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Abstract

MicroRNAs (miRNAs) are small noncoding RNASs capable of inhibiting gene expression post-
transcriptionally and expression profiling can provide therapeutic targets and tools for cancer
diagnosis. Chondrosarcoma is a mesenchymal tumor with unknown cause and differentiation
status. Here, we profiled miRNA expression of chondrosarcoma, namely clinical samples from
human conventional chondrosarcoma tissue, established chondrosarcoma cell lines, and primary
non-tumorous adult articular chondrocytes, by miRNA array and quantitative real-time PCR. A
wide variety of miRNAs were differently downregulated in chondrosarcoma compared to non-
tumorous articular chondrocytes; 27 miRNAs: miR-10b, 23b, 24-1*, 27b, 100, 134, 136, 136%*,
138, 181d, 186, 193h, 221*, 222, 335, 337-5p, 376a, 376a*, 376b, 376¢, 377, 454, 495, 497, 505,
574-3p, and 660, were significantly downregulated in chondrosarcoma and only 2: miR-96 and
183, were upregulated. We further validated the expression levels of miRNAs by quantitative real-
time PCR for miR-181a, let-7a, 100, 222, 136, 376a, and 335 in extended number of
chondrosarcoma clinical samples. Among them, all except miR-181a were found to be
significantly downregulated in chondrosarcoma derived samples. The findings provide potential
diagnostic value and new molecular understanding of chondrosarcoma.
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Introduction

MicroRNAs (miRNAs) are a class of short noncoding RNA with length of 20-24
nucleotides. They function by binding to multiple target mMRNAs, preferentially to their 3’
UTR with partial complementarity, thereby inhibiting the expression by destabilizing the
mRNAs and/or disturbing translation. The expression of miRNAS is regulated tightly in a
cell type, differentiation and activation-dependent manner. Growing lines of evidence
indicate miRNAs play important roles both in physiological development and pathogenesis.

Corresponding to: Hiroshi Asahara (Tel:+81-3-5803-5015; Fax: +81-3-5803-5810; asahara.syst@tmd.ac.jp).
Conflict of Interest Statement: There is no conflict of interest in the current study.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Yoshitaka et al.

Methods

Page 2

Chondrosarcoma is the second most common primary malignant tumor of bone.2
Chondrosarcomas are histologically subtyped into conventional (80-90 %), dedifferentiated
(10 %), mesenchymal (3-10 %), and clear cell chondrosarcomas (approximately 2 % of all
chondrosarcomas),2 however, molecular pathophysiology of the disease has not been fully
understood.

In the current study, we focused on the expression profile of miRNASs in conventional
chondrosarcoma, and identified differently expressed miRNAs compared to other types of
cells including primary non-tumorous human articular chondrocytes by miRNA array and
quantitative real-time PCR.

Patients and tissue samples

A total of 20 tissue samples from conventional chondrosarcoma patients along with 2
chondrosarcoma cell lines, namely SW1353 and OUMS-27 cell lines, and 3 primary non-
tumorous chondrocyte preparations (PNC) derived from normal human articular cartilage
were analyzed as cartilaginous samples. Normal skeletal muscle (NSM) derived RNA
sample, NRS-1 rhabdomyosarcoma cells, and HEK293T cells were used as non-
cartilaginous samples. NSM derived RNA and NRS-1 cell line were used as muscle related
samples as chondrocyte free negative controls. HEK293T cells, deriving from human
embryonic kidney and being one of the most intensively characterized cell lines, were also
used as a negative control. All 20 chondrosarcoma samples were obtained at the time of
biopsy or surgery with informed consent from patients who were treated at National Cancer
Center Hospital (Tokyo, Japan). The ethical review board approved the project. All cases
were reviewed and histopathologically diagnosed by a certified pathologist. Clinical staging
was determined based on the criteria according to the Musculoskeletal Tumor Society
Surgical Staging System.3 The tumor tissues were snap-frozen immediately after excision
and stored at -80 °c until total RNA extraction.

Cell culture and other RNA sources

SW1353 grade Il conventional chondrosarcoma cells (ATCC no. HTB-94), OUMS-27 grade
I11 conventional chondrosarcoma cells (JCRB no. IFO50488) NRS-1 human
rhabdomyosarcoma cells (Riken BioResource Center, permission from Dr. Motoyama, no.
RCB1188), and HEK293T cells were cultured according to providers’ instruction. PNC
were obtained from normal articular cartilages of the knee at autopsy from 3 donors: 45-,
50-, and 60-year-old males, and prepared according to the method described previously.? In
brief, excised cartilages were finely chopped into fine pieces, followed by enzymatic
digestion of associated extracellular matrix component, and then, separated chondrocytes
were washed several times in Hams-F12, counted the cell number, and checked for viability
using trypan blue staining. The isolated chondrocytes were cultured in DMEM
supplemented with 10% FBS, 100 y g/ml penicillin/streptomycin solution (Gibco/
Invitrogen). These primary chondrocytes within 4 passages were cultured until 60-80 %
confluent, and subjected to total RNA extraction. The expression levels of chondrocytic
gene markers were assessed by RT-PCR. The primer sets used were as follows: COL1A15'-
AGGGTCACCGTGGCTTCT-3', CAGGAGCACCAGCAGAGC; COL2A15'-
GGCAATAGCAGGTTCACGTACA-3', 5-CGATAACAGTCTTGCCCCACTT-3';
COL10A1 5'-GGCAGAGGAAGCTTCAGAAA-3', 5'-
AAGGGTATTTGTGGCAGCATA-3"; GAPDH 5'-CCTGGTCACCAGGGCTGC-3', 5'-
CGCTCCTGGAAGATGGTGATG-3'. Total RNA extracted from NSM was purchased
from Clontech (CA, USA).
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MiRNA microarray assay

The assays were performed with Agilent miRNA array system (CA, USA), including probe
sets for 723 miRNAs. A 100 ng total RNA sample was used according to the manufacturer's
instruction. Following digitization of the primary scanned images, the data were further
analyzed using NIA array analysis software.> The criteria for extracting differently
expressed miRNAs were set to a condition: fold change was > 10 in the digitized fluorescent
intensity, and false discovery rate was < 0.3. Heat map analysis and hierarchical clustering
were carried out by TIGR-MEV ver. 4.4.6

Quantitative real-time PCR (qPCR)

TagMan miRNA assay kits were purchased from Applied Biosystems (CA, USA): hsa-
miR-181a (4373117), hsa-miR-let-7a (catalog no. 4373169), hsa-miR-100 (4373160), hsa-
miR-222 (4395387), hsa-miR-136 (4373173), hsa-miR-376a (4373026), hsa-miR-335
(4373035), and RNU6B (4373381). A total of 0.6 ng of complementary DNA templates per
sample were used for the reaction. Each sample was assayed in duplicate, and the data with
more than 1.0 of difference in Ct values were excluded from further analysis. Fold change
expression of each miRNA was calculated by AA-CT method compared to the mean
expression level of PNC. RNU6B was used as an internal control.

Statistical analysis

Results

The data from miRNA microarray were analyzed by ANOVA on NIA array analysis. The
statistical significance was calculated by the false discovery rate method. The actual criteria
for extracting particular miRNAs have been described above. Statistically significant
differences in gPCR were assessed by ANOVA followed by pairwise t-test with
Bonferroni's correction. P values < 0.05 were considered as significant. Statistical
calculations in gPCR analysis were performed using StatView ver. 5.0 (SAS Institute, NC,
USA).

The samples for miRNA microarray assay included: 2 conventional chondrosarcomas (case
no. CS01 and CS03, clinicopathological features including other chondrosarcoma patients in
Table 1), SW1353 cells, and OUMS-27 cells, 3 PNC samples, NSM, NRS-1 cells, and
HEK?293T cells. All PNCs expressed articular chondrocyte marker COL2A1 mRNA and the
semi quantitative ratios of COL2A1/COL1A1 were as follows: NCO1, 1.47; NC08-41, 0.80;
and NC08-42, 0.81, respectively (S- Fig. 1). The Hypertrophic chondrocyte marker
COL10A1 was not detected in all primary articular chondrocytes. These data suggest that all
PNCs kept hyaluronic cartilage status. Gene expression profiles of the above samples
compared to PNCO01 are shown as a scatter plots in S- Fig. 2. Overall miRNA expression
profiles of primary chondrocytes and chondrogenic tumor samples were significantly
different (S- Fig. 2). The correlation matrix (Fig. 1a) shows significant correlations within
each sample group; i.e. PNC group for PNC01, PNC08-41, and PNCO08-42; chondrosarcoma
clinical samples (CS_clin) for CS01 and CS03; and chondrosarcoma cell lines (CS_cell) for
SW1353, and OUMS-27. Hierarchical clustering of these samples using dendrogram (Fig.
1b) revealed that chondrosarcoma samples have a similar expression profile compared to
other type of samples. To characterize differently expressed miRNAs between
chondrosarcoma samples and PNC more accurately, we carried out supervised hierarchical
clustering analysis using 117 probe sets, which were chosen with satisfactory criteria by
ANOVA (Fig. 2). We further subdivided these 117 probe sets into 6 groups according to the
expression profile focused on chondrosarcoma related samples compared with PNC (Fig. 3a,
b and S- Table 1a, b). CS_clin showed 28 differently upregulated and 67 downregulated
miRNAs vs PNC. CS_cell had 4 upregulated and 56 downregulated miRNAs. Among them,
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2 and 27 miRNAs were differently upregulated and downregulated, respectively in both
CS_clinand CS_cell. Commonly up-/down-regulated miRNAS in chondrosarcoma samples
are: miR-96 and 183 as upregulated; miR-10b, 23b, 24-1*, 27b, 100, 134, 136, 136*, 138,
181d, 186, 193b, 221*, 222, 335, 337-5p, 376a, 376a*, 376b, 376¢c, 377, 454, 495, 497, 505,
574-3p, and 660 as downregulated.

Next we validated the miRNA array data with some miRNAs differently expressed in
CS_clin and/or CS_cell compared to PNC in a larger group of patients with chondrosarcoma
by gPCR. Due to the limitation of total RNA quantity, we further examined the following
miRNAs expression level by gPCR; miR-181a, let-7a, 100, 222, 136, 376a, and 335.
MiR-181a was chosen because it is of interest as a rare upregulated miRNA and a potential
regulator of, silent information regulator 1 (SIRT1). MiR-100, 222, 136, 376a, and 335 were
included because they showed commonly decreased expressions in CS_clin and CS_cell.
We also examined the expression of miR-let-7a, which was downregulated in
chondrosarcoma samples, as a representative of let-7 group. In our miRNA array study,
most of let-7 group miRNAs including let-7a, b, ¢ and i were downregulated in CS_cell. In
addition, the downregulation of let-7 group miRNAs has been reported in various other
types of tumors. The results from qPCR experiments are shown in Fig. 4 (detailed qPCR
data in S-Table 2). Overall results from gPCR had the same tendency as miRNA array data.
The expression of miR-let-7a, 100, 222, 136, 376a and 335 were significantly decreased in
both CS_cell and CS_clin samples vs PNC. Neither CS_cell nor CS_clin samples showed
significant differences compared to PNC concerning the expression of miR-181a, though
CS_clin samples had an increased expression pattern vs PNC.

Discussion

Using the PNC as controls, the miRNA profiling analysis of CS samples has been performed
and we found that some specific miRNAs expressions are different between CS and PMC
(Fig. 1 and S-Fig. 2).

A total of 106 miRNAs were downregulated in either CS_clin or CS_cell compared to PNC,
and 27 miRNAs were commonly downregulated in the array study. Further validation by
gPCR analysis with expanded sample size proved the significant downregulation of miR-
let-7a, 100, 222, 136, 3764, and 335 in CS_clin or CS_cell (Table 1). MiR-96 and -183 were
upregulated in chondrosarcoma samples (Fig. 3, Table 2). Down regulation of these miRNA
expression has also been observed in other solid tumors.” MiR-34 and miR-181a members
have been reported to target SIRT1 and control cell survival under various stress
condition.8 In our array study, the expression of miR-34b, 34c-5p and 181a were
differently upregulated in CS_clin compared to PNC. These miRNAs may contribute to
protecting host cells from tumor progression.

MiR-let-7 group (let-7s) is one of the most intensively studied miRNAs in carcinogenesis,
generally functioning as tumor suppressors, and down regulated in various tumors. Let-7s
directly target oncogenic genes Ras and HMGAZ2, and their loss of expression can lead to
oncogenic transformation.1%:11 In the current study, chondrosarcoma derived samples
(CS_clin and CS_cell) also showed downregulation of let-7s compared to PNC. In addition,
miR-100, let-7a-2 and miR-125b-1 form one gene cluster, and this cluster has been reported
to exert antagonistic effects on cell proliferation and carcinogenesis by regulating Myc
activity.12 In both miRNA array and qPCR experiments, miR-100 expression was shown to
be downregulated in chondrosarcoma samples (CS_clin and CS_cell). Downregulation of
let-7s and miR-100 would play a distinct role in tumor progression in chondrosarcoma.
MiR-221/222 has been reported to target tumor suppressor gene PTEN and enhance
carcinogenesis by activating the AKT/PKB signaling pathway in lung and liver cancers.13
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Liu et al. found miR-136, 376a, and 31 were overexpressed in murine and human lung
cancers.14 Lee et al. have shown that miR-136, 199a-3p, and 144 function as regulators of
Rb1 and the versican-PTEN pathway.1® Versican is a relatively minor extracellular matrix
protein in mature cartilage, but is highly expressed in chondrocyte lineage progenitor
cells,16:17 suggesting a role maintaining the immature status of chondrocyte lineage cells.
Decreased expression of miRNA-376a has been reported to induce cell proliferation in
hepatocellular carcinoma cell lines by targeting PKI3R1.18 It has been reported that
decreased expression of miR-335 is functionally associated with poor distal metastasis-free
survival in breast cancer, and miR-335 inhibits metastasis in breast cancer by targeting
SOX4 and TNC.1° The decreased expressions of miR-222, 136, 376a, and 335 would also
play a specific role in malignant chondrogenic carcinogenesis.

It has been demonstrated that chromosomal amplification of 8¢24,20 12p11, 12p13, and
12913 loci?! and a loss of 8g24,22 and 11p11 locus?? are associated with chondrosarcoma.
Some miRNAs are located in these genomic regions, namely has-miR-5692a-2, 3926-1, and
3926-2 in 8g24; miR-613, 614, 141, 1244-3, 3649 and 200c in 12p13; miR-4698, 4494,
1291, 4701, 1293, 196a-2, 615, 3198-2, 148h, 1228, and 616 in 12q13, respectively.
Dysregulation of miRNAS’ expressions, whichever they are up- or down-regulated, may
disorganize the homeostasis in normal chondrocytes and contribute to the malignant
transformation. Further study with larger sized probe sets may elucidate the closer
relationship between miRNAs and chromosomal abnormalities in chondrosarcoma.

It has been proposed that miRNA profiling in cancer could be used not only as diagnostic or
prognostic indicator23, but also as therapeutic target for cancer therapy.24 The information
about miRNA profiling in the current study may provide a basis for future chondrosarcoma
diagnosis and therapy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Correlations between samples on the miRNA arrays. (a) Correlation matrix for log-intensity
among samples. (b) Hierarchical clustering of the arrays. The dendrogram shows the degree
of similarity of miRNA expression pattern among samples. The chondrogenic samples,
including both chondrosarcoma clinical samples and chondrosarcoma derived cell lines,
showed a distinct expression pattern in miRNA from primary non-tumorous chondrocyte
derived samples. CS_clin = chondrosarcoma clinical sample; CS_cell = chondrosarcoma
derived cell line; PNC = primary non-tumorous articular chondrocytes.
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Figure 2.
Expression pattern of the selected 117 miRNAs. The closed triangles show the miRNAs that
were subjected to the further verification by quantitative real-time PCR.
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Differentially expressed miRNAs in chondrogenic samples. The expression levels of
miRNAs in clinical chondrosarcoma samples and chondrosarcoma cell line samples were
compared to primary non-tumorous articular chondrocytes. (a) The list of upregulated
miRNAs in chondrosarcomas vs PNC (b) The list of downregulated miRNAS in
chondrosarcomas vs PNC. The underlined miRNAs represent those used for verification by
quantitative real-time PCR. CS_clin = chondrosarcoma clinical sample; CS_cell =
chondrosarcoma derived cell line; PNC = primary non-tumorous articular chondrocytes.
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Figure4.

Expression of miRNAs in chondrosarcoma clinical samples in quantitative real-time PCR
assay. All data are given as fold change expression levels compared to PNC. The expression
level of each miRNA was normalized to RNUG6B as an internal control. CS_clin =
chondrosarcoma clinical sample; CS_cell = chondrosarcoma derived cell line; PNC =
primary non-tumorous articular chondrocytes. The bar represents the mean. *p < .05 by

ANOVA and pairwise t-test with Bonferroni's correction.
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Table 1
Clinicopathological Features of Conventional Chondrosar coma Patients

CaseNo. Age(y)Sex Primary Site Grade Follow-up Status

cso1# 33M Pelvis 1 NED
CS02 29 M Scapula 1 NED
cs03# 58 M Pelvis 1 NED
CS04 29F Femur 1 NED
CS05 47TM Scapula 1 NED
CS06 44 M Pelvis 1 NED
Cso7 57 M Vertebra 1 NED
Cso08 60 M Hand 1 NED
CS09 67M Rib 1 Meta. (¥
Cs10 61 M Femur 2 AWD
CS11 86 M Knee 2 NED
CS12 51F Rib 2 NED
Cs13 55M Tibia 2 NED
CS14 65 M Humerus 2 AWD
CS15 59 F Pelvis 2 NED
Cs16 66 M Hand 2 AWD
CS17 86 F Knee 2 NED
CS18 SF Femur 2 NED
Cs19 63 F Humerus 3 NED
CS20 59 M Pelvis 3 DOD

indicates the cases whose sample was applied to the miRNA array screening. NED = no evidence of disease; Meta.

(*)

= with metastasis at the final assessment; AWD = alive with disease; DOD = dead of disease.
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Table 2
Differentially Expressed miRNAs and Characteristcs

Expression (CSvs PNC)

miRNAs Chromosome L ocations Array gPCR
miR-181a 1g32.1, 9g33.3 Up Not significant
miR-let7a 9022.3, 11924.1, 22913.31 Down  Down
miR-100 11g24.1 Down  Down
miR-222 Xp11.3 Down  Down
miR-136 14g32.2 Down  Down
miR-376a 14¢32.31, 14932.31 Down  Down
miR-335 7932.2 Down  Down
Target Genes (Reported)  Functions references
SIRT1 cell survival, defense against oxidative stress 8,9
Ras, HMGA2 carcinogenesis 10,11
Myc carcinogenesis 12
PTEN carcinogenesis 13
Rb1, Versican carcinogenesis 14,15
PIK3R1 cell proliferation 14,18
SOX4, TNC tumor metastasis 19
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