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Abstract
AIM: There is strong evidence that interleukin-11 (IL-11) 
is involved in the regulation of tumor progression, cel-
lular growth and differentiation. Recently, interleukin-11 
receptor (IL-11R) has been detected on some cancer 
cells. In this study, we investigated the expression of 
IL-11 and IL-11R in colorectal adenocarcinoma.

METHODS: To elucidate the involvement of IL-11 and 
IL-11Rα in human intestinal adenocarcinomas, we ex-
amined 115 cases of surgically resected human colonic 
adenocarcinoma and 11 cases of adenoma by immuno-
histochemistry and Western blotting.

RESULTS:  Among 115 cases of adenocarcinoma, 100 
cases (87.0%) showed positive staining in the cytoplasm 
of carcinoma cells for the IL-11, and 87 cases (75.6%) 
were positive for the IL-11Rα. Six cases (54.5%) and 
four cases (36.4%) of 11 adenomas were positive for 
IL-11 and IL-11Rα, respectively. The expression of IL-
11Rα correlated with the histological differentiation 
(P = 0.033503), the depth of tumor invasion (P = 0.006395), 
Dukes’ classification (P = 0.015648) and lymphatic in-
vasion (P  = 0.003865). However, the expression of IL-
11Rα was not correlated with the venous invasion and 
the presence of lymph node metastasis. The expression 

of IL-11 was not correlated with any clinicopathological 
factors. In Western blot analysis, two human colorectal 
carcinoma cell lines and four tissues of surgically resect-
ed human carcinoma expressed both IL-11 and IL-11Rα 
proteins.

CONCLUSION:  IL-11 and IL-11Rα are highly expressed 
in human colorectal adenocarcinoma and the IL-11Rα 
expression is correlated with clinicopathological factors. 
These findings suggest that the expression of IL-11Rα is 
an important factor for the invasion of human colorectal 
adenocarcinoma.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Colorectal cancer is one of  the most common neoplasms 
and is a significant cause of  morbidity and mortality[1,2]. 
Consequently, colorectal carcinoma is one of  the best 
characterized examples of  multistep progression in which 
activation of  oncogenes, such as the K-ras gene[3], and in-
activation of  tumor suppressor genes, such as APC, DCC 
and p53[4-7] take place. The prognosis of  colorectal cancer 
patients is based on the depth of  tumor cell invasion and 
the presence of  lymph node metastasis.　 Recently, it has 
been suggested that the occurrence and progression of  
cancer is related to the activation of  some cytokines and/
or an intracellular signaling pathway. But the development 
and progressive mechanism of  the colorectal cancer is not 
fully understood.

IL-11 was cloned from the primate stromal cell line 
PU-34 and was initially considered to be a hematopoietic 
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cytokine[8,9]. It was found later to have effects on non-
hematopoietic systems, and to act on many different cells 
and tissues, which included stimulation of  megakaryocyte 
maturation, platelet production, and growth stimulation 
of  CD34+ hematopoietic progenitor cells[8,9]. This cyto-
kine has also been shown to mediate inhibition of  adipo-
genesis[10] and stimulation of  osteoclasts[11], and acts as a 
cytoprotective agent of  gut mucosa during treatment with 
radiation and chemotherapy and in models of  inflamma-
tory bowel disease[12-15].

The IL-11 receptor (IL-11R) is a member of  the 
gp130-dependent receptor group, which includes the re-
ceptors for interleukin-6 (IL-6), leukemia inhibitory factor 
(LIF), ciliary neurotrophic factor and oncostatin M, and 
it has been associated with various unique biological ac-
tions[16]. IL-11-induced signaling is mediated by the forma-
tion of  a receptor complex, composed of  two molecules 
each of  IL-11, two subunits of  the IL-11Rα, and gp130. 
An important signaling system activated by the IL-11Rα 
and other members of  this receptor family is the PI3

kinase pathway, MAP kinase pathway and the Janus kinase 
signaling transducer and activator of  transcription (Jak-
STAT) pathway[17].

Recent studies have shown that IL-11R expression was 
not only present in megakaryocytes, osteoclasts and colon 
epithelium but also in breast, ovarian and prostate can-
cers[18-20]. This suggested that it was theoretically possible 
that IL-11 could affect the growth of  tumor cells. In con-
trast, one study showed that IL-11 may be involved in the 
normal growth control in the intestinal epithelium, which 
suggests that the inhibition by IL-11 is lost during carcino-
genic transformation[21]. In addition, another study showed 
that IL-11 appears unlikely to stimulate the growth of  the 
most common solid tumors[22]. Since, IL-11 could become 
a therapeutically important compound for providing sup-
portive care for patients who receive cancer chemotherapy, 
it is important to establish that IL-11 does not stimulate 
growth of  tumor cells.

In this study, we investigated the expression of  
IL-11 and IL-11Rα in human colorectal adenocarcinoma 
and compared that with the clinicopathological factors 
to elucidate the relationship of  IL-11 and IL-11R in 
colorectal carcinoma.

MATERIALS AND METHODS
Human colorectal tissues and cell lines
Human colorectal tissues were obtained from fresh 
surgical samples or paraffin-embedded blocks as described 
previously. All specimens were obtained from patients 
operated at Nagasaki University Hospital between 1998 
and 2003. We examined 115 cases of  human colorectal 
adenocarcinoma and 11 cases of  adenoma as benign 
lesions with moderate dysplasia. Each tumor was 
assigned a histological type according to the Japanese 
Classification of  Colorectal Carcinoma by the World 
Health Organization classification[23] and a depth grading 
of  infiltration according to the TNM staging system 
by the American Joint Commission on Cancer[24]. 24 
mucosal carcinomas (Tis), 11 submucosal infiltrative 
carcinomas (T1), 10 carcinomas invading proprial muscle 
layers (T2), 48 carcinomas reaching the subserosa (T3), 
and 22 carcinomas penetrating the serosal surface (T4) 
were examined. Histologically, 57 were well-differentiated 
adenocarcinomas (wel), 46 were moderately-differentiated 
adenocarcinomas (mod), 5 were poorly differentiated 
adenocarcinomas (por), and 7 were mucinous carcinomas 
(muc) (Table 1).

C o l o 3 2 0 D M ( a d e n o c a r c i n o m a ) a n d D L D - 1 
(adenocarcinoma) cell lines derived from human colorectal 
cancer were obtained from the Human Health Resources 
Bank (Osaka, Japan). All cell lines were incubated at 37  ºC 
in a humidified incubator containing 5% CO2 and 95% air. 
Colo320DM was maintained in RPMI 1640 (Invitrogen 
Corp., Carlsbad, CA, USA) supplemented with heat-
inactivated 10% fetal calf  serum (Invitrogen Corp.). 
DLD-1 was maintained in DMEM/F-12 (Invitrogen 
Corp.) supplemented with 10% fetal calf  serum. 

Immunohistochemistry
Formalin-fixed and paraffin-embedded tissues were cut 

IL-11 IL-11Rα
n - + ++ - + ++

Normal mucosa 1P = 0.001883, vs carcinoma 1P = 0.00196, vs carcinoma

10 5 (50.0) 3 (30.0) 2 (20.0) 6 (60.0) 4 (40.0) 0 (0.0)
Adenoma 1P = 0.023291, vs carcinoma 1P = 0.000833, vs carcinoma

11 5 (45.5) 2 (18.2) 4 (36.4) 7 (63.6) 4 (36.4) 0 (0.0)
Total 
carcinoma 115 15 (13.0) 26 (22.6) 74 (64.3) 28 (24.3) 31 (27.0) 56 (48.7)

Histological 
differentiation NS 1P = 0.033503

Wel 57 8 (14.0) 15 (26.3) 34 (59.6) 17 (29.8) 16 (28.1) 24 (42.1)
Mod 46 5 (10.9) 8 (17.4) 33 (71.7) 6 (13.0) 14 (30.4) 26 (56.5)   
Por 5 0 (0.0) 1 (20.0) 4 (80.0) 1 (20.0) 0 (0.0) 4 (80.0)
Muc 7 2 (28.6) 2 (28.6) 3 (42.9) 4 (57.1) 1 (14.3) 2 (28.6)
Depth of tumor 
invasions NS 1P = 0.006395

Tis 24 4 (16.7) 6 (25.0) 14 (58.3) 8 (33.3) 10 (41.7) 6 (25.0)
T1 11 1 (9.1) 5 (45.5) 5 (45.5) 6 (54.5) 2 (18.2) 3 (27.3)
T2 10 1 (10.0) 1 (10.0) 8 (80.0) 2 (20.0) 3 (30.0) 5 (50.0)
T3 48 7 (14.6) 9 (18.8) 32 (66.7) 8 (16.7) 10 (20.8) 30 (62.5)
T4 22 2  (9.1) 5 (22.7) 15 (68.2) 4 (18.2) 6 (27.3) 12 (54.5)
Dukes’ 
classification NS 1P = 0.015648

A 44 6 (13.6) 13 (29.5) 25 (56.8) 16 (36.4) 15 (34.1) 13 (29.5)
B 35 4 (11.4) 6 (17.1) 25 (71.4) 4 (11.4) 8 (22.9) 23 (65.7)
C 32 4 (12.5) 6 (18.8) 22 (68.8) 7 (21.9) 7 (21.9) 18 (56.3)
D 4 1 (25.0) 1 (25.0) 2 (50.0) 1 (25.0) 1 (25.0) 2 (50.0)
Lymphatic 
invasion NS 1P = 0.003865

Present 76 11 (14.5) 14 (18.4) 51 (67.1) 15 (19.7) 16 (21.1) 45 (59.2)
Absent 39 4 (10.3) 12 (30.8) 23 (59.0) 13 (33.3) 15 (38.5) 11 (28.2)
Venous 
invasion

NS NS

Present 44 5 (11.4) 10 (22.7) 29 (65.9) 8 (18.2) 11 (25.0) 25 (56.8)
Absent 71 10 (14.1) 16 (22.5) 45 (63.4) 20 (28.2) 20 (28.2) 31 (43.7)
Lymphnode 
metastasis NS NS

Present 35 5 (14.3) 6 (17.1) 24 (68.6) 8 (22.9) 7 (20.0) 20 (57.1)
Absent 80 10(12.5) 20 (25.0) 50 (62.5) 20 (25.0) 24 (30.0) 36 (45.0)

Table 1  Expression of IL-11 and IL-11Rα in colorectal 
carcinoma,  (%)

NS: Not significant, 1statistical analyses are performed by Spearman’s 
correlation coefficient by rank test or Mann-Whitney’s U test methods.
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into 4 µm sections, deparaffinized in xylene and rehydrated 
in phosphate-buffered saline. Deparaffinized sections 
were preincubated with normal bovine serum to prevent 
nonspecific binding, and then incubated overnight at 4 ºC 
with an optimal dilution (0.1 µg/mL) of  a primary poly-
clonal rabbit antibody against human IL-11 (H-169) and 
IL-11Rα (N-20). Each antibody was bought from Santa 
Cruz Biotechnology, Inc. (Santa Cruz, CA, USA). The 
slides for IL-11 were then sequentially incubated with a 
horseradish-conjugated goat antirabbit immunoglobulin G 
antibody. And the reaction products were resolved using a 
diaminobenzidine (DAB; DAKO, Carpinteria, CA, USA). 
The slides for IL-11Rα were sequentially incubated with 
an alkaline phosphatase-conjugated goat antirabbit im-
munoglobulin G antibody, and the reaction products were 
resolved using a mixture of  5-bromo-4-chloro-3-indolyl 
phosphate and nitroblue tetrazolium chloride (BCIP/
NBT; DAKO). Primary antibodies preabsorbed with ex-
cess recombinant IL-11 and IL-11Rα peptides (Santa Cruz 
Biotechnology, Inc.), respectively, were used as negative 
controls. Prostatic cancer tissues[19] served as the internal 
positive control for IL-11 and IL-11Rα immunostaining. 
Analysis of  the immunohistochemical staining was per-
formed independently by two investigators (K. Yamazumi 
and T. Nakayama). IL-11 and IL-11Rα expression was clas-
sified into three categories depending on the percentage of  
cells stained: -, 0 to 10% positive cells; +, 10 to 50% posi-
tive tumor cells; and ++, > 50% positive tumor cells.

Western blot analysis
Western blot analysis for IL-11 and IL-11Rα expressio  was 

performed on four human colorectal carcinoma tissues, 
normal mucosal tissues and two colorectal carcinoma 
cell lines. Human colorectal tissues were obtained within 
1 hour of  surgery and immediately frozen. The tissues 
were then suspended in RIPA buffer (50 mmol/L Tris,
150 mmol/L NaCl, 1% NP-40, 1% sodium deoxycholate 
and 0.05% SDS, pH 7.4), broken into pieces on ice and 
subjected to three freeze-thaw cycles. The insoluble cell 
debris was removed by centrifugation at 14 000 r/min at 
0 °C for 10 min. The supernatant was collected and the 
protein concentration was quantified using a protein as-
say reagent (Bio-Rad Laboratories, Hercules, CA). The 
proteins (20 μg) were separated by polyacrylamide gel 
electrophoresis (PAGE) under denaturing and reducing 
conditions, and then transferred to a Hybond ECL nitro-
cellulose membrane (Amersham Biosciences, Buckingham-
shire, UK). The membranes were rinsed in TBS, blocked 
with 5% low-fat dried milk in TBS containing 0.1% Tween 
20 (TBS-T), and then incubated for 1 h at room tempera-
ture with a 1 μg /mL dilution of  the anti-human IL-11 
or IL-11 receptor α antibody (Santa Cruz Biotechnology, 
Inc.). After extensive washing of  the membranes with 
TBS-T, they were incubated for 1 h with a 1: 1 000 dilution 
of  the horseradish-peroxidase-conjugated donkey anti-rab-
bit immunoglobulin G (Santa Cruz Biotechnology, Inc.) in 
TBS-T containing 3% low-fat dried milk. The membranes 
were washed and developed with a horseradish peroxidase 
chemiluminescence detection reagent (ECL Plus System, 
Amersham Bioscience), and then exposed to Hyperfilm 
ECL (Amersham Bioscience).

Statistical analysis
The Stat View II program (Abacus Concepts, Inc., Berke-
ley, CA) was used for statistical analyses. Analyses compar-
ing the degrees of  IL-11 or IL-11Rα expression were per-
formed by Spearman’s correlation coefficient by rank test 
or Mann-Whitney’s U test methods.

RESULTS
IL-11 was localized in the cytoplasm of  the carcinoma cells 
(Figure 1A), and IL-11Rα was localized both in the mem-
brane and the cytoplasm, mainly in the membrane (Figure 
1B). No staining with anti-IL-11 or anti-IL-11Rα was 
seen in the negative controls for tissue staining. Although 
normal epithelium and stromal tissue around tumors ex-
pressed IL-11 and IL-11Rα, the expression in these tissues 
were more faint than that in the carcinoma cells.

Immunohistochemical results are summarized in the 
Table 1. Among 115 cases of  adenocarcinoma, 100 cases 

Figure 2  Demonstration of IL-11 and IL-11Rα in colorectal carcinoma cells and 
tissues by Western blotting. All of colorectal carcinoma cells, carcinoma tissues 
and normal mucosa expressed both IL-11 and IL-11Rα. (N: normal mucosa, T: 
human colorectal cancer tissue).

IL-11

IL-11Rα

β-Actin

DLD-1  Colo320   1N    1T    2N       2T      3N      3T     4N       4T
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A

B

Figure 1  Immunohistochemical staining for the IL-11 and IL-11Rα in human 
colorectal carcinoma. (A) is for IL-11, and (B) is for IL-11Rα. IL-11 and IL-11Rα 
show strong cytoplasmic and membranous expression.
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(87.0%) showed positive staining for the IL-11, and 87 cas-
es (75.6%) were positive for the IL-11Rα. Among 10 cases 
of  normal colorectal mucosa, 5 cases (50.0%) expressed 
IL-11 and 4 cases (40.0%) were positive for IL-11Rα. 
And there were significant differences between IL-11 and 
IL-11Rα expression and in between normal mucosa and 
adenocarcinoma (P = 0.001883, P = 0.00196, respectively). 
Among 11 cases of  adenoma, 6 cases (54.5%) were ex-
pressed IL-11 and 4 cases (57.1%) of  adenoma were posi-
tive for IL-11Rα, and there were significant differences 
of  IL-11 or IL-11Rα expressions between adenoma and 
adenocarcinoma (P = 0.023291, P = 0.000833, respectively).

IL-11 and IL-11Rα were expressed more intensely in 
the invasive than the superficial parts of  the carcinoma. 
The expression of  IL-11Rα correlated significantly with 
histological differentiation (P = 0.000833), depth of  tumor 
invasion (P = 0.006395), Dukes’ classification (P = 0.015648) 
and lymphatic invasion (P = 0.003865)(Table 1). However, 
there was no correlation with lymph node metastasis and 
venous invasion. On the other hand, there was no correla-
tion between IL-11 expression and clinicopathological fac-
tors.

IL-11 and IL-11Rα expression was also detected in 
two colorectal carcinoma cell lines and all of  four human 
carcinoma tissues by Western blot analysis (Figure 2). The 
IL-11 protein of  19.1 Kd was clearly detected in all of  the 
two cell lines and four carcinoma tissues. The IL-11Rα 
expression was detected in the two cell lines and four car-
cinoma tissues at various levels. IL-11 and IL-11Rα pro-
teins were also expressed in normal mucosa but were more 
intense in the cancer tissue than in the normal mucosa 
(Figure 2).

DISCUSSION
IL-11 is well known as a hematopoietic cytokine. However, 
the expression of  IL-11 has also been observed in many 
types of  cells, such as fibroblasts, chondrocytes, synovial 
epithelium, bronchial epithelium and colonic epitheli-
um[15,25,26], and it has been shown that IL-11 has various ac-
tions on hepatic, stromal, epithelial, neural and osteoclastic 
cells[27]. Recent studies have shown that IL-11R was not 
only expressed in megakaryocytes, osteoclasts and colon 
epithelium but also in breast cancer, ovarian cancer and 
prostate cancer[12-14]. In this study, we have demonstrated 
for the first time that IL-11 and IL-11Rα are expressed in 
the human colorectal mucosa, colorectal cancer tissue and 
cell lines. Both IL-11 and IL-11Rα were expressed simul-
taneously in the carcinoma cell. Therefore, it is suggested 
that the tumor cell may respond to the IL-11 in an auto-
crine and/or paracrine fashion to promote the invasion of  
tumors.

There were statistically significant correlations between 
the expression of  IL-11Rα and histological differentiation, 
tumor invasion and lymphatic invasion. These results sug-
gest that IL-11Rα is involved in the regulation of  cellular 
differentiation and tumor progression in human colorectal 
carcinoma. Recently, the expression of  IL-11Rα has been 
reported in carcinoma of  the breast, ovary and pros-
tate[12-14]. We suggest that IL-11 might play an important 
role in the progression of  carcinomas.

IL-11 is known as the activator of  the JAK/STAT 
pathway through GP130[11]. A recent study showed that 
STAT3 signaling directly regulates tumor invasion and me-
tastasis[28]. And other GP130-dependent cytokines, such as 
IL-6 and LIF, have been reported to have connections with 
several tumors[29-33]. Especially, the tumor-promoting and 
invasion activity of  IL-6 has been well studied[30-32]. IL-11 
also shares the GP130 connection, and in one report it was 
noted that a complex of  the soluble IL-11 receptor and 
IL-11 act as an IL-6-type cytokine[34]. Thus, it is suggested 
that IL-11 may stimulate colorectal carcinoma cell growth 
and invasion through activation of  the GP130/STAT-3 
signaling pathway.

Recently, it was suggested that IL-11 could become a 
therapeutically important molecule in supportive care of  
cancer patients who receive chemotherapy[35], and another 
study showed that IL-11 appears unlikely to stimulate the 
growth of  the most common solid tumors[16].　However, 
in this study, we have demonstrated that IL-11 may up-
regulate the activity of  colorectal carcinoma cell growth 
and/or invasion, so it is necessary to pay very careful at-
tention to the therapeutic use of  IL-11.

In conclusion, we have demonstrated that IL-11Rα is 
an important factor involved in the invasion of  human 
colorectal adenocarcinoma. However, the roles of  IL-11 
and IL-11R in human colorectal carcinoma remain unclear 
and await further study.
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