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Abstract

Objectives. The efficacy and toxicity of combined therapy with irinotecan (CPT-11} plus mitomycin-C (MMC) were evaluated in patients
with advanced or recurrent squamous cell carcinoma {SCC) of the uterine cervix.

Methods. CPT-11 (100 mg/m?®) was administered on days 1, 8, and 15 by intravenous (iv} infusion over 90 min, while MMC (10 mg/m?
iv) was given on day 1. This regimen was repeated every 28 days and at least two courses were given.

Results. Among 51 eligible paticnts (median age: 52 years; range: 25-72 years), 2 showed complete response (CR) and 24 showed PR, for
an overall response rate (ORR) of 51.0% (95% confidence interval: 36.6-65.3%). In patients without prior chemotherapy, the ORR was
54.8% (38.7-70.2%). Twenty-five patients (Ib2:3, I1b:17, and IITb:5) received this regimen as neoadjuvant chemotherapy and their ORR was
76% (54.9-90.6%). Twenty-two patients were able to undergo radical surgery after NAC. The major toxicity was neutropenia, which was
grade 3—4 in 59% of the patients. Grade 3—4 thrombocytopenia and anemia were also seen in 26% of the patients each. The most common
nonhematologic toxicity was diarrhea (grade 3—4 in 12%).

Conclusion. CPT-11 combined with MMC can be effective against advanced or recurrent SCC of the uterine cervix.
© 2004 Elsevier Inc. All rights reserved.

Keywords: Chemotherapy; Cervical carcinoma; CPT-11; MMC

Introduction

After the introduction of screening using Papanicolaou

— smears, the incidence of invasive cervical cancer decreased
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and it now only holds third place among gynecologic
malignancies. Although the mortality rate from cervical
cancer has also been decreasing, the 5-year survival rate of
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patients with advanced or recurrent cancer has not improved
worldwide over the last two decades [1], probably because
treatment has not changed significantly.

Recent improvements in chemotherapy may lead to
longer survival by combining chemotherapy agents with
radiation or surgery.

After the effectiveness of cisplatin for cervical carcinoma
was demonstrated, combination therapy based on cisplatin
was introduced. Such regimens have achieved response
rates of 16—-67%, but the complete response (CR) rate is less
than 20% [2-4]. Bleomycin (BLM) is often used in
combination therapy and the BOMP [5] regimen or BIP
[6] regimen is well known to be effective for cervical cancer.
However, BLM often causes serious side effects such as
pneumonitis. Therefore, a new regimen containing cisplatin
without BLM would be desitable.

Irinotecan hydrochloride (CPT-11) has also demonstrated
potent antitumor activity against cervical carcinoma [7].
Therefore, we tested combination chemotherapy with
cisplatin plus CPT-11 and found that the response rate to
this regimen was 59% for advanced or recurrent disease [8]
and 78% when it was used as NAC [9].

Because advanced or recurrent cervical cancer is often
complicated by ureteral stenosis or obstruction, it can be
difficult to use cisplatin, suggesting that a2 new regimen
without cisplatin should be developed. On the basis of in
vitro and in vivo studies, mitomycin-C (MMC) was selected
as a drug to use with CPT-11 [10].

MMC has already been used to treat cervical carcinoma
[11,12), so the efficacy of CPT-11 combined with MMC can
be expected. Improvement of the QUL was also predicted
because the regimen would not cause symptoms such as
nausea or vomiting related to cisplatin.

Accordingly, we conducted a prospective clinical trial to
evaluate the therapeutic activity and toxicity of CPT-11 plus
MMC as chemotherapy for advanced or recurrent cervical
cancer.

Patients and methods
Patient selection

Patients had to fulfill the following eligibility criteria:
histologically proven cervical cancer of stage Tb, ITh, III, or
IV, or recurrent disease, as well as at least one measurable
tumor documented radiographically, In all patients, primary
radiotherapy and chemotherapy were completed more than
1 month earlier. Other eligibility criteria were as follows:
age <75 years, performance status (WHO) <2, adequate
bone marrow reserve (leucocyte count of 4.0-12.0 x 10°/ul,
platelet count 2100 x 1{)3/}11, and hemoglobin >9.0 g/dl),
and adequate renal and hepatic function (serum creatinine
<2 mg/dl, BUN <30 mg/dl, and AST/ALT <2x the upper
limit of normal). All subjects gave written informed consent
to the study.

Patients were excluded for any of the following reasons:
metachronous or synchronons other cancer, concurrent
infection; preexisting diarrhea, ileus, or bowel obstruction;
interstitial pneumonia or pulmonary fibrosis; massive
ascites; pleural effusion; uncontrolled diabetes; or a history
of severe drug hypersensitivity.

Regimen

An intravenous (iv) infusion of CPT-11 (100 mg/m?® over
90 min) was given on days 1, 8, and 15. Afier completion of
CPT-11 infusion on day 1, MMC (10 mg/m®) was
administered as an intravenous bolus. Granunlocyte colony-
stimulating factor {(G-CSF) was administered if grade 3
neutropenia occurred with fever >38.0°C or if grade 4
neutropenia developed with or without fever, This treatment
schedule was repeated every 4 weeks for two or three
cycles.

Doses and the treatment schedule were modified to avoid
severe side effects. CPT-11 was not given on day 8 or 15 if
the leucocyte count or platelet count was <3.0 x 103/pl or
<100 x 10%/), respectively. Treatment was also withheld if
the patient developed diarthea >grade 1 according to the
Eastern Cooperative Oncology Group scale [13]. Before the
next course was started, the leucocyte count had to be
>4.0 x 10*/ul and the platelet count 2100 x 10%/p!. In
addition, there had to be no diarthea, and both liver and
renal function had to meet the initial eligibility criteria,
Dose modification was not done for low blood cell counts
or diarrhea during the same course. Additionally, if the
leucocyte count was <1.0 x 10%/ul, the platelet was <50 x
10%/ul, or diarrhea was >grade 2 during any course, the
dose of CPT-11 was reduced to 80 mg/m” for the next
course.

This trial was approved by the review board of the
Japanese Gynecologic Oncology Group and by the institu-
tional review board of each participating hospital.

Evaluation of response

The criteria for assessment of tumor response were as
follows: complete response (CR) was defined as the
complete disappearance of all known disease for a minimum
of 4 weeks; partial response (PR) was defined as a >50%
reduction in the sum of the length X width product of all
measurable lesions for a minimum of 4 weeks; progressive
disease (PD) was defined as a >25% increase in the sum of
the products of all measurable lesions, reappearance of any
lesion that had disappeared, or appearance of any new
lesions; and stable disease (SD) was any outcome that did
net qualify as response or progression.

Patients were considered to be evaluable for toxicity if
they received at least one full course of per protocol therapy.
Toxicity was evaluated according to WHO criteria [14],
except that diarrthea was assessed by the Eastern Cooper-
ative Oncology scale [13].
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Sratistical methods

The response rate and its 95% confidence intervals (95%
CI) were calculated using a binomial distribution [15].

Results

Between August 1997 and March 2002, 63 women
entered this trial under the supervision of the Japanese
Gynecologic Oncology Group. Ten patients were ineligible
for the following reasons: four patients had a low WBC
count, three patients had no measurable disease, two
patients had an inadequate drug-free period, and one patient
had an adrenal tumor. Among the 53 eligible patients, two
patients were not evaluated for response because one patient
refused to actually undergo treatment afier enrollment and
because of a protocol error in one patient.

Table 1 shows the characteristics of the eligible patients,

They received a median of two courses of therapy (range:
1-5 courses) and the median age was 52 years (range: 25~
72 years). Sixteen patients had recurrent disease (31.4%)
and 35 patients (66.7%) had advanced primary disease.
Thirty-four patients (55.8%) had not received previous
treatment, while 17 patients (35.3%) had already undergone
treatment. Among these 17 patients, chemotherapy had been

Table 1
Characteristics of eligible patients

Characteristics No. of patients (%)

Overall 51 (100}

Age (yvears)

Median 52

Range 25-72

Performance status

0 42 (82.4)
1 6 (11.8)

2 3 (5.9

Primary or recurvent

Primary 35 (68.6)

Recurrent i6 3La

Prior therapy

No 34 (66.7)

Yes 17 {33.3)

Chemotherapy 9 {17.6)

Radiotherapy 8 {(15.7)

Site of disease

Pelvic 43 (B4.3)
Cervical 34 {66.7)
Others I (21.6)

Metastatic site i3 (25.5)

Lymph nodes 8 (15.7)
Lung 5 (9.8)
Liver 2 (3.9

given to nine patients (17.6%) and radiotherapy had been
performed in eight patients (15.7%).

Response to therapy

There were 2 CRs and 24 PRs, for an overall response
rate (ORR} of 51.0% (95% CL. 36.6-65.3%). Eighteen
patients showed SD and three had PD. The remaining four
patients could not be evaluated. Table 2 shows the responses
stratified according to various clinical characteristics. In
patients with primary cancer, the overall response rate was
62.9% (95% CI: 44.9-78.5). In patients with recurrent
disease, on the other hand, the overall response rate was
only 25% (95% CI: 7.3-52.4). For patients without prior
therapy (chemotherapy or radiation therapy), the overall
response rate was 58.8% (93% CI: 40.7-75.4), while the
overall response rate was only 35.3% (95% CIL: 14.2-61.7)
for patients with prior therapy. In patients without prior
chemotherapy, overall responses rate was 54.8% (95% CIL
38.7-70.2). In patients with prior chemotherapy, overall
responses rate was 33.3% (95% CT: 7.5-70.1).

When measurable sites were analyzed, the following
response rates were observed: primary site, 23/43 cases
(53.5%); lymph nodes, 4/8 cases (50%); lung 1/5 cases
(20%), and liver, 1/2 cases (50%).

Twenty-five patients (stage Ib2, 3; ITb, 17; and b, 5)
received neoadjuvant chemotherapy with this regimen,
Among the 25 patients, there was 1 CR and 18 PRs, for
an overall response rate of 76% (95% CI: 54.9-90.6%). Six
patients had SD and no PD was observed. Radical surgery
was performed after NAC in 22 of the patients. One patient
with stage IIb disease and PR after NAC received radio-
therapy because consent for surgery was not obtained. One
patient with stage IHIb disease and CR after NAC also
underwent radiotherapy. Surgery was done for 22 of the
other 23 patients.

Among the 51 patients, 23 died of cancer-related death
and the median overall survival time was 21.7+ months
{range: 3.4-68.4+ monihs). Among patients with recurrent
and stage I'VB discase, 18 died of cancer-related death, with
a median overall survival time of 8.6 months (range: 3.4
28.2 months).

Toxicity

Table 3 lists the significant toxicities encountered during
study. Leukopenia and neutropenia were the major dose-
limiting toxicities. Grade 3 or worse anemia was noted in 13
patients (25.5%) and grade 3 or worse thrombocytopenia was
also seen in I3 patients (25.5%). Twenty-nine patients
(56.9%) developed at least grade 1 diarrhea during treatment
and 16 patients (31.4%) had grade 2 or worse diarthea. Grade
3 or 4 diarrhea occurred in six patients {11.8%). Grade 3
anorexia and alopecia were observed in five patients (9.8%)
each, but grade 3 nausea and vomiting only occurred in two
patients (3.9%). In the first course, 28 patients (54.9%)
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Table 2
Response to the irinotecan/mitemycin C treatiment

Overall No.of CR PR NC PD NE Response
patients rate (%o}
51 2 24 18 3 4 51.0
Performance status
0 42 2 20 14 2 4 524
1 6 2 4 333
2 3 2 I 66.7
Primary or recurrent
Primary 35 1 21 8 1 4 62.9
Stage Ib 4 3 1 73
Stage 11 19 2 5 2 63.2
Stage IIT 8 1 5 I 1 75
Stage IV 4 1 I 1 1 25
Recurrent 16 1 3 10 2 25
Prior therapy
No 34 1 19 9 1 4 588
Yes 17 1 5 9 2 353
Chemotherapy
No 42 2 21 13 2 4 54.8
Yes 9 3 5 1 333
Radiotherapy
No 36 1 20 i 1 4 583
Yes 15 1 4 2 2 333
Site of disease
Primary site 43 1 22 14 2 4 53.5
Cervical 34 1 1810 1 4
Others 9 5 7 | 2
Metastatic site 13 1 5 4 3 46.2

received the full scheduled dosage of CPT-11 (three doses per
course), and CPT-11 was omitted in 19.6% on day 8 and in
39.2% on day 15. The main reason for omission of CPT-11

was leukopenia. As a result, the actual dose intensity of CPT-
11 was 53.8 mg/m® per weck versus the protocol dose
intensity of 75.0 mg/m® per week.

There were no deaths attributable 1o toxicity.

Discussion

Irinotecan hydrochloride (CPT-11} is a derivative of
camptothecin with potent antitumor activity. The antitumor
effect of CPT-1! is related to the inhibition of DNA
topoisomerase 1, which is a novel mechanism different
from those of other anticancer agents. CPT-11 shows strong
activity against various experimental tumors and there is
little cross-resistance with other antitumor agents. Clinical
trials have shown that CPT-11 is active against various
cancers, including cervical cancer.

We searched for an agent other than cisplatin to use in
combination with CPT-11 [10]. We selected effective agents
against cervical cancer by an in vitro assay using three
epidermoid cell lines (keratinizing, large cell non-keratiniz-
ing, and small cell non-keratinizing types of cervical
cancer). We also confirmed the effectiveness of the chemo-
therapy agents by a test using xenografied tumors in nude
mice. These studies revealed that MMC plus cisplatin was
the most effective combination followed by BLM plus
cisplatin, CPT-11 plus cisplatin, and CPT-1t plus MMC.
The most effective agent other than cisplatin for combina-
tion with CPT-11 was MMC. Kano et al, [16] reported that
CPT-11 had a marginal supra-additive effect when com-
bined with MMC, and they recommended the simultaneous
administration of CPT-11 and MMC for clinical application
in treating gynecologic malignancies. MMC inhibits the

Table 3

Toxicities of the irinotecan/mitomycin C treatment

Toxicity No. of Girade Total % Grade 34 Yo
patients 0 1 2 3 4

Hematologic ,

Leukopenia 51 4 5 14 20 8 47 92) 28 (55)

Neutropenia 51 13 8 19 11 38 75 30 (]

Anaemia 51 8 6 24 13 43 8hH 13 (26)

Thrombocytopenia 51 27 6 5 7 6 24 (47 3 (26}

Gastrointestinal

Diarrhca 51 22 13 10 5 1 29 (57 6 (an

Nausea or vomiting 51 10 20 20 2 42 (B2) 2 (4)

Anorexia 51 13 17 16 5 38 (75} 5 (1o

Others

Alopecia 51 19 17 10 5 32 (63} 5 (10)

Hepatic function disorder 51 49 1 1 2 H

AST (GOT) 51 30 1 1 ) 1 ()

AST (GPT) 51 50 1 1 ) 1 2)

ALP 51 50 1 1 (2}

Paralysis intestinal 51 50 i 1 (2)

Abdominal pain 51 50 1 1 (2}

Infection 51 50 I 1 (2}

Rash 51 49 2 2 “ 2 @
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cleavage of DNA, so synergism between CPT-11 and MMC
may occur because alkylating agents could make some CPT-
1-induced DNA damage irreparable.

Villalona-Calero and Kolesar [17] reported that MMC
was a modulator of CPT-11 activity because it increased
topoisomerase [ expression.

MMC was reported to achieve a response rate of 22% for
cervical cancer [18]} and has been used fo treat cervical
cancer in combination with many agents. BM {12] and
BOMP [5] were well-known chemotherapy regimens for
cervical cancer. These facts suggested that MMC plus CPT-
11 could be a useful new chemotherapy regimen.

The schedule and the dose of CPT-11 and MMC were
based on previous reports. CPT-11 was administered on
days 1, 8, and 15 according to the regimen for a phase Il
study [7]. MMC was administered on day 1 because this
was the day of cisplatin administration in the combined
CPT-11 and cisplatin regimen. MMC shows dose-dependent
activity, so it was administered by bolus injection {19]. The
doses of CPT-11 and MMC were determined according to
other reports [20,21].

Previously, CPT-11 plus MMC has been used for ovarian
carcinoma. Shimizu et al. [20] reported that CPT-11 was
administered at a dose of 120 mg/m2 intravenously (iv) on
days 1 and 15, while MMC was given intravenously at a
dose of 7 mg/m? on days 1 and 15. This regimen was found
to be effective for platinum-refractory clear cell or mucinous
cyst adenocarcinoma of the ovary and toxicity was accept-
able (including manageable hematologic reactions, diarrhea,
nausea or vomiting, and alopecia).

Takizawa et al. {21} demonstrated that 100 mg/m® of
CPT-11 and 5 mg/m® of MMC at 2-week intervals were
reasonably well tolerated, while Villalona-Calero and
Kolesar [17] used MMC (6 mg/m? on day 1) plus CPT-11
(125 mg/m® on days 2 and 8) to treat breast or esophageal
{cardiac) adenocarcinoma. Based on these reports, we
sclected three doses of CPT-11 (100 mg/m?) at l-week
intervals plus MMC (10 mg/m? on day 1).

In our regimen, the dose intensity of CPT-11 was
75 mg/m® per week and that of MMC was 2.5 mg/m? per
week. Although our regimen had a higher dose intensity
compared with these other reports, the actual CPT-11 dose
intensity delivered to the patients was 58 mg/m® per week.
This dose intensity of CPT-11 was similar to that for the
regimen of Shimizu et al.

The response rate was 51% for advanced or recurrent
cervical cancer. Several combination chemotherapy regi-
mens have been tested in phase Il studies [6,22-24] and
objective responses have been documented in 30-70% of
patients. However, it is difficult to compare the results of
these studies because of the relatively small number of
subjects and biases of patient selection. We previously
performed a phase 1I study of CPT-11 and cisplatin as first-
line chemotherapy for advanced or recurrent cervical cancer
[8]. The eligibility criteria and clinical characteristics of the
patients were similar to those of this study, so we were able

to compare the response to CPT-11 plus cisplatin with that
to CPT-11 plus MMC. As a result, we found no difference
between these two regimens and CPT-11 plus MMC showed
moderate activity against cervical cancer.

In recent years, neoadjuvant chemotherapy has been
extensively investigated in patients in patients with cervical
cancer. Of the 51 patients entered in this study, 25 patients
(49%) were registered as having neoadjuvant chemotherapy.
The response rate was 76% (19/25), which 1s similar to
previous reports [9).

The most frequent grade 3—4 toxicities were neutropenia
and thrombocytopenia, The frequency of neutropenia was
lower than with other regimens, such as CPT-11 + CDDP
{8], CDDP + IFM [25], or CDDP + IFM + BLM [25]. On
the other hand, thrombocytopenia was more frequent. One
possible explanation for this finding is that the pattern of
hematological toxicity differs between CPT-11 and MMC,
with neutropenia being typical of the former and thrombo-
cytopenia being typical of the latter [26]. G-CSF is
effective for elevating the neutrophil count, but there is
no treatment for thrombocytopenia except platelet trans-
tusion. Therefore, thrombocytopenia is a problematic
toxicity of this regimen. Fortunately, platelet transfusion
was not needed in this study, but reduction of the MMC
dose for the next course needs to be considered if grade 3-
4 thrombocytopenia occurs. Diarrhea is the most important
nonhematologic toxicity of CPT-11. The frequency of grade
34 diarrhea was reported to be 19.2% in a late phase II
study of CPT-11 [7]. The same dose of CPT-11 was used in
the present trial and MMC was added, but grade 34
diarrthea only occurred in 12%. A lower frequency of
diarrhea was achieved in this study because many of the
subjects were previously untreated and because we became
more familiar with the toxicities of CPT-11, Although the
frequency of diarrhea was reduced, it still caused impair-
ment of QOL. Therefore, diarrhea needs to be managed
carefully. Recently, hangeshashintou [27,28] and lopera-
mide [29] were found to be useful for preventing diarrhea
induced by CPT-11 therapy, so these medicines should be
used more actively.

In summary, CPT-11 plus MMC showed moderate
activity against cervical cancer. Furthermore, this regimen
does not need hydration and nausea or vomiting is rare, so
the QOL is also well.

In conclusion, CPT-11 plus MMC showed a useful
regimen for advanced and recurrent cervical cancer.
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Abstract Purpose: PTEN is a tumor suppressor gens
that inhibits cell proliferation by regulating intracellular
signaling pathways, and this activity can be abolished by
mutations of the PTEN gene. This study was designed to
examine the correlation of PTEN expression with the
expression of cell cycle regulators and with clinicopath-
ological parameters in endometrioid adenocarcinoma of
the uterine corpus. Methods: Tissue samples of 117
endometrioid adenocarcinomas in addition to those of
19 normal endometria and 20 endometrial hyperplasias
were used for the study. Immunohistochemical staining
for PTEN protein was performed with the labeled
streptavidin-biotin method on formalin-fixed and
paraffin-embedded tissue samples. PTEN expression was
represented as the staining score. Resulfts: Immunohis-
tochemistry showed that the nuclei of cells were positive
for PTEN. The PTEN staining score of normal endo-
metrium was significantly higher in the proliferative
phase than in the secretory phase. The scores of various
endometrial hyperplasias were not significantly different
from each other, regardless of the type of hyperplasia.
The PTEN staining scores of endometrioid adenocarci-
nomas were 7.6+52 in Gl, 9.6%+5.2 in G2, and
11.9+3.7 in G3, and increased significantly as the
histological grade increased. PTEN staining score was
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not significantly correlated with clinicopathological
parameters such as FIGO stage, myometrial invasion,
lymph-vascular space invasion (LVSI), lymph node
metastasis or group, but was significantly correlated
with labeling indices (LIs) of cell cycle regulators such as
Ki-67, edk2, cyclin A, cyclin D1, cyclin E, p27, and p53.
The PTEN staining score of p53-wild cases was signifi-
cantly lower than that of p53-mutant ones, but there was
no significant difference of the score in cases with dif-
ferent PTEN gene status. PTEN expression was signifi-
cantly lower in cases with both high levels of estrogen
receptor and progesterone receptor. Conclusion. PTEN
protein expression was decreased in well-differentiated
and less growth-aggressive endometrial carcinoma with
wild-type p53 gene and high levels of ER and PR. This
suggests that disturbed PTEN expression occurs in an
early phase of the tumorigenesis of well-differentiated
endometrial carcinoma.

Keywords PTEN - p53 - Estrogen receptor -
Progesterone receptor - Endometrioid adenocarcinoma

Introduction

The tumor suppressor gene PTEN (phosphatase
and tensin homologue deleted on chromosome 10) is
localized on chromosome [0g23. The gene product is a
55-kD protein composed of 403 amino acids. PTEN is a
dual-specificity phosphatase with a sequence similar to
that of the cytoskeletal protein tensin (Hinoda et al.
1998; Machama and Dixon 2000; Parsons 1998; Tamura
et al. 1999). PTEN is also frequently mutated in a wide
range of human tumors such as glioblastoma (Sano et al.
1999; Steck et al. 1997) and cancers of the prostate (Girl
and Ittamann 1999), breast (Perren et al. 1999), thyroid
(Gimm et al. 2000), ovary (de la Cuesta et al. 199¢;
Obata et al. 1998) and endometrium (Ellenson 2000;
Mutter et al. 2000b). Most of the mutations of the
PTEN gene in tumors are localized in the phosphatase
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domain, which influences the phosphatase activity
(Hinoda et al. 1998; Maehama and Dixon 2000; Parsons
1998; Tamura et al, 1999), PTEN has an antagonistic
effect on intracellular signaling pathways induced by
integrin or growth factors, and inhibits cell proliferation
and finally induces apoptosis. One of the inhibitory
mechanisms is that PTEN dephosphorylates focal
adhesion kinase (FAK), which plays a major role in a
transcription-regulatory signaling system. FAK is acti-
vated by integrin and growth factors, and induces focal
adhesion, cytoskeletal formation, and cellular spreading,
invasion and migration (Mochizuki 1999; Tamura et al.
1998a, 1998b, 1999). Another mechanism is that PTEN
suppresses the signaling pathway that goes through
protein kinase B (Akt/PKB) by dephosphorylaling
phosphatidylinositol  3,4,5-trisphosphate  (PIP3). It
thereby leads to apoptosis and inhibits cell proliferation
(Gu et al. 1998; Tamura et al. 1999). PTEN also sup-
presses the activity of mitogen-activated protein kinase
{(MAPK) by dephosphorylating Src homologous and
collagen (Shec) as an adaptor protein. Furthermore,
PTEN also inactivates the stimulatory effect on cell
growth induced by estrogen, and it has been suggested
that this effect of PTEN is abolished by mutations of the
PTEN gene{Mutter et al. 2000c¢).

In this study, we examined PTEN expression immu-
nohistochemically in endometrioid adenocarcinoma of
the uterine corpus as well as normal endometrium and
endometrial hyperplasia, and examined the correlation
of PTEN expression with the expression of cell cycle
regulators, and with clinicopathological parameters,
estrogen, and progesterone receptor levels, and p53 gene
mutation.

Materials and methods

Tissue samples

Tissue samples of 19 normal endometria (eight cases of the prolif-
erative phase and 11 of the secretory phase), 20 endometrial hyper-
plasias [nine cases of simple hyperplasia (SH), four of complex
hyperplasia (CH) and seven of complex atypical hyperplasia (CAH)]
and 117 endometrioid adenocarcinomas, including 67 well-differen-
tiated (G1), 24 moderately differentiated (G2), and 26 poorly dif-
ferentiated (G3) adenocarcinomas, were surgically obtained with
informed consent at Kitasato University Hospital between 1983 and
2000. No patients received any therapy before surgery.

Immunohistochemistry

Immunohisitochemical staining for PTEN protein was performed
with the labeled streptavidin-biotin (LSAB) method (LSAB-kit,
DAKO, Kyoto, Japan) on formalin-fixed and paraffin-embedded
tissue samples. Tissue samples were sectioned at 3-um thickness
and deparaffinized in xylene. Endogenous peroxidase activity was
inhibited with 3% hydrogen peroxide for 15 min. Antigen retrieval
was performed by autoclaving at 121 °C for 15 min in 0.01 mol/l
citrate buffer (pH6.0). After the sections were incubated with 10%
normal swine serum for 10 min, they were incubated with mouse
monoclonal anti-PTEN antibody (clone 28H6, 1:400, Novocastra,
Newcastle, UK) overnight at 4 °C. The sections were washed in

0.01 mol/l phosphate-buffered saline (PBS) and incubated with
biotinylated anti-mouse goat immunoglobulin for 10 min, and then
with horseradish peroxidase-labeled streptavidin for 10 min. The
peroxidase reaction was developed in 0.02% 3,3-diaminobenzidine
tetrahydrochloride solution containing 0.003% hydrogen peroxide.
The nuclei were lightly counterstained with Mayer's hematoxylin.

PTEN expression was compared with the expression of Ki-67,
cdk2, cyclin A, cyclin D1, cyclin E, p27, and p53, which were also
examined immunohistochemically. The staining methods were de-
scribed elsewhere (Fujisawa et al. 2001; Kato et al. 2003; Kyushima
et al. 2002; Watanabe et al. 2002). In brief, the antibodies used were
those for Ki-67 {rabbit polyclonal, 1:50, Dako, Kyoto, Japan),
cdk2 (rabbit polyclonal, 1:2000, Santacruz, Calif., USA), cyclin A
(clone 6E6, 1:100, Novocastra), cyclin DI (clone DCS-6, 1:80,
Oncogene, Mass., USA), cyclin E (clone 13A3, 1:40, Novocastra),
p27 (clone IB4, 1:200, Novocastra) and p53 (clone DO-7, 1:80,
Novocastra).

Evaluation of immunohistochemical staining

The level of PTEN protein was expressed as the PTEN staining
score, which was calculated using both the labeling index (LI} and
staining intensity. LT was defined as the percentage of cells positive
for PTEN among approximately 1,200 cells in three randomly
selected high-power fields. LIs were classified into four groups:
group | (0% < LI <25%), group 2 (25% < LI <50%), group 3
{50% < LI <75%) and group 4(75% < LI < 100%), and these
groups wete given scores of 1, 2, 3, and 4 points (LI score), respec-
tively.

The staining intensity of the nuclei of tumor cells, which was
compared with that of adjacent stromal cells taken as a control with
intensity of +, was also classified into four groups with intensity
judgedtobe—, £, +,0r + +, and these groups werescored as 1,2, 3,
and 4 points (staining intensity score), respectively.

The product of LT score times staining intensity score was uscd
to evaluate PTEN expression as the PTEN staining score, which
ranged from | to 16 points. The expression levels of cell cycle
regulators were evaluated by calculating LT by the same method as
described above (Kate et al, 2003; Kyushima et al. 2002; Watanabe
et al. 2002).

p53 and PTEN gene mutation analysis

Polymerase chain reaction-single strand conformation polymor-
phism (PCR-SSCP) analysis was performed to analyze mutations
of the p53 and PTEN genes. In brief, DNA of endometrial cancer
tissues was extracted by a phenol chloroform method (Uchida et al.
[993). The oligonucleotide primer pairs located in exons 5 to 8 of
the pS3 gene and the PCR conditions also conformed to the
methods of Uchida et al. The primer sets used for the p53 gene were
as follows: Exon3(sense.antisense). 5-TGTTCACTTGTGCCCT
GACT-3, 5-CAGCCCTGTCGTCTCTCCAG-3"; Exon6:5-TGT
TTGCCCAGGGTCCCCAG-%, 5-GGAGGGCCACTGACAAC
CA-3'; Exon7:5-CTTACCACAGGTCTCCCCAA-Y, 5-AGGGG
TCAGCGGCAAGCAGA-3; Exon8:5-TTGGGAGTAGATGG
AGCCT-3, 5-AGTGTTAGACTGGTAAACTTT-Y.

The oligonucleotide primer pairs located in exons | to 9 of the
PTEN genc and the PCR conditions conformed to those used in the
method of Steck et al. (Steck et al. 1997). The primer sets used
for the PTEN gene were as follows: Exonl (scnse,antisense):
5-CAGCCGTTCGGAGGATTA-3.5-ATATGACCTAGCAAC
CTGACCA-3"; Exon2:5-TGACCACCTTTTATTACTCC-3",
SSTACGGTAAGCCAAAAAATGA-Y; Exon3:5-ATATTCTC
TGAAAAGCTCTGG-3, 5-TTAATCGGTTTAGGAATACAA-3,
Exond:3-TTCAGGCAATGTTTGTTA-Y, 5-CTTTATGCAATA
CTTTTTCCTA-3; Exon5:5-AGTTTGTATGCAACATTTCTAA-T,
S-TTCCAGCTTTACAGTGAATTG-3; Exon6:5-ATATGTTCT
TAAATGGCTACG-3, 5-AGCAACTATCTTTAAAACCTGT-3,
ExonT:5-ACAGAATCCATATTTCGTGTA-3, 5-TAATGTCT



CACCAATGCCA-Y:, Exon8:5-TGCAAAATGTTTAACATAG
GTGA-3', 5-GTAAGTACTAGATATTCCTTGTC-3";, Exon9:5-
AAGATGAGTCATATTTGTGGGT-3, 5-GACACAATGTCC
TATTCCAT-3".

The 5-end of each primer was labeled with [7-*P]JATP. SSCP
was performed according to the method of Orita et al. (Orita et al.
1989). In bricf, electrophoresis was performed at 40 Wfor3hona
5% polyacrylamide gel. The gel was dried at 80 °C for 45 min and
cxposed to Kodak XAR film at room temperature for 15 min to
24 h with an intensifying screen. DNA extracted from lymphocytes
of a normal woman whose menstrual cycle was regular was uscd as
a normal control. Aberrant bands or mebility shift indicated gene
mutations. p53 and PTEN gene analysis was performed randomly
in 56 cases in the present series.

ER and PR cxpression analysis

Estrogen receptor (ER) and Progesterone receptor (PR) expression
was analyzed with a radioreceptor assay or enzyme immunoassay
at Kitasato Biochemical Laboratory {Sagamihara, Kanagawa,
Japan). Expression of 5.0 fmol/mg cytoscl protein was the cut-off
value,

Comparison with clinicopathological parameters

Clinicopathological parameters of the patients were obtained from
the tumor registry of the Department of Gynecology, Kitasato
University Hospital, and compared with PTEN expression.

Statistical analysis

Statistical analysis of the correlation between the PTEN staining
score and the LT of each cell cycle regulator was conducted with
Spearman’s rank correlation test. The Mann Whitney U-test was
used to examine the correlation of the PTEN staining score with
clinicopathological parameters, p33 mutation, and ER and PR
levels. The correlation between PTEN gene mutation and grade
was analyzed with Fisher's exact test. P-values less than 0.05 were
considercd statistically significant.

Results

PTEN protein in the proliferative and secretory phase
endometria was detected in the nuclei of endometrial
columnar cells and adjacent stromal cells (Fig. la,b).
The PTEN staining scores of columnar cells in the
proliferative and secretory phases were 13.3+3.5 and
9.0+ 3.1, respectively (Table 1). The former was signifi-
cantly higher than the latter.

In endometrial hyperplasias, PTEN protein expres-
sion shéwed the same pattern as in normal endometria
(Fig. 2a—). The PTEN staining scores of SH, CH and
CAH were 10.1+£4.4, 12329, and 11.6x 1.1, respec-
tively (Table 1), and were not significantly different from
each other. The PTEN staining scores were not signifi-
cantly different between normal endometria and endo-
metrial hyperplasias.

The PTEN staining in a case of GI adenocarcinoma
was entirely negative, (Fig. 3a). In a case of G3 adeno-
carcinoma, almost all nuclei of the cancer cells appeared
positive for PTEN (Fig. 3b). The PTEN staining scores
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Fig. 1a,b a PTEN protein expression in the proliferative phase of
normal endometrium. Almost all nuclei of glandular cells show the
immunoreaction (PTEN staining score 16, x200); b In the secretory
phase, the glandular cells are slightly positive for PTEN in the
nuclei (PTEN staining score 4, x200)

of G1, G2, and G3 endometrioid adenocarcinomas were
7.6+£5.2,9.6+£5.2, and 11.9%3.7, respectively. The score
of Gl adenocarcinomas was significantly lower than
that of G3 adenocarcinomas (Table 1), and was also
significantly lower than those of endometrial hyperplasia
and the proliferative phase endometrium (Table 1).

PTEN staining score was positively correlated with
the LIs of cell cycle regulators such as Ki-67, cdk2,
cyclin A, cyclin DI, cyclin E, p27, and p53 (Table 2).

PTEN staining score was not significantly associated
with clinicopathological parameters such as FIGO stage,
myometrial invasion, lymph-vascular space invasion
{LVSI), lymph node metastasis or group (group 1, can-
cer with coexisting endometrial hyperplasia; group 2,
cancer with coexisting normal endometrium; group 3,
only cancer; Ohkawara et al. 2000) (Table 3).

The PTEN staining scores int cases with wild-type and
mutant p53 genes were 7.4+ 5.3 and 11.9 4.6, respec-
tively, and the former was significantly lower than the
latter (Table 4). In contrast, the PTEN staining scores in
cases with wild-type and mutant PTEN genes
were 8.8+5.3 and 7.7+ 6.0, respectively, showing no
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Table 1 The correlation between PTEN staining score and normal endometrium, endometrial hyperplasia, and endometrioid adeno-

carcinoma of the uterine corpus

PTEN staining score
No.of cases P-value
Mean + Sb
Proliferative phase 8 13.3 £ 3.5 . 3
0.0208 A
Secretory phase 11 9.0 + 3.1 N.S.
Endometrial hyperplasia, 9 0 + -
simple(SH) 101 4.4 N.S.
. 0.0046"
Endometrial hyperplasia, J N.S. |
4 12.3 ES 29 1
complex{CH) 3
N.S.
Atypical endometrial hyperplasia, + J 0.0101°
commlex(CAT) 7 11.6 L1 .
G1 67 7.6 + 5 z] J J
G2 24 9.6 + 52 0.0004
G3 26 11.9 £ 3.7

“p < 0.05; significant, N.S. ; not significant, Mann-Whitney U test

significant difference between them, When analyzed in
relation to pathological grade, PTEN staining scores
with or without p53 and PTEN gene mutation were not
significantly different except these between Gl vs G2
with p53 mutation (P=0.04). PTEN expression was
high in G2 and G3 with PTEN gene mutation, although
statistical analysis could not be conducted because of the
limited number of cases, PTEN expression with or
without PTEN gene mutation was not significantly
correlated in each grade examined by Fisher’s exact test
(Table 4).

The PTEN staining scores were 6.5+ 5.3 in the cases
with ER = 50 f mol/mg protein and 9.5+4.9 in cases
with ER <50 f mol/mg protein, and were 6.6+5.5 in
cases with PR 2 100 f mol/mg protein and 9.7+4.8 in
cases with PR < 100 f mol/mg protein, PTEN expression
was significantly lower in cases with either a high level of
ER or PR than in their counterparts with low receptor
levels. PTEN staining scores of each grade were not
significantly correlated each other in either high or low
ER and PR groups. G1 with high ER (P=0.079) and
PR (£=0.026) groups showed lower PTEN expression
than those with low their groups (Table 5).

Discussion

The PTEN staining score was significantly higher in the
proliferative endometrium than in the secretory endo-
metrium in this study. Mutter et al. reported that all
endometrial columnar and stromal ¢ells in the prolifer-
ative phase were positive for PTEN, and that PTEN
expression was decreased or absent in the secretory
phase (Mutter 2000a; Mutter et al, 2000¢). That result is
similar to ours in this study. This indicates that PTEN

protein may be induced in the proliferative phase as a
negative feedback response to the stimulatory effect of
estrogen on proliferation, and may be decreased in the
secretory phase due to antagonism of estrogen’s action
by progesterone (Mutter 2000a; Mutter et al. 2000b,
2000c).

PTEN gene mutation in endometrial hyperplasia with
or without atypia has been detected in 19-55% (Ellen-
son 2000; Maxwell et al. 1998; Mutter et al. 2000b). In
contrast, in this study, the level of PTEN expression in
endometrial hyperplasia as examined immunohisto-
chemically was not different from that in proliferative
phase endometrium and also showed no significant
correlation with the subtype of hyperplasia. It is sug-
gested that PTEN staining using the present antibody
might not be associated with PTEN gene mutation in
endometrial hyperplasia, although we have not exam-
ined the mutation.

It has been suggested that there may be two different
sequences of the development of endometrioid adeno-
carcinoma; one develops through endometrial hyper-
plasias and mainly consists of well-differentiated cancer
and coexists with endometrial hyperplasia (Ohtani et al.
1999; Fujimoto et al. 1998). The other is an estrogen-
unrelated type that originates de novo from atrophic
endometrium and develops into poorly differentiated
cancer without endometrial hyperplasia, and is associ-
ated with gene mutation of p53 and c-erbB2/nen
amplification (Sherman 2000; Ohtani et al. 1999;
Bussaglia et al. 2000). The latter type of carcinoma oc-
curs not infrequently in post-menopausal women and
shows aggressive behavior. The former is known to be
promoted by an unopposed estrogen environment
(Fujimoto et al. 1998; Sherman 2000). ER is first phos-
phorylated after being combined with estrogen and is
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Fig. 2a—¢ a PTEN protein expression in endometrial hyperplasia,
simple type. Almost all nuclei of glandular cells show the
immunoreaction (PTEN staining score 16, x200); b PTEN protein
expression in endomeirial hyperplasia, complex type. Almost all
nuclei of glandufar cells show the immunoreaction (PTEN staining
score 16, x200); ¢ PTEN protein expression in endometrial atypical
hyperplasia, complex type. Almost all nuclei of glandular cells
show the immunoreaction (PTEN staining score 12, x200)

then activated by changing its conformation. Activated
ER combines with the estrogen response element in the
nucleus and induces the expression of transforming
growth factor-l1 (TGF-1), epithelial growth factor
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Fig. 3a,b a Negative PTEN protein expression in endometrioid
adenocarcinoma (Gl} (PTEN staining score I, x200); b PTEN

protein expression in endometrioid adenocarcinoma (G3) (PTEN
staining score 12, x200)
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Table 2 The correlation between PTEN staining score and Lls of
cell cycle regulators in endometrioid adenocarcinopma of the
uternine corpus (£.f labeling index)

Cell cycle regulator r P-value
Ki-67 0.32 0.0006"
cdk?2 0.21 0.0289°
Cyclin A 0.34 0.0005

Cyclin DI 0.19 0.0428*
Cyclin E 0.24 0.0090"
p27 0.22 0.0208"
pa3 0.44 0.0014"

*P <0.05 significant; Spearman’s rank correlation test

(EGF) receptor and cyclin D1 (Hata et al. 1998; Kato
ct al. 1998; Weng et al. 2001). Subsequently, it activates
a PIP3-Akt pathway that causes cell growth and inhibits
apoptosis. Then, by activation of the estrogen receptor
through GRB2-Sos-Ras, resulting in activation of the
Shc-MAPK or Rai-MAPKK-MAPK pathway, cell
growth is further promoted. In normal endometrial cells,
PTEN suppresses the estrogen-stimulated cell prolifera-
tion by dephosphorylating She, FAK, and PIP3 (Gu
et al. 1998; Mochizuki 1999: Tamura et al. 1998a, 1998b,
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Table 3 Th Jati
avie 5 Jhe correlation Clinicopathological

No.of PTEN staining score

between PTEN staining score P-value
and clinicopathological parameter cases Mean + SD
parameters in endometrioid
adenocarcinoma of the uterine  Stage FIGO I 76 8.9 * 4.9 [vs O )
corpus FIGO 1 12 9.7 + 6.3 I vs T
N.S.
FIGO I 26 89 + 5.6 [ vs IV
FIGO [V 3 9.3 ES 4.6 Ivs, H, IV /
Myometrial <1/3 53 9.7 + 48 N.S
invasion 135 56 8.2 + 55 |
LVSI - 30 8.5 E 53 ]
N.S.
+ 28 9.9 £ 46 J
Lymph node - 92 3.9 + 5.2
: N.S.
metastasis + 13 10.5 + 4.7
Group 1 49 7.9 £ 54 1vs2 ]
2 50 9.2 + 49 1vs3 N.S.
3 15 10,9 * 4.6 2vsd /
LVSI ; Lymph-vascular space invasion, N.S.; not significant, Mann-Whitney U test
Table 4 The correlation - L
between PTEN staining score, Mutation No.of FTEN staining score Povalue Grade No.of FTEN staining score P
e -value
and p53 and PTEN mutation in €ases  preon o+ SD CASES  peon SD
endometrioid adenocarcinoma
of the uterine corpus Gt M 6.6 + 55 3
- 44 7.4 + 53 { G2 6 9.2 ES 4.3
G3 4 120 % 0.0
p53 0.0094° N.S.
Gt 4 9.8 E 4.5
] 0,04+
+ 11 11.9 + 4.6 G2 4 15.0 + 2.0
Gl 3 107 £ 61 J
GG 2 73 o+ S5 )
- 37 33 + 53 { G2 9 11.4 + 4.3
G3 6 10.7 + 33
PTEN N.S. N.S.
G1 17 6.9 + 59
+ 19 13 E 6.0 { G2 1 12.0
63 1 16.0 J

“p < 0.05 ; significant, N.8. ; not significant, Mann-Whitney U test

1999; Weng et al. 2001). It is thought that She, FAK,
and PIP3 cannot be dephosphorylated when the PTEN
gene is mutated and cell growth cannot be inhibited. (Gu
et al. 1998; Mochizuki 1999; Tamura et al. 1998a, 1998b,
1999). Mutation of PTEN has been analyzed in various
advanced cancers (Steck 1997), and detected in 34-83%
of endometrial adenocarcinomas (Bussaglia et al. 2000,
Ellenson 2000; Kurose et al. 1998; Levine et al. 1998;
Maxwell et al. 1998; Mutter 2000a). In the present study,
PTEN gene mutation was seen in 19 of 56 cases (34%).
Our data showed that PTEN expression was decreased
in Gl more than in G3, endometrial hyperplasia and

proliferative phase endometrium. There are reports that
PTEN gene mutation was detected in well-differentiated
carcinomas, including brain tumors (Sano et al. 1999;
Steck et al. 1997), and carcinomas of the prostate (Girl
and Ittamann 1999), breast (Perren et al. 1999), and
thyroid (Gimm et al. 2000).

No correlation between PTEN gene mutation and
PTEN protein expression was observed in our study and
there was also no difference when examined depending
on each histological grade. The reason for this may be
that the PTEN gene is frequently mutated as a frame
shift in the phosphatase domain (Hinoda et al. 1998,
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Table 5 The correlation between PTEN staining score, and estrogen and progesterone receptor expression in endometrioid adenocat-

cinoma of the vicrine corpus

PTEN staining score

PTEN staining score

fmol/mg protein No.of P-value Grade No.of P-value
CaseS  Mean + §D €ase!  Mean * sD
P 6.2 + 52 \
High{= 50 18 6.5 + 53 o -
Bh(= 50) { G2 0.07
1 12.0
ER 0.0241° G2 N.S.
G1 39 8.5 x50
Low(<50) 77 9.5 + 4.9 { G2 19 9.7 + 54
G3 19 11.2 * 38 ]
G1 18 5.6 + 48
High(=100) 22 6.6 + 55 G2 2 4.0
0.026*
2 14.0
PR 00256 O NS,
Gl L3 9.0 + 51
Low(<100) 72 9.7 £ 48 { G2 17 9.8 + 52
G3 18 10.9 + 37 /

‘p < 0.05; significant, N.S.; not significant, Mann-Whitney U test

Maehama and Dixon 2000; Parsons 1998; Tamura et al.
1999), whereas the epitope recognized by the antibody
that was used in this study was located around 200
amino acids from the C-terminus, Therefore, cases of
cancers with PTEN gene mutation might not have been
detected by immunohistochemical staining. At least
some PTEN gene mutations are not expected to be
detected by this antibody.

In our study, high expression of PTEN protein was
observed in G3 endometrial carcinomas, and was sig-
nificantly correlated with the LIs of cell cycle regulators
such as Ki-67, cdk2, cyclin A, cyclin DI, and cyclin E.
We have demonstrated that these cell cycle regulators
were positively correlated with histological grade of
endometrial adenocarcinoma {(Watanabe et al. 2003). It
has also been reported that the high expression of cell
cycle regulators occurred in poorly differentiated cancers
(Sherr 1996; Weng et al. 2001). Therefore, it has been
suggested that PTEN protein is expressed as a negative
feedback response to control cellular overgrowth
(Campbell et al. 2001; Kato et al. 1998).

PTEN expression was not significantly associated
with clinicopathological parameters that we examined.
However, as it was correlated with cell cycle regulators
indicating higher proliferative activity, it will be neces-
sary to follow these patients for a longer period to
evaluate PTEN expression as a prognostic factor.

In the present study, PTEN expression was decreased
in well-differentiated adenocarcinoma and wild type
p53, high ER, and PR groups. It is known that p53
mutation is a late event in endometrial carcinogenesis
(Kohler et al. 1992) and expression of both ER and PR
is decreased or abolished in poorly differentiated endo-
metrial cancer (Ohtani et al. 1999). This may indicate

that decreased PTEN expression is involved in the early
stage of carcinogenesis of the endometrium. PTEN
expression was high in poorly differentiated cancers.
This suggests that PTEN protein may have been induced
to inhibit the aggressive growth of the poorly differen-
tiated carcinomas, whereas in well-differentiated cancers
PTEN may have been expressed at a low level. It is likely
that in poorly differentiated cancers, the mutation of
more critical genes than the PTEN gene such as the p53
gene are involved in the acquisition of more aggressive
malignancy.
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