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Abstract This study was conducted to clarify the clini-

copathological characteristics of tamoxifen-associated

endometrial carcinomas and its mechanisms of carcino-

genesis. Seven patients with tamoxifen-associated endo-

metrial carcinomas (TAM group) and 28 with sporadic

endometrioid adenocarcinomas (EMC group) were inclu-

ded in the study. The clinicopathological factors, such as

FIGO stage, histological type, grade, lymph node metas-

tases, vascular invasion and the coexistence of hyperplasia,

were investigated in both groups. The protein expression of

p53, PTEN, hMLH1 and hMSH2 was investigated by

immunohistochemistry. Microsatellite instability (MSI),

k-ras and p53 mutation were also examined. In the TAM

group, the histological types included five endometrioid,

one endometrioid combined with serous and one clear cell

type. The rates of coexistence with hyperplasia (five of

seven cases) and vascular invasion (four cases) were sig-

nificantly higher in the TAM group. The rates of stage III/

IV (four cases) and lymph node metastasis (three cases)

tended to be higher in the TAM group. Although there were

no significant differences in PTEN, hMLH1 and hMSH2

expression between the two groups, p53 mutation was

more frequent in three out of five cases (60%) in the TAM

group compared with 2 of 15 cases in the EMC group

(13.3%). No significant differences were observed con-

cerning MSI and k-ras mutation in either group. These

results suggested that TAM-associated endometrial carci-

nomas have overlapping biological characteristics of type I

and type II endometrial carcinomas. This might explain the

somewhat worse prognosis of these tumors than sporadic

endometrioid carcinomas.
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Introduction

Many reports suggest that tamoxifen (TAM) is associated

with carcinogenesis, and it is one of the risk factors for

the development of endometrial carcinomas. TAM is a

type of selective estrogen receptor modulator (SERM). It

is still widely used for adjuvant therapy of breast cancers

[1]. Although TAM is an anti-estrogen, it also has a

weak estrogenic effect on the endometrium, and its long-

term administration may induce endometrial carcinomas

[2]. However, the exact mechanisms of the carcinoge-

nicity of TAM on endometrial cells still remain under

debate.

Endometrial carcinomas may be divided into two

groups, types I and II [3, 4], based on clinicopathological

characteristics. Type I is estrogen dependent, is associ-

ated with endometrial hyperplasia and has a relatively

good prognosis. More specifically, excessive estrogen

stimulation results in an increase in endometrial hyper-

plastic changes, and a process leading to a highly dif-

ferentiated endometrioid adenocarcinoma is initiated. In

contrast, type II is estrogen independent and includes

subtypes such as poorly differentiated endometrioid type

or serous and clear cell type, all of which may develop

de novo into cancer without concomitant endometrial

hyperplasia. Type II carcinomas generally carry a poor

prognosis.
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Thus far, molecular genetic studies have identified var-

ious genes that are involved in the endometrial carcino-

genesis. Among them, it is believed that the changes in

PTEN and Ras genes occur as a relatively early event, and

the changes in the p53 gene occur as a relatively late event

[5]. Moreover, it has been reported that abnormalities of

the PTEN or Ras genes are more commonly associated

with the development of types I carcinomas, whereas

abnormalities of the p53 gene are associated with type II

carcinomas [4–6].

Lynch syndrome (hereditary nonpolyposis colorectal

cancer, HNPCC) has also been associated with a high

incidence of endometrial carcinomas [7]. DNA mismatch

repair genes hMLH1, hMSH2, hMSH6, hPMS1, and hPMS2

have been isolated as causative genes of Lynch syndrome

[8]. Abnormalities in the DNA mismatch repair result in

repetitive sequential errors when DNA is replicated. These

repetitive sequences are detectable by microsatellite

markers in tumor tissue, thereby designating them as

microsatellite instability (MSI) positive. The Lynch syn-

drome-associated endometrial carcinomas that occur con-

comitantly with other carcinomas (double cancer) are

known to be associated with abnormalities of these DNA

mismatch repair genes, which are identified by screening

for MSI.

Therefore, in this study, we examined the mechanisms

of carcinogenesis of TAM-associated endometrial carci-

nomas based on the following proposed mechanisms: [1]

mechanisms by which type I carcinoma is formed as a

result of the continuous estrogenic effect of TAM [2],

mechanisms by which type II carcinoma is formed as a

result of p53 gene mutations due to TAM-induced geno-

toxic DNA adduct formation, and [3] mechanisms, inde-

pendent of TAM, in the form of double cancers of breast

and endometrial carcinomas cause MSI via abnormalities

in the DNA mismatch repair gene. Focusing on the

involvement of these three mechanisms, we investigated

the mechanisms of carcinogenesis of TAM-associated

endometrial carcinomas.

This study was conducted to clarify the clinicopatho-

logical characteristics of TAM-associated endometrial

carcinomas and its mechanisms of carcinogenesis.

Materials and methods

Subjects

Of the 158 patients who were diagnosed with endometrial

carcinomas at Fujita Health University hospital from 1987

to 2006, seven patients with TAM-associated endometrial

carcinomas (TAM group; 4.4%) were included in this

study. For comparisons with the TAM group, each case

was matched, based on age and the date of surgery; a set of

28 cases of endometrioid adenocarcinoma (EMC group)

who did not have concurrent breast cancers was recruited

as a control group in this study.

All patients in the TAM and EMC groups were inter-

viewed for their family history, taken to include second-

degree relatives, to clarify whether they fulfilled the

Revised ICG-HNPCC Criteria (Amsterdam Criteria II) [9].

The current study was approved by the institutional

review board of Fujita Health University hospital.

Clinicopathological examination

We performed a comparative study on clinicopathological

factors and the incidence of the coexistence of hyperplasia

in the TAM and EMC groups. FIGO stage, grade, lymph

node metastases, myometrial invasion, and vascular inva-

sion were set as clinicopathological factors. We also per-

formed a comparative study of disease-free survival in both

groups.

Immunohistochemical examination

We performed an immunohistochemical examination of

the protein expression of p53, PTEN, hMLH1, hMSH2,

and hMSH6 for formalin-fixed, paraffin-embedded surgical

specimens in the TAM and EMC groups. Antibodies used

and dilution rates are listed below.

p53 (DO-7, DAKO, UK): 1009-fold dilution

PTEN (28H6, Novocastra, UK): 509-fold dilution

hMLH1 (G168-728; PharMingen, CA, USA): 1009-fold

dilution

hMLH2 (G219-1129, PharMingen, CA, USA): 2009-

fold dilution

hMSH6 (Q-20, SantaCruz, CA, USA): 609-fold dilution

For p53, PTEN, and hMSH6 proteins, the streptoavidin-

biotin-peroxidase method was used. Briefly, these sections

were deparaffinized and treated with 3% H2O2 in methanol

to block endogenous peroxidase activity. After antigen

retrieval in a microwave oven using citrate buffer (pH 7.0),

sections were incubated with antibody at each dilution rate

at 4�C overnight followed by incubation with a biotinylated

secondary antibody. Staining was visualized using a

streptoavidin-biotin-peroxidase complex solution (Histo-

fine, Nichirei Biosciences, Inc., Japan) and 3, 3-diam-

inobenzidine-H2O2, with counterstaining by Mayer’s

hematoxylin. hMLH1 and hMSH2 proteins were stained

using the amino acid polymer technique. Briefly, autocla-

vation in 1 mM EDTA buffer solution (pH 8.0) was per-

formed. The primary antibody of each dilution rate was

added in each specimen, and then a peroxidase-labeled

secondary antibody was applied.
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For p53 protein, the ratio of positive cells among tumor

cells was calculated, and the mean value was set as p53

protein labeling index (LI). For PTEN protein, the tumor

cells that stained equally to peripheral interstitial and

vascular endothelial cells, were only weakly stained or

were not stained were defined as retained, reduced or

absent, respectively [10]. As for the expression of hMLH1,

hMSH2 and hMSH6 proteins, when the nuclei of tumor

cells were less stained than the deeply stained nuclei of the

cells in the periphery, expression was considered to have

disappeared [11].

Microsatellite instability (MSI) analysis

MSI analysis was performed using five kinds of satellite

markers (BAT25, BAT26, D2S123, D5S346 and D17S250)

recommended by the National Cancer Institute [12]. The

sets of primers of satellite markers used were described

elsewhere [12].

For MSI analysis, DNA was extracted by the method

described below. Briefly, formalin-fixed, paraffin-embed-

ded tissues were incubated at 65�C for 15 min with

300 ll of cell lysis solution, and then homogenized. The

cell suspension was incubated with 1.5 ll of proteinase K

solution (4 mg/ml). RNase A solution (1.5 ll of 4 mg/ml)

was added to the cell lysate and incubated at 37�C for

60 min. Protein precipitation solution (100 ll) was added,

and after centrifugation, the DNA-containing superna-

tant was added to a 1.5-ml tube containing 300 ll of

100% isopropanol. After centrifugation, the supernatant

was discarded and the pellets air dried. Three hundred

microliters of 70% ethanol was added, and the DNA

pellet was washed. After centrifugation and air drying,

25 ll of DNA hydration solution was added to dissolve

the DNA.

MSI analysis was performed by the PCR-SSCP method.

Briefly, PCR was performed using the five satellite marker

primers, and 5 ll formamide dye solution (95% deionized

formamide, 10 ml EDTA, 0.05% bromophenol blue, and

0.05% xylene cyanol) were added to the 2 ll of the PCR

product obtained. Then, the mixture was heat denaturated

at 95�C for 5 min, rapidly cooled and analyzed by poly-

acrylamide gel electrophoresis. The electrophoresis bands

within the gel were stained using silver stain kit (Daiichi

Pure Chemicals, Japan). For assessing MSIs, sections were

defined as positive when abnormalities were seen in at least

one of the five satellite markers [13].

Analysis of k-ras gene mutations

After obtaining informed consent for analysis of the frozen

tumor tissues, specimens from 5 of 7 and 15 of 28 cases of

the TAM and EMC groups, respectively, were analyzed for

k-ras (codon 12 of exon 1) mutations using PCR-PHFA

(preferential homoduplex formation assay). The specimens

were examined using the K-ras codon 12 mutation detec-

tion kit (Roche Diagnostic, Switzerland). This method

allows semi-quantitative identification of k-ras gene

mutations in the specimens by reacting in-tube solid-

phased labeled DNA of six types of mutated genes (AGT,

CGT, TGT, GAT, GCT, GTT), wild-type gene (GGT). The

PCR reaction and the detection of mutated genes using AP-

labeled anti-DNP antibody were performed according to

the instruction manual.

Analysis of p53 gene mutations

Specimens from 5 of 7 and 15 of 28 cases of the TAM and

EMC groups, respectively, were also subjected to p53 gene

analysis. The specimens in which abnormalities were

detected by the PCR-SSCP method were subjected to direct

sequencing. DNA (100 ng) extracted from each tissue was

prepared, and exons 5–8 were amplified by PCR using

primers that were labeled with fluorescent dye Cy5

(Amersham Pharmacia Biotech, Sweden) at their 50-end.

The amplified product was heat-denaturated at 80�C for

5 min and electrophoresed on 5% acrylamide gel at 20�C.

Specimen material with abnormal peaks in the SSCP

analysis was amplified using the PCR system (Roche

Diagnostics, Switzerland) using exons for which abnormal

peaks had been found as primers. A cycle sequencing

reaction was performed using each primer that had been

used for the PCR-SSCP analysis, and the Thermo Sequence

Fluorescent Labeled Primer Cycle Sequencing Kit with

7-deaza-dGTP (Amersham Pharmacia Biotech, Sweden).

Reaction termination solution was added followed by

denaturation at 80�C for 5 min. A 7-M urea/6% Long

Range gel was prepared, 2 ll of reaction liquid was

applied, and electrophoresis was performed. After analyz-

ing the data obtained using Analysis Evaluation Soft-

ware (Amersham Pharmacia Biotech, Sweden), the

mutations were analyzed by comparing normal control and

specimens.

Statistical analysis

Statistical analysis of the results of the clinicopatholog-

ical examination and gene analysis were performed using

chi-square test. All measured values are represented as

mean value ± standard deviation, and a P value of \0.05

was considered statistically significant. Disease-free sur-

vival was examined by the Kaplan-Meier method, and

statistical significance was determined using log-rank

test.
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Results

Clinicopathological examination

By interviewing the TAM and EMC groups for details

regarding their family history, no subjects who fulfilled the

revised ICG-HNPCC criteria were found.

The cases in the TAM group had a history of TAM

exposure for 24–144 months (median 69 months). As for

the histological type of seven patients in the TAM group,

five had endometrioid adenocarcinoma, one had mixed

carcinoma of endometrioid and serous type, and one had

clear cell type. The age of the patients in the TAM and

EMC groups ranged from 51 to 75 years (median 61 years)

and from 49 to 74 years (median 60 years), respectively.

Regarding FIGO stage, in the TAM group, 3 patients were

stage I, 3 were stage III, and 1 was stage IV, and in the

EMC group, 22 and 6 cases were stages I and III, respec-

tively; no differences were observed (P = 0.11). Regard-

ing the grade and myometrial invasion, no differences were

observed in the two groups, respectively. The number of

cases of lymph node metastases in the TAM group was

significantly higher than that in the EMC group, 3 of 7

cases (42.9%) compared to 3 of 28 cases (10.7%)

(P = 0.043). More cases in the TAM group than in the

EMC group were positive for vascular invasion, 4 of 7

cases (57.1%) compared to 3 of 28 cases (10.7%)

(P = 0.006). Furthermore, a significantly high incidence of

coexisting hyperplasia was observed in the TAM group

compared to the EMC group, 5 of 7 cases (71.4%) com-

pared to 6 of 28 cases (21.4%) (P = 0.01) (Table 1).

Moreover, although there was no significant difference in

disease-free survival between the two groups, with obser-

vation periods of 21–104 months (median 50 months) and

5–116 months (median 65 months) in the TAM and EMC

groups, respectively, the disease-free survival in the TAM

group was slightly lower than that in the EMC group

(P = 0.19) (Fig. 1).

Immunohistochemical examination

Examples of cases that stained positive for p53 protein are

shown in Fig. 2. The LI of p53 protein in the TAM and

EMC groups was 42.9 ± 31.3 and 34.8 ± 28.9, respec-

tively. Although there were no significant differences

between the two groups, the LI of the TAM group appeared

to be slightly higher than that of the EMC group

(P = 0.17) (Table 2). The expression pattern of PTEN

protein is shown in Fig. 2, and the number of cases

assessed as retained, reduced or absent was comparable in

the two groups. hMLH1 protein-positive and -negative

examples are shown in Fig. 3. The frequency of hMLH1

protein negative cases was comparable in the two groups.

Furthermore, regarding hMSH2 and hMSH6 protein

expression-negative cases, no significant differences were

observed between the two groups (Table 2).

MSI analysis

One of seven cases (17%) of the TAM group was assessed

as MSI positive since an allelic band shift in the two

Table 1 Clinicopathological characteristics of the TAM and EMC

groups

TAM group (n = 7) EMC group (n = 28) P value

FIGO stage

I 3 22 0.11

II 0 0

III 3 6

IV 1 0

Grade

G1 3 12 0.54

G2 3 15

G3 1 1

Lymph node metastases

Negative 4 25 0.043

Positive 3 3

Myometrial invasion

1/2C 4 21 0.34

1/2\ 3 7

Vasucular invasion

Negative 3 25 0.006

Positive 4 3

Coexistence of hyperplasia

Negative 2 22 0.01

Positive 5 6

(%)
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Fig. 1 Disease-free survival of the TAM and EMS groups. There was

no significant difference in disease-free survival between the two

groups; however, the disease-free survival in the TAM group was

slightly lower than that in the EMC group (P = 0.19)
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regions of the loci D2S123 and D17S250 was observed

(Tables 2, 3). Figure 4 shows an example of the electro-

phoresis of normal and malignant tumor tissue of this case.

While no differences were observed at locus BAT25, this

case was assessed as MSI positive because when compared

to the normal tissue, an allelic band shift was observed in

the malignant tumor tissue at D2S123. Furthermore, this

case was hMLH1 protein expression negative. In contrast,

7 of 28 cases (25%) of the EMS group were MSI positive,

and no significant differences with the TAM group were

observed (P = 0.54) (Table 2).

k-ras gene mutations

Among the frozen tumor specimens for which we obtained

informed consent for analysis and for which analysis was

possible, no k-ras mutations in codon 12 were observed in

either group (Table 3).

p53 gene mutations

p53 gene mutations were detected in 3 of 5 cases (60%) in

the TAM group and 2 of 15 cases (13.3%) in the EMC

group. Although no significant difference was observed, a

greater trend of mutations was found in the TAM group

than in the EMC group (P = 0.072) (Table 3). In two of

three cases of the TAM group in which p53 gene mutations

were detected, a CGG ? TGG point mutation was found

in exon 7, codon 248 (Fig. 5), and in one case, a

CAT ? CCT point mutation was found in exon 5, codon

179. These mutations have previously been reported in

endometrial carcinomas and are not specific to TAM usage.

Fig. 2 Immunohistochemical

staining of p53 and PTEN

proteins. a p53 protein

expression (9200), b PTEN

protein-retained case (9400),

c PTEN protein-reduced case

(9400), d PTEN protein-absent

case (9400)

Table 2 Immunohistochemical and molecular analysis of the TAM

and EMC groups

TAM group (n = 7) EMC group (n = 28) P value

p53 expression

LI 42.9 ± 31.3 34.8 ± 28.9 0.17

PTEN expression

Retained 3 (50%) 13 (46%) 0.96

Reduced 3 (50%) 12 (42%)

Absent 1 (0%) 3 (12%)

hMLH1 expression

Positive 6 (85%) 18 (64%) 0.27

Negative 1 (15%) 10 (36%)

hMSH2 expression

Positive 7 (100%) 26 (92%) 0.46

Negative 0 (0%) 2 (8%)

hMSH6 expression

Positive 6 (85%) 26 (92%) 0.54

Negative 1 (15%) 2 (8%)

MSI

Positive 1 (17%) 7 (25%) 0.54

Negative 6 (83%) 21 (75%)
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Discussion

In 1985, Killackey et al. [14] first reported an association

between TAM and endometrial carcinomas in three

patients. Since then, many more have been reported, and

the association between TAM and endometrial carcinomas

has been addressed. The relative risk of endometrial

carcinoma as a result TAM administration has been

reported by the American National Surgical Adjuvant

Breast and Bowel Project (NSABP) [1] and the British

Early Breast Cancer Trials’ Collaborative Group (EB-

CTCG) [15].

There are several reports of clinicopathological studies

on TAM-associated endometrial carcinomas. While TAM-

associated endometrial carcinomas are generally consid-

ered to have a good prognosis compared to sporadic

endometrial carcinomas, subtypes such as serous and clear

cell type carry a poor prognosis [16, 17]. Two studies did

not find differences among the TAM-associated and

Fig. 3 Immunohistochemical

staining of hMLH1 protein.

a Immune-positive example

(9400), b immune-negative

example (9400)

Table 3 Immunohistochemical and molecular characteristics of TAM-associated endometrial carcinomas

Case Immunohistochemistry p53 mutation k-ras mutation MSI/microsatellite markers

hMLH1 hMSH2 hMSH6 PTEN p53 (LI) BAT25 BAT26 D2S123 D5S346 D17S250

1 ? ? ? Reduced 40 NE NE - - - - -

2 - ? ? Retained 70 Exon 7 - - - ? - ?

3 ? ? ? Reduced 100 NE NE - - - - -

4 ? ? ? Reduced 80 Exon 7 - - - - - -

5 ? ? ? Retained 5 - - - - - - -

6 ? ? ? Retained 30 Exon 5 - - - - - -

7 ? ? ? Retained 30 - - - - - - -

NE not evaluated

Fig. 4 MSI analysis in one case of the TAM group. Paired normal

and malignant tumor DNA displayed an allelic band shift at a

microsatellite locus, D2S123 (arrows). N DNA from normal tissue,

T DNA from malignant tumor tissue

Fig. 5 Mutational analysis of the p53. In two cases of the TAM

group, a CGG ? TGG point mutation was found in exon 7, codon

248
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sporadic endometrial carcinomas in terms of FIGO stage

and histological differentiation [18, 19]. In the present

study, the incidences of lymph node metastases, vascular

invasion and coexistence of hyperplasia in TAM-associated

endometrial carcinomas were significantly higher as com-

pared with sporadic endometrial carcinomas. While there

were no significant differences between the two groups,

FIGO stages III and IV were more frequent in the TAM

group, and the disease-free survival also showed a slightly

worse trend in the TAM group. This observation suggests

that TAM-associated carcinomas may not carry a favorable

prognosis as previously thought. This is consistent with the

observation of Hachisuga et al. [20] who found a signifi-

cantly high frequency of subtypes such as serous or clear

cell type, and carcinosarcoma in patients aged 60 years or

older. Additionally, cases with lymph node metastases,

vascular invasion and myometrial invasion of 50% or more

were also more frequent.

The findings of concurrent hyperplasia with a type II

carcinoma was an interesting finding. It is possible that

TAM-associated carcinomas are a distinct entity possessing

attributes of type I and type II tumors. This may explain the

somewhat worse prognosis of these tumors.

The frequency of cases of hereditary endometrial car-

cinomas that fulfill the revised ICG-HNPCC criteria is

approximately 1–3.5% [21–23]. However, no patients in

the two groups fulfilled this criteria in the present study.

MSI is a genetic instability that is found at a rate of 75% in

Lynch syndrome pedigrees [24, 25] and at a rate of

25–30% in sporadic endometrial carcinomas with no

family history of Lynch syndrome [4]. In the present study,

the frequency of MSI-positive cases in the TAM and EMC

groups was 17 and 25%, respectively, and thus, no sig-

nificant differences were observed between the two groups.

Therefore, the association between TAM-associated

endometrial carcinomas and MSI was considered to be low.

Regarding the expression of hMLH1, hMSH2 and hMSH6

proteins, no significant differences between the two groups

were observed. In the TAM group, no case had a family

history suggestive of a hereditary cancer syndrome, and

there were no instances of synchronous cancers of different

types in the setting of genetic instability. This observation

is consistent with that of Takano et al. [26] whose study of

cancer patients with concurrent breast and endometrial

carcinomas found no association between genetic insta-

bility and TAM-associated endometrial carcinomas.

PTEN, k-ras and p53 gene alterations are also frequently

observed in endometrial carcinomas. An association

between the PTEN gene and endometrial carcinomas has

been reported, and in sporadic endometrial carcinomas,

PTEN gene mutations are observed at a rate of 30–50%

[27]. There are only a few reports examining TAM-asso-

ciated endometrial carcinomas and PTEN gene mutations.

Holtz et al. [28] conducted a comparative study on the

expression of PTEN protein in TAM-associated endome-

trial and sporadic endometrial carcinomas, but found no

differences between the two groups; their results were

similar to those of our study.

Regarding the k-ras gene, generally the frequency of

k-ras mutations in sporadic endometrial carcinoma and

atypical endometrial hyperplasia has been reported to be

between 10–30 and 15%, respectively. The k-ras gene is

thought to be involved in the early events from hyperplasia

to the development of carcinoma [29, 30]. Regarding the

role of k-ras in TAM-associated endometrial carcinomas,

Barakat et al. [31] have reported a high frequency of k-ras

mutations in TAM-associated endometrial carcinomas.

Furthermore, Hachisuga et al. [32] found k-ras mutations in

codon 12 in 64% of cases with TAM-associated endome-

trial polyps and reported the possibility of a polyp-cancer

sequence. Kim et al. reported that a G ? C translocation in

the k-ras codon 12 is produced in the endometrium from

the TAM-DNA adduct [33]. Although k-ras mutations are

suggested to be involved in TAM-associated endometrial

carcinomas as in sporadic endometrial carcinomas, we did

not find k-ras mutations in any of the cases in the present

study. Further studies using other methods besides PCR-

PHFA with a large number of cases may be needed to

clarify the relationship between k-ras mutations and TAM-

associated endometrial carcinomas.

Regarding the p53 gene, despite reports in which no

association between the p53 gene and TAM-associated

endometrial carcinomas has been found [34, 35], in a study

by Bergman et al., high expression levels of p53 protein

were observed in TAM-associated endometrial carcinomas

compared to non-TAM administered endometrial carcino-

mas, alluding to the importance of p53 gene alterations in

TAM-associated endometrial carcinomas [36]. Fujiwara

et al. [37] also reported that prolonged TAM may act as a

mutagen and directly inactivate the p53 gene in a signifi-

cant fraction of TAM-associated endometrial carcinomas.

Although there were no significant differences in p53

protein overexpression and p53 gene mutations between

the two groups, a higher trend of p53 protein expression

was observed in the TAM group in the present study. This

suggests that the p53 gene is involved in the carcinogenesis

of TAM-associated endometrial carcinomas. Sherman et al.

[38] considered endometrial intraepithelial carcinoma

(EIC) as a premalignant lesion of serous type, noting that

the p53 gene was involved in serous type. In their study,

p53 protein overexpression in atypical endometrial hyper-

plasia, a precancerous lesion of endometrioid adenocarci-

noma, was less than 1%, but was 86% in EIC. It has also

been reported that in serous type, the frequency of MSI is

also high compared to endometrioid adenocarcinomas [39].

The TAM-associated endometrial carcinomas of the
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present study included one case with mixed carcinoma of

the endometrioid and serous type. Consistent with previous

observations, this case was positive for a p53 gene muta-

tion (exon 7) and MSI. Regarding clear cell type, a trend of

significantly high p53 protein expression has been reported.

In one case with TAM-associated clear cell type in the

present study, a p53 gene mutation in exon 5 was found. It

is plausible that TAM is involved in the development of

serous and clear cell type via p53 gene mutations.

Assessment of the carcinogenesis mechanism of TAM-

associated endometrial carcinomas suggests the involve-

ment of at least two mechanisms. Type I carcinomas are

generated through the continuous estrogenic effect of

TAM, and type II carcinomas arise following p53 gene

mutations generated by TAM-induced genotoxic DNA

adduct formation. We hypothesize that TAM-associated

endometrial carcinomas have overlapping biological char-

acteristics of type I and type II endometrial carcinomas.

However, the numbers of cases including TAM-associated

and sporadic endometrial carcinomas recruited in this study

were relatively small. Therefore, larger studies are needed

to confirm our preliminary findings regarding the molecu-

lar biological features of TAM-associated endometrial

carcinomas.

Conflict of interest No conflicts of interest to declare.

References

1. Fisher B, Costantino JP, Wickerham DL. Tamoxifen for pre-

vention of breast cancer: report of the National Surgical Adjuvant

Breast and Bowel Project P-1 Study. J Natl Cancer Inst.

1998;90:1371–88.

2. Tamoxifen. IARC Monogr Eval Carcinog Risks Hum.

1996;66:253–365.

3. Lax SF. Molecular genetic pathways in various types of endo-

metrial carcinoma: from a phenotypical to a molecular-based

classification. Virchow Arch. 2004;444:213–23.

4. Matias-Guin X, Catasus L, Bussaglia E, et al. Molecular

pathology of endometrial hyperplasia and carcinoma. Hum

Pathol. 2001;32:569–77.

5. Enomoto T, Fujita M, Inoue M, et al. Alteration of the p53 tumor

suppressor gene and its association with activation of the c-k-ras

protooncogene in premalignant and malignant lesions of the

human endometrium. Cancer Res. 1994;53:1883–8.

6. Lax SF, Kendall B, Tashiro H, et al. The frequency of p53, K-ras

mutations, and microsatellite instability differs in uterine endo-

metrioid and serous carcinoma: evidence of distinct molecular

genetic pathways. Cancer. 2000;88:814–24.

7. Lynch HT, Casey MJ, Shaw TG. Hereditary factors in gyneco-

logic cancer. Oncologist. 1998;3:319–38.

8. Peltomaki P, Vasen H. Mutations associated with HNPCC/

INSiGHT mutation database. Dis Markers. 2004;20:269–76.

9. Vasen HF, Watson P, Mecklin JP. New clinical criteria for

hereditary nonpolyposis colorectal cancer (HNPCC, Lynch syn-

drome) proposed by the International Collaborative group on

HNPCC. Gastroenterology. 1999;116:1453–6.

10. Nassif NT, Lobo GP, Wu X, et al. PTEN mutations are common

in sporadic microsatellite stable colorectal cancer. Oncogene.

2004;23:617–28.

11. Loukola A, Eklin K, Laiho P, et al. Microsatellite marker analysis

in screening for hereditary nonpolyposis colorectal cancer

(HNPCC). Cancer Res. 2001;61:4545–9.

12. Boland CR, Thibodeau SN, Hamilton SR, et al. A National

Cancer Institute workshop on microsatellite instability for cancer

detection and familial predisposition: development of interna-

tional criteria for the determination of microsatellite instability in

colorectal cancer. Cancer Res. 1998;58:5248–57.

13. Hampel H, Frankel W, Panescu J, et al. Screening for Lynch

syndrome (hereditary nonpolyposis colorectal cancer) among

endometrial cancer patients. Cancer Res. 2006;66:7810–7.

14. Killackey MA, Hakes TB, Pierce VK. Endometrial adenocarci-

noma in breast cancer patients receiving antiestrogens. Cancer

Treat Rep. 1985;69:237–8.

15. Tamoxifen for early breast cancer: an overview of the random-

ised trials. Early Breast Cancer Trialists’ Collaborative Group.

Lancet. 1998;351:1451–67.

16. Fornander T, Rutqvist LE, Cedermark B, et al. Adjuvant

tamoxifen in early breast cancer: occurrence of new primary

cancers. Lancet. 1989;1:117–20.

17. Elwood JM, Boyes DA. Clinical and pathological features and

survival of endometrial cancer patients in relation to prior use of

oestrogens. Gynecol Oncol. 1980;10:173–87.

18. Barakat RR, Wong G, Curtin JP, et al. Tamoxifen use in breast

cancer patients who subsequently develop corpus cancer is not

associated with a higher incidence of adverse histologic features.

Gynecol Oncol. 1994;55:164–8.

19. Fisher B, Costantino JP, Redmond CK, et al. Endometrial cancer

in tamoxifen-treated breast cancer patients: findings from the

National Surgical Adjuvant Breast and Bowel Project (NSABP)

B-14. J Natl Cancer Inst. 1994;86:527–37.

20. Hachisuga T, Saito T, Kigawa J, et al. Clinicopathologic study of

56 patients with endometrial cancer during or after adjuvant

tamoxifen use for their breast cancers. Gynecol Oncology.

2004;95:139–44.

21. Sagawa T, Yamada H, Yamamoto R, et al. Two cases of endo-

metrial cancer meeting new clinical criteria of hereditary non-

polyposis colorectal cancer. Gynecol Oncol. 2000;79:327–31.

22. Soliman PT, Broaddus RR, Schmeler KM, et al. Women

with synchronous primary cancers of the endometrium and

ovary: do they have Lynch syndrome? J Clin Oncol. 2005;20:

9344–50.

23. Yoon SN, Ku JL, Shin YK, et al. Hereditary nonpolyposis

colorectal cancer in endometrial cancer patients. Int J Cancer.

2008;122:1077–81.

24. Ichikawa Y, Lemon SJ, Wang S, et al. Microsatellite instability

and expression of MLH1 and MSH2 in normal and malignant

endometrial and ovarian epithelium in hereditary nonpolyposis

colorectal cancer family members. Cancer Genet Cytogenet.

1999;112:2–8.

25. Watson P, Lynch HT. Extracolonic cancer in hereditary nonpo-

lyposis colorectal cancer. Cancer. 1993;71:677–85.

26. Takano K, Ichikawa Y, Ueno E, et al. Microsatellite instability

and expression of mismatch repair genes in sporadic endometrial

cancer coexisting with colorectal or breast cancer. Oncol Rep.

2005;13:11–6.

27. Tashiro H, Blazes MS, Wu R, et al. Mutations in PTEN are

frequent in endometrial carcinoma but rare in other common

gynecological malignancies. Cancer Res. 1997;57:3935–40.

28. Holtz D, Ramondetta LM, Burke TW, et al. PTEN expression in

tamoxifen-associated endometrial cancers. Anticancer Res.

2002;22:2945–8.

72 A. Yasue et al.

123



29. Fujimoto I, Shimizu Y, Hirai Y, et al. Studies on ras oncogene

activation in endometrial carcinoma. Gynecol Oncol. 1993;48:

196–202.

30. Sasaki H, Nishii H, Takahashi H, et al. Mutation of the Ki-ras

protooncogene in human endometrial hyperplasia and carcinoma.

Cancer Res. 1993;53:1906–10.

31. Barakat RR. Tamoxifen and endometrium. Cancer Treat Res.

1998;94:196–207.

32. Hachisuga T, Miyakawa T, Tsujioka H, et al. K-ras mutation

in tamoxifen-related endometrial polyps. Cancer. 2003;98:

1890–7.

33. Kim SY, Suzuki N, Laxmi YR, Shibutani S. Genotoxic mecha-

nism of tamoxifen in developing endometrial cancer. Drug Metab

Rev. 2004;36:199–218.

34. Kuwashima Y, Kurosumi M, Kobayashi Y, et al. Random nuclear

p53 overexpression pattern in tamoxifen-mediated endometrial

carcinoma. Int J Gynecol Pathol. 1998;17:135–9.

35. Prasad M, Wang H, Douglas W, et al. Molecular genetic char-

acterization of tamoxifen-associated endometrial cancer. Gynecol

Oncol. 2005;96:25–31.

36. Bergman L, Beelen ML, Gallee MP, et al. Risk and prognosis

of endometrial cancer after tamoxifen for breast cancer. Com-

prehensive Cancer Centres’ ALERT Group. Assessment of

liver and endometrial cancer risk following tamoxifen. Lancet.

2000;356:881–7.

37. Fujiwara K, Enomoto T, Fujita M, et al. Alterations of the K-ras

and p53 genes in tamoxifen-associated endometrial carcinoma.

Oncol Rep. 2008;19:1293–8.

38. Sherman ME, Bur ME, Kurman RJ. p53 in endometrial cancer

and its putative precursors: evidence for diverse pathways of

tumorigenesis. Hum Pathol. 1995;26:1268–74.

39. Kanaya T, Kyo S, Maida Y, et al. Frequent hypermethylation of

MLH1 promoter in normal endometrium of patients with endo-

metrial cancers. Oncogene. 2003;17:2352–60.

Tamoxifen-associated endometrial carcinoma 73

123


	Effects of tamoxifen on the endometrium and its mechanism of carcinogenicity
	Abstract
	Introduction
	Materials and methods
	Subjects
	Clinicopathological examination
	Immunohistochemical examination
	Microsatellite instability (MSI) analysis
	Analysis of k-ras gene mutations
	Analysis of p53 gene mutations
	Statistical analysis

	Results
	Clinicopathological examination
	Immunohistochemical examination
	MSI analysis
	k-ras gene mutations
	p53 gene mutations

	Discussion
	Conflict of interest
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


