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Fig. 3. Podoplanin expression in CCD112CoN fibroblast cells
transfected with siRNAs and invasiveness of the cocultured CRC
cell lines HCT116 and HCT15. a Western blotting using anti-D2-
40 antibody (1:100; Dako) in the CCD112CoN fibroblast cells
transfected with siRNAs. Podoplanin siRNA reduced podoplanin
expression at the protein level almost completely. B-Actin was
used as a loading control. b Invasiveness of HCT116 and HCT15

cells cocultured with fibroblasts transfected with podoplanin
siRNA and control siRNA and in the Matrigel invasion system.
After 24 h of coculture, CRC cell lines cocultured with fibroblasts
transfected with podoplanin siRNA exhibited a 1.8- to 2.6-fold
increase in the number of cells invading the Matrigel-coated in-
sert. HPF = High-power field.

Table 3. Multivariate Cox proportional hazards analysis in patients with advanced CRC (stages II and III)

Prognostic factors Disease-specific survival Recurrence-free survival Liver metastasis-free survival
HR 95% CI p value HR 95% CI p value HR 95% CI p value

Expression of podoplanin (group A/group B) 0.161  0.037-0.708  0.0157 0.153  0.046-0.510  0.0023 0.089 0.012-0.682  0.0198

Depth of invasion (T2, T3/T4) 0.339  0.075-1.523  0.1582 0.308 0.089-1.066  0.0630 0.396  0.089-1.775  0.2264

Lymph node metastasis (absence/presence) 0.237  0.066-0.849  0.0270 0.488 0.201-1.184 0.1125 0.864 0.297-2.515  0.7888

Venous invasion (presence/absence) 0.858  0.269-2.739  0.7956 1.517 0.551-4.175 0.4194 5.745 0.727-45.380 0.0973

HR = Hazard ratio; CI = confidence interval.
planin, the number of invading cells was significantly in- Discussion

creased (p = 0.027 and p = 0.026, Student’s t test for co-
culture with HCT116 and HCT15, respectively; fig. 3b).
As a negative control, when fibroblasts transfected with
control siRNA and podoplanin siRNA were cultured
only in CM-HT29 without CRC cell lines, almost no in-
vading cells were evident (data not shown).

Podoplanin in Colorectal Carcinoma

To help understand the difference between CAFs and
uninvolved fibroblasts, and to further evaluate the role of
CAFs, we compared their genome-wide expression pro-
files using in vitro CM culture models in which soluble
factors originating from cancer cells exerted a paracrine
action on the surrounding fibroblasts involved in tumor-
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stroma interaction. CM culture models are useful tools
for studying interactions between different types of cells,
with the advantage that specific signal pathways can be
analyzed exclusively [34-37]. Using DNA microarray, we
identified podoplanin as a candidate CAF marker mole-
cule among upregulated genes.

Podoplanin is one of a family of glycoproteins that are
well known to be involved in many cellular activities in
embryogenesis and development, and are particularly
important in diseases such as cancer [16]. Mucin-like
transmembrane glycoproteins have been found in epithe-
lial and nonepithelial tissues, and can exert a protective
role against environmental agents as well as possessing
other biological activities. For example, several mem-
brane-associated mucins are involved in cell-cell interac-
tions and mediate leukocyte trafficking, thrombosis and
inflammation [38-40]. In general, mucin-type glycopro-
teins have an extended brush-like conformation due to
their extensive O-glycosylation [39]. This highly nega-
tively charged structure is relatively resistant to proteases
and provides a physical barrier protecting cells from en-
vironmental agents.

In the present study, immunohistochemical localiza-
tion of podoplanin was confined exclusively to CAFs in
the cancer stroma. Normal stroma, epithelial cells and
tumor cells were completely negative for podoplanin in
all cases tested, and only lymphatic vessels were positive.
Podoplanin expression in CAFs of cancer stroma was sig-
nificantly correlated with more distal tumor localization
and a shallower depth of tumor invasion. Invasion of
CRC cell lines was augmented upon coculture with fibro-
blasts in which podoplanin expression was reduced by
siRNA. These results indicate that podoplanin could play
an important protective role against cancer invasion.

Expression of podoplanin by cancer cells of oral and
uterine cervix squamous cell carcinoma has been report-
ed to be associated with prognosis [41, 42]. However, pre-
vious studies have found that adenocarcinoma cells rare-
ly express podoplanin [43, 44]. Podoplanin-positive CAFs
are reportedly present in invasive adenocarcinoma of the
lung, but not in noninvasive adenocarcinoma [45]. Podo-
planin expression by CAFs is reported to be significantly
associated with a poor outcome in patients with lung ad-
enocarcinoma. However, multivariate analysis failed to
show that podoplanin expression was an independent
prognostic factor [45]. In the present study, the localiza-
tion of podoplanin expression was intriguing because it
was seen in CAFs located mainly in the superficial to
deep area of the tumor, sparing the invasive front where
tumor budding is often observed. No podoplanin expres-
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sion was observed in the normal stromal cells, except for
lymphatic vessels. Tumor budding is well known to be
relevant to metastatic acitivity and outcome in patients
with CRC, and is usually found at the invasive front [46,
47]. Therefore the characteristic localization of podo-
planin expression in tumors, sparing the invasive front,
in addition to the resistance of podoplanin to proteases
and its role as a physical barrier against environmental
agents [39], supports the idea that podoplanin could play
an important protective role against cancer invasion.
Furthermore, multivariate analysis using the Cox pro-
portional hazards model for DSS revealed that podo-
planin expression and pN were significantly associated
with prognosis when adjusted for pT and venous inva-
sion. Multivariate analysis of both DFS and liver metas-
tasis-free survival revealed that only podoplanin expres-
sion was associated with prognosis when adjusted for pT,
pN, and venous invasion. These findings suggest that in-
creased expression of podoplanin in CAFsis a good prog-
nostic factor in patients with advanced CRC, indicating
the defensive role of podoplanin against tumor invasion.
In terms of clinical use, podoplanin expression in CRC
might be helpful for selecting patients who should un-
dergo adjuvant chemotherapy, or those for whom it is un-
necessary. However, in order for podoplanin expression
to be applied for practical clinical care, it must be vali-
dated in a large-scale prospective clinical trial.

Furthermore, our coculture invasion assay indicated
that podoplanin expressed in CAFs could have a suppres-
sive effect on the invasion of tumor cells, although it is
not yet clear whether CAFs have both an inductive and a
suppressive effect on tumor progression and regulate tu-
morigenesis. Other constituents of the desmoplastic ex-
tracellular matrix have also been shown to inhibit tumor
progression. For example, injection of L-3, 4-dehydropro-
line, which inhibits the formation of collagen fibrils, in-
creases tumor cell invasion in mice with BI6F10 mela-
noma subcutaneous tumors [48]. In addition, extracellu-
lar matrix accumulation in tumors contributes to
increased interstitial fluid pressure and hinders the dif-
fusion of macromolecules and oxygen, leading to tumor
cell necrosis [49, 50]. The overall effect of altered extracel-
lular matrix in tumors and the effect of CAFs during tu-
mor progression are still poorly understood. Further
studies directed at disrupting the complex interaction be-
tween tumor cells and stromal composition may define
new strategies for diagnosis of tumors and suitable thera-
peutic interventions.

In conclusion, podoplanin, a mucin-type transmem-
brane glycoprotein, was found to be upregulated in CAFs

Yamanashi et al.



in vitro and to be overexpressed in CAFs surrounding
CRC cells in vivo. Multivariate analysis of both DFS and
liver metastasis-free survival revealed that only podo-
planin expression was associated with prognosis when
“adjusted for pT, pN, and venous invasion. In addition, in-
vasiveness of CRC cells was increased significantly by co-

culture with podoplanin-suppressed CAFs. These find-
ings suggest that increased podoplanin expression in
stromal fibroblasts is a significant indicator of good prog-
nosis in patients with advanced CRC, reflecting its defen-
sive role against cancer invasion.
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Chromatin remodeling at Alu repeats by epigenetic treatment activates
silenced microRNA-512-5p with downregulation of Mcl-1 in human

gastric cancer cells
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Epigenetic therapy using. DNA  methylation inhibitors
and histone deacetylase (HDAC) inhibitors has clinical
promise for the treatment of human malignancies. To
investigate roles of microRNAs (miRNAs) on. epigenetic
therapy of gastric cancer, the miRNA expression profile
was analysed in human: gastric cancer cells treated with
5-aza-2'-deoxycytidine (5-Aza-CdR) and 4-phenylbutyric
acid (PBA). miRNA microarray analysis shows that most
of miRNAs activated by 5-Aza-CdR and PBA in gastric
cancer cells are located at Alu repeats on chromosome 19,
Analyses of: chromatin modification show that DNA
demethylation and HDAC ichibition at Alu repeats
activates silenced miR-512-5p by RNA  polymerase II.
In addition, activation of miR-512-5p by epigenetic
treatment induces suppression of Mel-1, resulting in
apoptosis of gastric cancer cells. These results suggest
that chromatin remodeling at Alu repeats plays critical
roles in the regulation of miRNA expression and that
epigenetic activation of silenced Alu-associated miRNAs
could be a novel therapeutic approach for gastric cancer.
Oncogene (2009) 28, 2738-2744; doi:10.1038/0nc.2009.140;
published online 8 June 2009

Keywords: miRNA; DNA methylation; histone modifi-
cation; epigenetic treatment; Alu repeats; gastric cancer

Introduction

Chromatin-modifying drugs such as DNA methylation
inhibitors and histone deacetylase (HDAC) inhibitors
are emerging as effective agents for ‘epigenetic therapy’
of cancer (Yoo and Jones, 2006; Gal-Yam et al.,2008).
In fact, the DNA methylation inhibitors 5-aza-2'-deox-
yeytidine (5-Aza-CdR) ‘and -5-azacytidine (5-Aza-CR)
were. recently approved by the Food and Drug Admin-
istration for the treatment of myelodysplastic syndrome,
and many HDAC inhibitors such as 4-phenylbutyric acid
(PBA) are under clinical trials (Yoo and Jones, 2006).
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However, - the molecular mechanisms underlying anti-
cancer effect of these drugs are not fully understood.
- -MicroRNAs (miRNAs) are small non-coding RNAs,
which can downregulate vatious target genes. miRNAs
are expressed in- a tissue-specific manner and have
important functions in cellular proliferation, apoptosis
and differentiation. Recent studies have indicated that
aberrant expression of miRNAs contributes to the
initiation and progression of human malignancies (Calin
and Croce, 20062, b). We have recently shown that some
miRNAs are located near CpG  islands  and ' that
expression of these miRNAs is regulated by alterations
in' DNA methylation and histone modification on' their
CpG islands (Saito and Jones, 2006; Saito et al., 2006).
As the stomach is an organ in which epigenetic
alterations due  to - Helicobacter  pylori- infection " or
various : exogenous  antigen exposures are. frequently
observed (Esteller, 2002), we are prompted to investigate
miRNA " expression profile in gastric cancer cells with
epigenetic treatment. Interestingly, microarray analysis
of AGS gastric cancer cells shows that most of the
miRNAs, which are dramatically activated by 5-Aza-
CdR and PBA, are located at Alu repeats on chromo-
some 19. Alu elements are ~ 280 bp in length and consist
of two similar, but distinct, monomers linked by an
oligo (dA) tract. It has been reported that Alu repeats in
the miRNA cluster on chromosome 19 can function as
RNA polymerase I (Pol II) promoters of miRNAs
(Borchert: ef al., 2006). Here we show that chromatin
remodeling: at Alu repeats by . DNA = demethylation
and HDAC inhibition can activate expression of Alu-
associated miRNAs, which can downregulate target
oncogenes in human gastric cancer cells.

Results

miRNAs activated by epigenetic treatment in gastric

cancer: cells are located at Alu repeats on chromosome 19
To identify miRNAs, which are regulated by DNA
demethylation and HDAC inhibition; we carried out
miRNA 'microarray analysis. The miRNA expression
profile of AGS human gastric cancer cells showed that
115 out of 470. miRNAs were differentially expressed
by the treatment with 5-Aza-CdR and PBA (P<0.01).



Interestingly, 14 out of top 15 miRNAs (93%)
upregulated by epigenetic treatment are located in
the miRNA cluster on chromosome 19 (Figure la)
(Bentwich ef al., 2005). These miRNAs are interspersed
among - Alu repeats which. can function as their
promoters (Borchert ef al., 2006). We have recently
reported that epigenetic treatment of T24 bladder cancer
cells induced activation of only 5 Alu-associated
miRNAs in top 15 miRNAs (33%) (Figure 1a) (Saito
et al., 2006). In addition, the signal ratios of Alu-
associated miRNAs after epigenetic treatment in AGS
cells compared: with untreated cells were much higher
than those in T24 cells. Therefore, activation of Alu-
associated miRNAs by DNA demethylation and HDAC
inhibition seems to be more specific in gastric cancer
cells compared with bladder cancer cells.

To confirm the miRNA microarray data, we cartied
out quantitative reverse transcriptase (RT)-PCR analyses
for miR-512-5p, -517b, -526b, -518b and -515-5p in AGS
cells treated with 5-Aza-CdR and PBA. As shown in
Figure 1b, all miRNAs examined were silenced before
treatment and dramatically activated by 5-Aza-CdR and
PBA treatment, which is consistent with the microarray
data. Other gastric cancer cell lines (TMK1 and MKN45)
also showed' marked upregulation of miR-512-5p and
miR-517b by epigenetic treatment (Figure 1¢).
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DNA demethylation and HDAC inhibition at Alu repeats
activates silenced miR-512-5p \

As epigenetic treatment remarkably upregulate
expression of Alu-associated miRNAs, we examined
DNA methylation and histone modification at the
Alu - promoter - region . of miR-512° by Dbisulfite
genomic sequencing and chromatin immunoprecipita-
tion (ChIP) assay, respectively (Figures 2a and b). It
was found that although the Alu promoter regions
of miR-512 were completely methylated (100%) in
untreated  AGS- cells, DNA.  methylation levels
were - reduced  to - 20% - after epigenetic  treatment
(Figure 2a).

Both - acetylated " histone . H3 ~and = methylated
histone H3-lysine 4 (K4) are associated with an open
chromatin - structure ~and  active gene expression.
Significant increases in the levels of both acetylated
histone' H3 and  methylated histone H3-K4  were
found at the Alu promoter region of miR-512 in AGS

- cells treated with: 5-Aza-CdR and PBA (Figure 2b).

These findings  indicate that - dense DNA ' methyl-
ation and closed chromatin structure at-Alu repeats
are associated with a silent state of miR-512-5p, and
that chromatin. remodeling at Alu repeats by DNA
demethylation and HDAC inhibition activate silenced
miR-512-5p.
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Figure 1 - Expression patterns: of Alu-associated  microRNAs. (miRNAs): in” human gastric cancer. cells’ treated with. 5-aza-2'-
deoxycytidine (5-Aza-CdR) and 4-phenylbutyric acid (PBA): (8) miRNAs upregulated by 5-Aza-CdR and PBA in AGS and T24 cells
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(microarray analysis). Ratio represents signal ratio of 5-Aza-CdR and PBA treatment compared with no treatment. Presence of Alu
repeats in the upstream region of each miRNA is indicated by filled box. The expression profile of T24 is modified from Figure 1a of
the reference (Saito ef al.; 2006). (b) Quantitative reverse transcriptase (RT)-PCR analyses of Alu-associated miRNAs in' AGS cells not
treated (NT, blank bar) or treated with 5-Aza-CdR and PBA (AP, filled bar). The expression level was normalized to the U6 RNA

RNA expression level and expressed as mean-+s.d.

expression level and expressed as mean + 5.d. (¢) Quantitative RT-PCR analyses of miR-512-5p and miR-517b in TMK 1 and MK N45
cells not treated (NT, blank bar) or treated with 5-Aza-CdR and PBA (AP, filled bar). The expression level was normalized to the U6
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Figure 2. Alterations in DNA methylation and histone modification at Alu repeats of miR-512 in AGS cells after epigenetic treatmient.
(a) DNA methylation status of CpG sites (shown as boxes) around the promoter region of miR-512-5p in' AGS cells niot treated or
treated: with 5-aza-2'-deoxycytidine (5-Aza-CdR) and 4-phenylbutyric acid (PBA) was determined by bisulfite’ genomic sequencing.
Blank circle, unmethylated CpG; filled circle, methylated CpG. The bent arrow indicates: the putative transcriptional start site of
miR-512-5p determined by 5" RACE assay. Note that Alu elements are separated from mature miR-512-5p sequences by Pol TII terminator
(TTTT, dot line), indicating that Pol III at Alu elements cannot transcribe miR-512:5p. (b) The levels of acetylated histone H3 (AcH3) and
dimethylated histone H3-K4 (H3K4) of miR-512-5p were determined by chromatin immunoprecipitation (ChIP) assay in AGS cells not
treated (NT, blank bar) or treated with 5-Aza-CdR and PBA (AP, filled bar). Immunoprecipitation/Input = (immuinoprecipitated DNA
with each antibody ~No Antibody Control (NAC))/(input DNA-NAC). Values are expressed as mean +s.d.
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Figure 3. Activation of miR-512-5p by epigenetic treatment is mediated by Pol I1. (a) Levels of Pol II and Pol 11l around the promoter
regions of miR-512-5p were determined by chromatin immunoprecipitation assay in AGS cells not treated (NT, blank: bar) or
treated  with- 5-aza-2'-deoxycytidine (5-Aza-CdR) and 4-phenylbutyric: acid” (PBA) (AP, filled: bar). Immunoprecipitation/Input
= (immunoprecipitated DNA with each antibody —~No -Antibody Control (NAC))/(input: DNA=NAC). Values are expressed as
mean +s.d. (b) AGS cells treated with 5-Aza-CdR and PBA were incubated in 0 or 50 ig/ml of ¢-amanitin for 7 h before the cells were
harvested: for assay. Ratios of 5-Aza-CdR and PBA treatment compared with no treatment in expression levels of miR-512-5p
normalized with U6 were shown. Values are expressed as mean+s.d.

Activation of miR-512-5p by epigenetic treatment is
mediated by Pol I1

To assess whether epigenetic activation of miR-512-5p is
mediated by Pol II ot Pol ITI, we have carried out ChIP
assay of Pol II'and Pol III on the promoter region of

Oncogene

miR-512-5p in. AGS cells (Figure 3a). The results of
ChIP assay show that Pol II signal at Alu repeats is
significantly - increased - after epigenetic - treatment,
whereas Pol III signal shows no:increase. Pol II'is
highly sensitive to a-amanitin and therefore treatment of



mammalian cells with a-amanitin at a concentration of
50 ug/ml for 5-9h results in the selective inhibition of
Pol II. AGS cells with epigenetic treatment were
incubated in 0 or 50 pg/ml of o-amanitin for 7h before
the cells were harvested for assay. As shown in
Figure 3b, we have found that the epigenetic activation
of miR-512-5p is inhibited by o-amanitin treatment.
In addition, we have identified the putative Pol II
transcriptional start site of miR-512-5p by 5-rapid
amplification of cDNA ends (5-RACE) (Figure 2a).
These findings indicate that activation of miR-512-5p by
epigenetic treatment is mediated by Pol II.

Overexpression of miR-512-5p suppresses Mcl-1 and
induces apoptosis

Identification of target genes of Alu-associated miRNAs
is- essential to investigate their biological function.
Recent studies have shown that miRNAs can regulate
expression of their target genes by decreasing mRNA
stability, in addition to translational inhibition (Yekta
et al., 2004; Bagga et al., 2005; Wu et al., 2006). The
strategy to identify target genes of miR-512-5p is shown
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in Figure 4a. First of all, we conducted a microarray
analysis to screen for genes that were threefold down-
regulated by treatment with 5-Aza-CdR and PBA,
because target genes of miR-512-5p were expected to
be suppressed by overexpression of miR-512-5p. Then,
we identified 69 genes, which are known to be involved
in cell proliferation, apoptosis and differentiation. We
finally selected nine genes as potential target genes of
miR-512-5p by referring to the database for the
prediction of miRNA targets (miccoRNA.org, http://
www.microrna.org). Among these nine genes, we
especially focused on well-known oncogenes, Jun and
Mecl-1. To confirm that Jurn and Mcl-1 are target genes
of miR-512-5p, AGS cells were transfected with miR-
512-5p precursor molecules, and the expression levels of
Jun and Mcl-1 were assessed by quantitative RT-PCR.
As shown in Figure 4b, significant downregulation of
Jun and Mecl-1 was observed in AGS cells after
transfection of miR-512-5p. As the expression of Mc¢l-1
was remarkably downregulated by overexpression of
miR-512-5p, we further examined expression level of
Mcl-1 by western blotting. The expression level of Mcl-1
was significantly downregulated in AGS cells both after
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Figure 4. Overexpression of miR-512-5p induces suppression of Mcl-1 and apoptosis. (a) A schema to identify targets of miR-512-5p
using the microarray data of AGS cells treated with 5-aza-2'-deoxycytidine (5-Aza-CdR) and 4-phenylbutyric acid (PBA) and the
database for the prediction of miRNA targets. (b) mRNA expression of Jun and Mcl-1 in AGS cells transfected with miR-512-5p
precursor molécules (miR-512) and negative control (NC) was analysed by quantitative reverse transcriptase~PCR. The expression
level was normalized to the GAPDH RNA expression level and expressed as mean +s.d. *P<0.05, **P<0.01 compared with negative
control. (¢) The protein eéxpression level of Mcl-1 was analysed by western blotting in AGS cells not treated (NT) or treated with 5Aza-
CdR and PBA (AP), as well as in AGS cells transfected with miR-512-5p precursor molecules (niR-512) and negative control (NC).
B-actin is used as a loading control. (d) Levels of cytoplasmic histone-associated DNA fragments (mono- and oligonucleosomes) in
AGS cells after transfection of miR-512-5p and after treatment with: 5-Aza-CdR and PBA. Values are expressed as mean+s.d.
*P<0.05 compared with negative control or untreated cells; GAPDH,; glyceraldehydes 3-phosphate dehydrogenase.

2741

Oncogene



Epigenetic activation of miR-512-5p
Y Saito et af

2742

treatment with 5-Aza-CdR and PBA and after transfec-
tion of miR-512-5p (Figure 4c).

In addition, levels of apoptosis were evaluated by
photometric enzyme-immunoassay for the detection of
cytoplasmic histone-associated DNA fragments. Signifi-
cant increase of the-levels of cytoplasmic histone-
associated DNA fragments (mono- and oligonucleo-
somes) was observed in' AGS cells both after treatment
with 5-Aza-CdR and PBA and after transfection of miR-
512-5p (Figure 4d).

To further confirm: target specificity between miR-
512-5p and its potential target, Mcl-1, we carried out
luciferase reporter assay with a vector containing the
putative Mcl-1 3 untranslated region (UTR) target site
downstream of the luciferase reporter gene; which was
transfected into AGS cells.. Base pairing between miR-
512-5p and wild-type (WT) or mutant (MUT) target site
in the 3" UTR of Mcl-1 mRNA is shown in Figure 5a.
Luciferase activities of AGS cells transfected with Mcl-
1-WT construct were significantly lower after epigenetic
treatment and after transfection of miR-512-5p, whereas
those with Mcl-1-MUT construct showed no significant
difference (Figure 5b). These data suggest that Mcl-1 is
one of the targets of miR-512~5p and that activation of
miR-512-5p induces suppression of Mcl-1, resulting in
apoptosis: of gastnc cancer cells.

Discussion

Alu repeats are the most frequent repetitive elements in
the human genome and have been considered as ‘junk
DNA’ with no important function. However, Borchert
et al: (2006) have shown that Alu repeats in the miRNA
cluster ‘on chromosome 19 can  function as Pol ‘III
promoters of downstream miRNAs. These Alu-asso-

ciated miRNAs are shown to be silenced in the human
tissues except the placenta (Bentwich et al, 2005). We
also found that Alu-associated miRNAs arg silenced in
both gastric cancers and non-cancerous mucosae (data
not shown).

In this study, we show that one of the Alu-associated
miRNAs, miR-512-5p, is silenced by epigenetic mechan-
isms, and that chromatin remodeling at Alu repeats by
DNA methylation inhibitors and HDAC inhibitors can
activate expression of silenced. miR-512-5p in human
gastric. cancer cells. The DNA demethylating agent 5-
Aza-CdR and HDAC inhibitor PBA were effective at
reducing DNA methylation' level and activating: chro-
matin structure at the promoter region of miR-512-5p.
In agreement with our results, earlier studies have
suggested that Alu transcription is regulated by epige-
netic mechanisms such as DNA methylation and histone
modification at Alu repeats (Liu e al., 1994; Kondo and
Issa, 2003).

Although it has been reported that Alu-associated
miRNAs are transcribed by Pol IIT (Borchert et al.,
2006), our results suggest that epigenetic activation of
miR-512-5p is: mediated by Pol II.:Interestingly, Alu
elements on the promoter region of miR-512-5p are
separated from mature miR-512-5p sequences by Pol II1
terminator: (TTTT); indicating that Pol IIT at: Alu
elements cannot transcribe miR-512-5p (Figure 2a). This
finding supports our results that chromatin remodeling
by epigenetic treatment at Alu repeats can activate miR-
512-5p through Pol 11. A recent study also reports about
Pol ‘11 transcription - associated with Alu- repeats and
CpG islands in human promoters (Oei et al.; 2004).

Gastric cancer is the second most common cause of
cancer-related death worldwide. Although the incidence
of gastric cancer has declined in western countries, it
remains a major health problem throughout the rest of
the world, especially in China and Japan (Parkin, 2001).
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Figure 5. Identification of Mecl-1 as a target of miR-512-5p. (a) Luciferase reporter constructs containing wild-type (WT) or mutant
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(MUT) target site of the 3’ untranslated region (UTR) of Mcl-I mRNA. () The firefly luciferase activity normalized to the Renilla
luciferase activity in AGS cells not treated (NT) or treated with 5-aza-2-deoxycytidine and 4-phenylbutyric acid (AP) and in AGS cells
transfected with negative control (NC) or miR-512-5p precursor molecules (miR-512).




For gastric cancer that is diagnosed at an advanced
stage, systemic chemotherapy is the only treatment
available, besides supportive care. The Mcl-1 gene is a
member of the Bcl-2 family and an anti-apoptotic
protein originally isolated from  the ML-1 human
myeloid leukemia cell line during cell differentiation
(Kozopas et al., 1993). The biological relevance of Mcl-1
as an anti-apoptotic protein promoting cell survival has
been reported in various human malignancies (Zhou
et al., 1997; Shigemasa et al., 2002; Taniai ef al., 2004).
Elevated expression of Mel-1 and its association with
poor prognosis have been: reported. in gastric cancer
(Krajewska et al., 1996; Maeta er al., 2004). Interest-
ingly, Wacheck ez al. (2006) have proposed Mcl-1
antisense therapy as a promising. approach: for the
treatment of ‘gastric cancer. They have shown that
downregulation of Mcl-1 by antisense therapy produced
a significant increase in apoptosis and a decrease in cell
growth, and that the combination of Mcl-1 antisense
oligonucleotide and anti-cancer agents, such as docetax-
el and. cisplatin, showed: synergistic chemopreventive
activity (Wacheck ef al., 2006; Zangemeister-Wittke and
Huwiler,” 2006). Our' results show that activation of
miR-512-5p - induced by chromatin-modifying - drugs
suppresses Mcl-1, resulting in apoptosis of gastric cancer
cells: In addition, activation of Alu-associated miRNAs
by epigenetic treatment seems to: be more specific in
gastric cancer cells compared with bladder cancer cells.
These results indicate that Alu-associated miRNAs could
be novel therapeutic targets of human' gastric cancer.

In conclusion, : our tesults suggest  that chromatin
remodeling at Alu repeats by DNA demethylation and
HDAC inhibition can induce expression of - silenced
miRNAs, which can serve as ‘endogenous silencers” of
target oncogenes in gastric cancer cells. ‘As there is a
possibility that other proteins activated by epigenetic
treatment may -also contribute to apoptosis in gastric
cancer cells, further studies are necessary: to verify
whether - activation  of Alu-associated miRNAs by
epigenetic therapy could be an effective approach for
the prevention and treatment of human gastric cancer.

Materials and methods

Cell lines and epigenetic_ treatment

The AGS, MKN45 and TMK 1 human gastric cancer cell lines
were used. AGS ‘was obtained from: the American Type
Culture Collection (Rockville; MD, USA), and MNK45 was
obtained from the Japan Health Science Foundation (Osaka,
Japan). TMKI is' a generous gift from Dr Wataru Yasui
(Ochiai ez al.; 1985). Cells were cultured in RPMI1640 medium
supplemented with 10% fetal bovine serum. They were seeded
at 24 h before treatment with 5-Aza-CdR (Sigma-Aldrich, St
Louis; MO, USA) and PBA (Sigma-Aldrich). 5-Aza-CdR was
removed “after 24 h, whereas the cells. were continuously
exposed to PBA for 96 h.

RNA extraction: and microarray analyses

Total RNA, including small RNA, was extracted using the
mirVana miRNA isolation kit (Ambion; Austin, TX, USA).
miRNA microarray analysis was carried out by LC Sciences
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(www.lcsciences.com, Houston, TX, USA), and gene expres-
sion profile was analysed using the whole human genome oligo
microarray kit (Agilent technologies, Santa Clara, CA, USA).
All data were submitted to the ArrayExpress database, and the
accession numbers are E-MEXP-1820 and E-MEXP-1821,
respectively. )

Quantitative RT-PCR of miRNAs

MicroRNA expression levels were analysed by quantitative RT—
PCR using the TagMan microRNA assay for miR-512-5p, -515-
Sp, -517b, -518b and -526b (Applied Biosystems, Foster City,
CA, USA), in accordance with the manufacturer’s instructions.

Bisulfite genomic sequencing

Genomic DNA' was converted with sodium bisulfite. After
amplification of the bisulfite-converted DNA by nested PCR
with specific primers for miR-512, DNA methylation levels
were analysed by bisulfite genomic sequencing as described
earlier (Saito ef al., 2006). The sequences of the primers used
are listed in Supplementary Table 1.

Chromatin immunoprecipitation assay

The ChIP assay was carried out as described earlier (Saito
et “al., 2006). “Antibodies ' to dimethylated histone H3-K4
(Upstate,  Temecula, - CA, USA), ' acetylated - histone: H3
(Upstate), Pol 11 (Upstate) and Pol IIl (anti-RPC 53, see
Acknowledgements) were used. Quantitative - analysis' was
carried ‘out by real-time’ PCR with the CYBR Premix Ex
Taq (Takara Bio, Ohtsu, Japan) using the Thermal Cycler
Dice Real-Time System (Takara Bio). The sequerices of the
primers used are listed in Supplementary Table 1. The fraction
of immunoprecipitated - DNA = was calculated:. as follows:
(immunoprecipitated: DNA with each antibody—nonspecific
antibody control (NAC))/(input DNA-NAC).

5'-Rapid. amplification of ¢cDNA ends

5 ends of mRNA were detected using the RLM-RACE kit
(Ambion) according to the manufacturer’s protocols. The inner
5" RLM-RACE PCR products were cut from 2% agarose gel,
purified using Gel Extraction Kit (Qiagen, Tokyo, Japan) and
sequenced with an inner: gene-specific primer. The sequences of
the primers used are listed in Supplementary Table 1.

Western blotting and quantitative RT-PCR

Protein extracts: were separated by SDS/polyacrylamide: gel
electrophoresis ‘and transferred onto’ a nitrocellulose mem-
brane. Membranes: were hybridized with antibodies against
Mecl-1(8-19; Santa Cruz Biotechnology, Santa- Cruz, CA,
USA).

Total: RNA was used: for reverse: transcription. "After
incubation with- DNase I (Promega, Madison, WI, USA) to
eliminate DNA contamination, Superscript. III' (Invitrogen,
Carlsbad, CA, USA) and random hexamers (Invitrogen) were
added for first-strand ¢cDNA synthesis, then, quantitative PCR
was carried” out with primers specific for Jun and Mclk1
(Supplementary Table 1).

Transfection of miR-512-5p precursor molecules

The miR-512-5p precursor molecules and negative control 1
precursor miRNAs were purchased from Ambion. They were
transfected into AGS cells at'a final concentration of 100 nm
each using oligofectamine (Invitrogen), in accordance with the
manufacturer’s instructions. At 48 h after transfection, cells
were collected and the expression of Mcl-1' was analysed by
western blotting as described above.
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Apoptosis assay

AGS cells were transfected with miR-512-5p and negative
control or treated with 5-Aza-CdR and PBA. Forty-eight
hours later, apoptosis was evaluated by photometric enzyme-
immunoassay for the detection of cytoplasmic histone-
associated DNA fragments using the Cell Death Detection
ELISA kit (Roche, Mannheim, Germany) (Suzuki et al., 1998).

Luciferase assay

Luciferase constructs were made by ligating oligonucleotides
containing the wild-type or mutant target site of the Mecl-1 3
UTR into the Xba I site of the pGL3-control vector (Promega,
Figure 5a). AGS cells were transfected with 0.4 pg of firefly
luciferase reporter vector containing wild-type or mutant
target site and 0.02 pg of the control vector containing Renilla
luciferase, pRL-CMV (Promega), using lipofectamine 2000
(Invitrogen) in 24-well plates. Luciferase assays were carried
out at 48h after transfection using the Dual Luciferase
Reporter Assay System (Promega). Firefly luciferase activity
was normalized to Renilla luciferase activity.

References

Bagga S, Bracht J, Hunter S, Massirer K, Holtz J, Eachus R ef al.
(2005). Regulation by let-7 and lin-4 miRNAs results in target
mRNA degradation, Cell 122: 553-563.

Bentwich I, Avniel A, Karov Y, Aharonov R, Gilad S, Barad O e al.
(2005). Identification of hundreds of conserved and nonconserved
human microRNAs: Nat Genet 37: 766-770.

Borchert GM, Lanier W, Davidson BL. (2006). RNA polymerase 11
transcribes human microRNAs. Nat Struct Mol Biol 13; 1097-1101.

Calin’ GA, Croce CM. (2006a).. MicroRNA' signatures in' human
cancers, Nat Rev Cancer 6: 857-866.

Calin GA, Croce: CM. (2006b).  MicroRNAs - and - chromosomal
abnormalities in cancer cells; Oncogene 25: 6202-6210.

Esteller - M. - (2002). CpG - island:: hypermethylation:: and -~ tumor
suppressor genes: a booming present, a brighter: future.. Oncogere
21: 5427-5440.

Gal-Yam EN,; Saito Y, Egger G, Jones PA. (2008). Cancer epigenetics:
modifications, screening, and therapy. Aunu Rev Med 59: 267-280.

Kondo Y, Issa JP.  (2003). Enrichment for histone H3 lysine
9 methylation at' Alu repeats’ in human cells.-J Biol Chem 278;
27658-27662.

Kozopas: KM, Yang T, Buchan HL, Zhou P, Craig RW. (1993).
MCL1,; a gene expressed in programmed: myeloid cell differentia-
tion; has sequence similarity to BCL2. Proc Natl Acad Sci USA 90:
3516-3520.

Krajewska M, Fenoglio-Preiser CM, Krajewski S; Song K; Macdonald
IS, Stemimerman G ef al. (1996). Immunohistochemical analysis of
Bcl-2 family. proteins. in adenocarcinomas of the. stomach. Am J
Pathol 149; 1449-1457.

Liu WM, Maraia RJ, Rubin CM, Schmid CW: (1994). Alu transcripts:
cytoplasmic ' localisation - and “regulation. by’ DNA - methylation.
Nucleic Acids Res 22:1087-1095.

Maeta Y, Tsujitani ' S;" Matsumoto' S, Yamaguchi® K, Tatebe §;
Kondo- A ér al. (2004).: Expression of Mcl-1 and p53 proteins
predicts the survival of patients with T3 gastric carcinoma. Gastric
Cancer 7. 78-84.

Ochiai A, Yasui W, Tahara E. (1985). Growth-promoting effect of
gastrin on human gastric carcinoma cell line TMX-1. Jpn J Cancer
Res 76: 1064-1071.

Conflict of interest

Dr Saito’s work has been funded by a Grant-in-Aid for
Scientific Research from the Japan Society for the Promotion
of Science (JSPS). Dr Suzuki’s work has been funded by a
Grant-in-Aid for Exploratory Research from the JSPS, Dr
Kanai’s work has been funded by the Ministry of Health,
Labor and Welfare of Japan. Dr Hibi’s work has been funded
by the JSPS and the Ministry of Education, Culture, Sports,
Science and Technology.

Acknowledgements

The authors are grateful to Dr Robert Roeder at Rockefeller
University for providing antibody to Pol III. This work was
supported by a Grant-in-Aid for Scientific Research C from
the Japan Society for the Promotion of Science (JSPS)
(19599024, to Y.5.) and a Grant-in-Aid for Exploratory
Research from JSPS (19659057, to HS).

Oei SL, Babich VS, Kazakov VI, Usmanova NM, Kropotov AV,
Tomilin. NV. (2004). Clusters of regulatory signals for RNA
polymerase II transcription associated with Alu family repeats and
CpG islands in human promoters. Genomics 83: 873-882.

Parkin DM. (2001). Global cancer statistics in the year 2000. Lancer
Oncol 2; 533-543.

Saito Y, Jones PA. (2006). Epigenetic activation of tumor suppressor
microRNAs in human cancer cells. Cell Cycle 5: 2220-2222.

Saito Y, Liang G; Egger G, Friedman JM, Chuang JC, Coetzee GA
et al. (2006). Specific' activation of microRNA-127 with down-
regulation: of the proto-oncogene BCL6 by chromatin-modifying
drugs in human cancer cells. Cancer Cell 9: 435-443.

Shigemasa K, Katoh O, Shiroyama Y, Mihara S, Mukai K, Nagai N
et al. (2002). Increased MCL-1 expression is associated with poor
prognosis in ovarian carcinomas. Jpn J Cancer Res 93; 542-550,

Suzuki H, Seto K, Mori' M, Suzuki M, Miura S, Ishii H. (1998).
Monochloranine induced DNA fragmentation in gastric cell line
MKN45. Am' J Physiol 275: G712-G716.

Taniai M, Grambihler A, Higuchi H,: Werneburg N, Bronk SF,
Farrugia DJ et al. (2004). Mcl-1 mediates tumor necrosis factor-
related apoptosis-inducing ligand: resistance in human cholangio-
carcinoma cells. Cancer: Res 64: 3517-3524.

Wacheck V; Cejka D, Sieghart W, Losert D, Strommer S, Crévenna R
et-al. (2006). Mcl-1-is a relevant molecular’ target for antisense
oligonucleotide strategies in gastric cancer cells. Cancer Biol Ther 5:
1348-1354.

Wu L, Fan J, Belasco JG. (2006). MictoRNAs direct rapid dead-
enylation of mRNA. Proc Natl Acad Sci USA 103: 4034-4039.

Yekta S, Shih IH, Bartel DP. (2004). MicroRNA-directed cleavage of
HOXB8 mRNA. Science 304; 594--596.

Yoo CB, Jones PA. (2006). Epigenetic therapy of cancer: past, present
and future. Nat Rev Drug Discov 5: 37=50:

Zangemeister-Wittke U, Huwiler A. (2006). Antisense targeting of
Mcl-1 has therapeutic potential in gastric cancer. Cancer Biol Ther
5: 1355-1356.

Zhou P, Qian L, Kozopas KM, Craig RW. (1997). Mcl-1, a Bcl-2
family member; delays the death of hematopoietic cells under a
variety of apoptosis-inducing conditions. Blood 89: 630643,

Supplementary Information accompanies the paper on the Oncogene website (http://www.nature.com/onc)

Oncogene



Characteristics of prostate cancers found in
specimens removed by radical cystoprostatectomy

for bladder cancer and their relationship with serum
prostate-specific antigen level

Tohru Nakagawa,'? Yae Kanai,> Motokiyo Komiyama,' Hiroyuki Fujimoto' and Tadao Kakizoe!

'Urology Division, National Cancer Center Hospital; *Pathology Division, National Cancer Center Research Institute, Tokyo; Japan

(Received April 13, 2009/Revised June 18, 2009/Accepted June 22; 2009/0Online publication July 30, 2009)

Prostate cancer mass screening using serum prostate-specific antigen
(PSA) has been conducted widely in the world. However; little is
known about the true prevalence of prostate cancer in the ‘normal’
PSA range (4.0 ng/mL or less). The aim of the present study was to
elucidate the clinicopathological features of prostate cancer occurring
in: men with a wide range of PSA levels. The study comprised 349
male patients: who  underwent radical cystoprostatectomy for
bladder cancer. Patients who had had treatment for known prostate
cancer were excluded. Tissue specimens were reviewed microscopically.
Ninety-one patients (26.1%) were found to have prostate cancer,
and 68 (74.7%) of these 91 cancers were considered to be clinically
significant. -Both increasing patient age and PSA  level were
significantly correlated with an increased incidence of both all and
significant prostate cancers. Sixty-five (21.9%) among 297 patients
with PSA < 4.0 ng/mL had prostate cancer, and 45 (69.2%) of the 65
cancers were significant cancers. Eighteen patients had prostate
cancers 0.5 mL or more in volume. Among the 18 patients, the PSA
level was 4 ng/mL or more in 11, and 3 ng/mL or more in 15. Our
study shows that prostate cancer is a common finding in radical
cystoprostatectomy specimens excised because of bladder cancers,
and a significant proportion of these cancers are clinically significant.
PSA still appears to be a useful screening tool for detecting prostate
cancers with significant volume. (Cancer Sci 2009; 100: 1880-1884)

Prostate cancer is one of the leading causes of mortality and
morbidity in developed countries.” Screening of serum PSA
followed by systematic prostate biopsy has enabled detection of
prostate cancer at an earlier stage,? although it is still debatable
whether mass screening using PSA contributes significantly to
reduction in mortality from prostate cancer.®

Historically, 4.0 ng/mL PSA has been used as the threshold to
prompt prostate biopsy. Although it is known that prostate cancers
do exist even in the low PSA range (4.0 ng/mL or less), until
recently little was known about the true prevalence of prostate
cancer in the low PSA range because most men in this category
do not undergo prostate biopsy.” In 2004, Thompson eral.
reported data from the PCPT showing that biopsy-detectable
prostate cancer is not rare among men with a low PSA level
(4.0 ng/mL or less).” This result provoked a discussion about
the optimal threshold of PSA for recommending biopsy, although
no definitive agreement has been reached so far.7® Although the
PCPT demonstrated the prevalence of biopsy-detectable prostate
cancer in the low PSA range, there is still a notable lack of data
based on thorough histological evaluation of the whole prostate
in relation to PSA level in a large general population.

It is possible to microscopically examine the whole prostate
of autopsied individuals in whom prostate cancer had not been
suspected before death.®? Although most latent prostate cancers
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observed in autopsy cases are small lesions, their histology is
not different from clinical cancers, and they may be merely in
the early phase of progression."®!" Usually, however, PSA levels
are not available in autopsy cases.

Radical cystoprostatectomy (RCP) is a gold-standard treatment
for invasive bladder cancer.'? Even though some researchers
have reported an epidemiological association between bladder
cancer and prostate cancer,' the specimen obtained from this
operation represents a fairly random: sample of whole prostate
tissue from asymptomatic men. Several studies have examined
the incidence and histopathological characteristics of prostate
cancer found incidentally in RCP specimens."+'® They showed
that: incidental prostate cancer is not rare in' RCP: specimens
(incidence, 4-60%).9+'® However, only a few of them examined
its relationship with PSA value.(>-1®

In order to elucidate the incidence and histopathological
features of prostate cancers occurring in men with a wide range
of PSA levels, we reviewed 349 whole. prostate tissues in RCP
specimens excised because of bladder cancer in Japanese men.

Patients and:Methods

Medical records of 354 consecutive men who underwent RCP
for bladder cancer at the National Cancer Center Hospital
between July 1995 and April 2008 were reviewed retrospectively.
The study was approved by the institutional review board.

Three men were excluded from the study because they had
undergone pelvic irradiation for bladder cancer before RCP.
Two. were also excluded because they had been diagnosed as
having prostate cancer and treated with androgen ablation and/
or radiation therapy before RCP. Thus, 349 men were included
in the present study.

A routine pathological examination was  conducted on all
RCP specimens by sectioning the prostate and bladder every 5 mm.
A single pathologist (YK) reviewed the specimens microscopi-
cally. Each prostate cancer was staged and graded based on the
2002 International Union Against Cancer (UICC) TNM system?
and 2005 modified International Society of Urological Pathology
(ISUP) Gleason grading system.”® Tumor volume was calculated
using the formula:

volume = (width X height x length) X 1t/6 X 1.5,

in which length is calculated from 0.5 cm multiplied by the
numbeé‘?f slices containing tumors and: 1.5 is a tissue shrinkage
factor.

3To. whom correspondence should be addressed. E-mail: trnakaga@ncc.go.jp

doi: 10.1111/).1349-7006.2009.01267.x
© 2009 Japanese Cancer Association



Table 1. Status and pathology of prostate biopsy and prostate-specific
antigen (PSA) levels before radical cystoprostatectomy (RCP) in the 349
patients

Prostate biopsy before RCP

PSA Yes
- No biopsy
Prostate cancer proved ' Benign prostatic tissue
<4 ng/mL 1 0 296
24 ng/mL 3 2 44
Unknown 0 0 3

Table 2. Characteristics -~ of proState cancers  found: in  radical
cystoprostatectomy specimens

Patients

Characteristic

Gleason score
6 or less
7(3+4)
7 4+ 3)
8-10
pT stage
pT2
pT3a
pT3b
pT4
Lymph node status
pNO
pN1
pN2
Surgical margin status
Not involved by tumor
involved by tumor
Perineural invasion
Néegative
Positive

The serum PSA level was determined routinely before RCP at
the outpatient clinic. Méasurement of PSA levels was cartied
out using the Delfia-PSA assay (Pharmacia. Diagnostics Co.,
Tokyo, Japan) until September 1997, the Lumipulse PSA assay
(Fujirebio, Tokyo, Japan) until July 2004, and the Lumipulse
PSA-N assay (Fujirebio) thereafter. :

Correlations of clinicopathological parameters between groups
were analyzed by Mann-Whitney U-test or Kruskal-Wallis test
Differences with P-values < 0.05 were considered significant.

Results

The median patient age was 65 years (range, 27-89 years).
Preoperative PSA levels were not evaluated in 3 of the 349 men.
The median preoperative PSA level was 1.28 ng/mL. (range,
0.03-20.603 ng/mL) for the 346 patients.

In 6 of the 349 patients, prostate biopsy had been carried out
before RCP. The presence or absence of prostate biopsy, pathology
of the biopsy specimen, and serum PSA levels in" the 349
patients are summarized in Table 1.

Ninety-one patients (26.1%) were found to have prostate cancer.
Of these, four (1.1%) had been preoperatively: diagnosed as
having prostate cancer by needle biopsy, but had: not been
treated before RCP. Eighty-seven (24.9%) were found to have
incidental prostate cancer.

The pathological features of these 91 prostate cancers are
shown in Table 2. The distribution of the prostate cancer volumes
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Fig. 1.. Volume distribution of prostate cancers. All 91 prostate cancers
are plotted in order of volume rank. Each circle and square indicates
one prostate cancer. Squares indicate pT3: or pT4 cancers. Clear circles
and:squares indicate cancers diagnosed: by biopsy before cystoprosta-
tectomy. Arrowheads  indicate cancers with a Gleason score-of 8 or
more. Arrows indicate cancers with lymph node metastasis.
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Fig. 2. Incidence of prostate cancer in each age group. The definition
of significant cancer is given in the Results section.

is shown in Figure 1. Larger cancers were more likely to have a
higher Gleason score and to have lymph: node metastasis
(Fig. 1). As for the relationship between cancer volume and pT
stage, ‘even small cancers could be at high pT stage: a cancer
0.23 mL in volume showed extracapsular extension (pT3a). A
cancer 0.13 mL in volume arose in the prostatic base and
invaded to the bladder neck (pT4).

The incidence of prostate cancer increased with patient age
(Fig. 2). The median age of the patients with prostate cancer was
69 years (range, 43-81 years), and was significantly higher than
that of patients without prostate cancer (median, 63.5 years;
range, 27-89 years) (P < 0.0001, Mann~Whitney: U-test).

The incidence of prostate cancer increased with the PSA level
(Fig. 3). The median PSA level in the patients with prostate cancer
was 1.90 ng/mL (range, 0.26-20.60) and was significantly higher
than in those without prostate cancer (median 1.20 ng/mL; range
0.03-13.27 ng/mL) (P < 0.0001, Mann-Whitney U-test).

Prostate cancer was considered clinically significant if any of
the following criteria were present: total tumor volume =2 0.5 mL,
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Table 3. . Relationship between prostate cancer and patient age

Prostate cancer No. patients Median age (years) P-value

No prostate cancer 258 63.5 (range 27-89) ] P < 0.0001* .

Prostate cancer 91 69 (range 43-81) ) P=0.2340% P <0.0001*
Insignificant 23 67 (range 43-78) ’ P < 0.0001*
Significant 68 70 (range 46-81) ]P =0.1216* ’

*Mann-Whitney U-test, fKruskal-Wallis test.

i Noprostate
cancer.

8 Insignificant
cancer

B Significant
cancer

g
b
£

Number. of 8 3
patients

All prostate 6 2
cancer 17.5% .23.3%  26.9%  38.5% " 53.3%  75.0%
Significant - 11 19 15 8 7 6 2
cancer 9.6% . 16.4% © 22.4% . 30.8% . 46.7%. . 75.0%

Fig. 3. - Incidence of prostate cancer in each prostate-specific antigen
(PSA): range. Definition of significant cancer: is given in the Results
section.

Prostate PSAvalue
cancer Median
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No 1.20.°. me. o i "l
(n=257). - {0.03-13.27) P<00001 , | 7339"
Insignificant 1.10 - = P<0.0001
(n=23) - (0.26-6.56) ; _70 oo J P <0.0001
Significant: 2.49 o ee . J —'
(n'=66) {0.48-20.60)
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Fig. 4. Relationship: between: prostate. cancer and’ prostate-specific
antigen (PSA) value. The boxes show a range of 25-75 percentiles, and
the whiskers a range of 10-90 percentiles. The vertical bars in each box
indicate: median’ values.: Correlation: was' calculated using the Mann-
Whitney U-test.

Gleason grade 2 4, ECE, SVI, or lymph node metastasis. Sixty-
eight patients (74.7%) had significant prostate cancer. The reasons
for designating these cancers as ‘significant’ were: tumor
volume = 0.5 mL in 18 patients (19.8%), Gleason grade >4 in
67 patients (73.6%), ECE in five patients (5.5%); SVI in one
patient (1.1%), and lymph node metastasis in two patients
(2.2%). .

The incidence of significant prostate cancer increased with
patient age (Fig: 2). The median age of the patients with signifi-
cant prostate cancer was 70 years (range, 46—81 years), and was
significantly higher than that of patients without significant
prostate . cancer  (median, . 64 years; range, 27-89 years)
(P <0.0001, Mann—-Whitney U-test) (Table 3).

The incidence of significant prostate cancer increased with
the PSA level (Fig. 3). Figure 4 shows the distribution of PSA
levels in the patients with significant, insignificant, or no prostate
cancer. The median PSA level in the patients with significant
prostate cancer was 2.49 ng/mL (range, 0.48-20.60 years) and
was significantly. higher than in those with insignificant cancer

1882

(median, 1.10ng/mL; range, 0.26~6.56 ng/mL) (P = 0.0040)
and in those without cancer (median, 1.20 ng/mL; range 0.03-
13.27 ng/mL) (P < 0.0001). The PSA level in the patients with
insignificant prostate cancer was not significantly different from
that'in patients without cancer (P = 0.7338) (Fig. 4).

The median follow-up. period was 36 months (range, 1-
128 months) for the 91 patients with prostate cancer. None of
the patients died of prostate cancer: during follow-up. One
patient, who had a preoperative. PSA level of 5.0 ng/mL. and a
Gleason grade 4 + 3 prostate cancer 2.96 mL in volume, devel-
oped biochemical recurrence (PSA recurrence; PSA > 0.2 ng/mL)
at: 36 months: after surgery without any detectable mass. lesion.
His serum PSA level was 0.583 ng/ml., and no additional therapy
has yet been started at 42 months of follow-up.

Discussion

The incidence of prostate cancer varies among races; East
Asians have a lower cumulative incidence than white and black
people in the USA and Europe.®® However, the incidence of
latent prostate cancer does not differ between Japanese and
white and black people in the USA.® Latent cancer is not
different from clinical cancer in terms of histology.“%!D. The
proportion of Japanese men who undergo PSA . screening
remains at only 5%, whereas 75% of men aged 50 years or
older have had a PSA test in the USA.®" In Japan, however, the
morbidity  and mortality of prostate cancer have been
increasing,?? and its incidence will increase further as more
men undergo PSA mass screening. Our study shows that the
incidence of prostate cancer in RCP specimens from Japanese
men is consistent with previous reports from the USA and
Western Europe,’*'® and similar to the reported incidences
(22.5-34.6%) in Japanese autopsy cases.®

With regard to the age distribution of prostate cancer, Ashley
showed that there is a linear relationship between the frequency
of prostate cancer and age when plotted double logarithmically,
and that its slope is 3.%) In other words; the age-specific inci-
dence of prostate cancer increases approximately with the third
power of age.””) Our present data are consistent with Ashley’s
classic ‘paper: (Fig. 5). Although ‘Ashley considered that the
development of prostate cancer requires three (epi)genetic events,
based on the Armitage and Doll multistage carcinogenesis
model,?® our data should not be interpreted so simply; the
number of (epi)genetic events required for prostate carcinogenesis
cannot be determined solely. on the basis of incidence data.
However, we were able to confirm that prostate carcinogenesis
is highly age dependent. Moreover, when we plotted the incidence
of significant cancer on the same graph, the plot was linear with
a slope of 4 (Fig. 5), indicating that progression to significant
prostate cancer requires additional (epi)genetic events.

The PCPT revealed that a considerable proportion of men
with low PSA values have prostate cancer.® Consequently, it
has been suggested that the ‘normal’ PSA threshold should be
discarded.®® Moreover, there has been an argument that the
significance of PSA as a tumor marker has been lost, and that PSA
is better regarded as a marker of benign prostatic hyperplasia.®”
Thus, the significance of PSA in screening and prognostication
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has recently been questioned. However, our present study indicates
that increasing PSA levels are certainly associated with a higher
incidence of all and significant prostate cancers. For example,
the incidence of prostate cancer in patients with a PSA level
>3 ng/ml. (35/74; 47.3%) was significantly higher than in patients
with a PSA level <3 ng/mL PSA (54/272,19.9%) (P < 0.0001,
y-test). Thus, our data suggest that PSA would still be a useful
screening tool for prostate cancer, at least in Japan where PSA
screening is less prevalent than in Western countries.

In our study 73.5% of ‘significant’ cancers were small (less
than 0.5 mL). Haas ef al. reported that only 11% of cancers with
a volume of less than 0.5 mL, which was estimated by compu-
terized planimetry using an image analysis program, were
detectable by 12:core biopsy in autopsy cases.®® Therefore,
most of the small ‘significant’ cancers in the present study
would not have been detectable with current biopsy. techniques.
However, it is unlikely that all of these small ‘significant’ cancers
need to be detected at such an early stage: McNeal reported that
the probability of metastasis is correlated with cancer volume
and grade.®V In our present cohort of prostate cancers, we
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Clinical proteomics using a large archive of formalin-fixed paraffin-
embedded (FFPE) tissue blocks has long been a challenge. Recently,
amethod for extracting proteins from FFPE tissue in the form of tryptic
peptides was developed. Here we report the application of a highly
sensitive mass spectrometry (MS)-based quantitative proteome method
to a small amount of samples obtained by laser microdissection from
FFPE tissues. Cancerous and adjacent normal epithelia were micro-
dissected from FFPE tissue blocks of 10 squamous cell carcinomas of
the tongue. Proteins were extracted in the form of tryptic peptides
and analyzed by 2-dimensional image-converted analysis of liquid
chromatography and mass spectrometry (2DICAL), a label-free quan-
titative proteomics method developed in our laboratory. From atotal
of 25 018 peaks we selected 72 mass peaks whose expression differed
significantly between cancer and normal tissues (P < 0.001, paired t-
test). The expression of transglutaminase 3 (TGM3) was significantly
down-regulated in cancer and correlated with loss of histological
differentiation. Hypermethylation of TGM3 gene CpG islands was
observed in 12 oral squamous cell carcinoma (0SCC) cell lines with
reduced TGM3 expression. These results suggest that epigenetic
silencing of TGM3 plays certain roles in the process of oral carcino-
genesis. The method for quantitative proteomic analysis of FFPE tissue
described here offers new opportunities to identify disease-specific
biomarkers and therapeutic targets using widely available archival
samples with corresponding detailed pathological and clinical records.
{Cancer Sci 2009; 100: 1605-1611)

Squamous cell carcinoma is the major histological type of
oral cancer and develops in various anatomical locations
within the oral cavity, including the tongue, bucca, oropharynx;
gingiva, palate; lip, and floor of the mouth. Despite recent
improvements in surgical techniques and chemo/radiotherapy,
the overall 5-year survival rate for patients with oral squamous
cell carcinoma (OSCC) is still unsatisfactory.? OSCC has a
propensity for rapid local invasion and spread® and is considered
to be one of the most aggressive forms of squamous cell carcinoma
of the head and neck region. Furthermore, the incidence of OSCC
has been increasing among the young and middle-aged.-% There-
fore, there is an urgent need to develop new diagnostic and ther-
apeutic modalities to improve the outcome of OSCC. Although
there is considerable epidemiological evidence for a significant
association of alcohol consumption, tobacco smoking, chronic
mechanical stimulation, and betel quid chewing with the incidence
of OSCC, the molecular mechanisms responsible for OSCC have
not been fully elucidated. Overall gene expression in. OSCC has
been studied extensively. over the past decade using microarray
techniques. However, gene expression is not always correlated with
the expression levels of the corresponding proteins.”. Although

doi: 10.1111/j:1349-7006.2009.01227 x
© 2009 Japanese Cancer Association

it is anticipated that protein expression reflects more directly the
biological and pathological status of diseases, aberrations of
protein expression during the course of oral carcinogenesis are
largely unknown.

Although the use of fresh material is desirable for any analyt-
ical technology, human tissue samples are not always available
in sufficient quantity. Formalin-fixed paraffin-embedded (FFPE)
tissue blocks are routinely preserved: and stored after pathologi-
cal diagnosis, and such archived material may provide an ample
alternative resource for research purposes. However, FFPE spec-
imens have usually not been used for proteomic analyses, as
formaldehyde-induced intermolecular and intramolecular cross-linking
hinders the solubility of proteins and complicates the extraction
of intact proteins from the samples.® Recently; a method of
extracting proteins from FFPE tissues in the form of tryptic pep-
tides was developed, and the methodology is compatible with a
variety: of subsequent mass spectrometry (MS)-based proteome
applications;®%

We previously developed a MS-based quantitative proteome
platform named 2DICAL. (2-dimensional image converted analysis
of liquid chromatography and mass spectrometry)!" for quanti-
tative comparison of large peptide datasets generated by nano-flow
liquid chromatography and mass spectrometry (LC-MS). Owing
to its simple procedure, 2DICAL is highly sensitive and repro-
ducible: 60 000-160 000 peptides can be readily detected in a 1-h
LC run and accurately quantified without isotope labeling. In the
present study we used 2DICAL for quantitative analysis of small
samples of protein obtained from FFPE tissues by laser micro-
dissection and searched for proteins that were differentially
expressed between normal and cancerous: epithelia of the oral
cavity. Here we report the identification of transglutaminase 3
(TGM3) as an epigenetically silenced gene in OSCC cell lines.

Materials and Methods

Clinical samples and cell lines. FFPE tissues (n = 63) were collected
from OSCC patients who underwent surgery at two medical
institutions: the National Cancer Center Hospital (NCCH; Tokyo;
Japan) between April 1997 and March 2006, and the Tokyo Medical
and Dental University Hospital (TMDUH; Tokyo, Japan) between
January 2001 and December 2006. All the patients were preoper-
atively diagnosed as having squamous cell carcinoma of the tongue.
Surgically removed tongue tissues were routinely processed for
pathological examination, fixed in formalin, embedded in paraffin,
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and stored at room temperature. Pathological examination confirmed
the histology of invasive squamous cell carcinoma. None of the
patients had received preoperative radiation, chemotherapy, or
immunotherapy. The cases were followed up for at least 3 years
after surgery. Fresh oral mucosa was donated by a volunteer who
had no history of malignancy. The protocol of the study was
reviewed and approved by the ethics committee boards of the
NCC and TMDU.

Twelve OSCC cell lines (Ca9-22, Ho-1-N-1; Ho-1-u-1, HSC-2,
HSC-3, HSC-4, HSC-6, KON, KSOC-2, KSOC-3; SAS, SKN-3)
were obtained from the Japan Health Science Foundation (Osaka,
Japan) and cultured in Dulbecco’s modified Eagle medium sup-
plemented with 10% fetal bovine serum.

A plasmid expressing TGM3 (namely pcDNA3.1/TGM3) was
constructed by cloning the full-length coding sequence of TGM3
c¢DNA into the pcDNA3.1 vector (Invitrogen, Carlsbad, CA, USA).
pcDNA3.1/TGM3 or the control empty vector (pcDNA3.1) was
transfected into cells using the Lipofectamine LTX reagent
(Invitrogen).

Laser. microdissection and peptide extraction.. Paired tumor and
adjacent normal epithelial celis were collected from the same
FFPE tissues of the NCCH cases (n = 10). To recover cell popu-
lations of interest without contamination, we used laser micro-
dissection.. Ten-micrometer-thick. FFPE sections were placed on
DIRECTOR Laser Microdissection Slides (Expression Pathology,
Gaithersburg, MD; USA), deparaffinized, and stained with
hematoxylin-eosin (HE). Parts of the sections 3 mm? in area
(corresponding to approximately .10 000 cells) were then micro-
dissected using a. LMD6000. (Leica. Microsystems, Wetzlar,
Germany). Proteins were extracted in the form of tryptic peptides
utilizing a Liquid Tissue MS Protein Partitioning Kit (Expression
Pathology) in accordance with the manufacturer’s protocol. In
brief, the microdissected tissues were suspended in Liquid Tissue
buffer, incubated at 95°C for 90 min; and then cooled on ice for
3 min. Trypsin (15-18 units) was added, and the samples were
incubated at 37°C overnight. Dithiothreitol was added to a final
concentration of 10 mM, and the samples were heated for 5 min
at 95°C. The extracted peptide samples were stored at —80°C
until analysis.

Liquid chromatography and mass spectrometry (LC-MS). Twenty
tissue samples (10 paired cancer and normal tissues) were blinded,
randomized, and measured in triplicate with a linear gradient of
0--80% acetonitrile in 0.1% formic acid at a speed of 200 nL/min
for 60 min using a nano-flow high-performance liquid chroma-
tograph (HPLC) (NanoFrontier nL.C; Hitachi High-technologies,
Tokyo, Japan) connected to an electrospray ionization quadrupole
time-of-flight (ESI-Q-TOF) mass spectrometer (NanoFrontier LD,
Hitachi High-technologies) every second in the 400-1600 mass-
to-charge ratio (mn/z) range. MS peaks were detected, normalized,
and quantified using in-house 2DICAL software, as described
previously.?? A serial identification (ID) number was applied to
each detected MS peak, from ID1 to ID25018.

Protein identification by tandem mass spectrometry (MS/MS).
MS/MS spectra were acquired from preparative LC. LC-MS data
were aligned with a tolerance of +0.5 m/z and a retention time
(RT) of 0.4 min, and targeted MS/MS was performed. Peak
lists were generated using the MassNavigator software package
(Version 1.2; Mitsui Knowledge Industry, Tokyo, Japan) and
searched against the NCBInr database (NCBInr 20070419 .fast)
using the Mascot software package (Version 2.2.1; Matrix Sciences,
London, UK). Initial peptide tolerances in MS and MS/MS modes
were +0.05 Da and 0.1 Da, respectively.. Trypsin was designated

as the enzyme, and up to one missed cleavage was allowed. The
score threshold to achieve P < 0.05 is set by the Mascot algorithm,
based on the size of the database used in the search.

Immunohistochemistry (IHC).. FFPE sections of NCCH (n = 10)
and TMDUH (n = 53) cases were used for IHC. Immunoperoxi-
dase staining was performed using the avidin-biotin=proxidase
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complex method as described previously.*!» Mouse monoclonal
anti-TGM3 (1:150; Abnova, Taipei, Taiwan), anti-cytokeratin
4 (CK4) (1:200; Chemicon, Rosemont, IL, USA), anti-cytokeratin 13
(CK13) (1:200; Abcam, Cambridge, UK), and anti-annexin Al
(ANXA1) (1:200; BD Bioscience, Pharmingen, NJ, USA) anti-
bodies and relevant secondary biotin-conjugated antibodies
(1:200; Vector Laboratories, Peterborough, UK) were used. Two
investigators (K.H:, A.N.) blinded to the clinical data reviewed
the stained sections: Normal tongue epithelium in the same section
served as an: internal positive:control.: Cases: in- which 10% or
more of the tumor cells were positively stained with anti-TGM3
antibody were considered: to. be. TGM3-positive, while cases in
which less than 10% of the tumor cells were TGM3-positive were
considered to be TGM3-negative. If considerable tumor hetero-
geneity was present, staining was evaluated in the predominantly
differentiated area of the tumor.

Immuncblot analysis. Cells were washed with phosphate-buffered
saline and lyzed in cell lysis buffer (50 mM Tris-HCl pH 7.5, 1%
Triton-X100, 150 mM NaCl, 20 mM EDTA). The cell lysates were
analyzed by immunoblotting; as described previously,"? using
anti-TGM3 (Abcam), CK14 (Thermo Scientific, Waltham, MA,
USA), anti-involucrin (Thermo Scientific), and anti-B-actin (Sigma,
St Louis, MO, USA) antibodies.

Cytosine methylation analysis.. The detection of CpG islands and
design of PCR primers for amplification were performed by
Methyl Primer Express Software v1.0 (Applied Biosystems; Foster
City, CA, USA). Genomic DNA was extracted using DNeasy Blood
and Tissue kits (Qiagen, Valencia, CA, USA). Bisulfite conversion
was carried out using 2 ig of genomic DNA and the reagents
provided in EpiTect Bisulfite Kit (Qiagen). The converted DNA
was subjected to PCR using primer sets (5-GTTTAAATAAAGG
TATTTGGTTTAGAG-3' and 5-CTTACCCATACTACTCATACC
CAC-3’). The PCR products were visualized by 3% agarose gel
electrophoresis and subcloned into the TA vector using a TOPO
TA Cloning Kit (Invitrogen). Eight colonies were sequenced using
an ABI 3130 (Applied Biosystems). :

Real-time reverse-transcription PCR.. Cells were. treated with 0,
2, or 5 UM 5’-aza-2-deoxycytidine (5Aza-dC) for 5 days. Total
RNA was prepared with an RNeasy Mini Kit (Qiagen). DNase-
I-treated RNA was random-primed and reverse-transcribed using
a High Capacity RNA-to-cDNA Kit (Applied Biosystems). The
TagMan universal PCR master mix and predesigned TagMan Gene
Expression probe and primer sets were purchased from Applied
Biosystems. Amplification data measured as an increase in reporter
fluorescence were collected using a PRISM 7000 Sequence Detec-
tion system (Applied Biosystems). The level of messenger RNA
(mRNA) expression relative to the internal control (B-actin) was
calculated by the comparative threshold cycle (C;) method.%®

Statistical analysis. Differences between subgroups were tested
with paired rtest. The clinicopathological variables pertaining to
the corresponding patients were analyzed for statistical significance
by Fisher’s exact test. Statistical analyses were performed using
an open-source statistical language R (version 2.7.0) with the
optional module design package.

Results

Identification of proteins differentially expressed in tongue cancer.
Parts corresponding to an area of 3 mm® (approximately 10 000
cells) were microdissected from cancerous and adjacent normal
epithelia that lacked significant contamination with infiltrating
inflammatory cells, stromal cells, muscular components, vascular
components, and necrotic cells (Fig. 1a). Then, 20 paired protein
samples were prepared from 10 tongue squamous cell carcinoma
(TSCC) cases and analyzed for differential protein expression
profiles using the 2DICAL proteome platform. A total of 25 018
MS peaks per sample were readily detected and quantified. Linear
regression analysis demonstrated excellent linearity with a mean
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(a)

Normal epithelium

Laser microdissection

Before

Fig. 1. Identification of proteins differentially
expressed in tongue squamous cell carcinoma
(TSCC) by 2-dimensional image-converted analysis
of liquid chromatography and mass spectrometry
(2DICAL). (a) Selective removal of cancerous and
normal tongue epithelia from formalin-fixed
paraffin-embedded (FFPE) tissues. The microscopic
appearances (HE staining) of cancer (top; magnifi-
cation, x100) and normal tongue (bottom; magnifi-
cation, x40) tissues before (left) and after (right)
laser microdissection are shown. (b) Two-

dimensional display of all (>25 000) MS peaks of a
representative sample with the m/z-values (400-
1600 m/z) along the horizontal (x) axis and reten-
tion time (RT) (20.0-63.0 min) along the vertical
(y) axis. The 72 MS peaks whose average intensity
of triplicates differed significantly between cancer
and normal epithelia (P < 0.001 [paired t-test]) are
highlighted in red. (c) Close-up view of a represen-
tative MS peak whose intensity differed significantly
between normal (top) and cancerous (bottom)
epithelia (indicated by red arrows).

correlation coefficient (CC) of 0.9954 (0.9794-0.9989) for the
entire 25 018 MS peaks between triplicates (Suppl Fig. S1),
confirming the high reproducibility of 2DICAL. The MS peaks
detected in a representative run are displayed with m/z along the
x axis and RT along the y axis (Fig. 1b).

Among the total of 25 018 MS peaks, we found 72 whose aver-
age intensity of triplicates differed significantly between cancer
and normal epithelia as a relatively strict criterion (P < 0.001
[paired r-test] and average peak intensity >100 [arbitrary unit] for
either cancer or control samples) (Fig. 1b, indicated in red; Fig. Ic,
indicated by arrows). The intensity of 10 peaks was increased in
cancer and that of the remaining 62 peaks was decreased (data
not shown). We further selected 12 peaks whose intensity was
decreased in cancer by visually inspecting the aligned raw MS
spectra (Fig. 2a, top, highlighted in green boxes) and the mean
peak intensity (Fig. 2a, bottom) across the 20 samples. A database
search using the NCBInr (NCBInr_20070419.fast) for the MS/MS
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540 547 555
m/z

spectra of the 12 peaks identified the amino acid sequences of
seven proteins with significant confidence (P < 0.05) (Table 1 and
Suppl Figs S2-5).

The decreased expression of four proteins, for which antibodies
were available, was validated by IHC in 10 TSCC surgical speci-
mens (NCCH) (Fig. 2b). Intense positive immunoreactivity for
TGM3, CK13, CK4, and ANXA1 was detected in normal tongue
epithelia. Cancerous lesions evidently demonstrated down-
regulation of these proteins. ANXA1 staining was observed in
all the layers of normal epithelia, whereas only keratinized, but
living, cancer cells showed moderate staining for ANXA1 (Fig. 2b).
Among these proteins differentially expressed in TSCC, we decided
to focus on gaining further insight into the characteristics of
TGM3, whose roles in oral carcinogenesis have remained unclear.

Clinicopathological significance of TGM3. To assess the clinical
significance of TGM3, its expression was evaluated by IHC in a
larger cohort consisting of 53 TSCC cases (TMDUH) (Suppl
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Normal Cancer Normal Cancer Normal Cancer Normal Cancer
T = i | (Gt e =
g | AR e =
E=3") s
S g - ) | .. - Leee b v e
g bt T HE ™ K |
intensity . = - 2
- = . X _—
(b) TGM3 CK4 ANXA1
T Fig. 2. Identification and validation of differentially
e o e expressed proteins. (a) Gel-like views of MS peaks

with retention time (RT) along the vertical axes
(top) and distribution of the mean peak intensity
of triplicates (bottom) across 20 samples (60 liquid
chromatography and mass spectrometry [LC-MS]

runs). Cancer tissues (red) exhibit reduced expres-

sion of the four indicated proteins compared with
normal epithelia (blue). (b) Immunoperoxidase
= staining of CK13, TGM3, CK4, and ANXA1 proteins

' in tongue squamous cell carcinoma (TSCC) (top)
(magnification, x40). Images of corresponding HE-
stained serial sections are shown at the bottom.

Table 1. List of peptides that differed between normal and cancerous tongue epithelia

Accession : o Mascot Peptide Normal Cancer

ID M/Z RT Charge P abEr Protein description e, ceqilience {ean £5D) (mean $b) P-values*
4818 509.3 49.2 2 gi|62897663 Keratin 13 isoform a variant 73.89 VLDELTLSK 6088 + 2506 491+ 149 2.56E-04
13827 703.9 55.6 2 gi|109255249 Keratin 4 59.37 VDSLNDEINFLK 1078 £ 633 2314 8.76E-04
7777 5729 442 2 gi|62897663  Keratin 13 isoform a variant 54.31 ILTATIENNR 4338 + 1645 233+82 1.09E-04
673 418.2 47.6 2 0i|62897663  Keratin 13 isoform a variant 53.6 LAVDDFR 9241 + 3859 848 £474 2.51E-04
4572 504.3 46.2 2 0i|62897663  Keratin 13 isoform a variant 47.73 YENELALR 5147 £ 2130 303+95 1.77E-04
6588 546.8 51.8 2 gi|80478896 Transglutaminase 3 4236 FSSQELILR 209 £ 103 21+15 6.36E-04

(E polypeptide, protein-

glutamine-gamma-

glutamyltransferase)
20149 8704 48.0 2 gi|442631 Chain, annexin | 41.86 SEDFGVNEDLADSDAR  141+51 32+19 5.41E-04
1203 4313 435 2 gi[119568898 hCG1643722, isoform CRA_b  41.57 VMLTELR 9947 £ 4751 561+ 163 4.78E-04
5504 521.8 48.7 2 gi[62897663  Keratin 13 isoform a variant 38.65 VILEIDNAR 9570 + 2752 890 +302 3.04E-05
12366 673.4 55.1 2 gi|11360071  Hypothetical protein 38.49 KTLEEQISEIR 1757 £615 7349 3.40E-05

DKFZp434K0115.1 -

human (fragment)
434 4123 429 2 gi|6016414 Keratin, type | cuticular 38.38 LASYLTR 5312 + 2562 359+91 5.88E-04

Haz2 (hair keratin, type |
Ha2) (keratin-32)

tPaired t-test.

Fig. $6). In normal tongue mucosa, TGM3 immunoreactivity was
confined to the spinous and parakeratinized layers of epithelial
cells (Suppl Fig. S6a). Strong nuclear staining for TGM3 was seen
in the spinous layer, whereas cytoplasmic staining was detected
in the parakeratinized layers. Only 12 out of 53 TSCC cases were
positive for TGM3 expression (Table 2). Most cancer cells exhibited
sparse immunoreactivity for TGM3 (Suppl Fig. S6¢c—€) and, when
detected, the staining tended to be localized in the differentiated
and keratinized area of TSCC (Suppl Fig. S6b). Statistical analysis
of the correlation between TGM3 expression and clinicopathologic
characteristics demonstrated that TGM3 expression was inversely
correlated with loss of histological differentiation (P < 0.05, Fisher’s
exact test), but not with other clinicopathological variables including
age, sex, and TNM classification (Table 2).

Lack of TGM3 expression in OSCC cells and its restoration by 5Aza-
dC. We next examined TGM3 protein expression in 12 OSCC
cell lines by immunoblot analysis. None of these cell lines
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expressed TGM3 protein. Some of the OSCC cell lines expressed
differentiation-associated markers of squamous epithelia, such
as CK14 for the proliferative basal layer and involucrin for the
upper differentiating layer (Fig. 3a). Real-time PCR analysis to
quantify the TGM3 mRNA expression of these cells gave results
consistent with those obtained by immunoblot analysis (data not
shown). In an attempt to investigate the molecular mechanism of
the gene silencing of TGM3 in OSCC cells, we grew Ca9-22 cells
lacking TGM3 expression in the presence of a methyltransferase
inhibitor, 5Aza-dC, for 5 days. Real-time PCR analysis revealed
a dose-dependent increase of TGM3 mRNA expression, and 5-uM
5Aza-dC increased the expression of TGM3 up to ~60 fold over
untreated cells (Fig. 3b). Similar results were obtained in other
OSCC cell lines treated with 5Aza-dC (data not shown). Since
histone deacetylation, which is catalyzed by the histone deacetylase
family, is known to mediate transcriptional repression, we treated
Ca9-22 cells with a histone deacetylase inhibitor trichostatin A,
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