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MHC class | polypeptide-related chain A (MICA) molecule is induced in response to viral infection and various types of stress.
We recently reported that a single nucleotide polymorphism (SNP) rs2596542 located in the MICA promoter region was
significantly associated with the risk for hepatitis C virus (HCV)-induced hepatocellular carcinoma (HCC) and also with serum
levels of soluble MICA (sMICA). In this study, we focused on the possible involvement of MICA in liver carcinogenesis related
to hepatitis B virus (HBV) infection and examined correlation between the MICA polymorphism and the serum sMICA levels
in HBV-induced HCC patients. The genetic association analysis revealed a nominal association with an SNP rs2596542; a G
allele was considered to increase the risk of HBV-induced HCC (P=0.029 with odds ratio of 1.19). We also found a significant
elevation of sMICA in HBV-induced HCC cases. Moreover, a G allele of SNP rs2596542 was significantly associated with
increased sMICA levels (P =0.009). Interestingly, HCC patients with the high serum level of sMICA (>5 pg/ml) exhibited
poorer prognosis than those with the low serum level of sMICA (<5 pg/ml) (P=0.008). Thus, our results highlight the
importance of MICA genetic variations and the significance of SMICA as a predictive biomarker for HBV-induced HCC.
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Introduction

Hepatocellular carcinoma (HCC) reveals a very high mortality
rate that is ranked the third among all cancers in the world [1].
HCC is known to develop in a multistep process which has been
related to various risk factors such as genetic factors, environment
toxins, alcohol and drug abuse, autoimmune disorders, elevated
hepatic iron levels, obesity, and hepatotropic viral infections [2].
Among them, chronic infection with hepatitis B virus (HBV) is one
of the major etiological factors for developing HCC with
considerable regional variations ranging from 20% of HCC cases
in Japan to 65% in China [3].

Interestingly, clinical outcome after the exposure to HBV
considerably varies between individuals. The great majority of
individuals infected with HBV spontaneously eliminate the viruses,
but a subset of patients show the persistent chronic hepatitis B
infection (CHB), and then progresses to liver cirrhosis and HCC
through a complex interplay between multiple genetic and

PLOS ONE | www.plosone.org

environmental factors [4]. In this regard, genome wide association
studies (GWAS) using single nucleotide polymorphisms (SNPs)
have highlighted the importance of genetic factors in the
pathogenesis of various diseases including CHB as well as HBV-
induced HCC [5,6,7,8,9,10,11,12,13]. Recently, we identified a
genetic variant located at 4.7 kb upstream of the MHC class 1
polypeptide-related chain A (MICA) gene to be strongly associated with
hepatitis C virus (HCV) -induced HCC development [14].
MICA is highly expressed on viral-infected cells or cancer cells,
and acts as ligand for NKG2D to- activate antitumor effects of
Natural killer (NK) cells and CD8" T cells [15,16]. Our previous
results indicated that a G allele of SNP rs2596542 was significantly
associated with the lower cancer risk and the higher level of soluble
MICA (sMICA) in the serum of HCV-induced HCC patients,
demonstrating the possible role of MICA as a tumor suppressor.
However, elevation of serum sMICA was shown to be associated
with poor prognosis in various cancer patients [17,18,19,20].
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Matrix metalloproteinases (MMPs) can cleave MICA at a
transmembrane domain [21] and release SMICA proteins from
cells. Since sMICA was shown to inhibit the antitumor effects of
NK cells and CD8" T cells by reduction of their affinity to binding
to target cells [22,23], the effect of MICA in cancer cells would be
modulated by the expression of MMPs. To elucidate the role of
MICA in HBV-induced hepatocellular carcinogenesis, we here
report analysis of the AMJCA polymorphism and serum sMICA
level in HBV-induced HCC cases.

Materials and Methods

Study participants

The demographic details of study participants are summarized
in Table 1. A total of 181 HCC cases, 597 CHB patients, and
4,549 non-HBV controls were obtained from BioBank Japan that
was initiated in 2003 with the funding from the Ministry of
Education, Culture, Sports, Science and Technology, Japan [24].
In the Biobank Japan Project, DNA and serum of patients with 47
diseases were collected through collaborating network of 66
hospitals throughout Japan. List of participating hospitals is shown
in the following website  (http://biobankjp.org/plan/
member_hospital.html). A total of 226 HCC cases, 102 CHB
patients, and 174 healthy controls were additionally obtained from
the University of Tokyo. The diagnosis of chronic hepatitis B was
conducted on the basis of HBsAg-seropositivity and elevated
serum aminotransferase levels for more than six months according
to the guideline for diagnosis and treatment of chronic hepatitis
(The Japan Society of Hepatology, http://www.jsh.or.jp/
medical/gudelines/index html). Control Japanese DNA samples
(n=934) were obtained from Osaka-Midosuji Rotary Club,
Osaka, Japan. All HCC patients were histopathologically
diagnosed. Overall survival was defined as the time from blood
sampling for sMICA test to the date of death due to HCC. Patients
who were alive on the date of last follow-up were censored on that
date. All participants provided written informed consent. This
research project was approved by the ethics committee of the
University of Tokyo and the ethics committee of RIKEN. All
clinical assessments and specimen collections were conducted
according to Declaration of Helsinki principles.

SNP genotyping

Genotyping platforms used in this study were shown in Table 1.
We genotyped 181 HCC cases and 5,483 non-HBV control
samples using either Illumina Human Hap610-Quad or Human
Hap550v3. The other samples were genotyped at SNP rs2596542

Table 1. Demographic details of subjects analyzed.

MICA and HBV-Induced Hepatocellular Carcinoma

by the Invader assay system (Third Wave Technologies, Madison,
WI).

MICA variable number tandem repeat (VNTR) locus
genotyping

Genotyping of the MICA VNTR locus in 176 HBV-induced
HCC samples was performed using the primers reported
previously by the method recommended by Applied Biosystems
(Foster City, CA) [14]. Briefly, the 5" end of forward primer was
labeled with 6-FAM, and reverse primer was modified with
GTGTCTT non-random sequence at the 5’ end to promote Plus
A addition. The PCR products were mixed with Hi-Di
Formamide and GeneScan-600 LIZ size standard, and separated
by GeneScan system on a 3730x] DNA analyzer (Applied
Biosystems, Foster City, CA). GeneMapper software (Applied
Biosystems, Foster City, CA) was employed to assign the repeat
fragment size (Figure S1).

Quantification of soluble MICA

We obtained serum samples of 111 HBV-positive HCC
samples, 129 HCV-positive HCC samples, and 60 non-HBV
controls from Biobank Japan. Soluble MICA levels were measured
by sandwich enzyme-linked immunosorbent assay, as described in
the manufacturer’s instructions (R&D Systems, Minneapolis, MN).

Statistical analysis

The association between an SNP rs2596542 and HBV-induced
HCC was tested by Cochran-Armitage trend test. The Odds ratios
were calculated by considering a major allele as a reference.
Statistical comparisons between genotypes and sMICA levels were
performed by Kruskal-Wallis test (if more than two classes for
comparison) or Wilcoxon rank test using R. Overall survival rate
of the patients was analyzed by Kaplan-Meier method in
combination with log-rank test with SPSS 20 software. The
period for the survival analysis was calculated from the date of
blood sampling to the recorded date of death or the last follow-up
date. Differences with a P value of <0.05 were considered
statistically significant.

Results

Association of SNP rs2596542 with HBV-induced HCC

In order to examine the effect of rs2596542 genotypes on the
susceptibility to HBV-induced HCC, a total of 407 HCC cases
and 5,657 healthy controls were genotyped. The Cochran
Armitage trend test of the data revealed a nominal association

Subjects Source Genotyping platform Number of Sample Female (%) Age (mean+/—sd)

Liver Cancer BioBank Japan lllumina Human Hap610-Quad 181 17.9 62.94+9.42
University of Tokyo Invader assay 226

Control BioBank Japan lllumina Human Hap550v3 4549 47.95 55:19+12.5
Osaka** lllumina Human Hap550v3 934
University of Tokyo Invader assay 174

Chronic hepatitis B¥  BioBank Japan Invader assay 597 45.66 61.31+12.6
University of Tokyo Invader assay 102

**Healthy volunteers from Osaka Midosuji Rotary Club, Osaka, Japan.
doi:10.1371/journal.pone.0044743.t001

PLOS ONE | www.plosone.org

*Chronic hepatitis B patients without liver cirrhosis and liver cancer during enroliment.
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between HBV-induced HCC and rs2596542 in which a risk allele
G was more frequent among HBV-induced HCC cases than an A
allele (P=0.029, OR=1.19, 95% CI: 1.02-1.4; Table 2). To
further investigate the effect of rs2596542 on the progression from
CHB to HBV-induced HCC, we genotyped a total of 699 CHB
cases without HCC. Although the progression risk from CHB to
HBV-induced HCC was not statistically = significant with
152596542 (P=0.197 by the Cochran Armitage trend test with
an allelic OR = 1.3 (0.94-1.36); Table 2), we found a similar trend
of association in which the frequency of a risk-allele G was higher
among HBV-induced HCC patients than that of CHB subjects.
Since we previously revealed that an A allele was associated with a
higher risk of HCV-induced HCC with OR of 1.36 [14], the
$2596542 alleles that increased the risk of HCC were opposite in
HBV-induced HCC and HCV-induced HCC.

Soluble MICA levels are associated with SNP rs2596542

We subsequently performed measurement of soluble MICA
(sMICA) in serum samples using the ELISA method in 176 HBV-
positive HCC cases and 60 non-HBV controls. Nearly 30% of the
HBV-induced HCC cases revealed the serum sMICA level of
>5 pg/ml (defined as high) while the all control individuals except
one showed that of =5 pg/ml (defined as low) (P:4.5><10_G;
Figure 1A). Then, we examined correlation between SNP
152596542 genotypes and serum sMICA levels in HBV-positive
HCC cases. Interestingly, rs2596542 genotypes were significantly
associated with serum sMICA levels (P = 0.009; Figure 1B); 39% of
individuals with the GG genotype and 20% of those with the AG
genotype were classified as high for serum sMICA, but only 11%
of those with the AA genotype were classified as high (AA+AG vs
GG; P=0.003) (Figure 1B). These findings were similar with our
previous reports in which a G allele was associated with higher
serum sMICA levels in HCV-induced HCC patients [14].

Negative association of variable number of tandem
repeat (VNTR) with sMICA level

The MICA gene harbors a VNTR locus in exon 5 that consists
of 4, 5, 6, or 9 repeats of GCT as well as a G nucleotide insertion
into a five-repeat allele (referred as A4, A5, A6, A9, and A5.1,
respectively). The msertion of G (A5.1) causes a premature
translation termination and results in loss of a transmembrane
domain, which may produce the shorter form of the MICA
protein that is likely be secreted into serum [25]. However, the
association of this VNTR locus with serum sMICA level was
controversial among studies [14,26,27,28]. Therefore, we exam-
ined the association between the VNTR locus and sMICA level in
HBV-induced HCC patients, and found no significant association
(Figure S1 and S2), concordant with our previous report for HCV-
induced HCC patients [14].

Table 2. Association between HCC and rs2596542.

MICA and HBV-Induced Hepatocellular Carcinoma

Soluble MICA levels are associated with survival of HCC
patients

In order to evaluate the prognostic significance of serum sMICA
levels in HCC patients, we performed survival analysis of HCC
patients. A total of 111 HBV-infected HCC patients and 129
HCV-infected HCC patients were included in this analysis. The
mean survival period for HBV- and HCV-infected patients with
less than 5 pg/ml of serum sMICA were 67.1 months (95% CI:
61.1-73.1, n=283), and 58.2 months (95% CI: 51.4-65.0, n=85),
respectively. On the other hand, for patients with more than 5 pg/
ml of serum sMICA, the mean survival periods were 47.8 months
(95% CI: 34.8-30.9, n = 28) for HBV-induced HCC patients and
59.5 months (95% CI: 51.9-67.1, n = 44) for HCV-induced HCC
patients. The Kaplan-Maier analysis and log-rank test indicated
that among HBV-induced HCC subjects, the patients in the high
serum sMICA group showed a significantly shorter survival than
those in the low serum sMICA (P=0.008; Figure 2). In addition,
we performed multi-variate analysis to test whether sMICA is an
independent prognostic factor by including age and gender as
covariates. The results revealed significant association of sMICA
levels with overall survival (P =0.017) but not with age and gender
(Table S1).However, we found no association between the serum
sMICA level and the overall survival in the HCV-induced HCC
subjects (P = 0.414; Figure S3). Taken together, our findings imply
the distinct roles of the AMICA variation and sMICA between
HBV- and HCV-induced hepatocellular carcinogenesis.

Vascular invasion in HBV-related HCC patients is
associated with soluble MICA levels

Since sSMICA levels were associated with the overall survival of
HBV-related HCC patients, we tested whether sMICA levels
affect survival through modulating invasive properties of tumors or
size of the tumors. We tested the association between sMICA
levels and vascular invasion in 35 HBV-related HCC cases, among
whom 7 cases were positive and 21 cases were negative for
vascular invasion. We found significant association between
SMICA levels and vascular invasion (Figure 3; P=0.014) in which
7 cases with positive vascular invasion showed high levels of
sMICA (mean =54 pg/ml) than 21 cases without vascular
invasion (mean =7.51 pg/ml). However, we found no association
between tumor size and sMICA levels (P =0.56; data not shown).
These results suggest that sSMICA may reduce the survival of
HBV-related HCC patients by affecting the invasive properties of
tumors.

Discussion

Several mechanisms such as HBV-genome integration into host
chromosomal DNA [29] and effects of viral proteins including
HBx [30] are shown to contribute to development and progression
of HCC, while the immune cells such as NK and T cells function
as key antiviral and antitumor effectors. MICA protein has been

SNP Comparison Chr Locus Case MAF  Control MAF P* OR* 95% CI
52596542 HCC vs. Healthy control 6 MICA 0.294 0.332 0.029 1.19 1.02-1.4
r1s2596542 HCC vs. CHB 6 MICA 0.294 0.320 0.197 1.13 0.94-1.36

*Obtained by Armitage trend test.
doi:10.1371/journal.pone.0044743.t002

PLOS ONE | www.plosone.org

Note: 407 HCC cases, 699 CHB subjects and 5,657 non-HBV controls were used in the analysis.
Chr.,,chromosome; MAF, minor allele frequency; OR, odds ratio for minor allele; Cl, confidence interval.
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Figure 1. Soluble MICA levels are associated with HBV-related HCC. (A) Correlation between soluble MICA levels and HBV-induced HCC
subjects. The y-axis displays the concentration of soluble MICA in pg/ml. The number of independent samples tested in each group is shown in the x-
axis. Each group is shown as a box plot and the mean values are shown in the x-axis. The difference between two groups is tested by Wilcoxon rank
test. The box plots are plotted using default settings in R. (B) Correlation between soluble MICA levels and rs2596542 genotype in HBV-positive HCC
subjects. The x-axis shows the genotypes at rs2596542 and y-axis display the concentration of soluble MICA in pg/ml. Each group is shown as a box
plot. P=0.027 and 0.013 for AA vs. GG and AA vs. AG, respectively. The association between genotypes and sMICA levels was tested by Kruskal-wallis
test, whereas the difference in the sMICA levels between AA and GG is tested by Wilcoxon rank test. The box plots are plotted using default settings
in R.

doi:10.1371/journal.pone.0044743.g001

considered as a stress marker of gastrointestinal epithelial cells we examined the association of rs2596542 and serum sMICA
because of its induced expression by several external stimuli such levels with HBV-induced HCC. Like in HCV-induced HCC. [14],
as heat, DNA damage, and viral infections [31,32,33,34]. Here, our results from ELISA revealed a significantly higher proportion
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Figure 2. Kaplan-Meier curves of the patients with HBV- vascular invasion in HBV-induced HCC subjects. The y-axis
induced HCC. The patients were divided into two groups according displays the concentration of soluble MICA in pg/ml. The number of
to their sMICA concentration (high: >5 pg/ml and low: =<5 pg/ml). independent samples tested in each group is shown in the x-axis. Each
Statistical difference was analyzed by log-rank test. The y-axis shows the group is shown as a box plot and the mean values are shown in the x-
cumulative survival probability and x-axis display the months of the axis. The difference between two groups is tested by Wilcoxon rank
patients survival after blood sampling. test. The box plots are plotted using default settings in R.
doi:10.1371/journal.pone.0044743.9002 doi:10.1371/journal.pone.0044743.g003
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of high serum sMICA cases (nearly 30%) in the HBV-induced
HCC group, compared to non-HBV individuals (1.7%). More-
over, the serum sMICA level was significantly associated with
rs2596542, but not with the copy number differences of the
VNTR locus, as concordant with our previous report [14].

Several studies have already indicated the roles of SMICA as
prognostic markers for different types of malignant diseases
[17,18,19,20]. Therefore, it is of medical importance to test
whether serum sMICA levels can be used as a prognostic marker
for patients with HCC. To our best knowledge, this is the first
study to demonstrate the prognostic potential of sMICA for HBV-
positive HCC patients; we found 19.3 months of improvement in
survival among patients carrying less than 5 pg/ml of serum
sMICA, compared to those having more than 5 pg/ml.

On the contrary, we found no significant correlation between
SMICA levels and the prognosis of HCV-induced HCC cases.
These opposite effects of MICA variation could be explained by the
following mechanism. The individuals who carry the G allele
would express high levels of membrane-bound MICA upon HCV
imfection and thus lead to the activation of immune cells against
virus infected cells. On one hand, HBV infection results in
increased expression of membrane-bound MICA as well as MMPs
through viral protein HBx [35], which would result in the
elevation of sMICA and the reduction of membrane-bound
MICA. Since sMICA could block CD8+T cells, NK-CTL, and

NK cells, higher sMICA would cause the inactivation of immune

surveillance system against HBV infected cells. In other words,
HBV may use this strategy to evade immune response and hence,
higher levels of sMICA could be associated with lower survival rate
among HBV-associated HCC. On the other hand, since HCV is
not known to induce the cleavage of membrane bound MICA,
individuals with low level membrane bound MICA expression
(carriers of rs2596542-allele A) could be inherently susceptible for
HCV-induced HCC. Thus, HBx-medicated induction of MMPs
could partially explain the intriguing contradictory effect of MICA
between HBV-induced HCC and HCV-induced HCC. Since we
observed significant correlation of sMICA levels with vascular

invasion, it may be the case that high levels of sMICA cause poor -

prognosis of HBV-related HCC cases by making tumors more
aggressive and invasive. However it is important in future to
determine the ratio of membrane-bound MICA to sMICA in case
of HCV- and HBV-related HCC.

Interestingly, the immune therapy against melanoma patients
induced the production of auto-antibodies against MICA [36].
Anti-MICA antibodies would exert antitumor effects through
antibody-dependent cellular cytotoxicity against cells expressing
membrane-bound MICA and/or activation of NK cells by
inhibiting the sMICA-NKG2D interaction. However, further
studies are necessary, using well-defined HBV-related HCC
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Syndrome Candidate I-Like I (WHSCILI) Is Involved
in Human Carcinogenesis
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Histone lysine methylation plays a fundamental role in chromatin organization. Although a set of histone methyltransfer-
ases have been identified and biochemically characterized, the pathological roles of their dysfunction in human cancers
are still not well understood. In this study, we demonstrate important roles of WHSCIL! in human carcinogenesis.
Expression levels of WHSCILI transcript were significantly elevated in various human cancers including bladder carci-
noma. Immunohistochemical analysis of bladder, lung, and liver cancers confirmed overexpression of WHSCILI.
WHSC I LI-specific small interfering RNAs significantly knocked down its expression and resulted in suppression of prolif-
eration of bladder and lung cancer cell lines. WHSCILI knockdown induced cell cycle arrest at the GZIM phase fol-
lowed by multinucleation of cancer cells. Expressnon profile analysis using Affymetrix GeneCh|p showed ‘that
WHSCILI affected the expression of a number of genes including CCNG! and NEK7, which are known to play crucial
roles in the cell cycle progression at mitosis. As WHSCILI] expression is significantly low in various normal tissues
including vital organs, WHSCILI could be a good candidate molecule for development of novel treatment for various

types of cancer.  © 2012 Wiley Periodicals, Inc.

INTRODUCTION

DNA-histone complexes comprise the funda-
mental repeating unit of chromatin and the multi-
plicity in combinations of histone modifications/
nucleosome types results in chromatin-dependent
functions. This idea was previously proposed as
the “Histone Code Hypothesis” (Strahl and Allis
2000; Turner, 2000; Jenuwein and Allis, 2001).
Histones, especially residues of the amino termini
of histones H3 and H4 and the amino and car-
boxyl termini of histones H2A, H2B, and H1, are
susceptible to a variety of post-translational modi-
fications such as phosphorylation, acetylation,
methylation, ubiquitination, - sumoylation, and
glycosylation (Margueron et -al., 2005). Among
histone modifications, methyl-lysine residues in
nucleosomal histones are considered to mediate
interactions with the macromolecular complexes
that regulate chromatin-template processes such
as transcription. Despite a large body of informa-
tion for the prominent role of histone lysine

© 2012 Wiley Periodicals, Inc.

methylation in transcriptional regulation, the
involvement of their alterations in human dis-
eases still remains unclear.

We had reported that SMYD3, a histone Iysine
methyltransferase, stimulated proliferation of cells
and played an important role in human carcino-

genesis  through its methyltransferase activity

(Hamamoto et al., 2004, 2006). To investigate pos-
sible roles of histone lysine methyltransferases
(HKMTases) in - human carcinogenesis, we
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examined . the expression profiles of human
HKMTases in clinical tissues and found that
expression levels of WHSCIL1 (Wolf~Hirschhorn
syndrome candidate—like 1) were significantly
up-regulated, compared with their corresponding
normal tissues, in ‘various types of cancer.

WHSCILI, also known as NSD3 and WHISTLE,

shows high sequence similarity to NSD2/WHSC1
(Wolf—Hirschhorn syndrome candidate-1) and
NSD1, particularly in their C-terminal portion,
which includes the functional domains (Stec et al.,
2001; Douglas et al., 2005). These three NSD
proteins form a family of human histone lysine
methyltransferases. NSD1, a 2696-amino-acid pro-
tein that contains four zinc finger domains, two
PWWP  (proline-tryptophan-tryptophan-proline)
domains, and a SE'T' domain responsible for the
HMTase activity, specifically mediates the methyl
transfer onto an H3 lysine 36 and H4 lysine 20
(H3K36 and H4K20) (Rayasam et al., 2003; Mor-
ishita and di Luccio, 2011). WHSC1 (HKMTase
H3K36, H4K20, H3K4, and H3K27) and
WHSC1L1 (HKMTase H3K36) share the same
functional domains with NSD1 (Li et al., 2009;
Morishita and di Luccio, 2011; Wagner and
Carpenter, 2012), although the sizes are smaller as
1365 amino acids (NSD2) and 1437 amino acids
(NSD23), respectively (Morishita and di Luccio,
2011). Although WHSCI1L1 is known to function
as a transcriptional regulator that mediates histone
methylation (Kim et al., 2006, 2007b), the biologi-
cal function of the protein has not been well eluci-
dated. Here, we demonstrated a possible
involvement of WHSC1L1 in human cancers.

MATERIALS AND METHODS

Bladder Tissue Samples and RNA Preparation

One hundred and twenty surgical specimens of
primary bladder carcinoma were collected, either
at cystectomy or transurethral resection of blad-
der tumor (TURBT), and snap-frozen in liquid
nitrogen. Twenty-two specimens of normal blad-
der urothelial tissue were collected from areas of
macroscopically normal bladder in patients with
no evidence of malignancy. Five sequential sec-
tions of 7-um thickness were cut from each tissue
and stained using Arcturus® Histogene® staining
solution (Life Technologies, Carlsbad, CA) fol-
lowing the manufacturer’s protocol and assessed
for cellularity and tumor grade by an independent
consultant urohistopathologist. Slides were then
transferred for microdissection using a Pix Cell II

- by Cambridgeshire Local

laser capture microscope (Life Technologies).
Additionally, the tumor sections were graded
according to the degree of inflammatory cell infil-
tration (low, moderate, and severe). Samples with
high inflammatory cell infiltration were excluded
(Wallard et al., 2006). To validate the accuracy of
microdissection, primers and probes for Vimentin
and Uroplakin were sourced and quantitative
reverse transcription polymerase chain reaction
(qRT-PCR) performed according to the manufac-
turer’s instructions (Assays on demand, Life
Technologies). Vimentin is primarily expressed in
mesenchymally derived cells and was used as a
stromal marker. Uroplakin is a marker of urothe-
lial differentiation and is preserved in up to 90%
of epithelially derived tumors (Olsburgh et al,,
2003). Use of tissues for this study was approved
Research  Ethics
Committee (Ref. 03/018).

Cell Culture

All cell lines were grown in monolayers in
appropriate media: Dulbecco’s modified Eagle’s
medium (DMEM) for EJ28, RERF-LC-AI, Huh-
7, and HepG2; Eagle’s minimal essential medium
for IMR-90, 253], 253]J-BV, HT1197, HT1376,
J82, SCaBER, UMUCS3, and SBCS5 cells; Leibo-
vitz’s L-15 for SW780 and SW480 cells; McCoy’s
5A medium for RT4, T24, and HCT116 cells;
RPMI1640 medium for 5637, AS549, H2170,
ACC-LC-319, and SNU475 cells supplemented
with 10% fetal bovine serum (FBS) and 1% anti-
biotic/antimycotic solution (Sigma—Aldrich, St.
Louis, MO). LoVo cells were cultured in Ham’s
F-12 medium supplemented with 20% fetal bo-
vine serum and 1% antibiotic/antimycotic solu-
tion. Small airway epithelial cells (SAEC) cells
were maintained in small airway epithelial cell
basal medium supplemented with 52 pg/mL
bovine pituitary extract, 0.5 ng/ml. human
recombinant epidermal growth factor (EGF), 0.5
pg/mL  hydrocortisone, 0.5 pg/mL epinephrine,
10 pg/mL transferrin, 5 pg/mL insulin, 0.1 ng/mL
retinoic acid, 6.5 ng/mL triiodothyronine, 50 pg/
mL Gentamicin/Amphotericin-B (GA-1000), and
50 pg/mL fatty acid-free bovine serum albumin.
All cells were maintained at 37°C in humid air
with 5% CO, condition (IMR-90, SAEC, 5637,
253]; 253]BV, EJ28, HT1197, HT'1376, J82, RT4,
SCaBER, T24, UMUCS3, A549, H2170, ACC-LC-
319, RERF-LC-AIL, SBC5, 29371, HepG2,
SNU475, Huh-7, and LoVo) or without CO,
(SW780 and SW480). Cells were transfected with
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FuGENE6™ (Roche Applied Science, Penzberg,
Germany) according to manufacturer’s protocols
(Cho et al., 2011b).

Expression Profiling in Cancer Using cDNA
Microarrays

We established a genome-wide ¢cDNA microar-
ray with 36,864 ¢cDNAs selected from the UniG-
en¢ database of the ~ National Center for
Biotechnology Information. This microarray sys-
tem was constructed essentially as described pre-
viously (Kitahara et al., 2001; Kikuchi et al.; 2003;
Nakamura et al., 2004). Briefly, a total of 30,000-
40,000 cancer or noncancerous  cells were col-
lected selectively using the EZ cut system
(Molecular Machines & Industries, Glattbrugg,
Switzerland) according to the manufacturer’s pro-
tocol. Extraction of total RNA, T7-based amplifi-
cation, and labeling of probes were performed as
described previously (Kitahara et al,, 2001). A
measure of 2.5-pg aliquots of twice-amplified
RNA (aRNA) from each cancerous and noncan-
cerous tissue was then labeled, respectively, with
Cy3-dCTP and Cy5-dCTP. Detailed expression
profiling data shown in this study were based on
the data reported previously (Kaneta et al., 2003;
Kikuchi et al., 2003; Takata et al., 2005).

Quantitative Real-Time PCR

As described previously, we prepared 120 blad-
der cancer and 22 normal bladder tissues in Cam-
bridge Addenbrooke’s Hospital, For quantitative
RT-PCR reactions, specific primers for all human
GAPDH (housekeeping gene), SDH (housekeeping
gene), and WHSCILI were designed (primer
sequences in Supporting Information, Table S1).
PCR reactions were performed using the ABI prism

7700 Sequence Detection System (Life Technolo-
gies) following the manufacture’s protocol. 50%
SYBR GREEN universal PCR Master Mix without
UNG (Life Technologies), 50 nM each of the for-
ward and reverse primers, and 2 pL. of reverse tran-
scriptional ¢DNA were applied.  Amplification
conditions were first 5 min at 95°C and then 45
cycles each consisting of 10 sec at 95°C, 1 min at
55°C and 10 sec at 72°C. After this, samples were
incubated for 15 sec at 95°C, 1 min at 65°C to draw
the melting curve, and cooled to 50°C for 10 sec.
Reaction conditions for target gene amplification
were as described earlier, and 5 ng of reverse tran-
scribed RINA was used in each reaction. :
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Immunohistochemical Staining

Immunohistochemical analysis was done using
anti-WHSCI1L1 antibody (1:500, 11345-1-AP, Pro-
teintech, Chicago, IL) as described previously . ‘
(Takawa et al, 2011; Toyokawa et al., 2011a—c).
For clinical bladder and lung cancer tissue microar-
ray, EnVision kit/horseradish peroxidase (Dako,
Carpinteria, CA) was applied. Briefly, slides of par-
affin-embedded tumor specimens were processed
under high pressure (125°C, 30 sec) in antigen-re-
trieval solution, high pH 9 (S2367; Dako), treated
with peroxidase blocking regent, and then treated
with protein blocking regent (X0909; Dako). Tissue
sections were incubated with a rabbit anti-
WHSCILI polyclonal antibody followed by sec-
ondary antibodies conjugated to peroxidase labeled
dextran polymers (Dako). Antigen was visualized

“with substrate chromogen (Dako liquid DAB

chromogen; Dako). Finally, tissue specimens were
stained with Mayer’s haematoxylin (Hematoxylin
QS, Vector Laboratories, Burlingame, CA) to dis-
criminate the nucleus from the cytoplasm. Because
the intensity of staining within each tumor tissue
core was mostly homogeneous, the intensity of
WHSCI1L1  staining was  semiquantitatively
evaluated using the following criteria: negative (no-
appreciable staining in tumor cells) and positive

‘(brown staining appreciable in more than 30% of

the nucleus of tumor cells).

siRNA Transfection

siRNA oligonucleotide duplexes were purchased
from SIGMA Genosys for targeting the human
WHSCILI transcript. siEGFP and siNegative con-
trol (siNQ), which is a mixture of three different
oligonucleotide duplexes, were used as control siR-
NAs. The siRNA sequences are described in Sup-
porting Information, Table S2. siRNA duplexes
(100 nM final concentration) were transfected into
bladder and lung cancer cell lines with Lipofect-
amine 2000 (Life Technologies) for 72 hr; and cell

'viability was examined using the Cell Counting

Kit-8 (Dojindo, Kumamoto, Japan).

Flow Cytometry Assay

SBCS and SW780 cells were treated with
siWHSC1L1 or control siRNAs (siEGFP and
siNC) and cultured in a CO, incubator at 37°C
for 72 hr. Aliquots of 1 x 10° cells were collected
by trypsinization and stained with propidium
iodide (PI) following the manufacturer’s instruc-
tions (Cayman Chemical). Cells were analyzed by
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FACScan (Beckman Coulter, Brea, CA) with
MultiCycle for Windows software (Beckman
Coulter) for detailed cell cycle status. The per-
centages of cells in Go/Gy, S, and G2/M phases of
the cell cycle were determined from at least
20,000 ungated cells.

Western Blot

Whole cell lysates were prepared from the cells
with CelLyticTM M buffer, and total protein was
transferred to nitrocellulose membrane. The
membrane was probed with an anti-WHSCI1L1
antibody (11345-1-AP, Proteintech) and an anti-
ACTB antibody (RB-9421, Thermo Fisher Scien-
tific, Waltham, MA). ACTB was served as an
internal control. Protein bands were detected by
incubating with horseradish peroxidase-conju-
gated antibodies (GE Healthcare, Little Chalfont,
UK) and visualizing with Enhanced Chemilumi-
nescence (GE Healthcare).

Clonogenicity Assays

COS7 cells, cultured in DMEM 10% FBS, .

were transfected with a pCAGGS-n3FC empty
vector or a pCAGGS-n3FC-WHSCI1L1 (Full-
length WHSCI1L1 protein expression) vector.
The transfected COS7 cells were cultured for 2
days and seeded in 10-cm dish at the density of
10,000 cells per 10-cm dish in triplicate. Subse-
quently, the cells were cultured in DMEM 10%
FBS containing 0.4 (mg/mlL.) Geneticin/G-418 for
2 weeks until colonies were visible. Colonies
were stained with Giemsa (MERCK, Whitehouse
Station, NJ) and counted by Colony Counter
software.

Coupled Cell Cycle and Cell Proliferation Assay

A 5'-bromo-2'-deoxyuridine (BrdU) flow kit (BD
Pharmingen, San Diego, CA) was used to determine
the cell cycle kinetics and to-measure the incorpora-
tion of BrdU into DNA of proliferating cells. The
assay was performed according to the manufac-
turer’s protocol. Briefly, cells (1 x 10° per well)
were seeded overnight in 10-cm diameter Petri
dishes and treated with an optimized concentration
of siRNAs in medium containing 10% FBS for 72
hr, followed by addition of 10 uM BrdU, and incu-
bations continued for an additional 30 min. Both
floating and adherent cells were pooled from tripli-
cate wells per treatment point, fixed in a solution
containing paraformaldehyde and the detergent sap-
onin, and incubated for 1 hr with DNase at 37°C

(30 pg per sample). Fluorescein isothiocyanate
(FITC)-conjugated anti-BrdU antibody (1:50 dilu-
tion in Wash buffer; BD Pharmingen) was added
and incubation continued for 20 min at room tem-
perature. Cells were washed in Wash buffer and
total DNA was stained with 7-amino-actinomycin D
(7-AAD; 20 pL per sample), followed by flow cyto-
metric analysis using FACScan (Beckman Coulter),
and total DNA content (7-AAD) was determined
CXP Analysis Software Ver. 2.2 (Beckman Coulter).

Microarray Hybridization and Statistical Analysis
for the Clarification of Down-Stream Genes

Total RNAs were purified from A549 and SW780
cells 24 hr after treatment with siRNAs. Samples
were labeled and hybridized onto Affymetrix Gene-
Chip U133 Plus 2.0 oligonucleotide arrays (Affy-
metrix, Santa Clara, CA) adaccording to the
manufacturer’s instructions. The statistical proce-
dure - for - micaroarray analysis was described
preciously (Hayami et al., 2010, 2011; Cho et al,,
2011a; Yoshimatsu et al., 2011). We also performed
a  pathway  analysis using - the  hyper-
geometric distribution test, which calculates ‘the
probability of overlap between the up/down-regu-
lated gene set and each GO category compared
against another gene list that is randomly sampled.
We applied the test to the identified up/down-regu- -
lated genes to test whether or not they are signifi-
cantly enriched false discovery rate (FDR) < 0.05)
in each category of “Biological processes” (857 cate-
gories) as defined by the Gene Ontology database.

RESULTS

Overexpression of WHSCILI in Clinical Cancer
Tissues

We examined expression levels of histone
lysine methyltransferase genes in a small num-
ber of clinical bladder cancer samples and found
WHSCILI to be significantly overexpressed in
the cancer cells compared with the correspond-
ing noncancerous tissues (data not shown). We
then analyzed 120 bladder cancer samples and
22 normal controls and confirmed significant ele-
vation of the WHSCILI expression in tumor
cells compared with normal cells (P < 0.0001,
Mann~Whitney U test, Fig. 1A). We subclassi-
fied these tumors according to metastasis and re-
currence status as well as gender or smoking
history but found no difference in their expres-
sion level by these parameters (Table 1). In
addition, our previous microarray expression
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Figure |. Elevated WHSCILI expression in human cancers. (A)
Expression levels of WHSCILI were analyzed by quantitative real-
time PCR, and the result is shown by box-whisker plot (median 50%
boxed). Relative mRNA expression shows the value normalized by
GAPDH and SDH expressions. Mann—Whitney U test was used for
statistical analysis. (B) Expression analysis of WHSCILI in CML. Sig-

analysis of a large number of clinical samples
(Kaneta et al., 2003; Kikuchi et al., 2003) indi-
cated that WHSCILI expression was significantly
up-regulated in chronic myelogenous leukemia
(CML; Fig. 1B) and other types of tumor (Sup-
porting Information, Fig. S1). To confirm ele-
vated WHSCI1L1 expression levels in bladder
tissues at the protein level, we validated the
specificity of an anti-WHSCIL1 antibody as
shown in Supporting Information, Figure S2A.
We then performed immunohistochemical analy-
sis using this antibody and observed much stron-
ger WHSCIL1 staining in the nucleus of
malignant cells than in non-neoplastic tissues
(Fig. 1C). Among 29 bladder cancer tissue sec-
tions, we detected its positive staining in 19
cases (65.5%; Supporting Information, Table S3).
However, we found no relationship between
WHSCIL1 protein expression levels and clinico-
pathologic characteristics, consistent with our
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nal intensity of each sample was analyzed by cDNA microarray, and
the result is shown by box-whisker plot (median 50% boxed).
Mann-Whitney U test was used for the statistical analysis. (C)
Immunohistochemical staining of WHSCILI in bladder tissues.

- Counterstaining was done with hematoxylin. Original magnification,
100x and 200x.

real-time PCR results shown earlier. Because our
previous ¢cDNA microarray data implicated its
overexpression in lung cancer, we conducted im-
munohistochemical analysis using clinical lung
tissues and confirmed WHSCI1L1 overexpression
in cancer cells at the protein level (Fig. 2A). We
also examined expression levels of WHSCI1L1 in
various histological types of lung tumor tissues
by tissue microarray. Of 61 lung tumors exam-
ined, we observed strong staining in 43 cases
(70.5%; Fig. 2A and Supporting Information, Ta-
ble S4). We additionally performed tissue micro-
array analysis of WHSCIL1 in liver cancer
tissues (Fig. 2B and Supporting Information,
Table S5) and found significant staining in 31
cases (47.0%) of 66 liver cancers, while the stain-
ing was hardly detectable in the remaining 35
cancers as well as normal liver and viral hepatitis
related cirrhosis, indicating that WHSCI1L1 is fre-
quently overexpressed in various types of cancer.
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TABLE |. Statistical Analysis of WHSCILI Expression Levels
in Clinical Bladder Tissues

WHSCILI

Characteristic ~ Case (n) Mean SD 95%Cl
Normal (control) 22 1.593 0397 1.427-1.759
Tumor (total) 120 5.537 8376 4.039-7.036
Tumor stage

pTa, pTI 85 6.181  9.670 4.125-8.236

pT2 25 4527  3.658 3.093-5.961

pT3, pT4 6 3.169 1814 1.717-4.620
Tumor grade

Gl 12 6.987  6.892 3.088-10.887

G2 60 5782  8.458 3.642-7.922

G3 47 4.857 8792 2.343-7.370
Metastasis

Negative 93 5433 7412 3.926-6.939

Positive 27 5.898 11251 1.654-10.142
Gender ‘

Male 88 6.155  9.453 4.179-8.130

Female 30 3.727 3908 2.329-5.126
Recurrence

No 27 7.635 11.681 3.229-12.041

Yes 49 5.574 8832 3.101-8.046

Died 8 8263 8403 2441-14.086
Smoke g

No PENR 7 6446 6318 4.063-8.828

Yes 48 6.509 12.013 3.110-9.907

{cornifying) 46/M, T3NOMO
. R y

Lung squamous cell carcinoma

WHSCILI Regulates the Growth of Cancer Cells

To investigate the oncogenic activity of
'WHSCI1L1, we conducted a clonogenicity assay.
Either a WHSCI1L1 expression vector or an
empty vector (mock) was transfected into COS-7
cells. As shown in Figure 3A, COS-7 cells
expressing  WHSCI1L1 showed higher colony
numbers than mock-transfected COS-7 cells.
Hence, we consider that WHSC1L1 might pro-
mote the cell growth.

To examine whether elevated expression of
WHSCIL1 plays a critical role in the proliferation
of cancer cells, we prepared siRNA oligonucleo-
tide duplexes that were designed to specifically
suppressed  the expression of WHSCILI
(siWHSCI1L1#1, #2) and transfected either
duplex into bladder and lung cancer cell lines.
We first confirmed high expression levels of
WHSCI1L1 in cancer cell lines at the mRNA and
protein levels (Fig. 3B and Supporting Informa-
tion, Fig. S2B). As shown in Figure 3C, both siR-
NAs for WHSCIL1 suppressed the expression of
the corresponding genes, while no effect was
observed when we treated the cells with siEGFP

B Normal liver Viral h itis rel. irrhosi

iy

Hepatocellular ggrgingmg
77/M, T2NOMO

39/, T2NOMO 73/M, T2NOMO

A

Figure 2. Tissue microarray images of clinical lung tissues (A) and liver tissues (B) stained by standard immu-
nohistochemistry for protein expression of WHSCILI. Clinical information for each section is represented
above histological pictures. All tissue samples were purchased from BioChain. Original magnification, 200X .
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