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Nestin expression in high-grade osteosarcomas
and its clinical significance
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Abstract. Nestin has been detected in various malignancies
and its expression correlates with advanced grade in some
neoplasms. The aim of this study was to examine nestin
expression in high-grade osteosarcomas and to determine its
prognostic value. Using immunohistochemistry and immuno-
fluorescence, we evaluated nestin expression in tumor tissue
samples from 45 patients with high-grade osteosarcomas. In
both methods, the frequency of nestin-positive tumor cells was
classified into three categories (1+, 2+ and 3+ for immunohis-
tochemistry; 1F+, 2F+ and 3F+ for immunofluorescence) and
clinicopathological correlations were statistically evaluated
and analyzed. Nestin-positive tumor cells were detected in
all of the examined osteosarcomas using both immunohisto-
chemistry and immunofluorescence, although the proportion
of undoubtedly positive neoplastic cells varied in individual
samples from a few nestin-positive tumor cells to diffuse nestin
positivity. High levels of nestin expression detected by immu-
nofluorescence (2F+ and 3F+) were associated with worse
clinical outcomes (OS, P=0.031; EFS, P<0.001). However, high
levels of nestin expression as measured by immunohistochem-
istry trended towards shorter patient survival rates but did
not reach statistical significance. Despite significantly shorter
survival rates observed in patients with high levels of nestin
expression assessed by immunofluorescence, nestin does not
seem to represent a powerful prognostic marker that would be
superior to conventional methods.
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Introduction

Osteosarcoma, in which the neoplastic cells produce osteoid
and/or bone, is the most common primary malignant bone
tumor. The disease affects males more frequently than females
and typically occurs during growth spurts in adolescents and
young adults. However, a second, smaller peak of osteosar-
coma incidence has been observed after the sixth decade of
life (1). Although the majority of osteosarcomas occur sporadi-
cally, there are a few proven risk factors, e.g., familial cancer
syndromes (2-5), Paget's disease of bone or previous exposure
to ionizing radiation (6,7).

Gross metastatic disease occurs in approximately 20% of
patients at diagnosis (8), and distant metastases are typically
found in the lungs or bone. The current therapeutic approach
incorporates the radical removal of the primary tumor and/
or metastases in combination with aggressive, systemic poly-
chemotherapy. In osteosarcoma patients, radiation has been
found to be ineffective, and thus, external beam radiotherapy
is reserved for palliative treatment only. Patient outcomes
are predicted by the percent of histologically assessed tumor
necrosis in the resected specimen after preoperative chemo-
therapy (9). Patients who have achieved greater than 90% tumor
necrosis are referred to as good responders. On the contrary,
poor responders are those with less than 90% necrosis in the
resected specimen (10).

Despite advances in osteosarcoma treatment within the past
30 years, the success rates of current therapies have reached
a plateau (11). The 5-year survival rate for poor-responders
and for patients with primary metastatic disease remains at
45-60% (12,13) and 10-40% (14), respectively. Furthermore,
osteosarcoma is the second leading cause of cancer-related
death in children and young adults (15). Hence, there is a real
need to develop novel therapeutic approaches for patients with
osteosarcomas.

Nestin is a type VI intermediate filament protein expressed
in proliferating cells during the early stages of embryogenesis
(16). During differentiation, nestin is down-regulated and
replaced by other tissue-specific intermediate filament proteins
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(17,18). Although the biological function of nestin is not yet
fully elucidated, it has been implicated in the distribution and
organization of critical molecules that regulate cell prolifera-
tion, survival and differentiation (19-21). Nestin expression is
re-induced during pathology-related repair processes in the
CNS, muscle, liver and infarcted myocardium (22-25). Nestin
expression has also been observed in various neoplasias,
including gastrointestinal stromal tumors (26), brain tumors
(27), prostate cancer (28), melanoma (29), osteosarcoma (30),
dermatofibrosarcoma protuberans (31) and thyroid tumors
(32). Furthermore, nestin is closely correlated with tumor
angiogenesis, as it is also highly expressed in proliferating
vascular endothelial cells (33-35). Additionally, nestin is widely
considered to be a cancer stem cell marker in nervous system
tumors (36-38), prostate cancer (39,40), pancreatic cancer (41),
bladder cancer (42), and malignant rhabdoid tumors (43). In
our most recent study, we also demonstrated both the in vitro
and in vivo tumorigenicity of cells co-expressing nestin and
CD133 in rhabdomyosarcomas (44).

A separate report from our group was the first to describe
nestin expression in osteosarcomas and osteosarcoma cell lines
(30). The aim of the present study was: i) to examine expres-
sion of nestin by immunodetection methods in tumor samples
obtained from 45 patients with high-grade osteosarcoma, ii)
to investigate a possible correlation between nestin expression
and clinicopathological variables, and iii) to determine the
prognostic value of nestin expression in osteosarcomas.

Materials and methods

Study group and tissue specimens. The study cohort consisted
of 45 patients with high-grade osteosarcoma [24 males (53.3%)
and 21 females (46.7%); median age 19 years (range, 6-85 years)]
who had undergone surgical intervention at the St. Anne's
University Hospital or the University Hospital Brno during
1997-2010. Almost all patients received a standard treatment
consisting of preoperative chemotherapy followed by surgical
resection and adjuvant chemotherapy with or without external
beam radiotherapy. A combination of cisplatin, doxorubicin
or adriamycin, and high-dose methotrexate was used as a
chemotherapy induction regimen. Patients over 50 years of age
received only adriamycin and cisplatin. The same combination
of cytostatic drugs was applied in adjuvant chemotherapy. In
the presence of metastatic disease, ifosfamide or etoposide
were also used.

Based on current WHO classification, four histological
subtypes of high-grade osteosarcoma were identified: osteo-
blastic (28 cases; 62.2%), chondroblastic (7 cases; 15.6%),
fibroblastic (6 cases; 13.3%), and teleangiectatic (4 cases; 8.9%).
Tumor staging was performed using the Enneking staging
system, which is based on the presence of intracompartmental
and extracompartmental extension of the tumor as well as on
the tumor grade and the presence of metastases. In addition,
tumor staging according to the International Union Against
Cancer TNM System (6th edition) is also included in Table 1.

Tumor samples obtained during initial biopsies were fixed
in 10% neutral buffered formalin and embedded in paraffin.
Hematoxylin-eosin (H&E) stained tissue sections were histo-
logically examined by two pathologists (I.Z. and M.H.), and
representative tissue blocks were selected for immunohisto-
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Table I. Characteristics of the patient cohort.
Variable N (%)
Age

<19 22 (48.9)

=19 23 (51.1)
Gender

Male 24 (53.3)

Female 21 (46.7)
Histologic subtype

Osteoblastic 28 (62.2)

Chondroblastic 7 (15.6)

Fibroblastic 6(13.3)

Teleangiectatic 4(8.9)
Stage (Enneking)

1A 5(11.1)

1B 31 (68.9)

IA 1(2.2)

1B 8 (17.8)
T category

1 6 (13.3)

2 36 (80.0)

3 3(6.7)
N category

0 41 (91.1)

1 244)

X 244
M category

0 36 (80.0)

la 244)

1b 6 (13.3)

X 1(2.2)
Neoadjuvant chemotherapy

Yes 43 (95.6)
Radical surgery

Yes 36 (80.0)
Adjuvant chemotherapy

Yes 38 (84.4)
Continuous remission

Yes 31(68.9)
Relapse

Yes 23 (51.1)
Deceased

Yes 21 (46.7)

chemical and immunofluorescence analyses. Furthermore,
some results of these analyses were confirmed using tissue
samples of recurrent or metastatic osteosarcomas. A total of 35
samples were not ossified and were not subjected to decalcifi-
cation, and ten cases were decalcified using 8% hydrochloric
acid with ferric chloride.
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Figure 1. Immunohistochemical and immunofluorescence analyses of nestin expression in high-grade osteosarcomas. (A and B) Strong cytoplasmic nestin
immunohistochemical staining in a majority of tumor cells with an internal positive control of nestin-positive endothelial cells. (C and D) Nestin expression in
a significant proportion of tumor cells as evaluated by indirect immunofluorescence. Original magnification (A and C, x200); (B and D, x400).

A written statement of informed consent was obtained
from each subject or guardian and the research ethics commit-
tees of the involved hospitals approved the study protocol.
The data summarized in Table I were retrieved from clinical
documents.

Immunohistochemistry. The immunohistochemical detection
of nestin expression was performed on 4-ym thick tissue
sections applied to positively-charged slides. The sections
were deparaffinized in xylene and rehydrated through a graded
alcohol series. Antigen retrieval was performed in a Pascal
calibrated pressure chamber (Dako, Glostrup, Denmark) by
heating sections to 97°C in Tris/EDTA buffer (pH 9.0) for
40 min. Endogenous peroxidase activity was quenched with
3% hydrogen peroxide in methanol for 10 min followed by
incubation with a mouse monoclonal antibody to nestin (clone
10C2, dilution 1:200, Millipore, Billerica, MA, USA) at room
temperature for 90 min. A streptavidin-biotin peroxidase
detection system was used according to the manufacturer's
instructions (Vectastain Ellite ABC Kit, Vector Laboratories,
Burlingame, CA, USA). The reaction was visualized using
3,3'-diaminobenzidine tetrahydrochloride (DAB, Dako), and
the slides were then counterstained with Gill's hematoxylin.
Negative controls were performed by incubating samples
without the primary antibody. Tissue sections of glioblas-
toma multiforme served as external positive controls for the
anti-nestin antibody, and nestin-positive endothelial cells in
osteosarcoma tissue samples were used as internal positive
controls. The evaluation of immunohistochemical results was
performed using a uniform microscope and camera setting
(Olympus BX51 microscope and DP70 camera).

Immunofluorescence. Following the initial procedures
described above, tissue sections were incubated with a mouse
monoclonal anti-nestin antibody (clone 10C2, dilution 1:200,

Millipore) at room temperature for 90 min. A secondary anti-
body, i.e., goat anti-mouse antibody conjugated to FITC (No.
API124F, dilution 1:50, Millipore), was then applied for 60 min
before the slides were mounted with a mounting medium (No.
S3025, Faramount Aqueous Mounting Medium, Dako). A
uniform microscope and camera setting (Nikon Eclipse 80i
microscope and DS-Fil camera) were used for evaluation
of immunofluorescence results. Micrographs were analyzed
using NIS-Elements BR 3.0 software (Nikon Instruments,
Laboratory Imaging, Ltd., Czech Republic).

Evaluation of immunostaining. In tumor cells (TC), cyto-
plasmic immunostaining for nestin was considered to be
positive (Fig. 1). The percentages of positive TCs were inde-
pendently assessed by two observers (I.Z. and M.H.) with no
prior knowledge of clinical details, using both light and fluo-
rescent microscopes at x400 magnification. Disagreements
between observers were resolved by a consensus.

For immunohistochemical detection, at least five repre-
sentative microscopic fields were analyzed, and the average
percentage of nestin-positive TCs of the entire covered area
was scored. The proportions of nestin-positive TCs were
divided into three levels: 1+ (<10% nestin-positive TCs), 2+
(10-50% nestin-positive TCs), and 3+ (>50% nestin-positive
TCs); levels 1, 2 and 3.

In nestin immunofluorescence, the frequencies of clearly
positive cells were stratified into the following levels: 1F+
(sporadically positive TCs), 2F+ (dispersedly positive TCs) and
3F+ (abundantly positive TCs); levels 1F, 2F and 3F.

Levels 2 and 3, as well as levels 2F and 3F, were considered
to denote high levels of nestin expression.

Statistical analyses. Kaplan-Meier estimates of survival func-
tions were obtained using SAS 9.2 (SAS Institute Inc., Cary,
NC, USA) statistical software. An event for overall survival
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Figure 2. Kaplan-Meier curves of overall survival (OS) and event-free survival (EFS) stratified by the level of nestin expression examined by immunofluores-
cence. Patients with high levels of nestin expression (2F and 3F) had significantly inferior prognoses as compared to patients with low nestin expression (1F),

P-value (0S)=0.031 (A) and P-value (EFS) <0.001 (B).
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Figure 3. Kaplan-Meier OS and EFS curves stratified by the level of nestin expression as determined by immunohistochemistry. There were no significant
differences between patients classified according to nestin expression (high nestin expressors vs. low nestin expressors). However, cases with high levels of
nestin expression (levels 2 and 3) showed trends towards shorter survival. p(OS)=0.230 (A) and p(EFS)=0.109 (B).

(OS) was a death due to any cause. An event for event-free
survival (EFS) was recurrence, progression, or death. The log-
rank test was used for comparisons between analyzed groups
of patients with median survival times and 2-year survival
rates indicated.

Results

Clinicopathological characteristics. Within the study group,
four histological subtypes of high-grade osteosarcoma were
identified. Osteoblastic osteosarcoma was the most frequent,
with 28 cases (62.2%). Chondroblastic, fibroblastic, and
teleangiectatic subtypes were observed in 7 (15.6%), 6 (13.3%),
and 4 cases (8.9%), respectively. At diagnosis, no metastatic
spreading was revealed in 37 patients (82.2%). Regional lymph
node involvement was present in 2 patients (4.4%). Distant
metastases to the lung and/or bone were found in 2 (4.4%;
M1a) and 6 patients (13.3%; M1b), respectively. However, reli-
able information about nodal status or distant metastases was
not available in 3 cases. One patient refused treatment, and
another was only treated surgically because of advanced age

(85-years old). Thus, neoadjuvant chemotherapy was admin-
istered to 43 patients (95.6%). Gross total tumor removal was
carried out in 36 cases (80.0%), and marginal resection was
performed in 2 cases (4.4%). Thirty-eight patients received
adjuvant chemotherapy (84.4%).

Analysis of survival rates. The median follow-up period was
2.0 years for all 45 patients and 4.25 years for the 24 survivors.
The median OS of all patients was 2.0 years. No statistically
significant differences in survival rates between age groups
(under 19 vs. over 19) were revealed (P=0.088), even though
younger patients displayed a longer median survival than did
older patients. There was no significant difference between
OS in males and females (median OS 27.0 months in males
vs. 21.0 months in females; P=0.556). On the contrary, the
absence of detectable metastases at diagnosis was significantly
associated with longer survival (P=0.023) as was gross total
resection (P<0.001), a lower Enneking stage (IIA; P=0.037),
and the achievement of complete remission (P<0.001). There
was no statistically significant correlation between the histo-
logical subtype of osteosarcoma and OS (P=0.869). The 2-year



SPANDIDOS
B) PUBLICATIONS

Table II. Prognostic value of nestin expression by Kaplan-
Meier analysis.

Levels of nestin P-value P-value
expression N (%) (0S) (EFS)
IHC
Low?* 8 (17.8) NS NS
High® 37 (82.2)
IF
Low* 25 (55.6) 0.031 <0.001
High? 20 (44.5)

NS, not significant. *<10% nestin-positive tumor cells, level 1+.*>10%
nestin-positive tumor cells, levels 2+ and 3+. “Few nestin-positive
tumor cells, level 1F+. ‘Dispersedly and abundantly nestin-positive
tumor cells, levels 2F+ and 3F+.

survival rates for the patients with osteoblastic, fibroblastic,
teleangiectatic, and chondroblastic variants were 69.5, 66.7,
66.7 and 35.7%, respectively.

Analysis was also completed concerning EFS and the
above-mentioned clinical variables with similar results to
those obtained for OS. Univariate analysis did not show any
significant differences in EFS based on age group, gender,
or histological subtype of osteosarcoma. Additionally, MO
and NO status, complete tumor resection, a lower Enneking
stage, and the achievement of complete remission were
confirmed as favorable prognostic markers associated with
longer EFS.

Analysis of nestin expression and its clinicopathological
correlations. Nestin expression was identified using both
immunohistochemistry and immunofluorescence in all
examined osteosarcoma samples. However, the proportion
of nestin-positive TCs ranged from cases with diffuse nestin
positivity in a majority of TCs to cases with only sporadic
nestin-positive cells. High levels of nestin expression detected
by immunofluorescence (levels 2F and 3F) were found in 37
patients (82.2 %) and were associated with a significantly infe-
rior OS (P=0.031) and EFS probabilities (P<0.001) (Fig. 2).
Using immunohistochemistry, trends toward shorter survival
durations were revealed in cases with high levels of nestin
expression (Fig. 3), but these differences did not reach statis-
tical significance. The prognostic value of nestin expression is
summarized in Table II.

Discussion

Prior to the introduction of multi-agent chemotherapy in
the 1970s, amputation enabled a long-term survival rate of
about 20% in patients with high-grade osteosarcoma (45,46).
However, the combination of aggressive polychemotherapy
and surgery has improved the long-term survival rate to
approximately 60%. Despite intensive efforts, further advances
in osteosarcoma patient prognoses have not been achieved
in the last 30 years. In addition, there are no effective treat-
ment protocols for primarily metastatic disease, recurrent or
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progressive cases, or refractory osteosarcomas unresponsive
to conventional therapies. Therefore, it is necessary to deter-
mine entirely new therapeutic approaches.

This study follows our previous report, in which we
described nestin expression in osteosarcoma for the first
time (30). To date, nestin expression has been demonstrated
in numerous types of malignancies (47). Furthermore, the
evidence of nestin-positive tumor cells has been proven to
correlate with dedifferentiation and advanced grade disease
in some tumors (48-50). With regard to these findings, we
sought to determine if high levels of nestin expression
correlate with clinical outcome and, therefore, whether this
expression could be a relevant prognostic marker for patients
with high-grade osteosarcomas. According to our knowledge,
the relationship between nestin expression in osteosarcoma
tissue and clinical outcomes has not yet been studied.
However, a number of studies investigating the prognostic
value of nestin expression in various tumors have already
been published. Several authors (27,37,49,51) showed that
nestin expression correlates with advanced-grade gliomas;
additionally, some researchers also demonstrated a statisti-
cally significant correlation between nestin expression and
poor prognosis in glioma patients (27,37,51). Surprisingly, no
prognostic implications of nestin expression were found in
glioblastoma multiforme, i.e., in the most malignant form of
astrocytoma (52,53). In contrast, correlations between nestin
expression and poorer clinical outcomes were documented
in malignant melanoma (54), hepatocellular carcinoma (55),
non-small cell lung carcinoma (56), gastric carcinoma (33)
and prostate cancer (35).

In the present study, high levels of nestin expression
detected by immunofluorescence in osteosarcoma samples
were associated with significantly shorter OS and EFS. Using
immunohistochemistry, no significant results were obtained
regarding OS or EFS; the only propensities for longer OS and
EFS were demonstrated in cases with low levels of nestin
expression. To avoid misinterpretation of these results, espe-
cially non-specific those from immunostaining, positive (both
external and internal) and negative controls were used in each
sample analysis. Nevertheless, we are aware of the two main
limitations of immunofluorescence labeling that may influence
the specificity of this method. First, the immunofluorescence
signal is enhanced by autofluorescence when formalin-fixed
and paraffin-embedded materials are used. Thus, tissue cryo-
sections are preferable when utilizing immunofluorescence
staining. For this study, frozen tumor samples were not available
in most cases. In addition, the quality of immunofluorescence
imaging in cryosections of bone tissues is reduced. Second,
immunofluorescence does not allow us to evaluate cytologic
details and tissue architecture. Therefore, it was not always
possible to reliably distinguish nestin-positive endothelial cells
from nestin-positive tumor cells in osteosarcoma samples. For
this reason, we cannot exclude some false-positive results of
immunofluorescence labeling. These considerations could
explain certain discrepancies between results obtained
using immunohistochemistry and immunofluorescence.
With regard to these explanations, immunohistochemistry
seems to be a more sensitive and reproducible method for the
evaluation of nestin expression. Considering the above infor-
mation, we conclude that high levels of nestin expression do
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not seem to represent a powerful prognostic marker because
there were no statistically significant differences between
nestin expression as detected by immunohistochemistry and
clinical outcomes.

As has been reported by many authors (12,57,58), we also
found that seemingly having a localized disease at diagnosis,
complete tumor resection, a lower Enneking stage, and the
achievement of complete remission are favorable markers
associated with longer OS. The relationship between the
histological subtype of high-grade osteosarcomas and clinical
outcomes is discussed in only a few studies (59-61). In the
studies of Picci er al (59) and Bacci et al (61), the authors
evaluated histological subtypes of 227 and 1058 patients with
high-grade central osteosarcomas, respectively. Both studies
reported the same conclusion that fibroblastic and teleangiec-
tatic variants showed higher proportions of good responders,
whereas a lower proportion of good responders was found
in the osteoblastic subtype. Furthermore, the chondroblastic
osteosarcoma subtype had the smallest percentage of good
responders to neoadjuvant chemotherapy. Similarly, fibro-
blastic and teleangiectatic osteosarcomas had significantly
better prognoses than did the osteoblastic and chondroblastic
histotypes. In our study consisting of 45 patients, no statis-
tically significant differences in survival rates among the
histological subtypes were found; however, patients of the
chondroblastic variant displayed shorter survival periods.

In conclusion, a variable frequency of nestin-positive
tumor cells was demonstrated in all examined samples of
high-grade osteosarcomas. We found statistically significant
correlations between high levels of nestin expression detected
by immunofluorescence and shorter survival rates. However,
only statistically insignificant trends for shorter survival in
patients with high levels of nestin expression were revealed
using the generally more sensitive immunohistochemistry.
Taking together, these findings indicate that high levels of
nestin expression do not represent a strong prognostic factor
for patients with high-grade osteosarcomas. With regard to
the fact that nestin has been described as a cancer stem cell
marker in solid tumors of various origin, the co-expression
of nestin with other potential cancer stem cell markers in
osteosarcomas should be analyzed in future research. The
detection of a true cancer stem cell phenotype in osteo-
sarcomas will help in giving more precise prognoses to
osteosarcoma patients.
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