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2R T1ERREST 5,

2. HBE B

FMT+S-1: S-1 bk 80 mg/m?/day (tegafur {HE ) *
1HZEASTTRO®RS T2, 2h% 4 ABERED
BEL, TOERLEBMKETZAY Y2 —01T 1 EER
E+3 (Fig. 1),

. SR R

FRBROERE, BEUREER T Stage 1B X U
Stage Il (TNM £34H) OERE (Rs #§x<) EHEH
RELT, WEMEEREL LTOS-1 (tegafur -
gimeracil - oteracil potassium) FEEOFHMES URT
(tegafur - uracil) FEHEERE L LTS >3 Ak
B THIET 2 Z &£ Td 5%, primary endpoint I IEFF
S#EF IR (relapse-free survival: RFS)Y % b, second-
ary endpoint 12471 (overall survival: 0S) T% 3,

S-1 R UFT # LE 2885 cs s Km,. BIEE
KBILTH UFT XD B TRET 5 8 FEER
5o Bz, EBLCOFERLEOFTHVAKIZETHS
Ewd EEeD, AEECELTHES L2 oh 3,
Lic#oT, S-14#8:13 primary endpoint T % RFS
BWT, UFTH#ECES BRESTTH0 THREBRK
TROBMEMBRO—D LB T ONE, ZOd
S-1MEN UFT#E iU T RES OEREH %
PENPOFEREERIITI I LT,

FHABROT T 2R [FEEE (S-155) O RFS o8

Tablel Eligibility criteria

1) Histologically confirmed rectal cancer except Rs

2) Histological Stage IT A (T3, N0, M0), IIB (T4, NOo,M0), IHA (Ti-2, N1,
MO, IIB (T34, NLM®,andHIC (any T, N1, M0} located in rectal except
Rs (according to TMN classified, UICC 6% edition, 2002)

3) Patients without synchronous multiple colorectal carcinoma deeper than his-

tological depth of invasion, sm

Synchronous colorectal carcinoma with histologica! tumor invasion of mucosa is
permitted, if patients have underwent curative resection.

4) Curative resection with D 2 or more lymph node dissection

5) Resection of histological curability A was performed

6) Age=20 and =80 years

7) No prior treatment (chemotherapy and radiotherapy etc) except for resection
8) Adjuvant chemotherapy will be started within 7 weeks after the operation

§) Oral administration of UFT or $-1 is possible

10} Sufficient organ functions drawn within 14 days of entry

a) WBCz3,500/mm?

b) Hemoglobinz9.0 g/d!

¢) Platelet =100, 000/mm?

d) Total bilirubin=1.5 mg/d!

e) AST, ALT<100IU/!

f) Serum creatinine=1.0 mg/d/
Written informed consent is required
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el ENE

Rectal cancer except Rs

criteria

Histological Stage I or Stagell
Consideration of other eligibility

[ Informed consent (written form) |

> After the operation

Eligible patients

| Entry(assigned)

,/////\\\\\\ J

within 42 days

Protocol
Group A For 1 year Group B .
- treatment period
UFT group S-1 group within 42 days
Follow-up } | Follow-up period |
!

Study complete

Group A{UFT administration schedule)

Administration for Adminisiration for Repeat for
5 consecutive days|2 days rest|5 consecutive days|2 days res‘t| 1 year
Group B(S-1 administratiocn schedule)
Administration for Administration for Repeat for
28 consecutive days |14 days rest| 28 consecutive days | 14 days rest| 1 year

Fig.1 Flow chart of the registration of the study
Patients were randomized either to Group A (UFT group) or Group B (S-1 group).
Group A: UFT was administered orally for 5 days (400 mg/m?/day) followed by

two days rest for a year.

Group B: S-1 was orally administered for 4 weeks (80 mg/m?/day) followed by two

weeks rest for a year.

R (UFT ##E:) wi L THERE K LB -84, S-1
BMEE LV EERHRERLHETS] L LTwad, Zh
¥ TOHEI L D UFT BEOBREMRFEER
HEoETE, TACCREBWTHSFEHRBELEEN
73.6%, KBEMEMILERETNE RS National
Surgical Adjuvant Study of Colorectal Cancer (N -
SAS-CC) TR 3FEEBREFEN U TH o7,
FHEEE D primary endpoint OEFHOHLIRFELT -
BRZANVICEUSEREFREFETHY, N-
SAS-CC TR 3 EEFREFETHI®, Li8—oD
BRIVTHAZ LW FEANALIDCUFTHOLE
EEBAEEEE 0% LEE L. —H, S-1EOFRY
ETRERHRNCEERND 2 EBb 3 —FE0.7
Hﬁﬁbfco Lizd8> TEER 3 4E, B 5 F, a=5% (&
), #E80% L LT, S-1 BEOEREEORICAHER

FERIE =R 5 & 184800 381 50, MBEFTE2HlE
s

v, £ £

1. BeRICEBIT 2 ERROMERMEMESEEE
ERBLCOWTRATRESEBEEYR (total
mesorectal excision) OERE &5 DA T, EBMES
Y U REEER (BIAER) T B ARARRERA S
Twizl, TOEHBE LT, 1950 FX D Stearns 59,
Bacon &9OEIFEEY 1 HFEORLBIEEN G
BThol e, AIFEBRABRSEONRTER (L
SEO—TRE LS Z, HHREEFREORREFI N
Tw2 I B UVBRFEENEETHIBRAK EST
BAREOREL BEREREETHL L2 MR
5L, BUER RIS 2 Bek OB EMEL g omist
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BEFRT SRR s h T &,

Stage 113 X U Stage I D EISRE T 2 #i7 H
EA B XU 5-FU #X— R & § 30080813,
Gastrointestinal Tumor Study Group (GITSG) 71757,
Mayo/North Center Cancer Treatment Group
(NCCTG) 79-47-51"% X Tf National Surgical Ad-
juvant Breast and Bowel Project (NSABP) R-01™i7
Lo THEN ANz, T LIERsE e o, SIEIRmIc i
SRR L VERE L 2 HETRE, ERENB I UL
EFLVEART A LSHO»ITE o7, 2T, ZOHR
ERpEAfi O FeFets, National Cancer Institute (NCI) (3
EE R EAT id, 1990 £ Consensus Development
Conference (2 & ¥ AMFESH) €, Stage I8k
U Stage IOBEBEEF TN UTHBHAREC L 2
EREPEET I LI ERITEL,

Zhicsl&EEvT, GITSG, Intergroup 86-47-51 £
EA'Y, Intergroup SHER 0144'9, SWOG-9304'", NSABP
R-02'#FEE X, NSABP R-02 i & - T American
Society of Clinical Oncology (ASCQO) Tl idis
BHRORL T RERBCHT 2 BRMB E7,
National Cancer Data Base i E# s #u/z 5,987 A0
Stage I FHTORER TR, SELFFRFHELT
Stage llIA 39.0%, StagellIB 21.7%, Stage llIC
12.2%, #EEN LR ERIE 2 ML T &, Stage [IA
60.0%, Stage [IIB 40.9%, Stage IIC 28.9% (American
Joint Committee on Cancer Sixth edition) *, HZw
ERTZOFHIZEWY, &8, 2006 £ National
Comprehensive Cancer Network O # 4 K5 4 8z
& % &, Stage II1 3 & 1F Stage HIFEF W id A5 5T 12 5-
FU+H A BB R 2T B SR W B IZ5-FU+
Leucovorin (& L < & FOLFOX) 2 L, #r#ifHeis
FERETO o 13551, #1812 5-FUx Leucovorin
(b L & FOLFOX) X\>T continuous 5-FU/Hétig
FEIE 51z 5-FUxLeucovorin (% L < it FOLFOX)
&, RBERETB T MR EEREO I YT A b
VAN DR >Tnd, 2L FOLFOX iiH<d &
TREFETOIET YA THD, EBBIEIET YR
iz,

2. BHRICBIT 5 ERBEONEHE SIS

EATREFRABEMELETL o2EABEETS
BHEBEMERENHEEY R (RRREE
D3IFIBM S0 EREL T3, SEBHIEYR2SAEE
B — T T 3 Bk L TFMikle RiF
T, BEBRESEDC L RERE, fTEERRES
5L RCERSREFRZ TR S Twin, Ly
Lanis, BEFATERSA T SHEFEE LMD i
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RBFDIBEM L, Bk TOEEEMCH 2 EISEm
PIER (mesorectal excision) “TOHEBERBRIFTHILTE
57, TOLHEEIIS OARROBEDHES X CFHic
BET 2 5HEOFKERL Y ERHT B0, SV 4
LEHEEBSEH 2 N T w317,

ML EFER I 2w TR, 190 ER L VEER
EEE R L CFHi M7 3 iR Thh
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TEHF (400 mg/m? 5 BIRE 2 BIREE 1 £/ bk
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Impact of loss of heterozygosity of encoding phosphate and tensin

homoelog on the prognosis of gastric cancer

EIJI OKI,* YOSHIHIRO KAKEJIL* HIDEO BABA, ERIKO TOKUNAGA,
TOSHIHIKO NAKAMURA, NAOYUKI UEDA, MOTONORI FUTATSUGI,
MANABU YAMAMOTO, MASAHIKO IKERBE AND YOSHIHIKO MAEHARA

Departments of Surgery and Science, Graduate School of Medical Sciences, Ryushu University, Mazdashz,

Higashi-ku, Fukuoka, Fapan

Abstract

Background and Aim: Encoding phosphate and tensin homolog (PTEN) is a cancer suppressor gene
and it has been assumed that gene muration and loss of heterozygosity (LOH) occurs freguently in var-
ious types of carcinoma. However, the role of LOH of PTEN and its outceme variables in gastric cancer
have not been well established. In the present study, we investigated the roles of PTEN, LOH and their
outcomes.

Methods: Fresh frozen tumor samples from 119 gastric cancer patients with a primary diagnosis of gas-
tric carcinoma were evaluated for LOH of PTEN using an automated sequencer. Results were compared
with pathological parameters. The median follow-up period was 559 days.

Results: Loss of heterozygosity of PTEN was observed in 17.1% of patients (13/76) diagnosed with
gastric cancer. No particular relationship was found with any clinicopathological factor. However, the
prognosis of padents with LOH of PTEN was significantly poor. Multivariate analyses revealed that vas-
cular invasion, invasion depth, LOH of PTEN, histology and lymph node metastasis were correlated
with survival of the patient.

Conclusions: Bven though mutation of PTEN in gastric cancer has rarely been reporied, according to
our findings, LOH of PTEN frequently occurs in gastric cancers and is correlated with disease-related
deaths. The LOH of PTEN is an independent prognostic factor and PTEN is a candidate as a haplo-

DOI: 10.1111/.1440-1746.2005.04028.x

insufficient tumer suppressor in gasiric cancers.
© 2005 Blackwell Publishing Asia Pry 1.1d

Key words: Akt, encoding phosphate and tensin homolog, gastric cancer, loss of heterozygosity.

INTRODUCTION

The encoding phosphate and tensin homolog (PTEN)
gene, a tumor suppressor candidate, is located on chro-
mosome 10g23 and has an extensive homology with the
cytoskeletal proteins auxilin and tensin.'” Mutations of
PTEN have been observed frequently in various neo-
plasms, including glioblastoma, melanoma, prostate
cancer and breast cancer.'™” In glioblastoma, melanoma
and prostate cancer, PTEN mutations and allelic
deletions are observed during the late stages, whereas in
thyroid and endometsial cancers, PTEN mutations/

alterations are found during the early stages and in-
clude endometrial hyperplasia and benign thyroid
ramors.~** Germline mutations of PTEN are found in
padents with Coden syndrome, a familial syndrome
associated with predisposition for multiple benign
hamartomas, and inalignant thyroid and breast
necplasms.'?

The PTEN gene encodes an enzyme with phos-
phatase activity towards acidic protein substrates and
the lipid second messenger phosphatidylinositol-3,4,5-
trisphosphate (PIP3)."! The phosphatase activity of
PTEN is crucial in controlling the phosphatidylinositol

Correspondence: Eiji Oki, Department of Surgery and Science, Graduate School of Medical Sciences, Kyushu University,
3-1-1 Higashi-ku, Fukuoka 812-8582, Japan. Email: okieiji@surg2.med.kyushu-u.ac.jp

*These authors contributed equally.
Accepted for publication 17 March 2005.



LOH of PTEN in gastric cancer

3-kinase (PI3-K) signal transduction pathway and in
the activation of the protein kinase B (PKB/AkD)
proto-oncogene. This indicates that PTEN exerts its
tumor-suppressor function by negatively regulating the
anti-apoptotic PI3-K/AKT signaling pathway.’>'* The
role of PTEN as a tumor-suppressor gene has been
attribured to its ability to modulate cell cycle progres-
sion and cell motility.’ It has been demonstrated that
PTEN can dephosphorylate focal adhesion kinase
(FAK) and inhibit the mitogen-activated protein kinase
pathway. 516

Although gastric cancer is one of the leading causes of
cancer-related deaths in Japan,'’ its pathogenesis and
progression are not yet clearly understood. Deletion
or downregulation of tumor-suppressing genes play
important roles in the multiple steps of tumorigenesis
and the progression of gastric carcinoma. Because p53
is the most frequently mutated twmor suppressor gene
in gastric cancer, most studies on the relationship
between the development of gastric cancer and abnor-
malities of tumor suppressor genes have mainly focused
on $53."% Owing to frequent gene mutation and loss of
heterozygosity (ILOH), PTEN has been reported as one
of the new turnor suppressor genes in various types of
cancer. Previous reports have shown protein loss and
promoter methylation of PTEN in gastric cancers.!"2?
However, the prognostic significance of the loss of
PTEN in gastric cancer has not been well established.
In the present study, we provide information on the
I.OH of PTEN, which is correlated with disease-related
deaths of gastric cancer patients.

METHODS
Tissue samples

Pairs of primary gastric carcinoma tissue and corre-
sponding normal mucosa were obiained consecutively
from 119 patients who underwent surgery in the
Department of Surgery IT at Kyushu University Hospi-
tal from 1996 10 2000. Informed consent was obtained
from all patients prior to their inclusion in the study. In
all cases, the histopathological type of the tumor was
adenocarcinoma. Cancer tissues and well-separated
normal gastric mucosa obtained by gastrectomy were
snap frozen immediately and kept in liquid nitrogen.
Genomic DNA was prepared by proteinase K digestion
and phenocl/chloroform extraction, which was followed
by ethanol precipitation.

Loss of heterozygosity analysis

Loss of heterozygosity was analyzed using a DNA
sequencer with microsatellite markers. The oligonucie-
otide primers for D1GS796 were synthesized and puri-
fied by HPLC. The sequences of the primers used for
the polymerase chain reaction (PCR) are as follows:
D1081765-forward, 5-CAATGGAACCAAATGTG
GTC; DI10S1765-reverse, 5-AGTCCGATAATGC
CAGGATG. The PCR reactions using genomic DNA

815

were performed using a TAKARA GeneAmp PCR
Reagent Kit (Takara, Tokyo, Japan) and run on the
Perkin-Elmer GeneAmp PCR system 9700 (Norwalk,
CT, USA). The thermal conditions of the system were
as follows: ome cycle at 95°C for 4 min; 35 cycles at
95°C for 0.5 min, 55°C for 0.5 min, 72°C for 0.5 min;
and one cycle at 72°C for 10 min. The DNA derived
from cancer tissues was amplified with 6-carbaxy-x-
thodamine (ROX)-labeled 5’ primer and cold 3’ primer,
whercas DNA from normal tissues was amplified -
with  6-carboxy-24,44,74,4,7-hexachloro-fluorescein
(HEX)-labeled 5 primer and cold 3' primer. The PCR
Teactions and running conditions with the Perkin-Elmer
Genetic Analyzer 310 were as described previously.?>*

Statistical methods

Clinicopathological data were stored in an IBM 3090
mainframe computer (IBM, Armonk, NY, USA).
Biomedical computer programs (BMDDP; Statistical
Solutions, Saugus, MA, USA) were used for all statis-
tical analyses. The BMDP programs P4F and P38 were
used for Chi-squared and Mann—Whitney U-tests to
compare characteristics among groups. The BMDP
program P1L was used for Kaplan—Meier analysis of
survival rates and the Mantel-Cox test was used 10 test
the equality of survival curves. The median follow-up
period was 559 days. The BMDP program P2L was
used for simultaneous multivariate adjustments of all
covariates in Cox regression analysis. The level of sta-
tistical significance was set at P< 0.05.

RESULTS

One hundred and nineteen cases were analyzed in the
present study and data were processed using GeneScan
software (ABI; Applied Biosystems, Foster City, CA,
USA). However, in 43 cases, the lengths of the micro-
satellite sequences of the paternal and maternal alleles
were almost the same and, hence, it was difficult to
discriminate between these alleles. These 43 cases
were excluded from the diagnoses because the anal-
ysis of I.OH, which was assumed for the declination
of one allele, was theoretically impossible (Fig. 1b).
Thus, LOH of PTEN was observed in 17.1% of the
remaining 76 cases (13/76), where any case in whom
the peak value of one gene locus diminished more than
30% in the carcinoma was judged as having LOH
(Fig. 1a). However, clinicopathological differences due
to the presence of LOH of PTEN were not evident
(Table 1).

In the present study, we also investigated the relation-
ship between LOH of PTEN and a patient’s survival,
The Kaplan—Meier overall survival curve (Fig. 2) dem-
onstrates that patients in whom PTEN showed LOH
had a significantly lower survival rate than patients
whose tumors had biallelic PTEN (retention of het-
erozygosity (ROH)). After 5 years, only 22.0% of
patients were alive in the LOH group; however, 50.9%
patients were alive in the ROH group.
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Figure 1 Genomic DNA was extracted from each mumor
specimen and from each corresponding normal tissue. Each
pair of DNA samples was subjected to loss of heterozygosity
(LLOH) analysis. Electrophorctic profiles judged 1o be (2) LOH
and {b) ROH {retention of heterozygosity) are shown. The
green line represents normal tissues, whereas the red lines rep-
resent cancer tissue.
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Figure 2 Kaplan—Meier overall survival curves. The solid
line is for patients who had loss of heterozygosity (LOH) of
encoding phosphate and tensin homolog (PTEN). The doted
line is the survival curve of patients whose tumors had biallelic
PTEN.

To search for an independent prognostic factor for
gastric cancer, we conducted multivariate Cox’s regres-
sion analysis. The factors examined included gender,
age, tamor size, macroscopic appearance, histological
type, depth of invasion, lymphatic or vessel invasion,
lymph node metastasis, liver metastasis, peritoneal dis-
semination and LOH of PTEN. As shown in Table 2,

E Oki et al.

Table 1 Clinicopathological features of gastric cancers and
loss of hewerozygosity of encoding phosphate and tensin
homoleg

PTEN LOH PTEN ROH
Variable (n=13) (n=63) P
Gender
No. males 11 49 NS
No. fernales 2 14
Age (years) 66.8 62.5 NS
Histology
Intestinal (n) 4 28 NS
Diffused (n) 8 35
Serosal invasion ’
Negative (1) 5 28 NS
Positive (n) 8 35
Histological lymph node metastasis
Negative () 4 25 NS
Positive (n) 9 38
Vascular involvement
Negartive (%) 5 32 NS
Positive () 8 31
Peritoneal dissemination
Negative (n) i2 61 NS
Positive () 1
Liver metastasis
Negative (%) 11 60 NS
Positive (n) 2 3
Stage
I+11{n) 4 29 NS
IO+IV () 9 34

PTEN, encoding phosphate and tensin homolog; LOH,
loss of heterozygosity; ROH, retention of heterozygosity; NS,
not significant.

vessel invasion, depth of invasion, I.OH of PTEN, his-
tological difference and lymph node metastasis were
proven to be independent covariates.

DISCUSSION

In gastric carcinoma, deletion or downregulation of
tumor suppressor genes play important roles in the
development of tumors. The role of PTEN, identified as
a novel tumor suppressor gene, has been investigated in
a variety of cancers. Loss of heterozygosity and muta-
tion of PTEN have been reported in melanoma, glio-
blastoma, renal cancer, lung cancer and breast
cancer.”®® It has been reported that PTEN mmutations re
rarely observed in gastric cancers, but diminished pro-
tein expression or LOH is often detected.'*#

In the present study, LOH of PTEN was investigated
in 119 gastric cancer patients using the high-resolution
microsatellite analysis method. Our method to deter-
mine LOH is based on high-resolution fluorescent
microsatellite analysis developed previously.?® In this
system, electraphoretic profiles of PCR-amplified
microsatellite sequences are markedly improved and
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Table 2 Cox regression analysis of data of patients with gastric cancer

Explanatory variables {observed value) P Relative risk (95% CI)
Vascular invasion (negarive, positive} 0.0004 9.93824 (2.3380, 39.7374)
Serosal invasion (negative, positive) 0.0004 6.2879 (2.1446, 18.4349)
LOH of PTEN (ROH, LOH) 0.0608 8.065 (0.0377, 0.4076)
Hisiology {intestinal, diffuse) 0.0059 4.458 (0.0788, 0.6384)
Lymph node mezastasis (negative, positive) 0.0077 7.7977 (1.0121, 60.0713)

PTEN, encoding phosphate and tensin homoleg; LOH, loss of heterozygosity; ROH, retention of heterozygosity; CI, confi-

dence interval,

optimized for judgment of LOH and microsatellite
instabilitg.”® However, 43 cases were excluded from
analysis in the present study because the seguence
lengihs of their paternal and maternal microsatellite

alleles were completety matched and could not be sep-

arated from the band pattern. Therefore, the rate of
false positives is very low and, consequently, accurate
positive rates are provided. In the present study, LOH
of PTEN was found in 17.6% of the 76 patients ana-
lyzed. This percentage is not high when compared with
results of previous reports.’*2h%

Consequently, there were no specific differences in
the clinicopathological factors with the LOM of PTEN.
However, there was a significant correlation between a
patient’s prognosis and LOH of PTEN. On multjvariate
analysis, LOH of PTEN was proved to be an indepen-
dent covariate of patient survival. It is still not clear why
the PTEN gene mutation is rarely observed in gastric
cancer and why LOH is so frequently detected. One
possible explanation is that PTEN may be 2 haploin-
sufficient tumor suppressor gene in gastric cancer, sim-~
ilar to mouse lymphoma, in which PTEN has been
proven to be a haploinsufficient tumor suppressor.® It is
known that PTEN is important not only as a tumor
suppressor, but also as a signal wransduction molecule.
It is also possible that the dephosphorylattion of PI3-K
becomes difficult when PTEN is aberrant. Therefore,
AKT located downstream of PIZK iz continuously
phosphorylated and AKT conveys a resistant signal for
apoptosis. As a result, a cell becomes resistant to various
treatments, such as chemotherapy. In Japan, many
patients with gastric cancers at more advanced stages
than Stage II receive adjuvant chemotherapy postoper-
atively. It is speculated that the presence of LOH of
PTEN reflects the chemotherspeutic effect. In those
cases, a deficiency of PTEN is connected with signifi-
cant hyposensitivity to postoperative treatment rather
than gastric carcinogenesis. In brief, because patients
with LOH of PTEN are hyposensitive to anticancer
drugs, careful follow up is necessary in the clinical sit-
nation. However, in our analysis, no significant findings
were obtained when the prognoses were compared
between cases with postoperative chemotherapeutic
treatment and cases with operation only (datza not
shown).

Previous reports indicated that mutations of PTEN
were found in breast and prostate cancers more fre-
quently than in gastrointestinal cancer. Poor prognoses
and resistance to chemotherapy have also been

reported 2 For gastric cancers, there have been
reports published on the correlation between the dimin-
ished protein expression of PTEN and lymphk node
metastasis or tumor infiltration. Yang et al. reported that
low expression of PTEN protein was related to clinico-
pathological stage and the metastasis of gastric can-
cers.” It has also been reported that the LOH rate was
significantly higher in advanced mumors than in early
stage tumors and that LOH occurs more frequently in
poorly differentiated tumors than in well- or moderately
differentiated tumors. Byun et al. reported that 47% of
gastric cancer patients had LOH of PTEN.!” However,
no report has clarified relationship between LOH of
PTEN and the outcome of gastric cancer. The results of
the present study indicate the significant importarice
of PTEN for tumor development and the treatment of
gastric cancers. Further extensive studies on PTEN in
gastric cancer patients are necessary.

In conclusion, LOH of PTEN occurs in 17.1% of
gastric cancers and is correlated with disease-related
deaths. According to the findings of the present study,
LOH of PTEN is an independent prognostic factor and
PTEN is a candidate haploinsufficient tumor suppres-
sor in gastric cancers. The present study has shed light’
on the significant importance of PTEN for the treat-
ment of gastric cancers in addition to p53.
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Abstract

Background: Hypoxia-inducible factor- | o {HIF-t) plays an essential role in oxygen homeostass,
The expression of HIF-{a-inducible genes is associated with tumor progressmn p2l mediates cell
cycle arrest and is one of the downstream genes targeted by HIF-1.

Patients and methods: YWe examined the relationship between HIF-1ct and p21 expression,
apoptosis ahd tumor progression using tissue specimens obtained surgically from |26 patients with

gastric cancer.,

Results: Immunohistochemical analysis indicated that loss of p2| expression correlated positively
with patient age and tumor size. Lymph node metastasis was significantly more frequent in tumors

with loss of p2| expression (P =

0.022). HIF-la-positive/p2]-negative turmnors had a lower

apoptotic index than any other tumer samples, and patients with HIF-1¢-positive/p2 | -negative
tumors also had a significantly poorer prognosis than the other patient populations.

Conclusion: These results suggest that loss of HIF-lo-dependent p21 expression results in
decreased apoptosis, increased cell survival and more aggressive turmnors,

Background

The unregulated growth of cancer cells often results in
hypoxic conditions in tumor cell masses. Tumor hypoxia
results from an imbalance between elevated consumption
of oxygen in the rapidly cycling tumor cells and insuffi-
cient oxygen supply due to the lack of a physiological vas-
cular network., Muldcellular organisms have evolved
cellular mechanisms that mediate a cascade of adaptive
molecular responses to hypoxia. HIF-1¢: is a transcription
factor that activates gene expression by binding to the
hypoxia responsive element (HRE), a cis-acting DNA
sequence present upstream of several genes essential for

the cellular response to hypoxia [1]. HIF-1¢-tesponsive
genes also function in the glycolysis pathway and in
hematopoiesis and angiogenesis, through all of which
cells acquire an hypoxia-adapted metabolism and
increased oxygen supply [2]. Recently, HIF-1a has
emerged as a key regulator in the growth of gastric cancer

[3].

Apoptosis is an evolutionarily conserved cell death mech-
anism that also accurs in the adaptive cellular response to
hypoxic stress. Apoptosis, too, is an important safeguard
against tumor development. Tumors that exhibit loss of
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the p53 wmor-suppressor gene exhibit reduced levels of
hypozxia-induced cell death and an associated increase in
tumor progression {4}. The p21 gene (WAF1) was cloned
in a genetic screen for downstream effectors of p53 and
separately in a screen for upstream regulators of cyclin-
dependent kinases (CDXs) as CDK-interacting protein
{CIP1) [5]. The p21 promoter can be transactivated by
HIF-1 in a human prostate cancer cell line, indicating that
p21 is an HIF-1 target gene [6]. Furthermore, hypoxia-
induced p21 expression was abrogated in cells lacking
HIF-1o, but not in parental cells [7].

HIF-1o. may therefore promote both cell survival and
growth arrest through the induction of hypoxia-respon-
sive genes. In the present study, we examined the role of
HIF-1o in hypoxic control of tumor progression, by exam-
ining the relationship between HIF-1a expression, p21
expression and apoptosis in tissue specimens from
patients with gastric cancer.

Materials and methods

Clinical materials

Subjects were 126 patients with gastric cancer (85 men, 41
women; age range, 27 to 88 years; mean age, 65.2 years)
who underwent gastrectomy at our institution in 1994,
Curative resection was performed in 77 patients and non-
curative resection in 49. Resected tissue specimens were
fixed in a 10% formaldehyde solution and embedded in
paraffin. Sections (4 pwm thickness) were mounted on
glass slides. All samples were examined macroscopically
and histologically, based on criteria proposed by the Gen-
eral Rules for the Gastric Cancer Study {8]. Histological
examination was carmied out on tissue preparations
stained with hematoxylin and eosin (H&E). In the current
study, tumors were divided into two histological types:
differentiated type, comprising papillary adenocarcinoma
and tubular adenocarcinoma, and undifferentiated type,
comprising poorly differentiated adenocarcinoma, signet
ring cell carcinoma, and mucinous adenocarcinoma. Two
paraffin blocks were prepared for all patients" one con-
taining both tumor tissue and adjacent nommal tissue, and
the other containing tumor tissue invading to the deepest
level of the stomach wall.

Immunohistochemical staining

All specimens were immunostained with a monoclonal
antibody against p21WAFL/CIPI (§X118, diluted 1:50,
DAKO, Glostrup, Denmark), p53 (Do-7, diluted 1:50,
DAKQ, Glostrup, Denmark), and HIF-1c. (NB 100-105,
diluted 1:100, Novus Biologicals, Littleton, CO, USA)[9].
After deparaffinization and rehydration, the slides for p21
and p53 immunostaining were autoclaved in citrate
buffer (0.01 M, pH 6.0) at 120°C for 10 minutes; 0.001 M
EDTA (pH 8.0) was used for HIF-1cdimmunostaining to
facilitate reactivity of the fixed embedded tissue antigen

hitp:/fwww.wjso.com/content/4/1/94

with the antibody. Endogenous peroxidase was blocked
by incubating the samples in methanol containing 0.3%
hydrogen peroxide for 10 minutes. Samples were then
rinsed in phosphate-buffered saline {PBS) and incubated
with normal rabbit serum for 30 minutes. Sections were
incubated with the aforementioned primary antibodies
for 2 hours at room temperature, then rinsed three times
in PBS. For detection, we used a Histofine SAB-PO (M) kit
(Nichirei Corp., Tokyo, Japan). The sections were then
incubated with biotinylated rabbit anti-mouse immu-
nogloblin {lg; 1gG, IgA, and Igh; Nicchirei Corp) for 10
minutes, washed three times in PBS and treated with per-
oxidase-conjugated streptavidin for 10 minutes. After a
final washing in PBS, the peroxidase label was detected by
incubating the sections in diamino-benzidine tetrahydro-
chloride {DAB) for 3 minutes. Nuclear counter-staining
was done using Mayer's hematoxylin solution. For nega-
tive controls, primary antibodies were replaced with non-
immune, normal serum. Automated immunohistochem-
istry was also carried out to support the immunostaining
described above, using a Ventana Discovery™ System
(Ventana Medical Systems, Inc, Tucson, AZ, USA).

Evaluation of immunostaining

p21 protein was present in the nuclei of tumor cells (Fig-
ure 1A}, In some cases, normal gastric mucosa expressed
p21 protein, and nuclear staining could be detected in the
superficial reaches of the tumor, but not in the deeper
regions. We counted the number of p21-positive cells in
the whole tumor section, and evaluated the number of
p21-postive cells according to the depth of layers. The pat-
tern of HIF-1ot immunostaining in the tumor was nuclear
and/or cytoplasmic (Figure 1B). Nuclear staining of HIF-
loe was absent in nommal tissue excluding cytoplasmic
staining. In all samples, p53 protein was undetectable in
normal tissue, and present in the nudlei of tumor cells
(Figure 1C). A cell with nuclear immunostaining for p21,
p53 or HIF-1o {(weak or strong) was scored as positive.
Based on these criteria, areas of focal staining with the
highest percentage of p53- and p21-positive nuclear stain-
ing within deep tumor tissue were estimated. A tumor was
scored as p21- or p53-positive when more than 10% of
the tumor cells had nuclear staining, in keeping with pre-
vious reports [10]. HIF-1c expression was frequently evi-
dent in regions around the invading edges of the tumor,
and necrotic areas such as those close to a deep ulcer. We
scored tumors as positive for HIF-1o overexpression if
nuclear staining was detected in more than 10% of the
tumor cells, irrespective of cytoplasmic reactivity at any
level [9,11].

Evaluation for apoptosis

We scored apoptotic cells as those showing the typical
characteristics of apoptosis when tissue specimens were
stained with H&E (Figure 1D). Apoptotic cells were iden-
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Figure |

A) p2| expression in adjacent tumor tissue. Nuclear immunostaining is evident (original magnification, 100x). B) HIF-1c¢
expression in invading regions of tumor. Variability in intensity of nuclear immunostaining is evident, accompanied by cytoplas-
mic staining {original magnification, 100x). C) Nuclear immunostaining of p53 in tumor dssue (original magnification, 100x). D)
Turmor tissue stained with H&E (original magnification, 200x). Tumor tissue contains cells (arrow) with characteristic features
of apoptosis.

tified based on the characteristic features of apoptosis:  counted in tissue specimens from all patients. Five high-
compaction and migration of nuclear and cell outlines,  power fields (x400) with the most abundant distribution
nuclear fragmentation and protuberance, and the pres-  of tumor cells were selected for counts and between 1000
ence of apoptotic bodies [12]. Apoptotic cells were  and 1500 tumor cells were counted. The apoptotic index
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was then calculated as the percentage of apoptotic cells.
Areas with extensive necrosis were avoided. A single
pathologist at each institution reviewed the slides and
counted apoptotic cells according to the criteria described
above.

Statistical analysis

The BMDP Statistical Package program (BMDP, Los Ange-
les, CA) for IBM (Armonk, NY} 3090 mainframe comput-
ers were used for all statistical analyses [13]. Data sets
were compared by chi-square and Student's t-tests using
the BMDP 4F and 38 programs. The BMDP 1L program
was used to analyze survival time using the Kaplan-Meier
method. Statistical significance was set at the P < 0.05
level.

Results

p2! expression and clinico-pathologic factors

Table 1 shows the correlation of the expression or loss of
expression of p21 with several clinico-pathologic factors,
Overall, 71 (56.3%) of the 126 tumor specimens were
negative for p21 expression. In tumors from patents
under 65 years of age, loss of p21 expression was signifi-
cantly more frequent than in tumors from patients over
the age of 65 (P = 0.026). Loss of p21 expression was sig-
nificantly more frequent in tumors with large size (P =
0.03), as compared to smaller tumors. With regard to
metastases, tumors with loss of p21 expression tended to
show increased frequency of lymphatic invasion (P =
0.089, Table 1) and a significantly higher frequency of
lymph node metastasis (P = 0.022, Table 2) than p21-
expressing tumors. Table 3 shows the relationship
between p21 expression, and the expression of p53 and
HIF-1a. Overexpression of p53 was detected in 57
(45.29%) tumors, and HIF-1o overexpression was detected
in 4% (38.9%) tumors. Immunohistochemical analysis
did not reveal a correlation between p21 expression and
p53 expression, or p21 and HIF-1¢ overexpression (P =
0.444 and 0.609, respectively).

Apoptosis associated with HIF-1 o and p2! expression

The mean apoptotic index of all 126 tumors was 8.95 =
6.24 (range 0-37}. Tumors were divided into four differ-
ent populations based on HIF-1o and p21 expression and
the mean apoptotic index for each group was calculated
(Table 4). Tumors that were HIF-1a-positive/p21-nega-
tive had the lowest apoptotic index. There was a signifi-
cant difference between tumors that were HIF-1a-
positive/p21-negative, and those that were HIF-1o-nega-
tive/p21-negative (P = 0.037).

Clinical outcome associated with HIF-1x and p21
expression

The mean follow-up time for patients was 55 + 28 {x 1
S.D.) months (range, 1-82 months). The 5-year survival

http://Awww.wjso.com/content/4/1/94

rate of patients with p21-negative tumors was lower than
that of p21-positive tumors, but the difference was not
statistically significant (data not shown). The 126 patients
were again divided into four populations based on HIF-
1ot expression and p21 expression, and we examined the
relationship between HIF-10 expression and prognosis in
p21-positive or -negative tumor samples. Table 5 shows
the 1-, 3- and 5-year survival rates for patients and the cor-
relation with HIF-1o and p21 expression. Patients with
HIF-1o-positive/p21-negative tumors had a significantly
poorer prognosis than the other study populations. In
particular, in patients with HIF-1o-positive tumors, those
who had lost expression of p21 had a significandy poorer
prognosis than those with p21 expression {P = 0.042).

Discussion

QOur findings show that loss of p21 expression correlated
positively with younger patient age, and larger wmor.
Moreaver, many patients with p21-negative tumors had
lymph node metastasis when compared to those with
p21-positive tumors, at a significantly higher frequency.
These results suggest that the loss of expression of p21 is
involved in the processes of umor growth and metastasis,
in agreement with previously reports [14,15].

HIF-1a overexpression has been linked to a poor clinical
outcome in some types of human cancers [16-18]. How-
ever, some reports have suggested that tumor expression
of HIF-1a does not confer a survival advantage [18,19].
Although most of the HIF-1 target genes can promote
tumor growth through their enhanced expression, HIF-1-
activated genes, including p21, also have the potential to
inhibit growth under hypoxic conditions [20,21]. Ectopic
expression of HIF-1a in endothelial cells resulted in up-
regulation of p21, reduction of CDK activities, cell cycle
arrest at the Gy/G, check point, and subsequent apoptesis
[22]. In the current study, we found that apoptotic cells
were under-represented in HIF-1a-positive/p21-negative
tumors, Under hypoxic conditons, HIF-1o may inhibit
tumor proliferation through p21-mediated cell cycle con-
trol, resulting in the selection of cells that are resistant to
apoptosis and anti-cancer treatments. Most tumor cells
retain the ability to undergo apoptosis in response to
hypoxic stress [23]. When the apopiotic response to
hypoxia is lost, emerging tumor cells may be more resist-
ant to treatment and may therefore contribute to subse-
quent tumor relapse [24]. The mechanisms by which
hypoxia selects for cells resistant to apoptosis is unclear,
but the involvement of the p53 mutation has been exam-
ined [23]. Reports have shown that hypoxia inhibits cell
growth, and may cause apoptosis through a p53-depend-
ent pathway [26]. HIF-1a has also been shown to pro-
mote p53-dependent apoptosis [27], but other studies
have shown that growth arrest in response to hypoxia is
p53-independent [26]. In the current study, we found no
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Table |: Relationship between p21 expression and clinico-pathologic factors

Factors

p2EH{+) {n = 55) p2I{Y (n=71) P value

Age (years)
<45 20 40 0.026
65= 35 3l

Gender
Male 38 47 0.731
Female 17 24

Depth of invasion
tl 33 35 0231
t2,3.4 22 36

Histology
Differentiated 35 39 0325
Undifferentiated 20 32

Tumaor size
<3 cm 23 22 0.03
Jem= 22 49

Lymphatic invasion
Negative 26 23 0.089
Positive 29 48

Venous invasion
Negative 42 57 0.595
Positive 13 4

evidence of a relationship between p53 and p21 expres-
sion. We also evaluated the relationship between HIF-1q
and p53 expression to cell apoptosis, but found no statis-
tical significance between HIF-1c. and p53 expression
{data not shown). Our previous study showed that the
combination of HIF-1o overexpression with nonfunc-
tional p53 tended to indicate a dismal prognosis [28].

In patients with HIF-1o-positive tumors, the correlation
between loss of p21 expression and poor dlinical outcome
may reflect a physiological difference in the ability of p21-
positive versus p2l-negative tumors to survive under
hypoxic conditions. Although HIF-1a-dependent tran-
scriptional activation has been associated with tumor
growth, our results suggest that concomitant expression of
p21 and HIF-10. may retard tumor growth to some degree.

Table 2: Relationship between p2l expression and metastasis

The molecular mechanism underlying HIF-1¢; expression
in cancer warrants particular attention [29]. The wide-
spread occurrence of upregulated HIF-10 in common can-
cers and the involvement of hypoxia pathways in tumor
angiogenesis certainly argue for its importance and wide
applicability. Chemotherapy and radiation that target
HIF-1oe may be effective and realistic, and in fact, this
approach has been reported [30]). However, the qualita-
tive and quantitative differences in the hypoxic response
of different cell types are not well known [31]. Further
research is therefore required in order to evaluate the
effects of HIF-1-mediated pathways on cell proliferation
and apoptosis in human cancers under hypoxic microen-
vironments.

In the present study, we showed that HIF-10, overexpres-
sion and loss of p2lexpression in gastric cancers corre-
lated with poor patient prognosis, compared to tumors

p2l-negative tumor (%) P value
Lymph node metastasis
Negative 36/75(48.0) 0.022
Positive 35/51(68.6)
Liver metastasis
Negative 68/122(55.7) 0447
Positive 3/4(75.0)
Peritoneal dissemination
Negative 62/112(55.4) 0.525
Pasitive 9114(64.3)
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Table 3: Relationship between p2l and p53, and HIF-lo expression

http:/Awww.wjso.com/content/4/1/84

p2!
Paositive (n = 55) Negative (n = 71) P value
p53 Positive (n = 57) 27 30 0444
Negative(n = 69) 28 41
HIF- 1ot Positive (n = 49) 20 29 0.608
Negative(n = 77} 35 42

Table 4: Apoptosis associated with HIF-1 and p21 expression

Factor

Apoptatic index

HiF-Ta (), p2I{+} n =35
HIF-1o (). p21{-) n =42

HIF-1o (#), p21{t) n =20
HIF-1o {+), p2H(-) n =29

9.6 £ 7.330+
9.83 & 6.9 ok
8.85 1 4,04k ek toloke
6.97 1 427wk wkx

*p=0.129 % P = 0.037 = P = 0,078 (mean & 5.0.)

Table 5: Year survival rate associated with HIF-1o and p2] expression

Factor |-year surviva 3-year survival 5-year survival
HIF-1og{-), p2H{¥) n = 35 94.1 82.0 B2.0%*
HIF-Ta (), p21{) n = 42 927 80.0 80,0+
HIF-ta (+), p21{*+) n = 20 95.0 85.0 0.0, o5 o
HIF-lo (1), p21{-) n =29 68,1 57.4 455k ek ik

* P = (0,042 % P = 0.003 ** P = 0.003 (%)

that retained p21 expression, or had lost HIF-1¢ expres-
sion. A potential mechanisin for this was suggested by the
finding that apoptotic cells were under-represented in
HIF-1o-positive/p21-negative tumors. Aggressive tumors
that fail to induce p21 in an HIF-1x - dependent manner
may have increased cell survival without apoptosis, and
contribute to a poor prognosis for patients.
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Clinicopathologic Significance of Hypoxia-Inducible
Factor 1a Overexpression in Gastric Carcinomas

KEN MIZOKAMI,'* YOSHIHIRO KAKEJL,'* SHINYA ODA," KOJI IRIE, TOMOHIRO YONEMURA,®
FUMIO KONISHL* ano YOSHIHIKO MAEHARA'
' Department of Surgery and Science, Graduate School of Medical Science, Kyushu University, Fukuoka, Japan

“Department of Pathology, Saga Prefectural Hospital Koseikan, Saga, Japan
?Department of Surgery, Saga Prefectural Hospital Koseikan, Saga, Japan
*Department of Surgery, Omiya Medical Center, fichi Medical School, Saitama, fapan

Background: Hypoxia-inducible factor la (HIF-1a) plays a key role in responses to
hypoxia and expression of HIF-la downstream genes leads to both an adapted
metabolism and increased oxygen supply. We investigated the clinical significance of
HIF-1a expression in gastric carcinoma.

Methods: We examined HIF-lx, vascular endothelial growth factor (VEGF), and
insulin-like growth factor-2 (IGF-2) expression patterns immunohistochemically in
126 specimens of gastric carcinoma. CD34 antigen levels were also examined by
immunohistochemistry to determine microvessel density (MVD) within tumors and
correlations between HIF-1a expression, clinicopathological features, and survival
were examined.

Results: HIF-1o expression correlated with tumor size (P < 0.003), depth of invasion
(P =0.018), VEGF expression (F = (0.03), and intra-tumor MVD (P < 0.005). IGF-2
expression was more prevalent in HIF-Io positive than in HIF-14 negative turnors and
the 5-year survival rate was 58.4% Tor HIF-1a positive patients and 81.5% for HIF-1a
negative patients (P = 0.009). HIF-1«a expression is an independent prognostic factor
in gastric carcinoma (P =0.032).

Conclusions: Overexpression of HIF-1a in gastric carcinomas may upregulate its
downstream gene products leading to VEGF-mediated angiogenesis, and resulting in a
poor prognosis for patients,

J. Surg. Oncol. 2006;94:149~154.  © 2006 Wiley-Liss, Inc.

Key Worps: gastric carcinoma; HIF-1a; VEGF; microvessel density; IGF-2;
prognosis

INTRODUCTION

Dysregulated, unlimited growth of tumors perturbs
homeostasis and creates a physiological disruption in the
surrounding tissues as well as the tumor interior. Oxygen
tension also often decreases dramatically in tumeors, and
this hypoxia is the result of an imbalance between an
elevated consumption of oxygen in tumor cells and an
insufficient oxygen supply due to a lack of vascular
networks in the tmmor tissue. The adaptation of tumor
cells to hypoxia is associated with tumor progression and
metastasis, as well as resistance to both chemotherapy
and radiotherapy, and there is an inverse correlation
between tumor oxygenation and clinical outcome [1,2].
At the cellular level, hypoxia induces expression of a

@ 2006 Wiley-Liss, Inc.

group of physiclogically important genes including
erythropoietin, wvascular endothelial growth factor
{(VEGP), glycolytic enzymes, and glucose transporters,
many of which are npregulated in some types of human
carcinomas. Each of these genes is under the control of
HIF-1, a transcriptional regulator that binds to specific
hypoxia-response elements (HRE). Hypoxia-inducible
factor 1ot (HIF-12) is a component of the HIF-1 complex,
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and its accumulation in the nucleus is a rate limiting
determinant of the functional activity of HIF-1 [3].
HIF-1a is both strongly induced and stabilized under
hypoxic conditions, under which it can then translocate
from the cytoplasm into the nucleus, and its target genes
promote cell proliferation and viability, angiogenesis,
and also metabolic adaptations to hypoxia [4]. HIF-1a
acts as a tamor-promoting factor by inducting expression
of VEGEF, probably the most potent angiogenic factor
known [5]. VEGF mRNA is not induced by hypoxia in
HIF-1o-deficient embryonic stem (ES) cells, and dra-
matic vascular regression occurs in HIF-lo-null mouse
embryos [6]. Furthermore, hypoxia induces expression of
various growth factors that are known to promote cell
proliferation. HIF-1a induces production of insulin-like
growth factor-2 (IGF-2) and expression ang secretion of
this growth factor may lead to an acceleration of tumor
growth [7-9].

In various human carcinomas HIF-1o expression has
been examined immunohistochemically, and shown to
correlate with both angiogenesis and a poor prognosis for
patients. The aim of this study was therefore to
investigate the clinical significance of BIF-1uo expression
in gastric carcinoma. Qur data show that HIF- 1o appears
to be an important factor in determining the behavior and
outcome of gastric carcinomas.

MATERIALS AND METHODS
Patients

This study included 126 randomly selected Japanese
patients with primary gastric carcinomas, all of whom
underwent a gastrectomy procedure in the Department of
Surgery, Saga Prefectual Hospital Koseikan, Saga, Japan
in 1994, There were 85 men and 41 women between the
ages of 27 and 88 years old (mean, 65.2 years). Curative
resections were performed on 77 patients and 49
underwent non-curative surgical procedures. A thorough
pathological examination was undertaken using hema-
toxylin and eosin-stained tissue preparations, and patho-
logical diagnosis and classification of the resected gastric
carcinoma tissues was performed according to the
General Rules for the Gastric Cancer Study in Surgery
and Pathology in Japan [10]. Tumors were collected and
fixed in 10% formalin and embedded in paraffin. Each
paraffin block contained both tumor and adjacent non-
tumor tissne and for each patient the tumor tissue
invading to the deepest level of the stomach wall was
selected for this study.

Immunchistochemistry

A streptavidin-biotin-based immunohistochemical
method was used to detenmine HIF-12t expression.

Journal of Surgical Oncology DOI 101002450

Briefly, 4-um thick sections prepared from paraffin-
embedded blocks were deparaffinized in xylene and
rehydrated using a graded series of ethanol solutions.
Slides were autoclaved in 1 mM EDTA (pH 8.0) at
120°C for 10 min and endogenous peroxidase was
blocked with (0.3% hydrogen peroxide in methanol for
10 min. The sections were incubated for 2 hr at room
temperature with a monoclonal antibody against HIF-1a
(IgG2b, clone MAb Hlw67, NB 100-105, Novus
Biologicals, Littleton, CO), at a dilution of 1:100 [11].
The sections were washed three times with phosphate-
buffered saline (PBS) and the sections were then
incubated with biotinylated rabbit anti-mouse immuno-
globulin (Histofine SAB-PO (M) kit, Ig; 1gG, IgA, and
IgM; Nichirei Corp.) for 10 min followed by three
washes in PBS. The slides were treated with peroxidase-
conjugated streptavidin for 10 min and following
PBS washes, peroxidase labeling was developed by
incubating the sections in diamino-benzidine tetrahydro-
chloride (DAB) for 3 min. Finally, Mayer hematoxylin
solution was used for nuclear counter-staining. For
negative controls, we omitted the primary antibody.
HIF-la protein expression in the cytoplasm and the
nucleus of tumor cells was judged as positive-staining .
if there was nuclear staining in more than 10% of
twmor cells and was accompanied by weak or strong
cytoplasmic staining, as described in previous reports
[12].

Expression of VEGF and IGF-2 was investigated,
using the rabbit polyclonal antibody A-20 (Samta
Cruz Biotechnology, Santa Cruz, CA) and the mouse
monoclonal antibody W3D9-1 (American Research
Product, Belmont, MA), respectively. Specimens were
incubated for 2 hr with a 1:50 dilution of the primary
antibody solution at room temperature and the degree of
reactivity with individual tissue sections was deemed
positive if unequivocal staining of the cytoplasm was
seen in more than 5% of tumor cells, as previously
reported.

A procedure for detecting microvessels using an anti-
CD34 monoclonal antibody was also utilized (Dako,
Glostrip, Denmark). Briefly, evaluation of microvessel
density (MVD) was determined, using the modified
technique of Weidner et al. [13]. Each slide was scanned
at low magnification {40x or 100x), and the area of the
most dense neovascularization (greatest number of
capillaries or small venules) was determined. Individnal
microvesse] counts were made on a 200x field
(0.739 mm? per field) and positive cells or cell clusters,
clearly separate from adjacent microvessels, tumor cells,
and other connective tissue elements, were counted as a
single microvessel. Occasional immunopositive leuko-
cyles were excloded on morphological grounds. The
distribution of areas of most intense vascularization was
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heterogeneous for each tumor. In each of the samples the
mean values for the numbers of microvessels was
calculated from five highly vascularized areas ‘‘hot
spots.”

Fully automated staining was also performed 1o
confirm the results obtained from the immunostaining
procedures described above, using a Ventana Discover-
yTM System (Ventana Medical Systems, Inc., Tucsomn,
AZ). All evaluations of immunostaining data were
performed by two independent observers (K.M. and
Y.K.) without knowledge of the patient’s clinical status,
and two pathologists reviewed the slides.

Statistical Analysis

The BMDP Statistical Package program (BMDP,
Los Angeles, CA) for the IBM 3090 mainframe computer
(Armonk, NY) was used for all analyses. The association
of factors was evaluated using a chi-square and a
Student z-test and differences among survival curves,
based on HIF-lo expression, were examined using the
generalized Wilcoxon test. Survival curves were con-
structed using the Kaplan—Meier method. A multivariate

Fig. 1. The nuclear and cytoplasmic staining of HIF-1a in ulcerated
regions of an advanced gastric carcinoma is shown (200x).

RESULTS

analysis of prognostic factors related to overall survival
was conducted using the Cox proportional hazards
model. A value of P < 0.05 was considered statistically
significant.

Expression of HIF-lo in gastric carcinomas was
frequently detected at the invading edge of the tumor
margin and at the periphery of necrotic regions within the
tumor mass (Fig. 1). Of the gastric carcinoma specimens

TABLE 1. Relationship of HIF-1oe, VEGF, and IGF-2 to Clinicopathologic Factors in Gastric Carcinomas

HIF-1a HiF-1ee VEGF {~) VEGF {(+) IGF-2 (-} IGF-2(4)
(=)n=T77 (+)n=4% P-value n=23§7 n=739 P-value n=_§1 n=45 P-value
Age
<65 31 29 0038 35 25 0.013 42 18 0.202
=263 46 20 52 14 39 27
Gender
Male 50 a5 0.448 58 27 0,776 3l 35 <0.005
Female 27 14 29 12 50 10
Depth of invasion
tl 48 20 0.018 51 17 0.118 45 23 0.631
12,34 29 29 36 22 36 22
Histology
Differentiated 56 i8 <0.005 58 6 0.007 49 25 0.59
Undifferentiated zl 3l 29 23 32 20
Tumor size
<3 cm 35 10 <0.005 33 12 0.438 37 8 <0.005
>3cm 42 39 54 27 44 37
Lymph node metastasis
Nepative 51 24 0.054 37 18 0.04] 43 30 <0.005
Positive 26 25 30 2] 36 15
Lymphatic invasion
Negative 40 9 <0.005 40 9 0.015 31 20 <0.005
Positive 37 40 47 30 50 25
Venous invasion
Negative 64 35 0.149 - 68 3l 0.867 64 33 <(.003
Positive 13 i4 16 8 17 10
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