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Abstract: Interferon-induced transmembrane protein 1 (IFITM1) has recently been implicated in tumorigenesis. 
However, the prognostic value of IFITM1 in colorectal cancer remains unknown. The present study aimed to examine 
the expression and prognostic significance of IFITM1 in human colorectal cancer. IFITM1 expression was analyzed 
in 144 archived, paraffin-embedded colorectal cancer tissues and corresponding normal colorectal mucosa by im-
munohistochemistry. The correlation of IFITM1 with clinic-pathological features and overall survival of colorectal 
cancer patients was evaluated. IFITM1 was overexpressed in colonic cancer tissues but not in rectal cancer tissues, 
compared to control normal tissues. The expression of IFITM1 was significantly higher in patients with poor differen-
tiation (P=0.031). The patients with higher IFITM1 expression had worse overall survival outcomes than those with 
lower IFITM1 expression in rectal cancer (P=0.037). Univariate Cox regression suggested that older age and poorly 
differentiation status predict shorter overall survival in colorectal cancer (P<0.05). However, IFITM1 expression was 
not a significant prognostic factor for survival by univariate or multivariate analyses. In conclusion, high expression 
of IFITM1 is associated with poor prognosis of rectal cancer. IFITM1 may serve as an independent prognostic bio-
marker for colorectal cancer.
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Introduction

Colorectal cancer is the third most commonly 
diagnosed cancer in males and the second in 
females. In 2008, there were over 1.2 million 
new cancer cases and 608,700 deaths world-
wide [1]. Although the improvements in early 
detection and treatment decrease the inci-
dence and death rates, colorectal cancer is still 
a great threat to human health [2]. Consequently, 
much effort has been made to identify reliable 
molecular biomarkers of colorectal cancer that 
can predict tumor progression and improve the 
survival rates of patients [3].

INF-induced transmembrane protein 1 (IFITM1) 
is a member of the IFN-inducible transmem-
brane protein family and a component of multi-
meric complex involved in the transduction of 
anti-proliferation and cell adhesion signals [4]. 
IFITM1 expression has been found to be highly 
increased in esophageal cancer, cervical can-

cer and ovarian cancer [5-7]. Furthermore, 
recent studies suggest that IFITM1 promotes 
the progression of malignancy by enhancing 
migration and invasion in gastric cancer, head 
and neck cancer and glioma cells [8-10]. In 
colorectal cancer, the up-regulation of IFITM1 
expression is highly specific to human colorec-
tal carcinogenesis and identified as a potential 
new marker for colorectal tumors [11]. However, 
few studies have investigated the correlation 
between the expression of IFITM1 and its prog-
nostic value in colorectal cancer.

In this study, we used immunohistochemistry to 
detect the expression of IFITM1 in 144 colorec-
tal cancer tissues. IFITM1 expression within dis-
eased epithelium was compared with adjacent 
normal epithelium in patient-matched samples. 
Furthermore, we determine the correlation of 
IFITM1 expression with tumor progression and 
patient survival in patients with variable clinico-
pathological characteristics.
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Materials and methods

Patients and tissue specimens

Patients with colorectal cancer who had under-
gone tumor surgical resection at Huaian First 
People’s Hospital Affiliated to Nanjing Medical 
University from July 2006 through August 2007 
were involved in this study. Each patient had 
been diagnosed with colorectal cancer based 
on clinicopathological characteristics and none 
of them received radiotherapy or adjuvant che-
motherapy before surgery. All patients have 
been prospectively followed up until death or 
when last seen alive on their clinical visit 
(August 2011), with the median follow-up of 51 
months. A total of 144 paraffin-embedded 

colorectal cancer and adjacent normal epithe-
lium in patient-matched tissues from tumor 
and adjacent tissues were collected for immu-
nohistochemitry. The study protocols were 
approved by Ethics Committee of Nanjing 
Medical University. Every patient signed a writ-
ten informed consent before surgery.

Immunohistochemistry

A total of 144 formalin-fixed paraffin-embed-
ded colorectal tumor samples were cut into 4 
µm sections and baked at 60°C. The slides 
were dewaxed in xylene and rehydrated in etha-
nol and then incubated in a 3% hydrogen perox-
ide to inhibit the endogenous peroxidase activ-
ity. Next the slides were boiled in antigen 
retrieval EDTA buffer for 10 min. After blocking 
with goat serum, the slides were incubated with 
a mouse polyclonal antibody against IFITM1 
(1:100, Sigma) at 4°C overnight. After washing 
with phosphate-buffered saline (PBS), the sec-
tions were incubated with second antibody for 
30 min, then washed with PBS. Finally, the sec-
tion were visualized by diaminobenzidine solu-
tion and counterstained with hematoxylin. 
Negative controls were performed with the 
incubation with rabbit IgG instead of primary 
antibody.

Evaluation of immunohistochemical staining

Two experienced pathologists who were blind 
to the clinical-pathological data evaluated 
immunohistochemistry staining independently. 
The score of immunohistochemical staining 
was based on the percentage of positive tumor 
cells and the intensity of the staining. The per-
centage of cells with staining was scored as: 
“0” (0%), “1” (1%-25%), “2” (26%-50%), “3” 
(51%-75%) and “4” (75%-100%). The staining 
intensity was scored as: “0” (negative), “1” 
(weak), “2” (moderate), “3” (strong). The im- 
mmunoreactivity score was classified by multi-
plying the two scores, and classified as three 
grades: weak (0-4), moderate (4-8), strong 
(8-12).

Statistical analysis

Differences between the grades of malignant 
and adjacent tissue samples were compared 
using Wilcoxon rank sum test. The relationship 
between IFITM1 expression and clinicopatho-
logical characteristics was performed by 
Pearson chi-square and Fisher’s exact tests. 
Survival curves were evaluated by the Kaplan-

Table 1. Correlation between IFITM1 expression 
and clinic-pathological features of colorectal 
cancer patients

Characteristic
IFITM1 expression

P value
Weak Moderate Strong

Gender 0.276
    Male 45 37 3
    Female 38 18 3
Age 
    <60 years 30 16 2 0.688
    ≥60 years 53 39 4
Location 0.142
    Colon 36 24 5
    Rectum 47 31 1
Differentiation 0.031
    Well 19 22 2
    Moderately 29 16 4
    Poorly 35 17 0
Depth of invasion 0.605
    T1 3 2 0
    T2 7 9 0
    T3 67 39 5
    T4 6 5 1
Lymph node 0.865
    Negative 45 32 3
    Positive 38 23 3
TNM stage 0.638
    I 8 9 0
    II 37 23 3
    III 37 21 3
    IV 1 2 0
Status at last review 0.858
    Alive 51 33 3
    Dead 32 22 3
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Meier method and compared by the log-rank 
test. Univariate and multivariate survival analy-
sis were performed using Cox regression analy-
sis. Statistical analysis was performed using 
SPSS software 18.0 (SPSS Inc., Chicago, IL, 
USA). All analyses were considered statistical 
significant when p values <0.05.

Results

Clinicopathological features

The median age of the 144 patients was 65 
years (range 24 to 90 years). Among them, 65 
patients had colon cancer and 79 patients had 
rectal cancer. The median follow-up was 51 
months (range 1 to 61 months). The clinico-
pathological data of the patients were listed in 
Table 1.

Comparison of IFITM1 expression in normal 
and malignant colorectal tissue

We performed mmunohistochemistry to assess 
IFITM1 expression in colorectal tissue samples 

and matched adjacent noncancerous tissue 
samples. The expression of IFITM1 was pre-
dominantly cytoplasmic in tumor cells and adja-
cent noncancerous epithelial cells (Figure 1). 
IFITM1 expression was significantly higher in 
malignant colon tissue than in non-malignant 
tissue (P=0.044), but there was no significant 
difference in IFITM1 expression between rectal 
cancer tissues and their precancerous counter-
parts. In addition, the difference in IFITM1 
expression between colorectal cancer and nor-
mal mucosa was not statistically significant.

Association between IFITM1 expression and 
clinicpathological features of colorectal cancer

The association between IFITM1 expression 
and clinic-pathological features of colorectal 
tumor was shown in Table 2. IFITM1 expression 
was higher in histological differentiated color- 
ectal carcinomas (P=0.031). However, gender, 
age, tumor location, depth of invasion, lymph 
node metastasis, TNM stage and survival had 

Figure 1. Immunohistochemical staining of IFITM1 in human colorectal cancers. Representative images from immu-
nohistochemical staining of IFITM1 in colorectal cancer and matched adjacent noncancerous tissues. Weak IFITM1 
staining (A), moderate IFITM1 staining (B), and strong IFITM1 staining (C). Negative staining of IFITM1 in matched 
noncancerous tissues adjacent to tumors (D). Magnification: ×200.
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no significant relationship with IFITM1 expres-
sion (Table 2). 

Association between IFITM1 expression and 
clinical outcome

By analysis of Kaplan-Meier survival curves we 
found that the survival of the patients with 
moderate and strong staining of IFITM1 in 
colorectal tumor infiltrate was not significantly 

To further assess the prognostic value of 
IFITM1 expression, we performed a stratified 
analysis. In the subgroup of patients, there was 
a significant association between higher IFITM1 
expression in the rectal cancer and poorer 
overall survival (P=0.037, Figure 3B). No asso-
ciation was found between IFITM1 expression 
and the prognostic significance with patients 
with colonic cancer (P=0.873, Figure 3A).

Table 2. Univariate and multivariate analysis of factors related to overall survival in colorectal cancer 
patients

Risk factor 
Univariate analysis

P
Multivariate analysis

P
HR (95% CI) HR (95% CI)

Age  1.964 (1.028-3.751) 0.041 2.193 (1.183-4.066) 0.013
Gender 0.810 (0.463-1.418) 0.460
Tumor location 0.884 (0.508-1.538) 0.662
Tumor size 1.391 (0.759-2.551) 0.286
Histological differentiation 1.411 (1.018-1.956) 0.038 1.337 (0.974-1.835) 0.073
TNM stage 3.438 (2.081-5.680) <0.001 3.282 (1.994-5.402) <0.001
IFITM1 expression 1.178 (0.730-1.900) 0.503
HR hazard ratio, CI confidence interval, P values in bold were statistically significant. Age, ≥60 or <60; Gender, male or female; 
Tumor location, rectum or colon; Tumor size, >4 cm or ≤4 cm; Histological differentiation, poorly differentiated, moderately 
differentiated or well differentiation; Tumor Node Metastasis, I+II, III or IV; IFITM1 expression, strongly expression, moderately 
expression or weakly expression.

Figure 2. Kaplan-Meier survival curves in colorectal cancer according to IF-
ITM1 staining. The log rank test was used to calculate P values.

different from those with 
weak staining of IFITM1 
(P=0.700, Figure 2). The over-
all survival rates in patients 
with high expression, moder-
ate expression and low 
expression of IFITM1 were 
55.4, 59.5 and 50.0% 
respectively. 

With the use of univariate 
analysis, we found that age, 
histological differentiation 
and TNM stage were the  
significant prognostic factors 
for predicting overall survival. 
Gender, the primary location 
of tumor and the size of  
tumor were not prognostic 
factor in univariate analysis. 
By multivariate analysis, we 
still found that age and TNM 
stage had prognostic value. 
IFITM1 expression was not a 
significant prognostic factor 
for survival by either univari-
ate or multivariate analysis.
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Discussion

In the present study, we analyzed the expres-
sion of IFITM1 in colorectal cancer tissues by 
immunohistochemistry. We found that IFITM1 
protein was significantly up-regulated in colon 
cancer tissues compared to their correspond-
ing non-tumor colonic tissues. Furthermore, 
the level of IFITM1 expression was inversely 
correlated with histological differentiation of 
colorectal cancer. Patients with high IFITM1 
expression had a shorter survival time than 
those with low IFITM1 expression in rectal 
cancer.

Interferon-induced transmembrane protein 1 
(IFITM1) is a cell surface 17-KDa membrane 
protein that is encoded on chromosome arm 
11p15.5. Loss of heterozygosity in this region 
was observed in several solid tumors, including 
breast cancer and lung cancer [12, 13]. 
Consistent with this, downregulated IFITM1 
expression has been reported in hepatoma, 
astrocytomas and breast cancer [14-16]. These 
findings indicate that IFITM1 as a tumor sup-
pressor. On the other hand, several studies 
have established the role of IFITM1 in tumori-
genesis. IFITM1 is upregulated in early and late 
intestinal neoplasm’s. Moreover, IFITM1 ex- 
pression is upregulated by the Wnt/β-catenin 
signaling and its upregulation seems to be an 
early event in intestinal tumorigenesis [11]. In 
gastric cancer cells, IFITM1 modulates the sus-
ceptibility to natural killer cells and invasive-

ness of gastric cancer cells [17]. In addition, 
overexpression of IFITM1 has shown to pro-
mote invasion and migration in glioma cells and 
head and neck cancer cells [9, 10].

IFITM1 is frequently overexpressed in several 
solid tumors [11]. One study indicated that 
higher IFITM1 expression correlates with 
improved survival in chronic myeloid leukemia 
[18]. However, the prognostic significance of 
IFITM1 in colorectal cancer remains unknown. 
In the present study, we analyzed IFITM1 
expression level using immunohistochemistry. 
The results showed that IFITM1 protein level 
was significantly higher in colonic cancer tis-
sues than in adjacent noncancerous tissues 
but not in rectal cancer tissues, which were not 
completely consistent with previous findings. 
This study also found higher IFITM1 expression 
of histologically differentiated colorectal can-
cer (P=0.031). Our data indicate that IFITM1 is 
an oncogene in colorectal cancer. Moreover, 
patients with rectal cancer with moderate and 
strong expression of IFITM1 had worse out-
come, and IFITM1 expression was not an inde-
pendent prognostic factor for colorectal cancer 
among these patients. The reason for the dif-
ference in expression and clinical outcome 
between colonic and rectal cancer remains 
unknown. One possible explanation is that 
IFITM1 expression tends to associate with 
tumor location, although not statistically 
significant. 

Figure 3. Kaplan-Meier analysis of the overall survival of colorectal cancer patients according to tumor location, 
colon cancer (A) and rectum cancer (B). The log rank test was used to calculate P values.
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One of limitations of our study is the relatively 
small number of patients analyzed. This may 
reduce the power to assess statistical associa-
tion and significantly affect survival analyses. 
In addition, scoring with immunohistochemistry 
is a semiquantitative method, which represents 
a weakness of the study.   

In conclusion, the overexpression of IFITM1 
tends to be associated with poor prognosis in 
colorectal patients and may represent a poten-
tial prognosis factor for colorectal cancer. 
Further investigations are needed to confirm 
that IFITM1 is an independent prognostic factor 
for colorectal cancer patients.
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