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significant when the P-value was less than 0.05. The
StateView program was used for Kaplan—-Meier
analysis of survival rates, and the Mantel-Cox test
was used to test the equality of survival curves.

3. Results

In this study, we investigated the major p53
alterations identified in gastric carcinomas in 113
cancer patients. Mutations were observed in 19
(16.8%) of those patients. Among them, 8 showed
nonsense mutations and 11 showed missense
mutations (Table 1). p53 mutations were found
more frequently in the intestinal type cancers than in
the diffuse type cancers (Table 2). Relations with
other clinicopathological factors were not found.
Kaplan-Meier overall survival curve (Fig. 1) demon-
strates that patients with mutant p53 had a relatively
higher survival rate than those patients with wild type
p53, however, it was not significant. LOH of p53 was
simultaneously analyzed in the same 113 cases.
Informative analyses performed on 89 patients
resulted in 31 (34.8%) cases that were judged as
LOH. Ten out of fourteen patients (72%) had LOH of
p53 out of the cases with p53 mutation (Table 3).

Table 1
Summary of the p53 mutated cases

LOH of PTEN was also examined in this study and
was observed in 13 of 76 cases (17.1%) among the
113 analyzed cases. The clinicopathological differ-
ences due to the presence of LOH of PTEN were not
pointed out (data not shown). However, we discov-
ered that there was a strong correlation between the
gene mutation of p53 and the LOH of PTEN. LOH of
PTEN was observed in 7 out of 63 patients (11.1%) in
the cases with normal p53s, and in 6 out of 13 patients
(46.2%) in the cases with p53 mutations (Table 4).
LOH of PTEN was frequently recognized in cases
with the p53 gene mutation.

4. Discussion

From the results of this study, we found that in
gastric cancers, the relationship between a mutation
and LOH of p53 was controversial despite the fact that
aberrant protein expression, gene mutation, and LOH
have been, respectively, reported [13,22]. In our data,
the genetic mutation of p53 was recognized in 19
patients (16.8%), and LOH of p53 was recognized in
34.8% altogether. Seventy-two percent of the patients
carrying the p53 mutation showed LOH of p53. p53
mutation was more frequently recognized in intestinal

Number Exon Mutation Codon altered D10S1765 (p53) D178796 (PTEN)
1 6 cgaitga Arg213stop LOH NI

2 5 cge:cac Argl75His LOH LOH
3 6 tat:tgt,gat:tat Tyr220Cys,Asp324Tyr LOH LOH
4 8 cgatga Arg306stop 1LOH LLOH
5 7 cceicte Pro250Leu NI LOH
6 5 cegiacg Pro152Thr ROH NI
7 8 cgticat Pro273His LOH LOH
8 7 tat:itgc Tyr236Cys LOH NI

9 8 cgaitga Arg306stop ROH ROH
10 7 gge:age Gly245Ser LOH ROH
11 4 aag:aat,cag:tag Lys164Asn,Glnl65stop LOH ROH
12 7 tac:tge Tyr234Cys LOH ROH
13 6 ttgitag Leu201stop NI ROH
14 8 gac:tac Arg281Thr LOH NI
15 7 tgtitga Cys229stop NI ROH
16 8 cpt:cat Pro273His LOH NI
17 6 cgatga Argl96stop ROH ROH
18 5 gte:tte Vall57Phe ROH LOH
19 5 . tgcitga Cys176stop NI NI

LOH, loss of heterozygosity; ROH, retention of heterozygosity; NI, not informed.
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Table 2
Clinicopathological features of gastric cancers and the mutation of

p53

Variable P53 P-value
Wild (n=94) Mutant (n=19)

Gender
Male 65 15 NS
Female 29 4

Age 62.7 67.1 NS

Histology
Intestinal 32 13 0.0028
Diffused 61 5

Serosal invasion
Negative 40 11 NS
Positive 54

Histological lymph node metastasis
Negative 35 6 NS
Positive 59 13

Vascular invol vement
Negative 47 10 NS
Positive 47 9

Peritoneal dissemination
Negative 90 18 NS
Positive 4 1

- Liver metastasis

Negative 90 17 NS
Positive 3 2

Stage
1+1 41 10 NS
HI+1v 53 9

NS, not significantly.

types of gastric cancers (Table 1). Concerning colon
cancers, a p53 mutation occurs earlier than LOH, and
it is assumed that L.OH arises after the carcinoma has
progressed [23]. In gastric cancers, the relationship
between mutation and LOH of p53 has rarely been
argued. Our results suggest that tumor progression of
gastric cancer is similar with colon cancers, especially
in intestinal type gastric cancers.

Another important finding was the relationship
between PTEN and p53. PTEN was identified as a
novel tumor suppressor gene that has been studied in a
variety of cancers. LOH and mutation of PTEN have
been reported in melanoma, glioblastoma, renal
cancer, lung cancer, and breast cancer [1,2,6]. To
date, however, the role of PTEN in gastric carcino-
genesis has not been well studied. In the present study,
we examined LOH of PTEN and the mutation

and performed LOH analysis of p53 in 113 patients.
LOH of PTEN was found in 17.1% of the patients,
which is consistent with previous reports. Surpris-
ingly, LOH of PTEN was significantly observed at a
high rate in cases with p53 mutations. LOH of PTEN
was observed in 7 out of 63 patients (11.1%) in the
cases with normal p53s, and in 6 out of 13 patients
(46.2%) in cases with p53 mutations (Table 3).

It was reported that more than 50% of radiation-
induced tumors from p53+/— and p53—/— mice
showed heterozygous loss of one PTEN allele and
showed one remaining mutation-free allele [18].
Other previous reports about prostate cancer in
PTEN heterozygous mice also concluded that PTEN
plays a haploinsufficient role in tumor development
[24,25]. These reports showed that there is an
important mutual relationship between p53 and
PTEN. Our study also suggests that PTEN is

Mutant p53

@
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= N. 8.
o] 4
2
S 404
0 Wild type p53
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0 1 2 3 . 4 5 (Year)

Years after operation

Fig. 1. Kaplan-Meijer overall survival curves. The solid line
demonstrates the patients who had wild type p53. The dotted line
is the survival curve of the patients with mutated p53.

Table 3
Relationship between mutation and the loss of heterozygosity of
pS3

p33
wt ) mt
P53 LOH 21 10
ROH 54_ 4

P<0.02. LOH, loss of heterozygosity; ROH, retention of
heterozygosity; wt, wild type; mt, mutant type.
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Table 4
Relationship between the r_nutatiou of p53 and the loss of

heterozygosity of PTEN

pS3
wt mt
PTEN LOH 7 6
ROH 56 7

" P<0.02. LOH, loss of heterozygosity; ROH, retention of
heterozygosity; wt, wild type; mt, mutant type.

haploinsufficient in p53 mutated gastric cancers, and it
first revealed a relationship between p53 and PTEN in
a clinical sample. Further study of PTEN and p53 in
gastric cancer patients is necessary because the
chemosensitivity or prognosis of the gastric cancer
patient might be influenced by the LOH of PTEN.

In conclusion, our examination showed the import-
ance of PTEN in the carcinogenesis of gastric cancer.
The fact that gastric cancer with a p53 mutation
frequently showed the loss of a PTEN allele suggests
that PTEN is a haploinsufficient tumor suppressor
gene and that PTEN and p53 cooperated in gastric
cancer development. '

Acknowledgements

We are grateful to J. Tsuchihashi, K. Miyamoto, N.
Nakamura, Y. Kubota, Y. Matsumoto and T. Shishino
for technical assistance. This study was supported by
grants from the Ministry of Education, Science, Sports
and Culture of Japan.

References

[1] P.A. Steck, M.A. Pershouse, S.A. Jasser, W.K. Yung, H. Lin,
A.H. Ligon, et al, Identification of a candidate tumour
suppressor gene, MMACI, at chromosome 10g23.3 that is
mutated in multiple advanced cancers, Nat. Genet. 15 (1997)
356-362.

(2] J. Li, C. Yen, D. Liaw, K. Podsypanina, S. Bose, S.1. Wang,
et al, PTEN, a putative protein tyrosine phosphatase gene
mutated in human brain, breast, and prostate cancer, Science
275 (1997) 1943-1947,

{3] H.Tashiro, M.S. Blazes, R. Wu, K.R. Cho, S. Bose, S.I. Wang,
et al, Mutations in PTEN are frequent in endometrial
carcinoma but rare in other common gynecological malig-
nancies, Cancer Res. 57 (1997) 3935-3940.

(4] P. Guidberg, P. Thor Straten, A. Birck, V. Ahrenkiel,
AF. Kirkin, J. Zeuthen, Disruption of the MMACI/PTEN
gene by deletion or mutation is a frequent event in malignant
melanoma, Cancer Res. 57 (1997) 3660-3663.

{5] YE. Whang, X. Wu, H. Suzuki, R.E. Reiter, C. Tran,
R.L. Vessella, et al., Inactivation of the tumor suppressor
PTEN/MMACI in advanced human prostate cancer through
loss of expression, Proc. Natl Acad. Sci. USA 95 (1998) 5246-.
5250.

[6] S.I. Wang, J. Puc, I. Li, IN. Bruce, P. Caims, D. Sidransky,
R. Parsons, Somatic mutations of PTEN in glioblastoma
multiforme, Cancer Res. 57 (1997) 4183—-4186.

[7] D.H. Teng, R. Hu, H. Lin, T. Davis, D. Iliev, C. Frye, et al,
MMACI/PTEN mutations in primary tumor specimens and
tumor cell lines, Cancer Res. 57 (1997) 5221-5225.

(8] GL. Maxwell, LI Risinger, C. Gumbs, H. Shaw,
R.C. Beantley, J.C. Barrett, et al., Mutation of the PTEN
tumor suppressor gene in endometrial hyperplasias, Cancer
Res. 58 (1998) 2500-2503.

(5] P.L.Dahia, D.J. Marsh, Z. Zheng, I. Zedenius, P. Komminoth, -

T. Frisk, et al., Somatic deletions and mutations in the Cowden

disease gene, PTEN, in sporadic thyroid tumors, Cancer Res.

57 (1997) 4710-4713.

[10] T. Maehama, J.E. Dixon, The tumor suppressor, PTEN/ !

i

MMACI, dephosphorylates the lipid second messenger, |
phosphatidylinositol 3,4,5-trisphosphate, . Biol. Chem. 273

(1998) 13375-13378.
[11] F.B. Furnari, H. Lin, H.S. Huang, W.K. Cavene¢, Growth

suppression of glioma cells by PTEN requires a functional |

phosphatase catalytic domain, Proc. Natl Acad. Sci. USA 94
(1997) 12479-12484.

[12} S.Y. Han, H. Kato, S. Kato, T. Suzuki, H. Shibata, S. Ishii,
et al., Functional evaluation of PTEN missense mutations
using in vitro phosphoinositide phosphatase assay, Cancer
Res. 60 (2000) 3147-3151.

(131 CM. Fenoglio-Preiser, J. Wang, G.N. Stemmermana,
A. Noffsinger, TP53 and gastric carcinoma: a review, Hum.
Mutat. 21 (2003) 258-270.

(14} M.B. Kastan, O. Onyekwere, D. Sidransky, B. Vogelstein,
R.W. Craig, Participation of p53 protein in the cellular
response to DNA damage, Cancer Res. 51 (1991) 6304—6311.

[15] AJ. Levine, p53, the cellular gatekeeper for growth and
division, Cell 88 (1997) 323-331.

{16] L.A. Donehower, M. Harvey, B.L. Slagle, M_.I. McArthur,
C.A. Montgomery Jr,, J.S. Butel, A. Bradley, Mice deficient
for p53 are developmentally normal but susceptible to
spontaneous tumours, Nature 356 (1992) 215-221.

[17] V. Stambolic, D. MacPherson, D. Sas, Y. Lin, B. Snow,
Y. Jang, et al., Regulation of PTEN transcription by p53, Mol.
Cell 8 (2001) 317-325.

{18] I1.H. Mao, D. Wu, J. Perez-Losada, H. Nagase, R. DelRosario,
A. Balmain, Genetic interactions between Pten and p33 in
radiation-induced lymphoma development, Oncogene 22
(2003) 8379-8385.

[19] Y.Maehara, Y. Kakeji, S. Oda, H. Baba, K. Sugimachi, Tumor
growth patterns and biological characteristics of early gastric
carcinoma, Oncology 61 (2001) 102-112.



e

38 E. Oki et al. / Cancer Letters 227 (2005) 33-38

[20} S.Oda, E. Oki, Y. Machara, K. Sugimachi, Precise assessment
of microsatellite instability using high resolution fluorescent
microsatellite analysis, Nucl. Acids Res. 25 (1997) 3415-3420.

[21] Y. Maehara, S. Oda, K. Sugimachi, The instability within:
problems in current analyses of microsatellite instability,
Mutat. Res. 461 (2001) 249-263.

[22) Y.Gomyo, M. Osaki, N. Kaibara, H. Ito, Numerical aberration
and point mutation of p53 gene in human gastric intestinal
metaplasia and well-differentiated adenocarcinoma: analysis
by fluorescence in situ hybridization (FISH) and PCR-SSCP,
Int. J. Cancer 66 (1996) 594-599.

[23] K.R. Cho, B. Vogelstein, Suppressor gene alterations in the
colorectal adenoma-carcinoma sequence, J. Cell Biochem.
Suppl. 16G1992; 137-141.

(24] B. Tang, E.P. Bottinger, S.B. Iakowlew, K.M. Bagnall,
J. Mariano, M.R. Anver, et al, Transforming growth factor-
betal is a new form of tumor suppressor with true haploid
insufficiency, Nat. Med. 4 (1998) 802-807.

[25] M.L. Fero, E. Randel, K.E. Gurley, ].M. Raberts, C.1. Kemp,
The murine gene p27Kipl is haplo-insufficient for tumour
suppression, Nature 396 (1998) 177-180.



. Imaging, Diagnosis, Prognosis

Clinical Significance of Heparin-Binding Epidermal Growth
Factor—Like Growth Factor and A Disintegrin and
Metalloprotease 17 Expression in Human Ovarian Cancer
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Ovarian cancer is the most common cause of death from a
gynecologic malignancy in most countries (1). The high
mortality is predominantly due to occult progression of the
tumor in the peritoneal cavity, with the initial diagnosis
usually being made at an advanced stage. Currently, ~75%
of ovarian cancers are diagnosed at International Federation
of Gynecology and Obstetrics stages 11l and IV (2). Extensive
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dissemination of a tumor is caused by the peritoneal fluid
following the circulatory pathway in the abdominal cavity,
and the peritoneal fluid acts as a rich source of growth factor
activity for ovarian cancer cells (3). Thus, the dissemination
of cancer cells activated by ovarian cancer-activating factors
results in an exaggerated increase in peritoneal fluid, which
in turn leads to tumor extension in ovarian cancer.
Therefore, to develop a targeting therapy, it would be
extremely useful to understand the ovarian cancer-activating
factor - mediated molecular mechanisms for activating ovar-
ian cancer cells.

Lysophosphatidic acid (LPA) is a simple phospholipid with
numerous cellular effects, including growth promotion, cell
cycle progression, and cytoskeletal organization (4), and is
generated from precursors in membranes. LPA is elevated in the
plasma and peritoneal fluid from patients with ovarian cancer in
all stages, suggesting that it is a possible candidate for an ovarian
cancer-activating factor (5-8). In principle, LPA-induced
signaling is mediated by G protein-coupled receptors, includ-
ing LPA1, LPA2, LPA3, and LPA4 (4). Recent investigations have
shown that G protein~coupled receptors are able to use the
epidermal growth factor receptor (EGFR) as a downstream
signaling partner in the generation of mitogenic signals (9), and

Clin Cancer Res 200511 (13) July 1, 2005
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EGFR has been recognized to play a pivotal role in the
progression of ovarian cancer (10, 11). According to this
evidence, it can be considered that EGFR signal transactivation
induced by LPA may contribute to the promotion of a tumor in
ovarian cancer.

The molecular mechanisms of EGFR signal transactivation
involve processing of transmembrane growth factor precur-
sors by metalloproteases, which have been identified as
members of the ADAM (a disintegrin and metalloprotease)
family of zinc-dependent proteases (9). Seven-transmembrane
growth factor precursors have been described as ligands for
EGFR: EGF, heparin-binding EGF-like growth factor (HB-
EGF), amphiregulin, transforming growth factor-a (TGF-a),
betacellulin, epiregulin, and epigen (12, 13). For the metal-
loproteases, there have been at least 34 adam genes described
in a variety of species, and ADAM 9, 10, 12, 17, and 19,
which™ are ubiquitously expressed in somatic tissues, have
sheddase activity (14). In particular, ADAM 9, 10, 12, and 17
are involved in the ectodomain shedding of EGFR ligands
(15-21). The enhancement of EGFR signal transactivation
mediated by EGFR ligands and the ADAM family is linked to
the pathogenesis of hyperproliferative disorders, such as
cancer. Previously, we shown that HB-EGF is involved in
EGER signal transactivation induced by LPA in ovarian cancer
cell lines and that the expression of HB-EGF is attributable to
tumor growth on xenografted mice using ovarian cancer cell

lines (22). However, no studies have yet comprehensively
examined the clinical significance of EGFR ligands and
ADAM family expression in human cancers.

To investigate which molecules involved in EGFR signa]
transactivation are associated with human ovarian cancer, we
examined the expression of EGFR ligands and ADAM family
members in patients with ovarian cancer, using real-time PCR,
and analyzed the clinical significance of these molecules in
ovarian cancer.

Materials and Methods

Patients and surgical specimens.  All 108 patients in this study had
undergone surgery at the Department of Obstetrics and Gynecology,
Kyushu University Hospital (Fukuoka, Japan) between January 1996
and August 2003. All the ovarian cancer specimens were obtained from
68 patients, comprising 16 cases with International Federation of
Gynecology and Obstetrics stage I ovarian cancer, 10 cases with stage II,
29 cases with III, and 13 cases with stage IV. None of the patients had
received chemotherapy before surgery. After dissection, half of each
fresh tumor tissue specimen was immediately snap frozen in liquid
nitrogen and stored at —80°C until use, whereas the other half was
immediately embedded for the production of frozen or paraffin
sections. Diagnosis was based on conventional morphologic examina-
tion of paraffin-embedded specimens, and tumors were classified
according to the WHO dassification (23). Metastases of pelvic lymph
nodes in all cases and para-aortic lymph nodes in 60 cases were assessed

: iézquantltatlve real-time PCR

Primer sequence (5-3')

o able1 Each ohgonucleotlde probe sequence or expression index of EGFR ligands or ADAM family in use of

Probe sequence (5'-3)

HB-EGF TGGAGAATGCAAATATGTGAAGGA
AGGATGGTTGTGTGGTCATAGGTAT
TGF-a GATTCCCACACTCAGTTCTGCTT
CACAGCGTGCACCAACGT
Amphiregulin CCTGGCTATATTGTCGATTCA
GTATTTTCACTTTCCGTCTTGTTTTG
Epiregulin GGACAGTGCATCTATCTGGTGGA
AGTGTTCACATCGGACACCAGTA
Betacellufin GCCCCAAGCAATACAAGCA
GTCTCCTCTTAGGTAAAACAAGTCAACTCT
ADAM 9 TGCTGAGTGTGCATATGGTGACT
AAGAACCATTGCAGTACTCTGGAA
ADAM 10 TGCCAAAAGAGCAGTCTCACA
TTGATGTTTCTACTTTAAATTCATCACTGA
ADAM12 GGAAAGCAAAGAACTGATCATAAATCT
TTTCGAGCGAGGGAGACATC
ADAM 17 CAGCTGGAGTCCTGTGCATGT
ACACAGCGGCCAGAAAGGT
Glyceraldehyde-3-phosphate GAAGGTGAAGGTCGGAGTC
dehydrogenase GAAGATGGTGATGGGATTTC

CTCCCTCCTGCATCTGCCACCC
CCAGCATGTGTCTGCCATTCTGGG
TCAGAGTTGAACAGGTAGTTAAGCCC
ACTTCACACCTGCAGTAG
CCTTCATCACAGACACAGGAGGGCGT
CCTCCTGGAAGGAACCGACAGTCTTTACAA
ATGCCCATGGAAGACATTTCAACCTACG
AAGGTCTCATTGCCAGCAGTTTCACG
ATGAAACTGACAACTCCTGCAAGGTGTGCT

CAAGCTTCCCGTTCTCAGCC

S

*Significant (P € 0.05) compared with the expression index of normal ovary.
1Significant (P < 0.01) compared with the expression index of normal ovary.
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by pathologic examination using paraffin-embedded specimens after
surgery. In 8 cases, metastases of para-aortic lymph nodes were
evaluated by the presence or absence of lymph node swelling in an
abdominal computed tomographic scan before surgery because surgical
specimens were not resected. The median follow-up periods for all
patients were 30.0 months (range, 2-83 months) for overall survival
and 20.0 months (range, 1-63 months) for progression-free survival.
After debulking surgery, all 68 patients had platinum-based chemo-
therapy (median, 6.0 courses; range, 1-10 courses) as first-line
chemotherapy. Normal ovarian tissue specimens were obtained at
surgery for benign gynecologic disorders from 40 patients, comprising
12 premenopausal cases and 28 postmenopausal cases. Informed
consent was obtained from all patients in this study.

Criteria for chemotherapy response and definition of progression-free
survival interval. The response to chemotherapy induction was
assessed by second-look surgery, clinical and/or radiographic evalu-
ation according to the WHO criteria, or CA125 response using Rustin
et al’s criteria (23, 24). The progression-free interval was defined as
the duration from the date at surgery to the final date observed in
this study (March 31, 2004) or the duration from the date at surgery
to the date when progression was diagnosed, according to the
proposed definitions of progression by the Gynecologic Cancer
Intergroup (25).

Preparation of RNA.  To ascertain the presence of cancer cells, half
of each fresh tumor tissue specimen was immediately embedded in
Tissue-Tek OCT compound (Sakura, Tokyo, Japan). Frozen sections
were cut on the cryostat to a thickness of 6 um and immediately
stained with H&E. More than 80% of any given tumor specimen,
which contained cancer cells, were used for cDNA synthesis. RNA was
extracted using TRIzol (Invitrogen Corp., Carlsbad, CA) according to

the manufacturer’s protocol. First-strand cDNA synthesis was done
with 0.8 pg total RNA using SuperScript IT reverse transcriptase
(Invitrogen) following the manufacturer's protocol.

Performance of reverse transcription-PCR and real-time quantitative
PCR for epidermal growth factor receptor ligands or a disintegrin and
metalloprotease family members,  Sense and antisense primers based
on the nucleotide sequences of HB-BGF cDNA, TGF-a cDNA,
amphiregulin ¢DNA, epiregulin ¢cDNA, betacellulin ¢DNA, and EGE
cDNA were used, and the PCR protocol for each EGFR ligand followed
those described by Adam et al. (26) or Sorensen et al. (27). The PCR
products were electrophoresed in 2% agarose gels, and the bands were
visualized with ethidium bromide and photographed with a camera
(Funakoshi, Tokyo, Japan). When no bands were detected, the number
of amplifications was increased by 50 cycles. Real-time PCR (TagMan
PCR) was done using an ABI PRISM 7000 Sequence Detection System
{Applied Biosystemns, Foster City, CA) as described previously (28). The
sequences of the oligonucleotide primer pairs and TaqgMan probes for
each EGFR ligand and ADAM family member are summarized in
Table 1. Serial 1:10 dilutions of plasmid DNA containing each target
¢DNA (107-10" copies/uL) were analyzed and served as standard
curves, from which we determined the rate of change of the threshold
cycle values. The correlation coefficients of the standard curves were
>0.995, thus ensuring the accuracy of our data. Plasmid DNA played
the role of a positive control for each reaction. Copy numbers of the
target cDNAs (HB-EGF, amphiregulin, TGF-w, epiregulin, betacellulin,
ADAM 9, ADAM 10, ADAM 12, and ADAM 17) were estimated from
the standard curves. All reactions for the standard and patient samples
were done in triplicate, and the data were averaged from the values
obtained in each reaction. To determine the mRNA levels of four EGER
ligands and four ADAM family members, we used the mRNA

Expression index (mean + SE)

Normal ovary (n = 40)

Ovarian cancer, stage HI-IV (n =42)

Ovarian cancer, stage I-ll (n = 26)

16.5 + 1.9 60.4 + 101.4

' 0.084 + 0114 0.083 + 0.064

5.26 + 4.85 756 + 12.02

0.035 + 0.051 0.022 + 0.004

1.246 + 0154 1.858 + 0.362
108 + 99 232 + 454
212 +14.9 26.4 + 251
7.84 +11.49 181 +377

488 + 445

1,500 + 1,582

137 + 204
0.072 £ 0.084
230+ 46.9
0.032 + 0.06
2.865 +1.002
304 + 817
210+ 310
230+ 390

3192 + 4,825"
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Fig.1. Differences in expression of EGF ligands between
normal ovaries and ovarian cancer (OVCA). mRNA
expression index of HB-EGF (4), TGF-a (8), amphiregulin
(C), epiregulin (D), and betacellulin (£) in patients with
normal ovaries, early ovarian cancer (stages I-if), and
advanced ovarian cancer {stages Hll-1V). A line indicates the
mean value of the mRNA expression index for each group.
*, P (0,05, versus patients with normal ovaries.
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expression index, which is a relative mRNA expression level standard-
ized by glyceraldehyde-3-phosphate dehydrogenase. The mRNA ex-
pression index was calculated as follows (in arbitrary units): mRNA
expression index = (copy number of each EGFR ligand or each ADAM
family member mRNA / copy number of glyceraldehyde-3-phosphate
dehydrogenase mRNA) x 10,000 arbitrary units. When the expression
index was over the maximal value in patients with normal ovaries, it
was regarded as a high expression status of the molecule under analysis.

In situ hybridization.  In situ hybridization was done as described
previously (29). Briefly, digoxigenin-labeled antisense and sense
riboprobes were generated by in vitro transciption using a DIG
RNA Labeling kit (SP6/T7; Roche Diagnostics GmbH, Penzberg,
Germany) according to the manufacturer’s instructions. The frozen
samples were sectioned to a thickness of 6 pm. After fixation in 4%
paraformaldehyde for 10 minutes, slides were immersed in 0.2 mol/L
HCI for 10 minutes and then rinsed in phosphate buffer. Acetylation
was done in 0.1 mol/L triethanolamine in 0.25% acetic anhydride
for 15 minutes. After rinsing in phosphate buffer, sections were
dehydrated in an ethanol gradient and dried. Sections were
hybridized with the HB-EGF probe (diluted 1:10) at 55°C overnight.
After high-stringency washing, the signal was visualized using an

alkaline phosphatase - conjugated anti-DIG antibody (Roche Diag-
nostics). Three examiners (Y.T., S.M., and K.S.) separately evaluated
the HB-EGF mRNA staining by cell counting. At least 20 high-
magnification fields were chosen randomly, and 1,000 cells in total
were counted.

Immunohistochemistry. Immunohistochemistry was done on fro-
zen sections using a goat polyclonal antibody against HB-EGF (R&D
Systems, Inc., Minneapolis, MN) and on formalin-fixed, paraffin-
embedded sections using a goat polyclonal antibody against ADAM
17 (Santa Cruz Biotechnology, Inc., Santa Cruz, CA). Frozen sections
were cut on a cryostat to a thickness of 6 pm, mounted on poly-L-
lysine-coated slides, and either used immediately or stored at —80°C
until needed. Paraffin-embedded sections were cut on a microtome
to a thickness of 4 um, mounted on poly-L-lysine-coated slides, and
then dewaxed and rehydrated through xylene, graded ethanol
solutions (100%, 90%, and 70%), and water. Briefly, the frozen
and paraffin-embedded sections were subsequently immersed for 30
minutes in 0.3% H;0, in absolute methanol, treated with 5%
normal rabbit serum for 30 minutes, and incubated with the primary
antibody against HB-EGF or ADAM 17 overnight at 4°C. The sections
were then incubated with biotinylated rabbit anti-goat IgG (Nichirei
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Corp., Tokyo, Japan) for 30 minutes followed by an avidin-biotin-
peroxidase complex solution. The peroxidase reaction was developed
using 3,3’ -diaminobenzidine tetrahydrochloride in the presence of
0.05% H,0,, and the sections were then counterstained in Mayer's
hematoxylin, washed in tap water, dehydrated in graded ethanol,
cleared in xylene, and coverslipped. Control staining was done using
nonimmune goat IgG as the primary antibody. Three examiners
(V.T., S.M., and KS.) separately evaluated the HB-EGF and ADAM 17
staining by counting the immunoreactive cells. At least 20 high-
magnification fields were chosen randomly, and 1,000 cells in total
were counted.

Statistical analysis. Statistical analysis was done with StatView
software version 5.0 (Abacus Concepts, Berkeley, CA). The Mann-
Whitney test was done to test the equality of the distribution of age and
the mRNA expression index of five EGFR ligands and four ADAM family
members among patients with normal ovaries, early ovarian cancer,
and advanced ovarian cancer. Progression-free survival curves were
estimated using the Kaplan-Meier method and analyzed by the log-rank
test. Correlation between the mRNA expression indices of molecules
was analyzed using Spearman’s correlation analysis. Statistical signifi-
cance was based on two-tailed statistical analyses, and Ps < 0.05 were
considered statistically significant.
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Fig. 3. Clinical significance of HB-EGF and ADAM 17 expression in ovarian cancer.
Progression-free survival of 68 patients with ovarian cancer in relation to the
tumor HB-EGF expression status (4) and tumor ADAM 17 expression status (8).
Ps were determined using the log-rank test.
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Expression of epidermal growth factor ligands in normal ovaries
and ovarian cancer. Using real-time PCR, large differences in
the mRNA expression index were found for HB-EGF and four
other EGFR ligands between normal ovaries and ovarian
cancer {Fig. 1; Table 1). For HB-EGF, the mRNA expression
index was significantly elevated in advanced ovarian cancer
compared with that in normal ovaries, although there was no
significant difference between early ovarian cancer and
normal ovaries (Fig. 1; Table 1). For TGF-a, amphiregulin,
epiregulin, and betacellulin, no significant differences in the
mRNA expression index were found among the three groups
(Fig. 1; Table 1). No clear expression of EGF was detected in
10 patients with normal ovaries or 30 patients with ovarian
cancer by reverse transcription-PCR, although EGF expression
was confirmed in human placenta tissue using the same
primer sets {26). Therefore, real-time PCR for EGF was not
done in this study. To further.investigate the expression of
HB-EGF in surface normal ovarian epithelial cells, we
examined the expression index of HB-EGF using 10 samples
extracted by brushing normal ovarian epithelial cells. The
expression index of HB-EGF mRNA was 7.6 + 7.9 (mean +
SE), which was not significantly changed from that in
samples extracted from whole normal ovaries. In a cancerous
state, the expression of HB-EGF significantly increased
compared with that in a normal state. These results suggest
that HB-EGF contributes to the progression of ovarian cancer
among the EGFR ligands.

Expression of a disintegrin and metalloprotease family members
in normal ovaries and ovarian cancer. A large difference in the
mRNA expression index was found for ADAM 17 and three
other ADAM family members in normal ovaries and ovarian
cancer (Fig. 2; Table 1). For ADAM 17, the mRNA expression
index in early or advanced ovarian cancer was significantly
elevated compared with that in normal ovaries, and there was
no significant difference between early and advanced ovarian
cancers (Fig. 2; Table 1). For ADAM 9, 10, and 12, no
significant differences in the mRNA expression index were
found among the three groups (Fig. 2; Table 1). To further
investigate the expression of ADAM 17 in normal surface
ovarian epithelial cells, we examined the expression index of
ADAM 17 using 10 samples extracted by brushing normal
ovarian epithelial cells. The expression index of ADAM 17
mRNA was 440 + 380 (mean =+ SE), which was not
significantly changed from that in samples extracted from
whole normal ovaries. In a cancerous state, the expression of
ADAM 17 significantly increased compared with that in a
normal state. Taken together, these results suggest that ADAM
17 is involved in the occurrence of ovarian cancer.

Clinical significance of heparin-binding epidermal growth
factor~like growth factor or a disintegrin and metalloprotease
17 expression in ovarian cancer. HB-EGF expression ranged
from a mRNA expression index of 10 to 39 in patients with
normal ovaries. Ovarian cancer patients with a HB-EGF mRNA
expression index of >40 were therefore regarded as cases with a
high expression status of HB-EGF. In the progression-free
survival curves, ovarian cancer patients with a high expression
status of HB-EGF showed a significantly less favorable prognosis
than those with a low expression status (Fig. 3A). Taken
together, these results suggest that HB-EGF plays a significant
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role in the progression of ovarian cancer. ADAM 17 expression
was within a mRNA expression index of 999 in patients with
normal ovaries. Ovarian cancer patients with ‘an ADAM 17
mRNA expression index of >1,000 were therefore regarded as
cases with a high expression status of ADAM 17. No significant
difference in the progression-free survival curves was found
between ovarian cancer patients with a low and high expression
status of ADAM 17 (Fig. 3B), suggesting that ADAM 17 is not
significantly associated with the clinical outcome.

Relationships between the expression indices of heparin-binding
epidermal growth factor-like growth factor and a disintegrin
and metalloprotease family members in ovarian cancer. Signif-
icant correlations were found between the mRNA expression
indices for HB-EGF and ADAM 9, 12, and 17 (Fig. 44, B,
and D). The mRNA expression index of ADAM 10 showed no
significant correlation with that of HB-EGF in ovarian cancer
(Fig. 4C). The correlation coefficient between the mRNA
expression index of HB-EGF and that of ADAM 17 was
increased compared with those between HB-EGF and ADAM 9
or 12, suggesting that ADAM 17 has a more significant
contribution to the ectodomain shedding of HB-EGF than
ADAM 9 or 12.

Localization of heparin-binding epidermal growth factor-like
growth factor and a disintegrin and metalloprotease 17 proteins
in normal ovarian epithelial cells and ovarian cancer cells.
Abundant HB-EGF protein appeared as positive in interstitial
tissues surrodniding the ovarian cancer cells, whereas no

www.aacrjournals.org
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definite expression of HB-EGF was observed in normal
ovarian epithelial cells or interstitial tissues (Fig. 5A and B).
In in situ hybridization, diffuse staining for HB-EGF mRNA
was only found in ovarian cancer cells and not in either
interstitial cells surrounding the cancer cells or normal
ovarian epithelial cells (Fig. 5C and D), suggesting that HB-
EGF protein is only produced by cancer cells, and not by
interstitial cells, and that the proteolytic form of HB-EGF
accumulates in the extracellular matrix with heparin sulfate in
the interstitial tissues surrounding the cancer cells. The
correlation coefficient between the mRNA expression index
of HB-EGF and the in situ hybridization score of HB-EGF was
0.876 in ovarian cancer (P < 0.001). In addition, positive
staining for ADAM 17 was observed in cancer cells, whereas
no cells showed positive expression of ADAM 17 in normal
ovarian epithelium (Fig. 5E and F). In ovarian cancer, the
correlation coefficient between the ADAM 17 immunostain-
ing and the mRNA expression index of ADAM 17 was 0.839
(P < 0.01).

Impairment of the EGF system is involved in the pathogenesis
of different types of carcinomas (10, 11). Univariate and
multivariate statistical analyses have confirmed that EGFR
overexpression is significantly associated with a high risk of
progression in ovarian cancer patients (30). Relatively high

Clin Cancer Res 2005;11(13) July 1, 2005
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Fig. 5. Immunohistochemical staining and /n situ
hybridization of HB-EGF. No definite expression of HB-EGF
protein (A) or mBNA (C) is present in a patient with
normal ovaries. In a patient with advanced ovarian cancer,
positive immunostaining of HB-EGF is observed in
interstitial tissues surrounding the cancer cells and in some
of the cancer cells (8). Diffuse staining of HB-EGF

mRNA is only detected in the cytoplasm of cancer cells by
in situ hybridization (D). No clear expression of ADAM

17 protein is found in a patient with normal ovaries (£). In
a patient with advanced ovarian cancer, positive
immunostaining of ADAM 17 is observed in cancer celis
(F). Original magnification, X200. /nsets, higher-
magnification view (x400).

frequencies of TGF-a and amphiregulin have been described in

" ovarian carcinomas, although the staining varied from weak to

strong in tumorts (31, 32). Ovarian cancer cells are sensitive to
the diphtheria toxin, indicating the expression of pro-HB-EGF
(33). No significant expression of EGF is present in normal
ovaries or ovarian cancer. Thus, it remained unclear which EGFR
ligands were predominantly expressed in ovarian cancer. In this
study, however, abundant expression of HB-EGF was found in
ovarian cancer compared with other EGFR ligands. Recently,
several studies have revealed that HB-EGF is involved in a variety
of cancers. In bladder cancer, HB-EGF is abundantly expressed
and a significant prognostic marker for survival (34). HB-EGF
expression is also associated with the clinical outcome in gastric,
pancreatic, and breast cancers, in which HB-EGF expression is
markedly abundant (35-37). In addition, Helicobacter pylori
infection in human gastric carcinogenesis and the inflammatory
processes associated with this type of infection have been linked
to HB-EGF-dependent EGFR signal transactivation in human
gastric epithelial tumor cells {38, 39). According to these
studies, HB-EGF has been implicated in the occurrence and
progression of human cancers. In this study, HB-EGF expression
was significantly associated with the dinical outcome in ovarian
cancer, suggesting that HB-EGF plays a crucial role in the
aggressive behavior of a tumor in ovarian cancer.

.
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The ADAM family has been implicated in diverse processes,
including membrane fusion, cytokine and growth factor
shedding, and cell migration (14). In particular, recent
findings have revealed that the ADAM family is involved in

" cancer. ADAM 9 expression is associated with the clinical

significance of human breast and pancreatic cancers (40, 41),
whereas abundant ADAM 17 protein is expressed in human
breast cancer (42). In human gastric carcinoma, high levels of
transcripts for ADAM 10, 17, and 20 are present (43),
whereas, in human liver cancer, expression of ADAM 9 and
12 is associated with tumor aggressiveness and progression
(44). Thus, a few members of the ADAM family may be
simultaneously associated with the acceleration and progres-
sion of human cancers. Therefore, any ADAM family
members with similar functions should be examined to
identify those involved in the pathogenesis of cancer. In this
study, the expression of each ADAM family member involved
in the ectodomain shedding of HB-EGF (15-21) was
quantitatively estimated in human ovarian cancer. ADAM 17
was abundantly expressed compared with the other three
ADAM family members, and its expression was enhanced in
ovarian cancer. Therefore, this elevation of ADAM - 17
expression in cancer might facilitate the proteolytic cleavage
of EGFR ligands that are involved in the progression of
cancer.
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LPA can mediate EGFR signal transactivation through
different combinations of EGFR ligands and ADAM family
members. In NCI-H292 lung cancer cells, LPA transactivates
EGFR through the ectodomain shedding of HB-EGF or
amphiregulin, which is cleaved by ADAM 17 (45). In kidney
cancer cells, EGFR transactivation is mediated by LPA, in
association with HB-EGF and ADAM 10 or 17 (46). In bladder
cancer cells, ADAM 15 has a role in EGFR transactivation
mediated by LPA via soluble forms of amphiregulin or TGF-a
(46). Thus, in the same cell system, there is a functional
redundancy between EGFR ligands and ADAM family members
that depends on a variety of stimuli. In ovarian cancer cells, HB-
EGF and ADAM 17 were abundantly expressed compared with
other EGFR ligands and other members of the ADAM family,
respectively, and LPA activated EGFR through the ectodomain
shedding of HB-EGF (22). In this study, the expressions of both
HB-EGF and ADAM 17 were also abundant compared with
those of other EGFR ligands and other members of the ADAM
family in human ovarian cancer. In addition, HB-EGF protein
appeared to accumulate in the interstitial tissues surrounding
cancer cells and abundant ADAM 17 was also expressed in
cancer cells, leading to the speculation that most HB-EGF

expressed in cancer cells is quickly cleaved by ADAM 17. In fact,
a large amount of HB-EGF was observed in the peritoneal fluid
of ovarian cancer patients compared with the levels of
amphiregulin and TGF-a (22). Taken together, these results
suggest that proteolytic cleavage of HB-EGF was extensively
provoked by ADAM 17 in human ovarian cancer.

This is the first study to show that both HB-EGF and ADAM
17 are significantly expressed among EGFR ligands and
ADAM family members in human ovarian cancer. We have
shown that tumor formation of ovarian cancer was complete-
ly blocked by pro-HB-EGF gene RNA interference and that the
release of soluble HB-EGF is essential for tumor formation
(22). Therefore, the development of therapeutic tools against
HB-EGE and ADAM 17 would allow us to explore novel
targeting therapy to human ovarian cancer.

We thank E. Hori and Y. Kubota for technical assistance and L. Saza and Drs. H.
Baba, R. Tsunematsu, M. Tsuneyoshi, K. Sueishi, and T. lwaki for critical comments.
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Growth factor receptor-mediated signal transduction has heen
implicated in conferring resistance to conventional chemotherapy
on cancer cells. We describe a pathway that involves AKT/PI3K
to mediate chemoresistance in gastric cancer patients. Primary
gastric carcinoma tissues and corresponding normal mucosa were
obtained from 76 gastric cancer patients who underwent surgery
in the Department of Surgery Il in Kyushu University Hospital
from the years 1996-2000. AKT activation was investigated by
immunostaining with a phosphorylation-specific antibody, and
LOH (loss of heterozygosity) of PTEN was studied in the same
samples. AKT was phosphorylated in 22 cases (28.9%) of gastric
cancer cases. AKT and phosphorylated AKT were not correlated
with any clinicopathological factor. We found that the gastric can-
cer patients who had higher AKT phosphorylation (activated
AKT) seemed to have LOH of PTEN (p = 0.0008). When the che-
motherapeutic sensibilities of these patients were studied in an
MTT assay, it was found that the activated AKT was associated
with increased resistance to multiple chemotherapeutic agents (5-
fluorouracil, adriamycin, mitomycin C and cis-platinum). The
results of our study indicate that AKT activation and LOH of
PTEN plays an important role in conferring a broad-spectrum
chemoresistance in gastric cancer patients. It also indicates that

AKT may therefore be a novel molecular target fqr therapies or

chemosensitivity tests that improve the outcomes of gastric cancer
patients.
© 2005 Wiley-Liss, Inc.

Key words: phosphorylation; PTEN; AKT; loss of heterozygosity;
chemoresistance; gastric cancer

Chemotherapy is an imporiant therapeutic modality for gastro-
intestinal cancers, although the success rate of this ireatment is
limited because of chemoresistance. It is now widely accepted that
the apoptotic capacity of the cancer cell is important in determin-
ing its response to chemotherapeutic agents.

Several studies have suggested that the serine/threonine kinase
AKT. also known as PKB, is a key molecule for protecting cells
from undergoing apoptosis, and that the AKT-mediated survival-
signaling pathway is an attractive target for cancer chernotherapy.l"

AKT was characterized initially as the human homologue of the
viral oncogene v-AKT from the transforming retrovirus AKTS.
Three isoforms of AKT have been identified, AKTI, AKT2 and
AKTS3, all of which share a high degree of homology at the amino
acid level. The induction of AKT activity is primarily under the
control of the phosphoinesitide products of PI3K. PIP2 and PIP3
bind to the PH domain of AKT, resulting in translocation of AKT
to the plasma membrane area.

The encoding phosphate and tensin homologue (PTEN) gene,
which is a tumor suppressor candidate, is located on chiomosome
-10q23 and has an extensive homology with the cytoskeletal pro-
teins auxilin and tensin*® PTEN mutations have been observed
frequently in various neoplasms;, including glioblaéloma, mela-
noma, prostate cancer and breast cancer.* ™ In glioblastoma,
melanoma and prostate cancer, PTEN mutations and allelic dele-
tions are observed during the later stages, whereas in thyroid and
endometrial- cancers, PTEN mutation alterations are found during
the early stagés and include endometrial hyperplasia and benign
thyroid tumors.5 #1113 Germline mutations of PTEN are found in
patients with Coden syndrome, a familial syndrome associated
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with predisposition for multiple benign hamartomas, and malig-
nant thyroid and breast neoplasrns.14 PTEN encodes an enzyme
with phosphatase aclivity toward the acidic protein substrates and
the lipid second messenger, phosphatidylinositol-3,4,5-triphosphate
(PIP3).

Loss of the tumor suppressor gene PTEN is common in cancer
tumors, constitutively activaling AKT.'$'® The phosphatase
activity of PTEN is crucial in controlling the phosphatidylinositol-
3 (PI-3) kinase signal transduction pathway and AKT activation.
This indicates that PTEN plays the role of tumor-suppressor by
negativel}l regulating the anti-apoptotic PI3-kinase/AKT signaling
pathway.'®'® In addition, the phosphatase of PTEN is a tumor
suppressor whose loss triggers AKT activation.?*™®

We investigated the activation of AKT and discovered the role
of PTEN and AKT in chemosensitivities of some gastric cancer
samples. To the best of our knowledge, this is the first report
showing the direct correlation between AKT activation and the
chemoresistance of a clinical sample.

Material and methods
Tissue samples

Primary gastric carcinoma tlissues and corresponding normal
mucosa were obtained from 76 Japanese patients who underwent
surgery in the Department of Surgery IT at Kyushu University
Hospital between [996-2000. No patient had ever received che-’
motherapy before surgery. Informed consent was obtained from
each patient before tissue acquisition. Al the tumors, examined
microscopically by pathologists were diagnosed adenocarcinoma
and classified according to the criteria of the Japanese Research
Society for Gastric Cancer (1993). The cancer tissues and the
well-separated normal gastric mucosa obtained by gastrectomy
were immediately cut into two pieces. Half of the specimen was
kept in liquid nitrogen for DNA extraction, and the another half
was immediately put into medium (minimal essential medium;
MEM) for chemosensitivity tests. The genomic DNA was pre-
pared by proteinase K digestion and phenol/chloroform extraction,
which was then followed by ethanol precipitation. In all cases, the
histopathological types of the tumors were determined as adeno-
carcinoma. Written informed consent was obtained from each of
the patients.

Immunohistochemistry

AKT (T-AKT; polyclonal rabbit anti-human AKT; Cell Signal-
ing Technology, Beverly, MA) and phospho-AKT antibody {poly-
clonal rabbit anti-human phospho-AKT [Serd73]; Cell Signaling
Technology) were used in our study. Immunchistochemical stain-
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A

Ficure 1 - The intensity is desig-
nated as O when no tumor cells stain
(a), 1+ when 10-30% of cells stain
(b), 2+ when 30-50% of cells stain
(c) and 34 when >50% of cells stain
(d). Finally, specimens showing p-
AKT expression in the cytoplasm of
>50% (intensity 3+) of examined
cancer cells were considered to be a
positive.

ing was camied out on a Ventana ES automated immunochisto-
chemistry instrument (Ventana Medical Systems, Inc., Tucson,
AZ) with an indirect biotin-avidin system on 5-mm formalin-
fixed, paraffin-embedded sections from a representative block in
each case. All blocks were cut before IHC, and the slides were
incubated subsequently with a biotinylated universal secondary
antibody and an avidin horseradish peroxidase label (Ventana).
After color development with a diaminobenzidine substrate, these
slides were counterstained with hematoxylin. To confirmn the spe-
cificity of the primary antibody, negative control slides were run
using an isotype matched rabbit 1gG (Sigma, St. Louis, MO) at the
same concentration as that of the primary antibody. The immuno-
chemicals, incubation times and final antibody concentrations and
dilutions are rabbit polyclonal anti-phospho-AKT antibody, 32
minutes at 37°C, and dilution 1:10, respectively. The intensity is
set up 1o be 0 when no tumor cells stain, 1+ when 10-30% of cells
stain (weak), 2+ when 30-50% of cells stain (moderate) and 3+
when >50% of cells stain (strong). Specimens showing p-AKT
expression in the cytoplasm of >50% (intensity 3+) of the exam-
ined cancer cells were considered to be a positive.

LOH analysis

LOH of PTEN was analyzed in our study using a DNA sequencer
with 2 microsatellite markers. The oligonucleotide primers were
synthesized and then purified by HPLC. The sequences of the pri-
mers for PCR are D10S1765-forward, 5'-CAATGGAACCAAATG-
TGGTC, and D10S1765-reverse, 5'-AGTCCGATAATGCCAGGA-
TG. The sequences of the primers for PCR are D10S1173-forward,
5-CATGCCAAGACTGAAACTCC, and D10S1173-reverse. §'-
AAACCCCAATGCCATAATGG. The PCR reactions using geno-
mic DNA were carried out using 2 TAKARA GeneAmp PCR
Reagent Kit and were run in the Perkin-Elmer GeneAmp PCR sys-
tem 9700~ (Perkin-Elmer, Norwalk, CT). The thermal conditions of
the system were as follows: one 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 the cancer tissues
were amplified with ROX-labeled 5' primer and cold 3' primer,
whereas the DNA from the nommal tissues were amplified with
HEX-labeled 5 primer and cold 3’ primer. The running condition of
the Perkin-Elmer Genetic Analyzer 310 (Perkin-Elmer) was
described 1)re\'iC)1Jsly.24'7‘S The data were processed by the ABI soft-
ware GeneScan. In any case where the peak value of one-gene loci
diminished >30% in the carcinoma, it was judged as having LOH.
When it was judged as having ROH by at least one marker, it was
not assumed LOH.

Chemosensitivity test :

The succinate dehydrogenase inhibition gSDI) 1est was conducted
as described previously by Takeuchi et al. © The cell viability was
estimated based on succinate dehydrogenase (SD) activity, and was
determined using [3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H
tetrazolium bromide] (MTT). Chemosensitivity rate was calculated
as follows: chemosensitivity rate (%) = 100 — (T-B)/(U-B) X
100% (T, treated cell: absorbance determined when tumor cells are
exposed to drugs: U, untreated cell: absorbance of untreated cells:
B, blank: absorbance when neither the drug nor MTT was added).
When chemosensitivity rate was negative value, it was assumed
ZETO.

Statistical methods

The statistical significance was determined using the Student’s
t-test, the Xj‘ test with Yates. correlation factor, and was also
confirmed with a 2-tailed Fisher exact test. The difference was
considered significant when the p-value was <0.05.

Results
AKT expression in gastric cancer cases

Immunostaining of phosphorylated AKT (p-AKT) and non-acti-
vated AKT (T-AKT) was carried out for 76 gastric cancer sam-
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TABLE - CLINICOPATHOLOGICAL PEATURES OF GASTRIC CANCERS
AND AKT ACTIVATION

OKI ET AL.

TABLE II - RELATIONSHIP BETWEEN LOH OF PTEN AND
PHOSPHORYLATED AKT

Variable P"AETZ(;) P-:\ETS(;) p-value!'
Gender
Male 16 37 NS
Female . 6 17
Age 65.3 62.4 NS
Histology :
Differentiated 12 20 NS
_ Undifferentiated 10 33
Serosal inversion
Negative 10 26 NS
Positive 12 28
Histological lymph node metastasis
Negative 10 18 NS
Positive 12 36
Vascular involvement
Negative 13 25 NS
Positive 9 29
Peritoneal dissemination
Negative 22 51 NS
Positive 0 3
Liver metastasis
Negative 21 53 NS
Positive 1 1
Stage
I+ 12 24 NS
oI+1v 10 30

NS, not significant.

ples. The intensity of immunohistochemistry was classified in 4
grade scales as described in the paragraph titled methods (Fig. 1).
When only Grade 3, the highest intensity of all 4 grades, was
judged to be positive, 22 of 79 cases (28.9%) wete found to be
positive for p-AKT antibody and 25 of 79 cases (32.9%) were
found to be positive for T-AKT antibody. There was weak correla-
tion between p-AKT and T-AKT immunoreactivity, however clin-
icopathological correlation was not found between both AKT(data
not shown) and p-AKT (Table I).

LOH of PTEN in gastric cancer cases and relation with AKT

It is possible that phosphorylated AKT increased in appearance
because of increased expression of non-activated AKT. Therefore,
to clarify the significance of AKT activation, aberration of PTEN
was investigated. Abnormality of PTEN expression and genetic
change has been reported occasjonally, but LOH of PTEN was
more often reported. As a routine investigation, LOH of PTEN
was the most sensitive way to find abnormality of PTEN. Both
LOH analysis of PTEN and immunostaining of phospho-AKT
were completed in the same sample for patients. There was no
relationship found between LOH of PTEN and clinicopathological
factor (data not shown). Tables II and III illustrate the relationship
between the LOH of PTEN and AKT. Analysis of LOH of PTEN
was completed in a total of 68 of 76 cases immunostained with
AKT. It shows that gastric cancer patients having LOH of PTEN
are likely to have higher activated AKT (p < 0.05), although there
is no correlation between the clinicopathological features and non-
activated AKT. In short, allelic loss of PTEN was one of reasons
for activation of AKT.

Chemosensitivity of gastric cancer and phgsphorylation of?AK T

Phosphorylation of AKT leads to inhibition of cell death. Partic-
ularly, it was questioned whether the reaction of the chemothera-
peutic agent that induced apoptosis decreased. Therefore, sensitiv-
ity of an anticancer drug was investigated vic MTT assay using a
fresh specimen of the Gastric cancer patient that was immunos-
tained by AKT .

The cheméﬂmerapeutic sensibilities of these patients were inves-
tigated using an MTT assay. Gastric cancer tissues were exposed
for 3 days to anti-tumor drugs, such as adriamycin (ADM), 5-fluo-

p-AKT status PTEN'
LOH ROH
p-AKT Positive 8 10
Negative 7 43

.0H, loss of heterozygosity; ROH, retention of heterozygosity.
p = 0.0081.

TABLE I - RELATIONSHIF BETWEEN LOH OF PTEN AND AKT

EXPRESSION .
1
T-AKT status PTEN
LOH ROH
T-AKT Positive 7 32
Negative 4 25

"LOH, loss of heterozygosity; ROH, retention of heterozygosity.

rouracil (5-FU), mitomycin C (MMC) and cisplatin (CDDP),
These anti-tumor drugs were tested at 10X the peak of the plasma
concentration. The results were 5-FU, 100 pg/ml; ADM, 4 pg/ml;
MMC, 10 pg/ml; and CDDP, 20 ug/ml.

Figure 2 demonstrates that gastric cancer cases with acti-
vated AKT exhibit increased resistances to multiple chemother-
apeutic agents. The sensitivity of 5-FU was diminished signifi-
cantly in the groups having been activated when compared to
the groups having no activated AKT (p = 0.0071) (Fig. 2a).
AKT phosphorylation is also related to sensitivity with adria-
mycin, mitomycin C and cis-platinom (Fig. 2b). Sensitivity for
the anticancer drug deteriorated in the case where AKT was
phosphorylated.

Discussion

The PI-3K pathway, which is regulated by tyrosine kinase
receptor activity, has been shown to play a critical role in promot-
ing cell proliferation and inhibiting cell death.?”28 AKT, the cellu-
lar homologue of the viral oncogene v-AKT, plays a major role in
mediating these PI-3K effects.>*? The phosphatase PTEN usually
inhibits AKT activation.

Several reports have shown that PTEN inactivation was associ-
ated with the poor outcomes of patients.”>~® These reports, how-
ever, did not elucidate whether or not the increased activity of
AKT could be directly related to the resistance to chemotherapy.

Based on the information presented in our study, there are 2 rea-
sons to investigate the aberration of PTEN. Initially, we elucidated
the importance of PTEN for gastric carcinogenesis. A secondary
reason was to confirm the phenomenon of phosphorylation of
AKT in gastric cancers because there was the possibility that we
observed only elevated expression of non-activated AKT. We
chose the LOH analysis to investigate the aberration of PTEN
because the relationship between phosphorylation of AKT and
PTEN was reported, and it is quite difficult to assess the dimin-
ished expression of PTEN using immunohistochemistry as the
mutation of PTEN was rarely reported in sporadic gastric cancers.

We found that gastric cancer patients who showed LOH of
PTEN seemed to have higher AKT phosphorylation. We also dem-
onstrated that the specimens of gasiric cancer patients who
showed AKT phosphorylation had increasing resistance to the 4
chemotherapeutic agents, which included those used currently on
gastric cancer patients. This is comparable with our earlier stadies
that demonstrated arelation between LOH of PTEN and poor clin-
ical outcomes in gastric cancer patients (in submission). Express-
ing constitutively active AKT was uniformly resistant to 4 chemo-
therapeutic agents with different action mechanisms. These 4
agents were 5-flnorourocil (an antimetabolite), CDDP (a platinum
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FIGURE 2 — Dot plots show pres-
ence of phosphorylated AKT and
the anticancer drug sensibility of a
gastric cancer specimen. 5-fluo-
rouracil (a), adriamycin, mitomy-
cin C, and cis-platinum (b). The
chemosensitivity was assessed by
an MTT assay. The dots indicate
the chemosensitivity, and the hori-
zontal bars show the average of
each sample. Chemosensitivity rate
was calculated as follows: chemo-
sensitivity rate (%) = 100 — (T-
B)/(U-B) X 100%. T, treated cell:
absorbance  determined  when
tumor cells are exposed to drugs;
U, untreated cell: absorbance of
untreated cells; B, blank: absorb-
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Chemosensitivity rate (%)
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ance when neither the drug nor
MIT was added. When Chemo- E
sensitivity rate was negative value, b

it was assumed zero.

compound), adriamycin (an alkylating agent) and-mitomycin C
(an alkylating agent). Most chemotherapeutic agents can induce
apoptosis because of their cytotoxic effect. These results suggest

. that AKT-mediated resistance to chemotherapy is likely because

of overall AKT anti-apoptotic activity. Furthermore, the activation
of the PI-3K signaling cascade leads to multi-drug resistance.

AKT is an important regulator of cell survival and apoptosis.
Upon its activation, AKT can suppress apoptosis by interacting with
and phosphorylating several key downstream effectors. For exam-
ple, AKT phosphorylates the proapoptotic Bel-2 pariner Bad, which
binds to and blocks the activity of Bel-x, a cell survival factor?!
Expressions of these proteins are altered in various human tumors
and these abnormal expressions may contribute to tumor cell resist-
ance and to chemotherapeutic agent-induced apoptosis. AKT can
also inactivate initiation caspase-972 and repress the Forkhead tran-
scription factor FKHRL-1,>? which regulates the apoptosis-inducing
Fas ligand expression. In addition, AKT phosphorylates IkB, which
promotes IxB degradation, thereby increasing the activity of NF-xB
that is a well-known cell survival factor.>** Previous in vitro stud-
ies have reported thal several chemotherapeutic agents such as 5-
FU, paclitaxel, vinblastine, vincristine, daunomycin and doxorubi-
cin could activate NF-kB, and that this response can resul! in notice-
able suppression of the apoplotic potential. Constitutive activation
of NF-xB is observed in various malignant cells, and this implies
that activated NF-xB induced by AKT may result in cancer cell che-
moresistance. Furthermore, there is an increasing number of sub-
strates that are also phosphorylated by AKT .

In our study, the relationship between in vitro chemosensitivity
and activation of AKT was analyzed. The effect of adjuvant che-
motherapy should have been analyzed to elucidate importance of
AKT. It is important, however, that adjuvant therapy should not be
done after curative gastrectomy in Japan. The clinical importance
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of AKT activation couldn’t be assessed in this timeframe because
over 50% of the people we analyzed in our study had undergone
chemotherapy via a different method. In our study, a phosphospe-
cific antibody was used for the detection of activated AKT. The
results showed a significant correlation between the activated
AKT and SD (succinate dehydrogenase) activity obtained from an
MTT assay using the tissues from a gastric cancer patient. Immu-
nostaining is a simple method and it is possible to confirm AKT
activation from it by using biopsy samples before treatment with
chemotherapeutic agents for clinical patients. We believe that
immunostaining of phospho-AKT might be a promising predictor
of cancer chemotherapy in the future. The AKT involvement in
human cancer oncogenesis and chemoresistance indicates that
AKT is an important target for cancer therapy, and that an AKT
inhibitor might be a promising chemotherapeutic agent for a gas-
tric cancer patient. Furthermore, our results indicate that the AKT
pathway was constitutively active in patients whose PTEN showed
a loss of heterozygosity. This may explain why the ouicomes are
poor among the patients who have LOH of PTEN.

In summary, we have demonstrated that AKT activation and
LOH of PTEN plays an important role in the sensitivities of
chemotherapeutic agents in gastric cancer patients. Our results
suggest that clinical trials for an appropriate chemotherapy
combination with conventional drugs and a new generation of
signal transduction inhibitors that inhibit the PTEN/AKT path-
wayshould be considered for treating gastric cancer in the near
future.
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Abstract

Bile acids have long been implicated in the etiology of
colorectal cancer, but epidemiologic evidence remains elusive.
Cholesterol 7o-hydroxylase (CYP7AI) is the rate-limiting
enzyme in the synthesis of bile acids from cholesterol in the
liver, and thus may be an important determinant of bile acid
production. We examined the association between the CYP741
A-203C polymorphism and celorectal cancer. The CYP7A1
A-203C polymorphism was determined by the PCR-RFLP
method in 685 incident cases of colorectal cancer and 778
controls randomly selected from a community in the Fuluoka
area, Japan. The CC genotype was slightly less frequent in the
case group, and the adjusted odds ratio for the CC versus 44
genotype was 0.88 (95% confidence interval, 0.65-1.20). In the
analysis by subsite of the colorectum, a decreased risk

associated with the CYP741 CC genotype was observed for

proximal colon cancer, but not for either distal colon or rectal
cancer. The adjusted odds ratios (95% confidence intervals) of
proximal colon cancer for the CC genotype were 0.63 (0.36-
1.10) compared with the 44 genotype, and 0.59 (0.37-0.96)
compared with the 44 and AC genotypes combined. A
decreased risk of proximal colon cancer in relation to the
CC genotype of CYP7A1 A-203C, which probably renders less
activity of the enzyme converting cholesterol to bile acids, is
new evidence for the role of bile acids in colorectal
carcinogenesis. (Cancer Res 2005; 65(7): 2979-82)

Introduction

Colorectal cancer is one of the most common cancers in the
world, accounting for nearly 10% of all incident cases of cancer (1).
Japan has experienced a rapid increase in mortality from colorectal
cancer in the past 50 years (2), and is currently among the
countries with the highest incidence rates worldwide (3). Bile acids
have long been implicated in the etiology of colorectal cancer.
Primary bile acids such as cholic and chenodeoxycholic acids are
excreted in the liver, and are degraded to secondary bile acids,
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mainly deoxycholic and lithocholic acids, by bacteria in the
intestinal lumen. Animal studies showed that secondary bile acids
promoted chemically induced colorectal cancer (4, 5), and recent
in vitro studies have identified several molecular mechanisms of
deoxycholic acid promoting colorectal carcinogenesis (6, 7).

Despite these experimental observations, epidemiologic evi-
dence remains elusive regarding the role of bile acids in
colorectal carcinogenesis. Fecal levels of secondary bile acids as
well as of total bile acids are higher in populations at high risk of
colorectal cancer (8, 9). Several case-control studies reported
higher levels of secondary bile acids in the feces or sera in
patients with colorectal cancer or adenomas as compared with
those without these lesions (10-13), but the findings were not
replicated in other studies (14-16). A prospective study reported a
suggestive increase in the risk of colorectal cancer associated with
a high ratio of serum deoxycholic to cholic acids (17). Another
epidemiologic evidence is the increased risk of proximal colon
cancer in individuals having the gallbladder removed (18, 19).
Cholecystectomy results in increased fecal excretion of secondary
bile acids, probably due to increase in the bile acid pool in the
enterohepatic circulation and increased degradation of primary
bile acids in the gut (20, 21).

Recent studies (22, 23), but not all (24), showed that a
common genetic polymorphism of cholesterol 7o-hydroxylase
(CYP7A1 A-203C) was associated with plasma total and low-
density lipoprotein cholesterol concentrations, suggesting lower
activity of the enzyme in individuals with the variant C allele.
CYP7AI is the rate-limiting enzyme in the synthesis of bile acids
from cholesterol in the liver, and thus may be an important
determinant of not only plasma cholesterol levels but also bile
acid production. This article examined the association between
the CYP7A1 A-203C polymorphism and colorectal cancer in
order to further clarify the role of bile acids in colorectal
carcinogenesis.

Materials and Methods

A case-control study was designed to examine the relation of lifestyle
factors and genetic susceptibility to the risk of colorectal cancer. Cases were
recruited from eight large hospitals in the study area (Fukuoka City and
three adjacent areas), and controls were randomly selected in the
community by frequency-matching to the distribution of incident cases
with respect to sex and 10-year age class. The study protocol was approved
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