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Purpose: Microribonucleic acid (miRNA)-145 (miR-145) has been identified as a tumor sup-
pressor in several types of human cancers. Especially, miR-145 expression has been found to be
significantly decreased in osteosarcoma tissues, and enforced expression of this miRNA could
inhibit invasion and angiopoiesis of osteosarcoma cells. However, its clinical significance in
osteosarcoma is still unclear. Therefore, the aim of this study was to analyze the association
of miR-145 expression with clinicopathologic features and prognosis in patients suffering
osteosarcoma.

Methods: miR-145 expression was detected by quantitative real-time reverse transcriptase
polymerase chain reaction analysis using 166 pairs of osteosarcoma and noncancerous bone
tissues. Then, the associations of miR-145 expression with clinicopathological factors or survival
of patients suffering osteosarcoma were determined.

Results: The expression levels of miR-145 in osteosarcoma tissues were significantly lower
than those in corresponding noncancerous bone tissues (P < 0.0001). In addition, miR-145
downregulation more frequently occurred in osteosarcoma specimens with advanced clinical
stage (P = 0.003) and positive distant metastasis (P = 0.008). Moreover, the univariate analy-
sis demonstrated that osteosarcoma patients with low miR-145 expression had poorer overall
(P=0.003) and disease-free survival (P < 0.001). Furthermore, the multivariate analysis identi-
fied low miR-145 expression as an independent prognostic factor for both overall (P = 0.01)
and disease-free survival (P = 0.008).

Conclusion: For the first time, the current data offer convincing evidence that the down-
regulation of miR-145 may be associated with tumor aggressiveness and tumor metastasis of
osteosarcoma, and that this miRNA may be an independent prognostic marker for osteosarcoma
patients.
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Introduction

Osteosarcoma is the most common primary malignancy, mainly arising from the meta-
physis of the long bones of adolescents and young adults.! However, it is a relatively
uncommon cancer with an incidence of four to five cases per million (approximately
900 newly diagnosed cases per year in the US).? Despite current treatments combin-
ing chemotherapy, surgery, and sometimes radiotherapy, patients with recurrent or
metastatic osteosarcomas still have very poor prognosis with 50%—60% of the 5-year
survival rate.> Although recent developments in molecular biology have provided
insight into the molecular pathogenesis of osteosarcoma, the fundamental molecular
mechanisms underlying the histological heterogeneity, drug resistance, and develop-
ment of metastasis in this sarcoma have not been fully elucidated. Therefore, the
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identification of novel molecules as effective drug targets
to develop novel alternative therapeutic strategies is very
important for improving clinical outcome of patients suf-
fering osteosarcoma.

Microribonucleic acids (miRNAs) are small noncoding
RNAs with 18-25 nucleotides in length.* miRNAs can regulate
gene expression through repressing translation and cleaving
miRNA by base pairing to the 3" untranslated region of the tar-
get genes. It has been demonstrated that miRNAs play impor-
tant roles in developmental biology, cellular differentiation
programs, and oncogenesis.® In particular, they regulate various
cellular processes of tumor cells, including differentiation,
progression, apoptosis, and proliferation. miRNAs function as
tumor suppressors or oncogenes according to the roles of their
target genes. Although recent genome-wide screening using
miRNA expression profiles has identified specific miRNA
expression patterns which are associated with the biological
and clinical properties of cancers,®® there have been a limited
number of studies on the role of miRNAs in osteosarcoma.
Here, the focus is on miR-145 because it has been identified as
a tumor-suppressive miRNA that is downregulated in several
cancer types, including glioma, lung cancer, gastric cancer,
colon cancer, prostate cancer, bladder cancer, breast cancer, and
ovarian cancer.” '’ It can suppress cell growth and invasion by
targeting a number of important genes such as 7P53, c-Myzc,
MDM?2, IRS-1, JAM-A, MUC1, and FSCN1.°""" Interestingly,
Fan et al found that miR-145 expression was significantly
decreased in osteosarcoma tissues, and enforced expression
of this miRNA could inhibit invasion and angiopoiesis of
osteosarcoma cell line.'* However, the roles of miR-145 in the
progression of osteosarcoma and its underlying potential to
predict clinical outcome of patients with this sarcoma remain
elusive. The aim of this study was to analyze the association
of miR-145 expression with clinicopathologic features and
prognosis in patients suffering osteosarcoma.

Materials and methods

Patients and tissue samples
This study was approved by the Research Ethics Committee
of Shanghai Sixth People’s Hospital (Shanghai, People’s
Republic of China), Zhujiang Hospital (Guangzhou, People’s
Republic of China), and Xuhui Central Hospital (Shanghai,
People’s Republic of China). Written informed consent
was obtained from all of the patients. All specimens were
handled and made anonymous according to the ethical and
legal standards.

For quantitative real-time reverse transcriptase poly-
merase chain reaction (PCR) analysis, 166 primary

osteosarcoma and corresponding noncancerous bone tissue
samples from the same specimens were collected from the
Department of Pathology, Shanghai Sixth People’s Hospital,
Shanghai Changhai Hospital (Shanghai, People’s Republic
of China), Shanghai East Hospital (Shanghai, People’s
Republic of China), Zhujiang Hospital, and Xuhui Central
Hospital from 1998 to 2008. No patients had received blood
transfusion, radiotherapy, or chemotherapy before surgery.
Clinical stage of these osteosarcoma patients was classified
according to the sixth edition of the tumor—node—metastases
(TNM) classification of the International Union Against
Cancer (UICC). The clinicopathological information of the
patients is shown in Table 1.

All 166 osteosarcoma patients received follow-up. The
median follow-up was 87 months (range 10—152 months).
During the follow-up period, 66 patients (39.8%) died of
disease. Distant metastases developed in 42 patients at a mean
of 13.8 months (range 3—46 months) after the original diagnosis.
Of these patients, nine had bone metastases and 36 had lung

Table | Correlation of microribonucleic acid-145 expression
with clinicopathological features of osteosarcoma

Clinicopathological Number  Microribonucleic P
features of cases acid-145 expression
High Low
n (%) n (%)

Age

<55 years 72 35(48.6) 37(514) 0.6

=55 years 94 42 (44.7) 52 (55.3)
Gender

Male 96 46 (47.9) 50 (52.1) 06

Female 70 31 (443)  39(55.7)
Tumor size

>8 cm 88 41 (46.6) 47 (534) 1.0

=8cm 78 36 (46.2) 42 (53.8)
Anatomic location

Tibia/femur 103 50 (48.5) 53 (51.5) 0.5

Elsewhere 63 27 (429) 36 (57.1)
Serum level of lactate dehydrogenase

Elevated 90 45 (50.0) 45(50.0) 05

Normal 76 32 (42.1) 44 (579
Serum level of alkaline phosphatase

Elevated 108 50 (46.3) 58(53.7) 1.0

Normal 58 27 (46.6) 31 (53.4)
Clinical stage

A 68 49 (72.1)  19(27.9)  0.003*

1B/ 98 28 (28.6) 70 (71.4)
Distant metastasis

Absent 124 67 (54.0) 57 (46.0)  0.008*

Present 42 10 (23.8) 32 (76.2)
Response to chemotherapy

Good 68 33(485) 35(51.5) 0.6

Poor 98 44 (44.9) 54 (55.1)

Note: *statistically significant P-values.
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metastases (three patients had both bone and lung metastases).
The median overall and disease-free survival of patients was
31 months (95% confidence interval [CI], 30.1-42.9 months)
and 25 months (95% CI 23.7-35.2 months), respectively.

Quantitative reverse transcriptase
PCR assay

The expression levels of miR-145 in osteosarcoma and cor-
responding noncancerous tissues were detected by quanti-
tative reverse transcriptase PCR assay. Briefly, total RNA
was extracted from tissues using TRIzol® (Life Technolo-
gies, Carlsbad, CA, USA) according to the manufacturer’s
protocol. Then, miRNA expression levels were quantitated
using a MicroRNA Assay Kit (Life Technologies) accord-
ing to the manufacturer’s protocol. The two-step protocol
involves reverse transcription with an miRNA-specific
primer to convert miRNA to complementary DNA, followed
by real-time quantitative PCR with TagMan® probes. The
universal small nuclear RNA U6 (RNU6B) was used as an
endogenous control for miRNAs. Each sample was examined
in triplicate and the amounts of the PCR products produced
were nonneoplasticized to RNU6B.

Statistical analysis

The software of SPSS 13.0 for Windows (SPSS Inc, Chi-
cago, IL, USA) and SAS 9.1 (SAS Institute, Cary, NC,
USA) was used for statistical analysis. Continuous variables
were expressed as mean * standard deviation (SD). The
Chi-squared test was used to show differences of categori-
cal variables. Patient survival and their differences were
determined by Kaplan—Meier method and logrank test. Cox
regression (proportional hazard model) was adopted for
multivariate analysis of prognostic factors. Differences were
considered statistically significant when P < 0.05.

Results
Downregulation of miR-145

in human osteosarcoma tissues

The expression levels of miR-145 were detected in 166 pairs
of osteosarcoma and corresponding noncancerous bone
tissues normalized to RNU6B. As shown in Figure 1, the
expression levels of miR-145 in osteosarcoma tissues were
found to be distinctly decreased compared to noncancerous
bone tissues. The results showed that the relative level of
miR-145 expression in osteosarcoma tissues (mean * SD:
2.4 £ 1.3) was significantly lower than that in correspond-
ing noncancerous bone tissues (mean £ SD: 4.3 + 1.2;
P < 0.0001).

Relative expression of miR-145

Noncancerous bone Osteosarcoma

Figure | miR-145 expressions in 166 pairs of osteosarcoma and corresponding
noncancerous bone tissues were respectively detected by real-time quantitative
reverse transcriptase polymerase chain reaction assay.

Note: The expression levels of miR-145 in osteosarcoma tissues were significantly
lower than those in corresponding noncancerous bone tissues (P < 0.0001).
Abbreviation: miR-145, microribonucleic acid-145.

Downregulation of miR-145 associates
with advanced clinicopathological

features of osteosarcoma

The associations of miR-145 expression with various
clinicopathological parameters of osteosarcoma tissues were
analyzed. The median of miR-145 expression levels in all
166 patients with osteosarcoma was 2.6. The patients were
divided into two groups according to their expression levels
of miR-145, using its median as a cutoff: high miR-145
expression group (n = 77; mean = SD: 3.6 = 0.7) and low
miR-145 expression group (n = 89; mean + SD: 1.4 £ 0.7).
As shown in Table 1, miR-145 was significantly downregu-
lated in osteosarcoma patients with advanced clinical stage
(P = 0.003) and positive distant metastasis (P = 0.008)
as compared to those with low clinical stage and without
distant metastasis. No significant difference was observed
between the expression of miR-145 and patients’ age, gen-
der, tumor size, anatomic location, serum levels of lactate
dehydrogenase and alkaline phosphatase, and response to
chemotherapy.

Downregulation of miR-145 confers poor

prognosis in patients with osteosarcomas
Using the Kaplan—Meier method and logrank test, the overall
(P=0.003; Figure 2A) and disease-free survival (P < 0.001;
Figure 2B) of osteosarcoma patients with low miR-145
expression were both significantly shorter than those with
high miR-145 expression. Besides, the survival benefits were
also found in those with smaller tumor size (both P =0.03),
higher clinical stage (P =0.01 and P = 0.0006, respectively),
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A 40 Table 2 Multivariate survival analysis of overall survival and
disease-free survival in 166 patients with osteosarcoma
0.8 High miR-145 expression Variables Overall survival Disease-free survival
g RR 95%Cl P RR 95%Cl P
2 064 Microribonucleic 36 1.1-89 00l 41 12-108 0008
3 acid- 145 expression
% 0.4 Clinical stage 2.3 I.1-70 0.02 18 0.7-8.1 0.03
E . Distant metastasis 37 1998 00l 29 1.3-106 0.02
6 Low miR-145 expression status
0.2 Response to 26 1582 002 09 03-17 06
chemotherapy
0.0+ P=0.003 Abbreviations: Cl, confidence interval; RR, relative risk.
T T T T T T
0 20 40 60 80 100
Months after surgery Discussion
B . .
1.0 miRNAs have been demonstrated to play an important role
High miR-145 expression . . . . .
= in cancer cell growth and migration; however, their potential
% 0-81 roles in osteosarcoma remain largely uncharacterized. In the
7 06 current study, it was found that miR-145 was downregulated
o ' in human osteosarcoma tissues compared with noncancerous
= 04 - bone tissues. It was also found that the decreased expression of
[ B . . . ..
@ miR-145 in osteosarcoma tissues was significantly correlated
o Low miR-145 expression . . .. .
0 02 with aggressive clinicopathological features. Moreover, the
a results of Kaplan—Meier analyses shown that osteosarcoma
P < 0.001 . . . .
0.0 tissues with low miR-145 expression tend to have shorter
T T T T T T . . . . .
0 20 40 60 80 100 overall and disease-free survival. Finally, the multivariate

Months after surgery

Figure 2 (A) Overall and (B) disease-free survival curves for two groups defined by
low and high expression of miR-145 in patients with osteosarcoma.

Notes: The patients with low miR-145 expression had a significantly worse 5-year
overall (P =0.003) and disease-free (P < 0.001) survival rate than those with high
miR- 145 expression.

Abbreviation: miR-145, microribonucleic acid-145.

without distant metastasis (P = 0.008 and P = 0.003,
respectively), and better response to chemotherapy (both
P =0.02) for overall and disease-free survival.

Multivariate Cox regression analysis enrolling above-
mentioned significant parameters revealed that miR-145
expression (relative risk [RR] 3.6; 95% CI 1.1-8.9; P=0.01),
clinical stage (RR 2.3; 95% CI 1.1-7.0; P = 0.02), distant
metastasis status (RR 3.7; 95% CI 1.9-9.8; P =0.01), and
response to chemotherapy (RR 2.6; 95% CI 1.5-8.2; P=0.02)
were independent prognostic markers for overall survival of
patients with osteosarcoma (Table 2). Turning to disease-free
survival, miR-145 expression (RR 4.1; 95% CI 1.2-10.8;
P=0.008), clinical stage (RR 1.8;95% CI10.7-8.1; P=0.03)
and metastasis status (RR 2.9; 95% CI 1.3-10.6; P = 0.02)
were also independent prognostic markers for disease-free
survival of patients with osteosarcoma (Table 2).

analysis clearly demonstrated that the low expression of
miR-145 was a statistically significant risk factor affect-
ing both overall and disease-free survival in osteosarcoma
patients, suggesting that miR-145 expression could be a valu-
able marker of osteosarcoma progression and prognosis. To
the authors’ knowledge, this is the first study to investigate
the clinical significance of miR-145 in a large number of
osteosarcoma patients.

In 2002, miR-145 was originally identified in mouse
heart muscle.'” In 2003, Michael et al subsequently verified
its expression in humans and demonstrated the significantly
reduced levels of miR-145 in precancerous and neoplastic
colorectal tissue.?” The sequence of human miR-145 was pre-
dicted based on homology to a verified miRNA from mouse.
It has been demonstrated to regulate cell apoptosis, prolif-
eration, neural development, and stem cell differentiation.
Under the physiological condition, miR-145 is overexpressed
in germline and mesoderm-derived tissues such as uterus,
ovary, prostate, testis, spleen, and heart,*' while its expres-
sion is distinctly reduced in many human cancers such as
colon cancer, breast cancer, lung cancer, hepatocellular
carcinoma, and ovary and prostate carcinomas.’'” miR-145
functions as a tumor suppressor by targeting a number of
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oncogenic genes. For example, miR-145 suppresses tumor
growth and angiogenesis by targeting insulin receptor sub-
strate-1, p70S6K 1, and c-Myc;’ %> miR-145 impacts migra-
tion, invasion, and metastasis by targeting Fli-1 and mucin-1,
respectively;'>*15 and miR-145 affects p53-mediated cell
cycle arrest by targeting p21.!%!7 In addition to its targeting
genes, recent studies also have investigated the relationship
between miR-145 and several cancer-related signal pathways.
For example, miR-145 exhibits its antitumor effect in human
colon cells by regulating p21-activated kinase-4 via the
mitogen-activated protein kinase pathway;** Ras activation
may lead to miR-145 repression and miR-145 may activate
targets KRAS and RREBI;* and miR-145 can be negatively
regulated by CCA AT-enhancer-binding-protein-[ through the
Akt pathway.? These findings highlight the significance of
miR-145 as a target for cancer diagnosis and therapy.

The current data showed the downregulation of miR-145 in
osteosarcoma tissues, which is consistent with the previous
study of Fan et al."® This consistency prompted the authors
to investigate the clinical significance it has in osteosarcoma.
It is evident from the results that the reduced expression of
miR-145 more frequently occurs in osteosarcoma tissues with
advanced clinical stage and the presence of distant metastasis.
This led to the hypothesis that miR-145 might be related to
the clinical outcome of patients with osteosarcoma. Both the
univariate and multivariate survival analyses demonstrated
that loss of miR-145 may be associated with shorter over-
all and disease-free survival in osteosarcoma, which was
also consistent with the prognostic value of miR-145 in
other human malignancies, such as prostate cancer,” colon
cancer,’® and esophageal cancer.”’

Conclusion

For the first time, the current data offer convincing evidence
that the downregulation of miR-145 may be associated with
tumor aggressiveness and tumor metastasis of osteosarcoma,
and that this miRNA may be an independent prognostic
marker for osteosarcoma patients. Fan et al have indicated
that miR-145 could inhibit tumor invasion and metastasis
of osteosarcoma cell lines by binding to the 3" untranslated
region of vascular endothelial growth factor messenger
RNA specifically, subsequently reducing the expression of
vascular endothelial growth factor.'® However, the molecu-
lar mechanisms underlying miR-145 and the regulation of
osteosarcoma carcinogenesis have not been fully elucidated.
Therefore, this study is hypothesis generating, and further
prospective analysis is worth doing.
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