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cant even after been adjusted for age, BMI, and
contraceptive use. The risk reduction of endome-
trial cancer was associated not only with breast-
feeding itself but also with time since the last
breastfeeding. From 1982 to 2000, seven case-
control studies conducted in six countries, inciud-
ing four developing countries, examined the rela-
tionship between breastfeeding and the risk of
endometrial cancer. Four early studies, two of
which were Japanese, failed to support an associa-
tion (Kelsey et al. 1982; Brinton et al. 1992;
Hirose et al. 1996, 1999). Three recent Western
studies, however, suggested a protective effect of
breastfeeding (Rosenblatt and Thomas 1995;
Salazar-Martinez et al. 1999; Newcomb and
Trentham-Dietz 2000). This effect was more pro-
nounced with recent breastfeeding, diminishing as
the history of breastfeeding became more remote
(Rosenblatt and Thomas 1995; Newcomb and
Trentham-Dietz 2000). Our findings were consis-
tent with those of the latter studies, making this
the first report that notes an inverse association
between breastfeeding and the risk of endometrial
cancer among Japanese women.

Exposure of the endometrium to estrogen in
the absence of progesterone is thought to increase
the risk of endometrial cancer (Key and Pike
1988- see comment for citation). In lactating
women, the ovarian cycle is suppressed and blood
estrogen levels are reduced (Baird et al. 1979). In
the case of oral contraceptives, progesterone con-
tinually opposes estrogen, minimizing the dura-
tion of time the endometrium is exposed to unop-
posed estrogen. Thus, suppression of circulating
estrogen levels, or opposition of estrogen by pro-
gesterone, may represent a biological mechanism
accounting for the protective effects of pregnancy,
oral contraceptives, and breastfeeding against car-
cinogenesis of endometrial tissue.

Among Japanese women, the birth rate
decreased 28.1 to 9.3 per 1,000 during 1950-2000,
and the proportion of women who exclusively
breastfed decreased from 70.5% to 44.8% during
the same period (Kaneda 2003). In our study, the
proportion of women who breastfed for 13
months was 52.4%. The observed lower risk
associated with breastfeeding in this study sug-

gests that the recent increase in incidence of
endometrial cancer in Japan may be in part attrib-
uted to a decrease in both the number of pregnan-
cies and the prevalence of breastfeeding.

A limitation of this study was its lack of age
matching. This resulted in a mean age of cases
that was 6 years older than that of controls. It is
unlikely that the lack of age matching resulted in
serious distortion of our observations because all
analyses were adjusted for continuous age.
Furthermore, the findings in these studies were
consistent with data obtained in several previous
studies. Another limitation of the study was the
small number of control. To overcome these limi-
tations, in progress is our new case control study
which matched ages of cases and controls and
included two times more subjects of control.
These data will confirm the present observations.
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Abstract

Objective. The aim of this study was to determine pathologic variables associated with disease-specific survival of node-positive patients
with endometrial carcinoma treated with combination of surgery including pelvic and para-aortic lymphadenectomy and adjuvant
chemotherapy.

Methods. Survival of 55 node-positive endometrial carcinoma patients prospectively treated with surgery and adjuvant chemotherapy
between 1982 and 2002 at Hokkaido University Hospital was compared to various histopathologic variables. All patients underwent primary
surgical treatment including pelvic and para-aortic lymphadenectomy followed by adjuvant chemotherapy consisting of intravenous cisplatin,
doxorubicin, and cyclophosphamide. Survival analyses were performed by the Kaplan-Meier curves and the log-rank test. Independent
prognostic factors were determined by multivariate Cox regression analysis using a forward stepwise selection.

Results. Among 303 consecutive endometrial cancer patients treated during the period of this study, 55 patients (18.2%), including 44
without peritoneal metastasis (FIGO stage ITIc) and 11 with peritoneal metastasis (FIGO stage IV), were found to have retroperitoneal lymph
node metastasis. Multivariate Cox regression analysis revealed that peritoneal metastasis and lymph-vascular space invasion (LVSI) were
independently related to poor survival in node-positive endometrial carcinoma. The estimated 5-year survival rate of stage ITlc patients with
or without moderate/prominent LVSI was 50.9% and 93.3%, respectively with statistically significant difference (P =0.0024). The estimated
5-year survival rate of stage TV patients was 20.0%. Prognosis of stage Illc patients could be stratified into three groups by the number of
positive para-aortic node (PAN) with an estimated 5-year survival rate of 86.4% for no positive PAN (n = 23), 60.4% for one positive PAN
(n = 13), and 20.0% for > 2 positive PAN (# = 8). The difference of survival rate between no or one positive PAN and > 2 positive PAN was
statistically significant ( P = 0.0007 for no positive PAN vs. > 2 positive PAN, P = 0.0319 for one positive PAN vs. > 2 positive PAN).
Multivariate analysis including number of positive PAN groups showed that LVSI, number of positive PAN groups were independent
prognostic factors for survival. Survival of patients with stage Illc disease could be stratified into three groups by combination of LVSI and
number of positive PAN groups with an estimated 5-year survival rate of 93.3% for no or one positive PAN group with nil or minimal LVSI,
62.6% for no or one positive PAN group with intermediate or prominent LVSI, and 20.0% for = 2 positive PAN groups irrespective of LVSI
( P = 0.0002 for no or one positive PAN group with nil or minimal LVS] vs. > 2 positive PAN groups, P = 0.0223 for no or one positive PAN
group with nil or minimal LVSI vs. no or one positive PAN group with intermediate or prominent LVSI, P = 0.0388 for no or one positive
PAN group with intermediate or prominent LVSI vs. > 2 positive PAN groups).

Conclusions. LVST and number of positive PAN groups were independent prognostic factors for stage [Ilc endometrial cancer patients.
Postoperative therapy and follow-up modality need to be individualized according to LVSI and the number of positive PAN for stage Illc
patients. New molecular markers to predict the prognosis of endometrial cancer patients preoperatively should be found for individualization
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of treatment. New chemotherapy regimen including taxane needs to be considered as an adjuvant therapy for patients with node-positive

endometrial cancer.
© 2004 Elsevier Inc. All rights reserved.

Keywords: Endometrial carcinoma; Prognostic factor; Stage lilc; Para-aortic lymph node metastasis; Lymph-vascular space invasion

Introduction

The incidence of endometrial carcinoma is rapidly
increasing in Japan, with an estimated 4800 new cases in
the year 2000; this number is still much lower than that in
the United States, which was 40,100 in the year 2003 [1].

A majority of patients are diagnosed as being without
clinical evidence of extrauterine spread, the International
Federation of Gynecology and Obstetrics (FIGO) stages 1
and 11, and have a 5-year survival of approximately 90%.
Involvement of pelvic and para-aortic lymph nodes has been
recognized as a poor prognostic factor in endometrial
carcinoma. The new FIGO surgical staging system classifies
endometrial carcinoma with metastasis to the pelvic and/or
para-gortic lymph nodes as stage Illc. The overall 5-year
survival for patients with stage Illc disease varies consi-
derably, depending on the presence of various risk factors,
extent of lymphadenectomy,. and postoperative adjuvant
therapy. Data on surgically staged endometrial cancer
patients with nodal involvement have been limited [2-5].
The distribution of nodal disease and its importance in
predicting survival are largely unknown, since various
procedures have been used to assess para-aortic and pelvic
nodes in endometrial cancer, that is, biopsies from enlarged
nodes only, selective nodal sampling from multiple sites,
pelvic lymphadenectomy, and para-aortic and pelvic lym-
phadenectomy. It is obvious that para-aortic and pelvic
lymphadenectomy is most accurate of these methods.
However, para-aortic and pelvic lymphadenectomy is not
regarded as the standard surgical procedure for endometrial
cancer because the therapeutic significance of the procedure
has not yet been sufficiently demonstrated [6,7]. We have
routinely performed complete Iymphadenectomy in all
patients with endometrial cancer because (i) nodal status is
the most important prognosticator [2], (ii) results of
lymphadenectomy allow tailoring of postoperative adjuvant
treatment, (iii) there is an apparent small survival advantage
after lymphadenectomy [8], and (iv) there is no increased
morbidity with lymphadenectomy [9].

We have previously reported that para-aortic lymph node
metastasis is an independent prognostic factor for endome-
trial cancer patients as well as cell type, grade and LVSI
[10.11]. However, the fact that patients with para-aortic
lymph node metastasis sometimes have shown long survival
suggest that specific prognostic factors may exist for node-
positive endometrial carcinoma.

In this study, we tried to identify the independent
histopathologic prognostic factors for endometrial carci-
noma patients with lymph node metastasis, who were

uniformly treated with extensive surgical staging that
includes modified radical hysterectomy and systematic
pelvic and para-aortic lymphadenectomy followed by
adjuvant chemotherapy. We also described the distribution
of nodal disease in FIGO stage 1llc endometrial cancer and
evaluated whether nodal distribution is related to survival.

Materials and methods
Patients

A total of 303 patients with endometrial carcinoma
underwent primary radical surgical treatment from 1982 to
2002 at the Department of Obstetrics and Gynecology,
Hokkaido University Hospital. Among 303 patients, 55
patients showed positive retroperitoneal lymph nodes. Al
subjects underwent modified radical hysterectomy, bilateral
salpingo-oophorectomy, and systematic retroperitoneal lym-
phadenectomy which consisted of complete dissection of
pelvic and para-aortic lymph nodes from the femoral ring to
the level of the renal vein. All lymphatic tissues that
surrounded the arteries and veins were completely removed.
The FIGO (1988) stage of the patients was as follows: 44
(80%) stage Illc and 11 (20%) stage TV. Stage TV disease
with distant metastasis (liver or lung metastasis) was
excluded from this analysis. We, therefore, defined stage
IV patients as node-positive patients with peritoneal meta-
stasis. Median follow-up period was 43 months (1-200
months). The patients’ characteristics are shown in Table 1.
All patients were treated with an adjuvant chemotherapy of
CAP (cyclophosphamide: 350 mg/m?, adriamycin: 40 mg/m?
and cisplatin: 50-70 mg/m?) every 3 weeks.

The following histopathologic prognostic factors were
included in the survival analyses: FIGO (1988) stage,
histologic subtype, depth of myometrial invasion, architec-
tural grade (AG), nuclear grade (NG), LVSI, ovarian
metastasis, PAN metastasis, and number of positive PAN
group. All risk factors except number of positive PAN were
determined as previously described [10,11]. We defined a
node group by its laterality and location. Pelvic node groups
include common iliac nodes, external iliac nodes, internal
iliac nodes, obturator nodes, median deep inguinal nodesal
deep inguinal nodes, parametrial nodes, and sacral nodes.
PAN metastasis was investigated by dividing the metastatic
group according to the sites above and below the inferior
mesenteric artery and left and right sections bordering on the
midline of the aorta as previously described [3]. In this
analysis, caval (pre-, peri-, retro-) and aortocaval nodes were
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Table 1
Clinicopathologic characteristics of 55 patients with lymph node metastasis
No. %%

FIGO stage (1988)

Te 44 80.0

v 1 20.0
Histologic subtype

Endometrioid 43 78.2

Serous/Clear 12 21.8
Architectural grade

1 16 291

2 27 491

3 12 21.8
Nuclear grade

1 14 25.4

2 25 455

3 16 29.1
Depth of myometrial invasion

<=1/2 15 273

> 172 40 72.7
Lymph-vascular space invasion

Nil/minimal 20 36.4

Moderate/prominent 35 63.6
Cervical invasion

Negative 28 50.9

Positive 27 49.1
Ovarian metastasis

Negative 37 67.3

Positive 18 327
Para-aortic lymph node metastasis

Negative 26 473

Positive 29 527

included in right para-aortic nodes. PAN groups, therefore,
consists of four groups.

Statistics

Correlation between the variables was analyzed using
chi® test. Patients survival was calculated using Kaplan—
Meier method. The significance of the survival difference
was examined by the log-rank test. Univariate and multi-
variate survival analyses were performed using the Cox
regression model with disease-specific overall survival as
the outcome measure. Forward stepwise procedure was used
to select the independent variable in multivariate analysis.
P < 0.05 was considered statistically significant. Statistical
analyses were performed with the Statview software pack-
age (SAS Institute, Inc, Cary, NC).

Results

Univariate and multivariate survival analysis for all
node-positive patienls

Age of patients ranged from 40 to 75 (median 58) years.
The univariate analysis revealed that the FIGO (1988) stage
(¢ vs. IV, P < 0.0001), the histologic subtype (endome-
trioid vs. serous/clear, P = 0.0216), architectural grade (G1/2

vs. G3, P = 0.0024), nuclear grade (Gl vs. G2/3, P =
0.0201), depth of myometrial invasion (absence or presence
of serosal invasion, P < 0.0001), LVSI (none/minimal vs.
moderate/prominent, P = 0.0026), cervical invasion (P =
0.0159), and PAN metastasis (P = 0.0078) were shown to
be related to poor survival. Ovarian metastasis was not
related to survival (P = 0.3306) (Table 2).

Multivariate analysis, which included the prognostic
factors determined by univariate analysis to have statistical
significance, was performed using a forward stepwise
procedure (Table 3). Tt was shown that FIGO (1988) stage
(P < 0.0001) and LVSI (P = 0.0002) were independent
prognostic factors. We could stratify the patients into three
prognostic risk-groups by integrating those two histopatho-
logic risk factors, that is, low risk group (group A: stage
IIc with nil/minimal LVSI, n = 19), intermediate risk group
(group B: stage Illc with moderate/prominent LVSI, n = 25)
and high risk group (group C: stage IV with any LVSL n=11)
with an estimated 5-year survival rate of 93.3%, 50.9%, and
20.0%, respectively (Fig. 1). There was statistically signifi-
cant difference of survival rate between each group (A vs. B:
P=0.0024,Bvs. C: P<0.0001, Avs.C: P<0.0001). Because
prognostic impact of FIGO (1988) stage was extremely strong
for the survival of node-positive patients, we performed
further analysis on stage Illc patients alone (n = 44).

Lymph node metastasis in stage Illc patients

Incidences of pelvic tymph node (PLN) metastasis alone,
PAN metastasis alone, and both PLN and PAN metastasis
were 52.3% (23/44), 4.5% (2/44), and 43.2% (19/44),

Tablc 2
Univariate and multivariate Cox regression analysis of prognostic factors of
node positive endometrial carcinoma

Univariate Multivariate
Prognostic factor P value Risk ratio 95% CI P value
FIGO (1988) stage < 0.0001 11.2 4.0-31.3 < 0.0001
Histologic subtype 0.0216 — - NS
Architectural grade 0.0024 - - NS
Nuclear grade 0.0201 - - NS
Lymph-vascular 0.0026 93 2.1-41.7  0.0033
spacc invasion
Myometrial invasion < 0.0001 - - NS
Cervical invasion 0.0159 - - NS
Ovarian metastasis 03306 - - S
Para-aortic node 0.0078 - = NS

metastasis

NS: not significant.

FIGO (1988) stage: stage HIc vs stage IV determined by the presence of
peritoneal metastasis.

Tumor cell type: endometrioid vs serous/clear cell.
Architectural grade: G1/2 vs G3.

Nuclear grade: Gl vs G2/3.

Lymph-vascular spacce invasion: (=)/(+) vs (++)/(+++).
Myometrial invasion: scrosal invasion (—) vs (+).
Cervical in vs. ion: (=) vs {+).

Ovarian metastasis: (—) vs (+).

Para-aortic l[ymph node metastasis: (=) vs (+).

____6 5___.
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Table 3
Univariate and multivariate Cox regression analysis of prognostic factors of
stage [llc endometrial carcinoma

Univariate Multivariate

Prognostic factor P value  Risk ratio 95% CI P value
Histologic subtype 0.7226 - - NS
Architectural grade 0.3911 - - NS
Nuclear grade 0.0605 - - NS
Lymph-vascular 0.0173 8.8 1.1-71.4  0.0413

space invasion

Myometrial invasion 0.6036 - - NS
Cervical invasion 0.4577 - - NS
Ovarian mctastasis 0.1815 NS

Number of positive PAN  0.0016 3.9 1.2-13.0  0.0260

NS: not significant.

Tumor cell type: endometrioid vs serous/clear cell.
Architectural grade: G1/2 vs G3.

Nuclear grade: G1 vs G2/3.

Lymph-vascular spacc invasion: (=)/(+) vs (+H)/(+++).
Myometrial invasion: serosal invasion (—) vs (+).
Cervical invasion: (-) vs (+).

Ovarian metastasis: () vs (+).

Number of positive PAN: 0, 1 vs > 2.

respectively. The estimated 5-year survival rate of patients
without or with PAN metastasis was 86.4%, 48.1%,
respectively (Fig. 2). The difference was statistically
significant (P = 0.0108),

Prognostic impact of the number of positive PLN groups in
stage Illc patients

The estimated 5-year survival rate for patients with one
positive PLN group was 79.3% and that for patients with >
2 positive PLN groups was 60.8%. The difference of
survival was not statistically significant. However, 21 of 22
patients (95.5%) with no or one positive PLN group had no
or one positive PAN group and only one of 22 patients
(4.5%) had two positive PAN groups, while 15 of 22
patients (68.2%) with > 2 positive PLN groups had no or
one positive PAN group and 7 of 22 patients (31.8%) had >

cumulative percent

100+ stage llic, LVSI (/4) (n=19)3

80

601 stage lllc, LVSI (+/++4) (n=25)b

40 avsb:p=0.0024
bvs ¢ : p<0.0001
avs c: p<0.0001
20+

stage IV, LVSI (any) (n=11)¢

T T T T T T T T

0 20 40 60 80 100 120 14 160 180
survival time (months)

Fig. 1. Survival of node-positive patients with cndometrial carcinoma by
combination of FIGO (1988) stage and LVSL

cumulative percent
100-
PLN (+), PAN(-) (n=23)

80

60+
PLN (+/-), PAN (+) (n=21)

404

204 p=0.0108

0

T T T T T
0 20 40 60 80 100 120 140 160 180
survival time (months)

Fig. 2. Survival of paticnts with stage ITc endometrial carcinoma by PAN
metastasis.

2 positive PAN groups. There was a statistically significant
difference in incidence of = 2 positive PAN groups between
patients who had no or one positive PLN group and those
who had > 2 positive PLN groups (P = 0.023). (Table 4).

Prognostic impact of the number of positive PAN groups in
stage Ilic patients

Fig. 3 shows the survival of stage Illc patients according
to the number of positive PAN groups. The estimated 5-year
survival rate was 86.4% for patients without positive PAN
group (n = 23), 60.4% for those with one positive PAN group
(n=13), and 20.0% for those with = 2 positive PAN groups
(n = 8). There was statistically significant difference between
no positive PAN group and 2> 2 positive PAN groups (P <
0.0007), between one positive PAN group and > 2 positive
PAN groups (P = 0.0319). There was no statistically
significant difference between no positive PAN group and
one positive PAN group (P = 0.1354).

Univariate and multivariate survival analysis for stage lllc
patients

Since the number of positive PAN group was shown to
have significant impact on the survival of stage Illc patients,

Table 4
Incidence of para-aortic lymph nodc metastasis according to number of
positive pelvic lymph node groups in stage Iflc endometrial cancer patients

Positive PAN group Total
0,1 =2
positive PLN group
0,1 21 1 22
> 2 15 7 22
Total 36 8 44
P =0.0023

PLN: pelvic tymph node, PAN: para-aortic lymph node.

There was a statistically significant difference in incidence of > 2 positive
PAN groups between patients who had no or one positive PLN group and
those who had > 2 positive PLN groups ( P = 0.023).
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cumulative percent

100
PAN 0 (n=23)2
80
PAN 1 (n=13)D
60}
avs b; p=0.1354
40 4 bvsc;p=0.0319
avs c;p=0.0007
204 PAN >=2 (n=8)°¢
0+

0 20 40 60 100 120 140 160 180

survival time {months)

80

Fig. 3. Survival of patients with stage ITlc endometrial carcinoma by the
number of positive PAN group.

we included number of positive PAN groups in the
univariate analysis instead of presence or absence of PAN
metastasis. The univariate analysis revealed that the LVSI
( P =0.0173), number ot positive PAN groups (P = 0.0016)
were shown to be related to poor survival. Histologic
subtype (P = 0.7226), architectural grade (P = 0.3911),
nuclear grade (P = 0.0605), depth of myometrial invasion
(P = 0.6036), cervical invasion (P = 0.4577), ovarian
metastasis (P = 0.1815) were not related to poor survival
(Table 3, Fig. 4).

Multivariate analysis revealed that both LVSI (P =
0.0413) and number of positive PAN groups (P = 0.020)
were independent prognostic factors. Survival of patients
with stage 1Tlc disease could be stratified into three groups
by combination of LVSI and number of positive PAN group
with an estimated 5-year survival rate of 93.3% for no or
one positive PAN group with nil or minimal LVSI (group
D), 62.6% for no or one positive PAN group with
intermediate or prominent LVSI (group E), and 20.0% for
> 2 positive PAN groups irrespective of LVSI (group F).
The difference of survival rate between each group was
statisticalty significant (£ = 0.0002 for group D vs. group F,
P = 0.023 for group D vs. group E, P = 0.0388 for group E
vs. group F.

Discussion

Stages T and T endometrial carcinomas have shown a
favorable prognosis by combination of surgery, radio-
therapy, and/or chemotherapy. Some histopathologic factors
have been found to be related to prognosis of endometrial
carcinoma. Lymph node metastasis is one of the most
important prognostic factors of endometrial carcinoma and
advanced endometrial carcinoma with lymph node meta-
stasis (ILIc/I'V) has been shown to have poorer prognosis. In
our series of patients treated in the same manner, the
prognosis for patients with stage I1la endometrial carcinoma
was excellent with an estimated 5-year survival of over 90%

ey
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(patients with stage TIIb disease were not found in our
series). However, the prognosis for patients with stage Illc
endometrial carcinoma with an estimated 5-year survival
rate of 79.6% was poorer than that of stage Illa in spite of
intensive treatment consisting of extended surgery including
pelvic and para-aortic lymphadenectomy and systemic
adjuvant chemotherapy. We, therefore, performed retrospec-
tive analysis on the prognostic factors for node-positive
patients to determine appropriate therapeutic and follow-up
modality o achieve their favorable prognosis.

Concerning the distribution of tymph node metastases,
95.5% (42/44) of patients with nodal disease had pelvic
node metastases and 45.2% (19/42) of patients with PLN
metastases had concomitant PAN metastases. McMeekin et
al. [4] analyzed nodal distribution in 47 cases of stage 1llc
endometrial cancer and found that an increasing number of
positive PLN was associated with PAN metastasis. Our
result on nodal distribution in stage Illc patients is similar to
McMeekin et al. [4], i.e., patients with single positive PLN
group rarely have multiple positive PAN groups. We also
found that positive aottic nodes were associated with poorer
prognosis than were positive pelvic nodes alone (estimated
5-year survival 48.1% for positive PAN vs. 86.4% for
negative PAN, P = 0.0108), suggesting that involvement of
pelvic lymph nodes alone does not necessarily carry a poor
prognosis as previously reported by Onda et al [12] who
performed the same operative procedure as ours. This can be
explained in part due to the therapeutic significance of our
operative procedure including systematic pelvic and para-
aortic lymphadenectomy. Para-aortic lymphadenectomy
until just below the renal vein may contribute to the
favorable survival of patients with multiple positive PLN
groups.

In this study, we firstly reported that the survival of
patients with stage Illc endometrial carcinoma can be
stratified by the number of positive PAN groups. The
survival of patients without positive PAN (PLN metastasis

cumulative percent

100+ PANO, 1,LVSI{-/+) (n=18)®
80
PANO, 1, LVSI (#+/+++) (n=1 8)b
60
avs b:p=0.0223
“ bvs ¢: p=0.0388
avs c¢: p=0.0002
] PAN >=2, LVSI (any) (n=8)C
0-
0 20 40 60 80 100 120 140 160 180

survival time (months)

Fig. 4. Survival of patients with stage Illc endometrial carcinoma by
combination of LVSI and number of positive PAN group.
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alone), with one positive PAN group, and with > 2 positive
PAN groups was 86.4%, 60.4%, 20.0%, respectively. The
survival of patients with > 2 positive PAN groups was much
worse than others. Notably, there was no statistically
significant difference between the patients without positive
PAN group and those with one positive PAN group (P =
0.14), suggesting that single PAN metastasis is still a local
disease that can be cured by complete lymphadenectomy
and subsequent chemotherapy. When patients have multiple
PAN metastasis, lymphadenectomy does not prolong
survival. :

Radiotherapy and chemotherapy have been employed as
adjuvant therapies for endometrial cancer. Radiotherapy has
been considered as a standard adjuvant therapy in Western
countries. The result of GOG 122, however, clearly
demonstrated that adjuvant chemotherapy (adriamycin and
CDDP) significantly improved progression free survival and
overall survival than adjuvant radiotherapy (whole abdomi-
nal radiotherapy) for stage I1I/IV patients [13], indicating
that chemotherapy should be considered as a standard
adjuvant therapy for endometrial cancer. Systemic chemo-
therapy has been widely accepted as a standard adjuvant
therapy for endometrial cancer in Japan. Adriamycin has
been used as a key drug for endometrial cancer. We have
used CAP regimen for endometrial carcinoma with risk
factors for recurrence. However, the poorer survival of stage
Illc patients with multiple positive PAN groups than single
positive PAN group, who received adjuvant chemotherapy
(CAP), clearly indicates that we should consider a new
chemotherapeutic regimen to improve prognosis of node-
positive patients. The most promising drug for endometrial
cancer is taxane [14].

In this study, we found that LVSI and number of positive
PAN group are independent prognostic factors by multi-
variate analysis, indicating that para-aortic lymphadenec-
tomy should be routinely included in the surgical procedure
for endometrial cancer to predict the survival of node-
positive patients. We also conclude that we should
investigate LVSI with more careful attention for node-
positive patients. Careful investigation of LVSI, however, is
time-consuming and it is impossible to evaluate LVSI
preoperatively and during operation by frozen section. To
individualize the therapeutic modality for each patient, we
need to search for new molecular markers which can be
easily assessed and reflect disease status in regard to LVSI
preoperatively. There have been few reports on the useful
molecular markers for survival of endometrial carcinoma.
We reported that p53 overexpression by immunohistochem-
ical staining was found to be an independent prognostic
factor and the estimated 5-year survival rate of patients with
stage III/IV disease without p53 overexpression was
significantly better than that with p53 overexpression,
indicating that p53 missense mutation, which is closely
related to immunohistochemical p53 overexpression, have a
significant prognostic impact on the survival of advanced
endometrial carcinoma [15]. Kanamori et al. [16] reported

that PTEN expression was found to be associated with
prognosis for patients with advanced endometrial carcinoma
undergoing postoperative chemotherapy. Yokoyama et al.
[17] reported that high levels of immunoreactivity for
vascular endothelial growth factor (VEGF)-D in stromal
cells and its receptor, VEGF-R-3 in carcinoma cells were
independent prognostic factors in endometrial carcinoma.
We need to further investigate more useful prognostic
factors for endometrial carcinoma using molecular bio-
logical techniques.
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Functional analysis of p53 gene and the prognostic impact of dominant-negative

p53 mutation in endometrial cancer

Noriaki Sakuragil*, Hidemichi Watari', Yasuhiko Ebina', Ritsu Yamamoto', Eric Steiner?, Heinz Koelbl?, Masahiro Yano?,

Mitsuhiro Tada® and Tetsuya Moriuchi®

'Department of Gynecology, Hokkaido University Graduate School of Medicine and School of Medicine, Sapporo, Japan
“Department of Obstetrics and Gynecology, Mainz Universiry, Mainz, Germany
*Division of Cancer-Related Genes, Institute for Genetic Medicine, Hokkaido University, Sapporo, Japan

In addition to the loss of function, mutant p53 can possess a domi-
nant-negative effect on wild-type p53 and may also exert gain-of-
function activity. It is not clear whether the functional status of
p53 mutation contributes to differences in outcome in endometrial
cancer. We collected a total of 92 RNA samples of high quality
from endometrial cancer tissues, and the samples were subjected
to yeast functional assay and sequencing for p53 mutations. The
detected mutant p53 genes were further investigated for their
dominant-negative activity using a yeast-based transdominance
assay. p53 mutation was found in 24 out of 92 (26.1%) tumors, of
which 10 exhibited no dominant-negative activity (recessive muta-
tion) and 14 showed dominant-negative activity. Dominant-nega-
tive p53 mutation was related to advanced stages (p = 0.01), non-
endometrioid type tumors (p = 0.01) and grade 3 tumors (p =
0.04). The patients with dominant-negative mutation had signifi-
cantly shorter survival than patients with no mutation (p < 0.0001)
and those with a recessive mutation (p = 0.01) in the p53 gene. No
difference in survival was found between the patients with tumors
harboring a recessive p53 mutation and these with tumors harbor-
ing a wild-type p53. Multivariate analysis revealed that dominant-
negative p53 mutation (p = 0.019), FIGO stage (p = 0.0037) and
histologic subtype (p = 0.014) were independently related to
patient survival. Dominant-negative p53 mutation was the most
important prognostic factor for stage III/IV endometrial cancer
(p = 0.0023). In conclusion, dominant-negative p53 mutation is
often found in advanced stages and aggressive histologic subtypes
of endometrial cancer and it is a strong predictor of survival of
patients with advanced endometrial cancer. To elucidate further
the role of p53 mutation in endometrial cancer, it is necessary to
investigate gain-of-function activity involving dominant-negative
p53 mutant proteins.

© 2005 Wiley-Liss, Inc.

Key words: endometrial cancer; p53; mutation; dominant negative;
survival; serous adenocarcinoma

The p53 tumor suppressor gene is mutated in about 50% of all
[umors,l’3 and more than 19,000 different somatic mutations have
been identified.* Mutation of the p33 gene plays a key role in the
carcinogenesis and progression of many different malignancies,
including endometrial cancer. p53 overexpression has been shown
to predict patient survival in endometrial cancer.””’ p53 over-
expression, as determined by immunohistochemistry (THC), is a
surrogate marker of missense mutation of p53 protein. Because
MDM2 is a transcriptional target of p53, loss of p33 function
reduces the production of MDM2. MDM2 degrades p53 protein
through ubiquitination of the protein, and reduced MDM2 produc-
tion will lead to an accumulation of p53 protein in the nucleus,
which is detected as overexpression by IHC.® THC is a convenient
method for the investigation of p53 status. However, it can be
affected by many factors, such as antibody used, antigen retrieval
technique and subjectivity of criteria for p53 overexpression. p33
overexpression does not necessarily correspond to p53 gene muta-
tion. One report showed that only 32% of tumors with exclusively
nuclear staining were found to contain a pS3 gene mutation.’?
Dominant-negative p53 mutation will lead to decreased MDM?2
production, irrespective of the status of the second allele of p53.
p33 mutations abolishing the production of p53 protein will lead
to loss of p53 protein when it is associated with loss of hetero-
zygosity (LOH) of the second allele. Therefore, p53 overexpres-
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sion can be related to both dominant-negative mutation and reces-
sive missense mutation with LOH. It is therefore reasonable to
expect that p53 overexpression does not necessarily correspond 1o
a dominant-negative mutation of p53.

At least 2 distinct pathways have been proposed that contribute
to cisplatin-induced apoptosis in vitro. One involves p33 tumor
suppressor protein, and the other is mediated by the p53-related
protein p73. Inhibition of p73 function by dominant-negative p73
proteins or by mutant p533 abrogates apoptosis and cytotoxicity
induced by these agents.” Therefore, investigation into the status
of p73 in endometrial cancer is expected to provide further infor-
mation regarding the response to adjuvant chemotherapy in cases
involving this type of cancer.

An understanding of the role played by p53 mutation in endo-
metrial cancer may lead to tailored treatment planning and more
rational targeted approaches for treating this disease. p53 gene
mutation and LOH result in the loss of p53 function. In addition to
the loss of function, mutant p53 can possess a dominant-negative
effect that suppresses wild-type p53, and which may also exert
gain-of-function activity.'® There have been many studies of the
prognostic significance of and/or therapeutic outcome related to
the type of p53 mutations. However, the results of such studies
have been inconsistent,'' and the significance of the dominant-
negative function in terms of both prognosis and therapeutic suc-
cess remains unclear at present.'?

In order to elucidate the prognostic importance of dominant-
negative activity in endometrial cancer, we surveyed the func-
tional status of p53 protein in endometrial carcinoma using a
yeast p53 functional assay and a transdominance assay. The yeast
p53 functional assay tests the ability of p53 to activate transcrip-
tion in vivo in yeast.'>'* A modification of this method (transdo-
minance assay) can idemifP/ the dominant-negative/recessive
properties of the mutant p53." This is the first report to compare
directly the functional status of p33 (i.e., the presence or absence
of dominant-negative activity) to the survival of patients with
endometrial cancer.

Material and methods
Tissue specimens

A total of 92 endometrial carcinoma tissue samples, which were
obtained from the resected uterus of patients with endometrial car-

cinoma treated surgically at the Department of Obstetrics and
Gynecology, Mainz University in Mainz, Germany, and at the
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p53 GENE IN ENDOMETRIAL CANCER

A

TABLE T~ CLINICOPATHOLOGIC CHARACTERISTICS OF PATIENTS WITH
ENDOMETRIAL CARCINOMA TREATED IN MAINZ UNIVERSITY AND
HOKKATDO UNIVERSITY

Mainz, Sapporo,
Germany (1 = 49) Japan (n = 43)

Age

< 60 13 26

> 60 36 17 0.001
FIGO stage

im 37 28

mAv 12 15 0.27
Histologic subtype

Endometrioid 44 35

Nonendometrioid 5 8 0.25
Grade

1 17 14

2 19 17

3 13 12 0.98
Follow-up period 1-130 5-125 0.11
(months) (median, 58.5)  (median, 41.0)

Department of Gynecology, Hokkaido University Graduate
School of Medicine and School of Medicine in Sapporo, Japan,
were used for this study. Informed consent was obtained from all
study participants. From among the 92 samples, 49 were obtained
from German patients and 43 from Japanese patients. Surgical
treatment was initiated during the period between April 1990 and
January 2000 for the German cohort and between February 1990
and December 2002 for the Japanese cohort. The data from 23
patients of the 43 Japanese cohort participants were reported in a
previous study.'® The clinicopathologic variables, namely, FIGO
stage, histologic subtype, grade of tumor and follow-up period,
did not differ between the 2 cohorts, with the exception of patient
age (Table T). The tissue samples included 79 cases of endome-
trioid-type adenocarcinoma and 13 cases of nonendometrioid
adenocarcinoma. The group of nonendometrioid tumors included
11 serous adenocarcinomas, | clear cell adenocarcinoma and 1
squamous cell carcinoma. The treatment strategies employed in
the 2 institutes were different. At Mainz University, the surgical
procedure involved selective lymph node dissection rather than
routine systematic lymphadenectomy. At Hokkaido University,
routine systematic pelvic and paraaortic lymphadenectomy was
carried out. The modality of adjuvant therapy employed at Mainz
University was radiotherapy, whereas that used at Hokkaido Uni-
versity was chemotherapy.

RNA extraction and reverse transcription (RT)-PCR

Total RNA was extracted from 100-200 mg of each frozen tis-
sue sample by the guanidinium/phenol/chloroform method (TRI-
zol reagent; Gibco-BRL, Gaithersburg, MD). RNA integrity was
verified by electrophoresis on 1% agarose gel. p53 cDNA was
synthesized at 37°C for 1 hr with 200 units of Moloney murine
leukemia virus (MMLYV) reverse transcriptase (Gibco-BRL) from
1-3 pg of total RNA in 20 pl of RT buffer containing 25 pmol
pS53-specific primer RT-1 (5'-CGGGAGGTAGAC-3), 7.5 mM
dithiothreitol (DTT), 0.5 mM MgCl, and 0.5 mM of each dNTP.
The p53 cDNA was PCR-amplified in 20 pl of reaction mixture
containing 2 pl of RT reaction product, 1.25 units of Pfu DNA
polymerase (Stratagene, La Jolla, CA), 10% DMSO, 50 pM of
each dNTP and 10 pmol of primers P3 [5-ATTTGATGC-
TGTCCCCGGACGATATTGAA(s)C-3', where (s) represents a
phosphorothioate linkage] and P4 [5-ACCCTTTITTGGACTT-
CAGGTGGCTGGAGT(s)G-3']. PCR was run on a Thermal
Cycler Model 2400 (Perkin-Elmer, Chiba, Japan) at 96°C for
I min, then for 35 cycles of 95°C for 40 sec, 65°C for 70 sec and
78°C for 90 sec, followed by 78°C for 2 min. Satisfactory amplifi-
cation was confirmed by examining the PCR product in a 1% agar-
ose gel. Bach crude PCR product was used for the transformation
of yeast.
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FiGure 1 — An example of positive yeast p53 functional assay ()
and confirmation of p53 mutation by DNA sequencing of the reverse
strand: (b) wild-type sequence; (C) missense mutation of CGT to CAT
at codon 273.

Plasmids

The yeast expression vector pSS16'7 was digested with excess
amounts of HindIII and Stul, dephosphorylated with calf intestinal
alkaline phosphatase (Takara, Otsu, Japan) and electrophoresed on
1% low-melting-temperature agarose (Sea Plaque agarose; FMC,
Rockland, ME). The linearized plasmids were recovered from the
gel and purified with Wizard PCR prep kit (Promega, Madison,
WI). A gap was created between codons 67 and 347.

Yeast p53 functional assay

The yeast functional assay was performed according to a
method described previously.m‘18 The. yeast reporter strain
y1G397' was used throughout the study. The strain yIG397 con-
tains an integrated plasmid with the ADE2 (phosphoribosylami-
noimidazole carboxytase, EC 4.1.1.21) open reading frame under
the control of a p53-responsive promoter. The genotype is MATa
ade2-1 leu2-3 112trpl-1 his3-11 15¢canl-100 wura3-1::[URA3
3XxRGC-pCYCI-ADE2}. When a yeast cell is transformed with a
plasmid encoding mutant p33, the cell fails to express ADE2 and
forms a red colony due to the accumulation of an oxidized poly-
merized derivative of phosphoribosyl-aminoimidazole.'9 The
yeast was cultured in 100 mt of YPD medium supplemented with
200 pg/ml of adenine until the OD600 value reached 0.8. The cells
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TABLE I - DISCOVERED p53 MUTATIONS AND ITS TRANSDOMINANCE IN 92 ENDOMETRIAL CARCINOMAS

Tnstitute and case number FIGO Histologic subtype Grade Mutation in p53 gene Base change T."PC_O‘A Transdominance
SIﬂgC mutation
Hokkaido University
1 I Endometrioid adenocarcinoma 2 213 Arg—Stop CGA—>TGA Nonsense
2 I Endometrioid adenocarcinoma 2 321bp deletion Deletion
(nt 673-993)
3 1 Endometrioid adenocarcinoma | 133 Met—Arg ATG-AGG Missense
4 I Endometrioid adenocarcinoma 1 244 Gly—>Asp GGC—-GAC Missense DN
5 I Endometrioid adenocarcinoma 2 363bp deletion Deletion
(nt 385-747)
6 1 Endometrioid adenocarcinoma 1 108 Gly—Ser GGT—>AGT Missense
7 ! Endometrioid adenocarcinoma 1 241 Ser—Ala TCC-GCC Missense DN
8 I Serous adenocarcinoma 3 273 Arg—His’ CGT—CAT Missense DN
9 I Serous adenocarcinoma 1 240-243 in AGTTCCTGC  Deletion DN
frame deletion ATG—>GTG
10 I Endometrioid adenocarcinoma 3 264 Leu—>Arg CTA—>CGA Missense
11 1T Endometrioid adenocarcinoma 2 280 Arg—lle AGA—-ATA Missense DN
12 i Endometrioid adenocarcinoma 2 173 Val>Leu GTG-TTG Missense
13 HI Serous adenocarcinoma 2 273 Arg—His CGT—-CAT Missense DN
14 IV Endometrioid adenocarcinoma 3 280 Arg—Gly AGA—->GGA Missense DN
15 IV Serous adenocarcinoma 3 248 Arg—Trp CGG->TGG Missense DN
Mainz University
1 1 Endometrioid adenocarcinoma 3 306 Arg—Stop CGA—-TGA Nonsense
2 I Endometrioid adenocarcinoma 2 280 Arg—Ser AGA—-SAGT Missense DN
3 I Endometrioid adenocarcinoma 3 273 Arg—Cys CGT-TGT Missense DN
4 I Clear cell adenocarcinoma 3 245 Gly—Val GGC—HGTC Missense
5 I Endometrioid adenocarcinoma 2 257 Leu—>Pro CTG—-CCG Missense
6 IIT  Endometrioid adenocarcinoma 3 248 Arg—Gin CGG—-CAG Missense DN
7 m Endometrioid adenocarcinoma 1 273 Arg—His CGT—CAT Missense DN
8 IV Endometrioid adenocarcinoma 3 175 Arg—His CGC—HCAC Missense DN
9 v Serous adenocarcinoma 3 273 Arg—His CGT—->CAT Missense DN

DN, dominant negative.

were pelleted, washed with LiOAc solution containing 0.1 M lith-
ium acetate, 10 mM Tris-HCI, pH 8.0, and 1 mM EDTANay,; the
cells were then pelleted again and resuspended in 500 I of LiOAc
solution. For each transformation, 50 pl of yeast suspension were
mixed with 1-5 ul of unpurified p53 ¢cDNA PCR product, 50—
100 ng of linearized plasmid, 5 pl of sonicated single-stranded sal-
mon sperm DNA (10 mg/ml) and 300 pl of LiOAc containing
40% polyethylene glycol 4000 (Kanto, Tokyo, Japan). The mix-
ture was incubated at 30°C for 30 min and heat-shocked at 42°C
for 15 min. The yeast was then plated on a synthetic dropout (SD)
medium minus leucine plus adenine (5 pg/ml) and was incubated
for 48 hr in a 30°C humidified chamber. More than 200 colonies
were examined on each culture plate. In this assay system, 16%
was the cutoff value for p53 mutation.

Recovery of p53 plasmids from yeast and DNA sequencing

The yeast was digested with Zymolase-100T (Seikagaku-Kogyo,
Tokyo, Japan), and p53 expression plasmids were extracted by the
alkaline lysis method (QIAprep plasmid kit; Qiagen, Hilden,
Germany) and transfected into XL-1 blue E. coli by electroporation.
The plasmids were recovered, purified and sequenced with a Dye-
Deoxy Terminator Kit (Perkin-Elmer, Urayasu, Japan) on an ABI
377 automated sequencer (Applied Biosystems, Urayasu, Japan) as
specified by the manufacturer’s protocol and using the following pri-
mers: P3seq, 5'-ATTTGATGCTGTCCCCGGACGATATTGAAC-
3'; Pllseq, 5'-TACTCCCCTGCCCTCAACAAGATG-3'; P12seq,
5'-TTGCGTGTGGAGTATTTGGATGAC-3; and P13seq, 5'-GCC-
CATCCTCACCATCATCACACT-3.

Transdominance assay

The dominant-negative potential of p53 mutation was tested
using a yeast-based transdominance assay as described previ-
ously.'® Briefly, the yeast functional assay was performed using
both a plasmid with wild-type p353 and a plasmid with mutant p53
that had been sequence-verified. For each transformation, 50 pl of
yeast suspension were mixed with 100 ng of pTSHP53, 100 ng of

mutant p53-containing pSS16, 50 pg of sonicated single-stranded
salmon sperm DNA and 300 pl of LiOAc containing 40% poly-
ethylene glycol 4000. The mixture was incubated at 30°C for
30 min and heat-shocked at 42°C for 15 min. Yeast were then
plated on SD medium minus leucine and tryptophan, but which
contained a limited amount of adenine (5 pg/ml). The samples
were then incubated for 48 hr in a 30°C humidified atmosphere.
Double-transformant clones (Leu®, Trp™) giving rise to white
(Ade™) or pink/red (Ade™) colonies were interpreted as expressing
recessive and dominant-negative mutations, respectively.

Statistical analysis

The statistical significance of differences between the categori-
cal variables was examined by the chi-square test. Disease-specific
survival curves were obtained by the Kaplan-Meier method and
the differences between curves were examined by the log-rank
test. Independence of prognostic significance was examined using
a Cox regression analysis with forward stepwise selection of the
variables. p < 0.05 was considered to be statistically significant.
Statistical analyses were performed using the Statview 5.0 soft-
ware package (SAS Institute, Cary, NC).

Results
P53 status

The wild-type p53 gene was observed in 68 tumors. A p53
mutation was found in 24 (26.1%) tumors. An example of a tumor
in which the yeast functional assay gave a positive result (i.e., the
number of red colonies vs. white colonies = 46:54), and in which
DNA sequencing analysis revealed a mutation in codon 273, is
shown in Figure [. The p53 mutations and their respective trans-
dominance property observed here are summarized in Table 11,
The mutations included 19 missense mutations, 2 nonsense muta-
tions and 3 deletion mutations. Missense mutation accounted for
79% of all the mutations observed in this study. Codon 273 was
most frequently mutated (4 273Arg—His and | 273Arg—Cys),
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TABLE HI - RELATIONSHIP BETWEEN p53 MUTATION AND CLINICAL
FEATURES OF ENDOMETRIAL CANCER PATIENTS

Dominant-negative

All mutations :
mutation

Number/total (%) » Number/total (6¢) p

Age
< 60 9/39 (23.1) 5/39 (12.8)
> 60 15/53 (28.3) 0.64 9/53(17.0) 0.58
FIGO Stage
/11 14/65 (21.5) 6/65 (9.2)
v 10/27(37.0) 0.19  8/27(29.6) 0.0l
Histologic subtype
Endometrioid 18/79 (22.8) 9/79 (11.4)
Nonendometrioid 6/13(46.2) 0.09 5/13(38.5) 0.01
Grade
1,2 14/67 (20.9) 7/67 (10.4)
3 10/25 (40.0) 0.06 7/25(28.0) 0.04
Institute
Mainz 9/49 (18.4) 6/49 (12.2)
Sapporo 15/43 (34.9) 0.07 8/43(18.6) 0.39
%
100 _'—‘—"‘__"L‘___‘ Stage 1, It (n=65)
90 [
80
2
s 70T
S 60t
% 50 | Stage Iti, IV (n=27)
é’ 40 |
2 30
g 20
3 r p<0.0001
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Survival Time (Months)

Fi1GURE 2 — Kaplan-Meier analysis and log-rank test for survival of
patients according to FIGO stage.
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Ficure 3 — Kaplan-Meier analysis and log-rank test for survival of
patients according to histologic subtype of tumors.

followed by codon 280 (280Arg—Tle, 280Arg—Gly, 280Arg—
Serand then codon 248 (248Arg—>Trp and 248Arg—Gln).
Regarding the transdominance of p53 mutation, 10 mutant p53
proteins (10.9%) exhibited recessive activity and 14 mutants
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F1GURE 4 — Kaplan-Meier analysis and log-rank test for survival of
patients according to grade of tumors.
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(15.2%) showed dominant-negative activity. Not all of the mis-
sense mutations had a dominant-negative etfect. Only 13 of 19
(68%) missense mutations of p53 exhibited dominant-negative
activity.

p53 mutation was compared to the clinical features (Table IIT).
Total p53 mutation tended to be related to the following features:
nonendometrioid subtype (p = 0.09), grade 3 tumors (p = 0.06)
and Tapanese cohort (p = 0.07). Dominant-negative mutation was
significantly related to advanced FIGO stage (p = 0.01), nonendo-
metrioid subtype (p = 0.01) and grade 3 tumors (p = 0.04).

Survival analysis

The Kaplan-Meier analysis and log-rank test revealed that the
survival of patients in this study was significantly related to con-
ventional prognostic factors: FIGO stage (p < 0.0001; Fig. 2),
histologic subtype (p < 0.0001; Fig. 3) and grade of tumor
(p = 0.037; Fig. 4). As regards p53 mutation, dominant-nega-
tive p53 mutation was found to be related to poor patient survival
(p < 0.0001; Fig. 5). Missense p53 mutation was also signifi-
cantly related to patient survival (p = 0.0001). The age and
institute were not related to survival (p = 0.17 and 0.52, respec-
tively). When we further examined the functional status of p33
mutation in relation to patients’ survival, the estimated 5-year
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TABLE TV — COX REGRESSION ANALYSES FOR PATIENTS WITH ENDOMETRIAL CARCINOMA

Univartate Multivariate
Variuable Cox analysis Cox analysis
r coeflicient  Standard error  Havard ratio P
Dominant negative p53 mutation < 0.0001 1.37 0.58 39 0.019
FIGO stage 0.0002 1.81 0.62 6.1 0.0037
Histologic subtype 0.0004 1.69 0.58 54 0.014
Grade 0.048 NS
Age 0.19 NS
Institute 0.48 NS

survival rate for patients with wild-type p53 (n = 68), recessive
p53 mutation (7 = 10) and dominant-negative p53 mutation
(n = 14) was 84.9%, 85.7% and 35.1%, respectively. There was
a statistically significant difference in survival between the
patients with recessive p53 mutation and those with dominant-
negative p53 mutation (p = 0.01), as well as between the
patients with wild-type p53 and those with dominant-negative
P33 mutation (p < 0.0001). No difference in survival was found
between the patients with recessive p53 mutation and those with
wild-type p33 (Fig. 5). Furthermore, the survival of patients with
missense p53 mutation tended to be related to the transdomi-
nance property of mutant p53. The 5-year survival rate was
75.0% for patients with recessive missense mutations (n = 10)
and 34.6% for patients with dominant-negative missense muta-
tions (n = 14; p = 0.09).

Using multivariate Cox regression analysis, we found that dom-
inant-negative p53 mutation (p = 0.019), FIGO stage (p =
0.0037) and histologic subtype (p = 0.014) were independent
prognostic factor for the patients in this study (Table V). When
only advanced-stage tumors were taken into consideration, domi-
nant-negative p53 mutation (p = 0.0023) was the most significant
predictor of patient survival.

Discussion

The functional activities of mutant p53 proteins have been
grouped into 5 categories: retained wild-type activity, loss of func-
tion, gain of function, dominant-negative effect and temperature
sensitivity.* The dominant-negative activity of p53 mutation cor-
responds to the capacity of the mutant protein to complex with the
product of the remaining wild-type allele to inactivate its function,
Thus, dominant-negative p53 mutation results in the total abroga-
tion of p53 protein function, even if there is still wild-type protein
expressed in the cell. Although the importance of analysis of the
functional types of p53 mutation, i.e., the dominant-negative
effect and gain of function, in terms of researching carcinogenesis
and searching for novel human cancer therapies has been repeat-
edly emphasized,'™'”?" it remains unclear whether or not the
dominant-negative activity of mutant p53 proteins has a detrimen-
tal effect on the survival of cancer patients. Recessive p53 muta-
tion accompanied by loss of the second allele may be equal to
dominant-negative p53 mutation in terms of loss of function of the
gene. Although we did not investigate LOH in this study, the
present results did suggest that dominant-negative p53 mutation is
closely related to poor survival of patients with endometrial can-
cer, even after adjusting for established prognostic factors, that s,
tumor stage, grade and histologic type. Future studies including
the LOH status of the second allele will be of interest in this con-
text. It is important to investigate whether or not the dominant-
negative p53 mutation exerts an influence on patient survival, not
only through a loss of function, but also by other mechanisms
attributable to mutant p53 protein such as certain gain-of-function
activities.

Also of interest in this context is that dominant-negative p53
mutation was found to be closely related to the survival of patients
with advanced-stage endometrial cancer. Because the prognosis of
patients with early-stage endometrial cancer is generaily excellent,
gynecologic oncologists need to focus increasingly on the survival

of patients with advanced endometrial cancer. The histopathologic
prognostic factors for endometrial cancer include depth of myo-
metrial invasion, cervical involvement, serosal invasion, adnexal
metastasis, positive peritoneal cytology, vaginal metastasis, lymph
node metastasis, peritoneal metastasis and bladder/rectal involve-
ment, which are incorporated in the FIGO surgical staging sys-
tem.” The grade of tumor, histologic subtype and lymph-vascular
space invasion, which represent the aggressiveness of a tumor, are
also important histopathologic prognostic factors that should be
taken into consideration in planning treatment for patients with
endometrial cancer.>® The histologic subtypes of serous adenocar-
cinoma and clear cell adenocarcinoma exhibit more aggressive
biologic behavior than common endometrioid adenocarcinoma
and has been shown to lead to disproportionate mortality.2*26
Serous adenocarcinoma is frequently associated with p33 overex-
pression or p53 mutation. Our current study has shown that domi-
nant-negative p53 mutation is an important prognostic factor, in
addition to the established predictors of survival, namely, FIGO
stage and histologic subtype, in cases of endometrial cancer. This
suggests that dominant-negative p353 mutation may be a reason-
able target for a novel therapy for cases of endometrial cancer
with a poor prognosis.

In the present study, only 68% of the missense mutations in the
cases of endometrial cancer studied here exhibited dominant-nega-
tive activity. This finding suggests that determining the dominant-
negative activity of a p53 mutation is more important than merely
determining the presence or absence of a p53 mutation as part of a
tailored treatment or rational targeted treatment for endometrial
cancer. Because of the high frequency of p53 mutations in human
cancers, and due to the pivotal role of p53 in regulating growth,
apoptosis and DNA repair, the introduction of the wild-type p53
gene has been regarded as a reasonable strategy for a gene therapy
designed to restore the lost activity of p53.27 However, this
approach has achieved substantial effectiveness to date.”® A possi-
ble reason for the unsatisfactory results may be the accumulation
of dominant-negative mutant p53, which results in a high amount
of mutant protein, which would override the effects of the wild-
type protein introduced by gene therapy. This explanation may in
part account for the recentlg reported failure of gene therapy in
the study of ovarian cancer.” In addition to overriding wild-type
p53, some dominant-negative mutants are known to cause a gain
of function related to tumor progression.'”'**" Such mutants
include 175 Arg—His, 273 Arg—>His and 248 Arg—Trp, which
accounted for 6 of the 14 dominant-negative mutants identified in
the present study. The gain-of-function property of the pS3
mutants is considered to lend further malignant phenotypes to the
tumor cells, such as enhancement of tumorigenicity, metastatic
potential and therapy resistance. These properties may account for
the extremely poor survival of endometrial cancer patients with
dominant-negative p53 mutations. The 6 cases with gain-of-func-
tion mutations in this study included 1 case of stage I serous
adenocarcinoma (case 8 in the Japanese cohort), 1 case of stage TI1
endometrioid adenocarcinoma (cases 7 in the German cohort), 1
case of stage Il serous adenocarcinoma (case 13 in the Japanese
cohort), 1 case of stage TV endometrioid adenocarcinoma (case 9
in the German cohort) and 2 cases of stage IV serous adenocarci-
noma (case 15 in the Japanese cohort and case 9 in the German
cohort). The gain-of-function mutation appears to be related to
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advanced-stage tumors, although the number of cases studied was
not large enough to draw any conclusions.

In summary, this study indicates that dominant-negative muta-

tion of p53 gene is often found in the advanced stages and aggres-
sive histologic subtypes of endometrial cancer. Moreover, such

™~
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Abstract. Ueda M, Hung Y-C, Terai Y, Saito ], Nunobiki O, Noda S, Ueki M. HER-2 codon 655 polymorphism
in cervical carcinogenesis. Int ] Gynecol Cancer 2006,16:325-328.

HER-2 codon 655 polymorphism together with human papillomavirus (HPV) types were examined in a
total of 279 cervical smear samples. Forty-nine patients with high-grade squamous intraepithelial lesion
had higher frequency of high-risk HPV than 167 patients with low-grade squamous intraepithelial lesion
and 63 controls. There was no statistical difference in the frequencies of HER-2 Ile/Ile, Ile/Val, and Val/Val
genotypes between squamous intraepithelial lesions (SILs) and controls. When the Ile/Ile genotype was
compared to the Ile/Val + Val/Val genotypes, there was also no statistical difference in the genotype preva-
lence between SILs and controls either in 91 or 188 patients with or without high-risk HPV, respectively.
These results suggest that the HER-2 polymorphism at codon 655 in cervical cell samples is unlikely to be

associated with HPV status and the onset of cervical cancer in a Japanese population.

KEYWORDS: cervical carcinogenesis, HER-2, polymorphism, SIL.

Cervical cancer is the second most common cancer
in women worldwide and is both a preventable and
a curable disease especially if identified at an early
stage. It is widely accepted that specific human papil-
lomavirus (HPV) types are the central etiologic agent
of cervical carcinogenesis. Recently, several candidate
markers for cervical cancer risk, such as glutathione-S-
transferase and p53, have been described"™. Despite
extensive studies on germ line polymorphisms of these
cancer susceptibility genes in the patients with prema-
lignant and malignant cervical lesions, no correlation
has been reported between their genotype prevalence
and increased risk of cervical cancer "=,

HER-2 (also known as c-erbB-2 or neu), the second
member of the epidermal growth factor receptor fam-
ily, encodes a transmembrane glycoprotein (p185) with
tyrosine kinase activity®'?. Altered expression of the
HER-2 gene has been implicated in the carcinogenesis
and progression of breast, ovarian, gastric, prostate,
and bladder cancer’'™. Previous studies have also
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demonstrated that repression of the HER-2 function

suppresses the malignant phenotype of HER-2 over-
expressing cancer cells"5”. However, there have been
only a few reports on the possible correlation between
HER-2 expression and the development of cervical
cancer 'Y,

Sequence analysis of the human HER-2 gene identi-
fied a single nucleotide polymorphism at codon 655,
resulting in a G to A transition (Ile 655 Val) in the
transmembrane domain-coding region of this gene®?.
Recently, Xie et al.?” reported that the variant Val
allele was associated with an elevated risk of breast
cancer in Chinese women, whereas another study in a
Caucasian population failed to find such a significant
association®”. Although the biologic significance of
the amino acid substitution at HER-2 codon 655 is still
unclear, it would be of interest to investigate the rela-
tionship between the HER-2 polymorphism and path-
ogenesis in various kinds of human malignant tumors.

In this study, we investigated the HER-2 codon 655
polymorphism together with HPV status in exfoliated
cervical cell samples from the patients with squa-
mous intraepithelial lesion (SIL) of the cervix and evalu-
ated the genotype prevalence of this gene in cervical
carcinogenesis.
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Materials and methods

Cell sample

We conducted HER-2 genotype analysis together with
HPV typing in a total of 279 cervical smear samples
from the patients who received cervical cancer screen-
ing. They consist of 63 normal, 167 low-grade SIL
(LSIL), and 49 high-grade SIL (HSIL). All the 279
patients were Japanese women. Final histologic diag-
nosis was confirmed by colposcopy-directed biopsy.

DNA preparation

The exfoliated cervical cells were disrupted with lysis
buffer (20 mM NaCl, 10 mM Tris-HCl [pH 8.0], 10 mM
ethylenediaminetetraacetic acid [pH 8.0], 0.5% sodium
dodecyl sulfate (SDS), 50 pg/mL proteinase K), and
genomic DNA was extracted with phenol-chloroform
and precipitated with ethanol using standard techni-
ques. Purified DNA samples from the cells were
stored at —20°C until use.

Genotyping of HER-2 codon 655

Polymerase chain reaction—restriction fragment length
polymorphism analysis of codon 655 of the HER-2
gene, modified from a technique described by Wang
et al.®, was conducted to identify HER-2 genotypes
using specific primers: sense 5'-AGAGAGCCAGCC-
CTCTGACGTCCAT-3' and antisense 5'-TCCGTTT-
CCTGCAGCAGTCTCCGCA-3'. One microliter of the
DNA template from each cell sample was amplified
by polymerase chain reaction (PCR) in a final volume
of 50 pL reaction mixture containing 10 mM Tris-HCI
(pH 8.3), 50 mM KCl, 2 mM MgCl,, 0.01% (w/v) gela-
tin, 200 uM deoxynucleioside triphosphate, 0.5 uM of
each primer, and 1.25 units Taq polymerase (Applied
Biosystems, Branchburg, NJ) as previously described®®.
After an initial denaturation at 96°C for 3 min, 40 cy-
cles of denaturation (94°C for 1 min), annealing (55°C
for 1 min), and extension (72°C for 2 min) were carried
out on a Perkin-Elmer GeneAmp PCR System 9700.
The final extension was performed at 72°C for 10 min.
After confirmation of an amplified fragment of the ex-
pected size (148 bp) by 1.5% agarose gel electrophore-
sis with ethidium bromide staining, 13 uL of each PCR
product was digested with 25 units of restriction en-
zyme BsmAI (New England Biolabs Inc., Beverly, MA)
at 55°C for 3 h, and DNA fragments were visualized
on a 3.0% agarose gel. Restriction fragments were 130
and 26 bp for the Ile allele and 94, 36, and 26 bp for
the Val allele. The heterozygote contains the following
four bands: 130, 94, 36, and 26 bp.

© 2006 1GCS, International Journal of Gynecological Cancer 16, 325-328

HPV typing

The presence of various HPV types was examined
using L1-PCR according to the method reported by
Nagano et al.*” Briefly, 100 ng of cellular DNA was
subjected to PCR in the presence of published con-
sensus primers (L1C1 and L1C2)®®. Amplified HPV
fragments were typed on the basis of the restriction
fragment length polymorphism among HPVs®®, L1-
PCR can detect 22 registered low-risk (6, 11, 34, 40, 42,
43, 44) and high-risk (16, 18, 31, 33, 35, 39, 45, 51, 52,
56, 58, 59, 66, 68, 69) HPV types.

Statistical analysis

The HPV status and polymorphic features of HER-2
gene in 279 cases were compared between normal,
LSIL, and HSIL and checked by the Mann-Whitney
and Chi-square tests. A level of P < 0.05 was accepted
as statistically significant.

Results

The polymorphic site in codon 655 of the HER-2 gene
was achieved by polymerase chain reaction-restriction
fragment length polymorphism. As shown in Figure 1,
fragments of 130 and 26 bp resulted from BsmAl
digestion of the Ile allele. The fragments of 94, 36, and
26 bp indicated the digested PCR products from the
Val allele. The heterozygote contains the following
four bands: 130, 94, 36, and 26 bp. Although the 36
and 26 bp fragments were not clearly visualized, each
genotype was judged by the presence or absence of
the 130 and 94 bp fragments.

Table 1 shows HPV status and polymorphic fre-
quency of HER-2 codon 655 in 279 samples examined.

1 2 3 4 5

Figure 1. Polymerase chain reaction-restriction fragment length
polymorphism analysis on HER-2 codon 655 in DNA samples puri-
fied from exfoliated cervical cells. Restriction fragments treated by
BsmAl are 130 and 26 bp for the Ile homozygote (lane 1) and 94, 36,
and 26 bp for the Val homozygote (lane 3). The heterozygote is in
lane 2. An undigested PCR fragment (148 bp) is shown in lane 4.
Although the 36 and 26 bp fragments are not clearly visualized,
each genotype is judged by the presence or absence of the 130 and
94 bp fragments. Lane 5 is negative control.

___77_



HER-2 polymorphism in SIL, 327

Table 1. HPV status and HER-2 codon 655 polymorphism

Amino acid at HER? codon 655
Lesions n Number with high-risk HPV lle/Ile lle/Val Val/Val
Normal 63 10 (15.9%)*=* 46 (73.0%) 16 (25.4%) 1(1.6%)
LSIL 167 46 (27.5%)** 123 (73.7%) 38 (22.8%) 6 (3.6%)
HSIL 49 35 (71.4%)**** 35 (71.4%) 14 (28.6%) 0 (0%)
AllSIL 216 81 (37.5%)** 158 (73.1%) 52 (24.1%) 6 (2.8%)

*P < 0.0001 %* vs normal.
P = 0.0013 ¥* vs normal.
“*P < 0.0001 x* vs LSIL.

The patients with HSIL had significantly higher fre-
quency of high-risk HPV than those with LSIL and
controls. There was also statistical difference in the fre-
quency of high-risk HPV between all SIL and controls.
However, the differences in the polymorphic fre-
quency of HER-2 lle/Ile, Tle/Val, and Val/Val geno-
types between SILs and controls were statistically not
significant.

When the Ile/Ile genotype was compared to the
lle/Val -+ Val/Val genotypes, there was no statistical
difference in the genotype prevalence between SILs
and controls in 188 patients without high-risk HPV, as
shown in Table 2. The relative risks of the combined
Ile/Val + Val/Val genotypes for SILs in 91 patients
with high-risk HPV showed slightly increased odds
ratios (2.345 for LSIL, 1.833 for HSIL, and 2.113 for all
SIL); however, there was again no statistical difference
between SILs and controls.

Discussion

The genes that encode growth factor receptors can be
activated through mutations in their coding sequen-
ces. A point mutation in the transmembrane region of
the neu gene, a rat homologue of human HER-2 gene,
increased the transforming capacity of this gene®,

Transgenic mice that carry a mutationally activated
HER-2 gene or an overexpressed normal HER-2 gene
frequently develop mammary adenocarcinoma®?.
Although mutations in the human HER-2 gene have
not been identified, sequence analysis revealed a sin-
gle nucleotide polymorphism at codon 655“?. Since
the HER-2 polymorphism at codon 655 is located in
the transmembrane coding region, it may be also asso-
ciated with the structural and functional alteration of
the HER-2 protein. Several previous studies have re-
ported the germ line polymorphism and ethnic varia-
tion of the HER-2 gene in breast, bladder, and gastric
cancer® 9312 However, there has been no report
on the correlation between the HER-2 polymorphism
and development of malignant tumors of gynecologi-
cal origin.

In our investigation using exfoliated cervical cell
samples from a Japanese population, the differences in
the polymorphic frequency of HER-2 Tle/lle, Ile/ Val,
and Val/Val genotypes between 216 SILs and 63 con-
trols were statistically not significant. There was also
no statistical difference in the genotype prevalence be-
tween 5[Ls and controls in 188 patients without high-
risk HPV. Although Val allele slightly increased the
relative risk of LSIL or HSIL compared to controls in
91 patients with high-risk HPVs, the differences were

Table 2. Relationships between HER-2 codon 655 polymorphism and SIL grade

Aminio acid at HER2 codon 655

Study group n Hle/Tle Ile/Val + Val/Val OR 95% CI P value
High-risk HPV -
Normal 53 38 (71.7%) 15 (28.3%) 1
LSIL 121 94 (77.7%) 27 (22.3%) 0.728 0.350-1.514 0.396
HSIL 14 11 (78.6%) 3 (21.4%) 0.691 0.170-2.814 0.606
AllSIL 135 105 (77.8%) 30 (22.2%) 0.724 0.352-1.487 0.379
High-risk HPV +
Normal 10 8 (80.0%) 2(20.0%) 1
LSIL 46 29 (63.0%) 17 (37.0%) 2.345 0.461-11.930 0.305
HSIL 35 24 (68.6%) 11 (31.4%) 1.833 0.339-9.911 0.482
AllSIL 81 53 (65.4%) 28 (34.6%) 2.113 0.433-10.315 0.355
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again statistically not significant. To the best of our
knowledge, this is the first study to examine the role
of HER-2 codon 655 polymorphism in cytologic mate-
rials from women with premalignant cervical disease.
Our present results suggest that Val655lle of the HER-
2 gene in cervical cell samples is unlikely to be associ-
ated with HPV status and the onset of cervical cancer
in a Japanese population.
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Fas gene promoter —670 polymorphism in

gynecological cancer

M. UEDA, Y. TERAI, K. KANDA, M. KANEMURA, M. TAKEHARA, H. YAMAGUCH]I,
K. NISHIYAMA, M. YASUDA & M. UEKI
Department of Obstetrics and Gynecology, Osaka Medical College, Takatsuki Osaka, Japan

Abstract. Ueda M, Terai Y, Kanda K, Kanemura M, Takehara M, Yamaguchi H, Nishiyama K, Yasuda M,
Ueki M. Fas gene promoter —670 polymorphism in gynecological cancer. Int | Gynecol Cancer 2006;16(Suppl. 1):
179-182.

Single-nucleotide polymorphism at —670 of Fas gene promoter (A/G) was examined in a total of 354 blood
samples from normal healthy women and gynecological cancer patients. They consisted of 95 normal, 83
cervical, 108 endometrial, and 68 ovarian cancer cases. Eighty-three patients with cervical cancer had statis-
tically higher frequency of GG genotype and G allele than 95 controls (P = 0.0353 and 0.0278, respectively).
There was no significant difference in the genotype or allele prevalence between control subjects and
endometrial or ovarian cancer patients. The Fas —670 GG genotype was associated with an increased risk
for the development of cervical cancer (OR = 2.56, 95% CI = 1.08-6.10) compared with the AA genotype.
The G allele also increased the risk of cervical cancer (OR = 1.60, 95% CI = 1.05-2.43) compared with the
A allele. Germ-line polymorphism of Fas gene promoter —670 may be associated with the risk of cervical

cancer in a Japanese population.

KEYWORDS: gynecological cancer, Fas, polymorphism.

Apoptosis is a physiologic process for the elimination
of specific types of cells, occurring extensively in embry-
onic development, metamorphosis, and differentiation.
This process also plays an important role in eliminating
unwanted or potentially dangerous cells throughout
life. Abnormal regulation of apoptosis is likely to con-
tribute to the pathogenesis of autoimmune diseases
and malignant tumors. The acquired ability to resist
apoptotic stimuli is shared by many types of malig-
nant diseases, and genetic alteration in the compo-
nents of apoptotic pathways is a pivotal mechanism in
the development of cancer’"?.

Fas, also known as CD95 or APQO-1, is a transmem-
brane receptor that plays a central role in apoptotic
signaling in many cell types®. This receptor interacts
with its natural ligand FASL, a member of the tumor
necrosis factor superfamily, to initiate the death signal
cascade, which results in apoptotic cell death®*. Down-
regulation of Fas with resultant resistance to death
signals has been reported in many cancers. The tran-
scriptional expression of Fas gene is regulated by a
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number of genetic elements located in the 5'-upstream
region of the gene. Single-nucleotide polymorphism
(SNP) at —670 of Fas gene promoter (A/G) has re-
cently been identified®®. This SNP has been found
with potentially different transcriptional efficiency®.
Recent studies have demonstrated that the A/G SNP
at Fas promoter —670 is closely associated with the
pathogenesis of autoimmune diseases, such as rheu-
matoid arthritis and systemic lupus erythematosus”®.
However, the correlation between this SNP and cancer
susceptibility including the risk of gynecological malig-
nancies has not been extensively studied, and pre-
vious experimental results are controversial.

Recently, Lai et al.” reported that SNP at position
=670 in the Fas gene promoter is associated with the
development of cervical cancer in a Chinese population.
Engelmark et al."® also conducted Fas promoter —670
polymorphism analysis and suggested that this SNP
does not have a major impact on the susceptibility to
cervical cancer in Swedish patients. In this study, we
examined germ-line polymorphism of Fas gene pro-
moter —670 in a total of 354 blood samples from normal
healthy women and gynecological cancer patients to
reevaluate the possible association between this SNP
and the risk of cervical cancer in a Japanese population.



