Supporting Information:

Page 10.
Figure S6.
z: o e [ Ba [ | ve | A
;BBBHHHQQE?HH

TRV AR \‘{\{\\\‘\

118



Supporting Information:
Page 11.

Figure S7.

Kendall

119



hittp

Supplemental Material can be found at’
INrww jbc.org/content/suppl/2010/11/02/M110.170852.DC 1 .htmi

THE JOURNAL OF BIOL
© 1011 by The Amertcan Society far Bioch

ISTRY VOL 28¢

B L pp. 420-428, January 7, 2011
try and Molecufar

logy. inc.  Printedinthz USA

MicroRNA-210 Regulates Cancer Cell Proliferation through
Targeting Fibroblast Growth Factor Receptor-like 1 (FGFRL1)™

Received for publication, July 30, 2010, and in revised form, October 29, 2010 Published, JBC Papers in Press, November 2, 2010, D01 10.1074/jbcM110,170852
Soken Tsuchiya®, Takeshi Fujiwara', Fumiaki Sato*, Yutaka Shimada®, Eiji Tanaka®, Yoshiharu Sakai®,

Kazuharu Shimizu*, and Gozoh Tsujimoto!’

From the *Department of Nanobio Drug Discovery, Graduate School of Pharmaceutical Sciences, Kyoto University, 46-29 Yoshida
Shimoadachi, Sakyo-ku, Kyoto 606-8501, Japan, the SDepartment of Surgery and Science, Graduate School of Medicine and
Pharmaceutical Sciences for Research, University of Toyama, 2630 Sugitani, Toyama 930-0194, Japan, the *Department of
Surgery, Graduate School of Medicine, Kyoto University, 54 Shogoin Kawara-cho, Sakyo-ku, Kyoto 606-8507, Japan, and the
pepartment of Genomic Drug Discovery Science, Graduate School of Pharmaceutical Sciences, Kyoto University, 46-29 Yoshida

Shimoadachi, Sakyo-ku, Kyoto 606-8501, Japan

The importance of microRNAs (miRNAs) in human malig-
nancies has been well recognized. Here, we report that the ex-
pression of microRNA-210 (miR-210) is down-regulated in
human esophageal sq cell carci and derived cell
lines. Marked decreases in the level of miR-210 were observed
especially in poorly differentiated carcinomas. We found that
miR-210 inhibits cancer cell survival and proliferation by in-
ducing cell death and cell cycle arrest in G,/G, and G,/M. Fi-
nally, we identified fibroblast growth factor receptor-like 1
(FGFRLI) as a target of miR-210 in esophageal squamous cell
carcinoma and demonstrated that FGFRLI accelerates cancer
cell proliferation by preventing cell cycle arrest in G,/G,,.
Taken together, our findings show an important role for miR-
210 as a tumor-suppressive microRNA with effects on cancer
cell proliferation.

MicroRNAs (miRNAs)? are evolutionarily conserved small
noncoding RNAs (20-23 nucleotides) that bind to comple-
mentary sequences in the 3’-untranslated region (UTR) of
target messenger RNAs (mRNAs) and regulate gene expres-
sion by the cleavage of target mRNAs and/or translational
inhibition (1). Currently, >800 human miRNAs have been
identified and registered in the miRNA database, miRBase (2).
miRNAs play important roles in the differentiation of various
cell types and in the initiation and progression of cancer, and
it has been shown that the expression of some miRNAs is al-
tered during cell differentiation and in malignancies (1, 3, 4).
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In a recent study, we identified microRNA-210 (miR-210)
as one of the miRNAs that is markedly differentially expressed
during the process of epithelial differentiation (3). It has been
reported that miR-210 expression is down-regulated during
epithelial-mesenchymal transition, the aberrant activation of
which triggers cancer pathology (5). Carcinomas are derived
from epithelial cells, and poor prognosis in patients with car-
cinoma is associated with the disruption of characteristics of
differentiated epithelial cells, such as cell junctions and polar-
ity (6-8). Hence, given that the expression of miR-210 ap-
pears to be correlated well with epithelial differentiation,
miR-210 might play a suppressive role in carcinomas. In sup-
port of this idea, allelic deletions at the miR-210 locus have
been observed in 64% of cases of ovarian cancer (9), and ec-
topic expression of miR-210 represses tumor growth when
human cancer cell lines are implanted into immunodeficient
mice (10). However, the clinical roles of miR-210 in carcino-
mas and the mechanisms by which it represses tumor growth
remain unknown.

In this study, we investigated the functional role of miR-210
in the growth of carcinomas and the mechanism by which it
acts using clinical samples as well as cell lines of esophageal
squamous cell carcinoma (ESCC). ESCC is a highly aggressive
malignancy with a 5-year survival rate of 10% worldwide. It
has been used as a model to study the mechanisms of dys-
regulated epithelial differentiation and epithelial-mesenchy-
mal transition in carcinomas (11, 12).

EXPERIMENTAL PROCEDURES

Specimens— All tumor samples were confirmed as ESCC by
the Clinicopathologic Department at Kyoto University Hospi-
tal. All cases were classified according to the sixth edition of
the pathologic tumor-node-metastasis (TNM) classification
(13). Written informed consent for the research use was ob-
tained from each patient before surgery. The study was ap-
proved by the Kyoto University Institutional Review Board.

Cell Culture and Transfection—HE3 cells, which are human
primary normal esophageal epithelial cells, were established
and cultured in keratinocyte SFM (Invitrogen) containing
human recombinant epidermal growth factor (Invitrogen)
and bovine pituitary extract (Invitrogen). HEEpiC cells were
purchased from ScienCell Research Laboratories (Carlsbad,
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CA) and were cultured according to the manufacturer’s in-
structions (14). The human ESCC cell lines KYSE-150, -170,
-190, and -590 were maintained as described previously (14,
15). KYSE-170 cells were transfected with oligoribonucleoti-
des for miR-210 or negative control RNA (ncRNA) (Ambion,
Austin, TX) using HiPerFect transfection reagent (Qiagen,
Valencia, CA) according to the manufacturer’s protocol for
overexpression. KYSE-170 cells were also transfected with
FGFRLI (fibroblast growth factor receptor-like 1) small inter-
fering RNAs (siRNAs) or negative control siRNA (ncsiRNA)
(Invitrogen) for knockdown of FGFRLI. The coding region of
FGFRL1 was isolated from complementary DNA (cDNA)
from KTSE-170 cells, which was reverse transcribed using an
oligo(dT) primer (Invitrogen), and ligated into the pcDNA3
expression vector. This FGFRLI expression construct was
transfected into KYSE-170 cells using TransIT-LT1 transfec-
tion reagent (Mirus, Madison, W1I). For inhibition of miRNAs
function, KYSE-590 cells were transfected with a specific
microRNA inhibitor for miR-210 (anti-miR-210) or its negative
control RNA (anti-ncRNA) (Ambion) using HiPerFect trans-
fection reagent.

RNA Extraction and Quantitative Reverse Transcriptase-
PCR—Total RNA was extracted from the normal esophageal
squamous tissues (NESTs), ESCCs, and cell lines by the acid
guanidinium thiocyanate-phenol-chloroform method and
then used for quantitative reverse transcriptase-PCR (qRT-
PCR). To quantify mRNA expression levels, total RNA was
reverse transcribed to cDNA using random primers and
SuperScript 11 reverse transcriptase (Invitrogen), and quanti-
tative PCR was performed in a 7300 Real-Time PCR System
(Applied Biosystems) using Power SYBR Green PCR Master
Mix (Applied Biosystems). Gene expression was quantified
using standard curves that were generated using serially
diluted reference samples and normalized to the expression
level of glyceraldehyde-3-phosphate dehydrogenase
(GAPDH). The specificity of the PCR products was confirmed
by gel electrophoresis and a dissociation curve analysis.
Primer sequences are shown in supplemental Table 1. To
quantify the levels of miRNAs and RNA U6 small nuclear 2
(RNU6-2), we used TagMan MicroRNA assays (Applied Bio-
systems), which detect mature miRNAs specifically, following
the manufacturer’s protocol. The miRNA expression level was
normalized to the expression level of RNUG6-2.

Assay of Cell Proliferation, Cell Cycle, and Cell Death—The
WST-1 assay to measure cell proliferation and flow cytomet-
ric assays to analyze the cell cycle and cell death were per-
formed with KYSE-170 cells at 48 h after transfection as de-
scribed previously (15). Calculations for the analysis of the cell
cycle were performed with ModFit software (BD Biosciences).
The bromodeoxyuridine (BrdU) incorporation assay, which
measures cell proliferation, was performed using the BrdU
Cell Proliferation ELISA kit (Roche Applied Science) accord-
ing to the manufacturer’s instructions.

Microarray Analysis—Total RNA from KYSE-170 cells that
had been transfected with either ncRNA or miR-210 was la-
beled and prepared for hybridization to a human Oligo chip
25k (Toray, Tokyo, Japan) using standard methods. The GEO

“GSPe\

JANUARY 7, 2011 -VOLUME 286-NUMBER 1

database accession code of the microarray data obtained is
GSE20637.

Immunoblot Analyses—Cells were homogenized and cen-
trifuged. The resultant supernatant was subjected to SDS-
PAGE, and the separated proteins were transferred electro-
phoretically onto a PVDF membrane. An anti-FGFRLI1,
NDUFA4, GPR177, or LRP5L antibody (Santa Cruz Biotech-
nology, Santa Cruz, CA) (1:100) was used as the primary anti-
body, respectively, and a horseradish peroxidase-conjugated
IgG antibody (1:5,000) was used as the secondary antibody.
The membranes were stained using an ECL kit according to
the manufacturer’s instructions. An anti-B-actin antibody
(Sigma-Aldrich) (1:1,000) was used as a control.

Immunostaining—Sections of ESCC and NEST were
stained with an anti-FGFRL1 antibody (Santa Cruz Biotech-
nology) and ChemMate ENVISION kit (Dako, Glostrup,
Denmark).

Luciferase Reporter Assay—The 3'-UTRs of FGFRLI,
WSB2, and GDI2 were isolated from cDNA from KTSE-170
cells. These 3’-UTRs and synthetic oligonucleotides of puta-
tive miR-210-target sites in the FGFRL1 3'-UTR ligated into
the pGL3 basic luciferase expression (pGL3-Luc) vector (Pro-
mega, Madison, WI) at the 3’-end of the luciferase coding
sequence (Luc), respectively. This pGL3-Luc vector contain-
ing 3’-UTR or miR-210 target sites and the pRL-TK internal
control vector (Promega) were transfected into KYSE-170
cells using FuGENE HD transfection reagent (Roche Applied
Science). Oligoribonucleotides for miR-210 or ncRNA were
transfected 24 h after transfection of their vectors, and lucif-
erase activity was measured 38 h after transfection of their
vectors using the Dual Luciferase Reporter Assay system (Pro-
mega) according to the manufacturer’s instructions.

Statistics—Results are expressed as the mean * S.E. Stu-
dent’s ¢ test was used to compare data between two groups. p
values less than 0.05 were considered to be statistically signifi-
cant. In Figs. 1C and 4E, each clinicopathologic parameter,
with the exception of age, was evaluated using Pearson’s *
test.

RESULTS

MiR-210 Expression Is Significantly Down-regulated in
ESCC, Especially in Poorly Differentiated Carcinomas—To
investigate the role of miR-210 in human malignancies, we
first examined the expression levels of miR-210 in clinical
samples of matched NEST and ESCC by qRT-PCR (Fig. 14).
Compared with NEST, a significant down-regulation of miR-
210 expression was noted in ESCC. On the other hand, the
expression of miR-31, which has been reported to be not al-
tered between ESCC and NEST (16, 17), showed no signifi-
cant difference (Fig. 1B). For further analysis, 82 clinical sam-
ples of ESCC were divided into two groups (miR-210-high
and miR-210-low) on the basis of their miR-210 expression
levels, and the clinicopathologic characteristics of these two
groups were assessed. A significant difference was observed
between the miR-210-high group and the miR-210-low group
with respect to histological type (i.e. well, moderately, and
poorly differentiated), but there were no significant differ-
ences between the two groups with respect to gender, age, or
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FIGURE 1. Down:

in ESCC. A and B, expression levels of miR-210 and miR-31 in NEST and ESCC assessed by qRT-PCR. The

values are shown relative to the value obtained for NEST (n = 82; %, p < 0.01). C, clinicopathologic characteristics of 82 ESCCs divided into two groups (n =
41) on the basis of miR-210 expression levels. D, expression levels of miR-210 in the ESCCs and the corresponding NESTs in each histological type were com-
pared by qRT-PCR. The values are shown relative to the value obtained for NEST in the well differentiated group (*, p < 0.05; %, p < 0.01). E, levels of miR-
210in HE3, HEEpIC, and KYSE cell lines analyzed by qRT-PCR. The values are shown relative to the value obtained for HE3 (n = 3;%, p < 0.05 versus HE3; #,

p < 0.05 versus HEEpIC). Error bars, SE.

pathologic TNM stage (Fig. 1C). Then, we compared the ex-
pression levels of miR-210 between ESCC and the matched
NEST for each histological type. Significant differences were
observed between moderately and poorly differentiated ESCC
and the matched NEST (Fig. 1D). Moreover, as the degree of
tumor differentiation decreased, the level of miR-210 showed
a corresponding decrease in the ESCC (p = 0.0875, ANOVA)
but not in the matched NEST (p = 0.8728, ANOVA), which
indicated a strong correlation between the level of miR-210
and the degree of tumor differentiation in ESCC. This obser-
vation appears to agree well with the previous finding that
miR-210 expression is up-regulated in parallel with epithelial
cell differentiation (3, 18). Furthermore, when we compared
the levels of miR-210 expression in normal human esophageal
epithelial cells (HE3 and HEEpiC) with those in ESCC cell
lines (KYSE-150, -170, and -190), we found that miR-210 ex-
pression was down-regulated significantly in the ESCC cell
lines (Fig. 1E).

MiR-210 Inhibits Cancer Cell Proliferation by Inducing Cell
Death and Cell Cycle Arrest in G,/G,and G,/ M—Next, we
examined the functional role of miR-210 in ESCC by adding
synthetic miR-210 to the KYSE-170 cell line, in which miR-
210 expression is low (Fig. 1E). Given that miR-210 expres-
sion was correlated with the level of differentiation in ESCC
(Fig. 1, Cand D), we examined the effect of miR-210 on the
proliferation of ESCC cells. Transfection of miR-210 signifi-
cantly decreased the proliferation of cancer cells, whereas a
ncRNA had no inhibitory effect (Fig. 24). Then, the intro-
duced amount of miR-210 in cells transfected with miR-210

422 JOURNAL OF BIOLOGICAL CHEMISTRY

was a >60-fold increase compared with ones in cells trans-
fected with ncRNA (Fig. 2B), which is within the comparable
range for the differences between normal human esophageal
epithelial cells and KYSE-170 cells (Fig. 1E). Moreover, we
performed a BrdU incorporation assay and found that miR-
210 significantly reduced the uptake of BrdU (Fig. 2C). These
results suggested that miR-210 negatively regulates cancer cell
proliferation. Next, we examined the effect of miR-210 on the
cell cycle (Fig. 2D). Transfection of miR-210 resulted in a sig-
nificant increase in the proportion of cells in G,/G, phase as
well as a significant decrease in the proportion of cells in §
phase, whereas the proportion of cells in G,/M phase was un-
altered. These results indicate that miR-210 induces cell cycle
arrest in both G,/G,, and G,/M phases because cell cycle ar-
rest only in G,/G,, phase decreases the proportion of cells in
G,/M phase. In addition, overexpression of miR-210 resulted
in a significant increase in the proportion of FITC-annexin
V-positive cells (Fig. 2E, upper right and lower right) and
FITC-annexin V-negative/propidium iodide (P1)-positive cells
(Fig. 2E, upper left), and a significant decrease in the propor-
tion of FITC-annexin V-negative/Pl-negative cells (Fig. 2E,
lower left), which indicated that overexpression of miR-210
may lead to apoptosis and necrosis. Taken together, the re-
sults suggest that miR-210 may inhibit proliferation of ESCC
cells mainly by inducing cell cycle arrest and apoptosis.
Identification of Candidate Target Genes Degraded by
MiR-210—To investigate the molecular mechanism by which
miR-210 inhibits ESCC cell proliferation, we analyzed the
target genes of miR-210 in ESCC. We performed comprehen-
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FIGURE 2. Functions of miR-210 in KYSE-170 cells. A, effect of miR-210 on cell proliferation was investigated by the WST-1 assay. Cells were incubated for
48 h after transfection with either ncRNA or miR-210, and viability was evaluated. The values are shown relative to the value obtained with ncRNA. B, ex-
pression levels of miR-210 in cells at 48 h after transfection with either ncRNA or mIR 210 were Invesllqaled by qRT-PCR. The values are shown relative to
the value obtained with ncRNA. , 48 h after cell The values are shown relative to the value
obtained with ncRNA. D, effects of miR-210 on the cell cycle were investigated. The Pl—stamed DNA content of the cells was evaluated using a FACScan flow
cytometer at 48 h after transfection. £, at 48 h after transfection, cells were stained with FITC-conjugated annexin V, and Pl and cell death was evaluated
using a FACScan flow cytometer. n = 3; %%, p < 0.05; %, p < 0.01 versus ncRNA.
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expression was decreased >5-fold by of miR-210 predicted target genes of miR-210. 8, lst of four potential miR-210 tar-

getgenes with a signal value of more than 50 in ncRNA-transfected cells upon mlcroarray analysis. C-F, expression levels of the four potential miR-210 tar-
get mRNASs assessed by qRT-PCR. The values are shown relative to the value obtained with ncRNA (n = 3; ¥, p < 0.01). G, Western blot analyses of FGFRL1,
NDUFA4, GPR177, LRPSL, and B-actin proteins.

sive transcriptome analysis using RNA from ESCC cells trans-
fected with either ncRNA or miR-210. Assuming that the ex-
pression of target genes of miR-210 might be down-regulated
in cells transfected with miR-210, we selected 222 genes
whose expression was decreased by more than 5-fold in miR-
210- fected cells d with ncRNA fected cells

programs microcosm (2), TargetScan (19), and PicTar (20)

(Fig. 34 and supplemental Tables 2 and 3). Four (FGFRLI,

NDUFA4, GPR177, and LRPSL) of these 15 genes had a signal

value of more than 50 in ncRNA-transfected cells (Fig 3Band
pl | Table 2). Furth their

(supplemental Table 2). Firfteen of the 222 genes were pre-
dicted to be miR-210 target genes by the target prediction
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firmed by qRT-PCR and Western blotting; the mRNA
expression of all four genes was significantly down-regulated
by transfection of miR-210, although the degree of decrease of
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FIGURE 4.

of miR-210 in ESCC. A-D, FGFRL1, NDUFA4, GPR177, and LRPSL expression levels in ESCCs divided into

of
two groups on the basis of miR-210 expression levels were assessed by qRT-PCR. The values are shown relative to the value obtained for the miR-210-low
group (n = 41; **, p < 0.05;*, p < 0,01)., dlinicopathologic characteristics of 82 ESCCs divided into two groups (n = 41) on the basis of FGFRLT expression
0

levels. F, plot of 10g,F GFRL1 relative expression intensity against log,omiR-210

correlation coefficient () and the p value indicate the statistical significance of the negative correlation between the x and y variables. G, immunohisto-
chemistry for FGFRL1 on ESCC and NEST. These sections were stained by anti-FGFRL1 antibody and by hematoxylin and eosin (H&E).

LRPSL was somewhat low (Fig. 3, C~F). The expression levels
of FGFRL1, NDUFA4, and GPR177 proteins were also down-
regulated by transfection of miR-210 (Fig. 3G). M hil

expression levels of miR-210 and that of FGFRLI in ESCC (Fig.
4}) Fuﬂ.hermore, sections of ESCC and NEST were stained by
hemistry for FGFRL1. The results indicated that

the expression levels in LRP5L protein showed no change at
48 h after transfection of miR-210 (Fig. 3G). To validate these
genes as targets of miR-210 further, we examined their ex-
pression in clinical ESCC samples. Of the four genes, the ex-
pression of FGFRL1, GPR177, and LRPSL was significantly
down-regulated in the miR-210-high group compared with
the miR-210-low group (Fig. 4, A, C, and D), whereas
NDUFA4 was not significantly different between the two
groups (Fig. 4B). We then divided the 82 ESCC samples into
two groups (1 = 41) on the basis of their FGFRLI, GPR177, or
LRPSL expression levels and compared the two gmups in
L]

terms of their clini ic:

FGFRLI protein is expressed in ESCC and the expression levels
are enhanced compared with NEST (Fig. 4G).

MIiR-210 Targets FGFRL1 3'-UTR Directly—Five sites in
the FGFRL1 3'-UTR are predicted to be potential target sites
of miR-210 by microcosm (Fig. 5A), although none of them is
conserved across species such as mouse, rat, and chicken. To
examine whether FGFRLI is a direct target of miR-210, we
cloned the 3'-UTR of FGFRLI into a pGL3-Luc vector (pGL3-
Luc-FGFRLI 3'-UTR) to perform reporter assay. When miR-
210 was transfected into the cells with this reporter construct
but not the mock, luciferase activity was repressed more than

association with histological type was observed for the
FGFRL1-classified groups (Fig. 4E), but not for the GPRI77-
or LRPSL-classified ones (data not shown), which agrees well
with the finding that a decrease in miR-210 expression corre-
lates well with the poorly differentiated state of ESCC. A sta-
tistically significant negative correlation was obtained between

424 JOURNAL OF BIOLOGICAL CHEMISTRY

50% compared with of ncRNA (Fig. 5B). Mean-
while, luciferase activities in cells transfected with reporter
constructs containing the 3'-UTR of WSB2 or GDI2 were not
repressed by the transfection of miR-210 (Fig. 5B). WSB2 and
GDI2 were not included in either predicted target genes of
miR-210 or 222 genes decreased in miR-210-transfected cells
(supplemental Tables 2 and 3). These results suggest that
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were transfected with either ncRNA or miR-210 at 24 h after

with the

didate miR-210 target site in FGFRLT 3'-UTR. After 14 h, reporter luciferase activity was evaluated. The val shi

ncRNA (n = 3;%,p < 001)

FGFRL1 is a direct and robust target gene of miR-210 in ESCC.
For further analysis, we cloned the each putative miR-210-
target site or its point mutant in sequences corresponded to
“seed sequence” of miR-210 into a pGL3-Luc vector (Fig. 54)
and performed reporter assays (Fig. 5, C-G). When miR-210
was transfected into the cells, luciferase activity was signifi-
cantly repressed in all five sites. By contrast, when mutation
was introduced in these sites, the repressions by miR-210

RS LNEN
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3"-UTR of each gene or can-
relative to the val ined

were completely abolished in all cases (Fig. 5, C-G). These
results suggested that these five sites in the FGFRLI 3'-UTR
are target sites of miR-210.

FGFRLI Accelerates Cancer Cell Proliferation by Preventing
Cell Cycle Arrest in G ,/G,—To investigate the roles of FGFRL1
in cancer cell proliferation, we first examined the effect of
FGFRL1 knockdown by using two types of FGFRLI siRNA.
‘With both siRNAs, knockdown of FGFRLI significantly de-
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FIGURE 6. Functions of FGFRL1 in KYSE-170 cells. A, effect of FGFRLT on cell proliferation was investigated by the WST-1 assay. Cells were incubated for
48 h after transfection with ncsiRNA, FGFRLT siRNA1 or 2, and viability was evaluated. The values are shown relative to the value obtained with ncsiRNA (n =
; < 0.01 versus ncsiRNA). B, FGFRL1 expression levels in A were assessed by qRT-PCR. The values are shown relative to the value obtained with ncsiRNA

( *,p < 0.01 versus ncsiRNA). C, effects of FGFRLT on the cell cycle were lnvesllgated The Pl-stained DNA content of the cells was evaluated using a
FACScan flow cytometer at 48 h after transfection (n = 3; **, P < 0.05;* p < 0.01 versus ncsiRNA). D, at 48 h after transfection, cells were stained with FITC-
conjugated annexin V and PI, and cell death was evaluated using a FACScan flow cytometer (n = 3). £, cells were transfected with either ncRNA or miR-210
at 24 h after transfection with the FGFRLT expression vector or mock. After 48 h, viability was evaluated. The values are shown relative to the value obtained

with ncRNA and mock transfection (n = 3; %, p << 0.01). F, Western blot analyses of FGFRL1 and p-actin proteins in £ are shown.

creased proliferation of ESCC cells, whereas a ncsiRNA had
no inhibitory effect (Fig. 64). The level of FGFRLI expression
was reduced to ~10% of the original level with both siRNAs
(Fig. 6B). Next, we examined the effects of FGFRLI knock-
down on the cell cycle (Fig. 6C). Knockdown of FGFRLI re-
sulted in a significant increase in the proportion of cells in
G,/G, phase and a decrease in that in S and G,/M phases.
These results indicated that down-regulation of FGFRLI in-
duced cell cycle arrest in G,/G,,. Down-regulation of FGFRLI
did not significantly change the proportions of FITC-annexin
V-positive cells, FITC-annexin V-negative/Pl-positive cells,
and FITC-annexin V-negative/PI-negative cells, which indi-
cated that FGFRLI is not involved in apoptosis and necrosis
(Fig. 6D). In contrast, overexpression of FGFRLI with no 3'-
UTR significantly reduced the inhibitory effect of miR-210 on
cell proliferation (Fig. 6E). Then, expression levels of FGFRL1

enous FGFRLI, we examined the effect of anti-miR-210 in
KYSE-590 cells, which relatively hxghly expresses miR-210.
The by 2'-O-methyl RNA of miR-210
significantly enhanced the expression levels of FGFRL1
mRNA and protein (Fig. 74). Then, cancer cell proliferation
was significantly increased (Fxg, 7B). These results may indi-
cate that miR-210 end the lev-
els of FGFRL1 and cancer cell prohferahon

DISCUSSION

In the present study, we showed for the first time that ex-
pression of miR-210 is down-regulated in ESCC cell lines as
well as in clinical samples and that miR-210 induces cell ()’C]E
arrest and is in vitro, thus inhibiting the proli
of cancer cells. Furthermore, we found that not only miR-210
was decreased in ESCC, but the degree of tumor

proteins are actually i d in cells with a
FGFRLI expression vector without the 3’-UTR of FGFRLI
(Fig. 6F). These findings suggest that FGFRLI increases the
proliferation of ESCC cells by inhibiting cell cycle arrest in
G /Go phase.
MiR-210 lates Expi Levels of

FGFRL] and Cancer Cell Proliferation—To examine whether

miR-210 regulates the levels of endog-

426 JOURNAL OF BIOLOGICAL CHEMISTRY

differentiation corresponded well with the levels of miR-210
in clinical ESCC samples; thus, more poorly differentiated
ESCCs exhibited less miR-210 expression. The results indi-
cate that the level of miR-210 expression may serve as a clini-
cal maker for the degree of tumor differentiation in vivo. We
also examined whether the lower levels of miR-210 expression
in poorly differentiated ESCC were related to the enhanced
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FIGURE 7. Effects of functional inhibition of endogenous miR-210.
A, effect of inhibition of endogenous miR-210 on FGFRLT expression levels
was assessed by qRT-PCR and Western blot analyses using KYSE-590 cells.

Cells were incubated for 48 h after transfection with anti-ncRNA or anti-miR-

210. The values are shown relative to the value obtained with anti-ncRNA
(n= 3;**, p < 0.05 versus anti-ncRNA). B, cell viability in A was evaluated by
the WST-1 assay. The values are shown relative to the value obtained with
anti-ncRNA (n = 3;**, p < 0.05 versus anti-ncRNA).

proliferation of such carcinomas, and we found that miR-210
acts as a tumor-suppressive miRNA in ESCC.

In contrast to our study, miR-210 was reported to be up-
regulated in breast cancer, pancreatic tumors, and head and
neck cancer and to be correlated with their poor outcome
(21-24). Moreover, previous studies have shown that miR-
210 inhibits apoptosis and bypasses cell cycle arrest in cancer
cell lines such as MCF-7 and HCT116 Dicer® cells (25, 26).
Thus, our finding appears to be different from the previous
reports that miR-210 is up-regulated in cancer tissues and
enhances cell survival. The reason for this apparent discrep-
ancy is uncertain. A likely explanation in the function of miR-
210 is that it is possible that the expression of miR-210 might
only reflect the hypoxia status in these cases as a surrogate
marker for tumor hypoxia because miR-210 is the most ro-

target sites in the 3'-UTR of a gene may function synergisti-
cally (28, 29). As suggested by the observation that overex-
pression of miR-210 in ESCC cells down-regulated expression
of FGFRLI more than that of the other predicted target genes,
we found that FGFRLI mRNA expression was down-regu-
lated in the miR-210-high group of clinical samples and that
the level of expression was correlated inversely with the de-
gree of differentiation. Moreover, knockdown of FGFRLI by
siRNA inhibited ESCC cell proliferation, whereas overexpres-
sion of FGFRLI effectively rescued the miR-210-induced sup-
pression of ESCC cell proliferation. Together, these findings
show that miR-210 might exert its tumor-suppressive effect in
ESCC mainly by targeting FGFRL1. This conclusion was sup-
ported by a recent study showing that FGFRLI could partially
rescue the phenotype (suppression of tumor growth) caused
by ectopic expression of miR-210 in tumor xenografts (10).
However, targeting of FGFRLI by miR-210 appears to explain
only part of the action of miR-210: down-regulation of
FGFRLI arrested the cell cycle in G, /G, phase, but not in
G,/M phase, although miR-210 induced cell cycle arrest
in both phases. Hence, miR-210-induced cell cycle arrest in
G,/M phase and apoptosis might be regulated by other targets
of miR-210. In fact, our transcriptome analysis identified sev-
1 i 11

eral genes whose expression was reg

miR-210. Further studies are clearly required to understand
fully the molecul hanism of tumor suppression by
miR-210.

In conclusion, the results of our present study show that
miR-210 inhibits the proliferation of ESCC cells by inducing
cell cycle arrest and apoptosis and that the effects of miR-210
are mediated mainly by the targeting of FGFRLI. Our data
suggest that down-regulation of miR-210 might play an im-
portant role in the proliferation of ESCC and that miR-210
and FGFRLI might serve as clinical markers for tumor differ-
entiation and therapeutic targets of ESCC.

bustly induced miRNA under hypoxia (9, 25, 26). Additi

ally, the apparently discrepant results in cancer cell lines
might be explained by cell type-specific differences in the ex-
pression levels of target genes of miR-210. The results of our
transcriptome analysis on ESCC cells that expressed miR-210
ectopically supported this possibility because induction of
miR-210 did not affect the expressions of CASPSAP2 and
MNT (supplemental Table 2), which are target genes of miR-
210 and induce apoptosis and cell cycle arrest, respectively
(26, 27). Similar to our findings, Huang et al. have reported
recently that miR-210 represses the initiation of tumor
growth when human head and neck or pancreatic tumor cell
lines that are expressing miR-210 ectopically are implanted
into immunodeficient mice (10).

In the present study, we found that miR-210 is targeted to
the FGFRL1 3'-UTR and suppresses FGFRLI expression in
ESCC. Five sites in the 3’-UTR of FGFRLI were identified as
target sites of miR-210. The repression in the FGFRLI
3'-UTR containing these five sites was considerably larger
than that in each miR-210 target sites. These five miR-210
target sites in the FGFRLI 3’-UTR may function synergisti-
cally in the decrease in the FGFRLI expression level. It has
been actually reported that closely located multiple miRNA
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Supplementary Table 1. List of primers used for real-time PCR analysis

Gene Symbol Forward (5" > 3°) Reverse (5" ->3")
FGFRL] acacagccctccaagatgag geaggttcttcaggetcagt
NDUFA4 agcttgatccecctetttgt ctggacgttecttcttcage
GPR177 aggcatctatgggatgtgga ggaatatttcgaagegetga
LRPSL ctcaaagetgtgaacgtgga geggctetactggtgaagac
GAPDH gagtcaacggatttggtegt ttgattttggagggatctcg
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[Supplementar; Tuble 2. The list represents 222 genes decreased by more than five-fold in miR-210-tansfected cells comy with ncRNA-tansfected cells|
|Gene Sy ncRNA_ [miR-210

IGHG3 Immunoglobulin heavy chain C gene segment [Source:IMGT/GENE-DB:Acc:IGHG3| 4l
NADH-cytochrome b5 reductase (EC 1.62.2) (BSR) (Diaphorase-1) (Cytochrome bS reductase 3)
|Contains: NADH-cytochrome bS reductase membrane-bound form; NADH-cytochrome bS reductase

CYBSR3 S :UniprovSWISSPROT:Acc: PO0387] 40}

FAMI9AY Source: Uni m«/SWISSPR()T.Au QI6LR4] 39

0BL i il
Bone marrow stromal anfigen 2 precursor (BST-2) (CD317 antigen) (HM1 24 antigen).
Source UniprovS WISSPROT Ac Qloﬂs‘u 35, i
35 1

Q0303 35 1 513
R:ctplnmypr rymmr»pvmtin phnrphiust T precursor (FC 3.1348) (R-PTP-T) (RPTP10)
Source: UniproVSWISSPROT:Acc:014522] 34 1 -5.09
Prominin-1 precursor (Prominin-like protein 1) (Antigen AC133) (CDI33 antigen).

PROM1 Source:UniprotSWISSPROT; Ace:043490) 33 1 -5.04
(Aminopeptidase PILS) (Puromycin-insensitive leucyl- specific aminopeptidase) (PILS-AP) (Type 1
tumor necrosis factor receptor shedding aminopeptidase regulator)

ARTSI_HUMAN _|[Source:UniproVSWISSPROT:Acc:QINZ08] 29 1 -4.86)

Q96154 HUMAN _|- 28] 1 481

CALNI |Calneuron-1 (Calcium-binding protein CaBPR). [Source: UniproUSWISSPROT:Acc-QIBXU9| 2] 1 481
UDP-giucuronosyltransierase 2B3 precursor (EC 2.4.1.17) (UDPGT) (Hyodearycholic acid)

UGT2B4 (HLUG25) (UDPGTH.1). [ Source:Unipro/SWISSPROT;Ace:P06133] 27, 1 475
Gamma-aminobutyric-acid receplor subunit beta-1 precursor (GABA(A) recepior subunit beta-T).
[Source:UniprovSWISSPROT;Ace:P18505] 26, 1 47
DNA frngmenullun facmr suham! beta (EC3.---) (DNA fragmentation factor 40 kDa subunit) (DFF-

40) (C: (Caspast d DNasc) (CAD) (Caspase-activated

DFFB nuclease) (CPAN). l;nur:e UniprouSWISSPROT:Acc:O76075] 26| 1 47
Gamma-aminobutyric-acid receptor subunit delta precursor (GABA(A) receplor subunit delta).

GABRD. -UniproVSWISSPROT:Acc:014764] 26, 1 47|

(Q51V89_HUMAN _|- 25| 1 464)

MANEAL mannosidase. endo-alpha-like isoform 2 [Source:RefS ide:Acc:NP_689709)

[Metalloproteinase inhibitor 4 precursor (TIMP-4) (Tissue inhibitor of metalloproteinases 4).

TIMPY Source:UniproySWISSPROT Accs Qom_u pA]
INFAIPS [(H; lhlrovu!e b«ndln prmem PR(TI';Acc: POB0GS | 7;3_} 1 452
3 precur: of 16 protein) (Mclanonia dlﬂmmnon-
1124 |associated gene 7 pmmn) (MDA-7). [Source:UniproVSWISSPROT: Acc:Q1300° 23 1 452
ISNHAS_HU! S -ceptor. | Sourc: 3 l 23 1 -4.52
(Calciumycalmodulin-dependent 3'.5cyclic nucleotide phosphodiesterase 1B (EC 3.14.17) (Cam-PDE
1B) (63 kDa Cam-PDE). [Source: UniproV SWISSPROT:Ace:Q01064] 2 1
Signal-induced proliferation-associated protcin 1 (Sipa-1) (G1 Pase- activating protein Spa-1) (p130
iproVSWISSPROT:Acc:QI6FS4] 2 1
43 2
21 1
- 20 1
gnancy-specific BG-T) (Pregnancy-specific beta-T glycoprotein |
C/D) (PS-beta-C/D) (Fetal liver ne ic cross-reactive antigen 1/2) (FL-NCA-1/2) (PSG95)
PSGI (CD66! antigen). | Source: UniprovSWISSPROT;Acc:P11464] 20 1
[ [Sodium- and chioride-dependent transporter XTRP3 (Solute carrier family 6 member 20)
SLC6A20 transporter rB21A homolog). [Source: UniprovS WISSPROT:Ace:QONP91 20| !

Leucine-rich epeat neuromal pmtem ¥ precuror (Neuroal escoe- ich reeat proe 1 (NLRR-T).
K|

Smuu.Um ot SWISSPROT:A cc: 043405

hlin precursor (COCH-5B2).

(CDNA F1J3465 fis, clone KIDNE2018167. | Source: UniprovSPTREMBL:Acc:QSNAW6]

QSNAWG6_HUMAN
[TAF6-like RNA polymerase 11 p300/CBP-associated factor-associated factor 65 kDa subunit 6L

TAF6L (PCAF-associated factor 65 alpha) (PAF65- alpha). [Source: UniprovSWISSPROT:Acc:Q9Y6J9] 18] 1 4.17]

TMPRSS12 transmembrane protease, serine 12 [Source:RefSeq_peptide:Acc:NP_872365] 18] 1 4.17

QAT HUMAN_|CDNA FLI3481S fs clone NT2NE2007786. [Source:UniprotSPTREMBLiAcc: QSNATA] 17, 1 4.09)
Solute carrier family 12 member 3 (Thiazide-s Na-CT

SLCI2A3 symporter). |Source:Uniprov SWISSPROT:Acc:P55017] 17] 1 -4.09|
Cell adhesion molecule-related/down-T regulﬂcd by oncogenes precursor.

CDON_ Source:Uniprov SWISSPROT:Ace: Q4K! 17] | -4.09]
(Gamma-sarcoglycan (Gamma-SG) (35 kDa d)slmplun -associated glycoprotein) (35DAG).

SGCG | Source: UniprovS WISSPROT:Ace:Q13326) 17] 1 -4.09)

[Dcpc2 [[Source:UniproVSWISSPROT:Acc:QIUHGO 17 1 4.09)
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page 2.

Supplementary Table 2. The it represents 222 genes decreased by more than five-fold in miR-210-tansfected cell with neRNA-tansfected cells|
Gene Symbol ncRNA__[miR-210 | Log,(ratio)|
Pancreas transcription Tactor 1 SUbunit alpha (Pancreas- speciiic transeription factor 1a) (GHLH
transcription factor p48) (p48 DNA- binding subunit of transcription factor PTF1) (PTFI-pds).
PTFIA Source:UniproVSWISSPROTAcc:QTRTS] 34) 2|

IGSFS
TECTA

QOHSHE_HUMAN
LIX] Protei

Alpln Leclorin Precursor. lswxc: Umnrol/SWISSPROT’Acc 0754431

& protein 2 precursor.

1

i 3 rAcc:Q8N4SS) | 2| -4
FSTLS in-like 5). [Source: UniprovSWISSPROT:Acc:Q8N475] 1 -4
SEMG2 Semer mlm -2 precursor (SemrmEIm 1) (SGII). [Source: UniproVSWISSPROT:Acc-Q02383| 15[ 1 391
0166536 |Source: RefSeq_peplide:Ace:NP_996536] 15 1 391
Q4VXHS_HUMAN _|XAGE4 protein (Fragment). |Source: UniprovSPTREMBL:Acc:QBWWMO| 15 ] 391
SERPINA2 Alpha-1-antitrypsin-related protein precursor. | Source:Uniprot SWISSPROT;Acc: P20848] 15 1 391
GSDMDC Gasdermin domain-containing protein 1. VSWISSPROT:Ace:PS7764] 15 | 391
QSTBUS _HUMAN 14} 1 381
ZNF83 Zinc finger protein 83 (Zinc finger protein HPE1). [Source:UniproVSWISSPROT:Acc:PS1522] 14 1 381

Lithostathine | alpha precursor (Pancreatic stone protein) (PSP) (Pancreatic thread protein) (PTP)
(1slet of Langerhans regencrating proicin) (REG) (Regencrating protein | alpha) (Ilctcells

regeneration factor) (ICRE). [Source: VSWISSPROT;Ace:P0S451]

Sex hormone-binding globulin precursor (SHBG) (Sex steroid-binding protein) (SBP) (Tests-specific
g globulin) (1

globulin) (TeBG). [Source UmmuszSbFROI‘_A: PO42TY
°C 3. |m (PPlase) (Rommm) (rydqmmnm

|Ankyrin repeat and °S box protein 17 (ASB-17). [St

RAD21LI

FGF23
CAMTAL

APOA2
NP_861450.1

NDUFAS
DDO.
BCORL2
NM_207504
HILA-DPAI

DNALII

MCHR2

Syntaphilin. |Source:UniprovSWISSPROT:Ace:015079]

Fboblst gt facor 2 gecurso (G- 23) (Tumor-derived hypophosphateniia-inducing factor).
Source:Uniprot SWISSPROT:Ace: Q9GZV9]

| Calmodulin-binding transcription activator 1. [Source: UniprovSWISSPROT:Acc:Q9Y6Y 1]

Apolipoprotein A-II precursor (Apo-All) (ApoA-II) [Contains: Apolipoprotein A-11(1-76)].
[Source:Us WSWISSPROT: Ace:P02652 |

LOC283537 protein ((TITHUMPOOOWHSIM) [Source:Uniprot'SPTREMBL:Acc:Q6P9B3 |

NADH subunit 5 (EC 16.53) (EC 1.6993)
(NADH-ubiquinone oxidoreductase l kDa-B subunit) (Complex 1-13kD-B) (C1-13kD-B) (Complex I
subunit B13). [Source: UniprovSWISSPROT:Acc:Q16718)

D-aspartate oxidase (EC 1.43.1) (DASOX) (DDO). [Source: Uniprot/ SWISSPROT:Ace:Q99489

BCoR-like protein 2 (BCL-6 corepressor-like protein 2). [Source:Uniprot'SWISSPROT:Ac NSSS]
(CDNA FLI46365 fis, clone TESTI4051054. [Source:Uniprot/SPTREMBL:Acc:Q6ZRGS|

major histocompatibility complex, class If, DP alpha |

Axonemal dynein light intermediate polypeptide | (Inner dynein arm light chain. axoncmal) (hp28).
Source: UniproVSWISSPROT:Acc:014643)

(HCE-2R) (MCH2) (G-protin cogled cepfr T25) @PRVT7>.
Uniprot/SWISSPROT:Acc:-QO69V 1]

ANGPTL2 Source:Uniprot SWISSPROT:Acc:QIUKU9)
Q96RZ4_HUMAN _|-

d nein heavy chain domain 3 [Source:RefSeq_peptide;Ad

4 > 065928
Reticulon-2 (N ine-specific protein-Tik I)(NSP»Inkeproleh\I)(NS!’I,I).
Source:UniproSWISSPROT:Acc-075298]

|Source:Unipro SWISSPROT:Ace:P42127)

sin. | Source: UniprovVSWISSPROT:Acc:P49418]

[F-box and leucine-rich repeat protein 21 [Source:RefSe ide:Ace:NP_036291]

|C120r{50

| C120r50 protein (Fragment). USPTREMBL:Acc:Q6P674]
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[s ntary Table 2. Tht list represents 222 genes decreased by more than five-fold in miR-210-tansfected

Beta-microseminoprolein precursor (Prostate secreted seminal plasma protein) (Prostale secretory
protein PSP94) (PSP-94) (Seminal plasma beta-inhibin) (Immunoglobulin-binding factor) (IGBF)
PN44). [Source:UniproVSWISSPROT: Acc:PUBI 18]

Probable G-protein coupled receptor 35. [Source:UniprovSWISSPROT;Acc:QIHC97]

Clorf145 protein (Fragment). [So :UniproVSPTREMBL:Acc:Q8N372]

| Chromabox protein homolog 6. [Source:UniproVSWISSPROT:Acc:095503

Uncharacterized protein C110r69. [Source:UniproVSWISSPROT:Ace:Q8TAY4]

Myogenic fuﬂors Myf-5). [Source:Uniprot SWISSPROT:Ace:P13349]

Source: SWISSPROT.Acc:P31323]

NADPH oxidase homolog T (NOX-T) (NOH-T) (NADH/NADPH mitogenic oxidasc subunit P65~
Source:Uni WISSPROT: Ace:QIY 558]

Elongation of veryLoag chain {ary acids proten 3 (Cold-ducibi gycoproten of UKD
Source:Uniprot/SWISSPROT:A:

Aplvp«ms regulator Bel-B (Bel-2-like I(]prmem) (BoTZ-L-10) (Anti- apoptotic protein NrH).
“UniprolSWISSPROT:Acc:QOHD36]

prot SWISSPROT:Ace:(Q92599

in [Sonmc:kdﬁca tide:Acc: NP 001009615]

(GIcNAC6ST-3) (Intestinal GIcNAc- (nicstinal N
sulfotransferase) (1-GIcNAC6ST) (hl(mss r) (Galactose/N- acetylglucosamine
Sourc A

proVSWISSPROT:Ace:QIHG. u]

Source:Uni
Protein FAM26A. [Source:UniprovSWISSPROT:A

GPI-linked NAD(P)(+)--arginine ADP-ribosyltransfcrase

rsor
ART] "D296 antigen). | Source: UniproSWISSPROT:Acc: 8 1 -3
NP_001001684.1 PTRI 8 1 -3
nase anchor prote; gpm i —Kinase anchor protein
110 kDa) (AKAP 110) - bing dmg protein; in-1 in 1) (Fibrous
AKAP3 sheath protein of 95 kDa) (FSP9S). [Soure Umnmvswmmm ce: 8 1 3
(GTF21 repeat domain containing 2 [Source-RefSeq_peptide:Acc:NP_T75808] 8 1 3
SPATAIG ncsis associated 16 |Source:RefSeq_peptide:Acc:NP_114161] 23 3 -2.94
Eppm precursor (Epididynial protease inhibitor) (Serine protease inhibitor-Tike with Kumitz and WAP,
(domains 1) (WAP four-disulfide core domain protein 7) (Protease inhibitor WAP7)
S Vi S iproV SWISSPROT A c¢:095925] 23 p -2.94
OR21.2 Olfactory receptor 21.2 (HTPCRHO7). [Source: Uniprot/SWISSPROT:Acc:Q8NH 1 6] 3 -2.94)

5-hydroxytryptamine SA receptor (5-H1-3A) (Serotonin receptor SA) (5- HI-3).
Source: UniprouSWISSPROT:Acc: 478‘)8]

Tumor necrosis factor receptor superfamily member EDAR precursor (Anhidrotic ectodysplasin
receptor 1) (Ectodysplasin-A receptor) (EDA- Al receptor) (Ectodermal dysplasia receptor) (Downless
). [Source:UniprouSWISSPROT: Ace:G

Claudin-14. |Source: Uniproy SWISSPROT;Ace:095500]

(ZSG1). [Source:UniprotSWISSPROT:Acc:Q96LDI | 29) 4 286

8 protein (Protein C15). [Source: UniproVSWISSPROT:Acc-QINZF1] 121 17 283

| -Q8NG 7 | -281

|Source: UniprotSWISSPROT:Acc:060245] 1% 5| 281

TRAV22 T-cell receptor alpha V gene segment [Source:IMGT/GENE-DB:Acc: TRAV22] 7] 1 281

XAB2 |XPA-binding protein 2 (HCNP protein). [Source: UniproSWISSPROT; Acc:QIHCS7) 35| 281
(1gG Fc receptor 11-a) (Fe-gamma-Rila) (CD32 antigen) (CDW32).

FCGR2A Source:Uniprot/S WISSPROT:Ace:P12318) 21 3| 281

SECIALS - 21 3| 281

Cl0orf53 [ ized protein C100rf53. [Source: UniprovSWISSPROT:Acc: QSN6V4| 21 3| 281

L0C729516 - 21 3| 281

SLENLI schiafen-like | [Source:RefSeq_peptide:Acc:NP_659427) 14 2 281
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page 4

[Supplementary lele 2.The un represents 222 genes decreased by more than five-fold in miR-210-tansfected with RRNA~I:M'KM «lhl
| Gene Symbol RN

Lecithin retinol (EC23.1.135) line-- retinol O-
|Source:UniprovSWISSPROT;Acc:095237|

ADAMIS-13 precursor (EC 3.4.23.-) (A disintegrin and metalloproteinase with thrombospondin
motifs 13) (ADAM-TS 13) (ADAM-TS13) (von Willebrand factor-cleaving protease) (vWF-cleaving

ADAMTS13 protease) (vWE-CP). [Source:Uniprot SWISSPROT:Acc-Q76LX8
PTCHDI patched domain containing | Acc:NP_775766]
ACPL2 acid like 2 (S S i NP_001032249]

TFEC s factor EC isoform b |Source:RefS tide;Acc:NP_001018068]
phosphoprotein pI8) (pp17) (Prosolin) (Metablastin) (Protein Pr22).

Source: Uniprov SWISSPROT:Acc:P16949]

ursor (PSBG-10) (PSBG- 12).

ific beta-1-glycoprotein
nipnu/SWlssPROT Acr'QISZJﬂ

/SWISSPROT:Ace:P36382)

rece] So
Period circadian protein homolog 3 (Circadian clock pm(un PERIOD 3) (hPER3).
Source: Uniprov! SWISSPROTAM P56645]

Dedicator of cytokinesis protein 4. | Source:UniprovS WISSPROT:Acc:Q8N110) 25
Regulating synapiic membrane exocylosis protein 3 (Nim3) (Rab-3- inferacting molecule 3) (RIM 3)

s
ol
ElalE

(RIM3 gamma). [Source:Uniprot/SWISSPROT:Ace:QIUIDO] a3 7 262
FCRL3 F mmke 3 precursor [Source:RefSeq_peptide:Acc:NP_413171] 9) 8 261
GCKR kinase regulatory protein (Glucokinase regulator). {Source: UniproU SWISSPROT:Ace:Q14397) 6 I -2.58]
NP_631912.2 [Na+/H+ exchanger like domain containing [Source:RefSeq_peptide:Acc:NP_631912] 24 4

CDNA FLI25369 fis, clone TSTOI830 (Hypothetical protein FLI25369) (Chromosome 2 open reading|
C2orf51 frame 51). [Source: UniprovSPTREMBL:Ace:QI61. M6 8]

Homeobox protein engrailed-2 (Hu-En-2). [Source:Uniprov SWISSPROT:Ace:P19622| 30

o | Jun foo

REPLI Ret finger protein-like 1 (RING finger protein 78). | Source:UniprovSWISSPROT;Acc:075677] 30]
GDF3 Growth/differentiation factor 3 ursor (GDF-3). [Source:UniprotSWISSPROT:Acc:QINI 36

(CDNA FLI37357 fis, clone BRAMY2023060 (FLI37357 protein) (Hypothetical protein FLI37357).

NP_775916.1 UniprovSPTREMBL:Acc:Q8N1W6] 30 5|
ISX intestine - speuﬁc homeobox [Source:RefSeq_peptide.Acc:NP_001008494] 24 4

receptor 13) (V28) (Beta chemokine receptor-like 1) (CMK-BRL-1) (CMKBLR1).
Source:Unif 'SWlSS}’ROT .Acc P49238]

(CX3CRI
| MIA2
010D4_HUMAN

91
Complement C1q tumor necrosis factor-related protein 2 precursor.
Source:UniprovSWISSPROT:Ace:QIBXIS] 6| 1

like protein 2 (EC 3.1 -.-). [Source:! ngml/SWlSiPROI ‘Acc:QOHAIS 64 1

type-IC protein-binding protein 1) (MCC-2) (ATE-75-
ussPI binding protein). [Source: UniproV SWISSPROT:Acc-QRNGY 0] 29} s
VSTM2. |Source: Uniprot/SWISSPROT ;A ce:t Q_ﬂ_ AGS] 23] 4
Sulfate proteoglycan core protein 1) [Contains; Aggrecan core protein 2].
AGe! Source:Uniprot'SWISSPROT:Ace:P16112] 2 4
BPY2C Source:UniproV SWISSPROT:Acc:014599) 23 4
Dolichyl-diphosphooligosaccharide-—protein glycosyltransTerase 48 KDa subunit precursor (EC
2.4.1.119) (Oligosacchary! transferase 48 kDa subunit) (DDOST 48 kDa subunit)
DDOST Source:UniproUSWISSPROT;Ace:P39656) 2238 391
[roquois-class homeodomain protein IRX-1 (Iroquois homeobox protein 1) (Homeodomain protein
IRX! IRXA ). [Source:Unipro/SWISSPROT:Acc:P78414] 34) 6
T-cell surface glycoprotein CDY precursor (T-cell surface antigen T4/1.eu-3).
Source: UniprovSWISSPROT: Acc:PO1730] 17, 3 -2.5]
SNAIS_HUMAN | CDNA FLI35343 fis. clone PROST2015932. [Source: UniproUSPTREMBL:Acc:Q8NAHS] 17 3 25|
THBS! [ Thrombospondin-1 precursor. {Source:UniproVSWISSPROT:Acc:P07996] 206} 37 -2.48)
[ ANKRD20A3 [Ankyrin repeat domain-containing protein 20A3. [Source: UniproVSWISSPROT:A:QSVURT] | 2 4 24
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[Supplementary Table 2. The lst represents 22 genes decreased by more than five-fold in miR-210-tansfected cellscom
[Gene Symbol |

Biatng poten Tike (Tnnsduosrorcmz«maem actin assembly protemn 1) (Toca-1).
FNBPIL

in subuml bm (Hcmoglobm bm chain) (Beta- globin).
Source: UniproVSWISSPROT:Acc: P68871 )
Piwi-like protein 3. |Source: UniprouSWISSPROT:Acc:Q7Z3Z3
[Melanoma-associated antigen 11 (MAGE-11 antigen). |Source: UniprovSWISSPROT:Ace:P43364]
Potassium voltage-gated channel subfamily G member I (Voltage-gated potassium channel subunit
Kv6.1) (kH2). [Source:UniprovSWISSPROT:Ace:QOUIX4]
Alpha-1A adrencrgic recepior (Alpha 1A ipha TA- Alpha-1C
adrenergic receptor) (Alpha adrenergic receptor 1¢). [Source:Uniproy SWISSPROT:Acc: P35348]
e (MGC27121), mRNA |Source:RefSeq_d: \oc:NM_001001343

Transmembrane glycoprotein NMB precursor (Transmembrane glycoprotein HGFIN).
Source: UniproV SWISSPROT:Acc:Q14956]

3 protein. [Source: UniproVSPTREMBL:Acc:Q6G
Neurotensin/neuromedin N precursor [Contains: Large neuromedin N (NmN- 125); Neuromedin N

PIWIL3
MAGEAIL

ADRAIA

[NTS ((NmN) (NN): Neurotensin (NT): Tail ide |. | Source: Uniprot/SWISSPROT:Acc:P30990]
XKR4. XK-related protein 4. [Source:UniprovSWISSPROT:Ace:QSGHT6]

C120rf59 120159 protein. [Source:UniprovSPTREMBL:Ace:Q4KMG9]
Specific-processing protease 29) (Deubiquitinating enzyme 29).

usr29 Source:Uniprot/SWISSPROT:Acc:QOHBJ7|
acylhydrolase) (LDL-associaicd phospholipase A2) (LDL-PLAC) (2-acey | 1-

esterase) (1 esterase)
21 4l 239
21 A 239)
21 A 239
Putative palmitoyltransferase ZDHH 51 e Tinger DHHC domain-containing protein
ZDHHC22 22) (DHHC-22). [Source: Um-wsmum)r Acc:QBNIG6| 21 4 239
ZNFI01 Zinc finger protein 101 (Zine nm protcin HZF12). [Source: UniproV SWISSPROT:Ace QSIZCT] 4 o 238
[Alpha-1B adrenergic (Alpha 1B-
ADRAIE Souree:UniproVSWISSPROT:Ace-P35368 2 s|  2ag]
[Acyl-coenzyme A oxidase 3. peroxisomal (EC 133 .6) (Pristanoyl-CoA oxidase) (Branched-chain
Acox3 acyl-CoA oxidase) (BRCACox). [ Source:UniproUSWISSPROT:Ace:015254] 3l 6 237
QSN750_HUMAN _| CDNA FLJ40424 fis. clone TESTI2039026.  Source:UniproVSPTREMBL:Acc:Q8N7S0) 31 6 237

Phosphorylase b kinase gamma catalytic chain, skeletal muscle isoform (EC 2.7.11.19) (Phosphorylase|
kinase subunit gamma 1). | Source:Unip ol SWISSPRM. 16816]

PHKGI

g oW or-related prote d P8 £
AP2-associated protein kinase 1 (EC 2.7.11.1) (Adaptor-associated kinase 1).

AAK ] Source: Uniprot/SWISSPROT:Ace:Q2M2I8)] 21

KIAAOI9S. KIAA0195 (KIAA0195). mRNA |Source:RefSeq_dna:Acc:NM_014738] 40

CDNA FLI35816 fis. clone TESTI2006109. [ Source:UniprovSPTREMBL:A
= O e : - - -

Cborf122 Uncharacterized p lcinéorﬂll Source: Uniprot SWISSPROT:A

6M2 20| 4| 232
EXWM:HI:mIAng/CAS‘[ Tamily member 1 (RAB6-inieracting protein 2) (ERC protein 1).
ERCI :UniprotSWISSPROT:Ace:QRIUD?) 20| 4 232
l]blqmun c.mom terminal hydrolase 6 (EC 3.1.2.15) (Ubiquitin ﬂuocs!:nx ) (Ubiquitin-specific-
enzyme 6) (Prot TRE-2).
usPs Source: UniproVSWISSPROTAce:P3S125] 20| 4 232/

(Growth factor receptor-bound pmmn a (mum “adapter protein).

C3ARI

SPROT:Acc:

Shydroxytry pamine 2C receptor (3-HT-2C) (Serotonin recepior 307 (3- HT2C) (5-HTREC) GHT-
HTR2C 1C). [Source: Uniprot’S WISSPROT:Acc: P28335] 10} 2 -232
|095724_HUMAN _|Reverse transcrij (Fragment). | Source: Uniprot/SPTREMBL:Acc:095724] 5] 1 2232

The fifteen genes predicted as a miR-210 target gene by microCosm, TargetScan or PicTar were highlighted in gray.
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AC006273.1
AC008772.1
AC008898.1
AC009967.5
AC020916.6
AC040977.2
AC109322.1
ACI14498.5
AC133485.1
AC141586.2
AC226119.1
ACPI
ACTAT
ACTCI
ACTGI
ACTL7A
ADA

ALDH3AI
ALDH4AI
ALKBH3
ALLC
AMBN
ANAPCT
ANK1
ANKRD24

ARFRPI
ARHGAP17
ARHGEF17
ARMCI
ARMCA
ARSD
ASCCl
ASCLI

BX324178.1

C120rf48
ClorfI48

C200rf103
C2001f195
Clor32
Clorf4s
Ciorf2l

C90rf93
CACNA2D2
CALCOCO!

CCNBIIPI

ccT3
CDISO
D22
C€D276
CD300LD
CDSS

FAM9OAT

GDAPILI

GOLGA2LY!
GOLPH3
GPDIL
GPRIS3
GPRI7
GPRI77
GPRI9
GPR39
GPRS7
GRIA2
GRIK2
GRIN3B
GRINLIA
GRMS
GRM6
GsC
GSTAI

HIRIP3
HISTIHIB
HISTIH2AK

HLXB9
HMG20B
HOXA3
HPCA
HPCALI
HRH2
HSDI7B1
HSDI7B7
HSPAS
HSPBAPI
HTATSF1

IGHV3-23
IGHV3-35
IGHV3-38
IGHV3-47

MBDS
MCCD!
MCM4
MCMS8
MDGAI
MEF2D
MEGF6
MEIS]
MFAP3
MFSD4
MIDIIPT
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page 2.

list represents 811

icted as a miR-210

PCP4 RP4-565E6.] SURFS
PCSK7 RPS27 SusDI
PDCL RSCIAI svzi2
PDE3A RUFY1 SYNE2
PDLIM3 RUVBL2 SYNGAP1
PDXI SACMIL SYTIS
PDZD4 SAMDI3 TACS
PEX10 SAP30L TAF6
PEX13 SARNI TBCIDI6
PEXSL SCGBICT TBCID28
PHF15 SCNIB TBCIDS
PHF23 SCN9A TCF712
PHKG2 scoc TCHP
PHTF1 SCRTI TFAP2A
PLIKAP2 SCYL! TFCP2
PIK3RS SDCCAGS TGFBRAP!
PIK4CA SDF2 THOCS
PKNOX2 SDHALP! TIAMI
PLAIA SDHALP2 TIGD2
PLCB3 SEC24C TIGD5
PLCD3 SEHIL TIMMI7B
PLK! SENPS TIMP]
NKX2-5 PLXNCT E TLX1
NKX2-8 PODN SERPINAI2 TMEMI42A
NOMO! POFIB SERPINA TMEMI6B
NOMO3 POLR21 SETD2 TMEMI6D
NOX4 POU2AF] SF3BI1 TMEM194B
NP_660343.1 PPAP2A SF3B4 TMEM195
NP_683701.2 PPIE SF3BS TMEM204
NPHP4 PPPICC SH2D7 TMEM208
NPM3 PPPIRI2C SHIBGR TMEMA40
NPRI PPPIRI6A SH3BGRL TNFRSF13C
NPSRI PPP3RI SH3KBPI TNIP]
NPTXI PRHOXNB SHC3 TNIP3
NQO2 PRICKLEA SHCBP1 TNPO3
NR6AT PRIMAI SIDT2 TOMIL2
NRG4 PRMT2 SILT TORIA
NRGN PRPF3SB SIN3B TPS3TG3
NSDHL PRRII SIPAIL3 TPST1
NSUNS PRRG2 SIX1 TRAFDI
NTSCIB PRSS16 SLCI2A8 TRAV4
NTSDC1 PSG2 SLCISAI TRIMI4
NTN4 PSME3 SLC16A14 TRIMI7
NUDT6 PTAFR SLC20A1 TSEN2
NUPIZ3 PTCHD3 SLC25A28 TSNAXIPI
NUPL2 PTGES2 SLC26A3 TSPANIO
NUPRI PTS SLC2AT TSPANI4
PYDCI SLC37A1 el
AF PYY SLC3S8AS TrCI13
OBSCN Q6ZRP6_HUMAN  SLC43AT TTC24
ODF3 QIBZU2_HUMAN SLC4ALT T7cd
opz2 Q9HBRS_HUMAN  SLCGAI9 TTF1
oDZ3 SLITRKS TTLL]
0GGI SMARCA4 TXNLS
OLFML2A SMCHDI UBASH3A
OLIG3 SORBS2 UBE20
ORI0GS sox21 UBN2
OR2T8 SOX30 UBQINI
OR2V2 SPACA3 UMODLI
OR4K14 SPACAY UNC45A
OR4PIP spon UNCSA
ORSM13P SPRR2F URM1
0SBPL2 SPTB UROS
o108 SQLE usp21
orp SREBFI USP6NL
OT1UB1 SRMS vir
P2RXT SRPX VRK1
P2RYI0 STIGAL3 VSIG6
P2RY1N ST6GALNACG VWASBI
PAHAS STABI WDFY2
PABPCIL RIN3 STARD3NL WDR20
PADIT RNF207 STATS WDR22
PANX3 RNF208 stiel WDR3S8
PAOX RNF212 STT3B WDRSB
PARK2 RP1-163G9.1 STX1 WDR6
PBXI RP1I-181G12.1 STX182 WDR64
PCBP4 RPII-191LY.1 STXBPS WDR66
PCDH2I RP11-397P14.1 SUMO3 WisP2

ne by microCosm, T

ZCCHCT
ZDHHCI2
ZDHHC4
ZFPM1
ZHx2
ZMAT4

ZNFS83
ZNF585B
ZNF720
ZNF827
ZRANB3
ZSCAN20

tScan and PicTar
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MicroRNA-141 confers resistance to cisplatin-induced
apoptosis by targeting YAPI in human esophageal

squamous cell carcinoma

Yukako Imanaka!, Soken Tsuchiya?, Fumiaki Sato?, Yutaka Shimada®, Kazuharu Shimizu? and

Gozoh Tsujimoto!

are

g RNAs that function as negative

of gene

in miRNA expression have been shown to aﬂect tumw growth and response to chemotherapy. In this study, we explored the

possible role of miRNAs in cisplatin resi: in

cell

(ESCC). First we assessed the sensitivity

of nine human ESCC cell lines (KYSE series) to cisplatin using an in vitro cell viability assay, and then we compared the miRNA
profiles of the cisplatin-sensitive and -resistant cell lines by miRNA microarray analysis. The two groups showed markedly
different miRNA expression profiles, and 10 miRNAs were found to be regulated differentially between the two groups. When
miR-141, which was the most highly expressed miRNA in the cuplnln-reslshnl cell Imes. was expressed ectopically in the

we found that

cisplatin-sensitive cell lines, cell viability after cisplatin

miR-141 directly targeted the 3"-untranslated region of YAPI, whlch is known to have a cruclal role in apoptosis induced
i i role for

Our study hi ani

microRNA; YAP1

by DNA-damaging agents, and thus YAP1

miR-141 in the of cisplatin in ESCC.

Journal of Human Genetics advance online publication, 3 February 2011; doi:10.1038/jhg.2011.1
y is; cisplatin

INTRODUCTION

MicroRNAs (miRNAs) are a class of small (~ 22 bp) endogenous non-
coding RNAs that are well conserved, and function as negative
regulators of gene expression. miRNAs bind to complementary
sequences in the 3"-untranslated region (UTR) of target messenger
RNAs and regulate their expression by cleavage and/or translational
inhibition.! miRNAs are predicted to regulate the expression of
up to one-third of human protein-coding genes,>> and they have
been shown to have crucial roles in diverse biological processes,
including development, differentiation, apoptosis and prolifera-
tion*® A growing number of studies have provided strong evidence
that aberrant miRNA expression is involved in the genesis and
progression of cancer,” and that miRNAs might function as a novel
class of oncogenes or tumor-suppressor genes.!>1* Altered expression
of miRNAs in primary human cancers has been used for tumor
diagnosis, classification, staging and prognosis.'! Furthermore, the
involvement of miRNAs in the response of tumor cells to chemo-
therapeutic agents has also been confirmed,'*~!7 which suggests that
miRNAs could have a broad effect on the response of cancer cells to
chemotherapy.

Esophageal cancer is the eighth most common cancer and the sixth
most common cause of cancer deaths worldwide."® In spite of
comprehensive available treatment, including chemotherapy, surgery
and radiotherapy, the overall 5-year survival rate for patients with
esophageal squamous cell carcinoma (ESCC), the most common form
of esophageal cancer, remains low, at 10-40%, because of advanced
disease, metastasis and resistance of the tumor to chemotherapy and
radiotherapy.'*! Cisplatin is the most frequently used chemo-
therapeutic agent for ESCC. However, given that resistance to cisplatin
limits the success of treatment, elucidation of the mechanisms that
regulate cisplatin resistance in ESCC is urgently needed. In the present
study, we studied the biological function of miRNAs in the develop-
ment of cisplatin resistance in ESCC using the KYSE series of ESCC
cell lines as a model, and focused, in particular, on the regulation of
apoptosis.

MATERIALS AND METHODS

Cell lines and cultures

Human KYSE cell lines that had been established from primary tumors
at our institution as described previously were cultured in RPMI 1640
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