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a  b  s  t  r  a  c  t

Interferon  inducible  transmembrane  protein  (IFITM)  family  genes  have  been  implicated  in  several  cellular
processes  such  as the homotypic  cell adhesion  functions  of  IFNs  and  cellular  anti-proliferative  activities.
We  previously  showed  that the  IFITM3  single  nucleotide  polymorphisms  (SNPs)  associated  with  suscep-
tibility  to ulcerative  colitis  (UC).  The  present  study  aimed  to  investigate  whether  the  polymorphisms  in
the  IFITM1  gene  are  associated  with  susceptibility  to  UC. We  also  evaluated  the  expression  levels  in the
putative  functional  promoter  polymorphisms  to determine  the  change  of their  activity.  Gene  expression
profiles  in  the  tissues  obtained  from  human  digestive  tracts  by  RT-PCR,  and  the  possible  variation  sites
and  SNPs  of  IFITM1  were  identified  by direct  sequencing  method.  Genotype  analysis  in the  IFITM1  SNPs
was  performed  by  high  resolution  melting  and  TaqMan  probe  analysis,  and  the  haplotype  frequencies  of
IFITM1 SNPs  for multiple  loci  were  estimated  using  the  expectation  maximization  (EM)  algorithm.  The
expression  levels  in  the  putative  functional  promoter  polymorphisms  were  evaluated  by  performing  a
olymorphism luciferase  reporter  assay.  We  identified  two  SNPs  and  two  variation  sites,  g.-1920G>A  (rs77537847),  g.-
1547delA  (novel)  and  g.-416C>G  (rs11246062)  in the  promoter  region,  and g.364delA  (rs200576757)  in
intron  1.  The  genotype  and  allele  frequencies  of  the  g.-1920G>A  polymorphism  of  IFITM1  gene  in  the UC
patients  were  significantly  different  from  those  of  the healthy  controls  (P =  0.002  and  0.042,  respectively).
These  results  suggest  that  the  g.-1920G>A  polymorphism  in IFITM1  may  be  associated  with  susceptibility
to  UC.
. Introduction

Ulcerative colitis (UC) and Crohn’s disease (CD) belong to the
roup of inflammatory bowel disease (IBD), which is a chronic
nflammatory disease of the gastrointestinal tract of unknown eti-
logy [1]. IBDs are complex and multifactorial involving genetic,
nvironmental and microbial factors [2,3]. The balance between
ro- and anti-inflammatory cytokines secreted by T cells is
esponsible for both initiation and perpetuation of IBD. Cytokine
roduction in lamina propria CD4+ T lymphocytes differs between
D and UC. Whereas CD is associated with increased production
f T helper 1 cell (Th1) type cytokines, such as interferon-gamma
IFN-�) and tumor necrosis factor alpha (TNF-�),  UC is associated
ith T cells that produce large amounts of the Th2 type cytokine

L-5, however, IFN-� production is not affected [4–6]. Th1 and Th2

ells cross-regulate one another in their differentiation.

Interferon induced transmembrane protein 1 (IFITM1, also
nown as CD225, 9–27 or LEU13) is a member of the IFITM protein
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family, which mediates cellular processes, including the homo-
typic cell adhesion functions of IFNs. Expression levels of IFITM
genes have been found to be up-regulated in gastric cancer cell and
colorectal tumors [7,8]. The IFITM family potently inhibits human
immunodeficiency virus type 1 (HIV-1) [9], SARS coronavirus [10],
West Nile virus and dengue virus infections [11]. IFITM1 was ini-
tially cloned from a human lymphoid cell cDNA library [12], and
is located on chromosome 11p15.5 [13]. IFITM1 proteins play sep-
arate roles in mouse primordial germ cell homing and repulsion
[14], and also play an essential role in the anti-proliferative action
of IFN-� [15].

We have previously identified 7 single nucleotide polymor-
phisms (SNPs) and multiple variation regions in the IFITM3 gene,
another member of the IFITM family, and have suggested that
IFITM3 polymorphisms are associated with a susceptibility to UC
[16]. However, other IFITM family including the IFITM1 gene in the
epipathogenesis of UC has not been elucidated. In an attempt to
understand the genetic influences of IFITM1 on UC, we have iden-
tified possible variation sites and SNPs through the two  exons of

IFITM1 and their boundary intron sequences, including the ∼2.2 kb
promoter regions. To determine whether or not these IFITM1 SNPs
are associated with susceptibility to UC, genotype and allele fre-
quencies of IFITM1 polymorphisms were analyzed on genomic

dx.doi.org/10.1016/j.imlet.2013.09.026
http://www.sciencedirect.com/science/journal/01652478
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NAs isolated from UC patients and healthy controls. Further-
ore, we investigated haplotype frequencies constructed by these

NPs in both groups. We  also evaluated the expression levels in
he putative functional promoter polymorphisms by performing a
uciferase reporter assay to determine the change of their activity.

. Materials and methods

.1. Patients and DNA samples

The DNA samples used in this study were provided by the
iobank of Wonkwang University Hospital, a member of the
ational Biobank of Korea, which is supported by the Ministry of
ealth and Welfare Affairs. On the basis of approval and informed
onsent from the institutional review board, we obtained the
enomic DNAs from 126 UC patients (70 males and 56 females) and
29 healthy controls (332 males and 197 females). Mean ages of IBD
atients and controls were 41.3 years and 40.8 years, respectively.
enomic DNA was extracted from peripheral blood leukocytes by
sing a standard phenol-chloroform method or by using a Genomic
NA Extraction kit (iNtRON Biotechnology, Korea) according to

he manufacturer’s directions. IBD patients were recruited from
he outpatient clinic at Wonkwang University Hospital. Patients
ere classified into the IBD group according to clinical features,

ndoscopic findings, and histopathologic examinations. Healthy
ontrols were recruited from the general population, and had
eceived comprehensive medical testing at the Wonkwang Univer-
ity Hospital. All subjects in this study were Korean.

.2. Polymerase chain reaction (PCR) and sequence analysis

The entire coding regions of the IFITM1 gene, including the
2.2 kb promoter regions, were partially amplified by PCR using

he two primer pairs (Table 1). PCR reactions were prepared by
reviously described procedures [17]. Amplification was carried

ut in a GeneAmp PCR system 9700 thermocycler (PE Applied
iosystem, USA) at 95 ◦C for 5 min  in order to pre-denature the tem-
late DNA, followed by 30 cycles of denaturation at 98 ◦C for 10 s,
nnealing at 68 ◦C for 30 s and extension at 72 ◦C for 2.0 or 2.5 min.

able 1
rimer sequences used for PCR amplification, sequencing analysis and genotyping in this

Applications Primers Primer

PCR analysis IFITM1-PF1 ATCCT
IFITM1-PR1 ACACA
IFITM1-PF2 TGCGA
IFITM1-PR2 AGAGG

Sequencing analysis IFITM1-SF1 TCAGG
IFITM1-SF2 TCCTC
IFITM1-SF3 ACATG
IFITM1-SF4 ACCCT
IFITM1-SR1 AGCCT
IFITM1-SR2 AGCCG
IFITM1-SR3 TGTCT

TaqMan analysis IFITM1-TF1 TGCAA
IFITM1-TR1 AGAAA
IFITM1-TVI1 TCAGA
IFITM1-TFA1 CAGAA

PCR-RFLP IFITM1-RF1 CTTAT
IFITM1-RR1 GCTCT

High resolution melt
(HRM)

IFITM1-HF1 ACCCG
IFITM1-HR1 TCTGT

RT-PCR IFITM1-MF1 TGAAC
IFITM1-MR1 AGAGC

Luciferase assay IFITM1-LF1 CAGGG
IFITM1-LR1 CAGCT
ers 156 (2013) 118– 122 119

The final extension was completed at 72 ◦C for 7 min. PCR prod-
ucts purified by use of a PCR purification kit (Millipore, USA) were
used template DNA for sequencing analysis. Purified PCR prod-
ucts were sequenced using the ABI Prism BigDye Terminator cycle
sequencing system (PE Applied Biosystems, USA) on the ABI 3100
automatic sequencer (PE Applied Biosystem). Both sense and anti-
sense strands of PCR products were directly sequenced using the
same primers used for the PCR amplification, and seven primers
were additionally used to sequence the promoter and intron 1
region (Table 1). SNPs and variation sites of the IFITM1 gene were
detected by direct sequence analysis. The reference sequence for
the IFITM1 gene was based on the sequence of human chromosome
11, clone RP13-317D12.

2.3. mRNA expression level

The expression level of IFITM1 mRNA in various tissues was
determined using MTC  multiple tissue cDNA panels (Clontech, CA,
USA), and IFITM1-MF1 and IFITM1-MR1 primers were used for RT-
PCR (Table 1). The image of RT-PCR was  analyzed using ImageJ 1.4
(http://rsbweb.nih.gov/ij/).

2.4. Genotype analysis by TaqMan probe

The assay reagents for g.-1920G>A (rs77537847) in the IFITM1
gene was  designed by Applied Biosystems (Applied Biosystems,
USA). The reagents consisted of a 40X mix  of un-labeled PCR primer
and TaqMan MGB  probes were labeled with the FAM dye and the
other with the fluorescent VIC dye [18]. The reaction in 10 �l was
optimized to work with 0.125 �l 40× reagents, 5 �l 2× TaqMan
Genotyping Master mix  (Applied Biosystems, USA), and 2 �l (50 ng)
of genomic DNA. The PCR conditions were as follows: one cycle at

95◦C for 15 min; 40 cycles at 95 ◦C for 15 s and 60 ◦C for 45 s. The
PCR was performed in the Rotor-Gene thermal cycler RG6000 (Cor-
bett Research, Australia). The samples were read and analyzed by
using the Rotor-Gene 1.7.40 software (Corbett Research, Australia).

 study.

 sequence (5′→3′) Regions

CCAGCCGCGTGACTCCT Promoter and exon 1
AGTCCCCACCCCAGGCA
CAAGTGAGGTGAGGGCT Exon 1, 2 and intron 1
AGGGATACGGCTGTGCA

TAGGAAGGGGGCTTG Promoter
GATGTCTCAGAGCACGCT Promoter
AACGTGAAAAGCATTTAGGCT Promoter
CCAGGTCTCTCCTGCAT Promoter
AAATGCTTTTCACGTTCATGTGA Promoter
CGTGCTATGGCTCCGT Intron 1

CAGGACTAGGCCGGGA Exon 2

AGGTGGTTTCAGTTCCAT g.-1920G>A
CTGCAGGGCACAAGA
ATCCTATCTCCC
TCCTGTCTCCC

TAAAGATTCTACTTA g.-1275C>T
GATTTTTCCTTTATG

CACAGAGCAGGACTGCA g.-416C>G
CCACCCCAGGCCAGCA

TGGTGCTGTCTGGGCT mRNA
CGAATACCAGTGACAGGA

TACCTCTCTCCAGATTAGTTTAGGC Promoter
CGAGGGTTTGAGAAGTGTGGTTTTC

http://rsbweb.nih.gov/ij/
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.5. Genotype analysis by high-resolution melting analysis

Genotype analysis was performed by high-resolution melt-
ng (HRM) analysis for the g.-416C>G (rs1124662) in the IFITM1
ene. The 10 �l reaction mixture comprised 2 �l of genomic DNA
50 ng), 1 �l of primer mix  (containing 5 pmol of the forward and
everse primers), 0.25 �l of EvaGreen solution (Biotium, Hayward,
A, USA) and 5 �l of a QuantiTect Probe PCR kit (Qiagen, Valen-
ia, CA, USA). PCR cycling and HRM analysis were performed on
he GeneTM 6000 (Corbett Research). The PCR cycling conditions
ere as follows: 1 cycle at 95 ◦C for 15 min; 45 cycles at 95 ◦C

or 5 s; annealing conditions at 60 ◦C for 10 s; and 72 ◦C for 30 s.
fter a completion of 45 cycles, melting curve data were gener-
ted by increasing the temperature from 77 to 95 ◦C at 0.1 ◦C/s and
ecording fluorescence. HRM curve analysis was performed using
he Rotor-Gene 1.7.40 software and the HRM algorithm that was
rovided.

.6. Luciferase assay

The promoter region of the human IFITM1 gene carrying either
he g.-1920G or g.-1920A allele was inserted upstream of the firefly
uciferase gene in the pGL3 basic plasmid vector (Promega, Madi-
on, WI,  USA) and this was verified by DNA sequencing. To make
hese constructs, we amplified the target sequence by PCR using a
orward primer with KpnI and a reverse primer with XhoI (Table 1).
hese promoter plasmids were co-transfected into the SW480 cells
ATCC, USA) with a pRL-TK control vector (Promega), using Lipo-
ectamin 2000 reagent (Invitrogen, Carlsbad, CA, USA), according
o the manufacturer’s instructions. The assays for firefly luciferase

ctivity and Renilla luciferase activity were performed 24 h after
he transfection of the cells using the Dual-Luciferase Reporter
ssay System (Promega) with a microplate luminometer LB 96V

BERTHOLD, Australia). To normalize the transfection efficiency,

Fig. 1. Expression patterns of the IFITM1 mRNA by RT

ig. 2. Locations of each single nucleotide polymorphisms (SNPs) and variation sites in IF
he  positions of SNPs were calculated from the translation start site. Putative transcript
he  reference sequence for IFITM1 was based on the sequence of human chromosome 11
ers 156 (2013) 118– 122

the luminescence value of the pGL3-basic vector was standardized
with the value of the pRL-TK vector. Each experiment was  repeated
three times, and each sample was  studied in triplicate.

2.7. Statistic analysis

UC patients and healthy control groups were compared using
case–control association analysis. The �2 test was used to estimate
Hardy–Weinberg equilibrium (HWE). Allele frequency was  defined
as the percentage of individuals carrying the allele among the total
number of individuals. Logistic regression analyses were used to
calculate odds ratios (95% confidence interval) for SNP sites. Linkage
disequilibrium (LD) analyses by pair-wise comparison of biallelic
loci and haplotype frequencies of the IFITM1 gene for multiple loci
were estimated using the expectation maximization (EM) algo-
rithm with SNPAlyze software (DYNACOM, Japan). A P-value of less
than 0.05 was  considered an indication of statistical significance.

3. Results

We  examined expression patterns of IFITM1 mRNA in the var-
ious tissues of the human digestive system (Fig. 1). Our results
showed that the expression level of IFITM1 mRNA was  somewhat
higher in tissues of the ileocecum than those in other tissues of the
digestive system (Fig. 1). These results suggest that the expression
level of IFITM1 gene is stable in normal digestive system.

To determine the possible variation sites, in the entire coding
regions, and the boundary intron sequences of IFITM1 that include
about 2.2 kb of the promoter region, we scanned the genomic DNAs
isolated from 24 unrelated UC patients and 24 healthy controls.

We identified two SNPs and two variation sites by direct sequenc-
ing methods, g.-1920G>A (rs77537847), g.-1547delA (novel) and
g.-416C>G (rs11246062) in the promoter region, and g.364delA
(rs200576757) in intron 1 (Fig. 2). The LD coefficients (|D′|) between

-PCR in the tissues of human digestive system.

ITM1. Coding exons are marked by black blocks and 5′- and 3′-UTR by white blocks.
ion factor sites were searched at http://www.cbrc.jp/research/db/TFSEARCH.html.
, clone RP13-317D12.

http://www.cbrc.jp/research/db/TFSEARCH.html
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Table  2
Genotype and allele analyses of the IFITM1 gene polymorphisms in the UC patients and the healthy controls.

Positiona Genotype/allele Control
n (%)

UC
n (%)

Odds ratiob (95% CI) Pc

g.-1920G>A (rs77537847) AA 198 (38.8) 46 (36.8) 1.00 0.002
AG  248 (48.6) 48 (38.4) 0.83 (0.53–1.30)
GG  64 (12.5) 31 (24.8) 2.09 (1.22–3.56)
A  644 (63.1) 140 (56.0) 1.00 0.04
G  376 (36.9) 110 (44.0) 1.35 (1.02–1.78)

g.-416C>G (rs11246062) CC 322 (64.1) 69 (59.5) 1.00 0.35
CG  180 (35.9) 47 (40.5) 1.22 (0.81–1.84)
GG  0 (0.0) 0 (0.0) –
C  824 (82.1) 185 (79.7) 1.00 0.40
G  180 (17.9) 47 (20.3) 1.16 (0.81–1.66)

a Calculated from the translation start site.
b Logistic regression analyses were used for calculating OR (95% CI; confidence interval).
c Value was determined by Fisher’s exact test or �2 test from a 2 × 2 contingency table.

Table 3
Haplotype frequencies between UC patients and healthy controls in IFITM1 SNPs.

Haplotype Frequencya Chi-square Pb

rs77537847 rs11246062 Control UC

A C 0.621 0.578 1.389 0.239
G  C 0.197 0.222 0.722 0.396
G  G 0.177 0.200 0.644 0.422
Others 0.005 0.000 – –
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Fig. 3. Relative luciferase activities between the A allele and the G allele of the IFITM1
g.-1920G>A. IFITM1 g.-1920A and IFITM1 g.-1920G represent luciferase activities in
two constructs with a major allele (g.-1920A) and a minor allele (g.-1920G), respec-
a Values were constructed by EM algorithm with genotyped SNPs.
b Values were analyzed by Chi-square.

ll SNP pairs were calculated, and there was no absolute LD (|D′| = 1
nd r2 = 1) among the SNPs of the IFITM1 gene (data not shown).
mong the identified polymorphisms, two SNPs (g.-1920G>A and
.-416C>G) were selected for large sample genotyping. The SNP,
.-1275C>T (rs79441268, but not detected in our study), from the
CBI SNP database, was also genotype analyzed by polymerase
hain reaction-restriction fragment length polymorphism (PCR-
FLP) analysis. However, when 192 samples were analyzed, there
as only a genotype. These results indicate that the g.-1275C>T

rs79441268) of IFITM1 might be a very rare polymorphism or
onomorphism in the Korean population.
To determine whether the IFITM1 SNPs identified are associated

ith UC susceptibility, the genotypes of the IFITM1 polymorphisms
ere analyzed by the HRM or TaqMan probe method, and the geno-

ype and allelic frequencies between the groups were compared.
lthough the genotype and allelic frequencies of the IFITM1 g.-
16C>G in the UC patient group were not significantly different
rom those of the healthy control group, the genotype and allelic
requencies of the IFITM1 g.-1920G>A between the UC patients
roup and the healthy controls group were significantly different
Table 2, P = 0.002 and 0.04, respectively). These results suggest that
he g.-1920G>A identified in IFITM1 appear to be associated with
C susceptibility. To determine the possible correlation between

he haplotypes associated with g.-1920G>A and g.-416C>G of the
FITM1 gene and UC susceptibility, we further analyzed haplotype
requencies of the SNPs in the UC patients and the healthy controls
Table 3). While the major (AC) haplotypes explaining more than
2.1% of the distributions were identified in the healthy controls,
he AC haplotypes (57.8%), out of four possible haplotypes, were
dentified in the UC patients. However there are no significant dif-
erences between the groups (P = 0.239). These results suggest that
he haplotype frequency of IFITM1 polymorphisms might be not
ssociated with UC susceptibility.
To evaluate the putative functional polymorphisms, we  assessed
ctual promoter activity with the luciferase reporter assay (Fig. 3).
e prepared two reporter constructs that contained the A or G

llele of the human IFITM1 gene g.-1920G>A polymorphisms. In
tively. Control represents luciferase activity without polymorphism as a standard
(pGL3). Data were obtained from multiple independent experiments and are repre-
sented as the mean ± standard deviation. *P = 0.05.

the SW480 cells, the luciferase activity in the cells with the A allele
in the IFITM1 g.-1920G>A polymorphism was significantly higher
than that in the cells with the G allele (P = 0.05). This result suggests
that the g.-1920A allele might affect the increased transcriptional
activity of the IFITM1 gene in vivo.

4. Discussion

IBD is a chronic disease that is frequently encountered in the
gastrointestinal tract and it can profoundly affect the quality of life.
Although great advances have been made in the management of
IBD with the introduction of immune-modulators and monoclonal
antibodies, the precise etiology of IBD is unclear. However, IBD is
thought to be the result of an aberrant intestinal immune response
to bacterial microflora and this occurs in genetically susceptible
individuals. Multiple IBD susceptibility loci (referred to as IBD 1–9)
have been implicated in genomic studies in human. The most exten-
sively studied genetic region, associated with IBD, among these loci
is the IBD1 locus (16p13.1–16q12.2). The NOD2 gene, which has
been widely shown to influence both the susceptibility and phe-

notype of patients with CD, is located at the IBD1 locus [19–21].
Most studies have shown an association between NOD2 mutations
and the susceptibility to CD, but not to UC. We  previously reported
that an exon 4 variation of the Tim-1 gene and the SNPs of the
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L27, TNFRSF17 and EED genes were associated with UC in a Korean
opulation [18,22–24].

The human IFITM1 gene, a member of the IFITM family, consists
f two exons and one intron. IFITM proteins were first discovered in
98G neuroblastoma cells that express the proteins in response to
nterferon stimulation [25]. We  have previously identified 7 SNPs in
FITM3 and have suggested that the IFITM3 polymorphism is associ-
ted with a susceptibility to UC [16]. The IFITM1 gene was  selected
s a candidate gene for UC by our cDNA microarray analysis (our
npublished data) because the expression level of the IFITM1 gene
as more increased in the UC mouse model than that of the healthy

ontrol mouse. These results were led us to determine whether or
ot the IFITM1 SNPs are associated with susceptibility to UC in this
tudy.

We showed that the expression level of IFITM1 mRNA was stable
n the human digestive system (Fig. 1), and identified a total of four
olymorphisms (two SNPs and two variations) in the IFITM1 gene
Fig. 2). The genotype frequency of g.-1920G>A polymorphisms in
C patients was significantly different from that of the healthy
ontrol group (Table 2). This result strongly suggests that SNPs of
FITM1 may  be associated with susceptibility to UC. These results
ed us to think it is interesting to know that IFITM1 gene polymor-
hism (g.-1920G>A) may  have some influence on the susceptibility
o UC. This may  happen because the polymorphisms within the
inding site of the promoter region may  influence the expression

evel by suppression or activation of binding between the spe-
ific transcriptional binding site and transcription factor. Due to its
mplication, we decided to investigate the role of the g.-1920G>A
olymorphism in the IFITM1 by luciferase reporter assay. Our result
hows that the luciferase activity for the A allele with g.-1920G>A
olymorphism was higher than that for the G allele in the SW480
ells (Fig. 3). This result indicates that the g.-1920G allele might
ffect the decreased transcriptional activity level of the IFITM1 gene
n vivo, and it might have an influence on the susceptibility to
C.

There are several limitations to our study. We  did not check
he expression levels of IFITM1 in UC patients and did not show
he clinical impact of IFITM1 SNPs on UC. It will be also interesting
o show the expression levels of the IFITM1 in the colon tissues
f UC patients by further studies. Our results suggest a possibility
hat IFITM1 SNPs may  be involved in inflammation by an unknown
athway in UC pathogenesis.

In conclusion, the results of this study suggest that the IFITM1
ene might be a candidate gene associated with the pathogenesis
f UC. Although it is not clear how the IFITM1 polymorphisms are
elated to the susceptibility of UC, our results provide useful infor-
ation for further functional studies of the IFITM1 gene or IFITM

ene family, and gastrointestinal disease such as colorectal cancer
nd inflammatory responses.
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