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Objective: To investigate the expression of human telomerase reverse transcriptase (hTERT) in epithelial
borderline ovarian tumor (BOT) by immunohistochemistry with correlation to clinicopathologic variables.
Material and Method: Paraffin-embedded tissue sections of 62 borderline ovarian tumors (47 mucinous, 14
serous, and 1 clear cell) and 12 epthelial ovarian carcinomas were immunostained with antibodies to hTERT.
The intensity and quantity of the immunostaining was determined and analyzed with clinicopathological
characteristics.
Results: hTERT expression was detected in 48.4% of BOT and all cases of epithelial ovarian carcinoma. In
immunoreactive BOT, 50% of cases were scored as high expression. Serous BOT had the highest rate of hTERT
expression. There was no significant statistical difference of hTERT immunoreactivity between histologic
types of BOT. No hTERT immunoreactivity was observed in the benign parts of the same slides of each
immunoreactive case. hTERT immunoreactivity was positively correlated with FIGO stage (p = 0.04), but not
with other variables. The mean follow-up time of BOT cases was 81.63 months and no recurrence or death was
noted.
Conclusion: hTERT expression was found in half of BOT and all of epithelial ovarian carcinoma. High hTERT
expression was associated with FIGO stage.
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Epithelial ovarian carcinomas are the most
common ovarian malignancies and account for 5%
of all cancers among women(1). Epithelial ovarian
carcinomas most commonly occur in postmenopausal
women and are associated with poor prognosis. They
are highly aggressive tumors and about two-thirds of
the patients are diagnosed in advanced stages at initial
admission(2). In contrast, borderline ovarian tumors
(BOT) are usually diagnosed at an early stage and
the median age of diagnosis is younger than that of
invasive ovarian cancers(3-5). In general, BOT have an

excellent prognosis even in advanced stages with
the survival rate of 77-100%(6,7). In Western countries,
the most common histologic type of BOT is serous
subtype. Borderline mucinous tumors are less common
than serous borderline tumors in most reports by 20%
to over 100% but are equally prevalent in Japan(8,9).

The biological and molecular basis of
the  ovarian cancer is not completely understood.
BOT is also considered as a precursor of ovarian
carcinoma(10,11). Many studies have been focused
on telomerase. The ribonucleoprotein enzyme
telomerase plays a crucial role in the maintenance of
stable telomeres of chromosomes. Telomeres are the
specialized DNA-protein structures, which are located
at the distal ends of chromosomes and are comprised
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of up to hundreds of a 6-base-pair sequence
(5’-TTAGGG-3’)(12). It is assumed that telomeres
are important for DNA replication in protecting
chromosome ends from DNA degradation, end-to end
fusion, rearrangements, and chromosome loss(13). In
somatic cells, telomeres are progressive shorten with
each cell cycle until a critical length is reached signaling
cell-cycle exit. It is hypothesized that cell  senescence
can be overcome by reactivation of telomerase that
restores telomeric sequences(14,15). To date, telomerase
activity has been found in immortalized cell lines, stem
cells, germ cells, and the majority of malignant
human tumors, but not in most human somatic
cells(15-19). Telomerase consists of three subunits:
an RNA component that acts as a template for
DNA replication; a telomerase associated protein of
unknown function; and the human telomerase reverse
transcriptase (hTERT), which is responsible for its
catalytic activity(20).

The aim of the present study was to analyze
the telomerase activity in epithelial borderline ovarian
tumors by anti-hTERT antibody with regard to clinico-
pathologic variables.

Material and Method
Case selection

Sixty-two cases of epithelial borderline
ovarian tumor were retrieved from surgical pathology
files of the Division of Gynecologic Pathology, the
Department of Obstetrics and Gynecology, Faculty of
Medicine, Chulalongkorn University, between 1996
and 2002. Only patients who underwent primary
surgery without previous chemotherapy which had
available clinical follow-up date and paraffin-embedded
tissue specimens were included in the present study.
Twelve cases of epithelial ovarian carcinomas were also
randomly selected to study. Hematoxylin-eosin-stained
sections from each case were reviewed to confirm the
histological diagnosis and assess pathological features
and subtype. The most representative paraffin block
for each case was selected for immunohistochemical
analysis.

From a retrospective review of medical
records, the patient’s demographic and surgical
data were collected. Clinical data were retrieved from
the database files of the Division of Gynecologic
Oncology and the institution computerized clinical
information system. Surgical staging was determined
with the criteria that are recommended by the Inter-
national Federation of Gynecology and Obstertrics
(FIGO).

Immunohistochemical study
The authors studied the catalytic unit

of telomerase with mouse monoclonal anti-hTERT
antibody (NCL-hTERT, clone 44F12, Novocastra
Laboratories, Newcastle upon Tyne, UK; 1:50 dilution),
with biotinylated anti-mouse secondary antibody
(Dako, Cytomatia, CA; 1:100 dilution). Sections were
deparaffinized and subjected to immunohistochemical
staining, with standard streptavidin-biotin-peroxidase
techniques, and diaminobenziding (DAB) as the
chromogen. Sections of 4 to 5 micron thick underwent
antigen retrieval by steam treatment in a citrate buffer.
Endogenous peroxidase activity was removed by
3% hydrogen peroxide (10 minutes). Nonspecific
binding sites were blocked with 3% normal horse
serum in phosphate buffered saline solution (PBS)
for 20 minutes at room temperature. After incubation
with the primary antibodies, slides were incubated
with streptavidin/peroxidase at 1:500 in PBS for 30
minutes at room temperature, then rinsed with PBS
and incubated for 10 minutes in DAB solution and
counterstained with Meyer’s hematoxylin. Negative
control was performed by substituting the primary
antibody with nonimmune sera. Slides of tonsils
were served as external positive controls. Appropriate
positive and negative controls were run simultaneously.
The immunohistochemically stained sections were
evaluated without previous knowledge of the clinical
outcome of each patient.

Evaluation of the hTERT expression
Only brown staining in nucleus of tumor

cells was considered as immunoreactive. The staining
intensity and the percentage of tumor cells positively
stained were analyzed. The intensity of staining
was evaluated subjectively using a scale ranging
from 0 (none), 1 (weak), 2 (medium), and 3 (strong).
The proportion of positive cells was scored at low
magnification (40x) by evaluating the entire tumor
area. “Negative for hTERT expression” was defined as
less than 10% of tumor cells staining, regardless of  the
intensity. “Low expression” was defined as intensity
1 and > 10% cell staining, or intensity 2 and 10-75% cell
staining, or intensity 3 and 10-50% cells staining.
“High expression” was defined as intensity 2 and
> 75% of cells staining, or intensity 3 and > 50% of
cells staining.

Statistical analyses
Statistical analyses were performed with the

SPSS for Windows software (version 13; SPSS Inc,
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Chicago, IL, USA). The correlation between hTERT
expression and the other variables was assessed
with the Chi-square and Fisher’s exact tests. Statistical
significance was defined as a probability value
(p-value) < 0.05.

Results
Clinicopathologic variables

Of 62 cases of BOT included in the present
study, 47 (75.8%) were mucinous BOT and 14 (22.6%)
were serous BOT. In mucinous BOT group, 25 (53.2%)

Table 1. Clinicopathological characteristics of borderline ovarian tumors and epithelial ovarian carcinoma

Characteristics         Borderline tumor Epithelial carcinoma
               (n = 62) (n = 12)

Age (mean; range) 44.44 (17-85) 52.83 (26-77)
Parity

Nulliparous 29 (46.8%)   4 (33.3%)
Multiparous 33 (53.2%)   8 (66.7%)

Menopause
Premenopause 38 (61.3%)   4 (33.3%)
Postmenopause 24 (38.7%)   8 (66.7%)

Histologic type: Serous 14 (22.6%) Serous   4 (33.3%)
Mucinous 47 (75.8%) Mucinous   3 (25.0%)
Clear cell   1 (1.6%) Endometrioid   1 (8.4%)

Clear cell   4 (33.3%)
FIGO stage

I 62 (100%)   5 (41.6%)
II   0   1 (8.4%)
III, IV   0   6 (50.0%)

Table 2. Association between hTERT expression and clinicopathological characteristics in BOT

Characteristics Total number                          hTERT expression p-value
  of patients

  Negative      Low      High

Age 0.872
< 20           5   3 (60.0%)   1 (20.0%)   1 (20.0%)
20-40         24 11(45.8%)   7 (29.2%)   6 (25.0%)
40-60         23 12 (52.2%)   4 (17.4%)   7 (30.4%)
> 60         10   6 (60.0%)   3 (30.0%)   1 (10.0%)

Parity 0.448
Nulliparous         29 17 (58.6%)   7 (24.1%)   5 (17.3%)
Multiparous         33 15 (45.5%)   8 (24.2%) 10 (30.3%)

Menopause 0.717
Premenopause         38 21 (55.3%)   8 (21.1%)   9 (23.6%)
Postmenopause         24 11 (45.8%)   7 (29.2%)   6 (25.0%)

FIGO stage 0.044
1a         57 32 (56.1%) 13 (22.8%) 12 (21.1%)
1b           5   0   2 (40.0%)   3 (60.0%)

Histologic type 0.094
Serous         14   4 (28.6%)   4 (28.6%)   6 (42.8%)
Mucinous         47 28 (59.6%) 10 (21.3%)   9 (19.1%)

Endocervical-like         22 12 (54.5%)   4 (18.2%)   6 (27.3%)
Intestinal-like         25 16 (64.0%)   6 (24.0%)   3 (12.0%)

Clear cell           1   0   1 (100%)   0
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were intestinal-like type and 22 (46.8%) were endo-
cervical-like type. All 62 cases of BOT were FIGO
stage 1 (Table 1); 57 (91.9%) cases were stage 1a,
while the remaining cases were stage 1b (Table 2). The
mean age of the patients was 44.44 years (17-85 years).
The mean follow-up time was 81.63 months with a
range of 43 to 131 months. No recurrence or death was
noted.

Cases with epithelial ovarian carcinoma
comprised of four serous, three mucinous, four clear
cell, and one endometrioid carcinoma. The mean age of
the patients was 52.83 years (26-77) (Table 1). Four
patients died due to recurrent or advanced disease.

The clinicopathological characteristics of
both groups are demonstrated in Table 1. BOT tended
to be found in the younger age group and premeno-
pausal period. However, no significant statistical
difference in general demographic features between
borderline tumor and carcinoma was observed.

hTERT immunostaining
Positive expression of hTERT was seen in all

12 cases of carcinoma and 30 out of 64 BOT cases. All
epithelial ovarian carcinoma revealed high expression
of hTERT (Fig. 1).

Association between hTERT expression and
clinicopathological characteristics in BOT is shown in
Table 2. In positive immunoreactive BOT, 50% of cases
demonstrated high expression (Fig. 2). According to
histologic types, high hTERT expression was mostly
detected in serous tumor although no statistical
significance was demonstrated (p = 0.094). There was
quite similar hTERT expression in both subtypes of
mucinous tumor. Notably in the same slide of each
immunoreactive case, all benign parts were negative
for hTERT expression (Fig. 3). There was no significant
correlation between hTERT expression and patient
age, parity, menopausal status, and histologic type. A
significant association was only noted between hTERT
expression and the FIGO stage as positive expression
was more detected in cases with 1b (p = 0.04).

Discussion
Epithelial ovarian neoplasms can be divided

into three distinct clinicopathological groups: benign,
malignant, and borderline (BOT) or low malignant
potential tumors. They are very heterogenous in
their histology and clinical behavior. The BOT show a
significant less aggressive behavior than epithelial
ovarian carcinoma. However, subset of these BOT
cases can progress to malignancy. Although all steps

Fig. 1 High nuclear hTERT immunoreactivity in well-
differentiated mucinous cystadenocarcinoma (x200)

Fig. 2 Nuclear hTERT immunoreactivity in mucinous
borderline ovarian tumor. Stromal fibroblasts also
reveal scattered nuclear staining (x400)

Fig. 3 The benign part in mucinous borderline ovarian
show negative immunostaining for hTERT (x400)
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of pathogenesis leading to carcinoma are yet unknown,
accumulation of genetic alteration is considered to have
an important role. In recognition of telomerase activity
as an indicator of proliferative potential, high telomerase
activity involves in unlimited cell divisions, which
relate to clonal expansion and inducing the accumula-
tion of gene mutations(18,21).

In the present study, positive hTERT
immunoreactivity was seen in all cases of carcinoma
and 48.4% of BOT cases. Although the authors
studied only 12 cases of epithelial ovarian carcinoma,
all tumors were positive with high expression for
telomerase activity. This result was similar to those
previously reported(22,23).

Majority of BOT in most Western countries
is serous type, while mucinous BOT is much more
common in our institute(24,25). Similar incidence was also
observed in the present study. 75.8% of BOT in the
present study were mucinous type, which comprised
of 53.2% intestinal-like type and 46.8% endocervical-
like type. It is well documented that BOT has an
indolent clinical course and delayed recurrence. The
majority of patients can be cured by surgery alone
in the early stage, although relapse and death from
recurrent disease can occasionally occur(7). As all cases
of BOT in the present study were FIGO stage 1,
unsurprisingly, no recurrence or death was observed
despite the rather long period of follow-up.

In contrast to carcinoma, hTERT expression
was seen in only 48.4% of BOT cases. The prevalence
of hTERT expression in BOT varied greatly, depended
on the different methods and positive-staining criteria.
However, the overall result in our study was quite
similar to those previously reported(26,27). Serous tumor
had a higher rate of hTERT expression when compared
to mucinous tumor, but without statistical significance.
A case of clear cell BOT also revealed positive hTERT
immunoreactivity. Interestingly, all benign epithelial
linings in the same slide of each immunoreactive case
were negative for hTERT expression. These findings were
correlated with other studies, which reported the low
rate of hTERT expression in benign ovarian tumor(27,28).

In the present study, only FIGO stage was
significantly associated with hTERT immunoreactivity.
It seems like more extended disease was positively
correlated with high hTERT expression. Therefore, this
finding had limitation to interpret because all BOT
cases in the present study were FIGO stage 1 and the
majority of cases were stage 1a.

This present study has limitations including
the limited number of cases, the only one institutional

experience, and the semiquantitative staining inter-
pretation. However, despite of these limitations, it adds
to the authors’ understanding the association between
hTERT expression and borderline ovarian tumors.
Up regulation of hTERT is important for telomerase
activation during malignant tumor progression.
Although hTERT itself is not sufficient for malignant
transformation of cells, it can increase the cell’s life
span that allows the accumulation of additional
genetic mutations(9). As previously mentioned, high
hTERT expression was observed in most carcinoma,
approximately half of borderline tumors, and none in
the benign tissue. The present findings partly supported
the role of telomerase activity to pathogenesis of
ovarian cancer. In addition to immunohistochemistry,
further larger quantitative studies may provide
more clear information about the role of telomerase
activity in borderline ovarian tumors, including the
pathogenesis of ovarian cancer.

In conclusion, the present study has
demonstrated hTERT immunoreactivity in 48.4% of
BOT and 100% of epithelial ovarian carcinoma. High
hTERT expression was associated with FIGO stage.
These findings suggested a role of telomerase activity
in the biology of ovarian tumors. Although telomerase
may not be useful as a supplement means of cancer
diagnosis, further studies are needed to elucidate its
role in tumorigenesis.
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การศึกษา human telomerase reverse transcriptase (hTERT) ในเน้ืองอกรังไข่ชนิด borderline

พธู  ตัณฑ์ไพโรจน์, สุรางค์  ตรีรัตนชาติ, ประเสริฐ  ตรีวิจิตรศิลป์, สมชัย  นิรุตติศาสน์

วัตถุประสงค์: เพ่ือสำรวจการแสดงออกของ human telomerase reverse transcriptase (hTERT) ในเน้ืองอกรังไข่

ชนิด borderline โดยวิธีการย้อม Immunohistochemistry

วัสดุและวิธีการ: ศึกษาการแสดงออกของ hTERT โดยวิธีการย้อม immunohistochemistry ในชิ้นเนื้อจากบล็อก

พาราฟิน ซ่ึงประกอบด้วย เน้ืองอกรังไข่ชนิด borderline 62 ราย (mucinous 14 ราย, clear cell 1 ราย) และมะเร็งรังไข่

ชนิดเยื่อบุผิว 12 ราย โดยประเมินจากความเข้มและปริมาณของการติดสีย้อม จากนั้นนำมาประเมินความสัมพันธ์

ทางพยาธิวิทยาคลินิก

ผลการศึกษา: พบการแสดงออกของ hTERT ใน 48.4% ของเนื้องอกรังไข่ชนิด borderline และทุกรายของ

มะเร็งรังไข่ชนิดเยื่อบุผิว โดย 50% ของกลุ่มเนื้องอกรังไข่ชนิด borderline ที่ติดสีย้อม hTERT จัดอยู่ในกลุ่ม

ท่ีมีการแสดงออกสูงซ่ึงพบการแสดงออกสูงสุดในชนิด serous อย่างไรก็ตาม ไม่พบว่ามีความแตกต่างอย่างมีนัยสำคัญ

ทางสถิติในการแสดงออกของ hTERT ในชนิดต่าง ๆ  ของเน้ืองอกรังไข่ชนิด borderline ในการประเมินส่วนท่ีเป็น benign

ในสไลด์แผ่นเดียวกันในกลุ่มเนื้องอกรังไข่ชนิด borderline ที่ติดสีย้อม hTERT พบว่าไม่มีการแสดงออกของ hTERT

ในบริเวณท่ีเป็น benign ด้านความสัมพันธ์ทางพยาธิวิทยาคลินิก พบว่าการแสดงออกของ hTERT สัมพันธ์กับ FIGO

stage เพียงอย่างเดียว (p = 0.004) ระยะเวลาเฉลี่ยในการตรวจติดตามผู้ป่วยเนื้องอกรังไข่ชนิด borderline

ในการศึกษานี้นาน 81.63 เดือน ซึ่งไม่พบการกลับเป็นซ้ำ หรือ เสียชีวิตในระยะเวลาดังกล่าว

สรุป: การแสดงออกของ hTERT พบใน 48.4% ของเนื้องอกรังไข่ชนิด borderline และทุกรายของมะเร็งรังไข่

ชนิดเย่ือบุผิว โดยการแสดงออกของ hTERT มีความสัมพันธ์กับ FIGO stage


