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Abstract Integrin-linked kinase (ILK), an intracellular
serine-threonine kinase, has been reported to be overex-
pressed in multiple types of human malignancies, including
colorectal cancer (CRC). The prognostic value of ILK in
CRC, however, remains unknown. In the present study,
expression of ILK in 25 paired primary CRC samples and
adjacent noncancerous tissues were quantified using real-
time PCR and Western blotting. ILK protein expression was
analyzed in 102 archived, paraffin-embedded CRC samples
using immunohistochemistry. The correlation between ILK
expression and clinicopathological factors was evaluated by
the y” test. Patients” overall survival was analyzed by
Kaplan—-Meier method. We found that both ILK mRNA and
protein expression levels were significantly up-regulated in
primary CRC samples compared with their corresponding
normal tissues. Immunohistochemical analysis revealed
relative high expression of ILK in 43 of 102 (42.2 %) pri-
mary CRC samples. Statistical analysis showed a significant
correlation of ILK expression with tumor differentiation,
lymph node metastasis, tumor invasion, and tumor-node-
metastasis stage. Patients with tumors displaying high-level
ILK expression showed significantly shorter overall survival
(P = 0.028, log-rank test). More importantly, multivariate
analysis indicated that high ILK protein expression was an
independent prognostic factor for CRC patients
(P = 0.026). Taken together, our data suggest that ILK
overexpression is associated with tumor progression and a
poor prognosis in CRC patients and may represent a novel
potential prognostic marker for patients with CRC.
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Introduction

Colorectal cancer (CRC) is the second most common
malignant neoplasm and the fourth leading cause of cancer-
related death worldwide. Estimated new cases of CRC in
the world numbered 1.2 million in 2008, with deaths esti-
mated at 0.6 million (Jemal et al. 2011). Currently, radical
surgery represents the only potential curative treatment for
CRC, but the 5-year survival rate for patients with the
metastatic disease is approximately 19 % (Jemal et al.
2009). The tumor stage based on tumor-node-metastasis
(TNM) classification is the most widely accepted predictor
of prognosis and treatment in patients with CRC; however,
considerable differences in recurrence and survival among
patients with the same pathological stage of disease are
frequently observed (O’Connell et al. 2004). Thus, there is
an urgent demand of more robust markers that can pre-
cisely predict survival in patients with CRC.
Integrin-linked kinase (ILK) is a downstream substrate
of the phosphoinositide 3-kinase (PI-3K) pathway located
upstream of protein kinase B. It interacts with cytoplasmic
domains of PB-integrin subunits and regulates integrin
dependent functions (Hannigan et al. 1996; Dedhar et al.
1999). ILK acts as an intracellular adaptor protein of
growth factor signaling and cell-matrix interactions that
regulates a diversity of fundamental cellular processes,
such as proliferation, survival, apoptosis, migration, inva-
sion and angiogenesis (Hannigan et al. 2005; McDonald
et al. 2008). In recent years, accumulating evidence sug-
gests that ILK is frequently activated and/or overexpressed
in human malignancies (Hannigan et al. 2011), and
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overexpression of ILK is associated with tumor progression
parameters and poor patient survival in multiple types of
human tumors, including melanoma (Dai et al. 2003), non-
small cell lung cancer (NSCLC) (Takanami 2005; Okam-
ura et al. 2007; Yu et al. 2011), pancreatic cancer (Sawai
et al. 2006), astrocytoma (Li et al. 2010), and oral squa-
mous cell carcinoma (Zhao et al. 2012). In particular,
Marotta and colleagues have reported dysregulation of ILK
signaling in both familial adenomatous polyposis (Marotta
et al. 2001) and sporadic human colon cancer (Marotta
et al. 2003). Additionally, recent clinical evidence also
indicates that ILK may play a critical role in human CRC
progression, possibly through in vivo regulation of
B-catenin, E-cadherin and Akt pathways (Bravou et al.
2006). However, there are no published reports that address
a possible relationship between ILK expression and clinical
outcomes in CRC patients.

In this study, we detected and compared the expression of
ILK in primary cancer tissues and adjacent normal tissues by
using real-time PCR and Western blotting. Moreover, we
also evaluated ILK expression immunohistochemically in

surgically resected CRC tissues to analyze its correlations
with clinicopathological variables and prognosis of CRC
patients.

Materials and methods
Patients, tissue specimens, and follow-up

A total of 102 primary tumor samples and 25 matched
adjacent normal tissues were collected from patients with
CRC who underwent complete surgical resection at our
hospital from August 2005 to December 2006. None of
these patients received any preoperative anticancer treat-
ments (chemotherapy or radiotherapy), and all the patients
were given routine adjuvant chemotherapy after the sur-
gery. The study population consisted of 55 men and 47
women (mean age, 66 years; age range, 39-87 years). The
histological type and grade of cell differentiation were
classified according to the criteria established by the World
Health Organization (WHOQO), and tumor staging was

Table 1 Relationship between ILK expression and clinicopathological characteristics in patients with CRC

Characteristics No. of patients ILK protein (n, %) X P value
102 Low expression (n = 59) High expression (n = 43)

Gender 0.276 0.599
Male 61 34 (55.7) 27 (44.3)
Female 41 25 (61.0) 16 (39.0)

Age 0.532 0.466
<65 47 29 (61.7) 18 (38.3)
>65 55 30 (54.5) 25 (45.5)

Tumor location 0.210 0.647
Colon 59 33 (55.9) 26 (44.1)
Rectum 43 26 (60.5) 17 (39.5)

Tumor size 2.010 0.156
<5cm 68 36 (52.9) 32 (47.1)
>5 cm 34 23 (67.6) 11 (32.4)

Tumor differentiation 9.070 0.003
Well to moderate 77 51 (66.2) 26 (33.8)
Poor 25 8 (32.0) 17 (68.0)

Lymph node metastasis 5.813 0.016
Ny 45 32 (71.1) 13 (28.9)
N;/N, 57 27 (47.4) 30 (52.6)

Tumor invasion 16.342 <0.001
T1U/T2 50 39 (78.0) 11 (22.0)
T3/T4 52 20 (38.5) 32 (61.5)

TNM stage 6.353 0.012
il 62 42 (67.7) 20 (32.3)
v 40 17 (42.5) 23 (57.5)
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defined in accordance with the latest TNM classification
system. The patients’ characteristics were retrieved from
the medical records and are shown in Table 1. Follow-up
data were obtained by phone, letter, and the outpatient
clinical database. Follow-up time was defined as the
interval between the date of initial surgery and the date of
death, or the last visit date (September 30, 2011). Sixty-six
(64.7 %) patients were alive at the last follow-up exami-
nation, while 36 patients (35.3 %) had died due to CRC-
related disease. The mean follow-up time was 48 months
(range, 4—65 months). After surgical resection, parts of the
25 paired primary tumor and adjacent normal tissues were
preserved in liquid nitrogen immediately and then trans-
ferred to a —80 °C freezer for long-term storage. Informed
consent was obtained from all the patients prior to the
surgical operations, and this study was reviewed and
approved by the Ethics Committee of China Medical
University.

Immunohistochemistry and scoring

Formalin-fixed paraffin-embedded tissues were cut into
5 um sections and mounted on glass slides. After dewaxing
with xylene and rehydrating through descending ethanol, the
tissue sections were heated at 100 °C for antigen retrieval in
a steamer containing 10 mmol/l citrate buffer (pH 6.0) for
10 min. Thereafter, endogenous peroxidase activity was
quenched using 3 % (v/v) hydrogen peroxide at room tem-
perature for 15 min, and nonspecific binding of antibodies
was blocked with 10 % normal goat serum. The sections
were incubated at 4 °C overnight with a rabbit anti-ILK
polyclonal antibody (dilution 1: 100, Cell Signaling, Dan-
vers, MA, USA) and then with the secondary antibody at
room temperature for 60 min, followed by incubation with
streptavidin-horseradish peroxidase conjugate for 30 min.
Finally, the antibody binding was visualized by using 3,3'-
diaminobenzidine (DAB), and the sections were counter-
stained with hematoxylin, dehydrated, and mounted. The
negative controls were prepared by replacing the primary
antibody with an isotype matched IgG.

ILK staining was reviewed and scored independently by
two pathologists who were blinded to clinical and outcome
data. Score differences were discussed to obtain a con-
sensus. The intensity of staining was scored according to 4
categories, where 0 indicates negative; 1, weak; 2, mod-
erate; and 3, strong staining. The percentage of ILK-posi-
tive cells was also graded on a semiquantitative scale from
0 to 3, where 0 was given for 0 %, 1 for 1-10 %, 2 for
11-50 %, and 3 for 51-100 %. The sum of the percentage
and intensity scores was used as the final ILK staining
score, and defined as follows: 0-2, low expression, and
3-6, high expression.

Total RNA isolation and real-time PCR

Total RNA was extracted from frozen tissues by using
TRIzol (Invitrogen, Carlsbad, CA, USA) following the
supplier’s protocol. The amount of total RNA was deter-
mined by measuring absorbance at 260 nm. One micro-
gram of total RNA was reverse transcribed using the
PrimeScript II 1st Strand cDNA Synthesis Kit (TAKARA,
Dalian, China) according to the manufacturer’s protocol.
Real-time PCR was carried out in 25 pl reaction mixture
containing 12.5 pl of SYBR® Premix Ex Taq™ (TAKA-
RA), 0.2 pM of forward and reverse primers, and 2 pl
template cDNA on a Real-Time Quantitative Thermal
Block (Biometra, Gottingen, Germany). PCR primers were
designed using Primer Express 2.0 software (Applied
Biosystems, Foster City, CA, USA), and chemically syn-
thesized by Sangon Biotechnology Co., Ltd. (Shanghai,
China). The sequences of the primers are listed in Table 2.
PCR amplification was initiated by preincubation for 30 s
at 95 °C for activation, followed by 40 cycles of the pro-
tocol: denaturation at 95 °C for 5 s, annealing at 60 °C for
20 s, and elongation at 72 °C for 15 s with detection of
fluorescence products. Melt-curve analysis was generated
to identify specific reaction products. Data were analyzed
through the comparative threshold cycle (Cy) method
(Livak and Schmittgen 2001).

Protein isolation and Western blotting

Total proteins were isolated from frozen tissues using lysis
buffer (50 mM Tris pH 7.5, 150 mM NaCl, 10 mM EDTA,
1 % NP-40, 0.1 % SDS, 1 mM PMSF, and 0.5 % sodium
deoxycholate), and quantified by the Bradford method.
Next, an equivalent amount of proteins was resolved on
sodium dodecyl sulfate polyacrylamide gels (SDS-PAGE),
and then electrotransferred onto polyvinylidene fluoride
(PVDF) membranes (Millipore, Bedford, MA, USA) under
70 V constant voltage conditions for 90 min. After block-
ing with 5 % fat-free milk at room temperature for 2 h, the
membranes were immunoblotted overnight at 4 °C with
anti-ILK polyclonal antibody (dilution 1: 1,000, Cell Sig-
naling) or anti-B-actin antibody (dilution 1: 5,000, Sigma,
MO, USA). Binding of the primary antibodies was detected

Table 2 Primers used for real-time PCR

Gene Sequences

symbol

ILK Forward: 5'-TTTGCAGTGCTTCTGTGGGAA-3’
Reverse: 5'-CTACTTGTCCTGCATCTTCTC-3’

B-actin Forward: 5'-GTGGGGCGCCCCAGGCACCA-3'

Reverse: 5'-CTCCTTAATGTCACGCACGATTTC-3'
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with horseradish peroxidase (HRP)-conjugated secondary
antibodies and visualized by an ECL plus chemilumines-
cence kit (Millipore).

Statistical analysis

Continuous data were compared using the Student’s 7 test.
The relationship between ILK expression and clinicopath-
ologic characteristics was analyzed by the Chi-square (%)
test. Survival differences were estimated using the Kaplan—
Meier method and compared by the log-rank test. Survival
data were evaluated using univariate and multivariate Cox
regression analysis. All statistical tests were two-sided, and
P values less than 0.05 were considered to be statistically
significant. Statistical analysis was conducted using SPSS
version 16.0 (SPSS Inc., Chicago, IL, USA) for Microsoft
Windows.

Results

ILK is frequently overexpressed in CRC tissues
compared with the corresponding adjacent normal
tissues

To determine whether ILK is overexpressed in CRC tis-
sues, we measured ILK mRNA and protein expression
levels in 25 fresh frozen CRC samples and their paired
adjacent normal tissues by using real-time PCR and Wes-
tern blotting, respectively. Our results showed that ILK
mRNA expression level was significantly higher in CRC
samples than adjacent noncancerous tissues (Fig. la,
P = 0.016). Compared with the paired adjacent normal
tissues, increased ILK mRNA expression (at least twofold
change) was detected in 14 of 25 CRC samples (56.0 %).
Additionally, changes observed by Western blotting were
consistent with the results in real-time PCR study (Fig. 1b).
These data not only indicate that ILK is overexpressed in

A P=0.016
0.003 - |

0.002 A

0.001 4

0.000 -

Relative ILK mRNA expression

Fig. 1 ILK mRNA and protein expression levels in primary CRC
samples and matched adjacent normal tissues measured by real-time
PCR (a) and Western blotting analysis (b), respectively. a Data were
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CRC, but also suggest that ILK overexpression is due to the
up-regulation of ILK mRNA.

Overexpression of ILK is associated
with clinicopathological characteristics of CRC patients

To further investigate the relationship between ILK
expression and the clinicopathological features of CRC
patients, ILK expression was examined in 102 paraffin-
embedded, archived CRC tissues using immunohisto-
chemical staining with an antibody against human ILK.
Representative images of ILK staining are shown in Fig. 2.
The immunostaining of ILK was mainly present the cyto-
plasm of tumor cells in CRC tissues. Of these 102 CRC
tissues, high ILK protein expression was detected in 43
samples (42.2 %) and weak or negative staining was found
in 59 tumor samples (57.8 %). The relationship between
ILK expression and clinicopathological parameters of CRC
patients was further analyzed. Significant correlations were
found between ILK expression and four parameters,
including tumor differentiation (P = 0.003), lymph node
metastasis (P = 0.016), tumor invasion (P < 0.001), and
TNM stage (P = 0.012). However, there were no statistical
associations between ILK expression and the rest param-
eters, such as gender, age, tumor location, and tumor size
(P > 0.05, Table 1).

Overexpression of ILK is associated with shorter
overall survival in CRC patients

After operation, all patients were followed-up for overall
survival, and the mean follow-up time was 48 months
(range, 4—65 months). The relationship between ILK protein
expression and survival of CRC patients was evaluated by
Kaplan—Meier analysis and log-rank test. We found that the
overall survival of patients with high ILK protein expression
was significantly shorter than that of patients with low ILK
protein expression (P = 0.028; Fig. 3). In addition, the

normalized to expression of B-actin. Bars represent the means of ILK
relative expression. b Representative blots are shown, and the protein
size is expressed in kDa. T tumor, N normal
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Fig. 2 Immunohistochemical evaluation of ILK expression in CRC tissues. Two representative cases of CRC are shown, with weak (left) and

strong (right) positive staining for ILK. Original magnification, x400
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Fig. 3 Kaplan-Meier curves for overall survival in CRC patients
with high ILK-expressing (n = 43) versus low ILK-expressing
tumors (n = 59). P value was calculated by the log-rank test

65-month overall survival rate was 47.9 months [95 %
confidence interval (CI), 41.9-53.8 months] for patients
with high ILK protein expression, compared with
54.8 months (95 % CI, 50.0-59.5 months) for patients with
low ILK protein expression. To evaluate the possibility of
ILK as an independent risk factor for poor prognosis, con-
ventional clinicopathological factors and ILK protein levels
were assessed by Cox’s univariate and multivariate hazard
regression model (Table 3). In univariate analysis, tumor
differentiation, lymph node metastasis, tumor invasion,
TNM stage, ILK overexpression were significantly corre-
lated with the overall survival of CRC patients (P = 0.013,
0.008, 0.023, 0.001, and 0.017, respectively). Moreover,
multivariate analysis revealed that TNM stage and ILK
expression were independent prognostic factors for overall
survival (P = 0.011, and 0.026, respectively), suggesting
that ILK may be a prognostic factor for survival in patients
with CRC.

Discussion

In the current study, we demonstrated that ILK was
expressed at both higher mRNA and protein levels in CRC
tissues than corresponding noncancerous tissues. In agree-
ment with these molecular biological findings, immunohis-
tochemistry with an anti-ILK antibody showed that ILK was
overexpressed in 42.2 % (43/102) primary CRC tissues, and
ILK overexpression was significantly associated with tumor
differentiation, lymph node metastasis, tumor invasion, and
TNM stage, but not with gender, age, tumor location, and
tumor size. More importantly, statistical analysis also indi-
cated that patients with higher ILK expression had a shorter
overall survival, whereas patients with lower ILK expres-
sion had a better survival. Altogether, our data indicate that
overexpression of ILK is associated with an unfavorable
prognosis and is an independent prognostic factor for sur-
vival in patients with CRC.

A considerable number of studies have demonstrated that
ILK is frequently overexpressed in several solid tumors,
including CRC (Marotta et al. 2003; Bravou et al. 2006).The
prognostic significance of ILK in CRC, however, remains
unclear. To address this issue, the present study analyzed the
ILK expression level in CRC tissues using real-time PCR,
Western blotting and immunohistochemistry. Meanwhile, we
identified the relationship between ILK expression and clin-
icopathological features and evaluated its prognostic value in
post-resection survival of CRC patients. The results showed
that both ILK mRNA and protein levels were significantly
higher in tumor tissues than in adjacent noncancerous tissues,
which are reminiscent of previous findings in other malig-
nancies, such as gastric (Ito et al. 2003) and hepatocellular
carcinoma (Chan et al. 2011). In addition, ILK was associated
with tumor differentiation, lymph node metastasis, tumor
invasion, and TNM stage in these CRC patients. Our obser-
vations are consistent with a previous report from Bravou
et al. (2006) who showing that ILK expression positively
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Table 3 Univariate and multivariate analysis of clinicopathological factors affecting overall survival of CRC patients

Characteristics Categories Univariate analysis Multivariate analysis
HR (95 % CI) P value HR (95 % CI) P value

Gender Male/female 0.95 (0.37-1.56) 0.361

Age <65/> 65 1.41 (0.66-2.28) 0.216

Tumor location Colon/rectum 1.94 (0.98-2.55) 0.614

Tumor size <5 cm/>5 cm 1.71 (0.45-3.14) 0.433

Tumor differentiation Well-moderate/poor 2.04 (1.23-2.91) 0.013 1.45 (1.07-1.85) 0.397
Lymph node metastasis No/Ni—N,» 3.15 (2.24-5.63) 0.008 2.15 (1.61-3.21) 0.096
Tumor invasion T1-T2/T3-T4 1.97 (1.38-2.12) 0.023 1.22 (0.88-1.96) 0.186
TNM stage I-I/ITI-1V 2.92 (1.94-4.53) 0.001 2.28 (1.66-3.76) 0.011
ILK expression Low/high 1.85 (1.42-3.97) 0.017 1.71 (1.32-2.81) 0.026

correlates these clinicopathological features in colon cancer
patients. The present data, together with previous findings by
others, suggest that ILK positively participates in tumori-
genesis and progression of human CRC.

Despite extensive investigation, there is no general con-
sensus as to whether ILK is an oncogene or a tumor sup-
pressor (Durbin et al. 2009). On one hand, initial studies
indicated that overexpression of ILK in colonic epithelial
cells stimulates cellular transformation in vitro and in vivo
(Hannigan et al. 1996; Wu et al. 1998). Subsequent studies
demonstrated that ILK transgenic mice develop breast
invasive ductal carcinoma and mice with conditional
knockout ILK show a reduction in colonic tumorigenesis
(White et al. 2001; Assi et al. 2008). Additionally, ILK is
frequently overexpressed in a wide variety of human cancers
and has been correlated with worse patient survival (Dai
et al. 2003; Takanami 2005; Okamura et al. 2007; Yu et al.
2011; Sawai et al. 2006; Li et al. 2010; Zhao et al. 2012).
These results support ILK as an oncogene. On the other
hand, increased expression of ILK is found in breast epi-
thelial cells and normal breast tissues in comparison to
breast cancer cells and breast tumors (Chen et al. 2004,
Troussard et al. 2006). Furthermore, stable overexpression
of ILK in breast cancer cells suppresses the growth and
invasion in vitro and tumor formation and lung metastases
in vivo (Chen et al. 2004). These findings implicate ILK as a
tumor suppressor. However, the most current available
evidence suggests a pro-oncogenic function of ILK in
tumorigenesis. Our data also support this notion, because a
significant proportion of primary CRC tissues showed ILK
overexpression, which was significantly associated with
tumor differentiation, lymph node metastasis, tumor inva-
sion, and TNM stage. Moreover, our findings agree with the
fact that many previous studies have indicated a possible
link between ILK expression and malignant behaviors of
cancer cells. For instance, overexpression of ILK has been
shown to promote invasion, migration, angiogenesis, and
epithelial-mesenchymal transition (EMT) in various types
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of human cancer cells both in vitro and in vivo (Wani et al.
2011; Chan et al. 2011; Zhao et al. 2011; Chen et al. 2012).
The most important finding of our study is that overex-
pression of ILK is associated with a poor prognosis and is an
independent prognostic factor for the outcome in CRC
patients. Nonetheless, further investigations are needed to
confirm our observations in a larger series of CRC patients.

Several limitations of our study need to be pointed out.
First, the relatively small number of analyzed patients may
reduce the power to detect statistical associations and sig-
nificantly affects survival analyses. Second, beyond cause
of mortality, data on cancer recurrences were not available
in these cohorts. Third, all patients were not given the same
chemotherapy regimen both in terms of schedule and
associated drug. Therefore, our observations should be
further validated in a large number of patients with a uni-
form treatment protocol.

In conclusion, the data from the current study demon-
strated that ILK is overexpressed in CRC tissues and
associated with tumor progression and poor prognosis in
CRC patients. Our study suggests that ILK overexpression
is associated with tumor progression and a poor prognosis
in CRC patients and may represent a novel potential
prognostic marker for patients with CRC.
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