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Abstract. – OBJECTIVE: Nestin has been
found to be overexpressed in several human ma-
lignancies. The primary goal of this research
was to investigate whether nestin expression
correlates with the occurrence and development
of ovarian cancer.

PATIENTS AND METHODS: Expression of
nestin was evaluated by immunohistochemistry in
315 cases of various epithelial ovarian lesions as
well as 52 cases of normal ovarian epithelia. The
association between nestin expression and vari-
ous clinical pathological parameters was analysed.

RESULTS: Immunohistochemical results
showed that the positive correlation of nestin ex-
pression gradually increased from benign and
borderline to malignant ovarian tumours. Nestin
overexpression was associated with more ad-
vanced International Federation of Gynaecology
and Obstetrics stage and higher histological
grade in serous adenocarcinoma. Nestin expres-
sion was significantly associated with chemore-
sistance. However, there was no significant cor-
relation between nestin expression and the age
and level of CA125 in patients.

CONCLUSIONS: We propose that nestin ex-
pression might contribute to the initiation, pro-
motion, and progression of serous ovarian carci-
noma; nestin expression is associated with poor
chemoresponse. It could be a potential thera-
peutic target in patients with epithelial ovarian
carcinoma.
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Introduction

Epithelial ovarian cancer is the fifth leading
cause of cancer-related deaths in women who have
been diagnosed with gynaecologic cancer in the
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Western countries1. Although the standard treat-
ment is primary surgical resection and subsequent
platinum/taxane-based chemotherapy, to which
most patients respond initially, the majority of pa-
tients eventually develop a chemoresistant disease
and die of metastatic disease. As a result, recur-
rence and chemoresistance are major hurdles in
the management of patients with ovarian cancer2.
Thus, new strategies to improve current therapies
are needed to treat women with this disease. There
is increasing evidence that a small population of
cells within tumours, so-called cancer stem cells,
contributes to tumour maintenance and progres-
sion. These cells are intrinsically resistant to thera-
pies designed to destroy rapidly dividing cells and
give rise to recurrent tumours that are more
chemo-resistant and more aggressive3.
Nestin, a 220-kDa intermediate filament pro-

tein, is a reliable marker of neural stem cells. Ex-
pression of nestin in several tumours has been re-
ported to be closely correlated with poor progno-
sis4-5. Recently, nestin has also received attention
as a cancer stem cell marker in various tumour
cells6-8. It is upregulated in epithelial ovarian can-
cer cells with stem cell characteristics that present
enhanced resistance toward paclitaxel and plat-
inum. To our knowledge, no report has been pub-
lished concerning the relationships between nestin
expression and clinicopathologic features in a
large number of patients with ovarian serous tu-
mour. Therefore, the aim of this study was to eval-
uate the status of nestin expression in our set of
patients with ovarian serous tumour and to investi-
gate the association of nestin protein expression
determined by immunohistochemistry with clini-
copathological parameters and disease stage.
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Patients and Methods

Tissue Specimens
All specimens were obtained from primary

ovarian tumours. Formalin-fixed, paraffin-em-
bedded tissue samples of 315 ovarian serous tu-
mours, including 115 benign serous ovarian cys-
tadenomas, 87 borderline serous ovarian cystade-
nomas, and 113 serous carcinomas, were retrieved
from the archival file of the Department of Pathol-
ogy, Shanghai First Maternity and Infant Hospital.
Furthermore, 52 samples of normal ovarian tissues
were collected as controls in our study. These
specimens were collected from perimenopausal
women with myoma who underwent adnexectomy
and hysterectomy. None of the patients had under-
gone preoperative radiation or chemotherapy. The
Ethics Committee of the Shanghai First Maternity
and Infant Hospital approved this study. Informed
consent was obtained from all patients. All cases
were re-evaluated and classified according to the
WHO classification. All carcinoma patients had
received at least 6 cycles of platinum-based com-
bination chemotherapy with or without paclitaxel
after initial debulking surgery. Standard debulking
surgical procedures included peritoneal washing
cytology, hysterectomy, bilateral salpingo-
oophorectomy, omentectomy, inspection, palpa-
tion, and resection of all intra-abdominal visible
lesions. Pelvic and para-aortic lymphadenectomy
were performed for surgical staging.

Immunohistochemistry Analysis
Formalin-fixed paraffin-embedded tissue was

freshly cut (4 µm). The sections were mounted
on poly-L-lysine-coated slides, dried at 70°C
overnight, dewaxed with xylene, and gradually
hydrated. Antigen retrieval was achieved by pres-
sure cooking in 0.01 mol/L citrate buffer for 15
min. Endogenous peroxidase was blocked by in-
cubation with 3% H2O2 for 10 min. To reduce
non-specific binding, the sections were incubated
with 20% normal goat serum for 30 min at room
temperature. Cells expressing nestin antigen
were identified after overnight incubation at 4°C
by using a monoclonal mouse anti-nestin anti-
body (Millipore, Temecula, CA, USA) (1:200 di-
lution). Blank control sections were incubated
with normal mouse serum at the same concentra-
tion as the primary antibody in every set of sec-
tions analyzed. Negative controls were subjected
to the same procedure, except that the primary
antibody was replaced by phosphate-buffered
saline (PBS). Nestin detection was performed by

using an anti-mouse secondary antibody and the
EnVision System-HRP (DakoCytomation,
Carpinteria, CA, USA). Samples were incubated
for 30 min at room temperature. Diaminobenzi-
dine was used as a chromogen (DAB Substrate
System, DAKO, Glostrup, Denmark).
Two pathologists, who were unaware of the

patient outcome, independently examined the
slides. For nestin, cytoplasmic immunostaining
in tumour cells was considered to be positive.
Nestin-positive non-neoplastic cells, such as im-
mature fibroblasts, were excluded carefully. The
stainability of peri-tumoural vascular endothelial
cells was used as an internal positive control.
Staining intensity was categorized into 4 groups
by comparing the staining intensity of tumour
cells with that of vascular endothelial cells. The
staining intensity was scored as 0 (no staining), 1
(faint yellow), 2 (brown-yellow), or 3 (dark yel-
low). The extent of staining was scored as 0 (less
than 5% positive cells), 1 (5-25% positive cells),
2 (26-75% positive cells), or 3 (more than 76%
positive cells). The final score of 0-6 was ob-
tained by summing the above 2 scores. The ex-
pression categories of nestin were defined as fol-
lows: - (0), + (1-2), ++ (3-4), and +++ (5-6).

Statistical Analysis
Statistical analysis was carried out using SPSS

version 10.0 (SPSS Inc., Chicago, IL, USA). The
Kruskal-Wallis H and Mann-Whitney U tests were
applied to compare the nestin expression among
different groups. Spearman’s and Kendall’s tests
were used to evaluate the correlation between
nestin expression and clinicopathological parame-
ters. Differences were considered to be statistical-
ly significant at p < 0.01 (bilateral).

Results

Expression of Nestin in Normal
Ovarian Epithelia, Benign Cystadenomas,
Borderline Cystadenomas,
and Serous Cystadenocarcinoma
Prominent differences in the intensity of im-

munoreactivity to nestin staining was observed in
the cytoplasm of normal, benign, and malignant
epithelial cells. Nestin expression was also ob-
served in the cytoplasm of vascular endothelial
cells and fibroblasts in tumour stroma in each
case. No expression was observed in the negative
controls. Most normal ovarian epithelia exhibited
negative or weak nestin staining, while the major-
ity of carcinomas showed strong nestin staining.
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Significant differences in the nestin expression
were observed among the groups with serous ep-
ithelial lesions (p = 0.000; Figure 1, Table I). With
the exception of no statistical significance be-
tween normal tissue and serous cystadenoma,
pairwise comparisons of the remaining groups re-
vealed significant differences (p = 0.000 for each
comparison; Table I). Moreover, the expression
intensity of nestin in normal ovarian tissue, be-

nign, borderline, and malignant tumours exhibited
a gradually increasing trend (Figure 1).

Relationship Between Nestin Expression
and Clinicopathological Parameters
As shown in Table II, an increased nestin ex-

pression level was significantly associated with
more advanced International Federation of Gy-
naecology and Obstetrics stage and histological

Figure 1. Immunohistochemical stain analysis of nestin expression in normal ovarian epithelia and various epithelial ovarian
lesions. Nestin was expressed in vascular endothelial cells (arrows). The stainability of peri-tumoural vascular endothelial cells
was used as an internal control. Nestin expression and localization in normal ovarian epithelia (A), benign serous cystadenoma
(B), borderline serous cystadenoma (C), and serous adenocarcinoma (D). The distinct brown staining is located predominantly
in the cytoplasm of nestin-positive cells. Bar 50 µm.

n – + ++ +++ X2 p
81.456 0.000a

Normal ovarian epithelia 52 28 17 6 1 0.480 0.489b

Serous cystadenoma 115 59 36 14 6 14.399 0.000c

Borderline serous cystadenoma 87 26 25 19 17 46.026 0.000d

16.928 0.000e

Serous cystadenocarcinoma 113 19 13 34 47 64.817 0.000f

16.011 0.000g

Table I. Expression of nestin in different ovarian epithelial lesions.

a Comparison among the 4 groups
b Normal ovarian epithelia vs. serous cystadenoma
cNormal ovarian epithelia vs. borderline serous cystadenoma
dNormal ovarian epithelia vs. serous cystadenocarcinoma
e Serous cystadenoma vs. borderline serous cystadenoma
f Serous cystadenoma vs. serous cystadenocarcinoma
gBorderline serous cystadenoma vs. serous cystadenocarcinoma



2899

Expression of nestin in ovarian serous cancer and its clinicopathologic significance

grade. There was a difference in the clinical out-
come of cases with negative versus positive
nestin expression when analyzing the subgroups
of platinum-resistant and platinum-sensitive pa-
tients. No association was observed between the
expression of nestin and the maximum tumour
diameter. Similar results were obtained for resid-
ual tumours. The serum level of CA125, a tu-
mour marker, is an important prognostic factor
used to screen and follow-up cancer patients. The
expression of nestin was not correlated with the
pre-treatment CA125 level in benign, borderline,
and malignant tumours. Furthermore, no correla-
tion with age was found in normal ovarian ep-
ithelia, benign, borderline, and malignant tu-
mours (Table III).

Discussion

Nestin, a type VI intermediate filament pro-
tein, was originally described as a stem cell/prog-

enitor cell marker during the early stages of de-
velopment in a variety of embryonic and foetal
tissues9. Nestin is expressed in some adult
stem/progenitor cells and re-induced in adults
during pathological situations, including injury
and neoplasia10. It has been suggested that nestin
acts as a multifunctional factor in cancer and
stem cell biology; the effect of nestin in cancer
seems very similar to its primary role in stem
cells.
In the present study, we investigated the nestin

expression in the serous adenocarcinoma. To the
best of our knowledge, this is the first thorough
assessment of nestin expression in ovarian cancer
by immunohistochemistry. We investigated the
expression of nestin in 367 cases of various de-
grees of ovarian epithelial lesions. The expres-
sion of nestin showed a significant increasing
trend from benign and borderline to malignant
ovarian serous tumour, suggesting that up-regula-
tion of nestin may be involved in the early stage
of carcinogenesis of epithelial ovarian cancer.

FIGO: International Federation of Gynaecology and Obstetrics
CI: Confidence interval

Analysis in Relation to Clinical Parameters and Nestin Expression
n - + ++ +++ Rs (95%CI) p

FIGO stage 0.533 <0.001
(0.394-0.672)

I 5 4 1 0 0
II 30 11 6 10 3
III 66 4 5 20 37
IV 12 0 1 4 7

Histological grade 0.606 <0.001
(0.471-0.741)

I 9 8 0 1 0
II 37 8 11 11 7
III 67 3 2 22 40

Chemoresistance 0.774 <0.001
(0.614-0.934)

Yes 18 15 1 1 1
No 95 4 12 33 46

Maximum diameter tumour –0.052 0.094
(–0.237-0.132)

≤10 cm 49 8 5 14 22
>10 cm 64 11 8 20 25

Residual tumour 0.010 0.094
(–0.175-0.194)

≤2 cm 55 10 6 16 23
>2 cm 58 9 7 18 24

Table II. Correlations between clinicopathological characteristics and the expression of nestin.
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The pathogenesis of epithelial ovarian cancer re-
mains largely unclear. More than 90% of ovarian
cancers arise from the surface epithelium, and tu-
morigenesis has been associated with ovulation-
associated wound repair and/or inflammation,
possibly leading to abnormal stem cell
expansion11-12. Activated stem cells in ovarian tis-
sues would be the target cell for ovarian cancer.
Inactivation of nestin and other genes would
transform ovarian tissue stem cells into hyper-
plastic lesions, the target for further events, lead-
ing to the progression of pre-malignant cells to
malignant cells.
Furthermore, nestin is reported to correlate

with aggressive growth, metastasis, and poor
prognosis in some tumours4-5. In our study, a sig-
nificant correlation was found between high
nestin expression levels and International Federa-
tion of Gynaecology and Obstetrics stage and
histological grade. Nestin was associated with tu-
mour re-growth and metastatic recurrence and
might be a marker of poor prognosis of patients.
This could be explained as follows. Because of a
lack of signs and symptoms at an early stage, ep-
ithelial ovarian cancer is diagnosed at advanced
stages in most patients. In our 107 serous cys-
tadenocarcinoma patients, those with clinical
stages III and IV account for 69.02%. Further-
more, most of the low-differentiated ovarian can-
cers had been of clinical stage III or IV. There-
fore, the relationship between nestin and histo-
logical grade has been accompanied by the corre-
lation between nestin and clinical staging.
The systemic treatments currently offered of-

ten shrink the cancer but the remission period is
usually short. Perhaps, chemotherapeutic agents
attack the bulk of the cancer and the terminally
differentiated cells with little or no proliferative
capacity, while stem cells remain intact and able
to undergo re-growth and to develop resistance
to the next therapeutic challenge3. Pioneering
work by using immunofluorescence demonstrat-
ed that nestin was distinctly expressed in tumori-

genic clones derived from advanced ovarian can-
cer ascites13. However, the expression was re-
duced in cells growing as spheroids compared to
those growing as monolayer. Zhang et al14 ob-
served an over-expression of nestin in sphere-
forming cells compared to bulk tumours or dif-
ferentiated cells. These cells were also more re-
sistant to both cisplatin and paclitaxel. We found
a significant correlation between nestin expres-
sion and response to standard chemotherapy. Pa-
tients who were nestin-positive were less sensi-
tive to chemotherapy. Our study suggests that
cancer stem cells with the nestin phenotype
might evade conventional chemotherapy, allow-
ing them to persist after therapy, regenerate tu-
mours, and cause tumour relapse. The popula-
tion of nestin-positive tumour cells in each tu-
mour may, thus, represent those tumour cells
with more immature nature, similar to foetal
stem/progenitor cells, and nestin-positive tu-
mours may, thus, have a more aggressive behav-
iour, resulting from higher abilities of tumour
cell migration and invasion.

Conclusions

These findings show that the nestin expres-
sion significantly correlates with the Interna-
tional Federation of Gynaecology and Obstet-
rics stage and histological grade. Nestin expres-
sion may characterize tumours with an aggres-
sive clinical behaviour, suggesting that the pres-
ence of nestin in tumoural cells and vessels can
be considered an important factor that leads to a
poor prognosis. To validate the incorporation of
nestin as marker for the management of these
tumours, further large prospective studies are
awaited. An improved understanding of the aeti-
ology of these tumours may help to identify se-
lective markers and therapeutic targets that will
improve detection, diagnosis, and treatment of
ovarian carcinomas.

Age CA125

N Median (P25-P75) rs p Median (P25-P75) rs p

Normal ovarian epithelia 52 51.5 (47-54) 0.0070 0.9608
Serous cystadenoma 115 44 (29-56) –0.1858 0.0468 28.6 (17.2-46.7) –0.0879 0.3501
Borderline serous cystadenoma 87 36 (27-52) 0.0772 0.4772 79 (29.3-172.8) –0.0050 0.9635
Serous cystadenocarcinoma 113 51.5 (47-54) 0.0322 0.7352 433.3 (146.38-892.3) 0.2612 0.0061

Table III. Correlation of nestin expression with patient age and pre-treatment serum CA125 level.
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