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Abstract: Sacral chordoma is a rare spine tumor with a high recurrence rate even after optimal therapy. Previous
studies have demonstrated that the PI3K/AKT pathway plays a pivotal role in chordoma, and high expression of
pAKT is associated with poor prognosis. Recently, PHLPP was recognized to be a tumor suppressor that targets
AKT. We analyzed the expression of PHLPP1 and AKT2 in 37 chordoma samples and 11 fetal nucleus pulposus
samples by immunohistochemical staining. Of the chordoma cases, 40.5% (15/37) showed strong cytoplasmic
staining (score >3) for PHLPP1, which was significantly lower than the 90.9% (10/11) of fetal nucleus pulposus
samples (P = 0.004). Conversely, strong immunohistochemical staining for AKT2 was observed in 75.7% (28/37)
of chordoma samples, which was significantly higher than 36.4% (4/11) of fetal nucleus pulposus (P = 0.021).
Kaplan-Meier survival curves and log-rank test showed that patients with high expression of PHLPP1 experienced
longer progression free survival time than those with low PHLPP1 expression (P = 0.011). Further multivariate Cox
regression analysis indicated that PHLPP1 expression level and surgical approaches were independent risk factors
for chordoma recurrence (P = 0.023 and P = 0.022). However, PHLPP1 expression was not statistically related to
patients’ total survival time. Conclusively, our results suggest that PHLPP1 plays a crucial role in sacral chordoma,
and may be a promising biomarker for prognosis. Meanwhile, manipulation of PHLPP1 expression is also a potential
therapeutic approach for the treatment of sacral chordoma.
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Introduction biomarkers are available for predicting the
clinical behavior of this rare tumor. A previous
study demonstrated that phosphatidylinositide
3-kinase/protein kinase B (PISBK/AKT) and
mammalian target of rapamycin (mTOR) signal-
ing pathways play a crucial role in chordoma.
Phosphorylated AKT (pAKT) was up-regulated in
most chordoma cases, and high expression of
pAKT was correlated with poor prognosis [3].
Furthermore, the indispensability of PI3K/AKT
pathway was confirmed by an in vitro study
where blocking its activation by PI-103
decreased proliferation and induced apoptosis
of the U-CH1 chordoma cell line [4]. Thus, dis-
covery of a component that inhibits the PI3K/

Chordoma is a rare bone cancer that is com-
monly located in the axial skeleton, with high-
est distribution in the sacrum and lower in the
skull base and the mobile spine. It is normally
classified into three histological types: classi-
cal, chondroid, and dedifferentiated. These
tumors are low-grade, but tend to be aggres-
sive and locally invasive with a high recurrence
rate, which leads to poor life quality and death.
Chordoma is highly resistant to conventional
chemo- and radio-therapy; surgery, so far, is
accepted as the most effective in management
of this disease [1]. Therefore, development of

specific therapeutic approaches is greatly
needed for effective treatment for chordoma.

Chordoma is thought to arise from notochordal
remnants [1, 2], while its pathogenetic mecha-
nism remains largely unknown. Presently, no

AKT pathway may be significant in limiting chor-
doma development. Recent studies revealed a
new family of protein phosphatase, pleckstrin
homology domain leucine-rich repeat protein
phosphatase (PHLPP), which is frequently delet-
ed in a variety of cancers. PHLPP is thought to
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be a negative regulator of the PISBK/AKT path-
way that acts by direct dephosphorylation and
inactivation, which means that PHLPP may be a
tumor suppressor [5]. As reported, the expres-
sion of PHLPP is down-regulated in different
cancer types [6], indicating that PHLPP may be
a novel therapeutic target and a candidate bio-
marker. To the best of our knowledge, the
understanding of PHLPP in chordoma is still
unclear. Hence, in order to identify the role that
PHLPP plays in this bone tumor, we evaluated
the expression of PHLPP1 in sacral chordoma
and explored its correlation with clinicopatho-
logical parameters and patients’ prognosis.

Materials and methods
Patients and tissue samples

The chordoma samples were acquired from 37
patients (20 males and 17 females), all of
whom were identified and treated by tumor
resection surgeries at the Department of
Orthopedics, The First Affiliated Hospital of
Soochow University, between January 1998
and November 2012. The mean age at the time
of surgery was 53.1 years (range 18 to 83
years). Eleven fetal nucleus pulposus speci-
mens were obtained from aborted fetuses with
a gestational age of 8-24 weeks in the
Department of Gynecology and Obstetrics.
Tumor and fetal nucleus pulposus samples
were fixed in 10% formalin and embedded in
paraffin. All tissue sections underwent hema-
toxylin and eosin staining, and were histologi-
cally confirmed to be sporadic chordomas and
fetal nucleus pulposus, respectively, by two
experienced pathologists. The clinical data of
the patients including age, gender, tumor loca-
tion, tumor size and locally invasion, etc. were
obtained by reviewing their medical records.
This study was conducted with the approval of
the Ethics Committee in our hospital (No.
2014825042), and all the patients and abort-
ed fetuses’ parents gave informed consent.

Immunohistochemical staining

All slides were processed under the same con-
ditions. Immunohistochemical staining was
carried out on 4-um-thick tissue sections using
the EnVision two-step staining method [7]. The
sections were dewaxed in xylene and rehydrat-
ed in graded ethanol, followed with antigen
retrieval by subjecting the sections to high tem-
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perature and high pressure in citrate buffer
(pH 6.0). After immersion in 3% hydrogen perox-
ide, the sections were incubated with primary
antibodies, rabbit monoclonal anti-PHLPP1
(@b71972, Abcam, Cambridge, UK) and
anti-AKT2 (ab175354, Abcam, Cambridge, UK),
at the dilution of 1:100. Subsequently,
the ChemMateTMEnvisionTM Detection Kit
(GK500710, Gene Tech, Shanghai, China) used
the multilink concentrated biotinylated anti-IgG
as the secondary antibody and was used
according to the manufacturer’'s protocol.
Finally, diaminobenzidine was applied as the
chromogen before counterstaining with hema-
toxylin. Immunohistochemical staining of hu-
man cerebellum was used as the positive con-
trol for PHLPP1, while the staining of esopha-
geal cancer tissue was used as the positive
control for AKT2. For negative control, the pri-
mary antibody was substituted by PBS.

The stained tissue sections were scored by two
independent experienced pathologists who
had no prior knowledge of the patients’ clinical
information. The sections were reviewed by ran-
domly selecting five high power fields and eval-
uating semi-quantitatively as described previ-
ously [8]. Slides were scored based on the per-
centage of positive cells per tumor as follows: O
(0-9%), 1 (10-25%), 2 (26-50%), 3 (51-100%).
Immunostaining was also scored based on
intensity as O (no staining), 1 (light yellow stain-
ing), 2 (yellow staining), and 3 (brownish-yellow
staining). The final score was derived by com-
bining the two scoring systems together, where
0-2 was defined as low expression, and 3-6
was regarded as high expression.

Real-time quantitative polymerase chain reac-
tion (RT-qPCR)

Total RNA was extracted from 19 frozen chor-
doma samples and 11 frozen fetal nucleus
pulposus samples with TRIzol RNA Isolation
Reagents (DP405-02, Tiangen, Beijing, China).
Reverse transcription and RT-qgPCR were per-
formed using the RT reagent Kit (RRO37A,
Takara, Dalian, China), and RT-qPCR was car-
ried out by Roche LightCycler 480 (Roche,
Mannheim, Germany). The primers used for
PHLPP1 were: sense: 5-GCCACATAATCCCCTG-
GAAC-3’ and antisense: 5-CCATTGCAGTGGG-
GCTTC-3’ [9]. GAPDH was amplified and quanti-
tated as an internal control. The primers for
GAPDH were: sense: 5-CGAGATCCCTCCAAAA-
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Figure 1. Representative expression of PHLPP1 and AKT2 in chordoma tissues. A. High expression of PHLPP1 in
chordoma. B. Low expression of PHLPP1 in chordoma. C. High expression of AKT2 in chordoma. D. Low expression
of AKT2 in chordoma. (magnification x400).

TCAA-3' and antisense: 5-TTCACACCCATGAC-
GAACAT-3'.

Follow-up

Follow-up data were obtained by telephone, let-
ters, and the clinical database of in- and out-
patients. The follow-up time was every 3
months for the first 2 years and every 6 months
for subsequent years. All data concerning
demographic and clinical information, including
progression free survival (PFS), and image
data, was collected individually.

Statistical analysis

Statistical analysis was performed with SPSS
19.0 statistical software (SPSS Inc., Chicago,
IL, USA). Quantitative data from two groups
were compared by Student’s t test. The associ-
ation between PHLPP1 expression and clinico-
pathological parameters was evaluated by
Fisher's exact test. The correlation between
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PHLPP1 and AKT2 expression was estimated
by Spearman’s rank correlation test. The influ-
ence of PHLPP1 expression on PFS was
described by Kaplan-Meier survival curves, and
differences were detected by log-rank test. Cox
multivariate regression analysis was used to
determine independent prognostic factors.
P<0.05 was considered to be statistically
significant.

Results

Expression of PHLPP1 and AKT2 in sacral
chordomas

Immunohistochemical staining of the tumors
showed a cytoplasmic staining pattern with
diverse intensity for PHLPP1 and AKT2. The
mean immunohistochemical score for PHLPP1
was 2.3, while the mean score for AKT2 was
3.6 (P<0.001). Of the 37 samples, 40.5%
(15/37) had high expression of PHLPP, which
was significantly lower than the 90.9% (10/11)
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Table 1. Expression of PHLPP1 in sacral chordoma and fetal

nucleus pulposus

factors (Table 2), Fisher’s exact test
was performed. PHLPP1 expres-

Sacral chor- Fetal nucleus
doma pulposus

sion was statistically related to
P value tumor recurrence. However, the

expression of PHLPP1 was not

PHLPP1 expression High (%) 15 (40.5%) 10 (90.9%) 0.004 . . . s
associated with patients’ age, gen-
Low (%) 22 (59.5%) 1(9.1%) der, tumor size, tumor location, his-
AKT2 expression  High (%) 28 (75.7%) 4(36.4%) 0.021 tological subtypes, radiotherapy or

Low (%) 9(24.3%) 7(63.6%) surrounding muscle invasion.
Prognostic significance of PHLPP1
5 expression

Ash Follow-up data were obtained for all 37 patients.
5 4= . a The median PFS was 42 months (range 3-158
'% + months). Eighteen patients (48.6%) developed
§ 3 A local recurrence with a median time of 29.5
; N months (range 3-92 months). Of the 15 patients
g P A with high expression of PHLPP1, only four
f 2= patients had recurrence, whereas 14 out of 22
& o patients with low PHLPP1 expression experi-
E 1= enced recurrence. Kaplan-Meier survival
curves indicated better prognosis for patients
ISP P<0.001 with high PHLPP1 expression. Patients with
0 ? T high PHLPP1 expression possessed a mean
& & PFS of 121.93 months, which was longer than
@“ Q&Q the 52.47 months observed in patients with
¢ c@’" low PHLPP1 expression (P = 0.011) (Figure 3).
@4,\'*“s Further multivariate Cox regression analysis

Figure 2. Comparison of PHLPP1 expression in chor-
doma and fetal nucleus pulposus tissue. PHLPP1 is
expressed at a level approximately 4-fold lower in
chordoma than in fetal nucleus pulposus tissue, as
shown by RT-gqPCR.

observed in the fetal nucleus pulposus group (P
= 0.004) (Figure 1; Table 1). The high expres-
sion of AKT2 was in 75.7% (28/37) of samples,
which was significantly higher than 36.4%
(4/11) observed in the fetal nucleus pulposus
samples (P = 0.021) (Figure 1). To validate the
RNA level expression of PHLPP1 in chordoma
samples, RT-gPCR was performed. Compared
with fetal nucleus pulposus, PHLPP1 expres-
sion was approximately 4-fold lower in chordo-
ma samples (P<0.001) (Figure 2). The results
showed that PHLPP1 was expressed at a lower
level in 17 out of the 19 chordoma samples.

Correlations between PHLPP1 expression and
clinicopathological parameters

To explore the relevance between clinicopatho-
logic information and the candidate prognostic
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indicated that PHLPP1 expression level, along
with surgical approaches, were independent
risk factors for chordoma recurrence (Table 3).
Meanwhile, at the time of last follow-up, five
patients had died of chordoma, 13 patients
were alive with disease, 17 patients had no evi-
dence of chordoma, and two patients had died
of other causes. By Kaplan-Meier survival curve
analysis, no significant correlation was identi-
fied between PHLPP1 expression and total sur-
vival time (data not shown).

Discussion

Sacral chordoma is relatively slow growing, but
locally aggressive and invasive with poor prog-
nosis. Our previous studies indicated that many
factors, including tumor location, tumor size,
surgical approaches, and muscle invasion, etc.
may be potentially associated with patients’
prognosis [10]. Furthermore, several molecular
factors, such as matrix metalloproteinase
9(MMP9) [11], insulin-like growth factor I
mMRNA-binding protein 3(IMP3) [12], and phos-
phatase and tensin homolog (PTEN) [13] have
also been demonstrated to be correlated with
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Table 2. Association of PHLPP1 expression with

clinicopathological parameters in sacral chordoma

PHLPP1
n expression Pvalue

High Low
Age (years)
<50 15 7 8 0.386
>50 22 8 14
Gender
Male 20 10 10 0.175
Female 17 5 12
Tumor location
Above S3 22 9 13 0.614
S3 and below 15 6 9
Tumor size (mm)
<90 14 4 10 0.209
>90 23 11 12
Histological subtypes
Classical 35 15 20 0.347
Chondroid 2 0 2
Dedifferentiated 0 0 0
Radiotherapy
Yes 12 6 6 0.323
No 25 9 16
Surrounding muscle invasion
Yes 16 5 11 0.253
No 21 10 11
Recurrence
Yes 18 4 14 0.030
No 19 11 8
1.0
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=
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Figure 3. Relationship of PFS to PHLPP1 expression.
Kaplan-Meier survival analysis curves showed that
patients with low expression of PHLPP1 relapsed

more easily.
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patients’ outcome. However, due to the rarity
of chordoma, the definitive characteristic of
those bio-markers remains unclear. In this
current work, we found that PHLPP1 was also
a potential bio-marker in indicating patients’
outcome. However, stronger work should be
conducted in defining the most reliable prog-
nostic factor by detecting the known features
simultaneously in the future.

In this study, we explored the expression of
PHLPP1 in chordoma samples. PHLPP1,
together with PHLPP2, comprise the PHLPP
family. Chromosomal regions that contain
PHLPP genes are commonly lost in a variety of
cancers. PHLPP1 is located on chromosome
18q21.33, where the loss-of-heterozygosity is
high for colon cancers [14]. Previous study
has revealed that PHLPP1 dephosphorylates
AKT2 andAKT3, but not AKT1, whereas
PHLPP2 dephosphorylates AKT1 and AKT3,
but not AKT2 [15]. Therefore, the PHLPP1 and
AKT2 isoforms were chosen in our study.
Expression of PHLPP1 was notably reduced in
chordoma samples as determined by immu-
nohistochemical staining and RT-gPCR com-
pared to fetal nucleus pulposus. Corres-
pondingly, other studies revealed that PHLPP1
expression was often down-regulated in dif-
ferent human cancers, including ductal breast
carcinoma [16], chronic lymphocytic leukemia
[47], colon cancer [14], esophageal adenocar-
cinoma [18], pancreatic ductal adenocarcino-
ma [19], and prostate cancer [20]. Although
PHLPP1 was observed to be expressed at a
lower level in many tumors, the mechanism of
its down-regulation has not been well explained.
Epigenetic modification, such as DNA methyla-
tion, was identified to be possibly responsible
in reducing PHLPP1 expression in melanoma
[9]; however, the exact mechanism remains to
be further investigated.

As local recurrence is one of the most reliable
predictors of chordoma patients’ mortality [21],
we analyzed the correlation between PHLPP1
expression and PFS by Kaplan-Meier survival
curve analysis. As expected, we found that
patients with low PHLPP1 expression tended to
have shorter PFS and a higher recurrence rate
than those with high PHLPP1 expression, sug-
gesting that low PHLPP1 expression was asso-
ciated with poor prognosis of patients with
chordoma. However, there was no statistical
significance for any association between
PHLPP1 expression and total survival time in
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Table 3. Multivariate analyses of individual parameters for correlations

with recurrence rate

82% of chordoma cases
collected were pAKT-posi-

p tive, and the expression
of pAKT was significantly
correlated with overall

0dd  95.0% Confi-
ratio dence interval value

Lower Upper
Age (<50 or 250) 1.755 0.492 6.257 0.386
Gender (Male or female) 0.392 0.123 1.248 0.113
Tumor location (Above or below S3) 2147 0.598 7.707 0.241
Tumor size (<90 or 290) 0.887 0.251 3.129 0.852
Radiotherapy (Yes or no) 1.015 0.243 4.241 0.984

Histological subtypes (Classical or chondroid) 0.277
Surgical approaches

1 versus 3~ 0.118
2 versus 3" 0.500
PHLPP1 (Positive or negative) 0.151
AKT2 (Positive or negative) 1.214

0.015 5.218 0.392

0.019 0.738 0.022

0.083 3.010 0.449
0.030 0.771 0.023 expressed in 85.3% chor-

0.227 6.509 0.821

survival of chordoma pa-
tients. The b5-year sur-
vival rate for patients
with pAKT-negative chor-
domas was 100%, where-
as, the rate for pAKT-
positive patients was
only 45% [3]. Similarly,
our findings demonstrat-
ed that AKT2 was highly

doma samples, and pa-

*1 = Radical resection, 2 = Perilesional resection, 3 = Intralesional resection.

chordoma patients. The results were not
according with previous study revealing that
recurrence was a strong indicator of chordoma
patients’ survival, while this fact might be
caused by the limitation of case load and fol-
low-up time in our study. In contrast, inverse
relationship between PHLPP1 expression and
patients’ survival was observed in several other
tumor types. Nitsche et al. [19] revealed that a
high level of PHLPP1 was associated with lon-
ger survival time of patients with pancreatic
ductal adenocarcinoma. Wang et al. [8] claimed
that loss of PHLPP1 expression was observed
in most gastric cancer samples, which corre-
lated with lymph node metastasis. From the
above, those results imply that low expression
of PHLPP1 is potentially indicating poor
prognosis.

All PHLPP isozymes share a similar domain
structure including an N-terminal pleckstrin
homology (PH) domain, a leucine-rich repeat
region, a protein phosphatase 2C (PP2C) phos-
phatase domain, and a C-terminal PDZ-binding
motif, which has been demonstrated to dephos-
phorylate a key regulatory site named the
hydrophobic motif on AKT, and then inactivat-
ing the kinase [22]. AKT, however, is a member
of PIBK/AKT signaling cascade, which promotes
cell growth and survival. The expression of AKT
is often increased in primary and metastatic
tumors, and its activation is thought to be cru-
cial for driving human cancers. In chordoma, a
study conducted by Carolina et al. showed that
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tients with high expres-
sion of AKT2 tend to be
more easily for relapse,
which was consist with previous research, indi-
cating a potential therapeutic target in chordo-
ma treatment. Taken together, these results
suggest that AKT pathway is activated in chor-
doma development, and the low level of
PHLPP1 could be potentially responsible for
this activity.

To further investigate the prognostic factors for
chordoma patents, we conducted the multivari-
ate analysis of individual parameters for corre-
lations with recurrence rate, showing that
PHLPP1 was an independent prognostic factor
among those involved, which revealed that
PHLPP1 could be a potential indicator of chor-
doma recurrence. Besides, surgical approach
was found to be another independent factor in
predicting relapse of this tumor, which was in
accordance with previous studies indicating
that radical resection of chordoma leads to
lower recurrence rate [23, 24]. It might be
caused by the damage of the tumor walls in the
procedures of perilesional and intralesional
resection of the tumor. Therefore, making a
clean sweep of the tumor lesion is also signifi-
cantly critical in prevention of recurrence.

In this study, we demonstrated that the expres-
sion of PHLPP1 was down-regulated in chordo-
ma, which was correlated with tumor relapse.
Combined with AKT2 detection, we discovered
that PHLPP1 was negatively associated with
AKT2. The results suggest that PHLPP1 is a
promising biomarker for sacral chordoma,
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which is also valuable as a prognostic indicator.
Furthermore, as an on-off switch of the AKT
pathway, manipulation of PHLPP1 expression
may be a potential therapeutic approach for
the treatment of sacral chordoma in the future.
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