
Abstract. Background: Endometrial cell KRAS mutations
are frequent in tamoxifen (TAM)-treated breast cancer
patients. We previously demonstrated that most KRAS
mutations disappeared after TAM cessation, suggesting the
existence of a removal mechanism for endometrial cells with
KRAS mutation. Here, the role of apoptosis in this
mechanism was investigated. Patients and Methods: DNA
was extracted from frozen endometrial polyps of 31 TAM-
treated breast cancer patients. Codon 12 mutations in KRAS
were detected by enriched polymerase chain reaction
enzyme-linked minisequence assay. Apoptosis was detected
by the TdT-mediated dUTP-biotin nick end-labeling
(TUNEL) method and Ki-67 expression by immuno-
histochemistry. Relationships between KRAS mutations, the
apoptosis index, and the Ki-67 index were determined.
Results: KRAS mutations were observed in 9 of these
patients. There was no significant relationship between the
Ki-67 index and KRAS mutation. However, the apoptosis
index was significantly higher in polyps with KRAS mutation
(p=0.002). Conclusion: Apoptosis may play an important
role in removing TAM treatment-related endometrial cells
with KRAS mutations.

Tamoxifen (TAM) is a nonsteroidal triphenylethylene
derivative that is widely used for adjuvant treatment and
chemoprevention in breast cancer patients. TAM is a
selective estrogen receptor modulator and possesses
estrogen-agonistic and estrogen-antagonistic effects in

various types of tissue (1). It is well known that the
incidence of endometrial cancer will increase among breast
cancer patients receiving TAM. Several large epidemiological
studies have confirmed that the relative risk of endometrial
cancer is estimated to be two- to three-fold that of controls,
while the risk increases with both the duration and
cumulative dose of TAM treatment (2-4).

Endometrial polyps and hyperplasia are among the most
common pathological changes in women treated with TAM
(5). The frequency of mutations in codon 12 of the KRAS
gene ranged from 27% to 76% in endometria of TAM-treated
patients (6-9). These frequencies were greater than those
seen in cases of sporadic atypical endometrial hyperplasia
(4.5% to 23%) (10, 11) and cases of sporadic endometrial
cancer (11% to 26%) (12, 13). Prasad et al. reported that 5
(17%) out of 29 TAM-related endometrial tumors had KRAS
mutations and the frequency was similar to that in sporadic
endometrial cancer (14). The frequency of KRAS mutations
in TAM-related endometrial cancer is lower than that of
TAM-treated patients overall. 

We reported detection of endometrial cell KRAS
mutations in 13 (46%) out of 28 TAM-treated patients at
initial examinations and the subsequent examinations
performed more than two years after cessation of TAM
treatment did not detect endometrial cell KRAS mutations in
any of these patients (9). No endometrial cells with KRAS
mutation were detected in premenopausal patients and the
13 patients with KRAS mutations were of postmenopausal
amenorrheic status. These results suggest that menstruation
probably plays an important role in the removal of
endometrial cells with KRAS mutations but that a
mechanism for removal of cells with mutations other than
by menstruation exists. The purpose of the present study
was to investigate the role of apoptosis as a possible
candidate for removal of endometrial cells with KRAS
mutations in postmenopausal and amenorrheic patients.
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Patients and Methods

Patients. Since 1993, gynecological examinations of patients who
received adjuvant treatment after undergoing surgery for breast
cancer have been performed at the Outpatients’ Gynecologic Clinic
of Fukuoka University Hospital. Until 2006, hysteroscopy was
performed on 59 patients presenting with vaginal bleeding who
exhibited an endometrial polyp on ultrasound and/or were thought
to have either premalignant or malignant lesions based on
endometrial cytological studies. Forty-five patients were of
postmenopausal or amenorrheic status. Hysteroscopic findings of
these 45 patients included endometrial polyps (n=31), cystically
atrophic changes in the endometrium (n=9), and endometrial
carcinoma (n=5). Thirty-one frozen endometrial polypectomy
specimens without malignancy were available for analysis.

Detection of a mutation in codon 12 of the KRAS gene. DNA was
extracted from the available frozen specimens. Each sample was
placed in liquid nitrogen and pulverized in a blender. The resultant
powder was dissolved in lysis buffer (0.1% sodium dodecyl sulfate
with 200 mg/ml proteinase K). DNA was isolated after
phenol/chloroform extraction and precipitation with ethanol. Mutations
in codon 12 of the KRAS gene were analyzed by an enriched
polymerase chain reaction (PCR)-enzyme-linked minisequence assay
(Sumitomo Metal Industry Inc, Tokyo, Japan) (15). This assay was
based on the enrichment of the mutant KRAS gene as previously
described (16), followed by the incorporation of a biotin-labeled
nucleotide specific for the mutant gene, which was then quantified
enzymatically using a chromogenic substance. The KRAS gene
amplified by PCR was captured by probes designed to detect the wild-
type KRAS codon 12 (GGT) and 6 mutants (GAT, GCT, GTT, AGT,
CGT, and TGT), which were subsequently measured by a microtiter
plate reader to detect their presence and quantity. The results of a
semiquantitative analysis were scored according to the percentage of
mutant KRAS genes: 3+, >20%; 2+, 2%−20%; 1+, 0.2%−2%; ±,
<0.2%; −, 0% (not detected). The oligonucleotide primers used were
as follows: upstream for the first and second PCR, 5’-
TAAACTTGTGGTAGTTGGAACT-3’, downstream for the first PCR,
5’-GTTGGATCATATTCGTACAC-3’ and downstream for the second
PCR, 5’-CAAATGATCTGAATTAGCTG-3’. One microliter of a 10-
fold dilution of the first PCR product was digested with 2.5 U of BsrI
restriction enzyme (New England Biolabs, Beverly, MA, USA). The
details of this method have been described previously (15, 17).

This study (No. 158) was approved by the Ethics Committee of
the Faculty of Medicine at Fukuoka University. Informed consent
was obtained from each patient.

Immunohistochemical methods. Sections were deparaffinized,
rehydrated, and incubated for 30 minutes with 3% H2O2 in
methanol to block endogenous peroxidase activity. After briefly
being rinsed in Tris-buffered saline, sections (in 0.01 M citrate
buffer) were irradiated in a microwave oven (800 W). After the
sections were cooled and rinsed in Tris-buffered saline, they were
incubated for 6 hours at room temperature with monoclonal
antibody directed against Ki-67 (clone MIB-1 [1:100 dilution];
Dako, Glostrup, Denmark). The thoroughly washed sections were
subjected to immunostaining for 30 minutes using an alkaline
phosphatase-mediated system (EnvisionAP; Dako). Sections were
counterstained with hematoxylin. For each specimen, the Ki-67
labeling index (%) was determined by counting 1,000 cells in the

most active area. The primary antibody was omitted in negative
control specimens.

Detection of apoptotic cells. The 4 μm sections from paraffin-
embedded blocks were deparaffinized, immersed in 0.3% H2O2 to
block endogenous peroxidase, and treated with 20 μg/ml proteinase K
for 15 minutes. The 3’-end labeling of apoptotic cell DNA was
performed by using an ApopTag in situ apoptosis detection kit
(Chemicon International, Temecula, CA, USA) according to the
instructions of the manufacturer. Counterstaining was carried out with
hematoxylin. Glandular epithelia of the specimens were evaluated.
The labeling index (%) of apoptotic cells was also determined by
counting 1,000 cells in the most active area of the specimen.

Statistical analysis. Statistical analysis was performed using Dr.
SPSS II 11.0.1 J (SPSS Japan, Tokyo, Japan). The Mann-Whitney
U-test was used to assess the association between categorical
variables. Statistical significance was set at a value of p<0.05.
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Table I. Clinical data of the patients with TAM-related endometrial
polyps.

No. Age Meno- Duration Total Chemotherapy KRAS
(years) pause (months) dose mutation, score

(g)

1 54 Post 13 7.9 CEF: 3 courses -
2 63 Post 12 7.3 - GTT ±
3 51 Post 20 12.1 CEF: 9 courses -
4 52 Post 48 29.2 - -
5 57 Post 29 17.4 - -
6 64 Post 6 3.6 - -
7 68 Post 32 19.4 - -
8 53 Ame 28 17.0 - GCT 3+
9 60 Post 46 27.9 - -

10 71 Post 21 12.7 - GAT 3+
11 73 Post 43 26.1 - GAT ±
12 52 Ame 31 18.8 - -
13 54 Post 39 23.7 CMF: 6 courses GTT ±
14 48 Ame 24 14.6 - GAT 2+
15 69 Post 25 15.2 - -
16 73 Post 17 10.3 - -
17 51 Ame 31 18.8 - -
18 60 Post 26 15.8 - -
19 82 Post 28 17.0 - GCT ±
20 68 Post 26 15.8 - -
21 70 Post 41 24.9 - -
22 59 Post 51 31.0 CMF: 10 courses -
23 67 Post 36 21.9 - -
24 60 Post 98 59.6 - -
25 80 Post 49 29.8 - -
26 74 Post 48 29.2 - GAT 1+
27 53 Post 18 10.9 - GAT ±
28 67 Post 22 13.3 - -
29 56 Post 46 27.9 CEF: 4 courses -
30 55 Post 14 8.5 CEF: 6 courses† -
31 81 Post 15 9.1 - -

Post: Postmenopausal patient; Ame: amenorrheic patient; C: cyclo-
phosphamide; E: epirubicin; M: methotrexate; F: 5-fluorouracil; †This
patient also received radiotherapy.



Results

Clinical features are summarized in Table I. All patients were
either of postmenopausal or amenorrheic status. The age of
the patients at polypectomy ranged from 48 to 82 years with
a mean of 62.7 years. Patients were treated with 20 mg of
TAM daily for 6 to 98 months, with a mean of 31.7 months.
The total dose of TAM ranged from 3.6 to 59.6 g, with a
mean of 19.2 g. Mutations in codon 12 of the KRAS gene
were observed in 9 (29%) out of 31 patients. Six patients
underwent chemotherapy and one patient underwent adjuvant
radiotherapy. No patients underwent combination therapy
with gonadotropin-releasing hormone agonist. 

There was no statistically significant association between
age, duration of TAM use, total TAM dose, and maximum
diameter of polyp and presence of KRAS mutations (Table
II). Immunohistochemically, there was no statistically
significant association between Ki-67 index and presence of
KRAS mutations (Table II). However, as shown in Figure 1,
apoptotic bodies were found more frequently in endometrial
polyps with KRAS mutations (Figure 1 A, B, and C) than in
polyps without KRAS mutations (Figure 1 D). Statistically,
the apoptosis index was significantly higher in polyps with
KRAS mutations (Table II).

Discussion

Although KRAS mutations are the most common oncogenic
mutations in human malignancies, their incidence varies
widely among carcinomas. TAM-related endometrial cancer
has an incidence of 17% of KRAS mutations, which is similar
to the proportion found in cases of sporadic endometrial
cancer (17%) (14). However, the incidence of KRAS
mutations in TAM-related endometrial polyps (64%) was
greater than that in sporadic endometrial hyperplasia (4.5%
to 23%) (17). These results suggest that KRAS mutation is a
key molecular event of carcinogenesis for both sporadic and
TAM-related endometrial cancer but that the signaling
pathway might differ between these two malignancies.

The exact mechanism of endometrial carcinogenesis by
TAM is still unknown. Historically, endometrial
carcinogenesis was explained by the estrogen-agonistic effect
that TAM exerts in the endometrium. However, Wu et al.
reported that genes targeted by TAM are clearly different
from those targeted by estrogen (18). Another hypothesis
stipulates a genotoxic effect of TAM with formation of DNA
adducts. The formation of DNA adducts is a key event in the
multistage process of carcinogenesis. Unrepaired or
inefficiently repaired DNA adducts may cause mispairing
during DNA replication, resulting in mutations (19). Specific
mutations in crucial genes encoding proteins for cell cycle
control and growth might trigger tumorigenesis. Although
some investigators have failed to find evidence of

TAM–DNA adducts in endometrium (20, 21), Shibutani et
al. (22) detected TAM–DNA adducts in 50% of endometrial
samples obtained from TAM-treated women. 

Site-specific N2-deoxyguanosinyl tamoxifen (dG-N2-
TAM) adducts display a high miscoding and mutagenic
potential, and primarily generate G-to-T transversions in
mammalian cells (23). The presence of alpha-
acetoxytamoxifen-induced DNA damage causes a dose-
related increase in mutation frequency (24). Codons 12 and
14 of the KRAS gene are reported to be hotspots for
carcinogen–DNA adduct formation in human bronchial
epithelial cells (25). The DNA adducts that formed at codon
12 of the KRAS gene were poorly repaired in comparison to
those at other codons, including codon 14 (25). A high
incidence of mutations in codon 12 of the KRAS gene was
also found in TAM-related endometrial polyps (17).

Mammalian cells have developed numerous repair systems
to deal with various types of DNA damage and maintain
genomic integrity. Bulky DNA adducts, such as those formed
by TAM, are typically removed by the nucleotide excision
repair system (NER) (26). One study comparing cells proficient
and deficient in NER showed that this system plays a
significant role in the removal of TAM–DNA adducts (24). The
reported absence of endometrial cells with KRAS mutations in
more than half of all patients who receive TAM treatment (20-
22) indicates that the level of TAM–DNA adducts in uterine
samples depends on individual variability in either the extent
of metabolic activation or capacity of NER. In our previous
study (9), no endometrial KRAS mutations were detected in
premenopausal patients, suggesting that menstruation probably
plays an important role in the removal of endometrial cells with
KRAS mutations. We also revealed that endometrial cell KRAS
mutations were detected initially in 13 (46.4%) out of 28 TAM-
treated patients and no endometrial cell KRAS mutations had
been detected in any of these patients more than two years after
cessation of TAM treatment. The fact that these 13 patients
were postmenopausal or amenorrheic suggested the existence
of a mechanism for removal of KRAS mutations other than that
by menstruation in humans. This event is supported by the
presence of various repair systems (26) and/or checkpoint-
mediated failsafe mechanisms, such as apoptosis or cellular
senescence, in response to the acute induction of KRAS
mutations in humans (27). 

Several reports indicate that KRAS mutation participates
in the induction of apoptosis. KRAS mutation subverts the
antiapoptotic role of NRAS and cell sensitivity to apoptotic
stimuli is increased by the presence of mutant of KRAS (28).
KRAS downstream Raf/MEK/MAPK pathway is required for
the induction of apoptosis in endometrial cells (29). In the
present study, we clarified the possibility that apoptosis may
play an important role in removal of TAM-related
endometrial cell KRAS mutations in postmenopausal
amenorrheic patients. 
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In summary, apoptotic bodies were found more frequently
in endometrial polyps with KRAS mutations than in those
without KRAS mutations, which suggests the possibility that
apoptosis counteracts excessive mitogenic signaling from
oncogenes as part of a cellular failsafe program.  
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Figure 1. Microscopic view of the resected endometrial polyps. Apoptotic bodies were found more frequently in glandular epithelium of endometrial polyps
with KRAS mutation (A, B, and C) than those without KRAS mutation (D) (p=0.002). A, B, C, and D represent case no. 10, 8, 14, and 8, respectively.



2 Fisher B, Costantino JP, Redmond CK, Fisher ER, Wickerham
DL and Cronin WM: 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 86: 527-537, 1994.

3 Rutqvist LE, Johansson H, Signomklao T, Johansson U,
Fornander T and Wilking N: Adjuvant tamoxifen therapy for
early–stage breast cancer and second primary malignancies.
Stockholm Breast Cancer Study Group. J Natl Cancer Inst 87:
645-651, 1995. 

4 Bergman L, Beelen ML, Gallee MP, Hollema H, Benraadt J
and van Leeuwen FE: Risk and prognosis of endometrial
cancer after tamoxifen for breast cancer. Comprehensive
Cancer Centres’ ALERT Group. assessment of liver and
endometrial cancer risk following tamoxifen. Lancet 356: 881-
887, 2000.

5 Deligdisch L, Kalir T, Cohen CJ, de Latour M, Le Bouedec G
and Penault-Llorca F: Endometrial histopathology in 700
patients treated with tamoxifen for breast cancer. Gynecol Oncol
78: 181-186, 2000.

6 Nicolo G, Pujic N, Ragni N, Gustavino C, Ferrara GB, Pera C
and Bertelli G: K-RAS mutations in endometrial samples from
breast cancer patients treated with tamoxifen. Proc ASCO 19:
1516a, 2000.

7 Wallén M, Tomás E, Visakorpi T, Holli K and Mäenpää J:
Endometrial K-RAS mutations in postmenopausal breast cancer
patients treated with adjuvant tamoxifen or toremifene. Cancer
Chemother Pharmacol 55: 343-346, 2005.

8 Hachisuga T, Tsujioka H, Horiuchi S, Udou T, Emoto M and
Kawarabayashi T: K-RAS mutation in the endometrium of
tamoxifen-treated breast cancer patients, with a comparison of
tamoxifen and toremifene. Br J Cancer 92: 1098-1103, 2005.

9 Tsujioka H, Hachisuga T, Fukuoka M, Ueda T, Miyahara D,
Horiuchi S, Shirota K, Yoshizato T, Emoto M, Miyamoto S and
Kawarabayashi T: Monitoring of endometrial K-RAS mutation in
tamoxifen-treated patients with breast cancer. Int J Gynecol
Cancer 19: 1052-1056, 2009.

10 Lagarda H, Catasus L, Arguelles R, Matias-Guiu X and Prat J:
K-RAS mutations in endometrial carcinomas with microsatellite
instability. J Pathol 193: 193-199, 2001.

11 Sun H, Enomoto T, Shroyer KR, Ozaki K, Fujita M, Ueda Y,
Nakashima R, Kuragaki C, Ueda G and Murata Y: Clonal
analysis and mutations in the PTEN and the K-RAS genes in
endometrial hyperplasia. Diagn Mol Pathol 11: 204-211, 2002.

12 Semczuk A, Berbeć H, Kostuch M, Cybulski M, Wojcierowski
J and Baranowski W: K-RAS gene point mutations in human
endometrial carcinomas: correlation with clinicopathological
features and patients’ outcome. J Cancer Res Clin Oncol 124:
695-700, 1998.

13 Lax SF, Kendall B, Tashiro H, Slebos RJ and Hedrick L: The
frequency of p53, K-RAS mutations, and microsatellite instability
differs in uterine endometrioid and serous carcinoma: evidence of
distinct molecular genetic pathways. Cancer 88: 814-824, 2000.

14 Prasad M, Wang H, Douglas W, Barakat RR and Ellenson LH:
Molecular genetic characterization of tamoxifen-associated
endometrial cancer. Gynecol Oncol 96: 25-31, 2005.

15 Matsubayashi H, Watanabe H, Yamaguchi T, Ajioka Y, Nishikura
K, Iwafuchi M, Yamano M, Kijima H and Saito T: Multiple K-RAS
mutations in hyperplasia and carcinoma in cases of human
pancreatic carcinoma. Jpn J Cancer Res 90: 841-848, 1999.

16 Levi S, Urbano-Ispizua A, Gill R, Thomas DM, Gilbertson J,
Foster C and Marshall CJ: Multiple K-RAS codon 12 mutations in
cholangiocarcinomas demonstrated with a sensitive polymerase
chain reaction technique. Cancer Res 51: 3497-3502, 1991.

17 Hachisuga T, Miyakawa T, Tsujioka H, Horiuchi S, Emoto M
and Kawarabayashi T: K-RAS mutation in tamoxifen-related
endometrial polyps. Cancer 98: 1890-1897, 2003.

18 Wu H, Chen Y, Liang J, Shi B, Wu G, Zhang Y, Wang D, Li R,
Yi X, Zhang H, Sun L and Shang Y: Hypomethylation-linked
activation of PAX2 mediates tamoxifen-stimulated endometrial
carcinogenesis. Nature 438: 981-987, 2005.

19 Poirier MC: Chemical-induced DNA damage and human cancer
risk. Nat Rev Cancer 4: 630-637, 2004.

20 Carmichael PL, Ugwumadu AH, Neven P, Hewer AJ, Poon GK
and Phillips DH: Lack of genotoxicity of tamoxifen in human
endometrium. Cancer Res 56: 1475-1479, 1996.

21 Beland FA, Churchwell MI, Doerge DR, Parkin DR, Malejka-
Giganti D, Hewer A, Phillips DH, Carmichael PL, Gamboa da
Costa G and Marques MM: Electrospray ionization-tandem mass
spectrometry and 32P-postlabeling analyses of tamoxifen–DNA
adducts in humans. J Natl Cancer Inst 96: 1099-1104, 2004.

22 Shibutani S, Ravindernath A, Suzuki N, Terashima I, Sugarman
SM, Grollman AP and Pearl ML: Identification of
tamoxifen–DNA adducts in the endometrium of women treated
with tamoxifen. Carcinogenesis 21: 1461-1467, 2000.

23 Terashima I, Suzuki N and Shibutani S: Mutagenic potential of
alpha-(N2-deoxyguanosinyl) tamoxifen lesions, the major DNA
adducts detected in endometrial tissues of patients treated with
tamoxifen. Cancer Res 59: 2091-2095, 1999.

24 McLuckie KI, Crookston RJ, Gaskell M, Farmer PB, Routledge
MN, Martin EA and Brown K: Mutation spectra induced by alpha-
acetoxytamoxifen–DNA adducts in human DNA repair proficient
and deficient (xeroderma pigmentosum complementation group A)
cells. Biochemistry 44: 8198-8205, 2005.

25 Feng Z, Hu W, Chen JX, Pao A, Li H, Rom W, Hung MC and
Tang MS: Preferential DNA damage and poor repair determine
RAS gene mutational hotspot in human cancer. J Natl Cancer Inst
94: 1527-1536, 2002.

26 Viktorsson K, De Petris L and Lewensohn R: The role of p53 in
treatment responses of lung cancer. Biochem Biophys Res
Commun 331: 868-880 2005.

27 Schmitt CA: Senescence, apoptosis and therapy–cutting the
lifelines of cancer. Nat Rev Cancer 3: 286-295, 2003.

28 Keller JW, Haigis KM, Franklin JL, Whitehead RH, Jacks T and
Coffey RJ: Oncogenic K-RAS subverts the antiapoptotic role of
N-RAS and alters modulation of the N-RAS:gelsolin complex.
Oncogene 26: 3051-3059, 2007.

29 Ninomiya Y, Kato K, Takahashi A, Ueoka Y, Kamikihara T,
Arima T, Matsuda T, Kato H, Nishida J and Wake N: K-Ras and
H-Ras activation promote distinct consequences on endometrial
cell survival. Cancer Res 64: 2759-2765, 2004.

Received June 8, 2010
Revised June 26, 2010
Accepted July 2, 2010

Tsujioka et al: Removal of Tamoxifen-related Endometrial Cell KRAS Mutation

3123


