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Abstract: Achaetescute-like 2 (ASCL2), a basic helix-loop-helix (bHLH) transcription factor, plays an important role
in the determination of neuronal precursors in the central and peripheral nervous system and involves in tumor
progression. However, the role of ASCL2 expression in the osteosarcoma prognosis has not been elaborated. This
study aimed to evaluate ASCL2 expression level in osteosarcoma and assess its prognostic value for patients.
ASCL2 protein expression was detected by immunohistochemistry (IHC) in 73 cases of osteosarcoma. Kaplan-
Meier analysis and Cox regression analysis were performed to evaluate the prognostic significance of ASCL2.
Immunohistochemistry analysis showed that the overall survival and metastasis-free survival of patients with posi-
tive ASCL2 expression were significantly shorter than patients with negative expression (both P<0.01). Multivariate
Cox analysis identified ASCL2 expression as an independent prognostic factor to predict poor overall survival and
metastasis-free survival (both P<0.01). Overexpression of ASCL2 expression greatly promoted cell proliferation and
enhanced migration and invasion in vitro. This study indicates that increased expression of ASCL2 in primary os-
teosarcoma is a novel biomarker for predicting the development of metastases and poor outcomes of the patients.
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Introduction studies have demonstrated that ASCL2 is over-

expressed in colorectal cancer [4-6]. In addi-
Osteosarcoma is the most common primary tion, overexpression of ASCL2 has the potential
malignant bone tumor and the second highest to shift the hierarchy of stem/progenitor cells in
cause of cancer-related death in children and liver metastases, and affect the clinical out-
adolescents [1]. In recent years, advanced come of these tumors [6]. Desregulated expres-
progress in diagnosis and neoadjuvant chemo- sion of ASCL2 is thought to be involved in cell
therapy for osteosarcoma, the 5-year survival proliferation, invasion, migration, and epitheli-

al-mesenchymal transition in colorectal cancer
[7, 8]. However, the significance of ASCL2 in
osteosarcoma remains unknown. In the pres-
ent study, we first investigated ASCL2 expres-
sion in human osteosarcoma patients by immu-
nohistochemistry (IHC) assays and determined
whether the expression of ASCL2 can be used
as a prognostic and metastasis marker of
human osteosarcoma. Subsequently, we evalu-
ated the functional role of ASCL2 in prolifera-
Achaetescute-like 2 (ASCL2) is a transcription tion, migration and invasion of osteosarcoma
factor containing the basic helix-loop-helix cells. Our results suggest that elevated expres-
(bHLH) domain and a downstream target of Wnt sion of ASCL2 is associated with metastasis of
signaling in intestinal stem cells [3]. Several osteosarcoma and poor prognosis.

remains poor due to metastasis and local
relapse after resection of primary osteosarco-
ma and with a very high case fatality and dis-
ability rate [2]. Therefore, a novel and more reli-
able gene marker is imperative to be identified
to facilitate the correlation with clinicopatho-
logic characteristics and prognosis of osteo-
sarcoma.
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Table 1. Patients’ characteristics

Patients information Number (n)
Sex

Male 34

Female 39
Age at diagnosis

Average 27.4 years

Median 18.3 years

Range 9-72 years
Localization

Femur 29

Tibia 16

Humerus 11

Fibula 8

Others 9
Metastases

Yes (total) 45

Yes (at initial diagnosis) 9

No 28

Time to metastases average 16.2

Time to metastases median 11.7

Time to metastases range 0-67 months
Follow-up

Average 37.4

Median 48.3

Range 0-89 months
Survival

Died 17

Alive 56
Histological classification

Osteoblastic 57

Chondroblastic 12

Others 4

Materials and methods

Ethics statement

The Medical Ethics Committee of the Xingiao
Hospital of Third Military Medical University has
approved this protocol, and all patients provid-
ed written informed consent. All specimens
were handled and stored anonymously accord-
ing to ethical and legal standards.

Patients and tissue samples

Primary osteosarcoma samples were collected
from 73 patients who had undergone surgical
treatment for osteosarcoma with pathologic
identification in Xingiao Hospital, Third Military
Medical University from 1995 to 2014. Patients
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were enrolled in this retrospective study based
on the following criteria: diagnosis of osteosar-
coma with histopathological assessment, no
prior anticancer treatment (radiotherapy or
chemotherapy), and the availability of complete
clinicopathologic and follow-up data. Tumor tis-
sue specimens were grouped according to the
sixth edition of the TNM classification of the
International Union against Cancer (UICC).

Immunohistochemistry and evaluation

Immunohistochemical examination of ASCL2
was performed as described previously [9].
Briefly, after deparaffinising, rehydrating and
blocking, the tissue sections of osteosarcoma
were boiled in EDTA buffer (pH 8.0) for 15 min.
The sections were then incubated with anti-
ASCL2 (dilution 1:75; Millipore, USA) at 4°C
overnight. Following incubation with secondary
antibody (DAKO, Denmark), the sections were
visualised using diaminobenzidine solution
(DAKO) and lightly counterstained with haema-
toxylin. Negative control slides with the primary
antibodies omitted were included for all assays.

The staining of ASCL2 was determined semi-
quantitatively according to the intensity (O = no
staining, 1 = weak staining, 2 = moderate stain-
ing, 3 = strong staining) and the percentage of
positive cells (O: none or <5%; 1: 5% to 20%; 2:
21% to 40%; 3: >40%). Scores of O to 2 were
expected negative, and scores of 3 to 6 were
expected positive. Cells were counted in at
least three fields (at x 400 magnification) in the
tumor areas. The scores were evaluated by two
independent pathologists who were blinded to
the pathological parameters and clinical out-
comes of the patients.

Cell line and cell culture

The human osteosarcoma cell line Sa0OS and
MG-63 were purchased from the American
Type Culture Collection (Rockville, USA). The
osteosarcoma cell line Sa0S and MG-63 were
incubated in RPMI-1640 (Life Technologies,
USA) supplemented with 10% fetal bovine
serum (Gibco, USA). All cells were maintained in
a humidified atmosphere containing 5% CO, at
37°C.

ASCL2 overexpression assay

Lentivirus particles expressing ASCL2 were
produced by GenePharma (Shanghai, China).
Sa0S and MG-63 cells were transfected with
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Figure 1. Representative immunohistochemical staining for ASCL2 in osteosarcoma tissues. Representative ASCL2
staining samples at low magnification at levels of O, 1, 2, and 3 (A-D). Representative ASCL2 staining samples at

high magnification at levels of O, 1, 2, and 3 (E-H).

lentivirus particles using LV5 (EF-1aF/GFP&
Puro) vector with ASCL2 insert. Stably trans-
fected cells with GFP were isolated under puro-
mycin selection (Solarbio, Beijing, China) or
sorted with a flow-cytometric sorting system
(BD FACS Aria ll; BD Biosciences, USA).

Cell proliferation assay

Cell proliferation was performed by using Cell
Counting Assay Kit-8 (CCK-8) (Dojindo, Japan)
according to the manufacturer’s protocol.
Briefly, 5 x 10° cells were harvested after 24,
48, 72 and 96 hours. 10 yL CCK-8 solution was
added to each well, the cells were incubated for
1 hour, and the absorbance at 490 nm was
measured by spectrophotometer (Bio-Rad,
USA). All experiments were performed three
times.

Wound healing migration and Matrigel inva-
sion assays

For wound-healing migration assays, 1 x 10°
cells were plated into in each well of 12-well
plates. Three parallel lines were made in conflu-
ent cell cultures with a 200 ml tip. The wounds
were observed at O and 48 h after scratching
separately, and photographed via microscope
at each time point. The distance between the
two edges of the wound width was randomly
quantified at 10 sites in all images. The average
distance migrated by the cells was measured
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using a microscope calibrated with an ocular
micrometer. The Matrigel invasion assay was
performed with the BD BioCoatTM MatrigelTM
Invasion Chamber (BD, USA) following the man-
ufacturer’s instructions. The cells (5 x 10* cell/
plate) were seeded into the upper chamber of
each well in serum-free medium, and complete
medium was put into the bottom chamber.
After incubated for 24 h, non-invading cells
were removed by scrubbing from the upper sur-
face of the membrane with cotton-tipped
swabs. Following the processes of fixation in
100% methanol and staining in hematoxylin,
the invading cells were counted in three images
of each membrane under a microscope using a
x 200 objective.

Western blotting

Western blotting was carried out by standard
procedures as described previously. In brief,
protein samples were separated on 10% (w/V)
SDS gels and transferred onto PVDF mem-
branes (Millipore, USA). The membranes were
blocked with 5% milk proteins in TBST for 1 h at
37°C and then incubated with primary antibod-
ies (MMP2, 1:500 dilution, Sigma-Aldrich, USA)
overnight at 4°C. The membranes were then
incubated with HRP-conjugated anti-mouse
secondary antibodies for 1 h at 37°C.
Immunolabeling was detected using ECL
reagent (Thermo Scientific, USA).

Am J Cancer Res 2016;6(6):1431-1440
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Table 2. Relationship between ASCL2 and clinicopathologic factors of

defined as the time from

Patients diagnosis until the occur-
ASCL2 expression rence of metastasis. If
Variable i -
Total (N=73) Positive Negative ~ X*  P-values thes.e pgtlents had _meta
static disease at diagno-
Gender . . .
sis, this was considered
Male 44 (60.3%) 26 18 2183 0.140 time O
Female 29 (39.7%) 22 7
Age Result
<20 42 (57.5%) 25 17 1.705 0.192
>20 31 (42.5%) 23 8 Patient characteristics
Tumor Location ) )
Femur 20(39.7%) 18 11 3971 0410 ";] th'is"gdy' It Wash§h°W3
Tibia 16 (21.9%) 11 5 that the demographic an
H 11 (15.4%) s 3 clinicopathological data
umerus . of the cases in Table 1.
Fibula 8 (11.0%) 7 1 Our study comprised of
Others 9 (12.3%) 4 5 73 osteosarcoma patien-
Histological classification ts with 34 (46.6%) males
Osteoblastic 57 (78.1%) 37 20 4615 0.100 and 39 (53.4%) females.
Chondroblastic 12 (16.4%) 10 2 The mean age was 27.4 +
Others 4 (5.5%) 1 3 11.3 years. All patients
Metastasis featured osteosarcoma
Yes 45 (61.6%) 39 6 22787 <0001  With Il F”Zek':g stage
No 28 (38.4%) 9 19 and .recelve t.e same
) ) curative resection treat-
Histological grade
. ment. Follow-up was ava-
I 19 (26.0%) 10 9 2.992 0224 ilable for all patients, with
I 36 (49.3%) 27 9 a median time of 37.4
Il 18 (24.7%) 11 7 months (range: O months
Enneking staging to 89 months). Seventeen
I 8 (11.0%) 3 5 8.759 0.033 patients (17/73, 23.3%)
1A 27 (37.0%) 11 16 died during the follow-
1B 32 (43.8%) 23 9 up period, primarily due
I 6 (8.2%) 5 1 to metastases (14/17,

Abbreviation: ASCL2, Achaetescute-like 2.

Statistical analysis

All group data are presented as mean + SD. All
statistical analyses were performed using
SPSS version 13.0 statistical programs (SPSS,
Chicago, IL). For all the analyses, a two-sided P
value <0.05 was considered statistically signifi-
cant. For the IHC analysis, the correlation of
ASCL2 expression with the clinicopathologic
data was analyzed using a Chi-square test.
The prognostic values were evaluated by uni-
variate Kaplan-Meier survival analysis and mul-
tivariate Cox proportional hazard model analy-
sis. Overall survival (OS) was defined as the
time from diagnosis until the date of either
death or the last follow-up. For the metastasis-
free survival (MFS) analysis, the duration was
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82.4%). Forty-five patients
(45/73, 61.6%) develo-
ped metastases at a me-
an of 16.2 months (range 0-129 months). Of
these patients, 26 had metastases in the lung,
and 5 had metastases in bones (five patients
had both lung and bone metastases).

Clinicopathologic correlation of ASCL2 expres-
sion in osteosarcoma patients

To examine the expression of ASCL2 in human
osteosarcoma patients, ASCL2 staining was
positive in 48 osteosarcoma patients (65.8%).
Microscopic observations indicated that ASCL2
was both expressed in the cytoplasm and
nucleus of tumor cells (Figure 1). To elucidate
the biologic significance, we investigated the
association of patient clinicopathologic fea-
tures and ASCL2 expression levels (Table 2).

Am J Cancer Res 2016;6(6):1431-1440
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Figure 2. Positive ASCL2 immunohistochemical staining was associated with poor prognosis and survival. A. Overall
survival (0S) and metastasis-free survival (MFS) of ASCL2 positive or negative patients was determined by Kaplan-
Meier analysis. B. OS and MFS of ASCL2 positive or negative patients younger than 20 years old (< 20). C. OS and
MFS of ASCL2 positive or negative patients elder than 20 years old (>20).

Although positive staining of ASCL2 was pres-
ent in both non-metastatic and metastatic
tumors, the percentage of ASCL2-positive
staining in osteosarcoma with metastases
(39/45, 86.7%) was significantly higher than in
the cases without metastases (9/28, 32.1%;
P<0.001, Table 2). Positive ASCL2 expression
was more frequent in osteosarcoma tissues
with high Enneking staging (P<0.05). However,
no significant difference was observed between
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the expression of ASCL2 and patient gender,
age, tumor location, histological classification,
and histological grade.

Prognostic effect of ASCL2 expression in pa-
tients with osteosarcomas

Further analyses of the patient samples indi-

cated that the 3-year OS and MFS rates were
77.8% and 41.0% for the total study cases,

Am J Cancer Res 2016;6(6):1431-1440
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Table 3. Clinicopathologic patient characteristics and univariate survival analysis

Variable Patients (n = 73) 3-y OS Rate (%) Pvalue 3-y MFS Rate (%) P value
Gender
Male 44 (60.3%) 75.2% 0.423 37.5% 0.253
Female 29 (39.7%) 81.7% 46.2%
Age at diagnosis
<20 42 (57.5%) 63.5% 0.515 59.5% 0.438
>20 31 (42.5%) 74.8% 54.8%
Tumor Location
Femur 29 (39.7%) 83.2% 0.542 64.3% 0.632
Tibia 16 (21.9%) 67.3% 37.5%
Humerus 11 (15.1%) 72.5% 54.3%
Fibula 8 (11.0%) 80.2% 63.2%
Others 9 (12.3%) 78.5% 56.8%
Histological classification
Osteoblastic 57 (78.1%) 64.3% 0.254 46.3% 0.631
Chondroblastic 12 (16.4%) 74.2% 53.6%
Others 4 (5.5%) 81.6% 67.2%
Metastasis
Yes 45 (61.6%) 38.5% <0.001 14.6% <0.001
No 28 (38.4%) 89.5% 81.7%
Histological grade
I 19 (26.0%) 87.9% 0.003 79.3 0.002
Il 36 (49.3%) 62.6% 54.2
1l 18 (24.7%) 50.4% 42.3
Enneking staging
| 8 (11.0%) 100% <0.001 100% <0.001
IA 27 (37.0%) 84.2% 63.2%
1B 32 (43.8%) 52.4% 46.3%
1 6 (8.2%) 0% 0%
ASCL2
Negative 25 (34.2%) 87.2% 0.006 85.7 0.004
Positive 48 (65.8%) 61.8% 48.7

Abbreviation: 0S, Overall survival; MFS, Metastasis-free survival; ASCL2, Achaetescute-like 2.

Table 4. Multivariate analysis of factors associ-
ated with overall survival and metastasis-free
survival

Variable HR (95% CI) P value
0Ss
ASCL2 (+vs.-) 1.732 (1.256-3.508) 0.033

Histological grade  1.668 (1.043-2.667) 0.015

Enneking staging 2.963 (1.878-4.675) <0.001
MFS

ASCL2 (+ vs. -) 2.673(1.077-4.582) 0.031

Histological grade  1.544 (0.994-2.399) 0.053

Enneking staging 5.656 (1.952-3.836) <0.001

Abbreviation: ASCL2, Achaetescute-like 2.
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respectively. Importantly, the negative ASCL2
group had significantly greater survival rates for
3-year 0S and MFS than did the positive ASCL2
group (87.2% vs. 61.8%, P = 0.006, and 85.7%
vs. 48.7%, P = 0.004, Figure 2) by the Kaplan-
Meier method and a log-rank test. Interestingly,
histological grade and Enneking staging were
still significant prognostic factors for both OS
and MFS (P<0.01; Table 3), suggesting that
ASCL2 was an independent biomarker for OS
and MFS in addition to histological grade and
Enneking staging. We then performed multivar-
iate Cox regression analysis, which revealed
that ASCL2 expression, histological grade and

Am J Cancer Res 2016;6(6):1431-1440
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Figure 3. ASCL2 promotes osteosarcoma cell proliferation. Sa0S (A) and MG-63 (B) cells overexpressed ASCL2
were seeded in 96-well plates, and cell proliferation was analyzed by CCK-8 reagent after 24, 48, 72 and 96 hours.
The data in the figure represent the averages * SD of triplicate samples. *p<0.05 compared with the control group

based on one-way ANOVA.

Enneking staging were indeed independent
prognostic factors for OS and MFS (P<0.05;
Table 4). These data indicated that ASCL2 may
be a significant and novel biomarker for evalu-
ating the prognoses of osteosarcoma patients.

As osteosarcoma is the second highest cause
of cancer-related death in children and young
adolescents [10], we next analyzed the OS and
MFS in patients younger than 20 years old or
elder than 20 years old. Kaplan-Meier analysis
showed that young patients (<20 years old)
with positive ASCL2 expression had significant-
ly worse OS and MFS than those with negative
ASCL2 expression (Figure 2B; P = 0.0021).
However, it was not significantly different in the
patients elder than 20 years old between posi-
tive ASCL2 expression and negative expression
(Figure 2C). It suggested that ASCL2 would be
more accurate biomarker for evaluating OS and
MFS of the patients within children and young
adolescents (<20 years old).

ASCL2 promotes osteosarcoma cell prolifera-
tion

Since aberrant upregulation of ASCL2 was
found in partial osteosarcoma tissues, we
investigated the effects of ASCL2 on the prolif-
eration of osteosarcoma cells. By CCK-8 assay,
we demonstrated that ASCL2 overexpression
promoted the proliferation of Sa0S and MG-63
cells (Figure 3). These results suggested that a
role for ASCL2 in promoting osteosarcoma cell
proliferation.
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ASCL2 enhances invasion and migration of
human osteosarcoma cells

Migration and invasion activities are crucial
prerequisites for metastatic osteosarcoma.
After we found that ASCL2 expression was
related with metastasis in osteosarcoma, we
checked whether ASCL2 overexpression could
affect the invasive and migratory activities of
osteosarcoma cells in vitro. As observed in the
wound healing assay, it showed a significantly
promotion (Figure 4A and 4B), as also indicat-
ed by an increase in the level of MMP2 in Sa0S
(Figure 4C) and MG-63 (Figure 4D) cells when
the cells were overexpressed of ASCL2, com-
pared with the control cells. In Matrigel inva-
sion assays, the average number of overex-
pression ASCL2 cells which were invading
through the Matrigel was significantly increased
than the control group (Figure 5A and 5B).
Taken together, both wound healing and
Matrigel invasion assays demonstrated that
ASCL2 overexpression significantly increased
the migration and invasion capabilities of
osteosarcoma cells.

Discussion

Osteosarcoma is the most frequent primary
malignant bone tumor and is a highly aggres-
sive tumor that metastasizes primarily to the
lungs [11]. Although the combined treatment
(neoadjuvant chemotherapy, surgery, and adju-
vant chemotherapy) was used in osteosarcoma
patients, the prognosis for patients with meta-

Am J Cancer Res 2016;6(6):1431-1440
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static osteosarcoma remains poor with a 5-year
survival rate at only 10 to 20%, despite treat-
ment modalities have been improved over the
past decades [12-16]. Thus new prognosis bio-
markers have been expected, but no remark-
able advances have been made in the prognos-
tic prediction and treatment of osteosarcoma.
Therefore, the study of biomarkers for osteo-
sarcoma metastasis is important for improving
the survival of patients. Here, we reported that
ASCL2 was expressed at a higher level in
human osteosarcoma patients with metastasis
compared with non-metastatic patients and
that the positive ASCL2 expression in osteosar-

1438

Lv-ASCL2
300+ Sa0s
*
‘%200-
8
. -§ 1004
0
o
Lv-vector Lv-ASCL2
Lv-ASCL2

CON Lv-vector Lv-ASCL2

Figure 4. ASCL2 enhances osteo-
sarcoma cell migration and up-
regulates MMP2 expression. Cell
migration in Sa0S (A) and MG-63
(B) cells with ASCL2 overexpres-
sion were analyzed using wound-
healing assays. The protein ex-

CON Lv-vectorLv-AscL2 pression of MMP2 in SaOS (C)

and MG-63 (D) cells was detected

MG-63 using western blot. The data in the

figure represent the averages *
SD of triplicate samples. *p<0.05
compared with the control group
based on one-way ANOVA.

CON Lv-vectorLv-ASCL2

coma tissues was significantly correlated with
metastatic features and with shorter OS and
MFS.

Recent studies have shown that aberrant
expression of ASCL2 plays crucial roles in
tumor progression and metastasis. Zhou et al.
showed that ASCL2 could promote the CXCR4
expression in colorectal cancer, which was
important in tumor malignancy and metastasis
[17]. In colorectal cancer, inhibition of ASCL2
down-regulated miRNA-302b expression and
up-regulated the miRNA-200 cluster, leading to
the reversal of the epithelial-mesenchymal

Am J Cancer Res 2016;6(6):1431-1440
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Figure 5. ASCL2 promotes osteosarcoma cell invasion. Cell invasion in Sa0S (A) and MG-63 (B) cells with ASCL2
overexpression were analyzed using Transwell Matrigel invasion assays. The data in the figure represent the aver-
ages + SD of triplicate samples. *p<0.05 compared with the control group based on one-way ANOVA.

transition [7, 8]. In order to further explicate the
relationship between ASCL2 expression and
metastasis in osteosarcoma, the functional
tests, including cell growth and migration with
ASCL2 overexpression, were performed as
well. Our results showed that ASCL2 overex-
pression significantly promoted proliferation
and enhanced migration and invasion of osteo-
sarcoma cells. Since migratory and invasive
abilities are essential features for initiating
metastatic or recurrent processes for malig-
nant tumors, inhibiting migratory and invasive
abilities by targeting ASCL2 would presumably
decrease local recurrence or metastasis, there-
by improving survival of osteosarcoma patients.

Patients outcome of osteosarcoma varies
greatly depending on patients age, histological
classification, and Enneking stage. In our study,
we showed that the positive ASCL2 group had
significantly less survival rates for OS and MFS
than did the negative ASCL2 group of osteosar-
coma patients. Especially, it is significantly
worse in the patients younger than 20 years
old. However, it is not significant association
between ASCL2 and the OS or the MFS in the
patients elder than 20 years old. It suggested
that ASCL2 would be more accurate biomarker
for evaluating OS and MFS in the subgroups of
patients within children and young adolescents
(£20 years old).

In conclusion, to the best of our knowledge, this
is the first report that describes ASCL2 expres-
sion in osteosarcoma and its associations with
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this tumor metastasis and prognosis. Our
results showed that ASCL2 expression is cor-
related with osteosarcoma outcome. This study
demonstrates that ASCL2 can serve as an inde-
pendent and significant prognostic factor of 0S
and MFS, especially when the patients are chil-
dren and young adolescents (<20 years old). It
also has been documented that overexpres-
sion of ASCL2 could promote migration and
invasion in osteosarcoma cells. Further studies
are needed for the underlying molecular mech-
anism that ASCL2 contributes to migration and
invasion of osteosarcoma cells. Our study high-
lights the potential role for ASCL2 as a promis-
ing therapy target for metastatic osteosarcoma
patients in the future.
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