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Abstract: Patients with esophageal squamous cell carcinoma (ESCC) have an overall poor prognosis due to inva-
sion and metastasis. Although it has been studied extensively, the metastatic mechanisms of ESCC remains largely
unclear. Here, we evaluated microRNA expression in ESCC cell sublines with distinct motility and found that mi-
croRNA-17 and microRNA-20a (miR-17/20a) dramatically impeded cell migration and invasion of ESCC in vitro and
decreased pulmonary arrest in vivo. Furthermore, we identified that TGF-B receptor 2 (TGFBR2) and Smad anchor
for receptor activation (SARA) served as genuine miR-17/20a targets, which are both implicated in TGF-B pathway.
TGF-B treatment promoted the motility of ESCC cells, and miR-17/20a could attenuate the activation of TGF-B
pathway by weakening the phosphorylation of Smad2/3 to reduce the expression of ITGB6, which was crucial in
migration and invasion of ESCC cells. Moreover, evaluation of ESCC specimens revealed a close correlation between
miR-17/20a, TGFBR2, SARA and lymph node metastasis. Together, our findings demonstrate that miR-17/20a sup-
presses cell migration and invasion of ESCC by modulating TGF-B/ITGB6 pathway, suggesting a promising strategy
for diagnosis and therapy of ESCC invasion and metastasis.
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Introduction

As one of the most common digestive tumors,
esophageal cancer ranks the 6" lethal cancer
around the world [1]. Furthermore, esophageal
squamous cell carcinoma (ESCC) accounts for
over 90% of esophageal cancer diagnosed
worldwide, whose overall 5-year survival rate is
less than 25% [2]. Local invasion and distant
metastasis are the leading cause of poor prog-
nosis in patients with ESCC [3]. However, the
underlying molecular mechanisms of ESCC
metastasis remain largely unknown. Invasion-
metastasis cascade of malignant tumors is a
complex process [4, 5], regulated by multiple
molecules including microRNAs [6]. In this
study, we aimed to characterize functional
microRNAs related to metastasis and explore
their mechanism in ESCC metastasis.

MicroRNAs, a class of small noncoding RNA
molecules, play a critical role in metastasis of
multiple tumors, including ESCC. For example,
through repressing insulin-like growth factor 1
receptor, MicroRNA-375 could inhibit tumor
growth and metastasis in ESCC [7]. Moreover,
Hiyoshi Y et al. found that MicroRNA-21 pro-
motes ESCC cell proliferation and invasion by
targeting programmed cell death 4 [8]. We pre-
viously established a screening model and
found that miR-92b repressed invasion-metas-
tasis cascade of ESCC by targeting ITGAV [9].
Besides, based on the same screening model,
we also revealed that miR-17 and miR-20a ex-
pressed differentially among cell lines with dis-
tinct motility. With the same seed sequence,
miR-17 and miR-20a are both located in miR-
17-92 cluster [10].
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MiR-17-92 cluster, which aberrantly expresses
in multiple tumors, is reported to function as an
“onco-mir” and indicates poor prognosis [11,
12]. Once regulated by MYC, miR-17-92 cluster
suppresses specific target genes (Sin3b, Hbpl
and Bim) to maintain survival, autonomous pro-
liferation, and a neoplastic state [13]. Silencing
of miR-17-92 cluster expression could inhibit
progression of medulloblastoma [14]. It is
worth noting that, as two mature microRNAs
encoded from miR-17-92 cluster, miR-17 and
miR-20a promote or inhibit tumor progression
depending on cellular contexts. One side, miR-
17/20a enhances cell proliferation and inva-
sion by targeting ZBTB4 in breast cancer [15].
On the other side, miR-17/20a suppresses
ITGB8 expression to hamper cell motility of oral
squamous cell carcinoma and correlates nega-
tively with lymph node metastasis [16].
However, the function and mechanism of these
two microRNAs in ESCC are rarely reported.

Here, we demonstrated that miR-17/20a dra-
matically impeded migration and invasion of
ESCC cells while exerted little influence on pro-
liferation and apoptosis. Moreover, miR-17/20a
decreased pulmonary arrest of ESCC cells in an
experimental model of lung metastasis, which
further confirmed their negative impacts on
ESCC metastasis. As the genuine targets of
miR-17/20a, Silence of TGFBR2 and SARA ham-
pered ESCC cell migration and invasion, and
their expression correlated positively with lym-
ph node metastasis. TGFBR2 and SARA are
both implicated in TGF-B pathway, and TGF-3
treatment could promote ESCC cell motility.
Moreover, we found that miR-17/20a could
weaken the phosphorylation of Smad2/3, wh-
ich are critical in the TGF- signaling.
Furthermore, miR-17/20a attenuated ITGB6
expression to inhibit cell migration and invasion
of ESCC via TGF-B pathway. Together, these
results indicate that miR-17/20a serve as key
regulators of ESCC cell motility.

Materials and methods
Cell culture

ESCC cell lines (KYSE30/180) were Kkindly
provided by Dr. Y. Shimada (Kyoto University,
Kyoto, Japan) [17]. Derived sublines (30-U/D
and 180-U/D) were established previously [9]
and cultured in RPMI1640 supplemented with
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10% fetal bovine serum, under humidified con-
dition (37°C, 5% CO,).

Plasmids construction

TGFBR2 or SARA was cloned into pcDNA3-myc
respectively. Potential binding sites of miR-
17/20a (same seed sequence) in 3’ UTR of the
predicted genes were cloned into pISO lucifer-
ase plasmid. The mutant TGFBR2 and SARA 3’
UTR sites were generated using a KOD-plus-
Mutagenesis kit (Toyobo, Osaka, Japan). The

primers are provided in Supplementary Table 1.

Transfection

MiR-17/20a mimics, specific miR-17/20a inhibi-
tors and negative control oligos (NC for mimics,
NC-i for inhibitors) were purchased from Thermo
Fisher Scientific (Waltham, MA, USA). siRNAs
for TGFBR2, SARA, ITGB6 and relevant negati-
ve control si-NC were ordered from Qiagen
(Germantown, MD, USA). HiperFect (Qiagen) or
Lipofectamine 2000 (Invitrogen, Camarillo, CA,
USA) was used for Oligonucleotide or plasmid
transfection according to the manufacturers’
recommendations respectively. Owing to the
same seed sequence, mimics or inhibitors of
miR-17 and miR-20a were co-transfected into
ESCC cells. The sequences of oligonucleotides

are shown in Supplementary Table 1.

Viral infection

30-D cells were seeded into a 6-well plate and
infected by lentivirus (Genechem, shanghai,
China) with polybrene (5 pg/ml), further sc-
reened in complete medium containing puro-
mycin (1 yg/ml). Stable 30-D clones expressing
miR-17, miR-20a or control were labeled as
V-17, V-20a or V-Ctrl, respectively.

Flow cytometry

For detecting cell cycle, cells were fixed by 75%
ethanol and stored at 4°C. Then, cells suspend-
ed in 400 pl PBS were incubated with 10 ul
propidium iodide (Pl) (1 mg/ml) and 0.5 ul
RNase (100 mg/ml) at 37°C for 30 min in the
dark. Apoptosis assay was performed accord-
ing to manufacturer instruction of Annexin V/PI
Apoptosis Detection kit (BD, Franklin Lakes, NJ,
USA). All experiments were manipulated on the
same LSR Il (BD).
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qPCR

Total RNA was extracted according to standard
Trizol method (Invitrogen), then reversely tran-
scribed to cDNA using Quantscript RT kit
(Tiangen, Beijing, China). U6 and mRNAs were
converted using random hexamers, while miR-
17 and miR-20a were reversely transcribed
using gene specific primer. qPCR was per-
formed in triplicates using SYBR Premix Ex
Tag™ Il (TaKaRa, Japan) on Step-one plus real-
time PCR system (Applied Biosystems, Foster
City, CA, USA). The primers are listed in
Supplementary Table 1. GAPDH (for mRNAs)
and U6 (for microRNAs) were used as internal
controls for normalization and gene expression
level was calculated using 22°t method.

Immunoblotting assay

Cells were lysed in CSH buffer (0.1 M Tris-HClI,
0.5 M NaCl, 50 mM EDTA, 0.1% Triton X-100,
and 1x protease inhibitor mix) and 15-30 ug of
total protein quantified were performed for
immunoblotting assay according to standard
procedure. The membranes were incubated
with specific primary antibodies at 4°C over-
night: TGFBR2 (1:1000), p-Smad2 (1:1000),
t-Smad2 (1:1000), p-Smad3 (1:12000), t-Smad3
(1:12000, all purchased from Cell Signaling
Technology, Danvers, MA, USA), SARA (1:1000,
abcam, Cambridge, UK) and GAPDH (1:5000,
Sigma-Aldrich, Missouri, USA). Antibodies used
in immunoblotting assay are listed in Supple-
mentary Table 2. All images were acquired by
ImageQuant LAS-4000 System (GE, Fairfield,
Connecticut, USA).

Transwell assay

In migration or invasion assay, cells were plated
in the upper chambers (4x10* cells/chamber
for 30-D, 8x10* cells/chamber for 180-U) and
cultured at 37°C for 24 hours. Then, the cells
penetrated onto lower side of membrane were
fixed and stained. Cells from at least three ran-
domly selected fields were counted and data
were represented as mean + SD.

Dual-luciferase reporter assay

The plISO plasmid containing wild type or
mutant miR-17/20a recognized sites, Renilla
luciferase vector and miR-17/20a mimics were
co-transfected into 30-D or 180-U cells in qua-
druplicate respectively. After 24 hrs, luciferase

1551

activities were detected using Dual-Luciferase
Reporter Assay (Promega, Madison, WI, USA)
according to manufacturer’s instruction.

Growth assay in vivo

In growth assay in vivo, the control cells (V-Ctrl)
and treated cells (V-17 or V-20a) were injected
subcutaneously in the same immunocompro-
mised mice, then the tumors were removed
and weighed after 4 weeks.

Pulmonary arrest assay

For pulmonary arrest assay, 30-D cells stably
expressing luciferase were delivered with miR-
17/20a mimics and negative control oligos
respectively and 5x10° cells were injected into
tail veins of mice. Within 24 hrs, in vivo fluores-
cence imaging was performed as previously
described [9]. The animal experiments were
approved by the ethical committee of the
Chinese Academy of Medical Sciences Cancer
Institute.

In situ hybridization (ISH)

The paraffin-embedded ESCC tissue array
(HEso-Squl127lym-01) was purchased from
Shanghai Outdo Biotech Co., Itd (Shanghai,
China). MiR-17 and miR-20a LNA™ probes were
purchased from Exiqon (Vedbaek, Denmark)
respectively, and in situ hybridization was per-
formed according to manufacturer’'s recom-
mendations under RNase-free condition.

Immunohistochemistry (IHC)

Immunohistochemical staining (IHC) was per-
formed as described previously [18], with a
specific primary antibody against TGFBR2
(1:1200) or SARA (1:200) respectively. Images
were visualized and analyzed by ImageScope
software (Leica Biosystems, Nussloch, Ger-
many). The experiments on tissue specimens
were approved by the ethical committee of the
Chinese Academy of Medical Sciences Cancer
Institute.

Statistical analysis

All experiments other than histological and in
vivo animal assays were repeated at least three
times. All data are presented as mean + SD,
unless otherwise stated. The results were ana-
lyzed by using two-tailed or paired Student’s
t-test unless stated particularly. Graphs were
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Figure 1. MiR-17/20a expression correlates inversely with cell motility of ESCC. A. Differentially expressed microR-
NAs between 30-U and 30-D sublines (left), and 180-U and 180-D sublines (right) are shown. B. The levels of
miR-17/20a in four cell sublines were analyzed by qPCR. Data, mean + SD, *P<0.05, **P<0.01, ***P<0.001. C.
Representative images of ISH results of miR-17 and miR-20a in an ESCC tissue array (HEso-Squ127lym-01). MiR-17
and miR-20a in primary tumors were both higher relative to that in positive lymph node (n=40, P<0.0001). Scale

bars, 100 pm.

illustrated using GraphPad Prism 6 (La Jolla,
USA), in which *, ** and *** indicate P<0.05,
0.01 and 0.001, respectively.

Results

MiR-17/20a expression correlates negatively
with ESCC cell motility and lymph node metas-
tasis

30-U/D and 180-U/D cell sublines were derived
from KYSE30 and KYSE180 ESCC cell lines
respectively, based on in vitro chemotaxis
model we established as previously described
[9]. “D” sublines possessed stronger motility
capacity than “U” sublines in vitro. Analysis of
differentially expressed microRNAs (GSEG7-
510) between 30/180-U and 30/180-D cells
revealed that miR-17 and miR-20a were down-
regulated in 30/180-D cells compared with
30/180-U cells respectively (Figure 1A), which
was confirmed by gPCR assay to assess the
expression of two microRNAs in four cell sub-
lines (Figure 1B). These results suggest that
miR-17/20a may be implicated in invasion and
even metastasis of ESCC. Then we detected
the expression of miR-17 and miR-20a in an
ESCC tissue array to verify our hypothesis.
According to the outcome of in situ hybridiza-
tion (ISH) experiment in 40 pairs of primary
tumors and positive lymph nodes, we verified
that miR-17 and miR-20a correlated inverse-
ly with lymph node metastasis (Figure 1C,
P<0.0001).

MiR-17/20a inhibits migration and invasion of
ESCC cells in vitro

To determine the role of miR-17/20a in ESCC,
we firstly employed transient transfection me-
thod to mimic or antagonize the function of
miR-17/20a in ESCC cells. One hand, the mim-
ics of miR-17 and miR-20a were both delivered
into 30-D cells, which owned strongest motility
of four cell sublines aforementioned, to increa-
se the level of these two microRNAs (Figure
2A). Using the transwell assay, we found that
the migration and invasion of 30-D cells were
dramatically impeded (Figure 2B). On the other
hand, we verified that reduction of miR-17/20a
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by specific inhibitors in 180-U cells (weakest
motility ability) led to a significant increase in
their ability of migration and invasion (Figure
2C, 2D). Collectively, miR-17/20a could consid-
erably attenuate ESCC cell motility and inva-
siveness in vitro.

MiR-17/20a suppresses pulmonary arrest of
ESCC cells in vivo

Metastasis of ESCC cells in vivo is a complex
process composed of multiple events, includ-
ing arresting at distant organs, which plays a
fundamental role in metastatic tumor forma-
tion. We injected mimics transfected or control
30-D cells into immunocompromised mice via
tail veins to determine whether miR-17/20a
impaired pulmonary arrest of ESCC cells (Figure
2E). After 24 hours, fluorescence imaging of
two cell populations indicated that miR-17/20a
could attenuate attachment between malig-
nant cells surviving in the circulation and vascu-
lar endothelia (Figure 2F, P=0.0062). And the
alteration of transfected cell size was not de-
tected by flow cytometry (Supplementary Figure
1), suggesting that miR-17/20a hampered pul-
monary arrest was mainly ascribed to changes
in adhesion molecules on the cytomembrane.

MiR-17/20a does not influence on prolifera-
tion and apoptosis of ESCC cells

Previous studies revealed that miR-17/20a pro-
moted proliferation and suppressed apoptosis
of multiple tumors [19, 20]. However, miR-
17/20a did not affect cell cycle or apoptosis of
these transfected ESCC cells in vitro (Figure
3A, 3B). Moreover, growth assay in vivo indi-
cated that overexpression of miR-17/20a had
little influence on proliferation in ESCC cells
(Figure 3C, 3D). Together, these results showed
that miR-17/20a did not impair cellular viability
to attenuate ESCC motility.

TGFBR2 and SARA are the bona fide targets of
miR-17/20a

Potent effects of miR-17/20a in suppressing
the migration and invasion of ESCC cells pro-

Am J Cancer Res 2016;6(7):1549-1562
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Figure 2. MiR-17/20a suppresses motility of ESCC cells. A. qPCR results of enforced expression of miR-17 and
miR-20a in 30-D cells. NC, negative control oligos for mimics. B. gPCR results of reduced expression of miR-17 and
miR-20a in 180-U cells. NC-i, negative control oligos for inhibitors; miR-17/20a-i, miR-17/20a specific inhibitor. C.
Transient expression miR-17/20a mimics impeded migration and invasion of 30-D cells. D. Transient expression
miR-17/20a inhibitor (miR-17/20a-i) enhanced motility and invasiveness of 180-U cells. Scale bars, 400 pym. E.
Enforced expression of miR-17 and miR-20a in 30-D cells stably expressing luciferase by transient transfection.
F. Images revealed that increased level of miR-17/20a impaired arrest of 30-D cells to microvasculature in lungs
(P=0.0062). Cells were injected via tail veins, fluorescence was detected within 24 hrs. Data in this figure, mean *
SD, *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001.

1554 Am J Cancer Res 2016;6(7):1549-1562



MiR-17/20a impedes migration and invasion in ESCC

A 30-D
NC - G2/M
- S
m G0/G1
miR-17/20a
NC-i
miR-17/20a-i
N & '@0 \‘,0
Cell cycle (%)
B NC miR-17/20a
20150707-Tube 002 20150707-Tube 004
- 1.8%0.3 - 1.55¢0.15
24 29
<o <.
D. o Er w e
L] 55— ) Q- 60_ . QL‘f' QZ
: T A : 'l
y e ¥ 3.3540.05 3.410.2
i " T
FITC-A
C 30-D
— 15+ — 5
1] )
2 g
~ 8 g8
') Q o
E o 104 o 3-
€% EDo
o= =
EE Sc,.
.2 5] <2
A 2w
&g 28
[ = +2 = 17
-5 o
b3 >
® o r ®0d P
N (N N g

180-U

180-U
Ne m G2/M
S
. G0/G1
miR-17/20a
NC-i
miR-17/20a-i
L} T L 1
° & & &
Cell cycle (%)
NC-i miR-17/20a-i
20150707-Tuba 005 20150707-Tube 007
-] 1.4520.15 1.1%0.1
=3
L, ]
$°3
do 1 s qz'
] . 2.85¢0.05 ) 2.710.1
TR R R~ vy
FITC-A FITC-A
06- P=0.2444 08- P=0.7408
i . —_—
c c
s 5 0.6
E 0.4 £
3 2
— w 0.4
5] 5]
bt R
-50.2- 5
- 2 0.24
2 2
0.0 & .\. 0.0 {: T
o8 N a8 o
& X <F ¥
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with negative controls.

mpted us to detect the downstream effectors
of miR-17/20a. We adopted two widely used
online algorithms (Targetscan and Pictar) to
explore the potential downstream targets regu-
lated by miR-17/20a. Then, several candidates
involved in invasion-metastasis cascade were
chosen to perform the luciferase reporter assay
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initially (Supplementary Figure 2). And we found
that TGF-B receptor 2 (TGFBR2) and Smad

anchor for receptor activation (SARA), two
key proteins implicated in TGF-B signaling,
seemed to be potential targets of miR-17/20a

(Supplementary Figure 2). Ensuing studies
showed that increased miR-17/20a in 30-D and
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180-U cells reduced TGFBR2 and SARA at pro-
tein level, while endogenous expression of
TGFBR2 and SARA enhanced significantly up-
on the transfection of miR-17/20a inhibitors
(Figure 4A, 4B). Subsequently, we constructed
mutant sequences (Mut) into pISO comparing
with wild-type sequences (WT), where miR-
17/20a combined in the 3’ UTR of TGFBR2 and
SARA, respectively (Figure 4C). Luciferase re-
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porter assay showed that miR-17 and miR-20a
both decrease luciferase activity of WT dramat-
ically in 30-D and 180-U cells, but not that of
Mutant. Moreover, inhibition of endogenous
miR-17 or miR-20a led to a gain of luciferase
activity of WT (Figure 4D, 4E), further verifying
that miR-17/20a suppressed the expression of
TGFBR2 and SARA by directly binding to their 3’
UTR, respectively.
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Figure 6. MiR-17/20a impairs ESCC cell motility by regulating TGF-B/ITGB6 pathway. (A) The motility capacity of
30-D (left) and 180-U (right) cells was increased after the treatment of TGF-B. (B) Transwell assays were performed
in 30-D cells with Smad2 knockdown or negative control. (C) Under TGF-B treatment, transfection of miR-17/20a
in 30-D cells reduces level of phosphorylated Smad2 and Smad3 at the indicated time points. (D) miR-17/20a
reversed the TGF-B-mediated elevation of ITGB6. (E) Transwell assays were performed in 30-D cells with ITGB6
knockdown or negative control. Scale bars in (A, B and E), 400 ym.

Repression of TGFBR2 and SARA expression is
required for miR-17/20a to impair the migra-
tion and invasion of ESCC cells

Since TGFBR2 and SARA were both genuine tar-
gets of miR-17/20a, then we explored whether
these two proteins were implicated in miR-
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17/20a-mediated suppression of ESCC cell
motility. Consistent with their status as targets
of miR-17/20a, their knockdown could recapi-
tulate phenotypes of miR-17/20a overexpres-
sion in 30-D cells, as demonstrated by the com-
promised cell migration and invasion in vitro
(Figure 5A, 5B). And TGFBR2 and SARA re-
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expression rescued miR-17/20a-impaired mo-
tility of 30-D cells, respectively (Figure 5C).
Furthermore, the expression of TGFBR2 and
SARA in an ESCC tissue array indicated that
these two proteins correlated positively with
lymph node metastasis (Figure 5D). To sum up,
these results verified that miR-17/20a atte-
nuated migration and invasion of ESCC cells
through suppressing TGFBR2 and SARA.

MiR-17/20a impedes TGF-B/ITGB6 pathway

Having validated the roles of TGFBR2 and SARA
in ESCC cell motility, we turned to delineate sig-
naling pathways influenced by miR-17/20a. We
mainly focused on TGF-B signaling, since both
TGFBR2 and SARA are involved in. Once treat-
ed with TGF-B, Smad2/3 (critical hub of TGF-B
pathway) are activated under the help of
TGFBR2 and SARA, to further regulate gene
transcription [21]. Consistent with previous
studies [22], TGF-B treatment stimulated migra-
tion and invasion of 30-D and 180-U cells
respectively (Figure 6A), and inhibition of
Smad2 reduced motility and invasiveness of
ESCC cells (Figure 6B), suggesting that TGF-3
pathway was crucial for ESCC cell motility.
Subsequently, we detected the level of phos-
phorylated Smad2/3 at indicated time points,
showing that elevated miR-17/20a in 30-D ce-
lls reduced the abundance of p-Smad2 and
p-Smad3 (Figure 6C). On account of the role of
integrins in ESCC invasion-metastasis cascade
[9], we speculated whether miR-17/20a could
affect the expression of integrins by regulating
TGF-B pathway. Among the candidates, the
MRNA level of integrin 6 (ITGB6) increased
most (about three times) under the stimuli of
TGF-B, while miR-17/20a reversed the TGF-3-
mediated alteration of ITGB6 (Figure 6D).
Simultaneously, 30-D cells transfected with
ITGB6 siRNA had weaker motility (Figure 6E). In
conclusion, miR-17/20a hampered motility of
ESCC cells by attenuating TGF-3/ITGB6 path-
way.

Discussion

Metastasis, a leading cause of poor prognosis
and death in patients suffered from cancer
[23], is a complex process consisting of multi-
ple events, including primary tumor formation,
local invasion, intravasation, survival in the cir-
culation, arrest at a distant organ site, extrava-
sation, micrometastasis formation and meta-
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static colonization [24]. Especially, cell directed
migration is critical in almost all steps men-
tioned above [25]. Therefore, we firstly estab-
lished a directed migration screening model to
explore mechanism of ESCC metastasis. Then,
we found that despite of dissimilar genetic
background, miR-17 and miR-20a were both
upregulated in two kinds of ESCC cells with
weaker motility, suggesting these two microR-
NAs may be implicated in regulating migration
and even metastasis of ESCC.

miR-17 and miR-20a, encoded by miR-17-92
cluster, are involved in progression of multiple
tumors. In gastric cancer cells, miR-17/20a pro-
motes tumor progression by negatively regulat-
ing FBX031 [26], while they inhibit cellular inva-
sion and metastasis by heterotypic secreted
signaling in breast cancer [27]. In ESCC, miR-
17/20a dramatically attenuates cell migration
and invasion while exert little influence on pro-
liferation and apoptosis. These results recon-
firm that one microRNA performs different
functions by regulating various targets in dis-
tinct contexts.

In human genome, miR-17-92 cluster encodes
6 mature microRNAs, including miR-17, miR-
18a, miR-19a, miR-20a, miR-19b-1 and miR-
92-1 [10]. MiR-17-92 cluster, which is located
on chromosome 13q31, aberrantly expresses
in various tumors. Previous study indicated that
miR-17-92 cluster could accelerate tumor pro-
gression in a mouse B-cell ymphoma model to
act as a potential oncogene [28]. Strangely, 6
mature microRNAs from the cluster promote or
inhibit tumor development, respectively. The
increasing evidences demonstrate that miR-19
acts as a key component in mediating the onco-
genic activity of miR-17-92. By repressing PTEN
and activating Akt-mTOR pathway, miR-19 is
proved to promote tumor cell survival com-
pared with other members of miR-17-92 cluster
[29]. Together, these findings indicate that the
onco-mir feature of miR-17-92 cluster may be a
mix among its members as either tumor pro-
moters or suppressors.

TGF-B pathway controls a plethora of cellular
responses and plays a crucial role in tumori-
genesis as either tumor suppressor or promot-
er [30]. For tumor suppression, treatment with
TGF-B inhibits proliferation of cancer cells.
However, cancers are often refractile to this
influence because of genetic loss of TGF-B
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Figure 7. Diagram of miR-17/20a mediated regula-
tion of TGF-B/ITGB6 pathway. Having activated from
latent form by Integrin aVPB6, active TGF-B binds to
TGFBR2, which leads to phosphorylation and activa-
tion of TGFBR1 by TGFBR2. Subsequently, Smad2/3
were transferred to SARA and then phosphorylated
by TGFBR1. Phosphorylated Smad2/3 consist of a
heterotrimeric complex with Smad4 and move into
the nucleus. In the nucleus, the Smad complex regu-
lates transcription of target genes such as ITGB6,
though cooperation with DNA-binding cofactor and
co-activator or co-repressor. Once recognizing and
binding to the seed sequence of 3’ UTR, miR-17/20a
reduces TGFBR2 and SARA expression, attenuate
the ability of TGF-B pathway though dephosphoryla-
tion of Smad2/3 and then decrease the expression
of ITGBB, suggesting that miR-17/20a breaks the
positive feedback loop of TGF-B/ITGB6 pathway.

pathway components or downstream perturba-
tion of the signaling pathway [31]. For example,
in the gastrointestinal tract and pancreatic
tumors, the mutations of TGFBR2 and Smad4
lead to inactivation of TGF-B pathway, which
breaks its anti-proliferative effect [32, 33].
Similarly, we found that miR-17/20a influenced
little on proliferation and apoptosis of ESCC
cells even though they suppressed the activa-
tion of TGF-B pathway. For tumor promoting
effect, TGF-B pathway could stimulate cell inva-
sion by inducing epithelial-mesenchymal transi-
tion (EMT), and even promote metastasis even-
tually, which was thoroughly studied in multi-
ple tumors [34-36]. In ESCC, we demonstrated
that cell motility was significantly increased
with TGF-B treatment. In general, as a double-
edged sword, TGF-B pathway functions differ-
entially depending on various contexts.

TGF-B binding to TGFBR2 leads to phosphoryla-
tion and activation of TGFBR1 by TGFBR2. With
the help of SARA, Smad2/3 are phosphorylated
by TGFBR1. Then, they form a heterotrimeric
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complex with Smad4 and translocate into
nuclear to regulate gene transcription [37]. In
ESCC, miR-17/20a could reduce the expression
of TGFBR2 and SARA, then inhibit the phos-
phorylation of Smad2/3 to attenuate activa-
tion of TGF-B pathway, which hampered TGF-
induced migration and invasion of ESCC cells.
We previously found that miR-92b could inhibit
cell motility, pulmonary arrest and lung me-
tastasis of ESCC by suppressing Integrin oV
(ITGAV). In view of the key role integrins playing
in pulmonary arrest and miR-17/20a mediated
suppression of this process, we speculated
that whether TGF- increased expression of
Integrins and miR-17/20a could impair the
above effect. Then, qPCR results revealed that
ITGB6 expression showed the most remarkable
increasing by TGF-B stimulation, while enforced
expression of miR-17/20a restrained the in-
creasing. Since there are no binding sites of
miR-17/20a on 3’ UTR of ITGB6, we identified
that miR-17/20a suppressed ITGB6 via regulat-
ing TGF-B pathway. Previous study showed that
Integrin aVB6 mediated the activation of TGF-3
[38], so miR-17/20a may break the positive
feedback loop as shown in Figure 7.

In conclusion, we demonstrate that miR-17/20a
impedes cell migration and invasion of ESCC
via targeting TGFBR2 and SARA and attenuat-
ing the activation of TGF-B/ITGB6 pathway.
Furthermore, the expression of miR-17/20a
correlates negatively with lymph node metasta-
sis of ESCC. These findings reveal the critical
role of miR-17/20a-TGF-B-ITGB6 axis in ESCC
invasion-metastasis cascade and provide a
candidate for diagnosis and therapy of ESCC.
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Supplementary Table 1. List of primers and oligos used in this investigation

Application Sequence
Clones
TGFBR2 F: TTGGTACCGCCACCATGGGTCGGGGGCTGCTCAGG
R: TTCTCGAGTTTGGTAGTGTTTAGGGAGCCGTCT
SARA F: TTCCGCGGATGGAGAATTACTTCCAAGCA

TGFBR2 3’ UTR
SARA 3’ UTR
MicroRNA reverse transcription
MiR-17
MiR-20a
qPCR detection
MiR-17
MiR-20a
TGFBR2
SARA
ITGB6
GAPDH

U6

Mutations
TGFBR2 3’ UTR mut

SARA 3’ UTR mut

Oligonucleotides
MiR-17 mimics
MiR-20a mimics
MiR-17 inhibitor
MiR-20a inhibitor
Mimics NC
Inhibitor NC

R: TTCTCGAGTACGATGTTTTCCAGAATATA

F: TTGAGCTCTGTAAGCTGTGGGGATAAGCA
R: TTGCTAGCATGGGTCCCTTCCTTCTCTGC

F: TTGAGCTCTCATTTTTTTCTGTTCAGACTTGT
R: TTTCTAGACAGAAGCTGCCCAGATCTT

CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGCTACCTGC
CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGCTACCTGC

F: ACACTCCAGCTGGGCAAAGTGCTTACAGTGC
R: TGGTGTCGTGGAGTCG

F: ACACTCCAGCTGGGTAAAGTGCTTATAGTGC
R: TGGTGTCGTGGAGTCG

F: GTAGCTCTGATGAGTGCAATGAC

R: CAGATATGGCAACTCCCAGTG

F: GGTGAGGTGGCTCCAGTATG

R: CTCTGCAGTGATGCCTCCTT

F: CATGTCCGCCAGACTGAGG

R: GAGCCCAGCTCCTTTATTGTG

F: TGCACCACCAACTGCTTAGC

R: GGCATGGACTGTGGTCATGAG

F: CTCGCTTCGGCAGCACA

R: AACGCTTCACGAATTTGCGT

F: TTAATTAAATTTAATGCCTGTATATAAATATGAAT
R: ATGTTATTGGCTATTGTAAAAATCA

F: TTAATTAAAAAAACTGGAAGATTAAGCTTTTGTTA
R: ATGATTTGGGTATGACTGCTGTTGC

CAAAGUGCUUACAGUGCAGGUAG
UAAAGUGCUUAUAGUGCAGGUAG
CUACCUGCACUGUAAGCACUUUG
CUACCUGCACUAUAAGCACUUUA
UCACAACCUCCUAGAAAGAGUAGA
UUGUACUACAAAAGUACUG

Supplementary Table 2. Primary antibodies used in this investigation

Primary antibody Catalog Vendor Application
TGFBR2 3713 Cell Signaling WB/IHC
SARA Ab124875 Abcam WB/IHC
Smad2/3 Antibody Sample Kit 12747 Cell Signaling WB
GAPDH G8795 Sigma WB
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Supplementary Figure 1. Increased expression of miR-17/20a exerted little influence on cell volume of 30-D cells.
The flow cytometry analysis was detected 48 hrs after transfection with miR-17/20a mimics or negative control,
based on comparison of forward scatter (FSC).
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Supplementary Figure 2. Luciferase reporter assay was performed to explore the targets of miR-17/20a. The poten-
tial binding sites from 3’ UTR of genes were constructed into pISO and then co-transfected with miR-17/20a mimics
or control oligos (NC) respectively into 30-D cells. The luciferase activity was analyzed within 24 hrs.



