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Background: Osteosarcoma is a major bone malignancy in children and young adults, and it is highly heterogeneous. The
clinical outcome of osteosarcoma is individual-dependent due to different genetic and pathological profiles.
Although chemotherapy in combination with surgery has significantly improved the survival of localized dis-
ease, the prognostic improvement for metastatic patients is less marked. ECT2 (epithelial cell transforming se-
quence 2) is a transforming protein that can interact with Rho-like proteins of the Ras family and has been
proven as an ontogenetic protein in cancer cell lines. We studied the clinical significance of ECT2 in osteosar-
coma and explored its underlying oncogenic mechanisms.

Material/Methods: The protein expression pattern of ECT2 in osteosarcoma was investigated by immunohistochemical staining,
and its association with clinicopathological characteristics was initially explored. The significance of ECT2 in
predicting patient prognosis was verified by univariate and multivariate analyzes. Cellular experiments were
conducted to explore underlying mechanisms of ECT2 in regulating osteosarcoma progression.

Results: High ECT2 expression was correlated with tumor metastasis and poor overall survival of osteosarcoma patients.
ECT2 promotes cell invasion by modulating EMT process.
Conclusions: ECT2 is an independent prognostic factor for osteosarcoma and it can upregulate the metastatic capacity of
osteosarcoma cells.
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Background

Osteosarcoma is a primary bone tumor that mostly affects chil-
dren, adolescents, and young adults. It has been reported to
be the third most common cancer in this age group, only be-
hind lymphomas and brain tumors. The predilection site of os-
teosarcoma is the metaphysis of long bones such as the dis-
tal femur (43%), proximal tibia (23%), and proximal humerus
(10%) [1-3]. Multimodal chemotherapy was introduced in the
1970s, and has since achieved dramatic prolonged survival
for patients with localized disease, especially those respond-
ing well to the chemotherapy agents. However, osteosarco-
ma is generally aggressive and tends to occur as early distant
metastasis [4]. Up to 20% of osteosarcoma patients present
with imagological evidence of metastases at the time of diag-
nosis, with lung as the most prevalent metastatic location [5].
In addition, the risk of relapse after initial treatment of local-
ized patients is approximately 30-40% within the first three
years [6], and 90% of cases are lung metastases [7]. The five-
year overall survival for those recurrent osteosarcoma patients
is 23-29% [8]. Thus, efforts are needed to further improve clin-
ical outcomes of osteosarcoma patients, including the need
for studies on metastatic mechanisms, prognostic biomark-
ers, and novel chemotherapy or immunotherapy development.

Ect2 was firstly isolated from epithelial cells and identified as
an oncogene due to its potency in inducing tumor formation
in nude mice [9]. Later, it was revealed that ECT2 protein can
interact with the Rho family proteins, including RhoA, RhoC,
and Racl [10]. It functions as a guanine nucleotide exchange
factor (GEF), which can be induced by growth factors and reg-
ulate cytokinesis [11]. The dysregulation and mislocalization of
ECT2 can not only lead to malignant transformation [12], the
phosphorylation status can also regulate oncogenetic pathways
by modifying its structural conformation [13,14]. Moreover, in
the past 10 year, the prognostic role of ECT2 in several can-
cer types has been reported, including glioma [15], lung can-
cer [16], oral cancer [17], hepatocellular carcinoma [18], ovar-
ian cancer [19], as well as digestive cancers [20-22]. Even the
involvement of ECT2 in the microRNA-233 signaling pathway
has been reported in osteosarcoma cell lines [23,24], the ECT2
protein expression profiles and its significance in clinical prac-
tices of osteosarcoma still need further illustration.

In the current study, we initially investigated the protein expres-
sion and subcellular location of ECT2 in clinical osteosarcoma
tissues. Then subsequently, the associations between ECT2 ex-
pression level and patient pathological features were analyzed.
Kaplan-Meier univariate analysis and Cox multivariate analy-
sis demonstrated that the high expression of ECT2 was corre-
lated with unfavorable overall prognosis. Interestingly, cellu-
lar studies revealed that ECT2 overexpression has little effect
on the proliferation of osteosarcoma cells, but can enhance

Chen Z. et al.:
ECT2 and prognosis of osteosarcoma
© Med Sci Monit, 2017; 23: 3861-3868

the metastatic ability through upregulating epithelial-mesen-
chymal transition (EMT) process.

Material and Methods

Patients

A total of 49 patients diagnosed with osteoblastic osteosar-
coma between June 2006 and June 2012 from Linyi People’s
Hospital were enrolled in this study. All the patients underwent
primary tumor resection and the final diagnosis was confirmed
by routine pathology. We retrieved patient clinicopathological
characteristics including age, sex, tumor location, histological
grade, metastasis, and pathological response to chemothera-
peutic agents. Written informed consent was obtained from all
patients or their immediate family members. This study was
approved by the Research Ethics Committee of Linyi People’s
Hospital (Shandong, China).

Immunohistochemistry (IHC) and IHC evaluation

Biopsied osteosarcoma tissues before chemotherapy treatment
were collected and embedded in paraffin. The detailed pro-
cedures for IHC staining have been described previously [25].
Briefly, tissue slides were treated as followed: de-waxed, re-
hydrated, antigen retrieval, goat serum blocking, primary an-
tibody incubation (ECT2, Cat. #ab151503, Abcam, Cambridge,
UK), secondary antibody incubation, and immunostaining using
the DAB kit (Cat. #PW017, Sangon Biotech, Shanghai, China).
Nonimmune serum was used as negative control.

The expression level of ECT2 protein was semi-quantified from
the immunostaining results by two independent pathologists.
The percentage of positive stained cells was calculated and
scored as 0 (0-5% positive), 1 (5-25% positive), 2 (26-50%
positive) and 3 (51-100% positive). The staining intensity was
also scored as 0 (negative), 1 (weak, pale yellow), 2 (moder-
ate, dark yellow), and 3 (strong, brown). The final immunore-
activity score (IRS) was calculated by multiplying the percent-
age and intensity scores (ranging from 0-9). To explore the
role of ECT2 in osteosarcoma, patients were classified into two
groups based on the IRS: low expression (IRS 0-4) and high
expression (IRS 5-9).

Cell culture and transfection

Soas-2 cell line was selected due to its osteoblastic pheno-
type [26]. The cells were purchased from ATCC (American Type
Culture Collection, Hongkong, China) and cultured in Dulbecco’s
Modified Eagle Medium (DMEM) supplemented with 10% FBS,
penicillin, and streptomycin at 37°C in 5% CO,.
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Ect2 cDNA plasmid in pCMV3 vector was purchased from
Abclonal Biotechnology (Cat. #HG18461-UT, MA, USA). The siR-
NAs were obtained from Santa Cruz Biotechnology (CA, USA)
with the following sequences:

ECT2-siRNA: 5’-GAUAAAGGAUGAUCUUGAA-3’;
Scramble-siRNA: 5’-UUCUCCGAACGUGUCACGU-3'.

Both the overexpression and siRNA transfection were per-
formed using Lipofectamine®2000 reagent (Cat. #11668019,
ThermoFisher Scientific, PA, USA) as described previously [27].

Western blot

Cells were homogenized using NP-40 lysis buffer (Cat. #P0013F,
Beyotime Biotechnology, Shanghai, China) after treatment.
Total protein was extracted and quantified using Pierce BCA
protein detection kit (ThermoFisher Scientific, PA, USA). Equal
amounts of protein were loaded onto the SDS-PAGE gel, fol-
lowed by transfer onto the PVDF membranes (Millipore Corp.,
Bedford, MA, USA). Blotting membranes were blocked for one
hour using 0.5% BSA, and then incubated overnight with pri-
mary antibodies (ECT2, #ab151503, Abcam; N-cadherin, #sc-
7939, Santa Cruz Biotechnology; E-cadherin, #sc-71009, Santa
Cruz Biotechnology; Ki67, #sc-7846, Santa Cruz Biotechnology;
p53, #10442-1-AP, ProteinTech; B-actin, #sc-47778, Santa
Cruz Biotechnology. All 1: 1,000 dilutions) at 4 °C. The PVDF
membranes were incubated for another 45 minutes at 25 °C
with secondary antibodies and immunoreactivities were fi-
nally identified by quantifying the exposure intensity on films
under ECL (Cat. #P0018, Beyotime Biotechnology, Shanghai,
China) treatment.

MTT assay

Transfected cells were seeded into 96-well plates in triplicate
at a density of 5,000 cells/well. After 24 hours, 48 hours, and
72 hours of cell culture, 20 pL of MTT (5 mg/mL) reagent was
added to each well and incubated for another four hours at
37°C, then the medium was removed and 150 yL DMSO/well
was added. The absorbance was measured at 490 nm on a mi-
croplate reader according to the manufacturer’s instructions.

Matrigel-Transwell assay

The invasion capacity of osteosarcoma cells was tested by
Transwell assay. A total of 4x10° transfected cells were seeded
into the upper side of a Matrigel-coated Transwell chamber (BD
Biosciences, CA, USA). After cultured for another 12 hours, the
membrane was fixed with 4% paraformaldehyde, stained with
0.05% crystal violet, and the invaded cells on the lower sur-
face of the membrane were counted under a light microscope.
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Statistics

The overall survival time was defined as the survival months
from the date of tumor resection to June 2014 or the date of
death. Survival curves were profiled with the Kaplan-Meier
method using GraphPad Prism 6.01 software. The correlations
between ECT2 expression and the clinicopathological param-
eters of osteosarcoma patients were evaluated by chi-square
test. Univariate and multivariate analyzes were performed to
figure out independent prognostic factors. All the data was
tested by Student t-test, and p<0.05 was considered as sta-
tistically significant.

Results

Patient characteristics

For the 49 enrolled patients with osteoblastic osteosarcoma,
18 cases (36.7%) were female and 31 cases (63.3%) were male.
The primary tumor location included tibia (15 cases, 30.6%),
femur (20 cases, 40.8%), humeral (10 cases, 20.4%), and oth-
er locations (4 cases, 8.2%). Twenty-six patients (53.1%) were
classified as high histological grade according to the Enneking
staging system [28]. Twenty-eight patients (57.1%) presented
with tumor metastasis at the time of diagnosis (25 cases with
lung metastases and three cases with bone metastases). The
patients’ responses to chemotherapy were evaluated accord-
ing to the Huvos grading system, poor chemotherapy response
showed <90% tumor necrosis while good chemotherapy re-
sponse suggested >90% necrosis in the resected tumors. In
our cohort, 30 cases (61.2%) were identified as good chemo-
therapy response, while the other 19 cases (38.8%) were poor
response. Detailed patient information is shown in Table 1.

Expression of ECT2 in osteosarcoma tissues and its
correlation with clinicopathological parameters

ECT2 protein was located in both the cytoplasm and nucleus
of osteosarcoma cells, and patients showed distinct expres-
sion level of ECT2 (Figure 1A, 1B). According to the immuno-
reactivity of ECT2, 23 cases (46.9%) were classified as low ex-
pression and the other 26 cases (53.1%) as high expression.
Chi-square test was performed to explore the associations
between ECT2 protein level and patient characteristics, which
demonstrated that high ECT2 expression was correlated with
tumor metastasis (p=0.026, Table 1). This result indicates that
ECT2 may function as an oncogenetic protein in the progres-
sion of osteosarcoma.
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Table 1. Association of ECT2 expression with clinicopathological characteristics of osteosarcoma patients.

Variables

ECT2 protein level

Age (years)

>18ys 28 12 16
Female 18 8 10

SEX oo 0.790
Male 31 15 16
Tibia 15 8 7
Femur 20 10 10

Location oo 0.212
Humeral 10 2 8
Others 4 3 1
Low 23 11 12

Tumor grade oo 0.907
High 26 12 14
Negative 28 17 11

Metastasis oo 0.026*
Positive 21 6 15
Good 30 15 15

Chemotherapy reSpONSE oo 0.590
Poor 19 8 11

ECT2 - epithelial cell transforming sequence 2.

High expression of ECT2 indicates poor overall survival of
osteosarcoma patients

We further investigated whether ECT2 protein level was help-
ful in predicting prognosis of osteosarcoma. Kaplan-Meier
analysis showed that the overall survival of patients with high
ECT2 protein levels was poorer than those with low ECT2 levels
(40.6+3.7 versus 55.4+3.5 months, p=0.005; Table 2, Figure 1C).
Tumor metastasis (p=0.001, Figure 1D) and poor chemother-
apy response (p=0.008, Figure 1E) also indicated unfavorable
clinical outcomes.

To better elucidate the prognostic role of ECT2, we next en-
rolled the parameters that were statistical significant into Cox
hazard regression study, including metastasis, chemothera-
py response, and ECT2 protein level. The multivariate analy-
sis demonstrated that ECT2 protein expression level can act
as an independent prognostic factor for the overall surviv-
al (p=0.037, Table 3). Other independent risk factors includ-
ed positive metastasis (p=0.018) and poor chemotherapy re-
sponse (p=0.005).

ECT2 promotes cell invasion by modulating EMT process
Since our clinical results implied a correlation between ECT2

expression and tumor metastasis, we next performed cellu-
lar studies to explore the underlying mechanisms. We did not

find any significantly proliferative effect on ECT2 overexpres-
sion or siRNA knock-down (Figure 2A). Interestingly, the inva-
sive capacity of Soas-2 cells was remarkably enhanced after
ECT2 overexpression, whereas ECT2-siRNA inhibited the inva-
sive process (Figure 2B).

Furthermore, Western blot results showed that ECT2 may not
alter the proliferation and apoptosis of tumor cells, as reflect-
ed by Ki67 and p53 biomarkers, respectively. However, the pro-
tein level of N-cadherin was upregulated while E-cadherin was
downregulated in ECT2-overexpression cells, whereas ECT2-
siRNA showed opposite effects. Therefore, ECT2 protein may
promote the EMT process in osteosarcoma cells, which sub-
sequently enhances tumor metastasis.

Discussion

As one of the most common tumor types affecting adolescents
and young adults, osteosarcoma has been postulated to be
associated with rapid bone growth [29]. The five-year overall
survival rate for localized osteosarcoma has been improved to
about 65-70% after the combination of chemotherapy with
surgical resection [30,31]. However, the high metastasis and
relapse risk lead to an unsatisfactory clinical outcome. More
and more studies are now focusing on studying the metastat-
ic mechanisms and identifying novel prognostic biomarkers;

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS] [Index Copernicus]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

3864




Chen Z. et al.:

ECT2 and prognosis of osteosarcoma C LI N I CA I_ R E S E A RC H

© Med Sci Monit, 2017; 23: 3861-3868

C D
Overall survival according to ECT2 protein level Overall survival according to metastasis
100 100
P=0.005* P=0.001*
80 - 801 i
. . |
2 £ .
. L .
% 60 Y Low (n=23) % 60 e Negative (n=28)
g L 5 l—-
g 404 1, 5 407 -
S L,
20 High (n=26) o 20 Positive (n=21) :
0 I 1 1 1 0 1 1 T 1
0 20 40 60 80 0 20 40 60 80
Survival (months) Survival (months)
E Overall survival according to chemotherapy response
100 1
P=0.008*
80 -

E 601 Poor (n=19)

£

5 40 !

o -

20 Good (n=30) 'i
0 T T T 1

0 20 40 60 80
Survival (months)

Figure 1. Expression and prognostic role of ECT2 in osteosarcoma. (A) Representative high expression of ECT2 in osteosarcoma tissues
by IHC. (B) Representative low expression of ECT2 in osteosarcoma tissues by IHC. (C) High protein expression of ECT2
indicates poor prognosis of osteosarcoma (p=0.005). (D) Positive tumor metastasis is correlated with unfavorable overall
survival of osteosarcoma (p=0.001). (E) Patients with poor chemotherapy response show poorer clinical outcomes (p=0.008).
The survival curves were profiled by Kaplan-Meier method and tested by Student t test. * p<0.05 indicates statistical
significance. Magnification (400x).
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Table 2. Kaplan-Meier survival analysis of osteosarcoma patients.

0S time (months)

3-year OS

%) P value

Variables

Age (years)

>18ys 48.6+3.5 48.0 77.6%
Female 51.7+4.6 60.0 69.3%
=) 0.561
Male 45.5+3.5 44.0 69.5%
Tibia 48.4+5.4 48.0 65.0%
Femur 51.8+3.2 51.0 88.2%
Location oo 0.577

ECT2 protein level =~ oo 0.005*
High 40.6+3.7 41.0 54.6%
0S - overall survival; ECT2 — epithelial cell transforming sequence 2; S.D — standard deviation.
Table 3. Cox hazard regression analysis of osteosarcoma patients.
Variables HR 95% Cl P value
Negative Reference
Metastasis
Positive 2.50 1.17-5.35 0.018*
Good Reference
Chemotherapy response oo
Poor 3.55 1.46-8.64 0.005*
Low Reference
ECT2 protein [eVel o
High 2.26 1.05-4.88 0.037*

ECT2 - epithelial cell transforming sequence 2; HR — hazard ration; Cl — confidence interval.

Moreover, we performed in vitro studies to better investigate
the role of ECT2 in osteosarcoma cells. The cellular results indi-
cated that ECT2 enhanced the invasive capacity of tumor cells,
whereas no significant effect on cell proliferation was found.
Taking into consideration that EMT is one of the most impor-
tant mechanisms in regulating tumor metastasis, we next test-
ed the changes of EMT markers on ECT2 overexpression and
knock-down. Immunoblots showed that ECT2 did indeed up-
regulate the expression of EMT proteins, although it showed
little effect on cell proliferation markers.

simultaneously, preclinical and clinical trials are underway to
test the efficiency of novel chemotherapy agents.

In this study, we explored the protein expression of ECT2 in clin-
ical osteosarcoma tissues, which verified the correlations be-
tween ECT2 and tumor metastasis. Univariate and multivariate
analyzes further identified ECT2 as an independent risk factor
for the overall survival of osteosarcoma patients. Our clinical
results not only expanded the current knowledge about the on-
cogenetic role of ECT2 in tumors, but also provided evidence for
its potential application in predicting patient clinical outcomes.
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Figure 2. ECT2 promotes the invasion of osteosarcoma cells by upregulating EMT process. (A) ECT2 had little effect on the proliferation
of osteosarcoma cells according to MTT assay. (B) Matrigel-Transwell assay revealed that ECT2 overexpression enhanced cell
invasion, whereas ECT2-siRNA inhibited cell invasion. (C) Western blot results showed that ECT2 overexpression elevated the
protein level of N-cadherin and downregulated the E-cadherin level. All the experiments were performed for at least three
times, independently. The graphs’ lines showed the standard deviation. * indicated p<0.05 by Student t-test compared with

control group.

Conclusions

Our study revealed that high protein expression of ECT2 in
osteosarcoma tissues indicated poor clinical outcomes, and
ECT2 promoted tumor metastasis through regulating the
EMT process.
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