J Cancer Res Clin Oncol (2009) 135:1025-1031
DOI 10.1007/s00432-008-0538-4

ORIGINAL PAPER

Down-regulation of ribosomal protein L7A in human

osteosarcoma

Shui-er Zheng - Yang Yao - Yang Dong - Feng Lin -
Hui Zhao + Zan Shen : Yuan-jue Sun - Li-na Tang

Received: 31 August 2008 / Accepted: 15 December 2008 / Published online: 6 January 2009

© Springer-Verlag 2008

Abatract

Purpose To explore the expression of ribosomal protein
L7A (RPL7A) in osteosarcoma and its correlation with
clinical features.

Methods Ribosomal protein L7A mRNA expression was
quantified by real-time reverse transcription (RT)-polymer-
ase chain reaction (PCR) in 47 specimens from osteosar-
coma, 8 from normal bone tissues and 12 from benign bone
lesion tissues. Expression of RPL7A mRNA was also
detected in human osteosarcoma cell line MG-63. The rela-
tionship between RPL7A mRNA expression and clinico-
pathological factors was statistically analyzed. The
immunoblotting pattern of RPL7A was also analyzed in 20
osteosarcomas, 8 normal bone and 8 benign bone tissues.
Results Ribosomal protein L7A mRNA expression in
osteosarcoma samples was significantly down-regulated
compared with that in samples from normal bone
(P <0.001) and benign bone lesion tissues (P < 0.001).
Low expression of RPL7A mRNA was also found in osteo-
sarcoma cell line MG-63. Low expression of RPL7A
mRNA was significantly associated with increased serum
level of alkaline phosphatase (ALP, P = 0.008), but was not
correlated with other clinicopathological parameters
including sex, age, serum lactate dehydrogenase (LDH),
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tumor location, histological type, histological grading, lung
metastasis and overall survival. Interestingly, survival anal-
ysis suggested low RPL7A mRNA expression was a sig-
nificant poor prognostic indicator for overall survival in
patients with high grade lesion developed lung metastasis at
the time of diagnosis of the primary osteosarcoma
(P < 0.05). On western blot, reduced expression of RPL7A
protein was observed in osteosarcoma samples (n =20)
compared with normal bone (n = 8) (P <0.001) and benign
bone tissues (n = 8) (P < 0.001).

Conclusion Under-expression of RPL7A may be
involved in the carcinogenesis of osteosarcoma. Loss of
RPL7A expression may be associated with poor survival of
osteosarcoma patients with lung metastasis.

Keywords RPL7A - Down-regulation - Prognosis -
Osteosarcoma

Introduction

Osteosarcoma is the most common malignant tumor of
bone in adolescents and young adults. Despite advances in
multimodality treatments, including aggressive adjuvant
chemotherapy and wide resection of the tumor, patients still
have a poor prognosis. Five-year survival for patients with
metastatic osteogenic sarcoma remains only 20% three
decades ago (Mankin et al. 1996; La Quaglia 1998). More-
over, in China, the majority of families have only one child
at present, and so it is a big hit for the families with children
suffering from osteosarcoma. The identification of biomark-
ers linked to development and/or prognosis of this disease
is crucial for the diagnosis and treatment of these patients.
Altered gene expression caused either by mutations or by
loss of heterozygosity has been reported in osteosarcoma.
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Such alterations can occur in tumor suppressor genes, such
as retinoblastoma tumor suppressor (RB1) (Yamaguchi
et al. 1992; Wadayama et al. 1994; Miller et al. 1996)
and tumor protein 53 (TP53) (Miller etal. 1990). In
addition, serum alkaline phosphatase (ALP) and lactate
dehydrogenase (LDH) have been reported to be over-
expressed in osteosarcoma and have an influence on
prognosis of osteosarcoma (Bacci et al. 1993; Bacci et al.
2004). However, these genetic changes do not precisely
reflect the biologic nature or clinical characteristics of all
osteosarcomas.

Ribosomal proteins are a major component of ribosomes
that catalyze protein biosynthesis in the cytoplasm of cells.
In humans, 80 ribosomal proteins in males and 79 ribo-
somal proteins in females have been identified and charac-
terized at the molecular level (Warner and Nierras 1998).
However, their precise function and tissue expression have
not been fully understood. Progress in ribosome research
provides growing evidence that ribosomal proteins can also
function during various cellular processes such as replica-
tion, transcription, RNA processing, DNA repair, and even
inflammation besides their functional involvement in the
protein biosynthesis (Wool 1996; Yamamoto 2000). In
addition, recent data have demonstrated that defects in
some ribosomal proteins contribute to carcinogenesis
(Draptchinskaia et al. 1999; Amsterdam et al. 2004; Gazda
etal. 2006; Choesmel etal. 2008; Ebert etal. 2008).
However, little is known about the expression of these
genes and their clinical significance in osteosarcoma. Ribo-
somal protein L7A, a component of the 60S ribosomal sub-
unit located on chromosome 9q34, the chromosome
frequently lost in osteosarcoma, is also believed to be
involved in cell growth and differentiation. RPL7A specifi-
cally interacts with human thyroid hormone receptor (THR)
and retinoic acid receptor (RAR) which in turn inhibits
transactivation of the two nuclear hormone receptors
(Burris et al. 1995). Thyroid hormone (TH) and retinoic
acid (RA) are known to play an important role in regulation
of cell proliferation, differentiation and death. While
RPL7A was over-expressed in some types of cancer cells
(Zhu et al. 2001; Vaarala et al. 1998; Kroes et al. 2000;
Wang et al. 2000). However, there were no or only a small
number of clinical samples in most studies and the specific
clinical significance of RPL7A expression was not fully
reported previously.

Prompted by these, in the current study, we investi-
gated RPL7A expression level in specimens from osteo-
sarcoma as well as human osteosarcoma cell line MG-63
compared with that from normal and benign bone lesion
tissues and further evaluated the correlation between
RPL7A mRNA expression and the clinicopathological
parameters in osteosarcoma for the first time to our
knowledge.
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Materials and methods
Patients and tissue samples

A total of 47 patients were studied. All samples were snap-
frozen fresh pretreatment samples obtained by biopsy in the
Department of Orthopaedic Surgery, Shanghai 6th People’s
Hospital, Shanghai Jiaotong University, during the period
from 2002 to 2006. The mean age was 19 years (range:
5~56 years). Most of patients range from 12 to 20 years in
age (32/47). Thirty patients were males and 17 females. Fif-
teen patients with G3 grade lesion at diagnosis developed
lung metastasis. Diagnosis of lung metastasis was made by
computed axial tomographic scans and by progression
always showed as nodules in lung in computed tomographic
scans. Following the initial biopsy, 41 patients received 2
cycles of multi-agent neoadjuvant chemotherapy. Patients
underwent limb salvage 38 (38/47) cases, amputation 9 (9/
47) cases. Each postoperative case received 3~6 cycles of
adjuvant chemotherapy of equal cycles. The cytotoxic drugs
used as each equal cycle were high-dose methotrexate, cis-
diammine dichloroplatinum, adriamycin, and iphosphamide.
Patients with recurrence obtained additional operation
therapy if possible. In the duration of follow-up 15 cases
were detected as lung relapse, 4 cases underwent local
recurrence and 16 cases died of cancer (Table 1). Eight nor-
mal bone tissues were taken from healthy donors who had
undergone total knee arthroplasty. Twelve benign speci-
mens were derived from patients with bone cysts (n=4),
giant cell tumor (n = 3), osteofibrous dysplasia (n = 3) and
chondroma (n = 2). Informed consent was obtained from all
subjects prior to conducting the study.

Cell culture

The human osteosarcoma cell line MG-63 was originally
derived from the American Tissue Culture Collection
(ATCC, Rockville, MD). Cells were routinely cultured in
Dulbecco’s Modified Eagle’s Medium (DMEM), supple-
mented with 10% fetal bovine serum (FBS) and 1% penicil-
lin/streptomycin under standard tissue culture conditions.
Cells were harvested and washed with PBS before RNA
extraction for real-time PCR.

RNA extraction and cDNA synthesis

Total RNA was extracted with TRIZOL Reagent (Invitro-
gen, Carlsbad, CA, USA) and the concentration of RNA
was determined by the absorbance at 260 nm, and the
purity was determined by the 260/280 ratio with a BioPho-
tometer (Eppendorf, Hamburg, Germany). 1 pg RNA was
reverse-transcribed with random primer by ReverTra Ace
(Toyobo, Osaka, Japan) at 42°C for 1 h.
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Table 1 Clinical characteristics of the osteosarcoma patients

Clinicopathological features No. of patients

(N=47)

Surgery

Amputation 9
Limb-salvage 38
Preoperative chemotherapy

Yes 35
No 12
Lung metastasis

Yes 15
No 32
Histological type

Osteoblastic 20
Chondroblasti 13
Fibroblastic 9
Dilated blood vessels type

Others 2
Histological grading

G2 2
G3 42
G4 3
Site

Femur 19
Tibia 17
Humerus

Others
Duration follow-up (months)

Mean 38.3

Range 8-65.2

Lung relapses 15

Median + range 20.7 +10.2

Local recurrence 4
Deaths 16

Real-time quantitative polymerase chain reaction

The mRNA expression of RPL7A and internal control gene
glyceraldehyde-3-phosphate  dehydrogenase (GAPDH)
were quantified by real-time PCR with iCycler iQ (Bio-
Rad, Hercules, CA, USA). Genebank ID for RPL7A is
NM_000972.2 and for GAPDH is NM_002046.3. The
gene-specific exon-spanning PCR primer pair for RPL7A
was 5'-ACCGCCAAACAGCTACTCAG-3', 5'-GCAGGC
AAGAAGACAACCAG-3', and for GAPDH was 5'-AC
GGATTTGGTCGTATTGGG-3', 5'-ATCTCGCTCCTGG
AAGATGG-3'. The sequences of the primers for RPL7a
and GAPDH for RT-PCR were checked by Nucleotide
BLAST for specific gene amplification. PCR product size
for RPL7A is 254 bp and for GAPDH is 218 bp. Omission

of cDNA template was used as a negative control. PCR
amplification reaction conditions for RPL7A and GAPDH
were 40 cycles of 94°C for 20 s, 55°C for 20 s, and 72°C
for 30 s and finally elongated at 72°C for 5 min. All PCR
were performed in duplicate and data of mean were used.
For relative quantification of RPL7A gene expression level,
standard curves were built for both genes by considering at
least four points of a tenfold dilution series of cDNA in
water; the slopes observed were —3.46 for RPL7A gene
and -3.49 for GAPDH. The correlation coefficient of ampli-
fication was 0.992 and 0.996, respectively. Relative gene
expression data are given as the n-fold change in transcrip-
tion of the RPL7A genes normalized to the endogenous
control in the same sample.

Protein extraction and Western blot

A total of 100 mg of frozen tissue was ground in liquid
nitrogen before lysing in 1 mL RIPA Lysis Buffer (Santa
Cruz Biotechnology, Santa Cruz, CA, USA) by sonication
on ice. The lysates were then centrifuged at 14,000g for
20 min at 4°C. Subsequently, the protein concentration of
the supernatants was determined by the BCA Protein Assay
Kit (Sangon, Shanghai, China). After being heated to 99°C
for 5 min in sample buffer, aliquots of protein extract
(50 pg) were run on a 12% sodium dodecylsulfate—poly-
acrylamide gel and transferred onto a Nitrocellulose Blot-
ting Membranes (Millipore, MA, USA). The transferred
membrane, which was blocked with TBS-Tween 20
(TBST) containing 5% non-fat dry milk for 2 h at room
temperature, was incubated overnight at 4°C with rabbit
polyclonal antibody against human RPL7A (Cell Signal-
ing Technology Inc., MA, USA) at 1:1,000, and GAPDH
(Santa Cruz) at 1:4,000 dilution, followed by incubating
with peroxidase-conjugated goat antirabbit immunoglob-
ulin (Santa Cruz) diluted 1:10,000 in TBST for 1 h. Signals
were developed using enhanced chemiluminescent reagent
(Pierce Biotechnology, Rockford, IL, USA). GAPDH is
used as the internal loading control. The band intensity
was analyzed using Quantity One. Relative expression
was calculated as the intensity ratio of RPL7A to that of
GAPDH.

Statistical analysis

All statistical analyses were performed using the SPSS 12.0
software package for Windows (SPSS Inc., Chicago, IL,
USA). We performed statistical analysis using either the
Mann—-Whitney U test or the Kruskal-Wallis test for com-
parison of RPL7A gene expression between normal bone
tissues, benign bone lesion tissues and osteosarcoma sam-
ples, and for analysis the relationship between RPL7A
mRNA expression and clinicopathological parameters.
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Overall survival (OS) was defined as the time from the start
of the treatment to death due to any causes or date of the
latest follow-up. Survival curves were plotted by the
Kaplan—Meier method; statistical differences were analyzed
using the log-rank test. A probability value less than 0.05
was considered to indicate a statistically significant differ-
ence.

Results

Down-regulation of RPL7A mRNA in osteosarcoma
samples and MG-63 cell line

To investigate RPL7A mRNA expression level in osteosar-
coma, 47 osteosarcoma samples were evaluated as distinct
group versus normal bone and benign bone lesion tissues.
Compared with the high expression in normal bone and
benign bone lesion tissues, the RPL7A mRNA expression
in osteosarcoma tissues showed significantly decreased lev-
els (P <0.001 and P < 0.001, respectively, Mann-Whitney
U test). Low expression levels of RPL7A mRNA were also
detected in a human osteosarcoma cell line MG-63 (Fig. 1).
There was no significant difference in RPL7A mRNA
expression level between normal bone tissues and benign
bone lesion tissues (P = 0.186).

21 - RPL7 A

mRNA expression(n-fold)

v

T
Normal Osteosarcom Benign MG-63

Fig. 1 Differences in the expression of RPL7A mRNA among normal
bone tissues (Normal), benign bone lesion tissues (Benign), osteosar-
coma samples (Osteosarcoma) and MG-63 cell line (MG-63). There
was a significant difference between the RPL7A mRNA levels in nor-
mal bone tissues and osteosarcoma (P < 0.001) and between benign
bone lesion tissues and osteosarcoma (P < 0.001). There was no sig-
nificant difference in RPL7A mRNA expression level between normal
bone tissues and benign bone lesion tissues (P =0.186). The line
corresponds to the median
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Table 2 Comparison of RPL7A mRNA levels according to clinico-
pathological parameters in osteosarcoma patients

Variables No. of P value
patients
Serum ALP increased
Yes/no 15/32 0.008
Serum LDH increased
Yes/no 10/37 0.163
Histological type
Osteoblastic/chondroblastic/ 20/13/9/3/2 0.182
fibroblastic type/dilated
blood vessels type/
dilated blood vessels
type/others
Sex
Male/female 30/17 0.334
Age
<20 years/>20 years 38/9 0.845
Histological grading
G2/G3/G4 2/42/3 0.338
Lung metastasis
Yes/no 15/32 0.860

Differences were analyzed using either the Mann—Whitney U test or
the Kruskal-Wallis test. Probability values less than 0.05 were consid-
ered to indicate a statistically significant difference

Correlation between RPL7A mRNA expression level
and clinicopathologic parameters

Our data indicated that the low expression of RPL7A was
significantly associated with increased serum level of ALP
(P =0.008). However, there were no statistically significant
relationships with other clinicopathological parameters
including sex, age, serum LDH, tumor location, histologi-
cal type, histological grading and lung metastasis (Table 2).
Further, the comparison among histological type and
histological grading cannot be said to be entirely reliable
due to the small number of patients involved in dilated
blood vessels type and non-G3 grading.

To evaluate the impact of expression of RPL7A gene on
overall survival, the patients were divided into two groups:
patients who had values above the median of expression are
defined as high-expression of the gene and patients who
had a value below the median are considered low-expres-
sion of RPL7A gene. Patients with high grade (including
G3 and G4) osteosarcoma were included in this survival
analysis. RPL7A mRNA expression did not significantly
correlate with patients’ overall survival (P =0.058, Log
rank test). However, overall survival of 15 patients with G3
grade lesion at diagnosis developed lung metastasis were
analyzed and found that high-expression RPL7A mRNA
osteosarcoma patients had better overall survival than
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Fig. 2 Association of RPL7A mRNA expression with overall survival
of 15 patients with G3 grade lesion at diagnosis developed lung
metastasis. The survival time in the x-axis was given as months.
High-expression RPL7A mRNA patients had better survival than
low-expression RPL7A mRNA patients did (P = 0.039)

Benign Normal Osteosarcoma
RPL7A i e e —— . .
GAPDH — ——

Fig. 3 RPL7A immunoblotting of benign bone lesion tissues
(Benign), normal bone tissues (Normal) and osteosarcoma samples
(Osteosarcoma). Western blot indicated reduced RPL7A protein
expression in osteosarcoma samples when compared with normal
bone and benign bone lesion tissues. Shown are two individual benign
bone lesion tissues, three individual normal bone and four individual
osteosarcoma tissue samples

low-expression RPL7A mRNA osteosarcoma patients did
(P =0.039, Log rank test) (Fig. 2).

Downregulation of RPL7A protein expression
in osteosarcoma tissues

The level of RPL7A protein in osteosarcoma tissues
(n=20) was lower than that in normal bone (n =8) and
benign bone tissues (n=8) on western blot (RPL7A/
GAPDH ratio & SD: osteosarcoma tissue, 0.4915 4+
0.2605; normal bone tissue, 1.1463 £ 0.3185; benign bone
tissue, 1.0863 £+ 0.4312; P < 0.001 and P < 0.001, respec-
tively; Mann—Whitney U test; Fig. 3).

Discussion

In the present study we analyzed RPL7A mRNA and
protein expression in human osteosarcoma. Quantitative

real-time RT-PCR indicated that RPL7A mRNA is under-
expressed in primary osteosarcoma samples and in an
aggressive human osteosarcoma cell line MG-63 compared
with that in normal and benign bone tissues. Western blot
further demonstrated the down-regulation of RPL7A
protein in the test osteosarcoma samples. The findings
suggest that RPL7A may be a predictor of osteogenic
malignancy, and RPL7A may be involved in osteosarcoma
development.

Several recent studies have demonstrated that defects in
some ribosomal proteins through somatic chromosomal
deletions or mutation cause tumors or associate with
carcinogenesis. It was recently shown in zebra fish that 11
ribosomal protein genes act as haploinsufficient tumor sup-
pressors; the haploinsufficiency for any of these genes
caused malignant tumors of the peripheral nerve sheath
(Amsterdam et al. 2004). In humans, germline heterozy-
gous mutations for two ribosomal proteins-RPS19 and
RPS24 have been described in the congenital disorder
known as Diamond-Blackfan anemia (Draptchinskaia et al.
1999; Gazda et al. 2006; Choesmel et al. 2008), a disease
with an increased risk of solid tumor and leukemia (Janov
etal. 1996; van Dijken and Verwijs 1995; Lipton et al.
2001). More recently, the 5q- syndrome, a subtype of
myelodysplastic syndrome with a propensity to progress to
acute myeloid leukemia, was demonstrated to be caused by
partial loss of function of RPS14 though the somatic dele-
tion of one allele (Ebert et al. 2008). Partial and/or com-
plete loss of chromosome 9 is also notable in osteosarcoma
(Bridge et al. 1997; Sandberg and Bridge 2003). RPL7A is
a component of the 60S ribosomal subunit located on chro-
mosome 9q34. Data have been demonstrated that RPL7A
specifically interacts with human thyroid hormone receptor
(THR) and retinoic acid receptor (RAR), which in turn
inhibits transactivation of the two nuclear hormone recep-
tors (Burris et al. 1995). Thyroid hormone (TH) is known
to play an important role in the regulation of cell prolifera-
tion, differentiation and death including osteosarcoma cells
(Patricia et al. 2008).

To our knowledge, the present study demonstrates for
the first time that RPL7A mRNA is down-regulated in the
majority of osteosarcoma samples examined, compared
with normal bone and benign bone lesion tissues. Similar
results were observed when expression of RPL7A protein
was detected on western blot. In particular, the current
study first analyzed the prognostic value of RPL7A expres-
sion in osteosarcoma and for the first time found that low
RPL7A mRNA expression was a significant poor prognos-
tic indicator for overall survival in patients with high grade
lesion at diagnosis developed lung metastasis although we
failed to detect the significance of RPL7A expression in the
assessment of prognosis in osteosarcoma. This suggests
that RPL7A is not a cause of metastasis and will probably
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have no negative effect in the absence of metastasis. It is
known that metastasis remains the primary cause of poor
survival of the majority of tumor patients including osteo-
sarcoma; however, survival of patients with metastatic
tumor has a wide variation (Srivastava et al. 2006). These
phenomenon of ‘‘metastatic heterogeneity’” raises ques-
tions on the nature of the relationship between metastasis
and patient survival. It has been reported that in the case of
breast cancer, separate genes underlie metastasis and poor
prognosis (Minn etal. 2005a, b; Kang etal. 2003).
Recently, such gene has also been identified in the case of
osteosarcoma (Srivastava et al. 2006). To our knowledge,
RPL7A is the second such gene found to be associated with
prognosis among osteosarcoma patients with lung metasta-
ses without being directly associated with metastasis.

The mechanism(s) by which ribosomal protein dysfunc-
tion is tumorigenic has yet to be determined. Some
researchers favor the possibility that it is a shared, ribo-
some-associated function or defects in ribosomal biogene-
sis that allows them to be tumor suppressors, such as
reduced protein synthesis leading to a decrease in the level
of a critical tumor suppressor protein, or of a positive regu-
lator of apoptosis or differentiation, and then a severe
reduction in their expression below some critical, hypothet-
ical threshold does favor tumor development (Amsterdam
et al. 2004; Draptchinskaia et al. 1999; Gazda et al. 2006;
Choesmel et al. 2008). Alternatively, other studies indi-
cated that individual ribosomal protein gene has extra-ribo-
somal activities (Wool 1996; Frodin and Gammeltoft 1999;
Noara 1999). Whether the diseases mainly associated with
ribosomal protein genes due to a defect in ribosomal bio-
genesis, an abnormality in translation, and/or disruption of
an extraribosomal function(s) of ribosome proteins impor-
tant for cell differentiation, proliferation and death, remains
a question. Data have shown that RPL7A specifically inter-
acts with THR and RAR which in turn inhibits transactiva-
tion of the two nuclear hormone receptors (Burris et al.
1995). Hyperthyroidism status has been demonstrated to
favor osteosarcoma cell growth (Patricia et al. 2008). In the
present study we hypothesize that down-regulation of
RPL7A may enhance the sensitivity of osteosarcoma cells
to TH and thereby result in disruption of growth control.
Furthermore, an inverse relationship was observed between
RPL7A mRNA expression and serum ALP in our study.
This finding is in agreement with Simsek et al. and Patricia
et al., who reported an increased ALP activity in hyperthy-
roidism (Simsek et al. 2003; Patricia et al. 2008). Our data
suggest a possible pathway by which RPL7A may be
involved in osteosarcoma cell proliferation. However, pre-
vious studies have shown over-expression of RPL7A in
some types of cancer cells, which were contrary to the pres-
ent finding (Zhu et al. 2001; Vaarala et al. 1998; Kroes
et al. 2000; Wang et al.2000). We explain that there may be
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different roles of RPL7A in distinct microenvironment in
different types of cells. For example, in breast and prostate
cancer cells, hyperthyroidism status has been proved to
decreased cancer cell growth and over-expression of
RPL7A may decrease the sensitivity of breast and prostate
cancer cells to THR (Martinez et al. 2000), whereas it is the
contrary in osteosarcoma cells (Patricia etal. 2008).
However, future study will be required to determine the
functional role and the exact molecular mechanism in oste-
osarcoma cells.

The mechanisms involved in the downregulation of
RPL7A expression remains to be unknown. It can be
accomplished by loss of chromosomes (Bridge et al. 1997;
Sandberg and Bridge 2003; Ebert et al. 2008). Previous
studies have revealed that loss of chromosomes 9, 10, 13,
and 17 is pronounced in osteosarcoma (Bridge et al. 1997;
Sandberg and Bridge 2003). Several of these findings corre-
spond with known molecular events in osteosarcoma such
as loss or mutation of the RB1 and TP53 tumor suppressor
genes located on chromosomes 13 and 17, respectively
(Yamaguchi etal. 1992; Wadayama etal. 1994; Miller
et al. 1990, 1996). Interestingly, the RPL7A gene is located
on chromosomes 9q34. Moreover, data have shown that
loss of chromosome 9 shared by the cell line MG-63 (Ozaki
et al. 2003) but not shared by benign bone lesions. There-
fore, detection of RPL7A may further make sense of
distinguishing benign bone lesions such as benign bone
cysts, giant cell tumor and osteofibrous dysplasia from
osteosarcoma. Other mechanism(s), such as aberrant CpG
methylation, transcriptional repressors and mutations also
cannot be excluded while data have not been reported.
Further investigation is needed to clarify the exact mecha-
nism(s) involved in the decrease of RPL7A expression in
osteosarcoma.

In conclusion, we analyzed RPL7A expression in osteo-
sarcoma biopsy samples and found RPL7A expression is
down-regulated in osteosarcoma. The present findings sug-
gest the important role of RPL7A in the development of
osteosarcoma. In particular, low RPL7A mRNA seems to
be associated with very poor survival of patients with oste-
osarcoma metastasis. However, it should be emphasized
that the present study is a retrospective study with limited
samples. A multi-center prospective study with more clini-
cal samples should be done before RPL7A can serve as a
potential intervention target for osteosarcoma.
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