Table 2. EGF allele frequency and

genotype distribution in the study subjects

Controls (%) Patients (%) OR({95% CD

(n =230}

(n =200

ernde adjusted!

Allele frequency

G 313 (69.6) 304 (76.0)

A 147 (30.4) 96 (24.0)*
Genotype distribution

G/G 108 (47.0) 119 (59.5) 1.0 1.0

A/G 97 (42.1) 66 (33.0) 0.62 (0.41-0.93) 0.56 (0.35-0.92)

AlA 25 (10.9) 15(7.5) 0.55(0.27-1.09) 0.52(0.23-1.21)

ASG and A/A 122 (33.0) 81 (40.5) 0.60 (0.41-0.88) 0.56 (0.35-0.89)
Males

G/G 50 (46.3) 84 (59.2) L0 1.0

A/G and A/A 38 (53.7) 58 (40.8) 0.60 (0.36-0.99) 0.72 (0.39-1.31)
Females

G/G 38 (47.5) 35 (60.3) 1.0 1.0

A/G and A/A 64 (52.5) 23(39.7) 0.60 (0.32-1.12) 0.40 (0.19-0.86)

The genotype distribution observed in controls was in agreement with the Bardy-Wein-
berg equilibrium. * p = 0.01 vs. controls (x* test).
! ORs were adjusted for sex and age by the logistic regression model.

Table 3. Clinicopathological characteristics according to the EGF genotype

Clinical parameters Category OR! (95% CI)
crude adjusted?®

T grade’ T1, T2 T3, T4

G/IG(n=119) 87(73.1) 32(26.9) 1.0 1.0

A/A and A/G (n = 81) 49 (60.5) 32 (39.5) 1.78(0.97-3.24) 1.80 (0.98-3.30)
N grade? N0, N1 N2, N3

G/G 98 (82.4) 21(17.6) 1.0 1.0

A/A and A/G 37 (70.4) 24(29.6) 1.97 (1.01-3.34) 1.8 (1.01-3.89)
Stage’ LI 1, IV

G/G 92(71.3) 2722.7 1.0 1.0

A/A and A/G 49 {60.5) 32 (39.5) 2.23(1.20-4.13) 2.26 (1.21-4.22)
Histological classification® intestinal diffuse

G/G 74 (62.2) 45(37.8) 1.0 1.0

A/A and A/G 39 (48.1) 42 (51.9) 1.77 (1.00-3.14) 1.89 (1.04-3.45)
H. pylori infection negative positive

G/IG 22 (36.1) 39 (63.9) 1.0 1.0

ASA and AIG 11 (33.3) 22 (66.7) 1.13 (0.46~2.78} 1.06 (0.42-2.64)

! ORs and 95% Cls for clinicopathological features with reference to the 5’-UTR of the EGF gene (A/A+A/G

to G/G genotypes).

2 Adjusted for age and gender, using a logistic regression model.
3 TNM grades were according to the criteria of the TNM classification [31].
4 Gastric cancer classified histologically according to the criteria of Lauren [32].
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frequent in the diffuse type. This is the first report of an
association between the A-G polymorphism of the EGF
gene and gastric cancer.

It is difficult to give a satisfactory interpretation of our
findings at this stage, although the functional significance
of this polymorphism has been reported previously: low-
er levels of EGF are produced by cultured peripheral
blood mononuclear cells from individuals with A/A than
from individuals with A/G or G/G [27]. 1t is not clear
whether this polymorphism is functional or whether it is
closely linked to a different functional polymorphism;
however, the polymorphic site does not correspond to any
known transcription factor binding site [27]. In the latter,
the linkage disequilibrium between this polymorphism
and the functional polymorphism may be altered in dif-
ferent ethnic groups. In fact, the frequency of the G allele
in Japanese controls was 70% in the present study, which
is very different from the 44% in European controls [27]
and the 40% in Caucasians [28]. It is also possible that
transcriptional regulation specific to the gastric mucosal
epithelium or gastric cancer may modulate the associa-
tion between the A-G polymorphism and EGF produc-
tion. Nevertheless, it is unlikely that the G/G genotype is
associated with alower production of EGF, because many
studies, including ours, have indicated that increased ex-
pression of EGF or EGFR is closely associated with more
malignant phenotypes [23-25]. Further investigation of
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Quantitative analysis of lymphangiogenic markers for predicting metastasis
of human gastric carcinoma to lymph nodes
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The spread of tumor cells to regionai lymph nodes is an early
event of gastric cancer metastasis. In our study, we assessed the
expression of lymphangiegenic factors and lymphatic endothelial
markers in gastric carcinoma tissues and compared expression
levels with the status of lymph node metastasis. We also examined
the correlation between lymphatic vessel density (LVD) in pri-
mary tumors and lymph node metastasis. Paired biopsy samples
(tumor and corresponding normal mucosa) of gastric tissue were
obtained from 39 patients with gastric carcinoma. The expression
of VEGF-C, VEGF-D, VEGFR-3 and podoplanin mRNAs was
assessed by real-time quantitative PCR. The expression of VEGF-
C (but not of VEGF-D) was significantly greater in patients with
lymph node metastasis than in those without metastasis. The
expression of lymphatic endothelial markers VEGFR-3 and podo-
planin was aiso significantly greater in the node-positive group.
LVD, as assessed by immunohistochemistry for podoplanin, was
correfated with iymph node metastasis. These results indicate that
quaniitative analysis of lymphangiogenic markers in gastric
biopsy specimens may be useful in predicting metastasis of gastric
cancer to regional lymph nodes.

© 2005 Wiley-Liss, Inc.

Key words: gastric carcinoma; lymphangiogenesis; VEGF; podoplanin

Lymphangiogenesis, the growth of new lymphat;c vessels,
is believed to underlie lymph node metastasis.” The extent of
regiona! Iymph node metastasis is an important indicator of tumor
aenressweness and is a prognostic factor for patients with gastric
carcinoma.? Although there is a large amount of data regardmg
angiogenesis, there are few reports of lymphangiogenesis as a
prognostic factor for human neoplasms, and the correlation
between lymphatic vessel density (LVD) and metastasis to lymph
nodes is controversial. This is partly because of a lack of reliable
immunohistologic markers specific for the lymphatic endothelium.
Recently, a number of Iymphatic-specific protems, such as podo-
planin, LYVE-1 and prox-1, were identified.>

VEGF, a member of the platelet-derived growth factor family,
is a major inducer of anpiopenesis and vessel permeability.®
Members of the VEGF family, including VEGF-B, VEGF-C,
VEGE- D VEGF-E and placenta growth factor, have been charac-
terized.” VEGF-C and VEGF-D are ligands for VEGFR-3 (Flt-4),
a tyrosine kinase receptor that is expressed predominantly in
lymphatic endothelial cells.® Recent reports have shown that
overexpression of VEGF-C or VEGF-D induces tumor lymphan-
giogenesis and promotes lymphatic metastasis in mouse tumor
models.”™" We and others have reported that expression of
VEGF-C by tumeor cells cerrelates well with lymph node meta-
stasis of gastric carcinoma. However, there are few reports
regarding the expression of VEGF-D and of lymphatic endothe-
Hal markers.

In our study, we investigated LVD immunohistochemically
with a specific marker, podoplanin. We also quantified the
mRNA expression levels of VEGF-C, VEGF-D, VEGFR-3 and
podoplanin in biopsy specimens of human gastric carcinoma and
correlated these levels with lymph node metastasis and tumor
progression.

@ uicc Publication of the Internationai Union Against Cancer

glabal cancer control

Material and methods
Cell culture

Six cell lines established from human gastric carcinomas were
maintained in RPMI-1640 medium (Nissui, Tokyo, Japan) with
10% fetal bovine serum (MA BioProducts, Walkersville, MD). The
TMK-1 cell line was established in our laboratory from a poorly dif-
ferentiated adenocarcinoma.'® The KXLS cell line, established from
an undifferentiated carcinoma, was provided by Dr. Y. Takahashi
(Kanazawa University, Kanazawa, Japan).'* The other 4 cell lines
(MKN-1, from an adenosquamous carcinoma; MKN-28 and
MKN-74, from well-differentiated adenocarcinomas and MEKN-45,
from a poorly differentiated adenocarcinoma) were provided by
Dr. T. Suzuki (Fukushima Medical College, Fukushima, Japan).

Patients and tumor specimens

Endoscopic biopsy specimens (tumor and corresponding normal
mucosa) of gastric tissue from 39 patients with gastric carcinoma
who later underwent surgical resection at Hiroshima University
Hospital were snap-frozen in liquid nitrogen and stored at —80°C
until RNA extraction for quantitative reverse transcription-poly-
merase chain reaction (RT-PCR). Informed consent was obtained
from all patients for participation in the study, Paraffin-embedded
archival specimens from the same patients were examined by
immunohistochemistry, Pathology reports and clinical histories
were reviewed for accurate staging at the time of surgery. Criteria
for staging and histologic classification were those proposed by
the Japanese Research Somety for Gastric Cancer.'® Lymph node
status was determined by routine pathological examination with
the surgical specimens. Two groups of patients, those with lymph
node metastasis (node-positive group, # = 22) and those without
{node-negative group, n = 17), were closely matched for histo-
logic type and depth of invasion. The median age was 66 years
(range, 22--84 years) and the group included 35 men and 4 women.
All patients had invasive gastric carcinoma in which the tumor
invasion was beyond the submucosa,

Semiguantitative RT-PCR

Total RNA was extracted from gastric carcinoma cell lines and
biopsy specimens with an RNeasy Mini Kit (Qiagen, Valencia,
CA) according to the manufacturer’s instructions, RT-PCR was
performed with the isolated RNA (1 pg). The primers and anneal-
ing temperatures for VEGF-C, VEGF-D, VEGFR-3, podoplanin
and GAPDH are given in Table I. The primers were designed with

Abbreviations: Cp, crossing point; LVD, lymphatic vessel density;
MVD, microvessel density; RT-PCR, reverse transcription-polymerase
chain reaction; VEGF, vascular endothelial growtk factor.
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TABLE I - SEQUENCE OF RT-PCR PRIMERS FOR LYMPHANGIOGENIC FACTORS

Primer sequences Product size (bp) Ta{*C)

VEGF-C F: 5'-GAGGAGCAGTTACGGTCTGT -5 371 59
R: 5 -GTAGCTCGTGCTGGTGTTCA-S'

VEGF-D F: 5’ ~-GTATGGACTCTCGCTCAGCAT-3' 226 60
R: 5'-AGGCTCTCTTCATTGCAARCAG-3'

VEGFR-3 F: 5'-GGTTCCTCCAGGATGAAGAC-3’ 505 62
R: 5'~-CAAGCAGTAACGCCAGTGTC-3'

Padoplanin : 3'-CCAGGAGAGCAACAACTCAA-2' 268 62
R: 5'-GATGCGAATGCCTGTTACAC-3

GAPDH F: 5'-ATCATCCCTGCCTCTACTGG-3' 188 55
R: 5'-CCCTCCGACGCCTGCTTCAC-3

> 5 S

VEGF-C
VEGF-D
VEGFR-3
podoplanin

GAPDH

Figurz 1 — Semiguantitative RT-PCR for expression of VEGF-C,
VEGF-D, VEGFR-3 and podoplanin mRNAs in gastric carcinoma celt
lines. GAPDH was included as an internal control.

specific primer analysis software (Primer Designer, Scientific and
Educational Software, Arlington, MA), and the specificity of the
sequences was confirmed by FASTA (EMBL database). RT-PCR
was performed with extracted RNA. and oligomers as templates
and primers, respectively.” The ¢cDNA was amplified by 28 PCR
cycles of denaturation for 2 min at 94°C, annealing for 2 min at
55~62°C (depending on the primer set, Table I) and extension for
3 min at 72°C. After termination of the reaction, the mixtures were
loaded onto a 5% nondenaturing polyacrylamide gel in Tris-
borate-EDTA buffer. RT-PCR in the absence of reverse transcrip-
tase showed no specific bands.

Preparation of cDNA calibrators

cDNA calibrators were prepared by PCR amplification run to
saturation (35 PCR cycles) with the appropriate primers. The
amplified products were purified with a GFX PCR DNA and Gel
Band Purification Kit (Amersham Biosciences, Piscataway, NJI).

Quantitative real-time RT-PCR analysis

The PCR reactions were performed in a LightCycler with LC-
Fast Start Reaction Mix SYBR Green I (Roche Diagnostics, Basel,
Switzerland) according to the manufacturer’s instructions. After
10 min at 95°C to denature the cDNA and to activate the Tag
DNA polymerase, the cycling conditions were as follows: 40
cycles of denaturation at 95°C for 15 sec, annealing at 55-62°C
{(depending on the primer set, Table I) for 5 sec, and extension at
72°C for 12 sec. After PCR, a melting curve was constructed by
increasing the temperature from 60 to 95°C with a temperature
tension rate of 0.1°C/sec. Specific sequences were amplified in
duplicate from the patients’ samples. To ensure that the correct
products were amplified, all samples were separated by 2% agar-
ose gel electrophoresis. The LightCycler measured the fluores-

cence of each sample at the end of the annealing step in every
cycle and used the second derivative maximum method to deter-
mine the crossing point (Cp) automatically for the individual sam-
ples. This was achieved by means of a software algorithm (Ver.
3.5) that identifies the first turning point of the fluorescence curve,
corresponding to the first maximum of the second derivative
curve, which serves as the Cp. The LightCycler software con-
structed the calibration curve by plotting the Cp vs, the logarithm
of the number of copies for each calibrator. The numbers of copies
in unknown samples were calculated by comparison of their Cps
with the calibration curve. To correct for differences in both RNA
quality and quantity between samples, the data were normalized to
those for GAPDH. The mRNA ratio between gastric carcinoma
tissues (T) and corresponding normal mucosa (N) was calculated
and indicated as T/N ratio.

Immun?)histochemr’sny. Consecutive 4 pm-thick sections were
cut from each paraffin sample. Sections were immunolabeled for
podoplanin and CD34. Immunohistochemical labeling was per-
formed by the immunoperoxidase method following the antigen
retrieval with 0.1% trypsin (37°C, 30 min). The antibodies used
were a mouse monoclonal antibody for podoplanin (AngioBio,
Del Mar, CA) and a rabbit polycional antibody for CD34 (NU-
4A1, Nichirei, Tokyo, Japan). Negative controls were performed
with nonspecific IgG as the primary antibody. Immunohistochem-
istry was carmried out with an LSAB Xit (Dako, Glostrup, Den-
mark). Two independent observers (Y.K. and M.K.) blind to each
patient’s status scored the samples. LVYD and microvessel density
{MVD) were determined from the counts of podoplanin-positive
vessels and CD34-positive/podoplanin-negative vessels, respec-
tively. Vessel density was assessed by light microscopy of the
intratumoral region containing the greatest number of capillaries
and small venules (so-called “hot spot™). Highly vascular areas
were identified by scanning tumor sections at low power (x40 and
x100), After the 6 areas of greatest neovascularization were iden-
tified, a vessel count was performed at %200, and the mean count
of 6 fields was calculated, As in the study of Weidner er al. 18
identification of a lumen was not required for a structure to be
considered a blood microvessel. In slides immunolabeled for
podoplanin, only vessels with typical morphology (including a
Iumen) were counted as lymphatic vessels because of occasional
weak antibody cross-reactivity with fibroblasts.!®

Statistical analysis

Statistical significance was determined by the unpaired Stu-
dent’s -test and Spearman’s correlation coefficient. The signifi-
cance level was set at 5% for each analysis.

Results
Expression of VEGF-C, VEGF-D, VEGFR-3 and podoplanin
mRNAs in gastric carcinoma cell lines

We initially examined the expression of VEGF-C, VEGF-D,
VEGFR-3 and podoplanin mRNAs in gastric carcinoma cell lines
by semiguantitative RT-PCR. Gasiric carcinoma cell lines consti-
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Figure 2 - Immunohistochemical fabeling for podoplanin (g—) and CD34 (d) in the normal gastric mucosa () and in primary gastric carci-
nomas (b—d). Podoplanin-positive vessels were identified in gastric carcinoma tissues (b) but were rare in normal mucosa (a). (c) Tumor cells
were identified inside podoplanin-positive lymphatic vessels (arrowheads), Note the presence of unstained blood vessels. () CD34 immunoreac-
tivity was identified predominantly in blood microvessels (arrows). Weak immunoreactivity was also detected in kymphatic vessels (arrow-

heads). Original magnification: x200.

tutively expressed mRINAs for VEGF-C and VEGF-D at various
levels (Fig. 1). Although VEGFR-3 and podoplanin are reported
to be expressed specifically by lymphatic endothelial cells, some
gastric carcinoma cell lines expressed mRINA for these proteins.

Immunchistochemistry for podoplanin and CD34 in human
gastric carcinoma samples

Immunehistochemistry for podoplanin and CD34 was carried
out to examine the relation between LVD and MVD and regional
lymph node metastasis (Fig. 2). Immunoreactivity for podoplanin
was detected in the cytoplasm of lymphatic endothelial cells but
not in blood vessels (Fig. 2¢). In contrast, immunoreactivity for
CD34 was localized predominantly in blood vessels, and lym-
phatics showed faint staining for CD34 (Fig. 24). LVD was signif-
icantly greater in the node-positive group than in the node-
negative group (14.9 & 1.4 vs. 42 = (0.83; mean * SE, p < 0.01,
Fig. 3). However, CD34-positive/podoplanin-negative MVD was
not associated with lymph node metastasis (node-positive vs.
node-negative; 79.7 = 10.9 vs. 57.6 = 7.1).

Relation between expression of VEGF-C, VEGF-D, VEGFR-3,
and podoplanin mRNAs and nodal metastasis in human
gastric carcinoma

‘We next examined the mRNA expression of the potent lym-
phangiogenic factors VEGF-C and VEGF-D by quantitative real-

time PCR. The relative expression levels (T/N ratio) of VEGF-C
and VEGF-D are shown according to node status in Figure 4.
Patients with positive lymph nodes showed significantly greater
expression of VEGF-C but not of VEGF-D than was shown by
node-negative patients. We also examined expression of the lym-
phatic markers VEGFR-3 and podoplanin and found that the
expression levels of these markers were also significantly greater
in the node-positive group than in the node-negative group. There
was a positive correlation between VEGFR-3 and podoplanin
expression levels (p < 0.001, r = 0.699, Spearman’s correlation
coefficient).

Diseussion

Angiogenesis has been reported to play an important role in the
progression and metastasis of a variety of human malignancies.’
Despite the large amount of data regarding angiogenesis, there are
few reports of lymphangiogenesis as a predictor of lymph node
metastasis or as a prognostic factor for human neoplasms. It is
well known that the preferential metastatic route of gastric carci-
noma is initially to lymph nodes and later to distant sites such as
the liver ar peritoneal cavity.? Mast reports have focused on the
correlation between angiogenesis and metastatic spread and not
between primary tumor and nodal metastasis, Data regarding the
impact of lymphatic microvessel density on cancer metastasis are
scarce because, until recently, there were no reliable markers for
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the Iymphatic endothelium. Recently, lymphatic endothelium
markers, including VEGFR-3, podoplanin, LYVE-1 and prox-1,>>#
have received particular attention,

We previously teported that VEGF-C immunoreactivity at the
invasive edge is associated with increased tumor invasion depth,
lymphatic invasion_and lymph node metastasis in patients with
gastric carcinoma.'® In addition, we found that the CD34 (pan-
endothelial marker)-positive vessel count was significantly greater
in VEGF-C-immunoreactive tumors than in non-VEGF-C-immu-
noreactive tumors, However, the role of VEGF-D and the clinical
significance of the lymphatic markers VEGFR-3 and podoplanin
have not been clarified. In our study, we quantified the expression
levels of VEGF-C and VEGF-D mRNA by real-time PCR. This
method is ideal for studies with limited amounts of tissue. In addi-

node-positive

node-negative node-positive

tion, the mRNA levels of faciors produced by both tumor cells and
stromal cells, including macrophages are evalnated. Consistent
with our previous immunohistochemical data, VEGEF-C expression
was shown to comrelated significantly with lymph node metasta-
sis."® However, VEGF-D expression was not associated with
lymph node metastasis. Although gastric carcinomas express the
VEGFR-3 ligands VEGE-C and VEGF-D, VEGF-D expression in
tumor tissue was lower than that in normal mucosa (T/N ratio < 1
in both node-negative and positive carcinoma, Fig. 2). Therefore,
VEGF-C may be a main regulator of tumor lymphangiogenesis
and may be involved in lymph node metastasis of gastric carci-
noma.

We examined LVD of archival formalin-fixed, paraffin-
embedded specimens by immunolabeling for podoplanin. Although
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MEKN-1 gastric carcinoma cells expressed podoplanin mRNA,
wmor cells in surgical specimens did not show staining for podo-
planin. A cosrelation has been reported between LVD and lymph
node metastasis in human gastric, breast, and head and neck squa-
mous cell carcinomas and in melanoma.®>*> However, some
researchers have not found a correlation in lung or ovarian carci-
nomas or in melanoma.??’ Shields ¢t /.%° determined the abso-
lute LVD, whereas others determined only the LVD of “hot spot™
of lymphatics surrounding tumors.2"2**" We also determined
LVD by counting Iymphatic vessels in “hot spot” and we found a
positive correlation between LVD and lymph node metastasis,
This finding is consistent with the results reported by Shimizu
er al.>! who showed a close correlation between the density of
LYVE-1-positive lymphatic vessels and lymph node metastasis in
human gastric carcinoma. However, a difficulty with immunohis-
tochemical evaluation of LVD is that there is no defined cutoff
point and the influence of the measured area. These variables may
lead to discrepancies between studies. Therefore, we utilized real-
time PCR analysis to evaluate L.VD objectively and confirmed that
expression of podoplanin and VEGFR-3 mRNAs is significantly

KITADAI ET AL,

correlated with iymph node metastasis. This technique is useful
because we can quantitatively evaluate expression of lymphangio-
genic markers with small endoscopic biopsy specimens before
surgical treatment. Radical gastrectomy with regional lymphade-
nectomy is the only curative treatment option for gastric carci-
noma; however, the extent of lymphadenectomy is controversial.
If metastatic potential to lymph node of gastric carcinoma can be
predicted at the point of endoscopic examination, it will be very
helpfui to chose less extensive surgery.

In conclusion, VEGF-C, but not VEGF-D, appears to be
involved in lymph node metastasis of gastric carcinoma, and
quantification of VEGF-C, VEGFR-3 and podoplanin mRNAs in
biopsy specimens by quantitative real-time PCR may prove to be
useful in predicting lymph node metastasis.
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Loss of heterozygosity and histone hypoacetylation of the PINXI gene
are associated with reduced expression in gastric carcinoma
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The expression of PINX1, a possible telomerase inhibitor
and a putative tumor suppressor, has not been studied
in human cancers, including gastric cancer (GC). We
examined expression of PINXI by quantitative reverse
transcription (RT)-PCR in 73 cases of GC, and 45 of
these cases were further studied for loss of heterozygosity
(LOH) by PCR with microsatellite marker D8S277.
Reduced expression (tumor vs normal ratio<0.5) of
PINXI was detected in 50 (68.5%) of 73 cases of GC.
GC tissues with reduced expression of PINXI showed
significantly higher telomerase activities as measured by
telomeric repeat amplification protocol than those with
normal expression of PINX1 (P =0.031). LOH of PINXI
locus was detected in 15 (33.3%) of 45 cases of GC and
was correlated significantly with reduced expression of
PINXI (P=0.031). Expression of PINXT in a GC cell
line, MEN-74, was induced by treatment with trichostatin
A (TSA) or nicotinamide (NAM). Chromatin immuno-
precipitation assay of MKN-74 cells revealed that
acetylation of histone Hd in the 5' untranslated region
(UTR) of PINX1 was enhanced by treatment with TSA or
NAM, whereas acetylation of histone H3 was not changed
by TSA or NAM. In addition, TSA or NAM ftreatment
led to inhibition of telomerase activity in MKN-74 cells.
These results indicate that LOH of PINXI locus and
hypoacetylation of histone H4 in the 5 UTR of PINXI
are associated with reduced expression of PINXT in GC.
Oncogene (2005) 24, 157-164. doi:10.1038/sj.0me.1207832

Keywords: PINXI; telomerase; LOH; histone H4;
acetylation; hSir2; gastric carcinoma

Introduction

PinX! is a Pin2/TRF1-binding protein that is a potent
inhibitor of telomerase (Zhou and Lu, 2001). PinXl
binds human telomerase reverse transcriptase (WTERT)
and inhibits its activity directly. A novel human liver-
related putative tumor suppressor gene (LPTS) has been

*Correspondence: W Yasui; E-mail: wyasui@hiroshima-u.ac.jp
Received 3 December 2003; revised 22 April 2004; accepted 22 April 2004

cloned previously (Liao et al, 2000). LPTS gene is
transcribed into two transcripts. The longer transcript,
which is referred to as LPTS-L, encodes a 328-amino-
acid protein (Liao et al., 2002) that is highly homo-
logous to PinX1 (Zhou and Lu, 2001). LPTS-L and
PinX1 have different 3'-untranslated regions but encode
the same protein, which is referred to as LPTS-L/PinX1
(Liao et al., 2003). LPTS-L/PinX1 has strong telomerase
inhibitory activity both in vivo and in vitro (Zhou and
Lu, 2001; Liao et al., 2002). A high percentage of tumor
cells with characteristics of immortalization show high
telomerase activity (Shay and Bacchetii, 1997, Cong
et al., 2002). We previously reported that telomerase
activity is present in a majority of gastric cancer (GC)
types (Tahara et al., 1995; Yasui ez al., 1998, 1999). Loss
of heterozygosity (LOH) of LPTS-L/PINXI locus,
which maps to human chromosome 8p23, was identified
in 34.5% of hepatocellular carcinoma cases (Park ez al.,
2002). 8p23, but not specifically PINXI, is frequently
deleted in various cancers, including carcinomas of the
liver (Emi et al., 1992}, lung (Ohata er ai., 1993),
colorectum (Fujiwara et al., 1993), prostate (Macoska
et al., 1995), and breast (Yaremko et al., 1995), in
addition to GC (Yustein et al., 1999; Baffa er al., 2000).
However, the significance of the LPTS-L/PINX1 gene in
human cancers including GC remains unclear.

A variety of genetic and epigenetic alterations are
associated with GC (Yasui et al., 2000; Oue et al., 2004).
Several lines of evidence suggest that histone acetylation
plays an important role in transcriptional regulation
{Grunstein, 1997). Histone hyperacetylation is thought
to relax the chromatin structure and allow transcription
factors to access promoters (Luger et al., 1997; Luger
and Richmond, 1998). We have reported that trichos-
tatin A (TSA), a histone deacetylase (HDAC) inhibitor,
induces expression of p21"*" and HLTF in GC cell lines
(Suzuki et al., 2000; Hamai ef al., 2003). HDACs are
separated into three distinct classes on the basis of their
homologies to yeast transcriptional repressors (North
et al., 2003). Class I and II deacetylases are homologs of
the yeast Rpd3p and Hdalp proteins, respectively. Class
IIT deacetylases are classified on the basis of homology
to the yeast transcriptional repressor, Sir2, which is
nicotinamide adenine dinucleotide (INAD)-dependent
HDAC (Imai ef al., 2000; Landry et al., 2000, Smith
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et al., 2000). TSA inhibits class I and 1T deacetylases,
whereas nicotinamide (NAM) inhibits hSir2 (Luo ef af.,
2001; Bitterman et al., 2002).

In ihe present study, we examined expression and
LOH of PINX! locus in GC. We also examined the
association between expression of PINX] and acetyla-
tion of histones in the 5 untranslated region (UTR) of
PINX! in GC cell lines.

Results

Expression of PINX1 in GC

Levels of PINX1 expression in 73 cases of GC are shown
in Figure la. PINX] levels were significantly lower in
GC tissues (0.34740.138) than in non-neoplastic
mucosa (1.766+0.758, P<0.0001, Wilcoxon signed
rank test). Reduced expression of PINX! (tumor
vs normal ratio <0.5) was detected in 50 (68.5%) of
73 cases of GC. Reduced expression of PINXI in GC
tissnes was not significantly associated with T grade
{depth of tumor invasion), N grade (degree of lymph
node metastasis), tumor stage, or histological type
{Table 1).

Correlation between expression of PINXI and telomerase
activity in GC

We examined the correlation between PINXT expression
and telomerase activity in 20 of 73 cases of GC. GC
tissues with reduced expression of PINXI showed
significantly higher telomerase activities than those
with normal expression of PINX! (4.608+2.596
vs 1.438+1.018, P=0.031, Mann—Whitney U-test,
Figure 1b),

LOH analysis of PINXI locus in GC

LOH analysis was performed for 45 of 73 cases of GC,
and representative results are shown in Figure 2a.
1L.OH of PINXI locus was detected in 15 (33.3%) of
45 cases of GC, Of 15 cases with LOH of PINXI locus,
14 (93.3%) showed reduced expression of PINX!
{Figure 2b and Table 2). Reduced expression of PINX!
was significantly associated with LOH of PINXT locus
(P=0.031; Fisher’s exact test). LOH of PINXT locus
was not significantly associated with T grade, N grade,
tumor stage, or histological type.

PINXI expression status in GC cell lines

Next, we performed experiments with eight GC cell lines
to further analyse PINXI expression status. Quantita-
tive RT-PCR analysis revealed that the average level of
PINX! expression in eight GC cell lines {0.691+0.226)
was less than a half of that in non-neoplastic mucosa
of 73 cases (1.7661+0.758) (Figure 3a). In particular,
PINX1 expression level in MKN-74 cells was obviously
lower than that in the seven other GC cell lines.
Methylation of CpG island is an alternative way of
causing the gene silencing of diverse tumor suppressor
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Figare 1 Expression of PINX! in GC. {a) Quantitative RT-PCR
analysis of GC tissues and correspending non-neoplastic mucosae,
Expression of PINX] was significantly lower in GC tissues than in
corresponding non-neoplastic mucosae (P<0.0001, Wilcoxon
signed rank test). The expression value was calculated as the mean
of three independent quantitative RT-PCR experiments. The units
are arbitrary, and we calculated the PINY] mRNA expression level
by standardization against 1 pg of total RNA from HSC-39 GC
cells, which was taken as 1.0. (b) Correlation between telomerase
activity and reduced expression of PINXI. Reduced (T/N<0.5),
not reduced (7/N20.5). Telomerase activities were higher in GC
tissues with reduced expression of PINX! than in those with
normal PINX! levels (P==0.031, Mann-Whitney U-test). We
examined the correlation between PINXI expression levels and
telomerase activity in 20 of 73 cases for which telomerase activities
were reported (Yasui et al., 1998)

genes. To evaluate the extent of the PINXT methylation,
bisulfite sequencing was carried out in three cell lines
(MKN-28, MKN-74, and HSC-39). The PINXI CpG
islands of these cell lines were found to be little
methylated over the entire region analysed (Figure 3b
and Table 3). To further examine if the reduced
expression of PINXI is related to genomic alteration
of the gene, Southern blot was performed in eight GC
cell lines. No obvious alteration of PINXI was found
in all cell lines (Figure 3c).



Table 1 Clinicopathologicai features of gastric cancers (n="73) and
reduced expression of PINX!

Reduced Not reduced P-value®
{T/N=<0.5) (TNZ0.35)
Histology®
Intestinal 24 (63.2%) 14
Diffuse 26 (74.3%) 9 0.221
T grade®
Tl 2 22 (62.9%) 13
T3. 4 28 (73.7%) 10 0.229
N grade
NO 14 (70.0%) 6
NI 2,3 36 (67.9%) 17 0.351
Stage*
LII 20 (69.0%) E
I, IV 30 (68.2%) 14 0.576

aT/N ratio, PINX] mRNA expression levels in GC tissue relative to
levels in corresponding non-neoplastic mucosa. PFisher’s exact test.
*According to the Lauren criteria (Lauren, 1965). According to the
criteria of the TINM Stage classification system (Sobin and Wittekind,
1997)

PINXI expression was induced by treatment with TSA
and NAM

Histone acetylation plays an important role in gene
expression. We presumed the possibility that histone
acetylation is involved in reduced PINX! expression.
Treatment of MKN-74 cells with TSA, an HDAC (class
I and I) inhibitor, and NAM, an hSir2 (class III)
inhibitor, increased PINXI expression in the cells
(Figure 4a). The treatment with TSA and NAM
together yielded an additive increase in PINX] expres-
sion in MEN-74 cells. In contrast, in MKN-28 cells,
treatment with TSA and NAM had no effect on PINX]
expression.

Histone acetylation status of the PINXI gene in GC cell
lines

To examine acetylation of histones H3 and H4 in the
5 UTR of PINX! in MKN-74 cells, we performed
chromatin immunoprecipitation (ChIP) assays. The
level of acetylation of histone H3 in the 5 UTR of
PINX]1 in MKN-74 cells was similar to that in MKN-28
cells (Figure 4b). Moreover, no change in the level of
acetylation of histone H3 in the 5 UTR of PINXI was
observed in MKN-74 cells treated with TSA and NAM.
However, acetylation of histone H4 in the 5 UTR of
PINXI in MKN-74 cells was significantly lower than
that in MKN-28 cells (Figure 4c). After treatment with
both TSA and NAM, acetylation of histone H4 in the &
UTR of PINXI was increased in MKN-74 cells. No
significant changes in histone H4 acetylation were
observed in MKN-28 cells (data not shown).

Alteration of telomerase activity in MKN-74 treated with
IS4 and NAM

PinX1 binds to hTERT and inhibits its activity directly
(Zhou and Lu, 2001). To observe the alteration of
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Figure 2 LOH of PINX] locus in GC specimens and association
between LOH and PINXI expression. {a) Representative finor-
escent electropherograms for LOH, Tumor tissues (1), correspond-
ing non-neoplastic mucosae (N). Lost alleles are indicated by
arrows. (b) Distribution of PINX expression in 45 cases of GC, T/
N ratio, PINX] mRNA expression levels in GC tissue refative to
levels in corresponding non-neoplastic mucosa. T/N <(.5-fold is
defined as reduced expression of PINX]

telomerase activity when PINX1 expression is changed,
we performed telomeric repeat amplification protocol
(TRAP) assay in MEN-74 cells treated with TSA and
NAM. Telomerase activity was reduced to 65.6% with
TSA, and to 10.2% with NAM (Figure 5a). Levels of
hTERT expression were not significantly changed by
treatiment with TSA or NAM (Figure 5b).

Discussion

The PINX] gene appears to function as a tumor
suppressor; however, the association between PINXI
and GC has not been studied. We report here reduced
expression of PINX! in 50 (68.5%) of 73 GC cases. In
all, 15 (33.3%) of 45 cases had LOH of PINX! locus,
which was correlated significantly with reduced expres-
sion of PINXI, suggesting that LLOH plays a major role
in reduced expression of PINX1. We did not find any
association between reduced expression of PINXI and
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Table 2 Clinicopathological features of gastric cancers (n=43) and
LOH of PINXI locus

LOH P-value®
(+/ (=)
PINXI expression
Reduced (T/N<0.5) 14 (42.4%) 19
Not reduced (T/N=0.5) 1 (8.3%) 11 0.031
Histology
Intestinal 7 (33.3%) 14
Diffuse 8 (33.3%) 16 0.625
T grade
T1,2 8 (34.8%) 15
T34 7 (31.8%) 15 0.542
N grade
NO 4 (33.3%) 8
N1,23 11 (33.3%) 2 0.645
Stage
LI 5(27.8%) 13
IILIV 10 {37.0%)} 17 0.376

*Fisher’s exact test

frequency of LOH and T grade, N grade, or tumor
stage. This finding suggests that downregulation of
PINXI may be involved in tumor development but not
in tumor progression. We also found that telomerase

a2 2.5+ l

PN mRNA expresaion leval

activity is higher in GC tissues with reduced expression
of PINXJ than in those with normal levels of PINX],
Reduced expression of PINXT appears to be involved in
activation of telomerase. Since PINX is located in the
subtelomeric region of human chromosome 8, LOH of
the PINXI locus may occur easily through telomere
dysfunction and chromosome instability during initia-
tion of human cancers (Chin et al., 1999; Artandi er al.,
2000; DePinho, 2000; O’Sullivan er al., 2002; Meeker
et al., 2002; Van Heek et al, 2002). Recently, we
reported that inhibition of Potl, a single-stranded
telomeric DNA-binding protein, induces telomere dys-
function and that expression of POT/ is reduced in
early-stage GC (Kondo ef al., 2004). Although hTERT,
the catalytic subunit of telomerase, is essential for
activation of telomerase, it is possible that downregula-
tion of PINXI, due to LOH, contributes to activation of
telomerase at an early stage of stomach carcinogenesis,
In fact, we previously observed that telomerase is
activated in precancerous conditions such as intestinal
metaplasia and adenoma of the stomach (Tahara et af,,
1995; Kuniyasu et al, 1997; Yasui el al, 1999).
Activation of telomerase is essential for cell immortality,
and it may be a critical step in the development of
cancers (Tahara er al, 1995). PinXl may inhibit
telomerase activation in normal somatic cells.

We observed reduced expression of PINXI in 19
{63.3%4) of 30 cases of GC that did not have LOH of
PINXT locus. We hypothesized that DNA methylation

<
GC cell line

HSC-39
KATO-I4
Hon-neoplestie
gastric mucoua 1
Non-nsoplestic
guetric mecosn 2

z 2
X ¥
= =

Mi(N-28
MiKN-45
HIKN-74
THIK-1

= B .
- % % & . g 7 #E
=z = =Z ; + @ i Q o
- EEEENEER
5
GG coll line :%E,
ATG
b
| O 0 O L 1 e 1 T P
i primar2 & a K
primer 1 0 &
i L r A i L
-600 -500 400 .30 200 A0 0 100 200 300 bp

Figure 3 Expression of PINXT in GC cell lines. {(a) Quantitative RT-PCR. analysis of GC cell lines. Expression of PINXT in MKN-74
cells was lower than that in seven other GC cell lines. Each value is the mean of three independent quantitative RT-PCR experiments.
Error bars indicate standard error (s.e.) from the mean. The units are arbitrary, and we calculated the level of PINX! expression by
standardization against 1 ug of total RNA from HSC-39 GGC cells, which was taken as 1.0. (b) A map of the CpG island of the PINX]
gene, The CpG map of the sequence around exon 1 of the PINX7 gene is shown. The CpG density is indicated by short vertical bars.
Arrows represent PCR primers. The numbering in this scheme corresponds to position relative to known translation start sites, {¢)
Southern blot analysis of the PINX/ gene in eight GC cell lines. All cell lines showed no change of PINX] status in comparison with

normal gastric mucosa

Cncogene

—390—



PINX1 expressicn in gastric carcinoma @
T Kondo et af

161
Table 3 DNA methylation status of 38 CpG islands in the PINX]

Sample  Expression* CpG islands, percentage of clones exhibiting methylation®
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*PINXI expression determined with guantitative RT-PCR. We calculated the level of PINXJ expression by standardization against 1 pg of total
RNA from HSC-39% cells, which was taken as 1.0. Units of expression levels were divided into three groups: Low, 0-0.5 U calculated (L); Medium,
0.5-2.0U calculated (M); High, >2.0U calcutated (H). *"DNA extracted from each sample was treated with sodium bisulfite and described in
‘Materials and methods’. The percentage of 10 independent clones exhibiting DNA methylation at each CpG island is listed
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Fipure 4 Effect on PINX] expression of TSA and NAM in GC cell lines. (a) Quantitative RT-PCR analysis of TSA- and/or NAM-
treated MK IN-28 and MEN-74 cells. We treated GC celi lines with TSA for 24h and with NAM for 6h. Cotreatment with TSA and
NAM was performed for 12h. In MKN-74 cells, treatment with TSA and/or NAM increased PINX! expression, whereas in MK N-28
cells, treatment with TSA and/or NAM did not significantly alter PINXI expression. (b, ¢) ChlIP assay of MKN-28 and MKN-74 cells.
Levels of acetylation of histone H3 in the 5 UTR of PINX] in MKN-74 cells were similar to those in MXN-28 cells. Acetylation levels
did not change in response to treatment with TSA or NAM. Leveis of acetylation of histone H4 in the 5" UTR of PINX1 in MKN-74
cells were significantly lower than those in MK N-28 cells. After treatment with both TSA and NAM, acetylation of histone H4 in the 5
UTR of PINXT was increased in MEKN-74 cells. Bar graphs illustrate the levels of acetylation of histones H3 and H4 in MKN-74 cells
relative to those of histones H3 and H4 in MKIN-28 celis. Each value is the mean of three independent ChIP experiments. Error bars
indicate SE from the mean. The units are arbitrary, and we calculated the acetylation level by standardizasion with the value from
0.1 pg of genomic DNA of HSC-39 GC cells, which was taken as 1.0

a  MKN-74 might contribute to reduced expression of PINX] in

- such cases because hypermethylation of CpG islands in
promoters is associated with silencing of many tumor
suppressor genes in human cancers (Razin and Cedar,
1991; Kass et al., 1997; Jones and Baylin, 2002). We
have also reported DNA methylation of tumor sup-
pressor genes in GC (Oue er al., 2001, 2002, 2003;
Hamai et al., 2003; Oshimo ez al., 2004). Although the
average level of PINX] expression in eight GC cell lines
(0.69140.226) showed less than half that in non-
neoplastic mucosa of 73 GC cases (1.76640.758),
complete silencing of PINX! expression was not
observed and bisulfite sequencing revealed that the
PINXI CpG island methylation were little over the
entire region analysed in MKN-28, MKN-74, and HSC-
39 cells. Recently, it has been reported that the PINX]
promoter is not hypermethylated in GC tissues {Akiya-

Figure 5 Alteration of tel d hTERT i ma ef al, 2004).
Figure teration of teiomerase activity an expression : : ihilit .
in MKN-74 treated with TSA and NAM. (a) Reduced telomerase We then investigated the possibility that histone

activity was detected in TSA- and NAM-treated MEN-74 cells. acetylation status alters expression of PINXI. . Bo‘fh
IC=internal comtrol (36bp). () ATERT expression did not ~ 15A and NAM treatment induce PINX] expression in
significantly change in TSA- and NAM-treated MKN-74 cells MEN-74 cells, and acetylation of histone H4 in the 5
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UTR of PINXI is increased, whereas acetylation of
histone H3 is not changed significantly. These data
suggest that hypoacetylation of histone H4 in the ¥
UTR of PINXI reduces expression of PINX/.

Our results also indicated that PINXI acetylation
may be controlled through two pathways of histone
deacetylation. The first pathway may involve class I
and/or Il HDACs. The second pathway is inthibited by
NAM, which suggests the involvemeni of the NAD-
dependent TSA-resistant Sir2 deacetylase, which is a
class ITT HDAC. Deacetylation by Sir2 occurs selectively
at Lys 16 of histone H4 in yeast (Imai er al., 2000).
Therefore, we believe that acetylation of histone H4 in
the 3 UTR of PINXI was induced selectively by NAM
in the present study.

Moreover, we revealed that telomerase activity was
inhibited with TSA and NAM in MEKN-74 cells,
although ATERT expression was not changed. Thus,
PinX1 inhibits telomerase activity without change of
hTERT expression. Our results also provide a possibility
for cancer therapy with NAM.

In conclusion, our data show that LOH of the PINXT
locus and hypoacetylation of histone H4 in the 3 UTR
of PINX] are associated with reduced expression of
PINX!I in GC. However, we cannot exclude the
possibility that reduced expression of PINX/ is asso-
ciated with mutation or other factors. Further studies
may provide a better understanding of the physiological
function of PINX] and its role as & tumor suppressor in
stomach carcinogenesis.

Materials and methods

Tissue samples

A total of 73 GC samples from 73 patients were studied.
Tumors and corresponding non-neoplastic mucosae were
removed surgically at Hiroshima University Hospital, frozen
immediately in liquid nitrogen, and stored at —80°C until use.
We confirmed microscopically that the carcinoma tissue
specimens consisted mainly (>80%) of carcinoma tissue,
and that the non-neoplastic mucosae did not show any
invasion by carcinoma cells or show significant inflammatory
involvement. Histologic classification and tumor staging were
carried out according to the Lauren classification system
{Lauren, 1965) and the TNM Stage Grouping (UICC 5th
Edition, 1997) (Sobin and Wittekind, 1997). Telomerase
activities were determined previously in 20 of the 73 GC
samples by TRAP analysis (Yasul et al., 1998).

Cell lines and drug treatment

Eight cell lines derived from human GC were used. The TMK-
1 cell line was established in our laboratory from a poorly
differentiated adenocarcinoma (Cchiai et af., 1985). Five GC
cell lines of the MKN series (MEKN-I, adenosquamous cell
carcinoma; MEN-7, MKN-28, and MKN-74, well-differen-
tiated adenocarcinomas; and MKN-45, poorly differentiated
adenocarcinoma) were kindly provided by Dr T Suzuki.
KATO-IIT and HSC-39 cell lines, which were established from
signet ring cell carcinomas, were kindly provided by Dr M
Sekiguchi and Dr K Yanagihara (Yanagihara ef al., 1991),
respectively. All cell lines were routinely maintained in RPMIE
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1640 (Nissui Pharmaceutical Co., Ltd, Tokyo, Japan) contain-
ing 10% fetal bovine serum (FBS) (Bio-Whittaker, Walkers-
ville, MD, USA) in a humidified atmosphere of 5% CO, and
95% air at 37°C. MKN-28 and MEN-74 cells were treated
with 300nM TSA (Wako, Tokyo, Japan) for 24 h or with 5mM
NAM (Sigma, St Louis, MO, USA) for 6h.

Quantitative RT-PCR

Total RINA was extracted from tissues and cell lines with the
RNeasy Mini Kit (Qiagen, Valencia, CA, USA). Total RNA
(1 pg)y was converied to cDINA with the First-Strand cDNA
Synthesis Kit (Amersham Pharmacia Biotech, Uppsala,
Sweden). To analyse the expression of PINX! gene in GC
tissues specimens and GC cell lines, we performed real-time
RT-PCR. PCRs were performed with the SYBR Green PCR
Core Reagent kit (Applied Biosystems, Foster City, CA,
USA). Real-time detection of the emission intensity of SYBR
Green bound to double-stranded DNAs was performed with
the ABI PRISM 7700 Seguence Detection System (Applied
Biosystems). The PINXI cDNA and the ACTB cDNA
(internal control) were amplified separately. Relative gene
expression was determined from the threshold cycle for the
PINX1 gene and the ACTB gene. Reference samples (HSC-39)
were included on each assay plate to verify plate-to-plate
consistency. Plates were normalized to each other with these
reference samples. PCR amplification was performed in 96-
well optical trays with caps with a 25y final reaction mixture
according to the manufacturer’s instructions. Quantitative
RT-PCRs were performed in triplicate for each sample and
primer set, and the mean of the three experiments was used as
the relative quantification value. We analysed PINXT levels in
73 cases of GC by calculating the ratio of PINX] mRNA
expression levels between carcinoma tissue and the corre-
sponding non-neoplastic mucosa (7YN ratio). We considered
a T/N<0.5fold to indicate reduced expression of PINXI.
PINXI primer sequences were 5-CAC TCC AGA GGA GAA
CGA AAC C-3 (sense) and 5-CAC CGG CTIT GGC AAA
GTA CT-3 (antisense). ACTRB primer sequences were 3-TCA
CCG AGC GCG GCT-¥ (sense) and 5-TAA TGT CAC
GCA CGA TTT CCC-3 (antisense). We used TagMan Pre-
Developed Assay Reagents Human TERT and TagMan §-
actin Control Reagents (Applied Biosystems) in #TERT
expression analysis.

Genomic DNA extraction and LOH analysis

To examine LOH of PINXI locus, we extracted genomic
DNAs from GC tissues with a genomic DNA purification kit
(Promega, Madisen, WI, USA). LOH at microsatellite marker
D88277 was evalnated by PCR of tumor and normal speci-
mens, and microcapillary electrophoresis of PCR products was
carried out in an ABI PRISM 310 Genetic Analyzer (Applied
Biosystems). GeneScan software (Applied Biosystems) was
used to quantify and interpret the raw data. Allelic loss was
calculated according to a previously described formula
{Liloglou et al., 2000, 2001). Among 73 GC cases, we evaluated
45 cases for which genomic DNA was available,

Bisulfite genomic DNA sequencing

To examine the DNA methylation patterns, we treated
genomic DNA with sodium bisulfite, as described previously
(Hermann er al, 1996). In brief, 2 ug of genomic DNA was
denatured by treatment with NaOH and modified with 3M
sodium bisulfite for 16h. DNA samples were purified with
Wizard DNA purification resin (Promega), treated with
NaOH, precipitated with ethanol, and resuspended in 25l



of water. Treated DINAs were stored at —20°C until needed.
Sodium bisulfite-treated genomic DNAs were amplified with
PINX! gene-specific primers (primer 1 and primer 2,
Figure 3b). Primer 1 sequences were 5-TTT GAT TTT TTT
GGA GTT TTT AGT-? (sense) and 5'-GCG ACC CAA AAT
AAT TCT AAA-Y (antisense). Primer 2 sequences were 5'-
GGG TTT TTT GAT GGA GAT TTT A-¥ (sense) and 5'-
ACG TTC AAC CAA CAT AAA CAT ATC-3' (antisense).
Conditions for the PCR were ! cycle at 94°C for 10 min; 34
cycles at 94°C for 1 min, at 54°C for 1 min, and at 72°C for
1 min, and 1 cycle at 72°C for 4 min. The PCR product was
cloned into the TA vector pCR2.1 {Inviirogen, Carlsbad, CA,
USA). A total of 10 subclones were confirmed by restriction
analysis and sequenced using the MI13 reverse primer
{Invitrogen) with a Prism 310 DNA Sequencer (Perkin-Elmer
Applied Biosystems).

ChIP assay

ChIP assay of GC cell lines was performed as described
previously with modification (Ferreira ef al., 2001). In brief,
chromatin proteins were crosslinked to DNA by addition of
formaldehyde directly to the culture medium to a final
concentration of 1%. After 10-min incubation at room
temperature, the cells were washed and scraped off the dishes
into ice-cold phosphate-buffered saline (PBS) containing
protease inhibitors, Cells were pelleied and then resuspended
in SDS lysis buffer (1% SDS, 10mM EDTA, 50 mM Tris-HCl,
pH 8.1, protease inhibitor) for 10min on ice. The lysate was
sonicated to reduce the mean DNA fragment size to 300-
1000 bp. The sample was centrifuged to remove cell debris and
diluted 10-fold in ChIP dilution buffer (0.01% SDS, 1.1%
Triton X-100, 1.2mM EDTA, 16.7mM Tris-HCI, pH 8.1,
167myM NaCl, protease inhibitors). The chromatin solution
was precleared with 40 gl of a mixture of salmon sperm DNA~
protein A agarose slurry (Upstate Biotechnology, Lake Placid,
NY, USA) to reduce nonspecific background. After preclean-
ing, the solution was centrifuged, and the supernatant was
collected. In all, 3 pl of either antiacetylated histone H3 or 14
antibody (Upstate Biotechnology) was added to the chromatin
solution and incubated overnight at 4°C with agitation. A
no-antibody control was also performed for each ChIP assay.
After the overnight incubation, immune complexes were
collected by addition of 60 ul of salmon sperm DNA-—protein
A agarose slurry (Upstate Biotech) and incubated at 4°C with
agitation for I h. Beads were washed five times, and the bound
immune complexes were eluted with buffer containing 1%
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Abstract Cadherin-17 (CDHI17), also called liver—intes-
tine cadherin, is a structurally unique member of the cad-
herin superfamily. Our serial analysis of gene expression
demonstrated that CDH17 was one of the most up-regu-
lated genes in advanced gastric carcinomas. CDH17 ex-
pression is known to be regulated by Cdx2. In the present
study, we examined the expression of CDHI17 in primary
gastric carcinoma tissues by immunchistochermistry, and an-
alyzed the correlation of CDHI17 expression with clinico-
pathological characteristics and patients prognosis. CDH17
expression was detected in 63/94 (67%) of gastric ade-
nocarcinomas in addition to intestinal metaplasia. The ex-
pression of CDH17 tended to be associated with intestinal
type carcinoma, and carcinomas with CDH17 expression
was significantly more frequent in advanced stage cases
{80%) than in early stage (53%). The prognosis of patients
with positive CDH17 expression was significantly poor-
er than that of the negative cases (P=0.0314). Howev-
er, multivariate analysis revealed that CDH17 was not an
independent prognostic factor. Six of seven cases that
showed positive expression of Cdx2 simultaneously ex-
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pressed CDHI17 protein. These results suggested that the
expression of CDH17 was characteristic of the advanced
gastric carcinoma that is associated with poor prognosis.

Keywerds CDHI17 - Gastric carcinoma - Prognosis -
Immunchistochemistry

Introduction

Cadherin-17 {CDH17), which is also called liver—intestine
(LI) cadherin or human peptide transporter-1 (HPT-1), is
a structurally unique member of the cadherin superfami-
Iy [2, 4]. Whereas the so-called classic cadherins, such as
E-, N- and P-cadherin, have five cadherin repeats within the
extracellular domain, CDH17 consists of seven cadherin
repeats. Moreover, CDH17 has only 20 amino acids in the
cytoplasmic domain, whereas classic cadherins have a high-
ly conserved cytoplasmic domain consisting of 150-160
amino acids. CDH17 is expressed in mice and humans al-
most exclusively in epithelial cells of both embryonic and
adult small intestine and colon, with no detectable expres-
sion in the liver [1, 5]. It has been reported that transcription
factor Cdx2 regulates CDH17 gene expression in the gas-
trointestinal tract [6]. Cdx2 gene is quite broadly expressed
during the early stages of embryonic development; how-
ever, in later stages of development and in normal adult
tissues, expression of the genes is restricted to epithelium of
the small intestine and colon [15]. Cdx2 has been reported
as a tumor suppressive factor in colon cancer. It has been
reported that CDH17 is overexpressed in hepatocellular
carcinoma [18], and the expression of CDH17 couid be
useful as a marker for predicting the outcome of patients
with pancreas cancers [17].

We examined the gene expression profiles of gastric
cancer by serial analysis of gene expression (SAGE) and
found that CDH17 was one of the most up-regulated genes
in the advanced cases [20]. Quantitative RT-PCR analysis
had confirmed that over 70% of gastric carcinoma over-
expressed CDH17 and the expression levels was signifi-
cantly associated with depth of tumor invasion [20]. Recent
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reports indicated that the expression of CDHI17 was
comrelated with lymph node metastasis [8, 9]. Therefore,
CDH17 could be a novel prognostic factor of gastric carci-
noma. However, no study has demonstrated the prognostic
impact of CDHI17 in gastric carcinoma. In the present
study, we examined the expression of CDHI17 protein in
primary gastric carcinoma tissues and corresponding non-
neoplastic mucosa by immunchistochemistry, and analyzed
the correlation of CDHI17 expression with clinicopatho-
logical characteristics and patient’s prognosis. We also com-
pared CDHI17 expression with Cdx2 in gastric carcinoma
tissue.

Materials and methods
Tissue samples

We used a total of 94 gastric adenocarcinoma cases. Tumor
tissues and corresponding non-neoplastic gastric mucosa
were obtained by surgery at the Hiroshima University
Hospital and its affiliated hospitals. For immunohisto-
chemistry, tissues were fixed in 10% buffered formalin and
embedded in paraffin.

Histological classification of gastric cancer was done
according to the Lauren classification system [11]. Staging
of gastric carcinoma was done according to the Tumor-
Node-Metastasis Stage Grouping [16]. Classification of the
quantity of stroma was made according to the criteria of the
Japanese Classification of Gastric Cancer [7] as follows:
scirrhous type (sci), stroma is abundant and fibrous; med-
ullary type (med), stroma is scanty; intermediate type (int),
the quantity of stroma is intermediate between sci and med.

Western blotting and immunohistochemistry

To confirm the specificity of the anti-CDH17 antibody,
Western blotting was carried out as described [14]. Human
gastric carcinoma cell Iine, HSC39, was used. The cells
were lysed in lysis buffer [S0 mM Tros-HCL pH 7.4,
125 mM NaCl, 0.1% (v/v) NP-40, 5 mM ethylene diamine
tetraacetic acid (EDTA), 50 mM NaF, 50 pg/ml phenyl-
methylsulfonyl fluoride (PMSF), 10 pg/ml leupeptin,
10 pg/ml soybean trypsin inhibitor, and 1 jg/ml aprotinin].
Protein (50 ug) was subjected to Western blot analysis,
Anti-CDH17 pelyclonal antibody (C-17, sc-6978; Santa
Cruz Biotechnology, USA) at a 1:100 dilution was used in
primary reaction. As expected, a single band of 120 kDa
was detected (Fig. 1).

Consecutive 4-pm tissue sections were prepared from
paraffin blocks and immunostained for CDHI17 and Cdx2.
Each section was mounted on &« MAS-coated glass slide,
deparaffinized, and soaked for 15 min at room temperature
in 3% H,Os/methanol to block endogenous peroxidase.
Anti-CDH17 polyclonal antibody at a 1:200 dilution and
anti-Cdx2 monoclonal antibody (CDX2-88, BioGenex,

Fig. 1 The specificity of
CDHI7 antibody. Western blot
analysis was performed as
described in Materials and
methods. A single band of
120 kDa was detected in HSC-
39 gastric carcinoma cell lines

USA) at a 1:100 dilution were used as primary antibody
and was applied for ovemnight at 4°C. The primary an-
tibody was visualized using the Histofine Simple Stain
MAX-PO (MULTI) kit (Nichirei, Tokyo, Japan} according
to the instruction manual. The slide was counterstained
with hematoxylin. Negative control staining was done
using non-specific IgG in the primary reaction. The stained
slides were observed without clinicopathological informa-
tion. Reproducibility of staining was confirmed by re-
immunostaining via the same method in multiple, randomly
selected specimens. To determine the definition of CDH17
expression, we counted the number of positive cells that
showed immunoreactivity on the cell membrane among
tumor cells in the representative ten microscopic fields,
and calculated the percentage of positive cells. The def-
inition of staining was as follows: positive, more than
40% of tumor cells showed immunoreactivity; weak, 5-
40% of turnor cells showed immunoreactivity;, negative,
from 0% to less than 5% of tumor cells showed immuno-
reactivity. To define Cdx2 expression, we counted the
number of nuclear stained cells. Definition of staining was
as follows: positive, over 40% of tumor cells showed
immunoreactivity; negative, from 0% to less than 40% of
tumor cells showed immunoreactivity.

Statistical analysis

Statistical analyses were performed with non-parametric
test and P values were shown. If the P value is less than
0.05, it means that each parameter has a significant cor-
relation with the level of CDH17 expression. Survival rates
were calculated via the Kaplan—Meier method. The differ-
ence between the survival curves was analyzed by means
of log-rank test.
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Fig. 2 Expression of CDH17
protein in gastric carcinoma tis-
sues and non-neoplastic mucosa.
CDH17 immunohistochemical
stalning: a non-neoplastic mucosa
with intestinal metaplasia,

b intestinal-type carcinoma,

c diffuse-type carcinoma. CDH17
expression was found in cell
membrane and cytoplasm at var-
ious levels in gastric carcinoma
tissues. In non-neoplastic mucosa,
the expression of CDH17 was not
recognized in normal foveolar
epitheliz, while intestinal meta-
plasia revealed expression of
CDH17

Results

Immunohistochemical detection of CDH17 in gastric
carcinoma tissues and non-neoplastic mucosa

We immunohistochemically examined the expression and
localization of CDHI7 protein in 94 cases of gastric carci-
noma and non-neoplastic mucosa. Representative stainings
of CDH17 are shown in Fig. 2, and the results are sum-
marized in Table 1. CDHI7 was expressed in 67% (63/94)
of gastric carcinomas at various levels (Fig, 2b, ¢ and Table 1).
CDH17 expression was mainly localized in cell membrane
and cytoplasm. In non-neoplastic gastric mucosa, CDHI17

was also detected in the cell membrane of epithelial cells
with intestinal metaplasia (Fig. 2a).

Correlation between CDH17 expression and
clinicopathological characteristics of gastric carcinoma

‘We next analyzed the relationship between the expression
of CDH!17 and the clinicopathological parameters of gas-
tric carcinoma. As shown in Table 1, the expression of
CDHI7 tended to be asscciated with intestinal histology.
The incidence of cases with positive expression of CDH17
was significantly higher in medullary type (37/47, 79%),

Table 1 Expression of CDH17 in gastric carcinomas and its correlation with clinicopathological parameters

Case no. CDH17 expression® P value
Positive Weak and negative
Gasiric carcinomas o4 63 (67%) 31 (33%)
Histology®
Intestinal €vpe 53 39 (74%) 14 (26%)
Difiuse type 4] 24 (59%) 17 (41%) 0.0621
Quantity of stroma®
med 47 37 (79%) 10 (21%)
sci and int 47 26 (55%) 21 (45%) 0.01581
Depth of invasion®
tl 47 26 (55%) 21 (45%)
124 47 37 (79%) 10 (21%) 0.01581
Lymph node metastasis
n0 47 31 (66%) 16 (34%)
nl—4 47 32 (68%) 15 (32%) 0.08263
Stage®
1 45 24 (53%) 21 (47%)
H-1v 49 39 (80%) 10 (20%) 0.0683

*Grades of CDH17 expression were classified as “positive” and “weak and negative”, as described in Materials and methods
Hisiclogical classification of gastric carcinoma was done according to the Laure classification system [11]

“According to the criteria of the Japanese Classification of Gastric Cancer [7]
Tumor staging of gastric carcinoma was done according to be Tumor-Node-Metastasis Stage Grouping [16]

“Correlation was analyzed by non-parameiric test and P values are shown. P values less than 0.05 were regarded as statistically significant
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than in scirrhous and intermediate type (26/47, 55%).
Positive expression of CDH17 was significantly associated
with deep invasion of tumor cells in gastric wall (P=
0.01581). The incidence of positive expression of CDH17
tended to be higher in carcinomas with lymph node me-
tastasis. Further more, cases with positive CDH17 expres-
sion were significantly more frequent in carcinomas of
stages II-IV than stage I {P=0.00683),

Prognosis of gastric carcinoma cases with or without
CDHI17 expression

We studied the survival rate of gastric carcinoma patients
after surgery. If all patients with carcinoma of different stages
were included, the cases with positive expression of CDH17
showed worse prognosis than the cases with negative ex-
pression of CDH17 (P=0.0314) (Fig. 3). However, we did
not find any significant correlation between CDH17 expres-
sion and the prognosis of the patients with “stage I and II”
carcinoma (P>0.5) or “stage Il and IV” carcinoma {(P=
0.1072). With multivariate survival analysis, the factor that
gave the strongest influence was not CDH17 expression, but
tumor stage (data not shown). Thus CDH17 expression must
be one of the effective factors for gastric cancer prognosis.

Fig. 4 Relationship of the expression of CDHI7 and Cdx2. Syn-
chronous expression of CDH17 and Cdx2 was detected in intestinal
type gasiric carcinoma

Comparison of the Cdx2 expression with CDH17
expression

We finally compared CDH17 expression with Cdx2 protein
expression. Cdx2 immunohistochemical staining was per-
formed in 52 gastric cancer cases extracted from cases that
had been investigated with CDH17 immunohistochemical
staining. Representative stainings are shown in Fig. 4. Seven
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Fig. 3 Comparison of survival rates in patients between CDHI7
positive cases, and weak and negative cases. The prognosis of pa-
tients with CDH17 positive cases was significantly poorer than that

of the patients weak and negative for CDH17, whereas there is no
significance between survival rate and CDH17 expression when di-
vided the cases into “stage I and II"” and “stage III and TV”
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