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circZMYM2/miR-29a/PUMA #fi Xt & 14 ik iR 2 IR 16 28 fe A T
B9 =2 M A E R HL )

B, T, JaEs, =R

(ZHEFAKXFE _WEER 2590, 8 A8 230601)

W = ESE5EM: BB AVERIRS (AP) Je0T BN AR 1% kB v R EAR ], HE— 20 T IR
T 40 1 R T ML ) B AH O B AT B T AP R SRR YT B AT L ﬁﬁﬁﬁfwf%f?a%ﬁﬁtlZMYMz
IR RAZRERE TR (circZMYM2) . /N RNA-29a (miR-29a) ‘5 p53 EiMMET-# 35 7 (PUMA) 7E AP
T Rk I Z M G &R .
J5 5 A BB IR T 6L 40 A AR42) JT T 8 5955 5 AP (R AME A (AP ZH ), 3% 563 3 peDNA3.1-si-ZMYM2
BEOY R cireZMYM2 J5 P JH R 3 3175 3 AP RS (si-cireZMYM2 20 ), DL TCAL B AR42) 28 Ay
X HEZH o 3 h 43 50 ELISA 32 460 000 40 10 v By il /K 7 . CCK-8 i A6 4l 3% o it X 40 L R 5 TUNEL 3
T T 0L . Western blot IRy IUAH A PUMA 25 13835 . qRT-PCR K IUAHAR cireZMYM2 55 miR-29a %235 .
GR . SGXMA A, APALY si-circZMYM2 20 V€ B WK 7Y B T . 46 o 4 8 R AIG . An i oA
T AR A T A A W) BN . PUMA 2R 1 3R /KPS W Tk, (H si-cireZMYM2 20 UL b 4545 19 28 {6 1%
[ AT APZH (1 P<0.05). SR EEL, cireZMYM2 3235 KF-AE APZHI 5 THis, 7 si-cireZMYM2 26
B FRAIG, T miR-29a 26 15 K V- 76 AP 41 SRR AN, 7E si-circZMYM2 21 B 8 Fh i (35 P<0.05) .
518 circZMYM2 76 AP W BRI AN i b 58 FH i . L AT BBl 5 miR-29a NI MESE S /E R, Ml miR-29a
My2eik, NI I8 PUMA SR3KKF, 8 3 Ji 6L 240 Jf ) T F0 AP 3 i .
K§EA JBHRAE s BRULANAE; NI T; RNA, FRIR; M RNAs
FE S %ES: R657.5

Impact of the circZMYM2/miR-29a/PUMA axis on acinar cell
apoptosis in acute pancreatitis and its action mechanism
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Abstract Background and Aims: Apoptosis of acinar cells plays a crucial role in the inflammatory response and
progression of acute pancreatitis (AP). A better understanding of the apoptotic mechanisms and related

pathways in acinar cells can provide new insights for AP-specific therapies. This study was conducted to
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investigate the expressions of the zinc finger protein gene ZMYM?2 transcribed circular RNA
(circZMYM2), microRNA-29a (miR-29a), and p53 upregulated modulator of apoptosis (PUMA) in AP
and their potential relationships.

Methods: Rat pancreatic acinar cells AR42J were induced to form an in vitro model of AP using
cerulein (AP group) or were transfected with pcDNA3.1-si-ZMYM2 to knock down circZMYM2
expression before cerulein induction (si-circZMYM2 group), using untreated AR42J cells as a control
group. After 3 h, the amylase level was determined by ELISA assay, the cell viability was assessed by
CCK-8 assay, the apoptosis was measured by flow cytometry and TUNEL assay, and the PUMA protein
expression was examined by Western blot analysis, and the circZMYM?2 and miR-29a expression levels
were detected by qRT-PCR method.

Results: Compared to the control group, the AP group and si-circZMYM2 group showed significantly
increased amylase levels, decreased cell viability, increased apoptosis rates or apoptotic cell numbers,
and elevated PUMA protein expression (all P<0.05). However, the changes in the above indicators were
significantly less pronounced in the si-circZMYM2 group than those in the AP group (all P<0.05). The
expression level of circZMYM2 was significantly increased in the AP group and significantly decreased
in the si-circZMYM?2 group, while the expression level of miR-29a was significantly downregulated in
the AP group and significantly upregulated in the si-circZMYM2 group compared to the control group
(all P<0.05).

Conclusion: The expression of circZMYM?2 in acinar cells during AP is upregulated, and it may
probably inhibit miR-29a expression through endogenous competition, thereby upregulate PUMA
expression level and then promote acinar cell apoptosis and AP progression.

Pancreatitis; Acinar Cells; Apoptosis; RNA, Circular; MicroRNAs

CLC number: R657.5

ZPEJERRE %2 (acute pancreatitis, AP) JEllfi R I
BRI SURAE 2 — R AT A BRI Y E LU
THAF 3.07% B3 IR BE B AR BT, BRI ST R 2
H %" o JRAE AP B R 2B IR o 2 O B R
JE AP, {HATSA 1/5 B9 [ 35 o R O FOAE Sk IR IR R
(severe acute pancreatitis, SAP), %3 &y +5 22 Pk
N EEZ G E R, R AU R 1k 2097
WO P T ) R AT K IR AT R B B X T BUR T 2
PO E B, ARG T 2R R A bR
AR I5 . N AN E R L BRI S5 X RE SRR YT
i ol = R S R IR T 25 W e PO IR . A SRS
W, GOk IR 37 M BlE 5| R AR AR ) R B A
HET S ECA WA TR O TR A0 T
FIRFE 4 3 LA, e fi B 76 4 JH o0 T2 2 A
AP A e SR G BEIR Y, AR i 1 S0E S N AN 22
A Ak A0 0 T T R AR AR R, A
JIR VL 240 1 O T VR IR R T AP B TS T B SR ]
Z—o Wang SEVIRWY, Bk ¥ 45 8 F R ZMYM2
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e SRR AZBER TR (zine finger protein gene ZMYM2
transcribed circular RNA, circZMYM2) W] {fi 36 15 2,
TYRT 2 995 75 X £ H 09 JTF 40 i %2 T DNA 45 47175 5 19
AP T 5 Wang %% % 3L P8 /N RNA-29a  (miR-
29a) W] HUCEE PR 0 LR (diabetic cardiomyopathy
DCM) KRB O HIEZE F AT RE B0 L2 227
S AT 4E AL I R AR LA UA 5 Aol 5 2 P i
Xf AP AH G451 13 B il 28 2K I & B ps3 b I
W 5 7 (p53 upregulated modulator of apoptosis ,
PUMA) L nl fie gE iy b R A i = I, A
BF 58 5 A AP % 90 40 L cireZMYM2 . miR-29a
PUMA kK -V 928 A6 LA B R &R, KU AP
ARV 7 4 AR T 0 B S

1 #MREFE

1.1 SCIe#red
B i I I V6 41 B AR42) W [ b T AE A 3E AR
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VIR A BR 2N 7 5 DMEM-F12 85 38 520 [ 507030 3
FAMEEARA A WEEREBE AL REER
A BRA T ; peDNA3.1-si-ZMYM2 g [ 75 JH 5 35 5k
P A BR 2N B] ;. RAPLZE H 24/l e B & O[5
(i) AR AR BCA 8 H Il h &
WHAERREYRHEARAR; REEH
PUMA Fi /A . BB 58 B B-actin BT | 11 2F 3T 4 TeG
Uik . CCK-8 il i ) &5 . M1 2 11 V-APC 4t g 7
ToAE I ) & . TUNEL A 3 57 & ¥ g B 2 F 4T
() BEARATF; Immobilon™ Western HRP JiE
Py ik ) & K W Uk R . TRIzol 35
Master i 5 %) . SYBR Premix Ex TaqTM iR ] & 7% 6
it PCR AL . 435 5246 . & B 3h 2 U ag g
FRAX . FACS Caliber Ji 20 240 A 50 A7 A3 359 Fh 2 30 2= )
K2F 55 B s s B B 52 50 v A 2 B ARL

1.2 ELIGAHE

1.21 @3z 5 422 4 AR4A2) IR i 40 j Fp %
10% i 25 1ML 75 F 1% 5 % R 19 DMEM-F12 £ 55 J v,
PR R L B F 37 CHAMET . 5% CO, ¥ BE (1) 20 il
BRI S . Wi R 48 h 4 1k, 20
RERAEAR 1K, A RKORNE N 4~6 J8 )5 2547 505 . %
AR42] BRUANA S P X HELL . AP AL M si-cireZMYM2 41,
X R AR AEAL B, AP 2H FH 10 nmol/L ¥ Ji 1) FF ek 2
P55 AP RSN AL | si-cireZMYM2 £ ffi il pcDNA3.1-
si-ZMYM2 X} AR42J Ji% 160 20 Jfd i0F 47 W B B g | o 5%
YL )5 B AR42] BRI A0 ML & T 37 CA& MR . 5% CO,
WREA 2 mLIEH R AP 4k 25558 24 h, 24 h5
55 AP 41 [5] i 4% B8 10 nmol/L H¢ & 4 7R i 2545 5 AP
PRAMERD S 3 h 5 KA R A .

1.2.2  AddEal B EEWHEIELL 1000 r/min £ O
5 min, >R ELISA 75 K6 I 3 8 Bl 7K F o

PrimeScript RT

1.2.3 @& Axn F CCK-8 K I3 57 & 4 I
AR42] Ji# 6 40 M 77, in A CCK-8 ¥ i 10 pL J5 #F
37 CHRAFT L 5% CO,MRERTTIFE 4 h, [
B A 52 450 nm Ak £ W 56 15 .

1.2.4 @Al 1) 4R AR42) R
2 M W R 2% i W (PBS) YU 20k, i FH RS BB
B V-APC 4 0/ oA I ) & AT g e, TR
Uit 2 A0 AR 43 B 248 B FACS Caliber 37 3K 41 i 43 #r
1A o (2) TUNEL ¥5 : in A 557 40 J 58 T2 A I i
FIFFAE 3T CHM FIEE 1 hJ5 K AR42J JF 70 41 i
JHT G B

1.2.5 Western blot #  7£ RAPI 2 [ 24 fif Wk v 24
fife J5 . Ik BCA A F R i ) & 50 LS 2 1 Y
Eﬁm ﬁm%ﬁﬁ%mﬁﬁzhL T M 5
B, R EN L B PVDF I b o AR 5K IR IR I AE
Tris 2% thEh 7K 1 5% WG 2R W IR FE R T B 2 h,
ESUTHMHRIREGIFES CERMTRFTR,
{145 2 v BT PUMA $T 44 LA K BB S B B -actin BT
& FH TBST % #h i ¥k % 3 U F5 A HRP A5 i (14
PRI EP R IeC HEZR THEE 2 h. i,
JH Immobilon™ Western HRP Ji§ 4 i 7 & WL %2 0 {4 5
Xk F Quantity One version 4.6.9 i AT ®EEREDTN.
L B-actin fF R N 2 X ] .

1.2.6 qRT-PCR 4l fif F TRIzol iz 7] % fift AR42J
IR 76 40 B S A S B BN RNA, JF ] PrimeScript RT
Master Ji 4 9 106 % 5% i cDNA, 51 Jf] SYBR Premix
Ex TaqTM ix 7 # 17 qRT-PCR # , i i} GAPDH F0I

U6 E RN Z XTI, R 2722 5 46 I circZMYM2 4H
X F GAPDH. miR-29a #f X} F U6 19 % i5 15 &

qRT-PCR HR T BT A AR 51 9 e s I3 1

&1 qRT-PCR3|#FE7
Table 1 Primers sequence for qRT-PCR

g Fr 3

5% : TTA CCA CCT GTT TTT GGC GA

5/ : GCG CAT AGC ACC ATC TGA AAT GTC GTA TCC AGT GCA GGG TCC G

circZMYM2 .
3'¥5: CTG GGA TAT ACA CAG GCA CAG G
miR-29a .
3'¥: AGG TAT TCG CAC TGG ATA CGA CTA ACC G
531 : TTC AAC GGC ACA GTC AAG G
GAPDH .
331 : CTC AGC ACC AGC ATC ACC
0 5'%i : CTC GCT TCG GCA GCA CA

33 : AAC GCT TCA CGA ATT TGC GT
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1.3 FitFEaiE si-circZMYM2 240 8 7= 240 Mg 200 W AIK F AP 4 (P<
i A B 349 00 FH Excel 2019 30 5%, % JH IBM 0.01) (¥3B).
SPSS 21.0 #4347 88+ 0 4, fdi GraphPad Prism

8 P HEAT R AR 0, IR TE 25 43 A fry 0 7 1) 39 20009
B bREDE (xoxs) FoR, 2L 22 5 X0 LA ] -
27 24081, P<0.01 HERASIT¥E X, 2
g 1 0004 . -
2 &% B &
500+
2.1 EMEKTILE 0 . ; ;
ELISA K25 55 o1 . S5 0F BR2A Hhdss . AP 4R R ZH APH]  si-circZMYM2 4
si-cireZMYM2 Z13EA g K -F BT T (3 P<0.01), 1 &EAREHEKTE LS
ZEBH AP 40 J AR B g h @57, {H si-circZMYM2 4 1€ Figure 1 Comparison of amylase levels among the groups
B K OE B BAEF AP 4L (P<0.01) (& 1), of cells
2.2 YHEEENLEE
CCK-8 SL I 25 S R, AP 20 Fll si-cireZMYM2 4 150-
() 20 36 77 24 0 A T X RE AL (35 P<0.01) , 1T si-
circZMYM2 21 4 i 3% 71 B & @& F AP 4 (P< (- e P<001
0.01) (&2). i T
23 MRATHER LR Z . __
WA AT R K S5 BB R, AP 4L si- =
circZMYM2 ZH 41 Jfg ] 723 35 W 25 T X0 R4 (38 P< 0

1 1 |
0.01), M5 AP4LHLE, si-circZMYM2 41 41 i 7 1 IR APHL  si-circZMYM2 41
2R % . 1 3A) . LS 4 . .
R i&.ﬁzp ﬂiﬁ (P<0.01) E Fl 3A) TU.NE.L A I 45 E2 & EEE T
REoR, HXEA B, AP A M si-cireZMYM2 2 Figure 2 Comparison of cell viability among the groups of

PHOT 40 M % Xy W ORE o (1 P<001) , fH cells
10 P<0.01
X HRZH AP# si-cireZMYM2 26
1074 107 107y I
6101 02 6101 Q2 6101 02 84
= 1074020 027 | 10°5094 st | = 107§ 0.024 2,66
£ 10° & 10 & 10° # =
% 0] - 10°] 3ol 1ot > 67
= A : 2= < Rt
) 104 g < 10 A & 104 ﬁ ) T
E 107 & 107 ¥ E 1074 =
B il 5‘ 11 4 S -
E 10 j(M : 03 Uo 10 11)-'1 Q3 g 10 1(!4 2- o
< 0 97.4 202 O";Hﬁ 3.31 © 0+ 95.3
0 10> 10* 10° 10° 0 10> 10* 10° 10° 0 10° 10° 10° 10° 0 . . .
Comp-FL1-A: FITC-A Comp-FL1-A: FITC-A Comp-FLI-A: FITC-A XfHEZH AP 2 si-circZMYM?2 2H A
APZH si-cireZMYM2 2H
30+
P<0.01
< 20/
§
- T
NV
41 101
=
T T T
XJ REZH AP si-circZMYM2 4 B

3 REMBUBATERIEER A WSUAIEAKN; B: TUNEL LAY
Figure 3 Comparison of cell apoptosis status among the groups  A: Flow cytometry determination; B: TUNEL assay
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2.4 PUMAZEBRIAKFELLE
Western blot 5 £ W/, S5XFHE4A L, PUMA
T IR KO TE AP 20 si-cireZMYM2 41t 34 B @

X REZH AP

PNA e — —

si-circZMYM2 2H

FhE (3 P<0.01), {H si-circZMYM?2 24 PUMA 7K F- B
BT AP (P<0.01) (Kl4).

4 HAMIEPUMAE A FRIEKFELLE

Figure 4 Comparison of PUMA protein expression levels among the groups of cells

2.5 circZMYM2 & miR-29a F&iA 7K F bk
qRT-PCR A5 I 25 B W78, cireZMYM2 3% ik /K
SEAE AP A Sk TR R4, T AE si-cireZMYM2 £ B

BAR TR RAMAPZH (¥ P<0.01); miR-29a £ ik/K
SEFE AP A BAR T X BRAL, i 7E si-circZMYM2 44
B e Tt R AP 4] (P<0.01) ([&5).

E5 &BMAcircZMYM2 5 miR-29a ik 7k FEL

Figure 5 Comparison of circZMYM?2 and miR-29a expression levels among the groups of cells

3 W #

AP J2 22 Fffig [R5 1S 1 M0 I 2o 8 s R L R
JiR 2T B I A B 2k 9 RE PR BAET, R UL A
£ 35 v i ILAE . RE PR G A Ak S IH R AR RERE .
K N B AT B IE A G R LA R 2 A, ke A
fih 7% i e M v 200 JHL — 2R %) 9 LS [ R 4 D 8 2 g
BEds, e 2 5 BULR 0 240 0 4 1T IR 5K LA K ey AR B 4
S VERAE RN, KA AP I, TR HE B SE I N
BT PR, R & B H W (unfolded protein
response, UPR) 5 YR CR 47 4 41 i 5 12 A T 51 2 AN
AR AR AR, A R T AR S T O L A
I TR S E B B B =2 e A A M YR TS A

© MR IT F EHH A FEEIH

5 AP REVIMSC, AP P AR BRIRER B A 05 £
BN A g R R, g BRI T
B K A7 5 30 8%, 38 b X (5 5 3 A OC 2R 1 Y O
PR CE M TR AR, IR F A AP 1Y R R
R, BN TIRYT AP AEA W51 1 AR ST HE s
BB

R RNA  (circular RNA, circRNA) 482 —2K4E
i % PH BR RNA, FLAT S5 40 g B AR 2 1k L 40 i 40 21
RS PE R GA W B R g R DR ST AE R AR Jh
circZMYM2 K& X 25 i — R BEFE 85 11, E2ELL T4
M #%, AR circBase W SR 15 B, circZMYM2 A 3 i3
J T B 45 7= 1E 60 A FROIR RNA o cireRNA & 85 82 1Y
WOUNEBERER (microRNA, miRNA) W&, &
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HAE N — Fh R 55 4 N R RNA - (competing
endogenous RNA, ceRNA) 5 miRNA 45 &, K %
miRNA W 48 4E 1, 38 2 7108 # miRNA 8 55 F Ui
O B3R A K CEMY, An SR OBF R kOB
cireZMYM2 FJ L3 2 X6 JHC# 5 miR-335-5p 114 1 4 A
JH & 4 i miR-335-5p B9 K35, 5 Ui B AR
IMID2C 114 & 35 7K S I 98 5 A B 08 1=, DT A2 2% Ji
Ji s %) T R o 5% I AUV T 9 3K B cireKIF4A 7]
5 miR-515-5p 45 & & ¥ i3 45 VE H IO ¥ 10 T JiF
SLCTAIl W 3RiA, TESSHmEMAK SRED e
KAETEEAEM . AR ERER, circZMYM2 ik
IKF-7E AP 4 8 3 8 T X IR AL . miR-29a ik 7K
S AR T X R, 1738 i X cireZMYM2 AT i G A1)
kG, SAPAHMIL, circZMYM2 3 3k 7K - i
% AR . miR-29a F IR K P 25 FH i, IR I6 40 T
7 N AR T A R T AN AR R A
1 25 F  circZMYM2 AT f8 [R) A% 40 & 45 A1 0z 58 4 PE
J5 ceRNA Ff 5 miR-29a 45 & & ¥ miRNA ¥ 45 /E F |
I 38 1 7 JE 72 K R 98 miR-29a K, M FE AP
PR A A T

/N RNA  (microRNA, miRNA) & — Fft | 7
29 0y 18 ) 25 K% AT IR 19 /N LR 45 % RNA, 3K 28/
53 F RNA ] LUAE #1565l 58 05 7K F I 4% mRNA K&
A PR R a8, DT 7E 40 22 R A B R g B o AR
PUR:R 7 U T AN a5 e el A E S (S
miR-29 5% 4 & % 9 T B F UL 9 G B miRNA 2 — |
E 22 IR Qi G 480 L B BT P E 2R R P b
I AT SR Rk, R R B A R 2 R R
Jog AL 9 AZ L, Hor DL miR-29a 36 3K fi w1,
AR FE IR BT, AR AE B A 5 115 5 Gk
N, R R A0 M R AT T A OGBS S IR T OE B 8
245 miR-29a 75 N Y £ Ff miRNA 1) L9 o Hsu 550
BB AERE RO B /N BRI fi B A Ik S ) % 538 miR-29a
Al LA i1 DKK1/Wnt/ B -catenin {5 5 18 24 6 % = B4 175
SN LR BB ML TR B R AP E T, {HAE AP
8 SR e RE R B0 TP O ST o AN F Y o A 5T
AP 41 AR % B, AP 41 H miR-29a 3 ik /K F i 2
BT %F BRZH , T 3 5 X cireZMYM2 HE 47 22 3k 400
Ja, SAPHMIEL, si-circZMYM2 4 ) miR-29a 3 ik
K225 T, i PUMA ZKSF 8 3% R % . 4 T
BT MO D, ARG P R ] miR-29a
fEAP R RE R AP TR, HERIKKF AT AE 2
circZMYM2 4%, 75 0] 4% K UiF PUMA [ 3R iK1 2

© WA )3 of [ FF I F A EPTA

SR E T

PUMA 1E B ik & 40 fd 98 -2 & [ (B-cell
lymphoma-2, BCL-2) ZZJ#% 42 J# T2 % BCL-2 [A] J§ 3
(BH3) J8 51, 2 4% Fh R B0s S 4 B 04 T 1Y e A 8K
iz —P1, Ho HA PUMA-o F1 PUMA-B % i 55
s AR A TR, BT S ORn R B Y BCL-2
FERL AR AR, B O A2 U8 1 444 BCL-2 AH
X XEH (BCL-2-associated X protein, BAX) F/ak
BCL-2 4 #] (BCL-2 antagonist/killer, BAK), M i
S 32 b (R S IR 8 35 (mitochondrial outer membrane
permeabilization, MOMP ) MR RIRIREREAT . T
TR UA K caspase R PTG, e 2905 5 40 M O
T-IRFERS, H Al & A W 757 & B miR-29a A] 3 #5
Bax il PUMA ) %235 . Caspase-3 P16 DL A 410 {94
T- o Wei %5000 5@ o 4% O 2 B i &5 & NS0 5%
Western blot 43 81 iF — 25 3IFE B T miR-29a 78 il 24 32 Ji&
P28 JT T BE 0% 8 ) 98 45 A 9 T BCL-2 5 K 5
PUMA [ 33k . ARWF5E & BLAE AP 41+ PUMA ik 7K
-5 T, ABMOVE O R RE L AR TR R T
21 A K A 0, T A X cireZMYM2 $E 4T ek
Hil 5, R 40 M miR-29a £ 3K UK O B 3 TR,
PUMA 7K 5 25 N B . 4 AR 0 1 238 B2 0 1 4t i 2501
E >, F U miR-29a XF 2 98 T2 3 K PUMA 1] fEE £
R Y (B e B =3 N TR g1 Ui o/

ZE LRTIR, circZMYM2 78 AP [ 7 360 20 i vp 36
KKV ETE, HrlaEd N EE A ERYS
miR-29a 2% 4 I 3 i miR-29 A F ik, T L V8 T UiF
HE LA PUMA 19 35K F- 57 05 S B i 4 i o =, T
38 L 0] cireZMYM2 26 35 7] 1 8 miR-29a & ik /K °F
I AR i PUMA 3k /K8, 14 T sk 20 it ot 240 1t oA
T, PJRILZEEHEN circZMYM2/miR-29a/PUMA il AT i€
FE AP P RR A M PR T s v R EEAE A, O AP
FR) R S PR YR T T AR R S SR R . SR
ARG AT E — R SR BR A, A0 R 7 I PR K S A
E L F AP B circZMYM2 . miR-29a &% PUMA
S O o A A 7 N ¢ 11 RS s R U = VN
2K miR-29a #F — 4 56 {IF circZMYM2/miR-29a/PUMA %
) 5 ) A AL, AS R 4K A I Sk S 5 rh i —
58 35 KN AR IE

Aok PTAARE F ARG LA G R

VEHTHRAER . 5907 ERikit S EaAR®
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