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Abstract The interleukin-8 (IL-8) network is involved in
the colorectal cancer (CRC) progression. However, its role
during the adenoma–carcinoma transition to date has not
been fully investigated. To evaluate the dynamic changes of
IL-8 network along the colorectal adenoma–carcinoma
sequence, we examined the tissue IL-8 mRNA level in
colorectal biopsies from 53 colorectal adenomas, 44 CRCs
and 18 controls by quantitative real-time PCR (Q-PCR),
and the expressions of IL-8 and its receptors (IL-8RA and
IL-8RB) in the tumor microenvironment by immunohisto-
chemistry (IHC) and double IHCs. The results showed that
the tissue IL-8 mRNA level began to increase in the precan-
cerous lesions (adenomas) as compared with the controls
and became even higher in the CRCs. SigniWcantly, the
increase of IL-8 mRNA levels was associated with the
increase of dysplastic grades in the adenomas, and also
paralleled to the increase of Duke’s stages in the CRCs.
IHC results revealed that IL-8 and its receptors, IL-8RA
and IL-8RB, were observed both in the stroma and in the
adenomatous/cancerous cells. By double IHCs, the IL-8
expression was characterized in macrophages, lymphocytes
and myoWbroblasts in the tumor stroma. Further double
IHC identiWed the co-expression of IL-8 receptors (IL-8RA

and IL-8RB) with CD34 positive tumor-associated micro-
vessels in both the adenomas and CRCs. We, therefore,
conclude that activated IL-8 network in the tumor microen-
vironment may function as a signiWcant regulatory factor
for the adenoma progression and the adenoma–carcinoma
transition.
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Introduction

Colorectal cancer (CRC) is one of the leading worldwide
cancers with high mortality. According to the theory of
adenoma–carcinoma sequence, CRC develops through a
multi-step process that initially begins from colorectal ade-
noma with a low-grade dysplasia (LGD) through a high-
grade dysplasia (HGD) and Wnally to carcinoma over many
years [1, 2]; therefore, the adenoma has been recognized as
the main cancerous lesion for CRC [3–7]. The clariWcation
of the factors involved in the adenoma–carcinoma transi-
tion has been a question of great interest, because the bio-
logical targeting of factors involved in this progression
procedure is currently an interesting clinical approach in
the prevention of CRC. Although a number of environmen-
tal and genetic factors that contribute to adenoma formation
and progression have been postulated to be involved in the
process [2], the full mechanisms are still not understood.
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Interleukin (IL)-8 is a multifunctional inXammatory
cytokine that was originally identiWed on the basis of its
chemotactic activity in both normal and pathological condi-
tions including human cancers [8, 9]. It plays an important
role in tracking immune cells, i.e. neutrophils, monocytes,
dendritic cells to the inXammatory site and tumor site. In
addition to its chemotactic functions, it has been now rec-
ognized that IL-8 is both the potent angiogenic factor and
growth factor in many human cancers including CRC [8,
10–13]. In CRC, one of the main eVects of IL-8 is to stimu-
late CRC cell proliferation and growth, in vitro evidence
has shown that IL-8 can stimulate the proliferation and
migration of CRC cells via heparin-binding epidermal
growth factor (HB-REGF) [14], and cancer cells-derived
IL-8 can act as a autocrine factors in stimulating CRC cell
growth and metastasis [12, 15, 16]. However, most current
studies in human CRCs have focused on the measurement
of serum level of IL-8 in the established stage of CRC [12,
17, 18]. There are few studies to address the potential role
of IL-8 during the colorectal neoplastic transformation.
Recently, Rubie et al. [19] showed that IL-8 mRNA level
has been found to be elevated in adenoma tissues as com-
pared with that in chronic inXammation mucosa from
inXammatory bowel diseases (IBD) and suggested that IL-8
could be an important factor involved in the pathological
procedure of adenomas.

An essential for tumor growth and spreading is the for-
mation of new blood vessels (angiogenesis), the signiWcant
regulatory eVect of IL-8 on tumor angiogenesis has been
reported, which could be one of main mechanisms for IL-8
in promoting CRC invasion and metastasis [8, 20]. The
actions of IL-8 are mediated by its receptors, and two IL-8
receptors A (IL-8RA) and B (IL-8RB) (also known as
CXCR1 and CXCR2) have been implicated in the tumor
growth and angiogenesis response regulated by IL-8 [21].
IL-8RA is a selective receptor for IL-8, whereas IL-8RB
may also interact with other chemokines [22]. The expres-
sion of IL-8 receptors has been reported in both some types
of cancer and endothelial cells. Particularly, IL-8RB is
postulated as the main receptor in mediating IL-8’s regulat-
ing eVect on angiogenesis [10, 11]. To directly regulate

angiogenesis swift, the expression of IL-8RA and IL-8RB
must be present in the tumor-associated microvessels. In the
CRC patients, serum IL-8 level has been found to be
increased and associated with the increased angiogenesis
and poor clinical outcomes [13, 18, 23]. However, the
expression of IL-8 receptors in the tumor microenvironment
along the adenoma–carcinoma sequence is still little known.

Based on the above background, we hypothesized that
IL-8 network may be involved in the colorectal adenoma–
carcinoma transition. Therefore, the objective of this study
was to examine the IL-8 network and its potential role
in regulating tumor growth and angiogenesis along the
adenoma–carcinoma sequence.

Materials and methods

Patients

Colorectal biopsies obtained from 53 colorectal adenomas
excised completely by endoscopic polypectomy (age 43–
92 years); 44 CRC excised by surgery (age 42–89 years)
and 18 morphological normal colorectal mucosa without
pathological evidence by colonoscopic and microscopic
examinations (age 30–77 years) from the Departments of
Gastrointestinal Surgery and Gastroenterology, University
Hospital of North Norway between August 2003 and
November 2008 were included in this study (for detailed
information, see Table 1). No patients or control subjects
had a history of regular use of immunomodulatory treat-
ments or chemotherapy. The biopsies were prepared and
embedded in paraYn routinely. Sections were cut at 4 �m,
and then stained with hematoxylin and eosin (H&E). The
conventional histological diagnosis for all the biopsies was
examined at Department of Pathology, University Hospital
of North Norway. The study was approved by the Regional
Ethical Committee of Northern Norway, the permission for
the storage of human tissues and data was given by the
Norwegian Department of Health and the Norwegian
Bureau of Data Surveillance, the written informed consent
was obtained from the patients.

Table 1 Histological data 
of specimens from patients 
and normal controls

Gender Pathology Dysplasia

Male Female Tubular Tubulovillous Villous LGD MGD HGD

Normal 12 6

Adenoma 34 19 24 17 2 24 21 8

Gender Pathology Duke’s stage

Male Female Adenocarcinoma Mucinous Signet-ring A B C

Cancer 37 7 41 2 1 12 16 16

LGD lower grade dysplasia, 
MGD moderate grade dysplasia, 
HGD high-grade dysplasia
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QuantiWcation of IL-8 mRNA in the tissues from normal, 
adenoma and CRC by real-time PCR

Biopsies were collected in RNAlater solution (Ambion
Europe, Cambridgeshire, UK) and total RNA was extracted
by the Trizol method (Invitrogen Life Tech., Carlsbad, MA,
USA) and reverse transcription was performed with Super-
Script II (Invitrogen Life Tech.) [24]. Real-time PCR was
performed on an ABI-prism 7900 sequence detector with
TaqMan Gold™ PCR core reagents kit (Applied Biosys-
tems/Roche, Branchburg, NJ, USA) in 25 �L volume
according to our previously published method [24]. The
primer sequences for IL-8 and house keeping gene (beta-
actin) have been published previously [24, 25]. IL-8 mRNA
expressions in adenomas and cancers were measured by
cycle threshold cross-point (CT) value relative to that of
normal mucosa as fold diVerence (N) = 2¡��CT, �CT =
CTIL-8 gene ¡ CTbeta-actin, ��CT = �CTCRA or CRC ¡ average
�CTnormal as described in our recent publication [26, 27].
The diVerence among normal controls, colorectal adenoma
and CRC was compared by �CT values.

Immunohistochemical examinations of IL-8 (+) cells, 
IL-8 receptors IL-8RA and IL-8RB (+) cells 
in the tumor microenvironment

Immunohistochemistry (IHC) was performed in 4 �m par-
aYn sections from controls, adenomas and CRC with Vec-
tastatin Elite ABC Kit (Vector Laboratories, Burlingame,
CA, USA) according to the manufacturer’s instructions
and our published methods [28]. The following primary
antibodies were used: mouse anti-human IL-8 polyclonal
antibody (working dilution 1:100; R&D system, Minneap-
olis, MN, USA), mouse anti-human IL-8RA monoclonal
antibody (working dilution 1:100; BD Pharmingen, San
Diego, CA, USA) and mouse anti-human IL-8RB mono-
clonal antibody (working dilution 1:50, R&D system).
Antibodies were incubated at 4°C over night. 3-Amino-9-
ethylcarbazole (AEC; Vector Laboratories) was used as
chromogen and slides were slightly counterstained with
Mayer’s hematoxylin. Negative control slides for IHCs
were performed routinely: (1) primary antibodies were
substituted with the isotype-matched control antibodies;
(2) secondary antibody was substituted with phosphate-
buVered saline (PBS).

Evaluation of IL-8 expressing cell type and the expressions 
of IL-8 receptors (IL-8RA and IL-8RB) 
in tumor-associated microvessels by double IHCs

To deWne the cellular types of IL-8 expression in the
stroma, double IHC staining with antibodies IL-8/CD68

(to label macrophages), IL-8/CD3 (to label lymphocytes)
and IL-8/SMA-alpha (to label myoWbroblasts) was per-
formed with EnVision Doublestain System kit (DAKO,
Carpinteria, CA, USA) as described previously [29]. To
identify the expression of IL-8 receptors (IL-8RA and IL-
8RB) in tumor-associated microvessels, double IHC stain-
ing with antibodies IL-8RA/CD34 (to label tumor-associ-
ated microvessels; working dilution 1:50, purchased from
DAKO) and IL-8RB/CD34 was performed with EnVision
Doublestain System kit [29]. In brief, the slides were
incubated for 18 h at 4°C with anti-IL-8 or IL-8RA/IL-
8RB antibodies after antigen retrieval, then incubated
with labeled polymer-horseradish peroxidase-anti-mouse
and anti-rabbit antibodies for 30 min. Peroxidase activity
was detected with the enzyme substrate 3,3�-diam-
inobenzidine tetrachloride (DAB). After quenching the
enzyme reaction, the slides were incubated in Doublestain
Block for 5 min to block endogenous phosphatase. The
slides were then incubated with anti-CD68, anti-CD3,
anti-SMA-alpha and anti-CD34 antibodies individually
for 60 min at room temperature. After washing, the slides
were incubated with labeled polymer-alkaline phospha-
tase anti-mouse and anti-rabbit antibody for 30 min at
room temperature. Fast Red chromogen substrate solution
was used for the visualization. Nuclear counterstaining
was not applied.

Morphometric analysis

All the stained slides were examined under light micros-
copy; the semi-quantiWed density grading of IL-8 immu-
noreactivity (IR) (+) cells, IL-8 receptor, IL-8RA IR (+)
and IL-8RB IR (+), cells in the stroma and epithelium,
respectively, was performed according to the method
described in our previous publication [30]. In the
stroma, semi-quantiWed scoring was done in at least Wve
optional Welds with abundant distribution from each
slide under 400£ high-power magniWcations and scored
as: nil (0), 1–19 cells/Weld (1+), 20–49 cells/Weld (2+)
and over 50 cells/Weld (3+). In the epithelium, IL-8 IR
(+) cells were graded on a scale of 0–3, with 0 represent-
ing no detectable staining and 3+ representing the stron-
gest staining. The average values were used for statistic
analysis.

Statistical analysis

The results were expressed as mean § SEM unless oth-
erwise stated. Statistical signiWcance was evaluated by
the Mann–Whitney test and the Kruskal–Wallis test.
Values of P < 0.05 or P < 0.01 were considered signiW-
cant.
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Results

Gradual increasing of tissue IL-8 mRNA level paralleled 
the colorectal adenoma–carcinoma sequence

By quantitative real-time PCR, a gradual increasing trend
of IL-8 mRNA expression level in the local tissues was
shown along the adenoma–carcinoma sequence (Fig. 1a).
The tissue IL-8 mRNA level began to increase in the pre-
cancerous lesions (adenomas) and became even higher in
the CRCs. As compare to the controls, tissue IL-8 mRNA
expression in the adenomas was signiWcantly increased to a
»420-fold higher level. Most signiWcantly, the increased
IL-8 mRNA level was associated with the increasing grad-
ing degree of dysplasia in the adenomas (see Fig. 1b,
P < 0.01, the non-parametric Kruskal–Wallis test) and not
with histological types (tubular type vs. tubulovillous type:
10.49 § 0.47 vs. 12.39 § 0.65; P > 0.05, the Mann–Whit-
ney test. Villous type adenoma was excluded for analysis
due to the limited number in this study). The relative tissue
IL-8 mRNA level was increased continually toward the
cancer stage to a higher level (»2,140 folder in relative to
the control) than that in the adenoma stage (Fig. 1,
P < 0.0001, the Mann–Whitney test). Interestingly, the
increase of tissue IL-8 mRNA level was also paralleled to
the increase of the Duke’s stages (see Fig. 1c), although the
statistical signiWcance was not reached.

IL-8, IL-8 receptors (IL-8RA and IL-8RB) were expressed 
in both the tumor stromal cells and adenomatous/cancerous 
cells

To further examine the expressions of IL-8 and its receptors
(IL-8RA and IL-8RB) in the adenomas and CRCs, IHCs for
IL-8, IL-8RA and IL-8RB were performed. The IHC results
revealed that IL-8 IR was observed both in the stroma
(arrows in Fig. 2a–c) and epithelium (arrowheads in
Fig. 2a, b, d) in all three groups (the control, adenoma and
cancer). In the stained CRC slides, the IL-8 positive stromal
cells were relatively polarized in the invading edges
(Fig. 2c); there were no signiWcant diVerences of IL-8 posi-
tive cell density in the stroma among the three groups when
the density was scored (Table 2, P > 0.05, the Kruskal–
Wallis test). However, a signiWcant change of the IL-8
immunoreactivity (IR) in the epithelium was observed: the
grading scores for IL-8 in the epithelium were slightly
increased in the adenoma cells and greatly increased in the
cancer cells (Table 2, P < 0.05, the non-parametric Kruskal–
Wallis test). When the associations between the scores of
IL-8 expressed in the epithelium with dysplasia degrees in
the adenomas and Duke’s stages in the CRCs were ana-
lyzed, no statistical signiWcance could be found (data not
shown).

IHC results also showed that the IL-8RA and IL-8RB
IRs were also observed in both the stroma and the epithe-
lium (Fig. 2e–g for IL-8RA and h–j for IL-8RB). Analysis
of IHCs revealed that the grading score for IL-8RA in the
stroma was similar in the adenomas and the controls (see
Table 2). However, the grading score for IL-8RA in the

Fig. 1 a QuantiWcation of relative tissue IL-8 mRNA level (expressed
by 2¡��CT method) by real-time PCR along the colorectal adenoma–
carcinoma sequence. In relative to the controls, patients with colorectal
adenomas showed a »420 folder high tissue IL-8 mRNA level and
patients with cancers showed an even higher level and reached to
»2,140 folder (adenoma vs. cancer, P < 0.0001, the Mann–Whitney
test). b The gradual increased IL-8 mRNA level was signiWcantly asso-
ciated with increased degree of dysplasia in the adenomas (P < 0.05,
the Kruskal–Wallis test). c The increase trend of tissue IL-8 mRNA
level was also found to be paralleled to the increase of the Duke’s
stages in the CRCs, although the statistical signiWcance was not
reached (P > 0.05, the Kruskal–Wallis test)
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stroma of CRCs was slightly increased as compared with
the adenomas and controls, although statistical signiWcance
was not reached (Table 2, P > 0.05, the non-parametric
Kruskal–Wallis test). In the epithelium, the grading scores

for IL-8RA were similar in the adenomas, CRCs and con-
trols (Table 2). Finally, analysis of IL-8RB IHCs showed
that the grading scores for IL-8RB were also not diVerent
among all three groups (Table 2).

Fig. 2 Examinations of IL-8 
and IL-8 receptor (IL-8RA/
IL-8RB) expression in the 
tissues of colorectal adenomas 
and cancers examined with 
immunohistochemistry (IHC). 
In the controls, the IL-8 
expression could be observed in 
both the stroma (arrows in a) 
and the epithelium (arrowheads 
in a). In the adenomas, the IL-8 
positive cells were mostly 
distributed in the upper stroma 
toward the epithelium (arrows in 
b) and some in the adenomatous 
epithelium (arrowheads in b). In 
the cancers, the abundant IL-8 
positive cells were shown in the 
invading edge of cancers 
(arrows in c) and increased 
expression of IL-8 in the cancer 
cells was also observed 
(arrowheads in d). The 
expression of IL-8 receptor
(IL-8RA and IL-8RB) was 
observed in both the stroma 
(arrow) and epithelium 
(arrowhead) in all three groups 
as well (IL-8RA: e for the 
control, f for the adenoma, g for 
the cancer; IL-8RB: h for the 
control, i for the adenoma, j for 
the cancer). Counterstained with 
hematoxylin, original 
magniWcation £400; 
scale bar 50 �m
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The phenotypic characterization of IL-8 expressing cells
in the tumor stroma and IL-8 receptors (IL-8RA/IL-8RB) 
in tumor-associated microvessels

Double IHCs demonstrated that most IL-8 positive cells in
the stroma of adenomas and cancers were macrophages,
lymphocytes and myoWbroblasts: the IL-8 immunoreactiv-
ity (Fig. 3a–f; brown color) in the stroma could be observed
in macrophages (Fig. 3a for adenomas, b for cancers,
labeled by CD68, red color), lymphocytes (Fig. 3c for ade-
nomas, d for cancers; labeled by CD3, red color) and myo-
Wbroblasts (Fig. 3e for adenomas, f for cancers; labeled by
SMA-alpha, red color) in both the adenomas and cancers.

In addition to the promoting eVect on tumor growth [8, 9],
IL-8 has also been found to have a strong eVect in modulat-
ing angiogenesis via IL-8RA and/or IL-8RB recently [8–11].
The co-expression of IL-8 receptors (IL-8RA and IL-8RB)
with tumor-associated microvessels was, therefore, exam-
ined. The results showed that both the IL-8RA and IL-8RB
(brown color in Fig. 3g–j) were present in the CD34 positive
tumor-associated microvessels (red color in Fig. 3g–j) in the
adenomas (Fig. 3g, i) and cancers (Fig. 3h, j).

Discussion

Previously, we and other groups have demonstrated dis-
rupted cytokine proWle in colorectal adenoma and CRC [13,
18, 26, 30], suggesting that cytokine alternation is a com-
mon phenomena and may play a role in the adenoma–carci-
noma transition. In this study, we were able to demonstrate
a gradually increased IL-8 mRNA level throughout the ade-
noma–carcinoma sequence, IL-8 and its receptors (IL-8RA
and IL-8RB) were expressed in both the stromal cells and
tumor cells. In the tumor stroma, the IL-8RA and IL-8RB
could be observed in the tumor-associated microvessels in
adenomas and cancers. This indicated that increased IL-8
might play a potential role to be involved in the adenoma–
carcinoma transition via regulating tumor cell growth and
angiogenesis.

According to the adenoma–carcinoma sequence theory,
CRCs arise primarily in a setting where a multi-step carci-
nogenesis event progresses from colorectal adenoma with a

LGD to high dysplasia and Wnally to carcinoma [1, 2].
Thus, the colorectal adenoma has been recognized as the
main precancerous lesion for most CRCs, and many molec-
ular and genetic alterations that contribute to the adenoma
formation and cancer progression have been identiWed
[1, 2]. The colorectal adenoma–carcinoma transition develops
slowly over many years and the microenvironment inevita-
bly changes so as to establish a supportive environment.
Some cytokines and chemokines derived from CRC and
immune cells may participate in the establishment of such
supportive microenvironment. Most signiWcantly, a number
of recent studies have shown that IL-8, released from both
the tumor cells and non-tumor cells, can promote the devel-
opment of CRCs [9, 21, 31]. Our current results, consistent
with a recent published report [19], have demonstrated that
tissue IL-8 mRNA along the adenoma–carcinoma sequence
was gradually increased in relative to the controls. Particu-
lar interesting Wnding was that the gradual increased IL-8
mRNA level was signiWcantly associated with increased
degree of dysplasia in the adenomas. Since in vitro studies
have shown that IL-8 can serve as a important growth
factor for CRC cells [32] and tumor cell-derived IL-8 may
act as an autocrine factor in stimulating CRC cell growth
[15, 16, 33], our current observations may suggest that
increased IL-8 is a common feature of the adenoma–carci-
noma sequence and could play a pivotal role in the forma-
tion and progression of adenoma. Furthermore, it has been
found that the IL-8 level in serum of CRC patients is
elevated and associated with disease stages and metastasis
potential [18, 19, 34]. In this study, we have also observed
an even higher tissue IL-8 mRNA in CRCs as compared
with the adenomas and was related to the Duke’s stages,
and suggested that increased IL-8 may be an important
contributor to the cancer progression.

Extensive evidence now suggests that cancer cells can
produce many factors (including cytokines and chemo-
kines) to stimulate and/or create a favorite microenviron-
ment for the cancer cell survival, proliferation and
metastasis [12, 16, 35]. In the current study, a signiWcant
increased IL-8 expression was observed in the cancer
cells, this Wnding suggested that CRC derived IL-8 may
signiWcantly contribute to the increased tissue IL-8 level
in CRC patients and act as an autocrine factor in

Table 2 The expression of 
IL-8, IL-8 receptors (IL-8RA/
IL-8RB) immunoreactivities in 
controls, adenomas and cancers

Control Adenoma Cancer P value

IL-8 in stroma 2.13 § 0.25 2.38 § 0.17 2.27 § 0.18 >0.05

IL-8 in epithelium 1.46 § 0.28 1.66 § 0.21 2.32 § 0.28 <0.05

IL-8RA in stroma 1.62 § 0.15 1.64 § 0.13 2.32 § 0.26 >0.05

IL-8RA in epithelium 1.27 § 0.18 1.11 § 0.13 1.02 § 0.20 >0.05

IL-8RB in stroma 2.44 § 0.16 2.66 § 0.11 2.42 § 0.16 >0.05

IL-8RB in epithelium 0.75 § 0.25 1.20 § 0.21 0.92 § 0.21 >0.05

Statistical signiWcance was 
evaluated by the non-parametric 
Kruskal–Wallis test
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stimulating cancer cell growth, such observation has
been conWrmed in CRC cell line in vitro study [15]. It is
well accepted that the function of inWltrated immune cells
and the stromal myoWbroblasts are capable of remodel-
ing tumor stroma and play a key role in controlling tumor

cell growth and angiogenesis [36, 37]. In our previous
study, a general increase numbers of macrophage and
lymphocyte inWltration and Wbroblast/myoWbroblasts
activation throughout the adenoma–carcinoma sequence
have been observed [38]; all these cells are the important

Fig. 3 Double immunohisto-
chemistry (IHC) to examine the 
IL-8 expressing cellular 
phenotypes in the tumor stroma 
and IL-8 receptors IL-8RA/
IL-8RB in tumor-associated 
microvessels. Double IHCs 
revealed that IL-8 
immunoreactivity (brown color) 
was co-localized with CD3 
immunoreactivity (to label 
inWltrated lymphocytes, red 
color), CD68 immunoreactivity 
(to label inWltrated macro-
phages, red color) and SMA-
alpha (to label myoWbroblasts, 
red color) in both the adenomas 
(arrows point to the co-
localization in a, c, e) and cancer 
(arrows point to the co-
localization in b, d, f). Further, 
double IHCs demonstrated the 
co-localizations (arrows) of 
IL-8RA and IL-8RB 
immunoreactivities (brown 
color) with CD34 positive 
tumor-associated microvessels 
(labeled with CD34 
immunoreactivity, red color) in 
representative sections from 
both the adenomas (g, i) and 
cancers (h, j). Original 
magniWcation £400; scale bar 
50 �m
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cytokine source and play a critical role in mediating the
tumor growth and angiogenesis in many types of human
cancers [8, 9]. In the current study, by IHCs and double
IHCs, we demonstrated that both the adenomatous/can-
cerous cells and several types of cells (including macro-
phages, lymphocytes and myoWbroblasts) present in the
tumor stroma can express IL-8 (Figs. 2, 3), and indicated
that IL-8 was from a mixture cellular source (both the
adenomatous/cancerous epithelium and stroma) in colo-
rectal adenomas/cancers. One of the prerequisites for IL-8
in performing its biological role is the presenting of IL-8
and its receptors IL-8RA and IL-8RB in the tumor micro-
environment. Our current IHC results clearly showed
that IL-8 and both IL-8RA and IL-8RB were expressed in
adenomatous/cancerous cells and stromal cells. Accord-
ingly, the expression of both IL-8 and its receptors in the
adenomatous/cancerous cells further supported an auto-
crine and/or paracrine loop existed in the tumor microen-
vironment.

In addition to the direct eVect in stimulating CRC cell
growth, another promoting eVect of IL-8 during the carci-
nogenesis is to enhance the angiogenesis in the tumor
microenvironment, which provides the necessary nutri-
ents for cancer growth and invasion [8]. Angiogenic
switch during the transformation in colorectal mucosa
has been demonstrated [39–41], and more recently such
swift is found to be an early occurring event in the early
stage of adenomas [6]. IL-8 is one of the potential proan-
giogenic factors and stimulates angiogenesis via IL-8
receptors particularly IL-8RB deWned in the microvessels
both in vivo and in vitro [8–10]. In this study, double
IHCs with IL-8RA/CD34 and IL-8RB/CD34 antibodies
revealed that both IL-8RA and IL-8RB immunoreactivi-
ties were observed in CD34 positive tumor-associated
microvessel. This Wnding suggested that both IL-8RA
and IL-8RB may be involved in the IL-8’s eVect in mod-
ulating angiogenesis during the adenoma–carcinoma
transition.

Taken together, our data outline a potential role of IL-8
network in promoting adenoma–carcinoma transition. This
role could be via a direct stimulating eVect on colorectal
mucosal cell transformation and indirect enhancing eVect
on angiogenesis. Therefore, we propose that IL-8 and its
receptors may have important implication for serving as
interesting therapeutic targets in modulating the adenoma–
carcinoma transition, which has recently been discussed in
other types of cancer [21].
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