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Abstract Sacral chordoma is an aggressive, locally
invasive neoplasm, and has a poor prognosis. However, the
molecular basis for the clinical behavior remains unknown.
The purpose of this study was to investigate the expression
of phosphatase and tensin homolog deleted on chromosome
10 (PTEN) and mammalian target of rapamycin (mTOR) in
sacral chordoma, and explore their roles in the prognosis.
PTEN and mTOR were detected immunohistochemically
in 40 sacral chordoma tissues and 10 adjacent normal tis-
sues. Correlations between PTEN and mTOR expression
and clinicopathological factors were analyzed. Kaplan—
Meier survival curves and log-rank test were used to ana-
lyze the continuous disease-free survival time (CDFS). The
expression of PTEN in sacral chordoma was significantly
lower than that in adjacent normal tissues, while the levels
of mTOR expression in sacral chordoma were significantly
higher than that in adjacent normal tissues (P = 0.000,
P = 0.030). The positive expression of mTOR appears to
correlate with the negative expression of PTEN in sacral
chordoma (P = 0.021). PTEN-negative expression and
mTOR-positive expression were associated with tumor
invasion into the surrounding muscles (P = 0.038,
P = 0.014). Log-rank test showed that PTEN-negative and
mTOR-positive expressions had an important impact on

Kangwu Chen and Jiangiang Mo have contributed equally to this
work.

K. Chen - J. Mo - M. Zhou - G. Wang (X)) - G. Wu - H. Chen -
K. Zhang - H. Yang (?<)

Department of Orthopedic Surgery, The First Affiliated Hospital
of Soochow University, No. 188 Shizi Street,

Suzhou 215006, Jiangsu, China

e-mail: szspine@163.com

H. Yang
e-mail: yanghuilin2008 @hotmail.com

the patients’ CDFS (P = 0.011, P = 0.015). Our results
suggest that PTEN and mTOR might play an important role
in the local invasiveness of sacral chordoma. PTEN and
mTOR might be recognized as important prognostic pre-
dictors of recurrence and could be used as potential ther-
apeutic targets for the treatment for sacral chordoma.
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Introduction

Chordomas are relatively rare, slow-growing, and locally
aggressive malignant bone tumors with an incidence of
about 0.1/100000/year, and approximately 50-60 % of
chordomas occur at the sacrum [1]. Surgery is the principal
treatment option as the tumors are largely resistant to
chemotherapy and radiotherapy. However, despite aggres-
sive surgical resection, local recurrence rates of sacral
chordoma were over 40 %, which leading to a poor quality
of life and outcome [2]. The overall median survival time
for chordoma has been estimated to be approximately
6 years, with a survival rate of 70 % at 5 years, falling to
40 % at 10 years [3]. To date, there is inadequate under-
standing of the biology of sacral chordoma.

Phosphatase and tensin homolog deleted on chromo-
some ten (PTEN) is a tumor suppressor gene that locates on
chromosome 10923 and encodes proteins regulating vari-
ous signal transduction pathways and modulating cell
growth processes, cell migration, and apoptosis [4]. PTEN
is a negative regulator of the phosphoinositide 3-kinase
(PI3 K) signal transduction pathway. Sitting downstream
of PI3 K is the mammalian target of rapamycin (mTOR), a
289-kDa serine/threonine kinase that phosphorylates a

@ Springer



886 Page 2 of 5

Med Oncol (2014) 31:886

series of downstream effectors involved in protein bio-
synthesis, ribosome biogenesis, and transcription of genes
crucial to cell growth [5]. The PI3 K-AKT-mTOR pathway
is an important cellular pathway involved in cell growth,
tumorigenesis, cell invasion, and drug response. Negative
expression of PTEN may result in increased mTOR activity
[6].

To our knowledge, few studies have examined the
clinical significance of the expression of PTEN and mTOR
in sacral chordoma. Therefore, the aim of this present study
was to evaluate the immunohistochemical expression lev-
els of PTEN and mTOR in sacral chordoma and explore
their correlations with patient’s pathological parameters
and prognosis.

Materials and methods
Patients and tumor samples

Forty patients diagnosed with sacral chordoma and treated
by primary tumor resection at the First Affiliated Hospital
of Soochow University (Suzhou, China) between 1996 and
2011 were identified. In addition, ten adjacent normal tis-
sues, which obtained at least 3 cm apart from the surgical
margins, were included as a control group. Of the 40
patients, seventeen were females and twenty-three were
males. The mean age at the time of surgery was 52.4 years
(range 18-77 years). The medical records were reviewed to
obtain clinical information for each case, including age,
gender, tumor location, tumor size, and surrounding muscle
invasion. Surrounding muscle invasion means the tumor
invasion into the surrounding muscles, which was analyzed
by preoperative magnetic resonance (MR) images. Histo-
logic sections were stained routinely with hematoxylin—
eosin for diagnostic purpose. The histology of all patients
was confirmed. The following immunohistochemical
studies were performed using sections from 10 % formalin-
fixed, paraffin-embedded tissues, highlighting the repre-
sentative areas of the tumors. All patients gave informed
consent. This study was approved by the local Institutional
Ethics Committee.

Immunohistochemical staining

Immunohistochemical staining was performed with EnVi-
sion two-step staining method on 4-pm-thick histologic
sections of paraffin-embedded tissues. The samples were
dewaxed with xylene/ethanol before antigen retrieval. The
primary antibodies used were mouse monoclonal anti-
PTEN and rabbit monoclonal anti-mTOR (Ser473) anti-
body (Cell Signaling Technologies, Beverly, MA, USA;
diluted at 1:50). Reagents for immunohistochemistry were
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purchased from Bio Genex (SanRamon, CA, USA). The
standard streptavidin—biotin—peroxidase complex method
was employed to bind to the primary antibody along with
Multilink concentrated biotinylated anti-IgG as a second-
ary antibody. The antibody binding was visualized with
DAB before brief counterstaining with hematoxylin. As a
negative control, sections were treated with phosphate-
buffered saline with omission of the primary antibody.

Immunohistochemical staining was evaluated by two
independent experienced pathologists who were blinded to
the clinicopathological parameters and clinical outcomes of
the patients. A semiquantitative assessment of protein
expression was utilized to score PTEN and mTOR in
chordoma [7]. The intensity of staining was scored as 0
(negative), 1 (weak), 2 (medium), or 3 (strong). The extent
of staining was scored as 0(0 %), 1 (<20 %), 2 (20-50 %),
and 3 (>50 %), according to the percentage of cells stained
positive for each protein. The sum of the intensity and
extent scores was utilized as the final score (0-6). Tissue
specimens having a final score less than 2 were considered
negative. Scores 3—6 were graded as positive.

Follow-up

Follow-up including plain radiographs, computed tomog-
raphy scans, and MR imaging evaluation was performed at
3-month intervals in the first 2 years postoperatively and at
6-month intervals after 3 years. Continuous disease-free
survival time (CDFS) was defined as the time interval from
preliminary diagnosis to disease relapse.

Statistical analysis

Statistical analyses were completed using SPSS 16.0 sta-
tistical software (SPSS Inc., Chicago, IL). Comparisons of
quantitative data between two groups were performed
using a Student’s ¢ test. Fisher’s exact test was utilized to
compare the clinicopathological characteristics of the
patients. Correlation between two proteases in scores was
described by using the Spearman’s rank correlation test.
CDFS was estimated by using Kaplan—Meier survival
curves, and log-rank test was used to evaluate the influ-
ences of PTEN and mTOR expression on CDFS. P < 0.05
was considered statistically significant.

Results

Expression of PTEN showed a nuclear and cytoplasmic
staining pattern with diverse intensity. The positive
expression of PTEN in the sacral chordoma was 25 % (10/
40), significantly lower than that in the normal tissues
(P = 0.000). Expression of mTOR showed mainly in the
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Fig. 1 a Positive expression of PTEN in sacral chordoma. b Negative expression of PTEN in sacral chordoma. ¢ Positive expression of mTOR
in sacral chordoma. d Negative expression of mTOR in sacral chordoma. (magnification x400)

Table 1 Statistical comparison of PTEN and mTOR in sacral chor-
domas and the adjacent normal tissues

Table 2 Association of PTEN and mTOR expression with clinico-
pathological parameters in sacral chordoma

n  PTEN mTOR

Positive (%) P Positive (%) P

Parameters n  PTEN mTOR

Positive P value Positive P value

Sacral 40
chordoma

Adjacent
normal
tissues

10 (25 %) 0.000% 25 (62.5 %)  0.030%

10 9 (90 %) 2 (20 %)

* P <0.05

cytoplasm of tumor cells. The positive expression of
mTOR in the sacral chordoma was 62.5 % (25/40), sig-
nificantly higher than that in the normal tissues
(P = 0.030) (Fig. 1; Table 1). The overall mean expres-
sion scores for PTEN and mTOR staining in sacral
chordoma were 1.23 and 3.62, respectively. Positive
expression of mTOR appears to correlate with negative
expression of PTEN in sacral chordoma tissues
(P = 0.021). Patients who had surrounding muscle inva-
sion had a higher PTEN-negative expression rate (93.3 %)
and mTOR-positive expression rate (86.7 %) than those
without surrounding muscle invasion (64, 48 %). PTEN-
negative expression and mTOR-positive expression were
associated with tumor invasion into the surrounding

Age (years) 0.360 0.159
<50 16 3 8
>50 24 7 17

Gender 0.577
Male 23 6 15 0.466
Female 17 4 10

Tumor location 0.571 0.102
Above S3 21 5 16
S3 and below 19 5 9

Tumor size (mm) 0.503 0.436
<90 18 4 12
>90 22 6 13

Surrounding muscle 0.038* 0.014*
invasion
Yes 15 1 13
No 25 9 12

Recurrence 0.011* 0.015%
Yes 18 1 15
No 22 9 10

* P <0.05
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muscles (P = 0.038, P = 0.014). No significant correla-
tions were observed between the mTOR or PTEN expres-
sion and the patients’ age, gender, tumor size, and tumor
location (Table 2).

Follow-up information was obtained in all cases. The
median CDFS time was 46.5 months (range 6-160 months).
There were eighteen (45 %) patients who developed local
recurrences. The average recurrence time was 30.7 months
(range 6-62 months). In ten patients with PTEN positive,
only 10 % (1/10) had recurrence, while in the mTOR-posi-
tive group, 83.3 % (15/18) had recurrence. Log-rank test
showed that patients with negative PTEN expression had a
poorer prognosis than those with positive PTEN expression
(P = 0.011). Meanwhile, the difference in CDFS rates
between positive mTOR group and negative mTOR group
was also statistically significant (P = 0.015) (Fig. 2). The
results showed that mTOR and PTEN had an important
influence on the prognosis of sacral chordoma.

Discussion

Sacral chordoma is an aggressive, locally invasive neo-
plasm, and has a poor prognosis. Our previous studies
reported that several factors might predict the survival of
sacral chordoma patients and one of the most important
factors was the local invasion. [8]. However, the molecular
basis for the clinical behavior remains unknown. Conse-
quently, great efforts have been taken recently to identify
novel prognostic and predictive biomarkers for patients
with sacral chordoma [9, 10].

Current studies have suggested that the PI3 K-AKT-
mTOR pathway is involved in cellular survival by inhibiting
apoptotic processes and stimulating cell growth and prolif-
eration [11, 12]. The PI3 K-AKT-mTOR pathway is com-
monly activated in human cancers and has been recognized
as a potential therapeutic target for chordoma [13, 14]. In
addition, it was demonstrated that PTEN could downregu-
late the PI3 K/AKT/mTOR pathway via its lipid phospha-
tase activity, which places PTEN into a mechanistically
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critical position [15]. However, the clinical significance of
the activation of PTEN and mTOR in sacral chordoma
remains uncertain. Therefore, in this present study, we aimed
to detect the protein levels and correlations of PTEN and
mTOR in sacral chordoma tissues and investigate the cor-
relations of the expression levels of PTEN and mTOR with
the clinicopathological variables and CDFS of sacral
chordoma.

PTEN mutations are frequently found in glioblastoma,
hepatocellular carcinoma, lung carcinoma, melanoma,
endometrial carcinoma, and prostate cancer [6, 16, 17].
Given the predominance of 1p heterozygosity in chordoma,
activating mutations in the mTOR gene that is located on
1p36.2 may be present in chordoma [15]. By immunohis-
tochemical staining, we showed that the positive rates of
PTEN and mTOR expressions in sacral chordoma were
25 % (10/40) and 62.5 % (25/40), respectively, which is
significantly different in adjacent normal tissues (P < 0.05).
Presneau et al. [13] reported that the positive rate of mTOR
expression in 50 chordoma cases was 75 %. Our results
indicated that the negative expression of the tumor sup-
pressor PTEN and positive expression of the mTOR might
be an important step in sacral chordoma development.

In addition, a significant correlation was found between
negative expression of PTEN and positive expression of
mTOR in sacral chordomas, indicating that mTOR and
PTEN might co-regulate the progression of the tumor and
participate in proliferation, invasion, and metastasis of
sacral chordoma. Moreover, Bakarakos et al. [18] discov-
ered that the loss of PTEN and activation of mTOR were
closely correlated with breast cancer. In vitro, studies
suggested that PTEN is capable of inhibiting cell prolif-
eration and promoting apoptosis via inhibition of the
activity of the PI3 K-Akt-mTOR pathway [19]. Han et al.
[20] demonstrated that the loss of PTEN, which result in
constitutive activation of Akt/mTORCI signaling, may
contribute to the advance of sporadic chordomas. Our
results suggest that the inactivation of PTEN may be
responsible for mTOR activation and consequent devel-
opment of sacral chordoma.
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Patients with sacral chordoma develop fatal local
recurrences frequently. Previous study from our institution
demonstrated that the presence of surrounding muscle
invasion was one of the most important factors of prog-
nosis [8]. However, the molecular basis remains unknown.
Wang et al. [21] reported that PTEN and mTOR were
crucial determinants of the prognosis in patients with non-
small cell lung cancer. McBride et al. [6] reported that the
PTEN methylated patients tend to have statistically sig-
nificantly shorter survival time. Current study revealed that
PTEN-negative expression and mTOR-positive expression
were associated with local invasion (P < 0.05). More
importantly, the log-rank test revealed that the CDFS was
significantly shorter in patients with negative expression of
PTEN and positive expression of mTOR. The results sug-
gested that positive expression of mTOR and negative
expression of PTEN linked to the recurrence of sacral
chordoma. Based on the published data and our current
data, mTOR and PTEN may be recognized as important
prognostic indicators for sacral chordoma patients.

In conclusion, we found that negative expression of
PTEN and positive expression of mTOR are strongly
associated with sacral chordoma. Our results suggest that
PTEN and mTOR were predictive factors for the prognosis
of sacral chordoma. Expression of PTEN and mTOR in
sacral chordoma samples may prove to be a valuable
diagnostic and prognostic biomarker in sacral chordoma
patients.
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