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Abstract
Background: Interferon induced transmembrane protein 3 (IFITM3) plays an
important role in the tumorigenesis and progression of multiple cancers. This
study investigated the expression and function of IFITM3 in human lung
adenocarcinoma.
Methods: Fifty human lung adenocarcinoma tissues were collected. IFITM3
expression was assessed by immunohistochemical staining. The clinicopathologic
characteristics of all patients were analyzed.
Results: IFITM3 was mainly detected in the cytoplasm of advanced cancer tis-
sues and its expression was correlated with tumor malignancy grade. Knockdown
of IFITM3 in vitro markedly inhibited the proliferation and invasion of lung ade-
nocarcinoma cells.
Conclusion: IFITM3 represents a potential therapeutic target for the treatment
of lung adenocarcinoma.

Introduction

Cancer is the most frequent cause of death worldwide.1

Lung cancer is the leading cause of cancer death, as a result
of the uncontrolled proliferation of cells in lung tissue.2

Both genetic and environmental factors are involved in the
etiologies of lung cancer.3,4 Long-term exposure to tobacco
smoke, genetic factors, and air pollution are the main
causes of lung cancer.5–7 Numerous studies have shown
that lung cancer develops as a result of genetic alterations
that accumulate with tumor progression and it therefore
shows great morphological and genetic heterogeneity in its
molecular profile and response to therapy.8–12 Many genes
and proteins have been identified as crucial to the carcino-
genesis of lung cancer; however, the exact mechanisms of
lung cancer are still poorly understood.13

Interferon induced transmembrane protein 3 (IFITM3,
also known as 1-8U) was first identified as an antiviral
effector in complementary DNA screening from
interferon-treated T98G neuroblastoma cells.14 IFITM3
messenger (m)RNA is detected in most tissues and its

expression level is highly inducible by interferon.15 Further
analysis showed that IFITM3 belongs to the interferon-
inducible transmembrane protein (IFITM) family com-
posed of five IFITM members, including IFITM1, 2, 3,
5, and 10 in humans.16–18 All members of this protein fam-
ily have two putative transmembrane domains interspersed
by a conserved cytoplasmic region.
Recent studies have demonstrated that members of

IFITM family may be crucial factors in carcinogenesis.
IFITM1 and IFITM3 expression levels were reportedly
much higher in astrocytoma cells than in normal astro-
cytes.19 Furthermore, upregulation of IFITM1 affected the
proliferation and invasion of glioma.20 IFITM2 also played
a critical role in regulating cell death through a p53-
independent proapoptotic signaling pathway.21 IFITM3
was found at higher levels in colon tumors than in normal
colon tissue, indicating a potential role of IFITM3 in car-
cinogenesis.22 However, the precise role of IFITM3 in lung
cancer is still unknown.
In this study we first detected the expression of IFITM3

in lung cancer tissues. To investigate the potential role of
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IFITM3 in lung cancer, we employed a loss of function
approach using IFITM3-specific short hairpin RNA (Lv-
shIFITM3) to knockdown IFITM3 in lung cancer cell lines.
The proliferation, colony formation, and cell cycle of lung
cancer cells were examined. Our results showed that
IFITM3 is a critical factor regulating carcinogenesis of lung
cancer and may be a promising target for treatment.

Methods

Materials

Human lung cancer cell lines A549 and H1299 were pur-
chased from the Institute of Biochemistry and Cell Biology
(Shanghai, China). All cells were maintained at 37�C in 5%
CO2 in Dulbecco’s modified Eagle medium (DMEM) sup-
plemented with 10% fetal bovine serum (FBS) (Hyclone,
Logan, UT, USA). Lv-shIFITM3 and negative control vec-
tors were obtained from Genechem (Shanghai, China). All
antibodies (anti-IFITM3, 1:50 dilution; SAB1410086) and
chemicals used were obtained from Sigma (St. Louis,
MO, USA).

Immunohistochemical staining

Fifty lung adenocarcinoma (LAC) tissues were surgically
obtained between June 2010 and December 2015. Tissues
were fixed in 10% formalin solution and embedded in par-
affin. Histological slices of 3 mm were prepared, deparaf-
fined in xylene, and rehydrated with ethanol. Endogenous
peroxidase was inhibited by incubation with freshly pre-
pared 3% hydrogen peroxide with 0.1% sodium azide. The
sections were incubated with IFITM3 antibody overnight
at 4�C, and then incubated with secondary anti-mouse
antibody for 30 minutes at room temperature. After wash-
ing, the slides were treated with diaminobenzidine solution
and counterstained with hematoxylin. Phosphate buffered
saline replaced anti-IFITM3 in negative controls.

Quantitative real-time PCR

Total RNA was extracted from A549 and H1299 cells with
TRIzol according to the manufacturer’s protocol (Thermo
Fisher Scientific, Waltham, MA, USA). Reverse-
transcription was carried out using Moloney Murine Leu-
kemia Virus (M-MLV, Sigma) while complementary DNA
amplification was carried out using a SYBR Green Master
Mix kit (Applied Biosystems, Foster City, CA, USA). The
primer sequences were as follows: IFITM3, 50-CGAAAC-
TACTGGGGAAAGGGA-30 and 50- ATTCATGGTGTC-
CAGCGAAGA -30; GAPDH, 50-CAACGAATTTGGCTAC
AGCA-30 and 50-AGGGGTCTACATGGCAACTG-30. Data

were analyzed using the comparative Ct method (2−ΔΔCt)
in triplicate.

Cell culture and transfection

A549 and H1299 cells were cultured in DMEM medium
supplemented with 10% heat-inactivated FBS, 100 U/mL
penicillin, and 100 μg/mL streptomycin in a humidified
atmosphere containing 5% CO2 at 37�C. Lv-shIFITM3 and
negative control lentivirus were used to infect A549 and
H1299 cells. Cells were subcultured at a 1:5 dilution in
medium containing 300 μg/mL G418. Positive stable trans-
fectants were selected and expanded for further analysis.

Cell proliferation assay

Cell proliferation was analyzed with methyl-thiazolyl-
tetrazolium (MTT) assay. Briefly, cells were trypsinized,
resuspended, and seeded into 96-well plates at a density of
1 × 105 cells/well. Cells were treated with 20 μL MTT and
then incubated with 150 μL of dimethyl sulfoxide (DMSO)
for five minutes. The color reaction was measured at
570 nm with an enzyme immunoassay analyzer (Bio-Rad,
Hercules, CA, USA).

Transwell invasion and migration assay

Transwell filters were coated with matrigel (Costar, Cam-
bridge, MA, USA) on the upper surface of a polycarbonic
membrane. To analyze cell invasion, 1 × 105 cells in
100 μL serum-free DMEM were added into the upper
compartment of the chamber, while 200 μL conditioned
medium was placed in the bottom compartment of the
chamber as chemoattractant. After incubation for
24 hours, the cells on the upper surface of the membrane
filter were removed, and the cells that had penetrated to
the lower surface of the membrane were fixed and stained
with crystal violet. Migration assays were performed using
a Transwell compartment (Costar) without matrigel. Each
assay was repeated three times.

Cell cycle assay

Cells were seeded in six-well plates at 2 × 105 cells/well
and cultured for 24 hours. After adhesion, the cells were
harvested and centrifuged at 1500 rpm for five minutes.
Pellets were washed with phosphate buffered saline, fixed
with ethanol at 4�C for 30 minutes, and stored at −20�C
overnight. The cells were collected after centrifugation at
1500 rpm for five minutes and incubated with propidium
iodide containing RNase A at 4�C for 30 minutes. Cell sus-
pension was filtered through a mesh filter and analyzed by
flow cytometry.
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Statistical analysis

SPSS version 13.0 (SSPS Inc., Chicago, IL, USA) was used
for statistical analysis. Kruskal–Wallis, chi-square and t-
tests were used to compare the groups. A Wilcoxon rank
sum test was used to analyze the correlation between pro-
tein expression and clinicopathologic features. Significance
was defined as P < 0.05.

Results

Interferon induced transmembrane
protein 3 (IFITM3) protein expression in
human lung adenocarcinoma

Interferon induced transmembrane protein 3 expression
levels in 50 LAC tissues were evaluated using immunohis-
tochemical staining. The cases were divided into two
groups according to pathologic tumor node metastasis
staging: stage I and II tumors with the least malignant phe-
notypes, and stage III and IV tumors with the most malig-
nant phenotypes. IFITM3 was positively stained in the
cytoplasm of advanced cancer tissues, but was negatively
or weakly stained in early stage cancer specimens (Fig 1).
IFITM3 expression levels were associated with tumor dif-
ferentiation, lymph node, distant metastasis, and tumor
node metastasis stages (Table 1).

Knockdown of IFITM3 in H1299 cells by Lv-
shIFITM3

To examine the role of IFITM3 in LAC progression,
mRNA expression levels of IFITM3 in A549 and H1299
cells were detected by real-time PCR. As shown in
Figure 2a, IFITM3 expression was higher in H1299 than in
A549 cells. Therefore, H1299 cells were selected for further
analysis. Lv-shIFITM3 was transfected into H1299 cells,
and we observed obvious inhibition of IFITM3 mRNA
expression in the Lv-shIFITM3 group compared to the
normal control (NC) group (Fig 2b).
To detect the transfection efficiency of Lv-shIFITM3,

H1299 cells infected with Lv-shIFITM3 and Lv-shCon
were observed under fluorescence microscope. More than
90% of the cells expressed green fluorescent protein at
96 hours after infection, which indicated high efficiency
infection by Lv-shIFITM3 (Fig 2c).

IFITM3 knockdown inhibited
adenocarcinoma cell proliferation

Abnormal cell proliferation is a hallmark of cancer. First,
we investigated the proliferative activities of H1299 cells by
MTT. We found that IFITM3 knockdown could signifi-
cantly suppress the proliferative activities of H1299 cells in
a time-dependent manner compared to the NC
group (Fig 3).

I

III IV

II

Figure 1 Interferon induced transmembrane protein 3 (IFITM3) expres-
sion in human lung adenocarcinoma (LAC) was examined by immuno-
histochemistry (stages I–II and III–IV). In human LAC, IFITM3 protein
was mainly stained in the cytoplasm of advanced cancer tissues and its
expression levels increased with ascending tumor malignancy grade.

Table 1 Correlation of IFITM3 overexpression with clinicopathologic
characteristics of LAC

Variables
Cases
(n)

IFITM3 overexpression

PScore < 2 Score ≥ 2

Total 50 22 28
Age (year) >0.05
<60 29 13 16
≥60 21 9 12

Gender >0.05
Male 27 12 15
Female 23 10 13

TNM staging <0.05
I + II 26 14 12
III + IV 24 8 16

Tumor size >0.05
T1–T2 32 15 17
T3–T4 18 7 11

Lymph node metastases <0.05
No 29 15 14
Yes 21 7 14

IFITM3, interferon induced transmembrane protein 3; LAC, lung adeno-
carcinoma; TNM, tumor node metastasis.
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IFITM3 knockdown inhibited
adenocarcinoma cell invasion andmigration

Transwell assay was carried out to determine the effects of
IFITM3 knockdown on the invasive and metastatic

potential of H1299 cells. The results indicated that the
invasion and migration potential of H1299 cells distinctly
decreased after IFITM3 knockdown. Representative micro-
graphs of the Transwell assay are shown in Figure 4a,b.
Quantitative analysis showed that the invasive activities of
H1299 cells decreased significantly in the Lv-shIFITM3
group compared to the NC group (**P < 0.01) (Fig 4c).

IFITM3 knockdown induced
adenocarcinoma cell cycle arrest and
apoptosis

Flow cytometry analysis showed that compared to the NC
group, there was a significant increase in the cell popula-
tion at the G0/G1 phase, and a decrease in the cell popula-
tion at the G2/M and S phases following IFITM3
knockdown (Fig 5). These results indicated that IFITM3
knockdown arrests H1299 cells in the G0/G1 phase.

Discussion

Lung cancer is the leading cause of cancer death world-
wide, with an estimated 15% overall five-year survival rate.

Figure 2 Short hairpin RNA mediated knockdown of interferon induced transmembrane protein 3 (IFITM3). The messenger (m)RNA expression level
of IFITM3 was measured by (a) real-time PCR in A549 and H1299 cells and (b) real-time PCR in H1299 cells infected by Lv-shIFITM3 or Lv-shControl.
(c) Representative images of H1299 cells after three days of lentivirus infection. Infected cells expressed green fluorescent protein.

Figure 3 Interferon induced transmembrane protein 3 (IFITM3) knock-
down inhibited lung adenocarcinoma cell proliferation. Methyl-thiazo-
lyl-tetrazolium assay showed that IFITM3 knockdown could significantly
suppress the proliferative activities of H1299 cells in a time-dependent
manner compared to the control.
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Thus, it is very important to understand the molecular sig-
naling pathways and identify the key modulators that
induce lung cancer progression.
Lentivirus-mediated gene silencing technology has been

demonstrated as a powerful tool to knockdown specific
genes in vivo and in vitro through a posttranscriptional
mechanism.23–25 In this study, lentivirus-mediated gene
silencing technology was employed to inhibit the expres-
sion of endogenous IFITM3 in H1299 lung cancer cells.
Cells with low IFITM3 expression levels demonstrated
impaired proliferation, colony formation, and cell cycle
regulation. In addition, we found higher IFITM3 expres-
sion in the majority of human lung cancer tissues com-
pared to adjacent NC tissues. These results suggest that
IFITM3 may be a critical oncogene in the carcinogenesis of
lung adenocarcinoma.
However, some studies have suggested that IFITM3 may

act as a tumor suppressor. It has been reported that
IFITM3 could interact with osteopontin (OPN), a protein
that plays an important role in tumor progression, both
in vitro and in vivo.26 Further studies showed that IFITM3

reduced the mRNA expression level of OPN by affecting
OPN mRNA stability. Another study reported that
IFTTM3 induced by interferon-alpha could suppress the
proliferation of human melanoma cells through promoter
demethylation of the IFITM3 gene, suggesting an anti-
proliferative property of IFITM3.27,28 In our study, we
showed that knockdown of IFITM3 by lentivirus-mediated
gene silencing technology suppressed proliferation and
induced cell-cycle arrest in lung cancer cells. Furthermore,
the majority of patients with lung cancer had elevated
IFITM3 expression levels compared to adjacent normal tis-
sue, as illustrated by immunohistochemistry. Our data sup-
port the theory that IFITM3 may act as an oncogene in
lung adenocarcinoma. The different roles of IFITM3 may
partially result from the different signaling pathways that
mediate the downstream effects of IFITM3 in different
cancer types. However, the exact role of IFITM3 in tumor
progression still needs to be explored.
In conclusion, we have demonstrated, for the first time,

that IFITM3 is expressed at a much higher level in lung
cancer than in control tissues. Furthermore, knockdown of
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Figure 4 Interferon induced transmembrane protein 3 (IFITM3) knockdown inhibited lung adenocarcinoma cell invasion and migration. Representa-
tive micrographs of (a) Transwell invasion assay and (b) Transwell migration assay. (c) Quantitative analysis of the number of invaded colonies with
Giemsa staining.
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IFITM3 could suppress lung cancer cell proliferation, inva-
sion, and migration while inducing lung cancer cell cycle
arrest and apoptosis. IFITM3 represents a promising thera-
peutic target for the treatment of lung cancer.
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