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Abstract This case-control study aims to investigate the cor-
relations of insulin-like growth factor receptor 1 (IGF-1R) and
cyclooxygenase 2 (COX-2) expressions with Ras and BRAF
genetic mutations, clinicopathological features and prognosis
of colorectal cancer (CRC) patients. A total of 213 CRC pa-
tients (case group) and 200 healthy individuals (control group)
were selected from our hospital. Ras (K-Ras/N-Ras) and BRAF
genetic mutations were detected by direct sequencing. The pos-
itive expression rates of IGF-IR and COX-2 in CRC and nor-
mal tissues were detected using immunohistochemistry. RT-
gPCR and Western blotting were applied to detect the mRNA
and protein expressions of IGF-IR and COX-2 in CRC tissues
and normal tissues. Total mutation rate of N-Ras, BRAF and K-
Ras in case group were 5.2%, 12.2% and 47.4%, respectively.
The expressions of IGF-IR and COX-2 were higher in CRC
tissues with Ras and BRAF mutations than in those without.
CRC tissues with Ras mutation showed higher COX-2 expres-
sion than those with BRAF mutation. IGF-IR and COX-2 ex-
pressions were correlated to infiltration degree, lymphatic me-
tastasis (in CRC tissues with and without Ras and BRAF mu-
tations), and Dukes stages (only in CRC tissues with Ras and
BRAF mutations). CRC patients with negative expressions of
IGF-IR and COX-2 had significantly higher accumulative
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survival rate and longer mean survival duration than those with
positive expressions of IGF-IR and COX-2. These findings
indicate that IGF-1R and COX-2 expressions may be associat-
ed with Ras and BRAF genetic mutations, clinicopathological
feature and prognosis of CRC patients.
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Introduction

Colorectal cancer (CRC), a malignant disease of the alimentary
canal, poses a major threat to human health [1]. In the United
States, CRC is the third commonest malignancy and the second
leading cause of cancer-associated death [2]. In Europe, an
estimated 250,000 CRC patients are diagnosed annually, which
accounts for almost 9% of all cancers diagnosed [3]. Ulcerative
colitis is known to be a significant risk factor for CRC and up to
30% of patients with 40-year ulcerative colitis will develop as
CRC [4]. Besides, tobacco smoking, lack of physical activity,
red meat intake, low fruit and vegetable consumption also have
some moderate associations with increased risk of CRC [5].
Currently, clinical surgery, radio- and chemo-therapy alone or
in conjunction are the mainstays of treatment for CRC [6].
However, relapse and metastasis of the cancer following the
conventional treatment frequently lead to poor survival [7].
Therefore, it is imperative to further study the pathogenesis of
CRC and find out more effective therapies.

As a kind of transmembrane tetrameric protein encrypted
by the proto-oncogene/GF-IR, insulin-like growth factor
receptor-1 (IGF-1R) plays a critical role in development, pro-
liferation, invasion and survival of cancer cells [8, 9].
Recently, strong association between dysregulated IGF
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signaling and many human cancers, such as colorectal, gastric
and pancreatic cancer has aroused wide discussions [10, 11].
And the blocking of IGF bioactivity which may prevent can-
cer transformation has been recognized [12].
Cyclooxygenase2 (COX-2) is a key enzyme encoded by the
COX-2 gene situated on chromosome 1q”>>2> It catalyzes
the synthesis of prostaglandins and is inducible in reaction to
some stimulating substances such as cytokines and growth
factors [13]. COX-2 is implicated in many biologic processes
such as inflammation and tumorigenesis [14]. Abnormal ex-
pression of COX-2 has been discovered to be correlated to a
variety of premalignant and malignant epithelia, especially in
gastrointestinal tract [15]. A previous study demonstrated that
inhibition of COX-2 expression in gastric cancer may sup-
press and even reverse carcinogenesis [16]. Another study
also found that, by knocking down COX-2 expression, the
risk of colorectal cancer may be reduced [17]. K-Ras mutation
is a predictive biomarker of resistance of anti-epidermal
growth factor receptor (EGFR) therapy in patients with CRC
[18-20] and activation of Ras (K-Ras or N-Ras) mutations in
addition to K-Ras mutations in exon 2 have been regarded as
negative predictive biomarkers for anti-EGFR therapy [21].
BRAF, whose gene located on chromosome 7, is the most
potent activator of the MAK kinase pathway [22]. A study
reported that BRAF mutation was correlated to poor prognosis
of patients with advanced CRC [23]. However, there were few
studies concermning expressions of IGF-1R and COX-2 in co-
lorectal cancer patients with Ras and BRAF genetic mutations.
On bases of previous studies, this study is designed to inves-
tigate the correlations ofIGF-1R and COX-2 expressions with
Ras and BRAF genetic mutations, clinicopathological features
and prognosis of CRC patients.

Materials and Methods
Ethnical Statement

This study was approved by the Ethical Committee of Fudan
University Shanghai Cancer Center. All participants have pro-
vided written informed consents. This study was in strict ac-
cordance with the guidelines and principles of the Declaration
of Helsinki [24].

Subjects

From March 2008 to March 2010, a total of 213 CRC patients
(110 males and 103 females) who underwent surgery at the
Department of Surgery of Fudan University Shanghai Cancer
Center were included in this study as a case group. All CRC
patients were confirmed by pathological examinations. Ras
(K-Ras/N-Ras) and BRAF genetic mutation of all CRC pa-
tients were testified, according to which the patients were
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assigned into Ras genetic mutation, BRAF' genetic mutation
and wild type (no Ras or BRAF genetic mutation observed).
Meanwhile, 200 healthy individuals were included as a con-
trol group. All of them were regarded as normal after full
colonoscopy, without tumors of other body parts as well as
diseases of digestive tract. Normal colonic mucosa confirmed
by pathology was obtained from each of them after their
agreements. In the case group, all patients (110 males and
103 females) aged 26 ~ 84 years with a mean age of
58.95 £ 9.21 years, and they have not received any anti-
tumor treatment before hospitalization. In these 213 cases,
there were 86 cases of ulcerative, 64 of protruded and 63 of
infiltrative types; 78 of poor differentiation, 135 of moderate/
well differentiation; 110 cases with lymphatic metastasis and
103 without. According to the Dukes staging of Colorectal
Cancer in 1984 [25], there were 108 cases in stage A and B,
and 105 cases in stage C and D. In the control group, there
were 102 males and 95 females, aging from 25 to 83 with the
mean age of 57.36 + 9.17 years. All the patients had complete
clinicopathologic data, and their pathological results of paraf-
fin samples were reconfirmed by pathologists, with no one
having received radiotherapy.

Detection of Ras and BRAF Genetic Mutations

K-Ras genetic mutation was mainly localized at codon family
No. 12 and 13 in exon-2, while N-Ras genetic mutation was at
codon family No. 12 and 13 in exon-2 and codon No. 61 in
exon-3. As for BRAF genetic mutation, it was mainly at codon
No. 600 in exon-15. The primer sequences needed was shown
in Table 1. DNA FFPE Tissue Kit (Qiagen, Cat No.56404) was
used to extract DNA of gene from tumor tissues, which was
then amplified by polymerasechain reaction (PCR). K-Ras, N-
Ras and BRAF genetic mutations were testified using direct
sequencing, and the results was read by Chromes and
DNAMAN software and compared using the NCBI Genome
Databases. PCR reaction system: 2 ul.10 x PCR buffer, 2 uL
dNTP (2.5 m mol/L), 0.5uL primer upstream and 0.5ul. down-
stream primer, 0.1 pL LA Tagenzyme, 2 uL. DNA template,
13 uL sterile water, with the total reaction system being 20 pL.
PCR reaction condition: denaturation for 5 min at 95 °C, an-
nealing for 45 s at 56 °C, for 20s at 72 °C, 45 cycles, and
extension for 5 min at 72 °C.

Immunohistochemistry

Fixed in formalin and embedded with paraffin, all specimens
were cut into sections (each for 3 pwm). Through deparaffin
using xylene and dehydration using graded ethanol, the sec-
tions were put into citrate at pH 7.2 ~ 7.4 for antigen repairing.
After the addition of dilute (1: 500)IGF-1R (Cell Signaling
Technologies, Beverly, MA) and COX-2 (Santa Cruz
Biotechnology, CA, USA) antibody and reaction at 4 °C
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Table 1 Primer design amplified ]
by polymerase chain reaction Genes Primer sequence Fragment (bp)
(PCR)
K-Ras
exon 2 5-TACTGGTGGAGTATTTGATAG-3' 248
5-TGGTCCTGCACCAGTAATATG-3’
N-Ras
exon 2 5-GAACCAAATGGAAGGTCACACT-3' 243
5"-CCTCACCTCTATGGTGGGATC-3'
exon 3 5-TAGCATTGCATTCCCTGTGGTT-3’ 258
5'-CCTGTAGAGGTTAATATCCGCAA-3’
BRAF
exon 15 5-CATAATGCTTGCTCTGATAGGA-3’ 211

5-CAATTTCTTACCATCCACAAAATG-3’

BRAF, v-raf murine sarcoma viral oncogenehomolog B1

overnight, the sections were incubated at 37 °C for 1 h, and
then washed using 0.01 mol/L phosphate-buffered saline
(PBS). Subsequently, added with biotinylated second anti-
body (Boster Biotech Co. Ltd., Wuhan, China), the sections
were incubated at 37 °C for 30 min. Then diaminobenzidine
(DAB) was added for 10-min coloration. Hematoxylin was
used for counterstaining and alcohol gradient for dehydration.
Finally, the sections were sealed with neutral gum and ob-
served under light microscope. The Image-Pro Plus software
(Media Cybernetics, Inc., Bethesda, MD, USA) was
employed to calculate the average light density values.

Staining results: IGF-1R-positive was mainly located in
cell membrane and cytoplasm presenting yellow or dark
brown-yellow. COX-2 mainly expressed in cell cytoplasm or
membrane presenting brown-yellow or sepia. At high magni-
fication, five horizons of each section were randomly selected.
Using the couple score and semi quantitative method, the
staining intensity (no staining is 0, slight staining 1 point,
moderate staining 2 points, deep staining 3 points) and ratio
of positive cells (0 ~ 5% refer to 0, 6 ~25% 1 point, 26 ~ 50%
2 points, 51 ~ 75% 3 points, over 75% 4 points) were deter-
mined. The final results were multiplied two scores mentioned
above: 0 ~ 1 point, negative (—); 2 ~ 4 points, weak positive
(+); 5 ~ 8 points, positive (++); >9 points, strong positive
(+++).

Western Blotting

Protein was respectively extracted from the tissue samples and
the protein concentration was measured according to the BCA
kit (Boster Biotech Co. Ltd., Wuhan, China) instructions.

Added with loading buffer (30 ng for each well) and boiled
at 95 °C for 10 min, the protein was separated by polyacryl-
amide gel (10%) (Boster Biotech Co. Ltd., Wuhan, China)
electropheresis with tube voltage of 80 V to 120 V. Wet trans-
fer was run on using polyvinylidene fluoride (PVDF) mem-
brane under 100 mV for 45 ~ 70 min. Then the reaction was
blocked with 5% bovine serum albumin (BSA) at room tem-
perature for 1 h. Following the addition of two primary anti-
bodies IGF-1R (1:1000) (Cell Signaling Technologies,
Beverly, MA) and COX-2 (1:1000) (Santa Cruz, CA), the
membranes were incubated overnight at 4 °C. After being
washed with Tris-buffered saline plus Tween (TBST) buffer
for 3 times (5 min each time), the membranes were incubated
with corresponding secondary antibodies at room temperature
for 1 h and rinsed for 3 times again. With (3-actin as an internal
reference, chemiluminescence reagent and GelDocEZ imager
(Bio-rad Laboratories, California, USA) were used for devel-
opment. ImageJ software (National Institutes of Health,
Bethesda, MD, USA) was employed for gray value analysis
of target bands.

Real-Time Quantitative Polymerase Chain Reaction
(RT-qPCR)

Primer 5.0 software was employed to design primers (Table 2)
according to gene sequence issued by Genbank. Total RNA
were respectively extracted from the CRC tissues and normal
tissues and reversely transcribed into cDNA following the kit
instruction (Qiagen, Valencia, CA, USA). Ultraviolet spectro-
photometer was used to calculate optical density (OD) value at
wavelength of 260/280 for RNA concentration. The total

Table 2 The primers designed

Reverse primer

for real-time quantitative Genes Forward primer
polymerase chain reaction (RT-
qPCR) IGF-IR

COX-2

-actin

5-ACAGAGAACCCCAAGACTGAG-3’
5"-TTACAATGCTGACTATGGCTAC-3’
5-GTCCACCTTCCAGCAGATGTG-3’

5-TGATGTTGTAGGTGTCTGCGG-3’
5"-CTGATGCGTGAAGTGCTG-3’
5"-GCATTTGCGGTGGACGAT-3’

IGF-IR insulin-like growth factor-I receptor, COX-2 cyclooxygenase-2
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volume of PCR reaction was 20 pL: 10 pL
2 x SuperReallOuL, 0.6 uL upstream primers and 0.6 pL
downstream primers, 4 pL reverse transcription product,
2 uL. 50 x ROX, 2.8 uL RNase-free water. The PCR amplifi-
cation was performed under initial denaturation at 95 °C for
15 min, then 40 cycles of denaturation at 95 °C for 10 s,
annealing for 30 s and extension for 30 s. The (3-actin was
also used as an internal reference. The reliability of PCR re-
sults was evaluated by the dissolution curve with CT value
(elbow values in amplification curve) obtained, and relative
gene expression was determined through 2°°“Ct.

Follow-Up

With discharge time as initial period, the follow-up, ended in
March, 2015, was conducted through the outpatient depart-
ment, telephone or case reviewing. Month was the timing unit.
Patients that were still alive at the end of follow-up were
treated as censored data, and patients lost to follow-up were
processed in accordance with the last statistical time. The
death of patients was endpoint observation index, and
Kaplan-Meier method was applied to calculate the mean sur-
vival time and cumulative survival rate. Time from CRC re-
section to death due to any cause was considered as overall

A

GGAGCTGGATGGCGTAGGEC

20 30 20

GGAGCTG(G/TTGGCGTAGGC

survival (OS); time from surgery resection to recurrence or
metastasis was considered as cumulative recurrence.

Statistical Analysis

Data analyses were conducted using SPSS 21.0 software
(SPSS Inc., Chicago, IL, USA). Continuous data were
displayed as mean + standard deviation and testified by t test.
Categorical data were expressed as percentage and rate, with
chi-square test for comparison. Correlation analysis was tested
by Pearson’s correlation analysis. Kaplan-Meier method was
used for survival analysis, which was tested by Log-rank.
Prognostic factors were analyzed by the Cox regression mod-
el. P < 0.05 indicated significant difference.

Results

Ras (K-Ras/N-Ras) and BRAF Genetic Mutations in CRC
Patients

Among these 213 CRC patients, the total mutation rate of K-
Ras gene was 47.4% (101/213), with 76 mutation cases local-
ized at codon No.12 in exon-2 (35.7%) and 25 cases at codon

30 20 30
GGAGCTGGTGEGACGTAGGEC

it Mt

20 30
GTTGGAGCAG(G/ATGGTGTT

a

il

b

GTTGGAGCAGGTG(G/ATGTT

e

90 100
ACAGCTGGAC/A)AAGAAGAG

100
GCTACAGT/A)GAAATCTCG

i

Fig. 1 Sequence of Ras (K-Ras/N-Ras) and BRAF genetic mutations.
Note: (a-a)codon No.12 in exon-2 of K-Ras gene GGT > GAT; (a-b)
codon No.12 in exon-2 of K-Ras gene GGT > GTT; (a-¢): codon No.13
in exon-2 of K-Ras gene GGC > GAC; (b-a) codon No.12 in exon-2 of N-
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Ras geneGGT > GAT; (b-b) codon No.13 in exon-2 of N-Ras gene
GGT > GAT; (b-¢): codon No.61 in exon-3 of N-Ras gene
ACA > AAA; (c¢) codon No.51 in exon-15 of BRAF gene
GTG > GAG; base changes are indicated by the arrows
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Fig. 2 IGF-IR and COX-2 expressions in normal tissues and colorectal
cancer tissues. Note: (a) Immunohistochemistry of IGF-IR and COX-2
expressions in normal tissues and colorectal cancer tissues; (b)
Comparisons of IGF-IR and COX-2 expressions in normal tissues and
colorectal cancer tissues with different genetic mutations; (¢) IGF-IR and
COX-2 expressions in normal tissues and colorectal cancer tissues
detected by Western blotting; (d) Comparisons of the protein

No.13 at exon-2 (11.7%) (Fig. 1a); the total mutation rate of N-
Ras gene was 5.2% (11/213), with 3 mutation cases localized at
codon No. 12 in exon-2 (1.4%), 2 cases at codon No.13 in
exon-2 (0.9%) and 6 cases at codon No. 61 in exon-3 (2.8%),
among which there were 2 cases exhibiting both K-Ras and N-
Ras genetic mutation (Fig. 1b). The total mutation rate of BRAF
gene was 12.2% (26/213) (Fig. 1c). No patient showed both
BRAF and K-Ras/N-Ras genetic mutation in the present study.
In total, there were 112 cases showing Ras genetic mutation, 26
showing BRAF genetic mutation and 75, wild type (no muta-
tion found in the two genes mentioned above).

IGF-IR and COX-2 Expressions in CRC and Normal
Tissues

According to immunohistochemistry, IGF-1R-
positivereactant presented yellow or dark brown-yellow in cell
membrane and cytoplasm after being stained; while COX-2-
positivereactant presented brown-yellow or sepia in cell cyto-
plasm. There were significantly higher IGF-IR and COX-2-
positive rates in CRC tissues, than in normal tissues (all
P < 0.05) (Fig. 2a-b). In CRC tissues with different genetic
mutations, it could be observed that IGF-IR and COX-2-

expressions of IGF-IR and COX-2 in normal tissues and colorectal
cancer tissues with different genetic mutations; (e) Comparisons of the
mRNA expressions of IGF-IR and COX-2 in normal tissues and
colorectal cancer tissues with different genetic mutations; *, P < 0.05
compared with the control group; #, P < 0.05 compared with patients
with Ras mutation; &, P < 0.05 compared with patients with BRAF
mutation

positive rates were remarkably higher in CRC tissues with
Ras and BRAF genetic mutations than those with wild-type
Ras and BRAF, with higher COX-2 expression in Ras genetic
mutation than in BRAF genetic mutation (all P < 0.05), how-
ever, there was no significant difference in IGF-IR-positive
expression rate between Ras and BRAF genetic mutations
(P> 0.05) (Fig. 2a-b). According to Western blotting, higher
protein expressions of IGF-IR and COX-2 were found in CRC
tissues than in normal tissues (all P < 0.05). In terms of CRC
tissues of different types, there were higher protein expres-
sions of IGF-IR and COX-2 in CRC tissues of Ras and
BRAF genetic mutation than in those with wild type, with
higher expression of COX-2 in CRC tissues with Ras genetic
mutation than in BRAF gentic mutation (all P < 0.05), how-
ever, no significant difference was found in IGF-IR expression
between Ras and BRAF genetic mutations (P > 0.05) (Fig. 2c-
d). According to RT-qPCR, mRNA expressions of IGF-IR and
COX-2 were much higher in CRC tissues than in normal
tissues (all P < 0.05); besides, mRNA expression of IGF-IR
and COX-2 were higher in CRC tissues with Ras and BRAF
genetic mutations than in those with wild type, with higher
much expression of COX-2 in Ras genetic mutation than in
BRAF genetic mutation (all P < 0.05), however, IGF-IR
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Table 3  Associations between expressions of IGF-IR and COX-2 proteins and clinicopathologic features of CC patients with Ras gene mutation

Clinicopathologic features Number IGF-IR expression X2 P COX-2 expression X2 P
Positive Negative Positive Negative

Gender
Male 58 45 13 0.492 0.807 46 12 0.084 0.959
Female 54 39 15 44 10

Age
>60 65 51 14 0.99 0.32 54 11 0.726 0.696
<60 47 33 14 36 11

Tumor location
Left colon 49 39 10 0.98 0.322 39 10 0.032 0.984
Right colon 63 45 18 51 12

Tumor size
>5 54 43 11 1.192 0.275 41 13 1.297 0.523
<5 58 41 17 49 9

Infiltration degree
Inside serosa 47 29 18 7.638 0.006 32 15 7.727 0.021
Outside serosa 65 55 10 58 7

Differentiation degree
Poor differentiation 43 35 8 1.523 0.217 38 5 2.841 0.242
Moderate/high differentiation 68 49 20 52 17

Dukes stages
A+B 56 36 20 6.857 0.009 37 19 14.48 0.001
C+D 56 48 8 53 3

Lymphatic metastasis
Yes 54 47 7 8.058 0.005 49 5 7.123 0.028
No 58 37 21 41 17

Type
Ulcerative 47 32 15 2.119 0.347 24 23 0.762 0.683
Protruded 38 30 8 23 15
Infiltrative 27 22 5 15 12

IGF-IR insulin-like growth factor-I receptor, COX-2 cyclooxygenase

mRNA expression remained statistically same between Ras
and BRAF genetic mutations (P > 0.05) (Fig. 2e)

Correlations of IGF-IR and COX-2 Expressions
with Clinicopathological Features of CRC Patients

For CRC patients with Ras or BRAF genetic mutation, the pro-
tein expressions of IGF-IR and COX-2 were not correlated with
age, gender, tumor location, tumor size, differentiation degree
and pathologic gross types (all P > 0.05), however, they were
correlated to Dukes stages, infiltration degree and lymphatic
metastasis (all P < 0.05). For patients with wild-type Ras and
BRAF gene, protein expressions of IGF-IR and COX-2 were not
correlated with age, gender, tumor location, tumor size, differ-
entiation degree, Dukes stages and pathologic gross types (all
P > 0.05), hut they were associated with infiltration degree and
lymphatic metastasis (all P < 0.05) (Tables 3, 4 and 5).

After Pearson correlation analysis, it was found that there
was positive relation between IGF-IR and COX-2 in CRC pa-
tients with Ras and BRAF genetic mutations (r = 0.272,
P < 0.05; r = 0.329, P < 0.05) and those with wild-type Ras
and BRAF (r=0.160, P < 0.05) (Fig. 3) (P < 0.05). Furthermore,
chi-square test for 122 cases of positive co-expression of IGF-
IR and COX-2 and 23 cases of negative co-expression showed
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that co-expression of IGF-1R and COX-2 was associated with
infiltration degree, lymphatic metastasis and Dukes stages of
CRC patients with Ras and BRAF genetic mutations (all
P < 0.05), however, it was only correlated to infiltration degree
and lymphatic metastasis when it came to CRC patients with
wild-type Ras and BRAF gene (all P < 0.05) (Tables 6, 7 and 8).

Correlations of IGF-IR and COX-2 Expressions
with the Prognosis of CRC Patients

During the follow-up of five-year survival, twenty-one pa-
tients were lost to the follow-up, among which there were 10
cases with Ras genetic mutation, 3 cases with BRAF genetic
mutation and 8 with wild type. The last statistical time was
considered as the survival of lost patients. Five-year survival
rates of patients with negative co-expression of IGF-IR and
COX-2, IGF-IR-positive expression, COX-2-positive expres-
sion and positive co-expression of IGF-IR and COX-2 were
respectively 70.6%, 57.2%, 54.1% and 33.6% with the mean
survival time being respectively 52 months, 48 months,
46 months and 41 months. The cumulative survival rate and
mean survival duration of CRC patients with negative co-
expression of IGF-1R and COX-2 were significantly higher
than those with COX-2, IGF-IR-positive expression, COX-2-
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Table 4  Associations between expressions of IGF-IR and COX-2 proteins and clinicopathologic features of CC patients with BRAF gene mutation

Clinicopathologic features Number IGF-IR expression X2 P COX-2 expression X2 P
Positive Negative Positive Negative

Gender
Male 12 10 2 1.192 0.551 10 2 2.081 0.353
Female 14 9 5 8 6

Age
>60 14 10 4 0.465 0.495 9 5 0.348 0.84
<60 12 9 3 9 3

Tumor location
Left colon 15 11 4 0.078 0.78 8 4.026 0.122
Right colon 11 8 3 10 1

Tumor size
>5 9 6 3 0.288 0.592 6 3 0.042 0.979
<5 17 13 4 12 5

Infiltration degree
Inside serosa 10 5 5 4.398 0.036 4 6 6.518 0.011
Outside serosa 16 14 2 14 2

Differentiation degree
Poor differentiation 14 11 3 0.465 0.495 11 3 1.242 0.537
Moderate/high differentiation 12 8 4 5

Dukes stages
A+B 10 4 9.036 0.003 4 6 6.518 0.011
C+D 16 15 1 14 2

Lymphatic metastasis
Yes 16 14 2 4.398 0.036 15 1 11.74 0.001
No 9 5 5

Type
Ulcerative 10 8 2 0.502 0.778 8 2 5.447 0.066
Protruded 4 3 1 3 1
Infiltrative 12 8 4 4 8

IGF-IR insulin-like growth factor-I receptor, COX-2 cyclooxygenase

positive expression and positive co-expression of IGF-IR and
COX-2 (P < 0.05) (Fig. 4a).

For patients with Ras mutation, five-year survival rates of
those showing negative expressions of IGF-IR and COX-2,
positive expression of IGF-IR, positive expression of COX-2
and positive expressions of IGF-IR and COX-2 were 81.8%,
52.9%, 36.4% and 38.4% respectively; and their mean survival
durations were respectively 55 months, 45 months, 46 months
and 42 months. It suggested that patients with negative expres-
sions of IGF-IR and COX-2 had higher cumulative survival
rate and mean survival duration than those with positive ex-
pression of IGF-IR, positive expression of COX-2 and positive
expressions of IGF-IR and COX-2 (P < 0.05) (Fig. 4b)

For patients with BRAF mutation, five-year survival rates of
those showing negative expressions of IGF-IR and COX-2,
positive expression of IGF-IR, positive expression of COX-2
and positive expressions of IGF-IR and COX-2 were 50.0%,
66.7%, 75.0% and 26.7% respectively; and their mean survival
durations were respectively 50 months, 48 months, 50 months
and 41 months. Patients with negative expressions of IGF-IR
and COX-2 had remarkably higher cumulative survival rate
and mean survival duration than those with positive expres-
sions of IGF-IR and COX-2 (P < 0.05), however they didn’t
significantly differ from those with positive expression of IGF-

IR and those with positive expression of COX-2 in terms of
cumulative survival rate and mean survival duration (Fig. 4c).

For patients with wild-type BRAF and Ras, five-year sur-
vival rates of those showing negative expressions of IGF-IR
and COX-2, positive expression of IGF-IR, positive expres-
sion of COX-2 and positive expressions of IGF-IR and COX-
2 were 75.0%, 61.1%, 73.3% and 50.0% respectively, and
their mean survival rates durations were respectively
54 months, 51 months, 54 months and 50 months. Patients
with negative expressions of IGF-IR and COX-2 had remark-
ably higher cumulative survival rate and mean survival dura-
tion than those with positive expressions of IGF-IR and COX-
2 (P < 0.05), however they showed no significantly difference
in cumulative survival rate and mean survival duration from
those with positive expression of IGF-IR and those with pos-
itive expression of COX-2 (Fig. 4d).

Multiple Regression Analysis of Overall Survival
Duration and Recurrence of Patients with CRC

Mutation type, infiltration degree, lymphatic metastasis and
Dukes stages, IGF-IR-positive expression, COX-2-positive
expression and positive co-expression of IGF-IR and COX-2
were concluded into COX regression model of survival
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Table5 Associations between expressions of IGF-IR and COX-2 proteins and clinicopathologic features of CC patients with wild-type Ras and BRAF

gene
Clinicopathologic features Number IGF-IR expression X2 P COX-2 expression X2 P
Positive Negative Positive Negative

Gender
Male 37 24 13 0.007 0.997 25 10 0.136 0.935
Female 38 25 13 27 13

Age
>60 38 21 17 3.449 0.063 25 13 0.455 0.797
<60 37 28 9 27 10

Tumor location
Left colon 34 20 14 1.164 0.281 22 12 0.626 0.731
Right colon 41 29 12 30 11

Tumor size
>5 30 18 12 0.628 0.428 21 9 0.01 0.995
<5 45 31 14 31 14

Infiltration degree
Inside serosa 30 15 15 5.19 0.023 15 15 8.793 0.012
Outside serosa 45 34 11 37 8

Differentiation degree
Poor differentiation 33 25 8 2.827 0.093 26 2.447 0.29
Moderate/high differentiation 42 24 18 26 16

Dukes stages
A+B 37 21 16 2372 0.124 25 12 0.107 0.948
C+D 38 28 10 27 11

Lymphatic metastasis
Yes 42 33 9 7.386 0.007 35 7 8.799 0.012
No 33 16 17 17 16

Type
Ulcerative 29 19 10 2.706 0.258 9 20 1.979 0.372
Protruded 22 17 5 9 13
Infiltrative 24 13 11 12 12

IGF-IR insulin-like growth factor-I receptor, COX-2 cyclooxygenase

duration and CRC recurrence, and the results showed that  Discussion

mutation type, infiltration degree, Dukes stages, IGF-IR-
positive expression, COX-2-positive expression and positive
co-expression of IGF-IR and COX-2were the risk factors of
CRC (all P < 0.05) (Table 9). And the accumulative recrudes-
cent time was associated with mutation types, lymphatic me-
tastasis, IGF-IR or COX-2-positive expression and co-
expression of IGF-IR and COX-2 (all P < 0.05) (Table 10).

Currently, the incidence of CRC worldwide remains an
upward trend, but the molecular pathogenesis of this dis-
ease is not clear. This study was designed to investigate the
expressions of IGF-1R and COX-2 in CRC patients with
Ras and BRAF genetic mutations and further to lay a foun-
dation for the treatment of CRC toward molecular target.

Ras mutant type BRAF mutant type wild type
37 2.01 2.0+
® o
0.. ® 1.8 1
° 1.5 1 °
- [ ]
5 2 A Chy Y 164 o ¢ %8 B
X ° . x > 1.0 8%
o ) o
(6] 14 L4 O 1.4+ O o’ ® .
r=0.272 12 0.5 . L r=0.160
L4 .
0 r r T T T 1 1.0 T T r 1 0.0 r r T
04 06 08 10 12 14 16 0.4 0.8 1.2 1.6 0.4 0.8 1.2
IGF-IR IGF-IR IGF-IR

Fig. 3 Pearson’s correlation analysis of the protein and mRNA expressions of IGF-IR and COX-2 with colorectal cancer patients with different genetic
mutations. Note: 1, correlation coefficients; » > 0 stands for positive correlation; 7 < 0 stands for negative correlation
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Table 6 Association of positive
co-expression of IGF-IR and Positive co-expression of IGF-IR and COX-2 X2 P
COX-2 with infiltration degree,
lymphatic metastasis and Dukes Positive (number) Negative (number)
stages of colorectal cancer
patients with Ras gene mutation Infiltration degree
Inside serosa 24 10
Outside serosa 49 1 13.36 <0.001
Dukes stage
A+B 26 9
C+D 47 2 8.396 0.004
Lymphatic metastasis
Yes 44
No 29 6.837 0.009

IGF-IR insulin-like growth factor-I receptor, COX-2 cyclooxygenase

IGF-1R and COX-2 expressions in the CRC tissues were
found significantly higher than those in the normal tissue.
Shen et al. announced that IGF-1R was often up-regulated in
colorectal cancer [9]. Elzagheid et al. also found high expres-
sion of COX-2 in colorectal cancer, and its higher levels was
correlated to Dukes staging and lymphatic metastasis [26],
which is in consistency with results of our study. Besides, it
was found in the study that patients with Ras and BRAF ge-
netic mutations showed higher mRNA and protein expres-
sions of IGF-IR and COX-2 than those with wild-type.
Activation IGF-1R signaling contributes to survival, prolifer-
ation, metastasis, angiogenesis and resistance to anti-cancer
therapies in a number of human malignancies, with CRC in-
cluded [27] Co-expression of the EGFR and IGF-IR is com-
mon in CRC patients [28], from which a positive correlation
between them could be known. Activating mutations in Ras in
exon 2 have been indicated as negative biomarkers for
predicting anti-EGFR therapy [21]. Hence it can be concluded
that Ras mutation promoted EGFR, which was positively cor-
related with IGF-IR. BRAF mutation is a crucial step in

malignant transformation within the methylated pathway to
CRC [29]. BRAF, activating mutation, could result in activa-
tion of the MAPK pathway, and MAPK activation is one of
the resistance to IGF-IR tyrosine kinase inhibitors [27], which
indicated that BRAF mutation activated MARP, further pro-
moting IGF-IR. Due to the fact that the IGF-IR may activate
specific pathways that were previously shown to lead to COX-
2 induction in CRC [30], Ras and BRAF mutation enhanced
IGF-IR, thus promoting expression of COX-2.

In our study, the expressions of IGF-1R and COX-2 were
found to have close associations with infiltration degree,
Dukes stage and lymphatic metastasis for patients with Ras
and BRAF genetic mutations. Yamamoto et al. have discov-
ered that over-expression of IGF-1R was associated with dif-
ferentiation degree, disease stage, lymphatic metastasis, over-
all survival and recurrence in patients with non-small cell lung
cancer [8], which can further strengthen the reliability of our
results. Therefore, it can be concluded that IGF-1R and COX-
2 have synergistic influence in the CRC occurrence, develop-
ment and migration. Interestingly, we found that IGF-1R and

Table 7 Association of positive
co-expression of IGF-IR and

Positive co-expression of IGF-IR and COX-2 X2 P

COX-2 with infiltration degree,
lymphatic metastasis and Dukes

Positive (number)

Negative (number)

stages of colorectal cancer

patients with BRAF gene Infiltration degree
mutation Inside serosa 2
Outside serosa 13
Dukes stage
A+B 1
C+D 14
Lymphatic metastasis
Yes 14
No 1

3
1 6.193 0.013
3
1 8.872 0.003
1
3 8.872 0.003

IGF-IR insulin-like growth factor-I receptor, COX-2 cyclooxygenase

@ Springer



54 Jin M. et al.
Table 8 Association of positive
co-expression of IGF-IR and Positive co-expression of IGF-IR and COX-2 X2 P
COX-2 with infiltration degree,
lymphatic metastasis and Dukes Positive (number) Negative (number)
stages of colorectal cancer
patients with wild-type Ras and Infiltration degree
BRAF Inside serosa 6 6
Outside serosa 28 2 10.44 0.001
Dukes stage
A+B 14
C+D 20 1.189 0.276
Lymphatic metastasis
Yes 28
No 6 10.44 0.001
IGF-IR insulin-like growth factor-I receptor, COX-2 cyclooxygenase
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Fig. 4 Kaplan-Meier survival curves for overall survival of colorectal
cancer patients with positive or negative expressions of IGF-IR or
COX. Note: (a) Comparison of overall survival duration among
patients with different expressions of IGF-IR and COX-2; (b)
Comparison of survival duration among patients with Ras mutation
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Table 9 Cox regression analysis
of colorectal cancer patients’ total
survival time

B SE Wald Sig. Exp(B) 95.0% CI for Exp(B)
Lower Upper
Mutation type 0.48 0216 4951 0.026 1.616 1.059 2.466
Dukes stages 0.428 0.199  4.625 0.032  1.533 1.039 2.264
Lymphatic metastasis -0.313 02 2.437 0.119  0.731 0.494 1.083
Infiltration degree 0.462 0.21 4.853 0.028 1.586 1.052 2.392
IGFI-positive expression 0.556 0.241 5311 0.021  1.743 1.087 2.796
COX2-positive expression 0.668 0266 6294 0.012 1951 1.157 3.289
Positive co-expression of IGFI and COX-2  0.709 0208 11.598 0.001  2.033 1.351 3.058

B regression coefficient, SE standard error, Wald variance, Sig significance, Exp(B) constant, CI confidence
interval, CI confidence interval, /GF-IR insulin-like growth factor-I receptor, COX-2 cyclooxygenase

COX-2 expressions showed a significant positive correlation
to each other in the CRC cells. Wu et al. demonstrated that
IGF-1 increased the activity of ®51 integrin (a key molecular
for chondrosarcoma cell migration) via the IGF-1R, IKK a/b,
NF-kB-dependent and PI3K/Akt pathways [31]. Liu et al. ob-
served that the over-expression of COX-2 promoted the
mRNA expression of «231 integrin, which has been revealed
to play a critical role in metastasis of chondrosarcoma cells
[32]. The two studies mentioned above can explain that the
expressions of IGF-1R and COX-2 in CRC cells were in pos-
itive correlation to each

The overall survival of patients suggested that the infiltra-
tion degree, Dukes stage, lymphatic metastasis, IGF-1R and
COX-2 expression, and positive co-expression of the two
were risk factors influencing the prognosis of CRC patients.
The cumulative recurrence time of patients demonstrated the
association within filtration degree and positive co-expression
of IGF-1R and COX-2. IGF-1/IGF-1R can promote prolifer-
ation and invasiveness and suppress apoptosis of cancer cells,
including CRC cells, through activation of the PI3K/AKT
signaling [10]. Jairamet et al. also reported that IGF-1R me-
diated down-stream proliferating and survival pathways in
normal and malignant cells such as the PI3K/Akt and Ras
signaling leading to enhanced human CRC cell proliferation,
thus inhibiting IGF-1R may attenuate cell proliferation [6]. In
many cancers such as colorectal, breast cancers and gastric,
high expression of IGF-1R has been reported to show resis-
tance to therapy, exhibiting poor clinical outcome [11]. COX-

2 was recognized to stimulate growth, enhance angiogenesis
and metastasis in breast tumor cells [33], it also has been
associated with poor survival and identified as an independent
factor for bad prognosis of gastric cancer [34].

In Lee’s study, tumor invasion is associated with poor prog-
nosis in human CRC [35]. In Zare et al.’s study, lymph node
ratio of cancer metastasis is closely correlated to the prognosis
of CRC patients [36]. The both previous studies confirm the
result of the study. It was also found that compared with those
with positive expression of IGF-1R or COX-2 alone, or pos-
itive co-expression of the two, patients with negative co-
expression of IGF-1R and COX-2 showed the highest cumu-
lative and mean survival. Therefore, expressions of IGF-1R
and COX-2 can be potential marker for the treatment and
prognosis of CRC.

In summary, our findings provided evidence that IGF-1R
and COX-2 expressions may be associated with Ras and
BRAF genetic mutations, clinicopathological feature and prog-
nosis of CRC patients. Thus, IGF-1R and COX-2 proteins are
likely to be molecular markers for the clinical treatment and
prognosis of CRC patients with Ras and BRAF genetic muta-
tions. However, in the study, the case number of CRC patients
with wild-type Ras and BRAF is limited, which should be fur-
ther explored to confirm the association of wild-type Ras and
BRAF with expressions of IGF-1R and COX-2. And future
researches focusing on genetic transcriptions of IGF-1R and
COX-2 and catalysis of active proteins may be done to explore
the effect of IGF-1R and COX-2 on CRC.

Table 10 Cox regression
analysis of colorectal cancer
patients’ reoccurrence

B SE Wald Sig. Exp(B)  95.0% CI for Exp(B)
Lower Upper
Mutation type 0462 0227 4144 0.042 1.587 1.017 2.477
Dukes stages 0389 0211 3.387 0.066 1.476 0.975 2.233
Lymphatic metastasis 0453 0212 4575 0.032 1.573 1.039 2.383
Infiltration degree 0416 022 3.568 0.059 1.515 0.984 2332
IGFI-positive expression 0.631 0263 5.734 0.017 1.879 1.121 3.148
COX2-positive expression 0.758 0291 6.784 0.009 2.135 1.206 3.778
Positive co-expression of IGFI and COX-2  0.794 0224  12.501  <0.001 2212 1.424 3.434

B regression coefficient, SE standard error, Wald variance, Sig significance, Exp(B) constant, C/ confidence
interval, CI confidence interval, /GF-IR insulin-like growth factor-I receptor, COX-2 cyclooxygenase
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