 cytokines in CRA is most likely a
host reaction to the mutated adenoma cells. The
increasing Th1 cytokines in the microenvironment
could represent an initial eVort of the host to combat
the growing tumor, as the Th1 immunity is generally
accepted as a critical immune response against tumor
cells [34, 35]. In CRC, microenvironmental Th1 cyto-
kine genes were remarkably decreased as compared
with CRA, this indicated a suppressed local anti-tumor
immunity. The Th2 cytokines released from immune
cells or tumor cells can act as an inhibitor of Th1 cell
diVerentiation and favour tumor cell growth [36–38].
But, Th2 cytokines IL-4 and IL-10 genes in CRC were
only non-statistic elevated as compared with CRA.
Thus, other factors might also contribute to the inhibi-
tion of Th1 cytokines. Recently, some Th1 cytokines
such as TNF-alpha may contribute to the epithelial
tumorigenesis when inXammation persists [39, 40].
Therefore, whether the immune components in
response to tumorigenesis are friends or foes is still a
controversial issue [41, 42].

The localization of mucosal Th1 cytokine-expressing
cells was diVerent among the three groups of subjects
investigated. In normal mucosa Th1 cytokine-express-
ing cells were mainly located in the stroma subepithel-
ially. This suggests a possible role for cytokines in the
maintenance of epithelial homeostasis [43]. In CRA
the Th1 cytokine-expressing cells were located in the
subepithelial region of the stroma. It has been demon-
strated that cyclooxygenase-2 (COX2)-expressing cells
which are linked to the development of CRC, are

located in the same area [44, 45], and a close inter-
action between COX2 and cytokines has been shown
[45–48]. This apparent co-localization of cytokine-
expressing cells with COX2-expressing cells may sup-
port a possible interaction between cytokines and
COX2 synthesis and eVects.

The cellular sources of cytokine expression in the
tumor microenvironment were also examined. In CRA
the co-localizations of macrophage/Th1 cytokine IRs
and lymphocyte/Th1 cytokine IRs were frequently
detected. This was in great contrast to that observed in
CRC, where a notable decreased co-localization of
macrophages or lymphocytes with Th1 cytokines were
detected. The exact signiWcance for such very low
macorphage/Th1 and lymphocyte/Th1 in CRC is cur-
rently unclear. Theoretically a powerful activated mac-
rophage response would be eVective in limiting tumor
growth. Of interest is that macrophages have been
demonstrated to play a regulatory role in the activation
of inWltrated lymphocyte [49]. This may indicate that
decreased Th1 cytokines from macrophages observed
in this study may represent impairment of the local
anti-tumor immunity. It is interesting to note that Th2
cytokine IL-4 and IL-10 IRs were frequently detected
in malignant epithelium and their intensities were
shown in increased grades in CRC. Thus, this support a
view that malignant epithelium could be an important
cellular source for Th2 cytokines, cytokine released
from a mixture cytokine cellular source (both stromal
cells and tumor cells) contributes to the growth and
invasion of CRC.

In summary, our current results revealed a distinct
microenvironmental Th1 cytokine expression proWle
accompanies with adenoma–carcinoma sequence of
colorectum and indicate a regulatory functional
alternation of local immunity in response to tumori-
genesis.

Fig. 5 The immunoreactivity (IR) of Th2 cytokines IL-4 and IL-
10 expressed in the malignant epithelium of CRC. IL-4 IR
(arrows a) and IL-10 IR (arrows b) were frequently detected in

tumor epithelium (cells), which were consisted with the semi-
quantiWed grading results (see text)
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