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ILK Expression in Colorectal Cancer Is Associated with EMT,
Cancer Stem Cell Markers and Chemoresistance
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Abstract. Background/Aim: Epithelial-mesenchymal transition
(EMT) and cancer stem cells (CSC) are critically implicated in
cancer metastasis and chemoresistance. Herein, we investigated
integrin-linked kinase (ILK)’s role in human colon cancer
(CRC) progression and chemoresistance in relation to EMT and
CSC markers. Patients and Methods: Expression of ILK, EMT
and CSC markers were evaluated by immunohistochemistry in
149 CRC samples. We also generated colon cancer cells
resistant to 5-FU and oxaliplatin and studied the effect of ILK
inhibition on drug response by MTT assay and on EMT and
CSC markers’ expression. Results: ILK expression in human
CRC correlates with EMT and CSC markers and is associated
with metastasis and chemoresistance. ILK inhibition increases
sensitivity of resistant cells to 5-FU and oxaliplatin and reduces
the levels of EMT and CSC markers in 5-FU resistant cells.
Conclusion: ILK overexpression in human CRC associates with
EMT and CSC traits, contributing to tumor progression and
chemoresistance.

Colorectal cancer (CRC) is a leading cause of cancer-related
mortality worldwide. Approximately 20% of patients have
metastatic disease at the time of diagnosis. (1, 2). 5-Fluorouracil
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(5-FU) based chemotherapy is the standard treatment for
metastatic CRC (2). However, despite the treatment advances
in recent years many patients do not respond to chemotherapy
and their disease progresses, resulting in low overall survival
rates (2).

Although several mechanisms are involved in cancer
progression and chemotherapy resistance, recent evidence point
to epithelial-mesenchymal transition (EMT) and cancer stem
cells (CSCs) as having significant roles in these processes (3-
6). EMT is a developmental program usurped by cancer cells
in order to gain the ability to invade and metastasize (7) During
EMT, epithelial cells undergo morphogenetic changes
characterized by loss of cell-cell adhesion and apical-
basolateral polarity, resulting in transition to migratory
mesenchymal cells with invasive properties (7, 8). EMT
inducers, including Wnt/B-catenin and integrin signaling,
trigger complex intracellular pathways converging to activation
of transcription factors such as Snail, and ZEB; these act as
master EMT regulators repressing E-cadherin expression and
inducing expression of mesenchymal genes (8, 9).

Intriguingly, EMT has been shown to not only drive tumor
invasion and metastasis of carcinomas, but also generate
cells with cancer stem cell (CSC) properties (10, 11). An
emerging body of evidence suggests that cancer initiation,
progression and recurrence are mediated by a small
population of tumor cells within tumors that harbor stem cell
properties i.e. the ability to self-renew, differentiate and resist
chemotherapy (12, 13). Cells with CSC properties have been
isolated from colorectal carcinomas based on markers such
as CD44, Lgr5 and CD133 (14-18). Several studies thereafter
have linked these CSC markers in human CRC with
metastasis, chemotherapy resistance and poor prognosis (14,
19-22). Therefore, targeting EMT signaling or CSC may
provide a new path to CRC treatment (4, 5, 23).
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Integrin-linked kinase (ILK) is a widely expressed
serine/threonine protein kinase located in focal adhesions and
plays a central role as a multifunctional effector of growth
factor signalling and cell-matrix interactions (24, 25). It has
been reported to be critically involved in human
carcinogenesis and represents a novel anti-cancer therapeutic
target (24, 25). ILK’s oncogenic functions are mediated by
regulation of pathways involved in cell proliferation,
survival, cell adhesion-migration and EMT, including the
Whnt/p-catenin and PI3K/Akt pathways, as well as, the EMT
regulators Snail and E-cadherin (24, 25). Previous studies
have shown that ILK is critically implicated in colon
carcinogenesis and represents an important regulator of the
Wnt/B-catenin pathway in this context (26-30). In
accordance with these, we have previously demonstrated that
ILK is involved in human colorectal cancer progression and
correlates with down-regulation of E-cadherin and (3-catenin
activation (31). Interestingly, ILK has been implicated in
mechanisms of drug resistance in cancer cells (32-35).

Considering ILK’s involvement in colon carcinogenesis and
the evidence linking ILK to EMT and drug resistance in other
cancers we assumed that ILK may significantly contribute to
mechanisms of tumor progression and chemotherapy resistance
in human CRC (24, 25, 32-35). In this respect, we evaluated
the expression of ILK in relation to EMT and CSC markers,
tumor progression and chemotherapy resistance in a series of
human CRC specimens. We also generated human colon
cancer cells resistant to 5-FU and oxaliplatin and examined the
effects of pharmacological inhibition of ILK on drug response
and on the expression of EMT and CSC markers.

Materials and Methods

Patient samples. The study included a total of 149 cases of primary
CRC from patients that underwent surgery from 1999 to 2013.
Formalin-fixed paraffin-embedded (FFPE) tissue samples were
retrieved from the archives of the Departments of Pathology, “Agios
Andreas” General Hospital and University Hospital of Patras,
Greece. Ninety six of these tumors have been included in previous
studies (31). Human tissue samples used in the study were paraffin
blocks (redundant tissue) from the archives of the Departments of
Pathology. The study was performed in accordance with the
Helsinki declaration and was approved by the Committee on
Research and Ethics and the Scientific Committee of the University
Hospital of Patras, Greece. Histopathology of the tumors was
revised by expert pathologists (VB, VZ) and clinical data were
available from the Oncology Department, University Hospital of
Patras, Greece. None of the patients had received chemo or
radiotherapy prior to surgery. The mean age of patients was 69
(range=24-92) years; 89 (60%) were men and 60 (40%) women.
Patients with metastatic disease (stage IV) (n=31) received 5-
fluorouracil (5-FU)-based chemotherapy with FOLFOX (n=12),
FOLFOX plus Bevacizumab (n=4), FOLFOX plus panitumumab
(n=3), FOLFIRI (n=3), FOLFIRI plus Bevacizumab (n=5),
FOLFIRI plus panitumumab or cetuximab (n=4). The overall
response rate was evaluated over 4 to 6 courses of treatment
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according to the Response Evaluation Criteria in Solid Tumors
(RECIST version 1.1). Seventeen patients with partial response,
complete response or stable disease were defined as responders,
whereas 14 patients with progressive disease were defined as non-
responders. Clinicopathological characteristics of the tumors are
shown in Table I. Staging and grading of tumors were performed
according to the American Joint Committee on Cancer Criteria
(AJCC)/TNM classification 8th edition and the WHO classification
of tumours of the digestive system 4th edition respectively (36, 37).

Immunohistochemistry. A two-step immunoperoxidase method using
secondary antibodies conjugated to peroxidase-labeled polymer
(Envision detection kit, DAKO, Glostrup, Denmark) and DAB as the
chromogen was performed as previously described (31, 38). Staining
for ILK, B-catenin and E-cadherin in this enriched cohort of tumors
was performed as previously described (31). Primary antibodies used
were rabbit anti-ILK (1:500, Upstate Biotechnology, Lake Placid, NY,
USA), mouse anti-B-catenin (1:1.000, BD Biosciences, San Jose, CA,
USA), mouse anti-E-cadherin (1:1000, BD Biosciences, San Jose,
CA, USA), rabbit anti-ZEB (1:200, Sigma-Aldrich, St. Louis, MO,
USA), mouse anti-Snail (1:40, Acris Antibodies GmbH, Herford,
Germany), mouse anti-CD44 (1:80, Novocastra Laboratories Ltd,
Newcastle, UK), rabbit anti-Lgr5 (1:2000, Sigma-Aldrich, St. Louis,
MO, USA) and mouse anti-CD133 (1:80, EMD Millipore, Billerica,
MA, USA). Appropriate negative controls (by omitting the primary
antibody) and positive controls (basal cell carcinoma and
hepatocellular carcinoma tissue samples) were performed in all cases.
Evaluation of immunoreactivity in all cases was performed blinded
to the case by an expert pathologist (VB). To obtain comparable
results with our previous study, immunostaining for ILK, E-cadherin
and B-catenin was scored on a 0-3 scale (0: negative, 1: weak, 2:
moderate and 3 strong) as previously described (31), while stains for
all other markers were evaluated using Histoscore (H-score) with
values ranging from 0-300 as previously described (38).

Cell lines, cell culture and drugs. The human CRC cell lines HT29
and Caco-2 were purchased from the American Type Culture
Collection (ATCC, University Boulevard Manassas, VA, USA). The
Caco-2 cell line that differentiates spontaneously post-confluence into
mature enterocytes was cultured in DMEM supplemented with 10%
fetal bovine serum (FBS) and all experiments were performed at sub-
confluence (70-80% confluence) and at 0, 6, 10, 15 and 21 days post-
confluence (39). HT29 cells were cultured in RPMI 1640 medium
with 100 pg/ml penicillin G/streptomycin, 2.5 pg/ml amphotericin B,
50 pg/ml gentamycin and 10% fetal bovine serum (FBS). 5-FU and
oxaliplatin were purchased from Teva Pharmaceuticals Hellas S.A.
Resistant HT29 cells to chemotherapeutic drugs 5-FU (5-FUR) and
oxaliplatin (OxalR) were generated in our lab according to the
protocol described herein. Initially, the IC5, of 5-FU or oxaliplatin in
parental HT29 cells was determined using MTT assay as described
below. The parental HT29 cells were then cultured with 5-FU or
oxaliplatin at a concentration equal to 1/5 of the ICs value for two
passages and the new ICs, of 5-FU or oxaliplatin was determined.
Surviving cells were then exposed to a dose 2x 1/5 of ICs, for another
two passages. The procedure was repeated until the final ICs, value
was at least 5-fold greater than the ICs, value of the parental HT29
cells (40). For all experiments stably resistant 5-FUR or OxalR cells
were continuously cultured in the presence of 5-FU or oxaliplatin at
concentrations of 29 uM and 5 pM respectively. The specific ILK
inhibitor QLT0267 was purchased from Dermira (Menlo Park, CA,
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Table 1. IHC expression of ILK, -catenin and E-cadherin in human CRC in relation to clinicopathological parameters.

ILK p-Value Nuclear-fB-catenin p-Value E-cadherin p-Value
N 0 1 2 3 0 1 2 3 0 1 2 3
n (%) n (%) n(%) n (%) n(%) n(%) n((%) n(%) n(%) n(%) n(%) n(%)
Carcinomas 149 14 28 67 40 11 50 63 25 9 39 69 32
94) (18.8) (45) (26.8) (74) (33.6) (42.3) (16.8) (6) (262) (46.3) (21.5)
Location
Right colon 47 6 5 18 18 0.002 5 22 14 6 0.041 3 11 26 7 0.054
(12.8) (10.6) (38.3) (38.3) (10.6) (46.8) (29.8) (12.8) (64) (234) (553) (14.9)
Left colon 71 4 16 41 10 3 22 36 10 5 16 35 15
(5.6) (22.5) (57.7) (14.1) “42) (@31 (50.7) (14.1) (7)  (22.5) (49.3) (21.1)
Rectum 29 4 7 7 11 3 5 13 8 1 12 6 10
(13.8) (24.1) (24.1) (37.9) (10.3) (17.2) (44.8) (27.6) (34) (414) (20.7) (34.5)
Grade
Low 93 12 22 42 17 0.005 5 37 41 10 0.021 3 10 44 27 0.003
(12.9) (23.7) (45.2) (18.3) (54) (39.8) (44.1) (10.8) (32) (204) 47.3) (29
High 56 2 6 25 23 6 13 22 15 6 20 25 5
(3.6) (10.7) (44.6) (41.1) (10.7) (23.2) (39.3) (26.8) (10.7) (35.7) (44.6) (8.9)
pT
T1+T2 38 14 16 7 0 <0.001 6 21 8 2 <0.001 0 5 19 13 0.017
(37.8) (43.2) (189) (0) (16.2) (56.8) (21.6) (54 ©) (13.5) (514) (35.1)
T3+T4 111 0 12 59 40 5 29 55 22 8 34 50 19
0) (10.8) (53.2) (36) (4.5) (26.1) (49.5) (19.8) (7.2) (30.6) (45 (17.1)
pN
pNO 53 14 22 27 6  <0.001 7 31 25 6 0.008 0 13 35 21 0.001
(3.8) (52.8) (37.7) (5.7) (10.1) (449) (36.2) (8.7) 0) (18.8) (50.7) (304)
pN1,2 48 0 6 39 34 4 19 38 18 8 26 34 11
0) (27.1) (54.2) (18.8) (5.1) (24.1) (48.1) (22.8) (10.1) (329) @43) @139
AJCC Stage
I 37 14 16 7 0 <0.001 6 21 8 2 0.001 0 5 19 13 0.003
(37.8) (43.2) (189) (0) (16.2) (56.8) (21.6) (54) ©) (13.5) (514) (35.1)
I 30 0 6 20 4 1 8 17 4 0 6 16 8
0) (20) (66.7) (13.3) (3.3) (26.7) (56.7) (13.3) (0) (20) (53.3) (26.7)
I 51 0 5 25 21 2 13 27 9 4 15 26 6
©O) (9.8 49 12 39) (255) (529) (17.6) (7.8) (294) (1) (11.8)
v 31 0 1 15 15 2 8 11 10 5 13 8 5
0) (32) (484) (484) (6.5) (25.8) (355) (32.3) (16.1) (419) (25.8) (16.1)
Response
Yes 17 0 1 12 4 0.006 2 4 9 2 0.058 1 7 4 5 0048
0) (59 (70.6) (23.5) (11.8) (23.5) (52.9) (11.8) (59) (412) (235 (294)
No 14 0 0 3 11 0 4 2 8 4 6 4 0
0) 0) (214) (78.6) 0) (28.6) (14.3) (57.1) (28.6) (429) (28.6) (0)

Statistical analysis were performed by Chi-square or Fisher’s exact test and p<0.05 was considered statistical significant. Depth of invasion (pT),
lymph node metastasis (pN) and stage were determined based on AJCC, 8th edition (36).

USA) and was diluted in DMSO. For ILK inhibition in all indicated
experiments HT29 5-FUR cells or OxalR were cultured for 48h with
25 uM or 1 uM of QLT0267 respectively. Control cells were cultured
with DMSO only.

MTT assay. Sensitivity of HT29, 5-FUR and OxalR cells to 5-FU,
oxaliplatin and QLT0267 was evaluated by the 3-[4,5-
dimethylthiazol-2-yl1]-2,5-dimethyltetrazolium bromide (MTT)
assay. Briefly, cells were seeded in 24-well plates at a density of
1.5x104 cells/well and treated with a range of concentrations (from
0.1 pM to 100 uM) of 5-FU, oxaliplatin or QLT0267. Forty-eight

hours later, MTT (AppliChem GmbH, Darmstadt, Germany)
solution (5 mg/ml in PBS) was added at a 1:10 volume to each well
and incubated for 2 h at 37°C with CO, levels at 5%. The medium
was then removed and dark blue formazan crystals formed by live
cells were dissolved by addition of 100 pl acidified isopropanol.
The solution was transferred to 96-well plates and absorbance at a
wavelength of 570 nm was measured with a microplate reader
(Sunrise Tecan's Magellan™ 2, Méannedorf, Switzerland) using 620
nm as the reference wavelength. The number of live cells was
calculated by plotting growth curves on OriginPro 8 (OriginLab
Corporation, Northampton, MA, USA) and using the built-in Dose
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Response algorithm. Results were expressed in terms of the
concentration required to inhibit cell growth by 50% (ICs).

Immunoblotting. Cells were plated at Petri dishes. Protein was
harvested from cells plated from 70% to 80% confluence. For ILK
inhibition, 5-FUR and OxalR cells were treated with QLT0267 or
DMSO as described above. Cells were lysed in lysis buffer (10 mM
Tris—HCI pH 8, 140 mM NaCl, 1 mM EDTA, 0.1% SDS, 1% Triton,
1 mM sodium fluoride, 0.1% sodium deoxycholate, 0.5 mM Na-
orthovanadate and 1% protease Inhibitor). Protein concentration was
determined by the Bradford assay. Proteins were separated using
SDS-PAGE on a 10% or 12% gel and transferred to a polyvinylidene
difluoride membrane by electroblotting. Membranes were blocked for
2 h in TBS containing 0.05% Tween-20 and 5% non-fat dry milk and
incubated overnight with the following primary antibodies: mouse
anti ILK (1:1.000, BD Biosciences, San Jose, CA, USA), rabbit anti-
Akt (1:1000, Cell Signaling, Leiden, The Netherlands), rabbit anti-p-
AKT (1:500, Cell Signaling, Leiden, The Netherlands), mouse active-
[-catenin (1:500, EMD Millipore, Billerica, MA, USA), mouse anti-
[ catenin (1:500, BD Biosciences, San Jose, CA, USA), mouse anti-
E-cadherin (1:1,000, BD Biosciences, San Jose, CA, USA), mouse
anti-Vimentin (1:500, Novocastra Laboratories Ltd, Newcastle, UK)
mouse anti-Snail (1:500, EMD Millipore, Billerica, MA, USA), rabbit
anti-Lgr5 (1:2.000, Sigma-Aldrich, St. Louis, MO, USA), mouse anti-
villin (1:1,000, BD Biosciences, San Jose, CA, USA) and mouse anti-
actin antibody (1:1,000, EMD Millipore, Billerica, MA, USA), or
mouse anti-a-tubulin (1:20,000, Sigma-Aldrich, St. Louis, MO, USA)
as a loading control for protein quantification. The following day, the
membrane was incubated for 1 h with horseradish peroxidase-
conjugated anti-rabbit or anti-mouse IgG (1:3,000, Santa Cruz
Biotechnology, Santa Cruz, CA, USA). The immunoreactive proteins
were detected by a chemiluminescent detection system (Pierce,
Waltham, MA, USA), according to the manufacturer’s instructions.

Immunoprecipitation and in vitro kinase assay. For protein purification,
cells were incubated with lysis buffer (50 mM Hepes, PH 7.5), 150 mM
NaCl, 1% NP-40, 0.5% DOC, 5 mM NaF, 1 mM sodium orthovanadate
(Na3Vo,), 1 mM PMSF, 10 pg/ml leupeptin and 2.5 pg/ml aprotinin)
for 30 min at 4°C and supernatants were obtained by centrifugation at
13,000 rpm for 20 min at 4°C. The protein concentration was measured
using the Bradford assay. 250 pg of protein were pre-cleared by
incubation with non-specific IgG and protein A Sepharose for 30 min
at 4°C and then centrifuged at 3,500 rpm for 2 min at 4°C.
Subsequently, equal supernatant volumes were incubated with 10 ug of
mouse anti-ILK for 3 h at 4°C and then A-sepharose was added
followed by incubation for further 10 h. The immunoprecipitate was
isolated by centrifugation at 3,500 rpm for 2 min at 4°, washed twice
with lysis buffer and kinase reaction buffer (50 mM Hepes PH 7.0, 10
mM MnCl,, 10 mM MgCl,, 2 mM NaF, 1 mM Na;VO,) and incubated
for 20 min at 30°C with 10 ug of Myelic Basic Protein (MBP) (Upstate
Biotechnology, Lake Placid, NY, USA), the substrate of ILK, in kinase
reaction buffer containing 10 puCi [y-32P]ATP. The reaction was
terminated by the addition of 2x SDS-PAGE sample buffer. The
reaction products were visualized by polyacrylamide gel electrophoresis
and autoradiography.

Immunofluorescence. Immunofluorescence was performed in HT29,
5-FUR and 5-FUR cells treated with QLT0267 (5-FUR+QLT) and
grown on coverslips. Cells were fixed with Carson’s buffer solution
for 10 min at room temperature and blocking was performed by

130

treatment with 10% FBS, 3% BSA in PBS for 1 h at 37°C, followed
by incubation with the following primary antibodies: mouse anti-
ILK (1:30, Santa Cruz Biotechnology, Santa Cruz, CA, USA),
mouse anti-E-cadherin (1:1,000, BD Biosciences, San Jose, CA,
USA), mouse anti-Vimentin (1:100, Novocastra Laboratories Ltd,
Newcastle, UK), mouse anti-Snail (1:50, EMD Millipore, Billerica,
MA, USA), rabbit anti-ZEB (1:100, Sigma-Aldrich, St. Louis, MO,
USA), mouse anti-CD44 (1:50, Novocastra Laboratories Ltd,
Newcastle, UK) and rabbit anti-Lgr5 (1:100, Sigma-Aldrich, St.
Louis, MO, USA). Secondary antibodies used were Alexa 488-
conjugated goat anti-rabbit IgG and Alexa 546-conjugated goat anti-
mouse IgG (1:500, Invitrogen, Carlsbad, CA, USA). Nuclei were
stained with Hoechst. For double immunofluorescence experiments
in FFPE tissue samples, sections were first deparaffinized and
rehydrated and then the same as the above protocol was applied.
Primary antibodies used were mouse anti-ILK (1:30, Santa Cruz
Biotechnology, Santa Cruz, CA, USA) and rabbit anti-ZEB (1:100,
Sigma-Aldrich, St. Louis, MO, USA) or rabbit anti-Lgr5 (1:100,
Sigma-Aldrich, St. Louis, MO, USA).

Statistical analysis. All statistical analyses were performed with IBM
SPSS v24 for Windows (SPSS Inc, Chicago, IL, USA) and p-values
<0.05 were considered statistically significant. To test differences
between groups of clinicopathological parameters (location, grade,
depth of invasion, lymph node metastasis, stage, and response), non-
parametric tests (Kruskal Wallis or Mann Whitney tests) for continuous
variables and Chi-square or Fisher’s exact test for categorical variables
(ILK, p-catenin and E-cadherin) were used. Differences in
chemotherapy response and in expression of proteins among treatment
subgroups based on the regimens used were evaluated with Fisher’s
exact test and non-parametric Kruskal-Wallis test respectively.
Correlations between markers’ expression were examined using
Spearman’s rho. Prediction of lymph node (LN) metastasis and
response to chemotherapy was evaluated by Multivariate Binary
logistic regression analysis using the Enter method.

Results

ILK expression in human CRC is associated with tumor
progression, EMT and CSC markers. In accordance to our
previous study, in this enriched cohort of tumors (n=149), ILK
was overexpressed in tumors compared to adjacent non-
neoplastic colonic epithelium (28, 31). Positive ILK expression
with cytoplasmic or cytoplasmic and nuclear expression was
found in 135/149 (90.6%) of cases (Figure 1). ILK expression
correlated significantly with tumor progression parameters such
as grade (Fisher’s exact test p=0.005), depth of invasion (pT)
(Fisher’s exact test, p<0.001), lymph node (LN) metastasis (pN)
(Fisher’s exact test, p<0.001) and TNM stage (Chi square,
p<0.001) (Table I). Further supporting ILK’s implication in
colorectal carcinogenesis, both expression and kinase activity
of ILK were decreased upon differentiation of the human colon
cancer Caco-2 cells to mature enterocytes (data not shown).
We next examined the expression of EMT markers
[-catenin, E-cadherin, ZEB and Snail in human CRC. Adjacent
non-neoplastic colonic epithelium showed strong membranous
expression for E-cadherin and f-catenin and negative
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Figure 1. Immunohistochemical expression of ILK, EMT and CSC markers in human CRC. Representative cases of human CRC with strong
expression of ILK (A), nuclear and cytoplasmic expression of f-catenin (B), loss of membranous expression of E-cadherin (C), strong nuclear
expression of ZEB (D), strong expression (mainly cytoplasmic) of Snail (E), membranous expression of CD44 (F), strong expression (mainly
cytoplasmic) of Lgr5 (G) and strong expression (mainly cytoplasmic) of CD133 (H). Bars correspond to 50 um.

expression for EMT master regulators ZEB and Snail. In
contrast, tumors showed nuclear expression of
B-catenin in 138/149 (92.6%), decreased membranous
E-cadherin expression (score <3) in 117/149 (78.5%), positive
expression (nuclear) of ZEB in 118/149 (79.2%) with a mean
H-score of 42.8+4.2 and positive expression (cytoplasmic and
nuclear) of Snail in 80/92 (86.9%) cases with a mean H-score
of 72.6+6.9 (Figure 1). This EMT expression profile was

stronger in the invasive front of the tumors and tumors buds
(data not shown). Significantly lower levels of E-cadherin
(Fisher’s exact test, p=0.003) and higher expression levels of
nuclear B-catenin (Fisher’s exact test, p=0.021) and ZEB (Mann
Whitney p=0.011) were observed in high grade tumors and
there was a statistical significant difference in the expression of
all EMT markers examined in relation to depth of invasion (pT),
LN metastasis (pN) and TNM stage (Tables I and II).
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Table II. IHC expression of EMT markers ZEB and Snail and CSC markers CD44, Lgr5 and CD133 in human CRC in relation to clinicopathological

parameters.
ZEB Snail CD44 Lgr5 CD133
(n=149) (n=92) (n=149) (n=149) (n=92)
Mean SD p-Value Mean SD p-Value Mean SD  p-Value Mean SD  p-Value Mean SD  p-Value
Location
Right 5000 7.78 0.194 8036 1403 0.574 4191 794 0360 77.02 1046 0095 6607 11.86 0.331
Left 3387 525 7348  8.90 32.18 6.19 51.41 6.51 41.09 6.57
Rectal 5121 11.39 61.18 1749 3345 8.16 7362 11.03 4588 1275
Grade
Low 3134 374 0011 67.63 843 0311 3382 552 0.106 5290 592 0.002 36.61 5.87 0.001
High 61.88 8.69 8152 12.18 4036 643 83.66 8.80 7394 994
pT
T14T2 1108 329 <0.001 19.63 4.67 <0001 122 0.76  <0.001 20.00 5.84 <0.001 1296 546 <0.001
T3+4T4 5234 504 93.13 821 46.85 508 79.68 5.90 6594  6.63
pN
pNO 2696 5.14 <0.001 3000 586 <0.001 8.12 230 <0.001 36.67 533 <0.001 2886 5.83 <0.001
pN1,2 55.19 595 110.00 9.11 5930 640 89.30 7.36 7021 828
Stage
AJCC1 1108 329 <0.001 19.63 4.67 <0001 122 0.76  <0.001 20.00 5.84 <0.001 1296 546 <0.001
AlCCII 46.00 10.10 42.67 13.78 1083 284 53.67 8.49 5733 10.76
AJCCOl 6157 825 9632 12.02 4833  5.77 105.88  8.85 80.53 12.37
AJCCIV 4677 1752 118.71 11.97 8290 12.99 59.84 10.29 60.00 10.14
Response
Yes 19.71 339 <0.001 107.65 1504 0390 5529 18.63 0.003 4941 1285 0208 64.12 1272 0425
No 79.64 10.95 132.14 19.22 11643 13.61 7250  16.50 55.00 16.73

Statistical analysis were performed by non-parametric tests and p<0.05 was considered statistical significant. Depth of invasion (pT), Lymph node
metastasis (pN) and stage were determined based on AJCC, 8th edition (36).

In addition, CSC markers CD44, Lgr5 and CD133 were
overexpressed in CRC compared to adjacent non-neoplastic
epithelium. In CRC, we found positive (membranous)
expression of CD44 in 86/149 (57.7%) cases with a mean H-
score of 36.3+6.9, positive (mainly cytoplasmic) expression
of Lgr5 in 130/149 (87.2%) cases with a mean H-score of
64.5+5 and positive (mainly cytoplasmic) expression of
CD133 in 68/92 (73.9%) cases with a mean H-score of
72.6+6.9 (Figure 1). Significantly higher expression levels
of Lgr5 and CD133 were observed in high grade tumors and
expression of all CSC markers were significantly higher with
increased depth of invasion (pT), presence of LN metastasis
(pN) and advanced stage (Table II).

Multivariate analysis also showed that among all the
markers examined, ILK (B=1.44, p<0.001, OR=4.22), Snail
(B=0.02, p=0.001, OR=1.02) and CD44 (B=0.02, p=0.036,
OR=1.02) are independent predictors of lymph node metastasis
in human CRC as shown in Table III.

Notably, there was a significant correlation between EMT
and CSCs markers as shown in Table IV. Immunohisto-
chemical expression levels of ILK in human CRC
significantly correlated with all the EMT markers examined
including nuclear P-catenin, membranous E-cadherin, as
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Table III. Prediction of lymph node metastasis by multivariate
regression analysis (Overall Model Fit: Chi Square= 56.765, df=5;
p<0.001).

B SE. Wald df p OR
ILK 1441 0320 20256 1 0000 4225
Nuclear [3-catenin -0.191 0370 0268 1 0.604 0.826
Cytoplasmic f-catenin  0.621 0.355 3059 1 0.080 1.862
Membranous f-catenin -0.292 0287 1.041 1 0308 0.746
E-cadherin -0.337 0295 1310 1 0252 0.714
ZEB 0.006 0.006 1300 1 0.254 1.006
Snail 0.021 0.007 10.165 1 0001 1.021
CD44 0.020 0.010 439 1 0.036 1.021
Lgr5 0.008 0.006 1965 1 0.161 1.008
CD133 0.008 0.007 1170 1 0279 1.008

df: Degrees of freedom, p: significance, B: coefficient, S.E.: standard
error, OR: odds ratio. p-Values <0.05 are considered significant.

well as ZEB and Snail. In addition, there was a significant
positive correlation of ILK expression with the expression
of all CSC markers i.e. CD44, Lgr5 and CD133 (Table IV).
In line with these, double immunofluorescence experiments
in human CRC showed co-localization of ILK with the
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Figure 2. ILK co-localizes with ZEB and Lgr5 in human CRC by double immunofluorescence. ILK expression is shown in red, ZEB and Lgr5 expression
is shown in green. Nuclei are stained with Hoechst (blue). Merged photos of red and green (ILK-ZEB and ILK-Lgr5) show co-localization in tumor cells.

EMT marker ZEB and the CSC marker Lgr5 in tumor cells
(Figure 2).

ILK overexpression in metastatic CRC is associated with
resistance to chemotherapy. We next examined the expression
of ILK, EMT and CSC markers in metastatic CRC in relation
to response to chemotherapy. There was no significant
differences in response between different treatment subgroups
according to regimens used (Fisher’s exact test, p=0.915) and
there was no significant differences in the expression of ILK,
EMT and CSC markers between treatment subgroups (data
not shown). Expression of ILK in tissue samples from
metastatic CRC patients receiving 5-FU based chemotherapy

was significantly higher in non-responders compared to
responders (Fisher’s exact test p=0.006). Regarding EMT
markers, non-responders showed lower levels of E-cadherin
(Fisher’s exact test, p=0.048) and higher levels of ZEB
(Mann-Whitney, p<0.001) compared to responders.
Significantly higher expression of the CSC marker CD44
(Mann-Whitney, p=0.003) was also observed in non-
responders to chemotherapy compared to responders. Results
are shown in Tables I, II and Figure 3. Most importantly,
expression of ILK (B=3.17, p=0.024, OR=23.7) and ZEB
(B=0.208, p=0.049, OR=1.2) was shown by multivariate
analysis to independently predict poor response of metastatic
disease to chemotherapy (Table V).
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Figure 3. Expression of ILK, E-cadherin, ZEB and CD44 in metastatic CRC is associated with chemotherapy response. Immunohistochemical
expression of ILK (A, B), E-cadherin (C, D), ZEB (E, F) and CD44 (G, H) is shown in representative cases of responders (left column) and non-
responders (right column). Non-responders to chemotherapy show higher expression of ILK (B), ZEB (F) and CD44 (H) and decreased expression

of E-cadherin (D) compared to responders. Bars correspond to 50 um.

Pharmacologic inhibition of ILK reduces resistance to 5-FU
and oxaliplatin and inhibits expression of EMT and CSC
markers in 5-FU resistant colon cancer cells. We next
generated cells resistant to 5-FU and oxaliplatin as described
in materials and methods. The ICs( value of 5-FU in resistant
cells (5-FUR) was 26 uM, as compared to 4.2 uM in the
parental HT29 cell line. The ICy, value of oxaliplatin in
resistant cells (OxalR) was 54 pM as compared to
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0.9 uM in the parental HT29 cell line. The ILK specific
inhibitor QLT0267 shows a 3 to 4-fold greater growth
inhibition in 5-FUR cells (IC5, 25 uM) and OxalR cells (ICs
35 uM), when compared to parental HT29 cells (IC5q >100
uM) as evaluated by the MTT assay (Figure 4A). Moreover,
inhibition of ILK reduces acquired resistance to 5-FU and
oxaliplatin, as the IC5, value of 5-FU is reduced from 26 uM
to 10 uM and the ICs, value of oxaliplatin from 5.4 uM to
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Table IV. Correlations between expression of ILK, EMT and CSC markers in human CRC.

Correlations Spearman's rho

ILK Nuclear —f3-catenin ~ E-cadherin ZEB Snail CD44 Lgr5 CD133

ILK

r 1.000 0.384%* —0.431%* 0.364%* 0.474%* 0.629%* 0.453%* 0.476%*

p . 0.000 0.000 0.000 000 0.000 0.000 0.000

N 149 149 149 149 92 149 149 92
Nuclear [3-catenin

r 0.384%* 1.000 -0.170* 0.303** 0.419%* 0.304%%* 0.253%* 0.239%

p 0.000 . 0.038 0.000 0.000 0.000 0.002 0.022

N 149 149 149 149 92 149 149 92
E-cadherin

r —0.431%* -0.170* 1.000 —0.215%* —0.339%* —-0.305%* -0.149 -0.276%*

p 0.000 0.038 . 0.008 0.001 0.000 0.070 0.008

N 149 149 149 149 92 149 149 92
ZEB

r 0.364%* 0.303** —0.215%* 1.000 0.327%* 0.415%* 0.366%* 0.254*

p 0.000 0.000 0.008 . 0.001 000 0.000 0.015

N 149 149 149 149 92 149 149 92
Snail

r 0.474%* 0.419%* —-0.339%* 0.327%* 1.000 0.585%%* 0.457%* 0.474%*

p 0.000 0.000 0.001 0.001 . 0.000 0.000 0.000

N 92 92 92 92 92 92 92 92
CD44

r 0.629%* 0.304%* —-0.305%* 0.415%* 0.585%* 1.000 0.414%* 0.326%*

p 0.000 0.000 0.000 0.000 0.000 . 0.000 0.002

N 149 149 149 149 92 149 149 92
Lgr5

r 0.453** 0.253%* -0.149 0.366%** 0.457** 0.414%%* 1.000 0.554%%*

p 0.000 0.002 0.070 0.000 0.000 0.000 . 0.000

N 149 149 149 149 92 149 149 92
CD133

r 0.476%* 0.239% -0.276%* 0.254%* 0.474%* 0.326%* 0.554%* 1.000

p 0.000 0.022 0.008 0.015 0.000 0.002 0.000 .

N 92 92 92 92 92 92 92 92

r: Correlation coefficient, p: significance (2-tailed), N: number. **Correlation is significant at the 0.01 level (2-tailed). *Correlation is significant

at the 0.05 level (2-tailed).

12 uM after pretreatment with QLT0267 for
48 h (Figure 4A). Protein levels of ILK and p-Akt (the main
target of ILK kinase activity) are higher in SFUR cells and
OxalR cells compared to the parental HT29 cells by
immunoblotting (Figure 4B). Also, consistent with the known
effect of this specific ILK inhibitor on the levels of p-Akt,
treatment of 5-FUR and OxalR cells with QLT0267
significantly reduces expression of p-Akt in resistant cells
(Figure 4B) (33). In accordance with previous studies 5-FUR
cells show morphologic changes by light microscopy
consistent with EMT, as well as, an EMT and CSC related
expression profile by immunoblotting i.e. decreased levels of
the epithelial marker E-cadherin, increased expression of
active P-catenin and mesenchymal markers vimentin and
Snail and increased levels of the CSC marker Lgr5 (Figure
5) (41, 42). However similar EMT changes were not observed

in OxalR cells (data not shown). When examining the effect
of ILK inhibition on EMT and CSC markers in
5-FUR cells, we observed up-regulation of E-cadherin and
down-regulation of active B-catenin, vimentin, Snail and Lgr5
protein levels by immunoblotting in 5-FUR cells treated with
QLT0267 (Figure 5). An EMT and CSC molecular profile in
5-FUR cells compared with the parental HT-29 and reversal
of these changes upon inhibition of ILK with QLT0267 was
also confirmed by immunofluorescence analysis (Figure 6).

Discussion
CRC is a major cause of cancer-related morbidity and
mortality worldwide (1). Chemotherapy is the standard

treatment option for patients with metastatic unresectable
disease (1, 2). However, resistance to chemotherapeutic
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Table V. Prediction of response to 5-FU-based chemotherapy by regression analysis (Overall Model Fit: Chi Square= 31.5746; df=5; p<0.001).

B SEE. Wald df p OR
ILK 3.168 1.408 5.064 1 0.024 23.761
Nuclear [-catenin 0.927 0.949 0.954 1 0.329 2.526
Cytoplasmic -catenin 0.946 1.596 0.351 1 0.553 2.575
Membranous [3-catenin -0.903 1.159 0.608 1 0.436 0.405
E-cadherin -1.314 0.797 2719 1 0.099 0.269
Snail -0.027 0.021 1.551 1 0.213 0.974
ZEB 0.208 0.106 3.855 1 0.049 1232
CD44 0.033 0019 2793 1 0.095 1.033
Ler5 -0.003 0.018 0.038 1 0.845 0.997
CD133 0.006 0.015 0.153 1 0.696 1.006

df: Degrees of freedom, p: significance, B: coefficient, S.E.: standard error, OR: odds ratio. p-Values <0.05 are considered significant.

drugs prevents successful patient management indicating the
need to identify the mechanisms involved. EMT and CSC
properties are known to be critically implicated in cancer
invasion, metastasis and drug-resistance (4, 5, 7, 13, 14). The
present study addresses the role of ILK in tumor progression
and chemotherapy resistance in human CRC in relation to
EMT and CSC markers.

We showed that an EMT signature consisting of nuclear
[-catenin, down-regulated E-cadherin and overexpression of
ZEB and Snail is associated with invasion, metastasis and
chemoresistance in human CRC. We also report for the first
time that ZEB expression in our cohort of metastatic CRC is
an independent predictor of poor response to chemotherapy
and, in agreement with recent studies, we demonstrate that
5-FU resistant HT29 cells show features of EMT (41, 42).
Consistently, several lines of evidence indicate multiple
interactions between E-cadherin, Wnt/f-catenin and the
EMT key transcription factors Snail and ZEB inducing an
invasive mesenchymal phenotype of epithelial cells in CRC
(43-47). In addition, Snail and ZEB expression in human
colon cancer specimens has been previously associated with
tumor progression and/or poor prognosis (47-49) and only a
few in vitro studies implicate these factors in cancer cell
resistance to 5-FU (42, 50). Our findings suggest that EMT
is critically implicated in invasion, metastasis and
chemotherapy resistance in human CRC and evaluation of
EMT regulators, especially ZEB, in CRC specimens may
have significant clinical relevance. However, considering the
limitations of this study, such as the relatively small number
of our metastatic CRC samples, further evaluation is needed.

Consistent with the significant role of CSCs in tumor
progression and drug-resistance in cancer we demonstrate that
CSC marker expression in human CRC specimens is
associated with depth of tumor invasion, lymph node
metastases, disease stage and resistance of metastatic disease
to chemotherapy (4, 5, 12-14). Expression of CD44 was also
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shown to independently predict lymph node metastasis. In
addition, 5-FU resistant colon cancer cells overexpress the
CSC marker Lgr5 consistent with previous studies showing
that chemoresistance in CRC is associated with stemness
features (41, 51). This is in agreement with previous studies
that correlate CSC marker expression with tumor progression,
poor prognosis and therapeutic resistance in human CRC (14,
19-22, 52). In further agreement with mounting evidence
linking EMT to stemness we show a significant correlation
between EMT and CSC marker expression in our samples (4,
5, 10, 11, 53). Congruently, ZEB and Snail have been shown
to regulate stem cell properties of colon cancer cells (46, 54,
55). However, this is the first study, to the best of our
knowledge, correlating a panel of EMT and CSC markers in
tissue samples of CRC, supporting the notion that EMT in
human CRC in vivo may generate cells with CSC properties
promoting tumor progression and chemoresistance.
Interestingly, ILK overexpression in our cohort of human
CRC is associated with tumor grade, invasion and metastasis
as previously demonstrated and it is also an independent
predictor of lymph node metastasis supporting a significant
role of ILK in colorectal cancer progression (28, 31). This is
consistent with several previous studies showing that
overexpression of ILK results in loss of cell-cell adhesion,
anchorage-independent growth, induction of an invasive
phenotype and tumorigenicity in nude mice (24,25). Notably,
ILK expression in our samples is significantly associated
with all EMT and CSM markers examined and also ILK co-
localized with EMT and CSC markers in human colon
cancer cells. Correlation of ILK with altered expression of
E-cadherin and f3-catenin has been previously demonstrated
but this is the first report, to the best of our knowledge,
linking ILK to Snail, ZEB and CSC markers in human CRC
(31). These findings suggest that ILK overexpression may
induce an EMT and CSC phenotype in human CRC in vivo
and gain of this phenotype may, in part, account for the
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Figure 4. Pharmacological inhibition of ILK in HT29 cells reduces
acquired resistance to 5-FU and oxaliplatin and lowers levels of p-Akt.
(A) Results from MTT assays. Logarithmic dose-response (growth)
curves, with ICs values indicated, showing the effect of QLT0267 on
parental HT29 and resistant 5-FUR (i) or OxalR cells (ii), as well as
the effect of 5-FU (iii) or oxaliplatin (iv) on resistant cells (5SFUR and
OxalR respectively) pretreated with QLT (SFURQLT and OxalRQLT
respectively). QLT0267 results in 3- to 4-fold greater inhibition of cell
proliferation of SFUR (IC5p=26 uM) (i) and OxalR cells (IC5yp=34 uM)
(ii) compared to parental HT29 cells (IC5y>100uM. Pre-treatment with
QLT0267 increases sensitivity to growth inhibition by 5-FU and
oxaliplatin. (B) Protein expression by immunoblotting of ILK and p-Akt
in HT29 colon cancer cells resistant to 5-FU (5-FUR) and oxaliplatin
(OxalR), as well as, in resistant cells treated with ILK inhibitor
QLT0267 (5-FUR+QLT and OxalR+QLT). Representative results of
three independent experiments are shown.
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Figure 5. Pharmacological inhibition of ILK in HT29 cells resistant to 5-FU inhibits expression of EMT and CSC markers. (A) EMT-consistent
phenotypic changes upon 5-FU resistance. Spindle-shape morphology and pseudopodia formation are noted in resistant to 5-FU (5-FUR), but not
in parental HT29 cells. (B) Protein expression by immunoblotting of EMT markers ([3-catenin, E-cadherin, Vimentin and Snail) and CSC markers
(Lgr5) in HT29, 5-FUR cells and 5-FUR cells treated with QLT0267 (5-FUR+QLT). 5-FUR cells express higher protein levels of active (3-catenin,
lower levels of E-cadherin and higher levels of Vimentin, Snail and Lgr5 compared to parental HT29 cells, while QLT0267 treatment (5-FUR+QLT)
reverses these effects. Representative results of three independent experiments are shown.

tumor-promoting role of ILK in CRC. In support of these
findings, previous studies have implicated ILK as a critical
regulator of EMT in cancer cells (29, 56-58). Overexpression
of ILK in epithelial cells induces an invasive mesenchymal
phenotype concomitant with down-regulation of E-cadherin
(29, 56). Also, ILK is implicated in TGF-f and thymosin
betad4 induced EMT in CRC, while inhibition of ILK in
human colon carcinoma cells suppresses the EMT master
regulator Snail (26, 57,58). ILK is also known to regulate
WNT/B-catenin in human CRC (26-30), a pathway with
significant roles in proliferation and maintenance of both the
normal stem cell compartment at the bottom of the colonic
crypts, as well as cancer stem cells within the tumors (44).
Moreover, it has been demonstrated that ILK regulates stem-
cell features in breast cancer and chronic myeloid leukaemia
and is required for the maintenance of intestinal stem cells
in Drosophila (59-61).

We also showed that overexpression of ILK in our cohort is
associated with poor response of metastatic disease to
chemotherapy and along with the EMT marker ZEB, ILK
expression is an independent predictor of chemotherapy
response in metastatic CRC. Furthermore, we show for the first
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time that colon cancer cells resistant to 5-FU and oxaliplatin
are more sensitive to ILK inhibition in vitro than non-resistant
cells and ILK inhibitor QLT0267 increases the response of
chemoresistant cells to treatment with 5-FU or oxaliplatin. In
agreement with these, ILK has been implicated in
chemotherapy resistance in glioma and lung cancer (34, 35).
Targeting ILK shows synergistic effects with chemotherapeutic
drugs in animal models of breast and pancreatic cancer and
also reduces multi-drug resistance in human gastric cancer cell
lines (32, 33, 62, 63). However, to the best of our knowledge,
this is the first study linking ILK overexpression to
mechanisms of chemoresistance in human colon cancer.

Further supporting the notion that ILK overexpression
may attribute aggressive features and chemoresistance in
human colon cancer through EMT and CSC related
mechanisms, pharmacological inhibition of ILK in 5-FU
resistant HT-29 cells significantly reverses the expression of
EMT and CSC markers. Considering the importance of EMT
and CSC features in cancer therapy resistance, ILK
inhibition may prove of value as an EMT and CSC targeting
treatment in the management of CRC. However additional
studies are required to validate this hypothesis.
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In conclusion, we provide evidence supporting the
hypothesis that ILK overexpression in human CRC induces
an EMT and CSC phenotype promoting invasion, metastasis
and resistance to chemotherapy and targeting ILK may
reverse these effects. However, further studies are required to
evaluate ILK as a biomarker and therapeutic target in CRC.
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Figure 6. Immunofluorescence analysis of EMT markers in HT29, 5-FUR
cells and 5-FUR cells pre-treated with QLT0267 (5-FUR+QLT).
Decreased expression of E-cadherin and increased expression of vimentin,
Snail and ZEB can be seen in 5-FU resistant cells (5-FUR) compared to
HT?29 cells while treatment of resistant cells with QLT0267 (5-FUR+QLT)
results in increased expression of E-cadherin and decreased expression of
Vimentin, Snail and ZEB. Nuclei are stained with Hoechstain. Representative
results of three independent experiments are shown.
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