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0.05), M it & X miR-101a-3p T 9 B 474 TEAD3 &£ K (P<C0.05), W& X EZBHR L L B L BIE L cir-
cVAPA 5 miR-101a-3p, miR-101a-3p 55 TEAD3 A &£ ¥ % 2., i circVAPA i i¥ miR-101a-3p/
TEADS3 #h4% #t Hippo i 3% 37 4] I B 4 |
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Mechanistic study on circVAPA promoting the Hippo signaling pathway to

inhibit liver regeneration via miR-101a-3p/TEAD3 axis "
ZHAO Jian' ,DAI Yunhong®,DANG Yanli*®
(1. Department o f General Surgery A f filiated Hospital of Yunnan University , Kunming ,
Yunnan 650021,China ;2. Department of Emergency Medicine ,A f filiated Hospital of
Yunnan University , Kunming »Yunnan 650021,China ;3. Department of Obstetrics sthe
First People’s Hospital of Yunnan Province s Kunming ,Yunnan 650032,China)

[Abstract] Objective To explore the molecular mechanism of circular RNA (circ) VAPA promoting
the Hippo pathway to inhibit liver regeneration through the miR-101a-3p/ TEAD3 axis. Methods A mouse
model of 70% partial hepatectomy-induced liver regeneration was constructed,and the expressions of circVA-
PA,miR-101a-3p,and TEAD3 were analyzed. Mouse embryonic hepatocyte BNL CL. 2 cells were transfected
with siRNA or overexpression plasmids and divided into the VAPA-NC group,the VAPA-NC+ miR-101a-3p
mimic group,the VAPA-NC + miR-101a-3p mimic-NC group, the VAPA-OE group, the VAPA-OE + miR-
101a-3p mimic group and the VAPA-OE-+miR-101a-3p mimic-NC group. CCK-8 method and flow cytometry

were used to analyze the proliferation, apoptosis,and cell cycle changes of hepatocytes. Immunofluorescence
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staining was used to analyze the nuclear translocation of YAPI1. Quantitative Reverse Transcription Real —
Time PCR (qRT-PCR) was used to analyze the expressions of key genes in the Hippo pathway. The dual-lu-
ciferase reporter gene assay was used to verify the targeting relationships between circVAPA and miR-101a-
3p.as well as between miR-101a-3p and TEADS3. Results
liver regeneration (P <Z0. 05),while the level of miR-101a-3p first increased and then decreased (P <Z0. 05).
When miR-101a-3p was overexpressed alone,the cell proliferation rate was the highest (P<Z0. 05),but it had

The level of circVAPA gradually increased during

no effect on the cell apoptosis rate (P>>0. 05). When circVAPA was overexpressed alone,it had no effect both
on the cell proliferation rate and apoptosis (P >>0. 05). After co-overexpression of circVAPA and miR-101a-
3p,the cell proliferation rate significantly decreased,and the cell apoptosis significantly increased (P<<0. 05).
When miR-101a-3p was overexpressed alone,a large number of cells entered into the S phase. After co-overex-
pression of circVAPA and miR-101a-3p,a large number of cells were blocked in the G,/M phase. The phos-
phorylation level of the Hippo upstream gene YAPI significantly increased at 6 hours after liver regeneration
(P<C0.05) and then rapidly decreased. However, co-overexpression of circVAPA and miR-101a-3p did not af-
fect the level of p-YAPI and the nuclear translocation of YAP1 (P>>0.05). The expression levels of the Hip-
po downstream gene CTGF and the transcription factor TEADS3 first increased and then decreased during liver
regeneration (P <C0. 05) ,and there was no significant change in CYR61 (P >>0. 05). After co-overexpression of
circVAPA and miR-101a-3p,the expression level of CTGF increased (P <{0. 05). Knocking down or overex-
pressing circVAPA did not affect the expression of TEAD3 (P >>0. 05), while overexpressing miR-101a-3p
could significantly inhibit the expression level of TEAD3 (P <C0. 05). The dual-luciferase reporter gene assay
confirmed the targeting relationships between circVAPA and miR-101a-3p, as well as between miR-101a-3p

and TEAD3. Conclusion
miR-101a-3p/ TEAD3 axis.
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PHx /) B & % Higgins & Anderson ¥ &7 70%
PHx #8Y, JF 1 J5 45 FL T BR /N RO Z6 b et 0. 2
mL 500 F AWM I i TS e . PHx /ANERT AR 6.,
72,144 h AbFE R J5 B TR]AE by 5 A= B ], O 20 21
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1.2.2 @mfasdic o b 43
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FXFHE 4 . VAPA-NC + miR-101a-3p mimic 21, VA-
PA-NC + miR-101a-3p mimic-NC 20 . VAPA-OE +
miR-101a-3p mimic 4., VAPA-OE + miR-101a-3p
mimic-NC 4,

1.2.3 B R B Z ¥ # # F-PCR(quantitative real
time-polymerase chain reaction, qRT-PCR) # #®| cir-
¢VAPA .miR-101a-3p. Hippo i % T # % B CTGF.
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CYR61 & 4 % HF TEAD3 &AL

BCHFRAEM N A 1 mL Trizol 2% W& 22 i 210 il
FEHUE RNA, 5 5515 5] cDNA M 5 #E 17 2966 &
i PCR ¥4, 92 GAPDH Fl U6, 43 3%t circVA-
PA.miR-101a-3p.CTGF.CYR61.TEAD3 #4794 4,
27 BRI AN P E R RNA M X £ B KE. 519
JPA L 1,

*1 5| ¥ Fe 5% it

FH 7511 G —3D)
GAPDH iE ] CAA CGA CCC CTT CAT TGA CC

JZIh] CGC TCC TGG AAG ATG GTG AT
U6 1E i CTC GCT TCG GCA GCA CA

J 1] AAC GCT TCA CGA ATT TGC GT
circVAPA iE 7] TGG AAG CTG TGT GGA AAG AAG

2 1] CGA GGT GCT GTA GTC TTC AC

miR-101a-3p-RT

GTC GTA TCC AGT GCA GGG TCC GAG GTA TTC GCA CTG GAT ACG ACT TCA GT

miR-101a-3p 1E [ GCG CGC GTA CAG TAC TGT GAT A
JZ 1] AGT GCA GGG TCC GAG GTA TT
CYR61 1E TGC TGT AAG GTC TGC GCT AAA C
SR 11 GCT GTC TTC ATC ACA AAC CCA CT
CTGF 1 GGC ATC TCC ACC CGA GTT AC
S Iw) CAC ACC CCG CAG AAC TTA GC
TEAD3 iE GGT TCG GGA ATA CCA GGT TG
R 1] AGA GAC GAT TTG GGC AGA CG

1.2.4 MRAFHREAR EFHIIE circVAPA 5
miR-101a-3p.miR-101a-3p &5 TEAD3 # ¥ X %
circBase ,RegRNA2. 0 #H5 2 2 #7 T circVA-
PA 1 3'-UTR %5 miR-101a-3p 77 76 0 3L B #h 45 &
¥ 45, Targetscan?. 2 K04 & 20 A 8L TEADS #) 3'-
UTR %t 5 miR-101a-3p fF7E 0B B AMES S AL 8. %
P18 4 B -circVAPA 3'-UTR/TEAD3 3'-UTR 1%
A -circVAPA 3'-UTR/TEAD3 3 -UTR. ¥ # % 5¢
FEF il e 4 5L Rk ik K L g AR k. A Lipo-
fectamine™ 3000 ¥ B A4 Fl-circVAPA/BF A4 #i-
TEAD3 ., & 75 Kl-circVAPA /% 28 BI-TEAD3 43 %] 5
miR-NC 5 miR-101a-3p Jiu k7 I [f] % e 2 H bR 40 il
48 h JE K I H 56 O i M. qRT-PCR A2l miR-
101a-3p il TEAD3 A%} ik K,
1.2.5 CCK-8 k4 m| 29 i 3% 78 1 AL

Fel.2.2 ;s i, PR A i M B & 1 X
10°/mL, #EFT 96 fLAR T HEFF 24 h, # AR [F B[] 2
AEFRANAE . LA 10 pL CCK-8 WM& 1 h. 1
FRAI 5E 450 nm WG,

1.2.6 A X @l RKa&nsepe A o LA i A B
¥k 45)

CL) 200 i 008 T Az ) Ak B W 00 b % 7 O T Ak
iffL, B R IMA R E A V- AR KRS &
W10 p L MDY BE G, I B 10~ 20 min, Ji 240
I ASCARG: T 4 e 98 T L . (2) AT AR T Ak B L i
LML BSOS A 0.5 mL Bk T IE Y 500 TR

30 min, AR AR K 488 nm I < Ab A
215 A I DNA 25 520 8 A B 20 #r
1.2.7 Western blot # 0| ¢m #& ¥ B 8% 4L (p)-YAPL .,
p-LATSI & & &k

A RIPA 24, I8 s W2 R
M, BCA &k & vk B, BiC B BCA b o & %
TR AR S 5 X ke IR ER AN L R 2% vh il Ak
4+ VIRA W8 A ARk . 78 B L AP 2 30 AR
FEHLHETK 10 min 55, BE B L5 B R W
OB IMA —PL, P 2kLEBH 2 h, BOLIUE
28 it B 0 S A%
1.2.8 ZE&LkEEtn YAPI B4

il & A7 MU L B L 2 WL A 22 B T [
ELIMA 0.5% Triton X-100. L2 Il 37 (W iR £k 28 np
WEHD ZWEA 1 he —PFE . P H . DAPI it
Fegett 5 min, BLIOLEKFNH R . %OL BB T
ME TR ERA .
1.3 s%itzam

* A GraphPad Prism8. 0 #4347 8088 70 ¥ . 1T
R 2+ s R, HERA ¢ K5 5 one-way
AVOVA HLIRZR I 25081, UL P<<0. 05 HZERA 5
-9
2 2 g
2.1 M@E70% PHx »ZAEA

F g 70 % PHx /NSRS 90 H L LTl 83 H, plids
KN 92.2% WK 1,
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2.2 AR AFTAEFP circVAPA. miR-101a-3p %k & PA FFE ik # K Y BNL CL. 2 J5,circVAPA FE ik
o KT B 3 3k circ VAPA JG miR-101a-3p ik
qRT-PCR 45 % G /R, JF /48 i B h circVAPA KB (P <<0. 05) , LA 3,
kK - B W FH 5 (P <<0. 05) . miR-101a-3p # kK 09 T a |

s 1

1 ﬁrﬁ

I
iTHG 6h 72h 144 h

TSI F B CP<0.05) LEA 2. -

circVAPAZRIX
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&
E 1
0 T T T
: B *ER 6h 72h 144 h
£ . FEE
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AscireVAPA RIKK T s BemiR-101a-3p #3KK V5" P<0.05.

i PUBHIRE 100 PIL R R 2 BB &SRS circVAPA miR-101a-3p RiLER

2.3 Akt KA circeVAPA 5 miR-101a-3p & ik
R

My 2 £ si-cireVAPA 0% Jf ki, %% 3 BNL

CL. 2 J5 circVAPA RiKk/KFFEAL, HEAK cireVAPA

Jii miR-101a-3p Fik /KT (P <<0. 05), circVA-

2.4 circVAPA £ 444 miR-101a-3p 8 & ik

XL N 2R il e A 5 PR S0 0 4 R Wb U, B G B A -
circVAPA B}, miR-101a-3p %¢ ) 25 i 15 14 B & 4% T X
HE (P <C0. 05) 5 5% YL 2 28 Hl-circVAPA B, miR-101a-3p
Ko FOXT RE B 2 Y 28 WG 1 TG 22 5 (P=>0. 05) , WL 4,

si-NC 5'-TACGGCATGTAGCTAGCTAGC-3'
si-circVAPA#1 5'-ATGATAAGCTGGCCCCTTCAC-3'
si-circVAPA#2 5'-TAAGCTGGCCCCTTCACAGAT-3'

A
a a '_31 1.5+
1.5+ ! .84, 25 4 " .
4] I'_'Ia 2 | | i T 1
g 21 6 B 207 )
X R 2 3 1.0
1. 04 *%1 4 ) 15 'H'E
‘HR‘ o .H.k( N\ 1)
E ‘T’ < 3\ tlv
< S 1.2 & S 05
_go.s- $1 . § 24 T '
) nE: .04 5 14 z
04 0.84 0 - 0
® @ O ® @ ©® SHEB circVAPA STHR circVAPA
B Bk ¢ BRL D BRIE E TFRIE

A:si-circVAPA 57 515 B: Ik circVAPA J5 circVAPA F A ML ; C. Ik circVAPA J& miR-101a-3p FRiE L ; D: it Fik circVAPA J5 cir-
cVAPA FkEN ;E:id # 35 circVAPA J§ miR-101a-3p F A ; D :si-NC; @ :si-circVAPA# 1; Q) :si-cireVAPA # 23 P<0. 05,
3 AR T R IE circVAPA 3 miR-101a-3p ik A% M

2.5 circVAPA . miR-101a-3p st 2a e 3g 74 . M =H=  10la-3p Fik K FTF & (P <<0. 05), it # & miR-

2 e, B 9 09 % vk 101a-3p Hif 206 ifg 44 5 3 % e e (P <<0. 05) , [A] i iof %
miR-101a-3p mimics ¥ 3¢ BNL CL. 2 )5, miR- ik cireVAPA F1 miR-101a-3p B} it ik circ VAPA
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Asf 438 7 5 % TG AR 4K (P >>0. 05), CCK-8 #4347 48 h PA 3¢ miR-101a-3p A5 BNL CL. 2 #J YAP1 &%

20 P B A o A R AR TR 4528 WL SA~C i (P>0.05), LI 7.8,

WA IEAR LS R o, i ik miR-101a-3p WA FF4ER-circVAPA 5'-ACAGCACCUCGCCG|G!|JI|\(|.‘LIIGIL|JG -3
MY T % (P >>0. 05) , [A i it 3k circVAPA miR-101a-3p  3'- AAGUCAAUAGUGUCAUGACAU -5'
Al miR-101a-3p B AL 25 1 4 25 (P <0, 05) . SEI-cirolPA  $-ACAGCACCUCGCOGUGCAGUGA 3
1235 miR-101a-3p A0 R HEA S 19, 7 [ i i
235 circVAPA Ml miR-101a-3p B 4H il & BH T L - S —
G,/M ], WK 5D.E.F, 0.8 et
2.6 circVAPA/miR-101a-3p %h %t Hippo i % E %% 0.6 =miR-107a=3p
e RO % ool

Western blot 25 R i/~ , FFH-4 6 h p-YAP1 & #®
K W15 Tt (P <<0. 05), B b B AR p- m
LATST 25k MR AR 7T A 2 15 0T 4 o L
1 AP /3 R 358 cire VAPA 8 miR-101a-3p A0 p- AR A B S 50 5 0 cincVAPA T 91 BB BF

YAP1 F£ihKFE(P=>0.05), WWHE 6, AW Y BocircVAPA % % B-circVAPA X miR-101a-3p 7 ik 7K - 9 5 1 ;
RY R, HHA 6.72 h HH B K YAP1 # & A ":P<0.05,

(P<C0.05), Z J5B& 5 1E % 5 i B /38 3k cireVA- B4 NKAEHBEEERZIRER
a 4zl
H—120 -+ @
2100 4 *Q
miR-101a-3p mimic-NC 5'CAUCGCGUACUUGACAGCGCA-3' S | Bo4 . ®
miR-101a-3p mimic  5-UACAGUACUGUGAUAACUGAA-¥ 2 , | ‘ ‘ : — @
.
R 101a-3 R 101a-3 0 48
A B mlmlmlcaNCp mlmlml(:a P e At iE] (h)

a a

100 =
140+ 'a— - G./MEf
a < = SH

1204 . 'Fé @ Go/GiHf
ﬁmo- — B * m

80 i ~ i S

60 2.
D ®®®jﬁl@©© E ®®®ZH%IJ@©© F @@@ﬂ% ® ©®

A:SIYF] ;B I # miR-101a-3p mimics; C.: Ho %45 41 40 g 384 78 3 25 D 3 X 40 M A 43 B 40 i 7 72 % E. CCK-8 % 4% 48 h 41 ifg 14 7
SR F AN I AR 4 Hr 40  F 0 43 A s O : VAPA-NC 4153 @ . VAPA-NC+ miR-101a-3p mimic 41; @ : VAPA-NC+ miR-101a-3p mimic-NC 4{; @ :

VAPA-OE 4 ;® : VAPA-OE+ miR-101a-3p mimic 41;® : VAPA-OE+miR-101a-3p mimic-NC 4 ;": P<C0. 05;": P<0. 05, 5 F Al 41 %5,
A5 circeVAPA miR-101a-3p Xt BF 40 BE 1858 A T F1 40 fa B HA B9 52 1l

FBE e
B 6h 72h 144 h ® 2@ Q] ® 6 G

GAPDH .!,... 36X10°
- - - -

GAPDH 36X10°

p-YAP1 70X10° p-YAP1 70X10°

p-YAP13RIXIK
p-YAP1 ik 7k

p-LAST1 160X 10°

BB 6 h 72 h 144 h
A B FBE C

A:Western blot £l BT - 2E 7R [ I [A] 25 p-YAPL . p-LATSL By 2355 00 ; B AT FAE R R B A] & p-YAPL 235K P L% ; C: Western blot A2 ] i
Z35 circVAPA 3 /F1 miR-101a-3p B p-YAP1.p-LATSI fF L5 M ;D3 35 circVAPA 8 miR-101a-3p B p-YAP1 F3AKF 8 ;O : VAPA-
NC 41 ;® : VAPA-NC+miR-101a-3p mimic 4 ;® : VAPA-NC+ miR-101a-3p mimic-NC 41 ; @ : VAPA-OE 41 ;® : VAPA-OE+ miR-101a-3p mimic
4 ;©®: VAPA-OE+miR-101a-3p mimic-NC 4 ;*: P<0. 05,

& 6 FrE4£id#E s Hippo @8 LiFERE p YAPL p-LATS] Rik1ER
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DAPI

KB

in FEB 6 h 72 h 144 h
AT SR FFEE
A . YAP1

A I FFAEAS R 1] 5 Y AP BB AL (9B 3 18,100 X 5 B: 2802 #E3#r " . P<C0. 05,
7 FFEAEES YAPl ZBMAER

& RKIE circVAPA B{ miR-101a-3p J§ BNL CL. 2 B9 YAP1 % B ALiE R
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2.7 circVAPA/miR-101a-3p ## # 7 Hippo & %
TR R AL

gRT-PCR %5 & W /x, I # 4 i # b CTGF,
TEAD3 ik K-F5E T 5 T K (P <<0. 05), CYR61
Ik TCH B AR AL (P >0, 05); [6 B 5 2 38 cir-
cVAPA # miR-101a-3p B} CTGF % i /K ¥ F FF
(P<C0. 05); Mk 8 3 3R 35 circVAPA ¥ A 52 iy
TEADS % ik 7KF (P>>0. 05) .5 35 miR-101a-3p N

FTHREF 202555 A% 54 5% 5M

Al E A TEAD3 Rk KF(P<<0.05), LA 9,
2.8 circVAPA/miR-101a-3p 4hid iT #i #8145 TEAD3
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XL 2Rl 4 A5 R R 2 00 45 SR R e Y Y A -
TEADS3 B, miR-101a-3p %¢ 6 2% il 15 1 B A T % 1R
(P<C0.05) ; /YL 58 25 AI-TEAD3 B}, miR-101a-3p M
X BB %) 5 WG M TG 225 57 (P >0, 05), WLE 10,

8 I 1 3.5~
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5 =
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2 - 2.0+
| | ‘ \ ]
0 T 1.5 T T
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a 1.4 =
|
2.0 a
M 1.2 =
2 °
X . o J+E1 0
4 o 1.0+
+1{51.0- s
G
0.8 =
0.5-
0 0.6 -
® @ ® @® 6 ©® ® 2 0
D 4B 3 4B 5

A~C. FFAERFEE A CTGF.CYR61 Al TEAD3 F£ik/K¥;D~F

- a
20 I |
a
15 = )
° a
? X ' '
* 10 -
o |
[=]
i 3
£ 5= E |T|
. H
0
T T T T
72 h 144 h S('IHG 6 h 72 h 144 h
FFEE C T wEE
2.0 a
[ ]
- 1.5 =
X
#® 1.0+
Pt
v
—
0.5 4 ﬂ
0 T 1 T T T T
@ ® ©® W RUE X dRik MR gRE
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