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Objective: Abnormal expression of micro-ribonucleic acid (miRNA [miR])-128 has been
observed in various human cancer types, and its validated target genes are implicated in cancer-
related cellular processes, such as cell proliferation, differentiation, and apoptosis. Especially, it
has been demonstrated that miR-128 may play an important role in the proliferation of human
osteosarcoma cells in vitro by directly inhibiting PTEN, which functions as a tumor suppressor
in this malignancy. In the current study, we investigated the involvement of miR-128 and its
target gene PTEN in tumor progression and prognosis in patients with primary osteosarcoma.
Materials and methods: Expression levels of miR-128 and PTEN messenger RNA in osteo-
sarcoma and noncancerous bone tissues obtained from 100 patients with primary osteosarcoma
were detected by quantitative real-time polymerase chain reaction.

Results: Expression levels of miR-128 and PTEN messenger RNA in osteosarcoma tissues
were significantly higher and lower, respectively, than those in noncancerous bone tissues (both
P<0.001). In addition, high miR-128 expression and low PTEN expression, alone (miR-128-
high or PTEN-low) or combined (miR-128-high/PTEN-low), were all dramatically associated
with poor response to chemotherapy and positive metastasis. More importantly, the associations
of miR-128-high/PTEN-low expression with these clinicopathological parameters were more
significant than miR-128-high or PTEN-low alone. Finally, miR-128 expression, PTEN expres-
sion, miR-128/PTEN expression, the response to chemotherapy and the metastatic status were
all identified as independent prognostic factors for overall survival and disease-free survival.
Conclusion: These findings indicate for the first time that the deregulation of miR-128 and
its target gene PTEN may be involved in the aggressive progression of human osteosarcoma.
Notably, the upregulation of miR-128 cooperating with the downregulation of PTEN may confer
an unfavorable prognosis in patients with this malignancy.

Keywords: osteosarcoma, microRNA-128, phosphatase and tensin homolog, clinicopathological

parameter, prognosis

Introduction

As the most common type of primary bone tumor, osteosarcoma predominantly occurs
around regions with active bone growth and repair.! This malignant mesenchymal neo-
plasm mainly occurs in adolescents and young adults, and directly produces defective
osteoid.? Osteosarcoma has a highly malignant tendency to rapidly destroy the sur-
rounding tissues and to metastasize. Despite the considerable increase in the survival
rate of patients with osteosarcoma to 65%—75%, due to great advances in surgical
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technology and combined therapeutic strategies, the survival
of patients with pulmonary metastases and advanced clinical
stage remains poor.® Therefore, accumulating attempts have
been made to identify the prognostic factors for survival of
patients with osteosarcomas and to identify patients with a
high risk of developing recurrence or metastases from those
with a low risk.* Several clinicopathological characteristics,
such as tumor size, tumor grade, response to chemotherapy,
and status of metastasis, have been used as prognostic factors
for patients with osteosarcomas,’ but their sensitivities and
specificities are not satisfactory, implying that several genetic
or molecular events may be implicated in the tumorigenesis
of this malignancy.

Malignant transformation, in which cells change their
identities, has been demonstrated to be mediated by epi-
genetic mechanisms, including deoxyribonucleic acid
methylation, histone modifications, and micro-ribonucleic
acids (miRNAs).® As a class of small noncoding and endo-
genous regulatory RNA molecules usually 19-25 nucleotides
in length, miRNAs can regulate gene expression via specific
sites at the 3’-untranslated region of target messenger RNAs
(mRNAS), causing translational repression or degradation.’
To date, hundreds of miRNAs have been found both in
prokaryotes and eukaryotes. Among them, there are more
than 1,500 human miRNAs, each of which is predicted to
have the potential to target dozens of genes.® The partial
complementarity of the miRNA/mRNA duplex allows for
miRNAs to target multiple mRNAs of genes that may share
in the regulation of common cellular processes, such as
hematopoietic cell differentiation, neural development, cell
cycle, apoptosis, and metabolism.” An increasing number
of studies have demonstrated a crucial role for miRNAs
in tumorigenesis. They function as tumor suppressors or
oncogenes by regulating the expression of their target genes.
Since the distinct patterns of miRNA expression have been
observed in many cancers, several research groups have
utilized miRNA-expression profiles as diagnostic and prog-
nostic markers in various human malignancies, including
osteosarcoma.'®!!

miR-128, a brain-enriched miRNA, has been demon-
strated to have tissue-specific and development-specific
expression patterns, mainly in neurons.!? Its abnormal
expression has been detected not only in tissues but also in
the blood of some malignant tumors, implying its involve-
ment in tumorigenesis.'* Aberrant expression of miR-128
may contribute to the malignant phenotypes of cancer cells,
such as proliferation, cell motility, invasion, apoptosis,
and self-renewal. For example, miR-128 was significantly

upregulated in patients with acute lymphoblastic leukemia.'
A subsequent study supported that it had diagnostic value
in acute leukemia.’s Shen et al'® reported that miR-128
expression was significantly increased in osteosarcoma
tissues compared to adjacent normal tissues. Ectopic overex-
pression of miR-128 significantly promoted the proliferation
of osteosarcoma cells, while suppression of miR-128 by its
antisense inhibited the proliferation of osteosarcoma cells.
In contrast, a reduced level of miR-128 was first identified in
glioblastoma.'” It inhibits tumor-cell proliferation in glioma,
neuroblastoma, colorectal cancer, and prostate cancer by
cell-cycle arrest.!®*2° Reduced miR-128 in breast tumor-
initiating cells may induce chemotherapeutic resistance.?!
These findings suggest that this miRNA may function either
as an oncogene or a tumor suppressor, depending on differ-
ent cancer types.

Of note, it has been indicated that PTEN, which is a
well-established tumor suppressor, is a direct target of
miR-128 in osteosarcoma cells. miR-128/PTEN signaling
may be an important pathway regulating osteosarcoma-cell
proliferation.'e However, the clinical significance of the dereg-
ulation of the miR-128/PTEN axis in human osteosarcoma
has not been fully elucidated. To address this problem, the
aim of the present study was to determine the involvement of
miR-128 and its target gene PTEN in tumor progression and
prognosis in patients with primary osteosarcoma.

Materials and methods

Patients and tissue samples
One hundred patients with primary osteosarcoma who
received surgical treatment at the First Affiliated Hospital of
Xinjiang Medical University (Xinjiang Uygur Autonomous
Region, People’s Republic of China) and the People’s
Hospital of Xinjiang Uygur Autonomous Region between
2005 and 2009 were enrolled in the current study. One
hundred pairs of osteosarcoma-tissue samples and
corresponding noncancerous bone-tissue samples were
collected from the same patients with osteosarcomas. All
the samples were biopsy materials before any therapy, and
were frozen and stored at —80°C for RNA extraction. This
study was approved by the Research Ethics Committee of
the First Affiliated Hospital of Xinjiang Medical University
and the People’s Hospital of Xinjiang Uygur Autonomous
Region. Written informed consent was obtained from all
of the patients.

The patients ranged from 8 to 68 years of age
(median 18 years, mean 22.68 years). The study popu-
lation was 68 males and 32 females. After establishing
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the diagnosis, all patients were treated with the same
neoadjuvant chemotherapy consisting of methotrexate,
doxorubicin, cisplatin, and ifosfamide. All drugs were given
intravenously. Following neoadjuvant chemotherapy, the
patients underwent wide resection of tumors. Response
to chemotherapy was classified as poor (<90% tumor
necrosis) and good (>90% tumor necrosis) through
histologic analysis of tumor specimens after surgery.?> The
clinicopathologic data were retrospectively reviewed and
are summarized in Table 1.

All 100 patients with primary osteosarcomas received
follow-up and were monitored with computed tomography
performed every 3 months during the first 3 years after che-
motherapy, every 4 months during years 4 and 5, and every
6 months thereafter. The development of local recurrence
and distant metastasis were detected by computed tomo-
graphy scans or magnetic resonance imaging. The median
follow-up was 29.82 months (range 5.26—38.89 months).
For survival analysis, overall survival (OS) was defined as

the time interval from the date of diagnosis at our center
to the date of death or the last follow-up. Disease-free
survival (DFS) was defined as the time interval from
diagnosis at our center to progressive disease, death of
any other cause than progression, or a second primary
cancer. The 3-year OS was 75%, and the 3-year DFS was
58% for all patients.

RNA extraction

Total RNA and small RNA were extracted from fresh
osteosarcoma and corresponding noncancerous tissues
with an RNeasy minikit (Qiagen, Venlo, the Netherlands)
and a mirVana™ miRNA isolation kit (Thermo Fisher
Scientific, Waltham, MA, USA), respectively, according to
the manufacturer’s instructions. Concentration and purity
of the RNA samples were assessed using the NanoDrop®
1000 Spectrophotometer (Thermo Fisher Scientific). To esti-
mate concentration, 1 unit of OD, equals 40 pg/mL RNA.
For purity, the 260:280 ratio should be above 1.8.

Table | Association of micro-ribonucleic acid (miR)-128 and PTEN expression with clinicopathological features of pediatric

osteosarcoma

Clinicopathological Cases, miR-128- P PTEN-low, P miR-128-high/ P

features n (%) high, n (%) n (%) PTEN-low, n (%)

Age (years)
<I8 40 (40) 20 (50) NS 22 (55) NS 15 (37.50) NS
=18 60 (60) 32 (53.33) 34 (56.67) 25 (41.67)

Sex
Male 68 (68) 38 (55.88) NS 40 (58.82) NS 25 (36.76) NS
Female 32 (32) 14 (43.75) 16 (50) 15 (46.88)

Tumor site
Femur 55 (55) 28 (50.91) NS 28 (50.91) NS 20 (36.36) NS
Tibia 20 (20) 10 (50) 10 (50) 8 (40)
Humeral bone 15 (15) 8(53.33) 8 (53.33) 8 (53.33)
Other 10 (10) 6 (60) 6 (60) 4 (40)

Histologic type
Osteoblastic 55 (55) 28 (50.91) NS 28 (50.91) NS 20 (36.36) NS
Chondroblastic 20 (20) 10 (50) 10 (50) 8 (40)
Fibroblastic 15 (15) 8(53.33) 8 (53.33) 8 (53.33)
Telangiectatic 10 (10) 6 (60) 6 (60) 4 (40)

Tumor grade
Low 15 (15) 7 (46.67) NS 9 (60) NS 7 (46.67) NS
High 85 (85) 45 (52.94) 47 (55.29) 33 (38.82)

Metastasis
Absent 60 (60) 22 (36.67) <0.001 23 (38.33) <0.001 10 (16.67) <0.001
Present 40 (40) 30 (75) 33 (82.50) 30 (75)

Recurrence
Absent 70 (60) 37 (52.86) NS 38 (54.29) NS 25 (35.71) NS
Present 30 (40) 15 (50) 18 (60) 15 (50)

Response to preoperative chemotherapy
Good 50 (50) 20 (40) 0.01 20 (40) 0.01 10 (20) 0.006
Poor 50 (50) 32 (64) 36 (72) 30 (60)

Abbreviation: NS, not significant.
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Quantitative real-time reverse-
transcriptase polymerase chain

reaction for miR-128

Reverse transcription was performed using the TagMan®
miRNA reverse-transcription kit (Thermo Fisher Scientific)
according to the manufacturer’s instructions. RNU6 (Thermo
Fisher Scientific) was used as the endogenous control for the
expression of miR-128. Real-time PCR (RT-PCR) reactions
for miRNAs were performed in triplicate in 20 UL volumes.
The sequences of the primers were as follows: miR-128
forward, 5-CGC GCT CAC AGT GAA CCG-3’; reverse,
5-GTG CAG GGT CCG AGG T-3%; U6 forward 5’-GCG
CGT CGT GAA GCG TTC-3’ and reverse 5-GTG CAG
GGT CCG AGG T-3’. Quantitative miRNA-expression
data were acquired and analyzed using a 7500 RT-PCR
system (Thermo Fisher Scientific). The quantitative RT-PCR
(qRT-PCR) assays for a particular gene were undertaken at
the same time for all samples under identical conditions, in
triplicate. Relative expression levels of miR-128 were calcu-
lated using the 2744 relative quantification method.*

gqRT-PCR for PTEN

Reverse transcription was performed using a ReverTra
Ace® gRT kit (Toyobo, Osaka, Japan) according to the
manufacturer’s instructions. Expression level of PTEN mRNA
was quantitatively assayed by RT-PCR using TagMan gene-
expression assays. The B-actin was used as the endogenous
control. The sequences of the primers were as follows: human
PTEN forward 5’-CCG AAA GGTTTT GCT ACCATT CT-3’
and reverse 5-AAA ATTA TTT CCT TTC TGA GCA TTC
C-3’; human B-actin forward 5'-CCT GTA CGC CAA CAC
AGT GC-3’ and reverse 5"-ATA CTC CTG CTT GCT GAT
CC-3’. Quantitative mRNA-expression data were acquired
and analyzed by an the 7500 RT-PCR system. The qRT-PCR
assays for a particular gene were undertaken at the same time
for all samples under identical conditions, in triplicate. Rela-
tive expression levels of PTEN mRNA were calculated using
the 2724 relative quantification method.

Statistical analysis

The SPSS statistical package (version 17.0; SPSS, Chicago,
IL, USA) was used for statistical analysis. Continuous
variables were expressed as means * standard deviation. The
paired z-test was used to evaluate differences of miR-128- or
PTEN-expression levels in osteosarcoma and correspond-
ing noncancerous bone tissues. Clinicopathological para-
meters according to miR-128 and PTEN expression, alone
(miR-128-high or PTEN-low) or combined (miR-128-high/
PTEN-low), were compared by y* tests. The Kaplan—-Meier

test was used to determine the probability of survival, and
data were analyzed by the log-rank test. Differences were
considered statistically significant when P<<0.05.

Results

Upregulation of miR-128

and downregulation of PTEN

mRNA in human osteosarcoma tissues

As shown in Figure 1, the expression levels of miR-128
(tumor versus normal, 4.61+£0.87 versus 2.59+0.67; P<<0.001)
and PTEN mRNA (tumor versus normal, 2.99+1.29 versus
4.83+1.607; P<<0.001) were respectively higher and lower in
osteosarcoma tissues than those in noncancerous bone tissues
significantly. In addition, the median values of miR-128 (4.56)
and PTEN mRNA (3.10) expression levels in all osteosarcoma
tissues were used as cutoff points to classify 100 patients
with osteosarcomas into miR-128-low (n=48), miR-128-high
(n=52), PTEN-low (n=56), and PTEN-high (n=44) expression
groups. On this basis, 16 (16%) cases showed low expression
of both miR-128 and PTEN, 12 (12.00%) cases showed high
expression of both miR-128 and PTEN, 40 (40%) cases showed
miR-128-high and PTEN-low expression, and 32 (32%) cases
showed miR-128-low and PTEN-high expression. Notably, the
downregulation of miR-128 was negatively correlated with the
upregulation of PTEN mRNA in osteosarcoma tissues (Spear-
man’s correlation, 7=—0.62; P=0.01; Figure 1C).

miR-128 upregulation and PTEN
downregulation, alone or combined,

are associated with aggressive
clinicopathological features

of human osteosarcoma

As shown in Table 1, high miR-128 expression and low PTEN
expression, alone (miR-128-high or PTEN-low) or combined
(miR-128-high/PTEN-low), were all dramatically associated
with poor response to chemotherapy (P=0.01,0.01, and 0.006,
respectively) and positive metastasis (all P<<0.001). More
importantly, the associations of miR-128-high/PTEN-low
expression with these clinicopathological parameters were
more significant than miR-128-high or PTEN-low alone.

miR-128 upregulation and PTEN
downregulation, alone or combined,
confer poor prognosis in human

osteosarcoma

Using the Kaplan—Meier method and log-rank test, both the
OS and DFS of osteosarcoma patients with high miR-128
expression (Figure 2A and D, respectively; both £<<0.001)
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Figure | Expression levels of micro-ribonucleic acid (miRNA [miR])-128 (A) and
PTEN messenger RNA (mRNA) (B) in 100 pairs of osteosarcoma and corresponding
noncancerous bone tissues detected by quantitative real-time polymerase chain-
reaction assay.

Note: The results showed that the expression levels of miR-128 and PTEN
mRNA were respectively higher and lower in osteosarcoma tissues than those in
noncancerous bone tissues (both P<<0.001). (C) The upregulation of miR-128 was
negatively correlated with the downregulation of PTEN mRNA in osteosarcoma
tissues (Spearman’s correlation, r=—0.62; P=0.01).

and low PTEN expression (Figure 2B and E, respectively;
both P<<0.001) were significantly shorter than those with low
miR-128 expression and high PTEN expression. With regard to
the combined expression of miR-128 and PTEN, the osteosar-
coma patients with miR-128-high/PTEN-low expression had
the shortest OS (P<<0.001, Figure 2C) and DFS (P<<0.001,

Figure 2F) when compared with patients in the other three
groups. The survival benefits were also found in those with
low tumor grade (both P=0.02), better response to preoperative
chemotherapy (both P<<0.001), and without metastasis (both
P=0.01) and recurrence (P=0.02) for OS and DFS.

A Cox proportional-hazard model confirmed that miR-
128 expression (OS, relative risk [RR] 7.88, 95% confidence
interval [CI] 1.10-16.49, P=0.008; DFS, RR 8.36, 95% CI
1.10-18.29, P=0.006), PTEN expression (OS, RR 7.22,95%
CI 1.06-15.39, P=0.01; DFS, RR 8.12, 95% CI 1.10-17.93,
P=0.006), miR-128/PTEN expression (OS, RR 16.32, 95%
CI 1.86-35.18, P<<0.001; DFS, RR 18.99, 95% CI 1.97—
39.76, P<<0.001), response to preoperative chemotherapy
(OS, RR 7.28, 95% CI 1.08-15.11, P=0.01; DFS, RR 8.25,
95% CI1.11-17.99, P=0.006), and metastasis status (OS, RR
6.44, 95% CI 0.96-13.62, P=0.02; DFS, RR 6.92, 95% CI
1.00-14.06, P=0.01) were independent prognostic factors of
unfavorable survival in human osteosarcoma (Table 2).

Discussion
Accumulating evidence has suggested that miRNAs may play
crucial roles in the tumor progression and prognosis in human
primary osteosarcoma via regulating the expression of their
direct target genes. In the current study, there were four main
findings according to our data. Firstly, miR-128 and its direct
target gene PTEN were respectively upregulated and down-
regulated in osteosarcoma tissues compared with noncancer-
ous bone tissues, suggesting that the aberrant expression of
the two markers may be involved in the tumorigenesis of
human osteosarcoma. Second, high miR-128 expression, low
PTEN expression, and miR-128-high/PTEN-low combined
expression were all significantly associated with the aggres-
sive clinicopathological characteristics of osteosarcomas,
including the presence of tumor metastasis and poor response
to chemotherapy, suggesting that the dysregulation of the miR-
128/PTEN axis may be implicated in the tumor progression
of human osteosarcoma. Third, the associations of miR-128-
high/PTEN-low combined expression with these clinicopatho-
logical parameters were more significant than miR-128-high
or PTEN-low expression alone. Finally, both the univariate
and multivariate analyses showed that high miR-128 expres-
sion, low PTEN expression, and miR-128-high/PTEN-low
combined expression were all independent prognostic factors
for patients with osteosarcomas, suggesting that dysregulation
of the miR-128/PTEN axis may predict decreased survival
and a greater probability of disease progression.

As a kind of intronic miRNA, miR-128 is encoded by
two distinct genes — miR-128-1 and miR-128-2 — which
are embedded in the introns of the R3IHDMI and RCS
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Figure 2 (A-F) Kaplan-Meier survival curves for osteosarcoma patients with micro-ribonucleic acid (miR)-128 expression and PTEN expression, alone (miR-128-high/low

or PTEN-low/high) or combined (miR-128-high/PTEN-low).
Note: (A-C) Overall survival; (D-F) disease-free survival.

genes, located on human chromosomes 2q21.3 and 3p22.3,
respectively.”* Both miR-128-1 and miR-128-2 are pro-
cessed to generate the same mature miRNAs with identical
sequences — miR-128 — the aberrant expression of which has
been observed in many kinds of malignant tumors, includ-
ing acute lymphoblastic leukemia, acute myeloid leukemia,
glioma, osteosarcoma, breast cancer, lung cancer, gastric
cancer, pancreatic cancer, colon cancer, prostate cancer, and
ovarian cancer.'*?! Tt has been demonstrated that miR-128
can regulate the proliferation, differentiation, and apoptosis
of various tumor cells via targeting several genes. Shi et al'®
reported that miR-128 may inhibit the tumor growth and
angiogenesis of gliomas by targeting p70S6K 1. Takahashi
et al”® found that miR-128 could inhibit colorectal cancer-
cell proliferation by suppressing the expression of NEK2.

Zhu et al® indicated that the reduction in miR-128 leading to
Bmi-1 and ABCCS5 overexpression may be a stem cell-like
feature of breast tumor-initiating cells, contributing to che-
motherapeutic resistance in breast cancers. Godlewski et al*!
showed that miR-128 expression could significantly reduce
glioma-cell proliferation in vitro and glioma-xenograft
growth in vivo by decreasing the expression of the oncogene
Bmi-1. Shen et al'® also found that miR-128 expression was
significantly increased in osteosarcoma tissues compared
to adjacent normal tissues, and ectopic overexpression of
miR-128 could promote the proliferation of osteosarcoma
cell lines, while suppression of miR-128 by its antisense
could inhibit the proliferation of osteosarcoma cell lines,
consistent with which, our data further showed the signifi-
cant association of miR-128 upregulation in osteosarcoma

Table 2 Multivariate survival analysis of overall survival (OS) and disease-free survival (DFS) in 100 patients with osteosarcoma

Variables os DFs

RR 95% ClI P RR 95% ClI P
miR- 128 expression 7.88 1.10-16.49 0.008 8.36 1.10-18.29 0.006
PTEN expression 722 1.06—15.39 0.0l 8.12 1.10-17.93 0.006
miR-128/PTEN expression 16.32 1.86-35.18 <0.001 18.99 1.97-39.76 <0.001
Tumor grade 242 0.61-5.16 NS 3.37 0.70-7.38 NS
Response to preoperative chemotherapy 7.28 1.08-15.11 0.01 8.25 1.11-17.99 0.006
Metastasis status 6.44 0.96-13.62 0.02 6.92 1.00-14.06 0.0l
Recurrence status 3.26 0.68-7.02 NS 3.59 0.71-7.83 NS

Abbreviations: miR, micro-ribonucleic acid; RR, relative risk; Cl, confidence interval; NS, not significant.
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tissues with the presence of tumor metastasis, poor response
to chemotherapy, and shorter survival after surgery.

As a well established tumor-suppressor gene, PTEN is
one the most frequently mutated genes in various human
cancers.” It acts as a lipid phosphatase, dephosphorylating
the 3’ position of phosphoinositide 3,4,5-triphosphate (PIP3),
which is the product of a potent proto-oncogenic kinase —
phosphoinositide 3-kinase (PI3K) — and the trigger for acti-
vation of the PI3K pathway. The relevance of this pathway
in cancer has been highlighted by the elevated number of
components within the cascades, such as the activation of
AKT kinases, which play crucial roles in cell survival, cell
proliferation, angiogenesis, and anabolic metabolism, and
represent one of the main targets for cancer therapy.”® In
osteosarcomas, Gao et al*’ and Shen et al'® both observed
the downregulation of PTEN expression in osteosarcoma
tissues and cell lines, which was in line with our findings.
In these previous studies, PTEN functions as a direct target
for miR-17 and miR-128, respectively. They found that the
inhibition of PTEN expression by miR-17 and miR-128
could suppress tumor-cell proliferation, tumor growth, and
metastasis in osteosarcoma cell lines. In addition to these
findings of in vitro systems, our study based on clinical
materials determined that the downregulation of PTEN may
be significantly associated with aggressive tumor progression
and poor prognosis in patients with primary osteosarcoma.
More strikingly, we found that deregulation of the miR-128/
PTEN axis was more significantly correlated with advanced
clinical parameters of patients with osteosarcoma, and we
also determined the value of miR-128/PTEN axis in judging
unfavorable prognosis in patients with osteosarcomas.

In conclusion, these findings indicate for the first time
that the deregulation of miR-128 and its target gene PTEN
may be involved in the aggressive progression of human
osteosarcoma. Notably, the upregulation of miR-128 coop-
erating with the downregulation of PTEN may confer an
unfavorable prognosis in patients with this malignancy.
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