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Expression of circular RNA ciRS-7 in tissues of sophageal squamous cell carcino-
ma and its effect on cell biological characteristics of TE1 cells
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[Abstract] Objective: To investigate the expression of ciRS-7 in esophageal squamous cell carcinoma (ESCC) and its effect on the cel-
lular proliferation, migration and invasion. Methods: The cancer tissues and paired adjacent normal tissues from 60 ESCC patients
treated in the Fourth Hospital of Hebei Medical University between May, 2016 and April, 2017 were selected for this study. The expres-
sions of ciRS-7 were detected by qRT-PCR. After over-expressing or silencing of ciRS-7, the proliferation of ESCC cell line TE1 was
measured by CCK-8 assay; and the migration and invasion were tested by wound healing assay and Transwell invasion assay , respec-
tively. Finally, the effect was validated via animal experiment. Results: CiRS-7 was highly expressed in ESCC tissues (P<0.05), and its
expression level was closely related to pathological grade and lymph node metastasis (P<0.05). Over-expression of ciRS-7 significantly
increased the proliferation, migration and invasion (all P<0.05) of TE1 cells; while silencing of ciRS-7 remarkably suppressed the pro-
liferation, migration and invasion (all P<0.05). Conclusion: CiRS-7 was up-regulated in ESCC and could enhance ESCC cell prolifera-
tion, migration and invasion, suggesting that ciRS-7 could be used as a potential target for the diagnosis and treatment of ESCC.
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., IR RNA(cirecRNA) & — 28 A T2 2 R
(9 P IR FE 2 15 RNA, AT 3% FORZ 2B W I 2L R R
K9, EAITEA BAE RNA 2 1 1 A& B oK b, IF
H AR R R g™, & A K m il s
RNA I 7 (RNA-Seq) FAEWE B0t KL T B £
] circRNA , 3 & B circRNA 7E 40 j 2E W27 Th e b k.
5 5 EAE B, Hodr, ¢iRS-7(H R CDR1as) & 7 70
Z A miR-7 &5 &40 5, ATE N miR-7 73 F- i 4530 1M
W miR-7 LR R IL, S H5ME TR B LR, F
R o 28 3 9 R0 e 988 (%) e v i HE EE AR RO, AR
BRI T 60 51 ESCC i 3 93 B 2H 2 bR A % e xof
S 55 21 2R ¢iRS-7 (1R IE KT, 38 I 44 41 41 B 2 g
SIS Je AR N B SIS, AR 9T ¢iRS-7 X ESCC 41 i 14
FA TR AR 22 B8 71 (M52, D F-4K ESCC 8 B it 8
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1.1 W R A

HL 2016 455 H 222017 4 4 A2 AL EE Rl K 2
FERAT EEEMRIG AR ESCC #6041, H&
RS 2063 B BRI AR B A4 IE SN ESCC, HAR AT &
TTTUT IT , B B 3 29 3AIE 52 ESCC. il
HREWSE TG RER D, 77 RAEAEBES
PR LAl
1.2 et A 2 EiX 5

A ESCC 41 ffu # TE1.TE13.KYSE30.KYSE170
Sk ASZIG S . RPMI 1640 85375 & G i H 26
Gibco A #l, i 4= LG B _EHE RISl i A
PR 23 7] , RIPA 4 M 22 ff i e B H g DU A= A
TRIzol 4 H 3 [# Invitrogen /A & , Platinum SYBR Su-
per Mix iR 7] . Fu GENE HD %% 42 57l K S 5 53 3551
350 H 2 [E Promega A F] , PCR 5| ¥ [ D ¥ 1 &
5 A MR A T . circRNA it % ik # /& pLCDH-ciR
vector ) B I~ M EH A B A F, T F ciRS-7
(hsa_circ_0001946)>kK [ #(#& £ circBase. T-#f siRNA
T 8 A PR 2 7 . Transwell /N = (FL4% 3.0
um) F 3£ [E Corning /A 7 , Matrigel 2 i i 1 H 25
BD A A, Gtk 555 2 DAB & (i 3518
B T At i &M AEHE AR A IR 2 7], Ki67 . PCNA |
MMP2.MMP9 £ b FEFi 443514 H 3 E Abcam A H .
1.3 gRT-PCR %4 ciRS-7 £ ESCC 4842 ¥ 89 & iA

K H TRIzol i 714/ 40 1l 1) st RNA, 4% [ 5 5%
R UL B BT I RNA 2| cDNA [ 3 /F 1 % , 5%
J5 PCRY™ 14, GAPDH £ N A 218, it i 51900 15 51l I
NS K 1. P H G, DA R A E %%
DRI 40 Jx A 25 5 DRI CT LT 55 IR ik DR 3 38 1 R o
fH222 IR HE T 3 K.
1.4 RT-PCR ik 4 M| ciRS-7 £ PE #= 3F X RNA /& ES-
CCHL L Fntm it 09 & K

ciRS-7 /& )\ CDR1 2 (A 1) Jx X HEFE K. &
TP % CDRI 51 ¥, K E 51 ¥ v] 7 3% CDR1as
(ciRS-7,CDRI1 HJ¥IRTE ), & 51w 44 CDR1
MR 7 EHE A0S RNA, 3517 )L RNA F|
cDNA #:1E , 88 J5 #E47 PCR ¥ 1% , GAPDH £ N N
W TSI P9 SR BRAF S WA 1. Bk SEEG &
H 3o

R 1 PCRIMIFSI R EEAIRIERR

Tab.1 PCR primer sequences and main operation requirements

Annealing Cycle Cycle
Gene Primer
(#/°C) (RT-PCR) (qRT-PCR)

ciRS-7 Forward, 5'-ACGTCTCCAGTGTGCTGA-3' 55 30 40

(divergent) Reverse, 5'-CTTGACACAGGTGCCATC-3'
ciRS-7 Forward, 5'-CACGTCTTCCAACAAAGCCA-3' 55 30 40

(converget) Reverse, 5'-GGAAGACATGGCTTGGTTGG-3'
GAPDH Forward, 5'-AGCCACATCGCTCAGACAC-3' 58 22 40

Reverse, 5'-GCCCAATACGACCAAATCC-3'

1.5 A3 R m i s 5

pLCDH-ciRS-7 H 41 18 B /2 44 4H g , 48 h Ji5 LA
1 pg/ml ¥4 P 1Y) MR W 2 2% 0 0 4 A, 6 e A e 4 i
F.o SEHBIRIANEFL. ANESCCHYHMukk TEL FH &

10% ity 2F 113 « 100 U/ml 5 2 2 A1 100 pg/ml 8 55 &
[ RPMI 1640 55729, B T 37 °C 5%COARF 73 54011
B avh R 9% . #% Fu GENE HD #3473 B B 7
%% pLCDH-ciRS-7 J2 F# siRNA Ji ¥i 73 il % G4 22
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TE1 40 5 IF 79 7 % Y% empty vector Al si Ctrl i %
CEAE
1.6 CCK-8 kA& M 2w i 3% 74 A% 7

TE1 2 A 3% 58 £ P 3 2238 i CCK-8 i 71 &1 5¢
B oSG 4y st RN A B Gl Rk R RO 4, SR
FH 96 LR, BF FL&H 1< 10° /N4, K5 9% 5 do M
CCK-8 X7 J5 37 °CH¥ & 2 h, F BEFR AU Diso fE
ARSI E A 3R
1.7 XIJE 55 %245 M) pLCDH-ciRS-7 & F 4k siRNA /i
Kot 4 5 tm iR 6 3T AS AR

WAL X S HA Y ESCC 41 A , 18 8 200 Jif 2% 55 ol 5%
10°4~/ml, B2 ml 82T 6 FLAR, IF7E 6 FLARES T K 5
25 AT 2 fbric , 24 h fE H 200 pl A Sk 78 20 b ) 2
EHETH I TATLEL, PBS e 2 7, A 2
ml TG 4R L7 ) RPMI 1640 55359, T 0,24 h {3
B T %2 4 i [ IR RO A Y R IR
MR B SEIR W 3 N FPAT AL, B SEIRE S 3 IR
1.8  Transwell /J» £ 42 M pLCDH-ciRS-7 A T £ siR-
NA k4% 3 )5 tm b iL 4512 £ B /)

B0 5030 A K 1 iz 6 2 R %o T L 0 i A
PR 20 (2% 10° A 43 7 I Transwell /)N % 1) F 5, /)
= PR IR 226 ), AR E KT R 1 T
FE A 600 pl & 10% i 4= IfiLiF 1) RPMI 1640 B5 777K
LR 48 h, FIMRAS B = 41, PBS T Uk 5 45
m Gt R, TR E A 2 WA R (x200) W
SR BEVLNEE S M ALET , T B IE A . b
ARSI A 3
1.9 BREAASAIE 5 B ciRS-7 *F ESCC miJG 89 % v

BT 304 S 5 351 22 0T AL PR B K 27 28 DU = B 3 4
TR T RS ibE . A 4 71 BALB/c #1 B (SL56 30
Y& FEAES : No.11400700268598) , BEHL /> N 2 4. (43
H5H). TEL A HPRAR A e G ciRS-7 FRIK i R Al 2
B G 2 ) B TS BALB/c R R (B RN R 5% 10°
ANHRE) . FEREA S, B3 AR — O AR 4
JA J5 A AU B H R R, BRECEEANE TR E S T 2 R
FH g m ] 5, R P G 8 2H A s W ik e 4H 2R k67 . PC-
NA.MMP2.MMP9 [FJRIEE L. 2 /0 40 B RHE
A L 2 e i 25 FEEAT IO
1.10 %itsa®

K F SPSS 19.0 B4 4e it i & Bkl DL ks 3R
7R 5 K R 56 50 BT ciRS-7 £E ESCC 41 i £k v i ik
1800 s THE SR DL E 70 R oR, R R 7k 58 o0 A
ciRS-7 (131X 5 ESCC £ 3 IIfe PR3 B 24 48 b 2 7] 1)
KHR. LLP<0.058% P<0.01 KR ZEFAH R L.

2 # R

2.1 ESCC 4 %£% ciRS-7 89 & ik K-F 5 ym 32 5 LB An
MO LEEAS KB

DL ESCC 41l s # TE1 1 cDNA 1 J [5 44 DNA
(gDNA) AR , ciRS-7 H AETE cDNA H1F1 F & #5]
Yy B Ok, T /E gDNA HF R LY 3 = (B 1A), 5
cDNA F1 gDNA ¥ i[9 34 H CDR1 £k tEER. 5 X
E 52 ciRS-7 £ Ji K& 1t ESCC A A rh 45 %A (K 1A).
qRT-PCR &5 J it — 2B {E 52, TE1 40 g ' ciRS-7 Xt
RNase R B Puh, H MK 4 RNase R 42 J5 11
FIL R ZE KB 1B).

qRT-PCR F: I 60 191 £ 5 et 2H 27 S AH I 1 e 55
HLH CiRS-7THIRIA, 4R (B 10 &R, BE w4
I ciRS-7 MFRIE W B T B 4. Db
ciRS-7 Rk (3.92)1E N Fif5 ESCC i3 Ml S 1E
¥ ESCC B 7> N ciRS-7 i RIS H AR Fik 4. .
W 2 7R, ciRS-7 ik 5 i 37 ANk R 45 3 % A
A AR
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ciRS-7 ¥ 4% J5 TE1 413 71 W B 1458 .

BT XT ciRS-7 B4 mi A ¥ Th 7 AH S siRNA,
¥ HHE YL TEL 41l )5 , qQRT-PCR 45 3 (€ 2D) 7K, si
CiRS-7 JFi RLAE ciRS-7 B IA T [ 5 [F] B CCK-8 L4
SN R Yy si ciRS-7 kL J5 , TEL 40 3G 77 W &5 R [%
(1 2E). LA 52560 % 81 ciRS-7 #E & 41 il {2 it ESCC
21 ) S 5
2.3 ciRS-742# ESCC . TE1 #9iE 45 8 7

T A ciRS-7 X} ESCC 48 i i # F112 28 fig
HIFZ0, f£ TEL A 44 7 B ciRS-7 i Rk
AR TR, 38 I RIJR A SR I6AIE B ciRS-7 i Rk
W58 7 TE1 A E A2 RE /7, 4 mIK ciRS-7 J5 TEL 4
MLfER e /1 S B N R . #5Y% ciRS-7 41 3E
FE AR B KT 25 A4 T 5 G si ciRS-7 Jii ki 2H 4
i (403 A% T AR B /N T si Ctrl JREZEL(1 3). A EsE
365 W] , ciRS-7 [ 3% 5 ESCC 40 il 1) iE 4% fig /1 2 1E
FHR
2.4 CiRS-7 £4RIME# ESCC @M TEL 8912 £ 78 7

£ TE1 40 i vf %5 G ciRS-7 i 38 ik Al 25 25 44 i
$i, K A Transwell JG i SE 36 it — 2B 38 4F T ciRS-7 X}
ESCC 41t i iE A2 (e 3EF F , Transwell 2 5 58 5256 IF
BT ciRS-7 Al 345 TE1 4 AR 2268 1. [RIFEAE
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A: Expression of ciRS-7 in ESCC cell TE1 and a case of ESCC tissue; B: The circular form,ciRS-7 coud be avoided from RNase R
degradation; C: Expression of ¢iRS-7 in 60 pairs of ESCC and adjacent tissues. “P<0.01 vs Mock group; “*P<0.01 vs Adjacent group
1 ciRS-7 7 ESCC AL A FRIL TR
Fig.1 Expression of ciRS-7 in ESCC cells and ESCC tissues

32 CiRS-7FHRIES ESCC BHIRRRERFTEHR KB
Tab.2 Correlation between expression of ciRS-7 and patho-

logical parameters of the patients with ESCC

ciRS-7 expression

Variables v P
Low High

Age (t/2) 0.003  0.957
<60 9 17
=260 12 22

Gender 0216 0.642
Male 6 9
Female 15 30

Pathological grade 4103 0.043
[ 8 3
il 8 24
111 5 12

Lymph node metastasis 4774  0.029
Yes 14 35
No 7 4

2.5 CciRS-7 £ A AR ML ESCC 89 £ K Andt A5
Rk — DI ciRS-7 XF ESCC AW #4T N5

M), 5 8 58 B Y% ciRS-7 3 1A TR F 23 3R 1) TE1 40

53 ) B2 RS BALB/e R R . e K e 4E3 d

D5 — IR R AR, 4 J S5 A3 AR B , B H i 8 9 4
T CEI5A) , 45 5B (] 5BLO) R , B ciRS-7 R i5 Ji
W 2 AR BRI i R A AR RN o B A B v T s R A,
X ciRS-7 FERR B4 A AT {2 1 ESCC M i) A= o
G 335 A A I 45 5 (&) 5D) 1, B e ciRS-7 1k 5t
O ZH R BRI iR 25 2R A 1 5 A O i (ki67 W PCNA) -
B A0 e 3T R (MMP2 . MMP9) 6 ik B 5t i T 4% 44
4, IXHER ciRS-7 I it 55 ESCC MR 285 M 5. LA
SRS R W ciRS-7 EAR B A AT LU ik ESCC 11 4=
KA.
3 i

circRNA £ 7T 1971 FEAE 200 5 Ak I, 590
BEANE, KRR A E R e, HEE A 2
B A RNA 1. 1979 £ HSU F1 COCA-PRA-
DOS 25 7E HL 7 R AU ™ W82 21 1 F A% 41 F 1 200 i
W 7 7E circ RNAU'Y, circ RNA ciRS-7 /& HANSEN
FOVRIL N R E B 1B R XY
(CDRI1as), H I 82 /E N miRNA #E48 .  JL4E, Xt
ciRS-7 W 7 AR N , ciRS-7 [ AW 2 Thfie A HAE
AN [E) i R R HE R e AR R A EE ORI R 2
TG FIWT ) 7 5 bR S SR TTHE R
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Expression of ciRS-7
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m
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A: Expression of ciRS-7 in ESCC cell lines; B: Overexpressing ciRS-7 after transfection of pLCDH-ciR vector;

C: Expression of ciRS-7 after transfection of siRNA-ciRS-7; D: The proliferation of TE1 after transfected with ciRS-7 or empty vector
detected by CCK-8 assay; E: The proliferation of TE1 after transfected with si ciRS-7 or si ctrl detected by CCK-8 assay.
"P<0.01 vs EV group; **P<0.01 vs siCtrl group

2 ciRS-713% ESCC 40 TE1 Y 1E5EEE
Fig.2 ciRS-7 enhances proliferation of ESCC cell TE1

o7}

si ciRS-7

Migration area (%)

A: Cell migration activity of TE1 after transfected with empty vector, ciRS-7 or siCtrl,siciRS-7 detected by wound healing assay;

B: The migration area of four groups were evaluated
“P<0.01 vs EV group; ““P<0.01 vs siCtrl group
&3 ciRS-71%32 ESCC 4l TE1 HOiT#5¢E

Fig.3 ciRS-7 enhances migration of ESCC cell TE1

SR 22 (1931E 475 2% W] circRNA 7€ ESCC 1 & &
KB EEERMY, (HET ciRS-7 & 5 th1E ES-
CCHRIEMER MR WARIE . AFEEH—-EHHT
ESCC J7 T FI WL B 5% , 8 ciRS-7 7E N circRNA H
BB o 7 AR TR 5 R I R 2B VR TR — B R
Fo ALK QRT-PCR B AR 1 60 151 £ % i i
SR B ()9 55 AL 4 ¢iRS-7 IR IE . 45 R i
N, TEIX 60 b5 A Hh 8 4 i 20 23 TR ciRS-7 I 3Rk

B IS T R B O AL 4, H ciRS-7 Rk 5%
P73 0 R 45 5 7 A A O, 487 ciRS-7 1] fig
TE ESCC H A k4% 7R AE H , #E3) ESCC ) & g
R, A Ah, AT B 40 M ) RE S 45 R R 7R
ESCC 4 il & TE1 1 1A ciRS-7 J5 , 2 M 1 14 48
T M AR 22 68 1 W12 T &, TR IG ¢iRS-7 Ji5 48 i 1)
T LR S AR B RE SR T, IX K B ¢iRS-7 T g
V9 B M 12F ESCC B Mg it e i 18 . e M A% A



b

55 CiRS-7 7R R g AL A b 20 S O i e A0S TE T A W22 1 PRI 52 R

731

A EV CiRS-7 si Ctrl si ciRS-7

Invastion §

B c
600 - 250 "
g - 5
g ] 2 200 e
2 400 g 150 %
£ : 3
g : g 100
5 200 s ‘g %
: - [ £
0 0
> A > A
. 3%;\ \06 _ 8_% ' 33:\ \Gs <
5 3 50 S B 59

A: Cell invasion activity of TE1 after transfected with empty vector, ciRS-7 or siCtrl, siciRS-7 detected by transwell assay(x200);

B and C: The migration and invasion area of four groups were evaluated. “P<0.01 vs EV or si Ctrl group

[El4 ciRS-71%38 ESCC 40Afl TE1 HI{RZ24E F1(x200)
Fig.4 ciRS-7 enhances invasiony activity of ESCC cell TE1(%200)
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ciRS-7

A-C: ciRS-7 enhances tumor proliferation of ESCC in BALB/c nude mice;

D: The expression of ki67, PCNA, MMP2 and MMP9 in tumor tissues detected by IHC(x200).” P<0.01 vs EV group

E5 ciRS-7EARAAIIG5E ESCC FIIEFE TN

Fig.5 ciRS-7 enhances proliferation and metastasis of ESCC in vivo
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Tl S 6 45 B AR OA , B e B Yk ciRS-7 AR B RS AR
KRR R I3 A S TR . DL B SRR E B
T ciRS-7 A fe ik ESCC 3G 5 F{R 2856 % , iX A =
K ESCC (137 24 [ ygg A W b 26 ) R A 16 97 B A B4
LA

circRNA N5 5" iE A1 35 poly(A) B , 1 A& LA
LS TE BOA IR 54, & N 28 3% 20 o 5l A7 A (1)
— PSS RNA, & B & B A RSN E T T, 7]
TE 4 4340 i 9 e E ik . cireRNA 3 @ L E A
miRNA 4344, 45 & A0 B2 1 miRNA, fif i ) 0 2
DRI 2 38 R Al 4 T £E N 26 22 ol A 2 % o Bt A2
RAEBEPNEN . circRNA A LLS RNA 4555 A
FH. 45 4 8 55 A L [ mRNA (R, HEE AR
P BT R NI cireRNA 2 5 R R 36 S 72,
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FU T A AR F (0 B AR 4y - AL AT AS B A X A
AR BH S JE RN I E 5 AR AH 5C STk 2
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A VR ARG miRNA (1) 57 T 45 , KIEHAE G R+
T DhRe , PRAEZEKG A5 DS B 9 s adE— e s
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