carcinoma cell lines expressed 6-16 mRNA, while
TMK-1 cells showed very low levels (Fig. l1a). p33
mutation (codon 173, GTG to ATG) was found in
TMK-1 cells {14]. Other gastric cell lines also have p33
mutation excluding MEKN-45 [14]. However, there is no
correlation between p53 mutation status and 6-16
expression levels. TMK-1 cell is sensitive to apoptosis
compared with other gastric cancer cell line used in
Fig. 1a. In the other cancer cell lines that were fre-
quently used for apoptosis research, colorectal cancer
cell line RKO, which is sensitive to apoptosis, express
low levels of 6-16. In contrast, high levels of 6-16
expression was found in breast cancer cell line MCF-7
cell, which is resistant to apoptosis (Fig. 1b). Interest-
ingly, HL-60 cell line does not have a significant level
of 6-16 expression, but anti-cancer drug resistant clone
of HL-60 cells do have high levels of 6-16 expression
(Fig. 1b). Human uterine sarcoma cell line, NES-SA
and the multiple drug-resistant uterine sarcoma cell
line, MES-SA/DX7 also express high levels of 6-16, but

Fig. 2 Localization of 6-16 at mitochondria. a Total RNA was
isolated from each cell line, and 10 pg of each was used for
Northern blot analysis. Semi-quantitative analysis of 6-16 mRNA
level of autoradiographs was performed using the public domain
NIH Image program. The units are arbitrary, and were calculated
based on the expression of 6-16 mRNA in TMK-1 cells as 1.0.
Hybridization of a G3PDH (control) probe to the same filter
membrane is depicted in the lower panel. b In vitro transcription/
translation products were synthesized from luciferase control
(positive control: P.C), pZero/Kan (negative control: N.C) and 6-
16-pZero/Kan expression vector by using TNT coupled Wheat
Germ Extract System (Promega). Incorporation products of 8-
methionine were detected by autoradiography after separating by
15% SDS-PAGE (left panel). Non-radioactive producis were
detected by immunoblot analysis with anti-6-16 antibody (right
panel). C, Extracts from TIG-3, TMK-1, TMK-1-6-16 and MKN-
28 cells were incubated with different concentrations of glycosidase
at 37°C for 48 h, and detected by immunoblot analysis with anti-6-
16 antibody
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there is significant difference between these two cell
lines. Taken together, there is good correlation between
6-16 expression levels and resistant to apoptosis. We
next studied the expression of 6-16 mRNA in primary
gastric carcinomas by in situ mRNA hybridization
(ISH) (Fig. lc). In almost all of these tumors, higher
expression of 6-16 mRNA was shown in cytoplasm of
the tumor cells in comparison with the corresponding
non-neoplastic mucosas. We also recognized weak sig-
nal in stromal fibroblast cells and fundic gland cells,
but not in muscular tissues of the gastrointestinal tracts
(Fig. 1c).

6-16 is 32 kDa glycosylated protein

To elucidate the function of 6-16, we established 6-16
expressing TMK-1 cells by transfection of 6-16 cDNA.
After selection with G418, we isolated several clones
and examined the expression of 6-16. Among them,
clone & expresses the highest level of 6-16 mRNA
(Fig. 2a). Isolated clones in order of 6-16 expression
levels are No. 8, 11 and 3. Clone 11 also expresses
6-16, but slightly lower than clone 8. Expression of
6-16 in clone 3 is lowest in these clones. We used
these three types of clones to examine the function
of 6-16. Unless otherwise indicated, TMK-1-6-16
clone 8 is referred to as TMK-1-6-16, and is used flor
further examination in comparison with the parental
TMK-1.

To analyze 6-16 protein expression, we generated 6-
16 polyclonal antibody ihat was raised against synthetic
peptide (YATHKYLDSEEDEE) corresponding to
amino acid residues 117-130 of human 6-16 and was
purified by MAbTrap GII affinity chromatography.
Theoretical molecular weight of 6-16 is about 14 kDa
protein by using ExPASy molecular biology database

server. By using in vitro transcription/translation
@
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experiments from 6-16 cDNA, 14 kDa g)_rotein was de-
tected both by autoradiography of °*S-methionine-
incorporated products and immunoblotting using a
specific antibody (data not shown). By using cell extract
from human culture cell, we could not detect 14 kDa 6-
16 protein by Western blotting analysis, but 32 kDa
protein was detected in 6-16 highly expressing cells such
as TMK-1-6-16 and MKN-28. TIG-3 and TMK-1 cells
are low or no 6-16 expression by immunoblotting anal-
ysis (Fig. 2b). Thus, it is speculated that 6-16 has some
protein modifications such as phosphorylation or gly-
cosilation. By the ProDom database analysis (motif), 6-
16 protein has multiple possible glycosylation sites
including 15 serine residues and 5 threonine residues. To
clarify this possibility that 6-16 protein is glycosilated,
we treated glycosidase to the cell lysates that were iso-
lated from TMK-1 and TNK-1-6-16 cells, and per-
formed SDS-PAGE and immunoblotting. By digestion
with glycosidase, the shift of 32 kDa protein band to
14 kDa band was observed with increasing enzyme
concentration, indicating an extensive glycosylation of
the native 6-16 protein (32 kDa) in cells (Fig. 2b). These
results suggest that 6-16 protein 1s 34 kDa glycosilated
protein.

Apoptosis was attenuated in cells expressing 6-16
protein at high level

6-16 protein is expressed at high levels in both tumeor
cells and senescent cells. As shown in Fig.1, most of the
gastric cancer cell lines expressed 6-16 at high levels
except TMK-1 cell. So, we examined whether overex-
pression of 6-16 protein has an effect on the apoptosis.
Out of eight inducers of apoptosis field such as actino-
mycin D, cycloheximide (CHX), H,0,, etoposide,
bleomycin, 5-fluore-2’-deoxyuridine(5-FU), aphidicolin
or serum-deprivation, only CHX, 5-FU and serum-
deprivation induced apoptosis in TMEK-1. However, in
TMK-1-6-16 cells which are overexpressing 6-16 protein,
apoptosis induced by CHX or 5-FU were significantly
inhibited by subGO analysis using Flow cytometry
(Fig. 3a). The other five inducers of apoptosis did not
induce apoptosis in either TMK-1 and TMK-1-6-16 cells
(data not shown). The increase in subGO fraction was
observed in the dose-dependent manner after CHX or 5-
FU treatment in TMK-{, but not in TMK-1-6-16 cells
(Fig. 3a). TMK-1-6-16 (clone 3} and TMK-1-6-16 (clone
11) expressed less 6-16 (Fig. 1b) and was less resistant to
CHX or 5-FU induced apoptosis than TMK-i-6-16

Fig. 3 6-16 inhibits apoptosis A 30

and caspase-3 activity by CHX

and 3-FU. a TMK-1 and TMK- g ThK-1
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{Fig. 3a). MCF-7 expressed 6-16 at high levels and was
well known to apoptosis-resistant cancer cell line
(Fig. 1b). In contrast to MCF-7, RKO that is well
known to apoptosis sensitive cancer cell line expressed 6-
16 at low levels (Fig. 1b). In addition, TMK-1 is most
sensitive cancer cell line in gastric cancer celi line which
showed in Fig. 1a (data not shown). Taken together,
there is good correlation between 6-16 expression levels
and resistance of apoptosis. The amount of DNA ex-
tracted in NP-40 buffer, called DNA ladder, was in-
creased in TMX-1 cells after CHX or 5-FU treatment,
but not in TMX-1-6-16 (Fig. 3b). The extracted DNA
showed a characteristic ladder found i DNA from
apoptotic cells (Fig. 3b). DNA ladder formation is dose
dependent manner (data not shown). These results
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Fig. 4 6-16 co-localized with cytochrome ¢ at mitochondria. a 6-16
protein has possible glycosylation sites (15 serine residues and 3
threonine residues) and possible mitochondria localization site [one
intramitochondria} target sequence. one APOLAR (apolar signal
of intramitochondria sorting) signal domain and four mitochon-
drial helices domains). Qpen circle serine residues, square threonine
residues, black bear transmembrane helices domain. grav bar
intramitochondrial target sequence. dotied bar APOLAR signal
domain. b TIG-3 (32PDLs), TMK-] and TMK-1-6-16 ceils were
fixed with 4% paraformaldehyde, and permeabilized in 0.3%
Triton-X100. 6-16 (red) and cytochrome c {green) were detected by
immunofluorescence. Co-localization was seen by merged image of
the green and red signals (yeliow). ¢ Localization of 6-16¢ protein
was detected by immunoblot analysis of whole-celi lysates (total),
mitochondria fraction (M) and cytosolic fraction (C). All fractions
were adjusted to 20 pg proteins and analyzed by immunoblotting
with anti-6-16 antibody or anti-cytochrome ¢ antibody

indicate that 6-16 protein attenuates apoptosis induced
by CHX or 5-FU in TMK-I cell.

6-16 localized at mitochondria and co-localized with
cytochrome-c

The PSORT 11 and TMpred database analysis have
shown that 6-16 protein has transmembrane helices, a
mitochondria targeting sequence and an intramitoc-
hondrial sorting signal{Fig. 4a). It was quite interesting
that, from database analysis on amino acid sequence, 6-
16 protein has four transmembrane domains, a mito-
chondrial targeting sequence and an intra-mitochondrial
sorting signal (Fig. 4a). So, it is possible that 6-16 is
localized at mitochondria. To check this possibility, we
have examined subcellular localization of 6-16. These
data led us to examine intraceliular localization and
possible role on apoptosis of 6-16 protein. By immu-
nofluorescence, 6-16 protein was co-localized with
cytochrome ¢ in both TMK-1 and TMKI1-6-16 cells
{Fig. 4b). Essentially, the same results were obtained
using a colon cancer cell line, RKO, and a breast cancer
cell line, MCF-7 (data not shown). 6-16 protein was not
detected in normal human fibroblast, TIG-3, at 32 PDL
(Fig. 4b) but was weakly detected at 75 PDL (data not
shown), consistent with the previous results that the
expression of 6-16 mRNA increased with cellular
senescence [6]. Mitochondrial localization of 6-16 pro-
tein, as well as cytochrome c, was confirmed by immu-
noblotting of subcellular fractionations {Fig. 4¢). Taken
together with these data, 6-16 is mainly localized in
mitochondria and co-localized with cytochrome c.

6-16 protein inhibits cytochrome c release and reduction
of mitochondrial membrane potential

To search for the mechanism of anti-apoptotic function
of 6-16, we first examined caspase-3 activity. The per-
centage of cells positive for caspase-3 activity deter-
mined by Flow cytometry was remarkably increased in
TMK-1 cells after the treatment with CHX and 5-FU
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Fig. 5 6-16 protein inhibits release of cytochrome ¢ and reduction
of mitochondrial membrane potential. a For immunofluorescence,
cells were treated with CHX (10 pM) and 5-FU (200 pg/ml),
labeled with MitoTracker CM-H»XRos (Red) for 45 min, and fixed
with 4% paraformaldehyde, permeabilized in 0.3% Triton-X109,
and stained with anti-cytochrome c antibody {green). b TMK-1 and
TMIK-1-6-16 cells were treated with CHX (10 pM) for 6 h or with
5-FU (80 pg/ml) for 24 h. Cells were collected and separated to
mitochondria (M) and cytosolic (C) fractions. Twenty micrograms
of protein was used for immunoblot analysis with anti-cytochrome
¢ antibody or anti-6-16 antibedy. ¢ TMK-1 and TMK-1-6-16 cells
were treated with CHX (10 and 30 pM), 5-FU (50 and 100 pg/ml)
for an hour. Cells were collected and incubated with Mitosensor
reagent buffer (Clontech) for 30 min at 37°C in CO, incubator, and
A ¥ m was analyzed by Flow cytometry {left panel). Cells with
fluorescence intensity below 30 were referred to as FL-2H negative
cells {right panel). Error bars represent standard deviations from
three independent samples

(Fig. 3¢). The increase was seen in TMK-1-6-16 only at
high concentration of CHX at 30 ug/ml. These results
suggested that 6-16 inhibited the caspase-3 dependent
apoptotic pathway.

The apoptosis related-proteins (e.g. cytochrome c,
caspase-2, —3, =9, Hspl0, Smac/DIABLO and AIF) are
released from mitochondria into the cytosol during
apoptosis [10, 15}, and the activation of the caspase
cascade is dependent on the release of cytochrome c
from mitochondria [10, 16, 17]. Immunoblot analysis
demonstrated that in TMK-1 cells, cytochrome ¢ in
mitochondria was released into cytosolic after treatment
with CHX or 5-FU (Fig. 5a). In TMK-1-6-16 cells,
however, cytochrome ¢ was detected in mitochondria
after either treatment (Fig. 5a). 6-16 protein remained in
mitochondria fraction in both TMK-1 and TMK-1-6-16
cells after treatment with either CHX or 5-FU (Fig. 5a).
Release of cytochrome ¢ was also monitored by immu-
nofluorescence staining. In non-apoptotic TMX-1 cells,
the staining patterns of mitochondria (red) and cyto-
chrome ¢ (green) were completely overlapped (merge:
yellow) (Fig. 5b). After treatment with CHX or 5-FU,
the signals of cytochrome ¢ were distinct from that of
mitochondria in TMK-1 cells (Fig. 5b left panel),
whereas these two signals always overlapped in TMK.-1-
6-16 cells (Fig. 5b right panel). When TMX-1 cells were
treated with CHX or 5-FU for an hour, cytochrome ¢
was diffusely observed in cytosol. After 3 h, cytochrome
¢ signal appeared in granules or grains in cytosol distinct
from mitochondria, indicating that cytochrome ¢ in
cytosol might interact with the protein complex includ-
ing Apaf-1/pro-caspase-9 protein [16].

As the release of cytochrome c from mitochondria is
well associated with depolarization of mitochondrial
membrane potential (A ¥ m) [8-10], we next measured
mitochondrial membrane potential at single cell level by
Flow cytometry after staining cells with JC-1 or Mito-
Sensor reagent [18, 19]. In TMK-1 cells, a cell popula-
tion with decreased A W m (depolarization) appeared
after the treatment with CHX or 5-FU, but not in TMK-
1-6-16 cells (Fig. 5¢). These results overall suggested that
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6-16 protein inhibits cytochrome ¢ release from mito-
chondria by inhibiting depolarization of mitochondrial
membrane potential (A ¥ m), resulting in attenuation of
apoptosis.

6-16 interacts with calcium integrin binding protein, CIB

In order to further understand the anti-apoptotic
mechanism of 6-16 protein, we screened 6-16 interacting
protein by veast two-hybrid methods. The fusion protein
of full length 6-16 and GAL4 (GAL4-6-16) was used as
bait. By the screening of 1x10° colonies of HeLa cDNA
library, 41 positive clones (His+ and LacZ+) were
identified. Among them, twenty-seven c¢DNA clones
encoded CIB/KIP/calmyrin (we refer to it as CIB in this
paper) (Genbank: U822226, U85611). CIB (calcium and
integrin binding protein) [20] was also reported from
independent groups as DNA-PK interaction protein
(KIP) [21] and calcium-binding myristoylated protein
with homology to calcineurin (calmyrin) [22]. Twelve
¢cDNA clones encoded vy-subunit of the eukaryotic
cytosolic chaperonin-containing protein, TCP-1 (CCTy)
(EMBL:X74801), one c¢DNA clone encoded cal-
cium binding protein related S-100 (CAPL) protein
(GenBank : M80563) and one was an unknown gene.
We next examined the association of 6-16 and CIB
proteins in vitro. For this purpose, we prepared GST-
tagged 6-16 protein (GST-6-16) and MBP-tagged CIB
protein (MBP-CIB) by purification from E. coli trans-
formed with each construct and assayed for in vitro
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Fig. 6 CIB protein binds to 6-16 and Bel-2 protein. a GST-6-16
and MBP-CIB proteins were purified from E. coli, and were
incubated in vitro, precipitated with glutathione sepharose 4B and
detected by immunoblot analysis with anti-GST antibody (lower
panel) or anti-MBP antibody (upper panel). b MKN-28 cell extracts
were immunoprecipitated with antibody against CIB, Bel-2 or Bax
(top margin of the panel), and subjected to immunoblot analysis
with anti-6-16 antibody, anti-Bcl-2 antibody or anti-Bax antibody
(right margin of the panel)
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binding. As shown in Fig. 6a, GST-6-16 and MBP-CIB
proteins co-immunoprecipitated in vitro, and 6-16
interacted with CIB using by immunoprecipitation with
MEKN-28 cell extracts in vivo (Fig. 6b).

We demonstrated that 6-16 protein was localized at
mitochondria and attenuated apoptosis by controlling A
¥ m and cytochrome c release. The Bel-2 family proteins
are known to control AW p and cytochrome c release via
VDAC. We then hypothesized that 6-16 andjor CIB
proteins might interact with Bel-2 family proteins. For
this purpose, we searched for cell lines that expressed
both 6-16 and CIB at high level and found a gastric
cancer cell line MKN-28, which also expressed Bel-2 at
high level (Fig. 5b). By immunoprecipitation with anti-
CIB antibody, anti-Bcl-2 antibody or anti-Bax antibody
foliowed by immunoblotting, we found that 6-16 protein
interacted with CIB, but not with Bcl-2 or Bax (Fig. 6b).
CIB protein interacted with 6-16 and weakly with Bcl-2,
but not with Bax (Fig. 6b). Bcl-2 interacted weakly with
C1B and Bax (Fig. 6b).

Discussion

In this study, we found that 6-16 protein inhibits
apoptosis induced by 5-FU or CHX in gastric cancer cell
line TMK-1 cells through the mitochondrial pathway.
There are four different inhibition categories of apop-
tosis. First, in the death receptor pathway (e.g. Fas,
TNF and TRAIL), RIP (receptor-interacting protein), c-
FLIP (celtular-Flice-like inhibitory protein) and FAP-1
(Fas-associated phosphatese-1) inhibit death signal from
the death receptors nearly located at the plasma mem-
brane [23, 24]. Second, in the mitochondrial pathway,
anti-apoptotic ~ Bcl-2  family  proteins  prevent
mitochondrial membrane permeabilization to inhibit
mitochondrial membrane potential change and cyto-
chrome c release [25]. Third, IAPs (inhibition of apop-
tosis proteins), including XIAP, cIAP-1 and cIAP-2,
selectively inhibit the activity and aetivation of various
caspases {17, 24]. Heat shock proteins (e.g. Hsp10, 27,
60, 70 and 90) also can promote or inhibit caspase
activation by altering the conformation of various pro-
teins. Finally, in degradation of chromosomal DNA
during apoptosis, [CAD inhibit CAD activity as CAD/
ICAD complex {26, 27]. Among these four categories,
we found that 6-16 protein inhibits mitochondria-med-
lated apoptosis as well as anti-apoptotic Bcl-2 family
proteins. BH4 domain of anti-apoptotic Bel-2 family
members closes VDAC and inhibits apoptotic mito-
chondrial changes and cell death [28, 29]. However, 6-16
protein does not have a BH-4 domain by protein domain
homology analysis, suggesting that it may function via
novel anti-apoptotic mechanisms different from Bcl-2
family proteins. It is important to understand the
mechanism of up-regulation of 6-16 expression in cancer
cells. Previously, we have found that 6-16 expression was
up-regulated in senescent cells through beta interferon

signaling pathway, because 6-16 expression was blocked
by anti-INF-beta treatment to cultured senescent cells. It
is possible that cancer cells may produce beta interferon
and induce 6-16 expression by autocrine mechanism, but
further examination are need to conclude this possibil-
Iy.

Cancer and senescence may be viewed as a balance
between proliferation and cell death. Many anticancer
drugs are designed to induce apoptosis via cytochrome
c/Apaf-1/caspase-9 (apoptosome) pathway [16, 24], and
the mitochondria play a crucial role for the regulation of
tumorigenesis and senescence. Apoptosis induced by
CHX is mediated by the apoptosome pathway, whereas
5-FU induced apoptosis is owing to both the Fas/FasL
pathway and the apoptosome pathway [24]. 5-FU
treatment results in a p53-dependent increase in
expression of FasL in human colon cancer cell lines, and
apoptosis occurs through Fas/FasL pathway. One of the
Fas/Fasl. pathways also acts to mitochondria after
mediating BID and caspase-8. As Fas is expressed in
TMK-1 cells (unpublished data), 6-16 protein also
inhibits at the mitochondria the apoptosis signal via
both the Fas/FasL pathway and the apoptosome path-
way in gastric cancer cell line, TMX-1 cells. Therefore,
because 6-16 is strongly expressed in almost all the
gastrointestinal cancer cells, it is a possibly that 6-16
protein at mitochondria is involved in resistance to anti-
cancer drugs. Free radicals, apoptosis inducers, are
known to induce cellular senescence and increase with
cellular senescence. 6-16 expression increased with
senescence and may also inhibit apoptosis by free radical
and maintain cell viability in senescence cells,

Interferon (IFN) has antiviral activity and is also
known to induce apoptosis, When cells are infected with
virus, 6-16 is expressed after induction of IFN. Then, an
increase in 6-16 expression may cause resistance against
apoptosis after viral infection. If so, IFN has apparently
conflicting dual functions of both induction and inhibi-
tion of apoptosis.

We identified CIB as a 6-16 interacting protein
through yeast two-hybrid screening methods. CIB pro-
tein was reported to interact with cytoplasmic domain of
integrin alIbB3 [20], eukaryotic DINA-dependent protein
kinase DNA-Pkes [21], presenilin 2 (PS2) [22], and the
polo-like protein kinases Fnk and Snk [30]. The struc-
tural properties of CIB indicate that it is a hydrophilic
calcium-binding protein with two EF-hand motifs cor-
responding to the two C-terminal Ca’" binding do-
mains, most similar to calcineurin B (58% similarity)
and calmodulin (56% similarity) [20]. Calcineurin is
found to dephosphorylate BAD, a pro-apoptotic mem-
ber of the Bel-2 family, thus enhancing BAD heterodi-
merization with Bcl-X; and promoting apoptosis.
Therefore, CIB might possess protein phosphatase
activity like calcineurin or other BH3 only group of Bcl-
2 family proteins to promote apoptosis. It is of interest
that CIB interacts with 6-16, but further examinations
are needed to conclude the involvement in the anti-
apoptotic activity.
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Intracellular Ca®®  concentration changes are
important as early events in apoptosis, and mainte-
nance of both mitochondrial and ER Ca®” pool is
necessary for cell survival {31, 32]. CIB (calmyrin) was
found to form the complexes including presenilin, B-
and delta-catenin, p0071, amyloid B-protein precursor,
filamin/Fh-1, Notch, GSK38, Rabll, QM/Jif-1 and
Bcl-X;. Moreover, Presenilin 2 interacts with Sorcin,
which is a penta-EF-hand Ca’™ -binding protein that
modulates the ryanodine receptor (RyR) intracellular
channel [33]. Presenilin | and 2 are well known for
their role in Alzheimer’s disease, which is associated
with accumulation of B-amyloid (amyloidogenic AfB42
peptide), abnormality of the mechanism in ER
(endoplasmic reticulum) and increased rate of mito-
chondria-mediated apoptosis in selected areas of the
brain [34]. CIB interacted with P52, and overexpres-
sion of CIB and/or PS2 promotes cell death in vitro
{22]. In fact, transfection of CIB into TMK-l and
MEKN-28 cells also induced apoptosis (unpublished
data). 6-16 and CIB may regulate not only mito-
chondria channels but also Ca®?* channels in ER
{endoplasmic reticulum}. CIB co-localizes and interacts
with PS2 localized in the ER [22], and 6-16 possibly
localizes at ER membrane because 6-16 has ER
membrane retention signal of XXRR-like motif in the
N-terminus revealed by PSORT search. Bcl-2 protein
is also reported to localize not only at mitochondrial
membrane but also at ER and nuclear membrane, and
Bcl-2 modulates both mitochondrial and ER Ca?”
concentration [31, 32].

Our results indicate that 6-16 and CIB may play a
critical role in the regulation of apoptosis via controlling
mitochondrial and ER channels through the interaction
with Bel-2 family proteins. Therefore, 6-16 may function
as a cell survival protein and CIB as cell death protein.
Further examination is needed for understanding the
function of interaction of 6-16 protein and CIB protein.
However, these data provide a new mechanism in pro-
tecting apoptosis. It is possible that the IFN-inducible
gene, 6-16 is a new target for cancer therapy and mito-
chondrial diseases.
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Abstract

Histone acetylation appears to play an important role in transcriptional regulation.
Inactivation of chromatin by histone deacetylation is involved in the transcriptional
repression of several tumour suppressor genes, including p21"FV<"1 However, the in vivo
status of histone acetylation in human cancers, including gastric carcinoma, is not well
understood. This study shows that histone H3 in the p2I™WAFUCPY promoter region is
hypoacetylated and that this hypoacetylation is associated with reduced p21"FVCIF!
expression in gastrie carcinoma specimens. Chromatin immunoprecipitation assays revealed
that histone H3 was hypoacetylated in the p21™FVCPE promoter and coding regions in 10
(34.5%) and 10 (34.5%) of 29 gastric carcinoma specimens, respectively. Hypoacetylation of
histone H4 in the p21"AFVCIP1 promoter and coding regions was observed in 6 (20.7%) and
16 (55.2%) of 29 gastric carcinoma specimens, respectively. p21"4FY/CP1 mRNA levels were
associated with histone H3 acetylation status in the p21#FV/CP1 promoter region (p = 0.047)
but not p53 mutation status (p = 0.460). In gastric carcinoma cell lines, expression of
p21WAFL/CIPFL protein was induced by trichostatin A, a histone deacetylase inhibitor. This
induction was associated with hyperacetylation of histone H3 in the p21¥4FV/CIP1 promoter
region. Hyperacetylation of histone H4 in the p21™F/C™1 promoter region did not appear
to be associated with increased expression. Induction of p21WAFY/CP! protein expression was
associated with hyperacetylation of histones H3 and H4 in the p21" P11 coding region,
Expression of a dominant-negative mutant of p53 reduced expression of p21WAF/CPL protein.
Histone H4 acetylation in both the promoter and coding regions of the p21¥AF1/CIP1 gene
in cells expressing dominant-negative p53 was less than half of that in cells expressing
wild-type p53, whereas histone H3 acetylation in both the promoter and coding regions
was slightly reduced (by approximately 20%} in cells expressing the dominant-negative p53.
These findings provide evidence that alteration of histone acetylation occurs in human cancer
tissue specimens such as those from gastric carcinoma.

Copyright ® 2004 Pathological Society of Great Britain and Ireland. Published by John
Wiley & Sons, Ltd.

Keywords: histone acetylatien; histone H3; histone Hd; chromatin immunoprecipitation;
p53; gastric carcinoma; p21WAr/CE
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acid [7] and inhibition of telomerase [8], but we found

A variety of genetic and epigenetic alterations are
associated with gastric carcinoma (GC) [1,2]. We
have reporied reduced expression of p2 1 WAFI/CIRT 4y
34% of GC tissues [3]. p21"AFV/CIPL was jdentified
through its activation by p53 [4], association with
cyclin/cyclin-dependent kinase complexes [3], and
increased expression during senescence [6]. Although
p21 WAFI/CIPL 4 activated in a p53-dependent manner
in response to DNA damage to ensure cell-cycle
arrest and DNA repair, various agents that promote
differentiation can increase p21WAFL/CIPL expression in
a p53-independent manner. We have also reported that
p21WAFL/CIPL exnression is induced by 9-cis-retinoic

no correlation between expression of p21WAFI/CIFL ang
abnormal accurnulation of p33 in GC tissues [3].

Changes in DNA methylation patterns, such as
hypermethylation of CpG islands, are observed fre-
quently in human cancers [9]. Hypermethylation of
CpG islands in promoters is associated with the silenc-
ing of some tumour suppressor genes [10]. Methy-
lation and inactivation of various genes have been
reported in GC [11,12]. Although hypermethylation
of the p21MFYCIPT nromoter occurs in acute lym-
phoblastic leukaemia [13], the p21"4F1/¢P1 promoter
is not hypermethylated in GC [14].

Several lines of evidence suggest that histone
acetylation plays an important role in transcriptional

Copyright © 2004 Pathological Society of Great Britain and Ireland. Published by john Witey & Sons, Ltd.
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regulation [15]. There appears to be a positive corre-
lation between the level of histone acetylation at spe-
cific loci and transcriptional activity, and the recruit-
ment of histone acetyltransferases and hyperacety-
lation of histones in promoter regions often corre-
late with transcriptional activation [16,17]. Histone
hyperacetylation is thought to relax the chromatin
structure and allow transcription factors to access
promoter sequences [18,19]. Some genes, including
p2IWAFV/CIPL 1901 and ATERT [21], are thought to be
regulated by histone acetylation. We have reported that
trichostatin A (TSA), a histone deacetylase (HDAC)
inhibitor, induces p21WAFV/CIPl expression in GC cell
lines [22].

Taken together, the currently available data suggest
that reduced expression of p21WAFI/CIPL iy GC tissues
may be due to aberrant histone acetylation and not
p53. Little is known, however, about the in vive
histone acetylation status in human cancers, including
GC. To date, there are no reports of changes in
promoter acetylation in human cancer specimens.
Thus, we investigated the histone acetylation status
of the p21WAFL/CIPY Hmromoter region by means of
chromatin immunoprecipitation (ChIP) assays with
antibodies against the acetylated forms of histones 3
and H4. Because a recent study in yeast suggested
that hypoacetylation of histones in coding regions
is important for transcriptional inhibition [23], we
investigated the histone acetylation status in the coding
region of p2 1 WAFL/CIPT we show for the first time that
histone acetylation is altered in GC tissue specimens
and that this can reduce p21WAFU/CPL expression in a
p53-independent manner.

Materials and methods

Tissue samples

Twenty-nine GC tissue specimens from 29 patients
were studied. The tissue specimens were obtained from
Hiroshima University Hospital and affiliated hospitals.
Tumours and corresponding non-neoplastic mucosae
were removed surgically, frozen immediately in liquid
nitrogen, and stored at —80 °C until use. All GCs were
located in the middle third of the stomach. Tissues
were embedded in OCT compound (Sakura Finetech-
nical Co, Ltd, Tokyo, Japan) and frozen sections were
prepared. After we had confirmed microscopically that
the tumour specimens consisted mainly (> 50%, on
a nuclear basis) of carcinoma tissue and that non-
neoplastic mucosa did not show any tumour cell
invasion or significant inflammatory changes, sam-
ples from embedded tissues were used for ChIP assay,
RNA extraction, and genomic DNA extraction, Histo-
logical classification of GC was performed according
to the Lauren classification system [24]. Tumour stag-
ing was carried out according to the TNM stage group-
ing [25]. Because written informed consent was not
obtained, all samples were cleared of any identifying
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information, for strict privacy protection, before his-
tone acetylation status was analysed. This procedure is
in accordance with the Ethical Guidelines for Human
Genome/Gene Research enacted by the Japanese Gov-
ernment and was approved by the Ethics Review
Committee of the Hiroshima University School of
Medicine.

Cell culture and drug treatment

Eight cell lines derived from human GCs were used.
The TMK-1 cell line was established in our laboratory
from a poorly differentiated adenocarcinoma {26]. Five
GC cell lines of the MKN series (MKN-1, adenosqua-
mous cell carcinoma; MKN-7, MKN-28, and MEKN-
74, well-differentiated adenocarcinomas; and MKN-
43, poorly differentiated adenocarcinoma) were kindly
provided by Dr T Suzuki. The KATO-III and H5C-39
cell lines, which were established from signet ring cell
carcinomas, were kindly provided by Dr M Sekiguchi
and by Dr K Yanagihara [27], respectively. All cell
lines were maintained in RPMI 1640 (Nissui Pharma-
ceutical Co, Ltd, Tokyo, Japan) containing 10% fetal
bovine serum (FBS; BioWhittaker, Walkersville, ME,
USA) in a humidified atmosphere of 5% CQ, and
95% air at 37°C. To analyse transcriptional activa-
tion of the p21MAFI/CIPL gene MKN-28, MKN-74,
and KATO-TII cells were incubated for 5 days with
1 pv 5-aza-2'-deoxycytidine (Aza-dC; Sigma Chemi-
cal Co, St Louis, MO, USA) or for 24 h with 300 nM
TSA (Wako, Tokyo, Japan).

Stable transfection

pCMV-p53mtl135 expression vector (CLONTECH,
Palo Alto, CA, USA) was transfected into MKN-74
celis with FuGENE®6 (Roche Diagnostics, Mannheim,
Germany). pCMV-p53mti35 expresses a dominant-
negative mutant of p53. The p53 and p53mr135 genes
differ by a G-to-A transition at nucleotide 1017. Sta-
ble transfectants were selected with 2 weeks of culture
with 80 pg/ml G418 (Invitrogen Corp, Carlsbad, CA,
USA). Clone number 5 expressed p21 VAF/CIPL prgiein
at a level lower than that of the mock transfectant (see
the Results section) and was used for further analyses
of the dominant-negative mutant.

ChIP assay

The ChIP assay was performed as described previ-
ously [28]. Polymerase chain reaction (PCR) analy-
sis of immunoprecipitated DNA was performed using
primers specific for the 5’ upstream region of the
ACTB gene. PCR product (15 pl) was loaded onto
8% non-denaturing polyacrylamide gels, separated by
electrophoresis, stained with ethidium bromide, and
visualized under UV light to confirm that there was no
genomic DNA contamination of the no-antibody con-
trol. Quantitative PCR analysis of immunoprecipitated
DNAs was performed by real-time PCR. The position
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Table |, Primer sequences for RT-PCR and ChIP

Annealing Product
Primer sequence temperature (°C) size (bp)
Quantitative RT-PCR (p2 | WAFI/CP1Y
F: 5. TGGAGACTCTCAGGGTCGAAA.T 55 a7
R 5-GECGTTTGGAGTGGTAGAAATC-3'
Quantitative RT-PCR {ACTB)
F:. 5-TCACCGAGCGCGGCT-3' 55 60
R: 5-TAATGTCACGCACGATTTCCC-3
ChiP-PCR (52 IWAFH/CP! promoter regicn)
F 8 -GGGGCTTTTCTGGAAATTGC.3 55 116
R 5 -CTGGCAGGCAAGGATTITACC-3
ChIP-PCR (p2 |WAFVSP! cading region)
F: 5'-CGCTAATGGCGGGCTG-3 55 60
R: 5. CGGTGACAAAGTCGAAGTTCC-Y
ChlP-PCR {ACT8 5 upstream region)
F: 5'-CCCACCCGGTCTTGTGTG-3 55 72

R ¥-GGGAAGACCCTGTCCTTGTCA-Y

and sequences of primers, and annealing temperatures,
are shown in Table 1 and Figure 1A. PCR was per-
formed with the SYBR Green PCR Core Reagents Kit
{Applied Biosystems, Tokyo, Japan). Real-time detec-
tion of the emission intensity of SYBR Green bound
to double-sttanded DNAs was done with the ABI
PRISM 7700 Sequence Detection System (Applied
Biosystems). The relative histone acetylation level was
determined from the threshold cycles for the pro-
moter or coding region of the p21WAFI/CIPL gene and
the 5’ region of the ACTB gene. Reference samples
{genomic DNA from MKN-1 cells) were included on
each assay plate to verify plate-to-plate consistency.
Plates were normalized to each other with these refer-
ence samples, The PCR amplification was performed
in 96-well optical trays with caps according to the
manufacturer’s instructions. Quantitative PCRs were
performed in triplicate for each sample primer set, and
the mean of the three experiments was calculated as
the relative quantification value. At the end of 40 PCR
cycles, reaction products were separated electrophoret-
ically on 8% non-denaturing polyacrylamide gels for
visual confirmation of PCR products.

Quantitative reverse transcription (RT)-PCR
analysis of GC tissues

Total RNA was extracted with an RNeasy Mini
Kit (QIAGEN, Hilden, Germany), and 1 pg of total
RNA was converted to ¢cDNA with a First Strand
cDNA Synthesis Kit (Amersham Pharmacia Biotech,
Uppsala, Sweden). To analyse expression of the
p21WAFL/CIPL gene in GC tissue specimens, real-
time RT-PCR was performed as described previously
[29]. Primer sequences and annealing temperatures are
shown in Table 1. PCR was performed with the SYBR
Green PCR Core Reagents Kit (Applied Biosystems).
Reference samples (MKN-1) were included on each
assay plate to verify plate-to-plate consistency.

Western blot analysis of GC cell lines

Preparation of whole cell lysates from GC cell lines
and western blotting were performed as described
previously [30]. Protein concentrations were deter-
mined by Bradford protein assay (Bio-Rad, Hercules,
CA, USA) with bovine serum albumin (BSA) used
as the standard. Lysates (20 pg) were solubilized in
Laemmli’s sample buffer by boiling and then sub-
jected to 10% SDS-PAGE followed by electrotransfer
onto a nitrocellulose filter. Anti-p21WVAF/CIPl mong.-
clonal antibody was purchased from PharMingen (San
Diego, CA, USA). Peroxidase-conjugated anti-mouse
1gG was used in the secondary reaction. The immuno-
complex was visualized with an ECL Western Blot
Detection System (Amersham Pharmacia Biotech).
The quality and amount of each protein sample on the
gel were confirmed by detection with anti-beta-actin
antibody (Sigma). Autoradiographic signal intensities
of the p21WAFI/CIPL 11ands on western blots were deter-
mined by densitometric scanning and normalization
of these signals to those of the internal control (beta-
actin).

DNA extraction and p53 mutation analysis

To examine mutations in the p33 gene, genomic DNAs
were extracted from GC specimens with a genomic
DNA purification kit (Promega, Madison, WI, USA).
Exons 5-8 of the p33 gene were amplified by PCR
with ten sets of primers as described previously
[31]. The PCR products were purified and sequenced
directly with the ABI Prism Dye Terminator Cycle
Sequencing Kit (Applied Biosystems) and an ABI
Prism 310 DNA Sequencer (Applied Biosystems).

Statistical methods

Differences were analysed statistically by Fisher's
exact and Mann—Whitney U -tests. p values less than
0.05 were considered statistically significant.

| Pathot 2005; 205: 65-73
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Results

Histone acetylation status in GC tissues

To examine the in vive status of histone acetyla-
tion and expression of p2iWAFI/CIPL 5,5 WAF1/CIPY
mRNA levels were measured by gquantitative RT-PCR
(Figure 1B) and acetylation of histones H3 and H4

Y Mitani et al

by ChIP in 29 GC specimens (Figure 1C). The ratio
of histone acetylation levels in GC specimens rela-
tive to those in non-neoplastic mucosae (T/N) was
calculated. A T/N of less than 0.5 was considered
to represent hypoacetylation, and a T/N of greater
than 2.0 was considered to represent hyperacetyla-
tion. Hypoacetylation of histone H3 in the promoter
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Figure 1. Expression and acetylation of the p2 | ¥*F!/%! gene and p53 mutation status in GC tissues. (A} Schematic representation
of the human p21"4/"! gene. Positions of the primer pairs used in the present study are indicated as black bars (Promoter
and Coding). (B) Quantitative RT-PCR analysis of p2 1WA I/“P1_Units are arbitrary and we calculated p2 I"AF1/%P1 RNA levels by
standardization against | pg of total RNA from MIKN-1 cells, which was taken as 1.0. The 29 GC tissues are sorted by increasin$
p2 I WHFI/EP! aypression. M indicates specimens carrying p53 mutations. (C) ChIP analysis of histones H3 and H4 in the p2 | WAFI/CF
promoter and coding regions in 2% GC tissues. Fold change indicates the ratio of p21"4!/%! acetylation level in GC to that in
corresponding non-neoplastic mucosa (T/N). We considered a T/IN < 0.5 (red bars) to indicate hypoacetylation and a T/N > 2.0
(green bars) to indicate hyperacetylation. (D} Sequencing analysis of the p53 gene (case 26, exon 5). There is a mutation in codon
145 (CTG to CAG, arrow)
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and coding regions of p21WAFI/CIPL wag observed in
10 (34.5%) and 10 (34.5%) of 29 specimens, respec-
tively. Hypoacetylation of histone H4 in the promoier
and coding regions was found in 6 (20.7%) and 16
(55.2%) of 29 specimens, respectively, p21WAF1/CIP1
mRNA levels in tumour tissues with histone H3
hypoacetylation in the promoter region were signif-
icantly lower than those in specimens with histone
H3 hyperacetylation (p = 0.047; Mann—Whitney U-
test), whereas p21WAFV/UIP! fevels in tumour tissues
were not associated with histone H3 acetylation sta-
tus in the coding region (p = 0.540; Mann~Whitney
[J -test, Table 2). No association was found between
p21WAFL/CIPL Tevels and histone H4 acetylation sta-
tus in either the promoter or the coding regions of
p21WAFL/CIPL

The correlation was then examined between p53
mutation status and p21"AFY/CIPY (nRNA expression,
and histone acetylation. Representative results of p53
sequencing analysis are shown in Figure ID, and
the results of p53 mutation analyses are summa-
rized in Table 3. p53 gene mutation was detected
in 10 (34.5%) of 29 specimens. Of the ten muta-
tions, seven were missense mutations and three were
silent mutations. The seven missense mutations were
analysed further. The level of p21MAFI/CIPL expres-
sion was not associated with p53 mutation status
(p = 0.460; Mann-Whitney [/-test), and p53 muta-
tion status did not correlate with histone acetylation
status (data not shown). Histone acetylation status
was not associated with T grade (depth of tumour
invasion), N grade (degree of lymph node metas-
tasis), tumour stage, or histological type (data not
shown).

TSA induced p2 | WAFH/ CiP1 expression and histone
H3 hyperacetylation

To confirm the correlation between reduced
p21WAF1/CIPL expression and hypoacetylation of his-
tones, p21WAF1/CIP1 expression and histone acetylation
status were examined in eight GC cell lines. Levels
of p2IWAFI/CIPlL protein were measured by western
blot analysis (Figure 2A). Levels of p21WAFL/CIFL 4

Table 3. Summary of p53 mutations

Case No Location Codon Sequence change Amine acid

4 Exon 7 245 GGC to GTC Gly to Val
) Exon 5a 129 GCCto GCT Ala to Ala
10 Exon 5b 160 ATG to ATA Met to lle
15 Excn 7 251 ATC to AAC Hle to Asn
16 Exon 5b 160 ATG to ACG Met to Thr
18 Exon 5a 129 GCC 1o GCT Alato Ala
21 Exon 7 240 AGT 1o AGC Ser to Ser
24 Exon 5b 173 GTG to GCG Valio Ala
25 Excn Sa 128 CCT 0 ACT Proto Thr
26 Exon Sa 145 CTG 1o CAG Leu to Gin

GC cell lines were classified into three groups. MKN-
45 and MKN-74 showed high levels of expression;
MKN-28, TMK-1, and HSC-39 showed intermedi-
ate expression; and MEKN-I, MKN-7, and KATO-H1I
showed low expression. One cell line was selected
from each group (MKN-74, MKN-28, and KATQ-III}
for further analysis. The effects of TSA and Aza-dC
on p21 WAFI/CIPL brotein expression were examined by
western blot analysis (Figure 2B). MKIN-28 (mutant-
type p533), MKN-74 (wild-type p53), and KATO-III
(p53 null} cells were cultured with or without TSA
for 24 h or Aza-dC for 5 days. Treatment with TSA
increased the p21WAFI/CIFL protein levels in all three
cell lines, whereas the pS3 protein levels did not
change. TSA induced 5.2-fold and 6.1-fold increases
in p21 WAF1/CIPL nrotein levels in MKN-28 and KATO-
I cells, respectively, whereas TSA yielded only a
l.4-fold increase in p21WAFI/CIPL protein levels in
MEKN-74 cells. Treatment with Aza-dC had no effect
on p21WAFL/CIPT pnrotein expression in any of the
cell lines (Figure 2B). ChIP assay was carried out to
investigate acetylation of histones H3 and H4 asso-
ciated with the p21"WAFUCIFL gene (Figure 2C). TSA
increased acetylation of histone H3 in both the pro-
moter and coding regions of p21WAFV/CIPL in hoth
MKN-28 and KATO-III cells. Histone H4 acetylation
in the p21 WAF/CIP1 promoter region in MKN-28 cells
was increased slightly in response to TSA, whereas
that in KATO-HI cells was increased significantly. His-
tone H4 acetylation in the coding region was increased
markedly by TSA in both MKN-28 and KATO-III

Table 2. Association between p2 I"AF1/%! mRNA levels and histone acetylation status

No of p2IWAFLICIPL i RNA

cases level (mean * SE)* p value!
Histone H3 acetylation status in Hypo 10 271062 0047
promoter region Hyper 4 571 £1.36
Histone H3 acetylation status in Hypo 10 2.47 £ 0.60 0.540
coding region Hyper 5 4434216
Histone H4 acetylation status in Hypo 6 3.50:£0.89 0617
promater region Hyper I 1.71
Histone H4 acetylation status in Hypo 16 2730511 —
coding region Hyper 0 o

* The units are arbitrary and we calculated the p21WA/SF mRNA expression level by standardization
against | pg of total RNA from MKN-1 GC cells taken as |.0. SE = standard error.
T Mann—Whitney U-test. Hypo = hypoacetylation; Hyper == hyperacetylation.
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protein expression and histone acetylation status in GC cell lines. (A) Western blot analysis of p2] YWAFI/CIPt

in eight GC cell lines. MKN-45 and MKN-74 cells showed high expression. MKN-28, TMK-1, and HSC-39 celis showed intermediate
expression. MKN-1, MKN-7, and KATO-li} cells showed low expression. {B) Western blot analysis of p53 and p2 | WAFI/CIPl i
three GC cell lines cultured with or without TSA for 24 h or Aza-dC for 5 days, In all three cell lines, TSA treatment induced

p2 1 WAF1/CIPI

expression, whereas Aza-dC treatment did not. The relative p2I"AFI/SP! band intensity normalized to that of

beta-actin is indicated in the lower panel. {C) ChIP analyses of the relative levels of histones H3 and H4 in the p2|WAFI/CPI
promoter and coding regions in three GC cell lines, The value is the mean of three independent ChIP experiments. Error bars
indicate the standard error {SE) of the mean, Note that acetylation of histone H4 in the promoter region does not increase

significantly after TSA treatment in MKN-28 cells

cells. ITn MEN-74 cells, acetylation of histones H3
and H4 in both the promoter and coding regions was
increased approximately 2.0-fold.

Inhibition of p53-induced hypoacetylation of
histone H4

To investigate the effect of p53 on p21WAFL/CIPL .
tein levels, the MKN-74 cell line was stably trans-
fected with a vector expressing a dominant-negative
mutant of p53, and p21WAFL/CPL hrotein levels were
determined by western blot analysis (Figure 3A).
p21WAFI/CIP evels in p53 mutant cells were less than
half those in wild-type cells. ChIP was also used to
analyse histone acetylation levels (Figure 3B). His-
tone H4 acetylation levels in both the promoter and
coding regions of cells expressing dominant-negative
p53 were less than half those in cells expressing wild-
type p53, whereas histone H3 acetylation levels in both
the promoter and coding regions were reduced slightly
(approximately 20%) in cells expressing dominant-
negative p53.

J Pathol 2005; 205: 65-73

Discussion

A variety of genetic and epigenetic alterations are
associated with GC. Histone acetylation and DNA
methylation appear to play important roles in tran-
scriptional regulation; however, little is known about
changes in histone acetylation in human cancers such
as GC. In the present study, we investigated the his-
tone acetylation status in regions of the p21WAF1/CIPI
gene in GC tissues and GC cell lines.

We found that histones H3 and H4 in both the
promoter and coding regions are hypoacetylated in
GC tissues. p21WAFL/CIPL mRNA levels are associ-
ated with histone H3 acetylation status in the promoter
region, suggesting that nucleosome conformation was
altered due to histone H3 hypoacetylation and that
access of transcriptional regulatory proteins to chro-
matin might be reduced in GC tissues. It is possible
that histone hypoacetylation and reduced p21#AF1/CIP1
expression were the result of the p33 mutation
because previous studies have shown an interac-
tion between p53 and chromatin-modifying enzymes.
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Several acetyltransferases act as p53 co-activators and
regulate the transcriptional activity of p53 [32,33].
In addition, we showed that a dominant-negative
p53 mutant affects histone acetylation in MKN-74
cells. However, in our study, p53 mutation status
correlated with neither histone acetylation status nor
p21PAFI/CIPL expression in GC tissues. Because sev-
eral factors, such as transforming growth factor beta
and nerve growth factor, have been reported to activaie
transcription of p21WAFLI/CIPT 1341 e cannot rule out
the possibility that they cause hypoacetylation of his-
tones in the p21"AF1/CIPL nromoter. However, altered
hypoacetylation of histone H3 in GC tissues does not
appear to be due to a mutant form of p53 because
p53 appears to affect acetylation of only histone Hd
[35]. We also showed that expression of a dominant-
negative p53 mutant suppresses p21 WAFI/CIPL expres.
sion and that acetylation of histone H4 in the promoter
is reduced significantly. Taken together, our data indi-
cate that aberrant hypoacetylation of histones in the
p21WAFYCIPL seomoter occurs in GC.

We found no association between p21WAF1/CIF
expression and histone H4 acetylation status in the

p2IWAFI/CIPL nromoter in GC tissues and MKN-
28 cells. In MDA-MB-435 cells, trapoxin (TPX),
an HDAC inhibitor, significantly increases acetyla-
tion of histone H3 in the p21"AFV/CPL promoter,
whereas TPX does not significantly affect acety-
lation of histone H4 [36]. Similar results have
been reported in HDACI-null embrycnic stem cells
[37]. These results indicate that hyperacetylation of
histone H4 in the p21"WAFV/CPT peomoter region
is mot an absolute requirement for p2I1WAFL/CIFL
expression.

HDAC inhibition appears to influence histone H3
hyperacetylation, whereas pS53 appears to affect his-
tone H4 hyperacetylation. Our present results also sug-
gest that acetylated histones H3 and H4 have distinct
roles. Distinct roles for acetylation of histones H3 and
H4 have been reported in yeast [38]. Although a num-
ber of studies have shown induction of p21WAF1/CIP1
by HDAC inhibitors, p53, and Spl [33,35,39], the sig-
nificance of distinct roles for acetylation of histones
H3 and H4 is not clear in human cancer cells. Further
studies may reveal the functional significance of the
acetylation of histones H3 and H4.

J Pathel 2005; 205: 65-73
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We also investigated the histone acetylation status
in the coding region of p21MWAFV/CIPL 1y GC cell
lines, expression of p21WAFI/CIPL protein is associ-
ated with acetylation of histones H3 and H4 in the
p2IWAFL/CIPL coding region. This is consistent with
the idea that transcript elongation and histone acetyla-
tion are needed to form and maintain, respectively, the
relaxed structure of transcribing nucleosomes [40]. In
contrast to our findings in cell lines, we found no asso-
ciation between p21"¥AFU/CIPL expression and histone
acetylation status in the coding region in GC tissues.
However, our data do show that histone H4 in the
p21WAFI/CIPE cqding region is frequently hypoacety-
lated in GC tissues. Although there have been many
studies of promoter histone acetylation, the function of
histone acetylation in coding regions is poorly under-
stood. The significance of histone H4 hypoacetylation
in the coding region of p21"AF1/CIP1 remmaing unclear,
but it is possible that it contributes to a change in
nucleosome conformation. Further studies are needed
to elucidate the function of histone acetylation in cod-
ing regions.

In conclusion, we have shown that histones H3
and H4 in both the promoter and coding regions of
the p21WAFL/CIPT gene are frequently hypoacetylated
in GC tissues. Hypoacetylation of histone H3 in the
promoter region is associated with reduced expression
of p21WAFI/CIFL i 3 p53-independent manner. Clinical
trials of HDAC inhibitors as cancer therapeutics are
underway [41,42]. Although we did not investigate
the anti-tumour activity of p21WAFL/CIPT 4nd HDAC
inhibitors in GC, our data provide supporting evidence
for the idea that inhibition of HDAC may be an
effective therapy for patients with GC,
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Abstract

Objective: Epidermat growth factor (EGF) has many bio-
logical functions and plays an important role in the pro-
gression of various tumors including gastric cancer. An
A-G single nucleotide polymorphism {SNP) at position
61 in the 5’-untranslated region (UTR} of the EGF gene
has recently been reported to be associated with differ-
ent levels of EGF production. We examined whether this
polymorphism is correlated with the development and
malignant phenotypes of gastric cancer. Methods: The
study population included 200 gastric cancer patients
and 230 healthy control subjects. The SNP in the 5'-UTR
ofthe EGF gene was analyzed by polymerase chain reac-

tion-restriction fragment length polymorphism. Results:

The A allele was significantly less frequent in patients
than in controls {p = 0.01). Individuals with the A/A or
A/G genotype showed a significantly lower risk of gastric
cancer than those with the G/G genotype [adjusted odds

ratio {OR) = 0.58], whereas the same genotypes were as-
sociated with malignant progression of this cancer, e.g.
deeper tumor invasion, increased lymph node metasta-
sis and advanced clinical stage, and histological classifi-
cation in gastric cancer patients (adjusted OR = 1.80,
1.98, 2.26 and 1.89, respectively). Conclusions: Cur find-
ings suggest that the A-G polymorphism of EGF is in-
volved not only in the occurrence but also in the malig-
nant progression of gastric cancer.

Copyright ® 2005 S, Karger AG, Basel

introduction

In many countries, the incidence of gastric cancer has
declined, probably as a result of changes in environmen-
tal factors, especially the diet. Nevertheless, this cancer is
still the second leading caunse of cancer mortality world-
wide [1-3] due to its generally poor prognosis. Gastric
carcinogenesis is a multistep process in which genetic and
environmental factors interact with each other [4-8]. En-
vironmental factors such as dietary habits, smoking, and
Helicobacter pylori infection are associated with the rigsk

KA RG E R © 2005 8. Karger AG, Basel
1015-~2008/05/0723-0133522.00/0
Fax +41 61 306 12 34
E-Mail karger@kargzr.ch

www karger.com

Accessible online at;
www.karger.com/pat

Dr. Wataru Yasui

Department of Molecular Pathology

Hiroshima University Graduate School of Biomedical Sciences

1-2-3 Kasumi, Minami-ku, Hiroshima 734-8551 (Japan}

Tel. +81 82 257 5145, Fax +81 82 257 5149, E-Mail wyasui@hiroshima-u.ac.jp

— 376~



of gastric cancer [2, 8, 9]. Alterations in various genes,
including oncogenes, tumor-suppressor genes, DNA re-
pair genes, cell-cycle-related genes and cell-adhesion-re-
lated genes, have been implicated in the course of gastric
carcinogenesis [10-12].

Epidermal growth factor (EGF) activates multiple sig-
naling pathways by binding with its receptor (EGFR)[13,
14], resulting in proliferation, differentiation and tumor-
igenesis of epithelial tissues [15, 16]. EGF is also associ-
ated with growth and invasion of various malignant tu-
mors by autocrine and paracrine pathways [17-19]. In
the gastric mucosa, EGF is involved in pathogenic mech-
anisms of gastric mucosal hyperproliferation and possibly
carcinogenesis in cooperation with K. pylori [20]. We
have previously reported that EGF works as a potent
growth factor for gastric cancer cells in cooperation with
interleukin (IL)-1 and IL-6 [21, 22], that expression of
EGF and EGFR is upregulated in advanced gastric can-
cers [23-25] and that patients with synchronous expres-
sion of EGF and EGFR have a poor prognosis [23, 26].
Thus EGF is thought to play a pivotal role in the occur-
rence and malignant progression of gastric cancer.

A recent study of northern Europeans revealed that an
A-G single nucleotide polymorphism (SNP) is present at
position 61 in the 5-untranslated region (UTR) of the
EGF gene and that peripheral blood mononuclear cells
from individuals with the A/A genotype produced sig-
nificantly lower levels of EGF than cells from individuals
with the A/G or G/G genotype [27]. Furthermore, it has
been reported that the G/G genotype is closely associated
with the occurrence of malignant melanoma and its inva-
sive phenotypes [27, 28]; however, another study did not
support a significant association between melanoma and
the G allele or G/G genotype [29]. In glioblastomas, the
A/G and G/G genotypes were associated with more ag-
gressive disease compared to the A/A genotype [30].

We hypothesized that this functionally defined EGF
pelymorphism may be associated with genetic predispo-
sition to the development and malignant progression of
gastric cancer. In the present study, we tested this hypoth-
esis in a case-control study and clinicopathological analy-
sis of patients,

Patients and Methods

Study Subjects

This study included a total of 200 patients with gastric cancer
who underwent surgery or endoscopic mucosal resection at the Hi-
roshima University Hospital during the period 1990--2001, at the
Hiroshima Memorial Hospital during the period 1998-2000, or at

134 Pathobiclogy 2005;72:133-138

Tahle 1. Characieristics of the study subjects

Controls {n = 230} Patienis (n = 2000

Sex

Male

Female
Age, yvears (mean *+ SD)
H. pylori infection

108 (47.0%)
122 (53.0%)
43.9+20.1

142 (71.0%)
58 (29.0%)
65.0+11.6

Positive 81 (64.8%) 61 (64.9%)
Negative 44 (35.2%) 33 (35.1%)
Total 125 94

the Hofu Institute of Gastroenterology during the period 2000-
2001. We confirmed microscopically that all study patients had
gastric adenocarcinoma. The gastric cancers were characterized
clinicopathologically according to the TINM classification system
[31], and the cancers were classified pathologically as intestinal or
diffuse type, as defined by Lauren [32]. We randomly selected 230
healthy control subjecis from individuals who visited the three hos-
pitals for regular checkups or because of symptoms such as appetite
loss or epigastralgia. Control subjects were confirmed to be free of
malignancy by examination with a gastric endoscope and by bi-
opsy. H. pylori infection in 94 patients and 125 controls was exam-
ined either by histologic examination of endoscopic biopsy samples
or by enzyme immunoassay (high titer of anti-H. pylori IgG). The
characteristics of the 200 gastric cancer patients and 230 controls
are sumumarized in table 1. Written informed consent was obtained
from all patients and control subjects prior to enrollment into the
study. Moreover, for strict privacy protection, investigators were
not able to connect the subjects’ identity to the anonymously coded
samples. The study was approved by the Human Genome Research
Ethics Screening Committee of Hiroshima University School of
Medicine,

DNA Extraction

DNA was extracted from peripheral blood samples of 113 gas-
tric cancer patients and 230 control subjects with the QLAamp® 96
DNA Blood Kit (QIAGEN, Valencia, Calif.,, TUSA). DNA was ex-
tracted from freshly frozen non-neoplastic gastric mucosa of the
remaining 87 gastric cancer patients with a genomic DNA purifica-
tion kit (Promega, Madison, Wisc,, USA). We confirmed micro-
scopically that the non-neoplastic mucosa from patients did not
show tumor cell invasion or significant inflammatory involvement.

Polymerase Chain Reaction-Restriction Fragment Length

Polymorphism (PCR-RFLP)

Genotyping of EGF was done by PCR-RFLP as described pre-
viously [27}. The target sequence was amplified by PCR from 10-
20 ng of genomic DNA in 25 ul of reaction volume containing
200 wM of each deoxynucleotide triphosphate, 10 mAM Tris-HCl
(pH 8.3}, 30 mM KCl, 2 mM MgCls, 0.3 pif each primer, and 0.75
units AmpliTag Gold (Perkin-Elmer, Norwalk, Conn., USA). Am-
plification conditions were 4 single cycle of 10 min at 94°C followed
by 35 cycles of 30sat 94°C 30sat 51°Cand 1 min at 72°C, and a
final cycle extension of 10 min at 72°C. The PCR primers used were
5'-TGTCACTAAAGGAAAGGAGGT-3 (EGF/U) and 5'-TTCA-

Hamai et al.
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CAGAGTTTAACAGCCC-3' (EGF/L) [27]. The 242-bp PCR
product, which contained position 61 in the 5'-UTR of EGF, was
digested with Al I (TAKARA Bio, Shiga, Japan) ovemnight at
37°C, followed by 8% polyacrylamide gel electrophoresis. Afu I di-
gestion yielded 15~ 34-, 91- and 102-bp fragments for the A alleles
and 15-, 34- and 193-bp for the G allele. Heterozygotes showed a
combination of these binding patterns.

Statistical Analysis

Statistical analysis was performed with the x2 test. p < 0.05 was
considered statistically significant. Odds ratios (ORs) and 95% con-
fidence intervals {CIs) were used to estimate the tisk of association
with genotypes. ORs for the genotypes were calculated by the logis-
tic regression model, with adjustments for age and gender; logistic
regression analysis was performed for the association between ge-
notypes and clinicopathological factors (SPSS 11.0, SPSS, Chicago,
111, USA).

Results

Risk of Gastric Cancer in Relation to the EGF

Genotype

We first compared the EGF genotype and allele fre-
quencies between gastric cancer patients and control sub-
jects. Representative PCR-RFLP patterns of the EGF
genotypes are shown in figure [. G/G, G/A and A/A ge-
notypes were observed in 119 (59.5%), 66 (33.0%) and 15
(7.5%) of 200 gastric cancer patients, respectively, and in
108 (47.0%), 97 (42.1%) and 23 (10.9%) of 230 control
subjects, respectively (table 2). The genotype distribution
among controls was in good agreement with the Hardy-
Weinberg equilibrium, although this distribution was dif-
ferent from those of previous reports, possibly because of
ethnic differences [27-30]. 4 allele was detected less fre-
quently in gastric cancer patients than in control subjects
{p = 0.01, table 2). The A/A and A/G genotypes were as-
sociated with a lower risk of gastric cancer with ORs of
0.55 (95% CI 0.27-1.09) and 0.62 (95% CI 0.41-0.93),
respectively. This lower risk associated with the A/A and
AJ/G genotypes did not change even after adjustment for
sex and age. The adjusted OR for A/A was 0.52 with a
95% CI of 0.23-1.21 for A/A, and the adjusted OR for
A/G=0.56 with a 95% CI of 0.35-0.92. Combined geno-
typing of A/A and A/G revealed a significantly decreased
risk of gastric cancer (adjusted OR = 0.56; 95% CI, 0.35-
0.89). In addition, the reduced risk was observed in both
men and women.

EGF Genotyping and Clinicopathological

Characteristics

We next analyzed the association between EGF geno-
type and clinicopathological characteristics of gastric can-

A-G SNP of the EGF Gene in Gastric
Cancer

- 193bp

B g~ 102bp
Rl <€ o1bp

GG ARG AA GG GG AA GG AG

Fig. 1. Representative PCR-RFLP patterns for the A-G SNP in the
EGF gene. Lanes are individual study subjects; genotypes are indi-
cated below the panel. Digestion with 4{u I generated fragments of
15, 34, 91 and 102 bp for A/A, fragments of 15, 34 and 193 bp for
G/G and fragments of 13, 34, 91, 102 and 193 bp for A/G. Frag-
ments longer than 91 bp were shown.

cer. A significant association was observed between the
combined A/A and A/G genotypes and aggressive pheno-
types for gastric cancer (table 3). The combined genotypes
A/A and A/G were found more frequently in T3 and T4
tumors than in T1 and T2 tumors (adjusted OR = 1.80;
95% CT, 0.98-3.30), in N2 and N3 tumors than in NQ and
N1 tumors (adjusted OR = 1.98; 95% CI, 1.01-3.89) and
in stage Il and IV tumors than in stage I and II tumors
(adjusted OR = 2.26; 95% CI, 1.21-4.22). The A/A or
A/G genotype was found more frequently in the diffuse
type tumors than in intestinal type tumors (adjusted
OR = 1.89; 95% CI, 1.04-3.45). No statistically signifi-
cant difference was detected in genotype distribution
with respect to the H. pylori status in gastric cancer pa-
tients.

Discussion

We used a case-control study to examine the associa-
tion between the A-G polymorphism in the EGF gene and
the occurrence of gastric cancer. We found that individu-
als with the A/A or A/G genotype had a significantly low-
er risk of gastric cancer in comparison to those with the
G/G genotype. In a subsequent analysis of the association
between the polymorphism and tumor features, patients
with the A/A or A/G genotype showed more malignant
phenotypes, e.g. deeper tumor invasion, increased lymph
node metastasis and advanced clinical stage, being more
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