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WE BRI m O EAE KRS ST A A B KA AL, 85510 % BlmicroRNAsSH % A AL
#lALE ., Z LIRR T miR-148a7K-FF & A1 Mk AR AR 4m 238 7864 %0 B VT Ae e AL, 45 R 27, miR-
148a L Mk Mg AR m f o i A2 P A &, R T AL RIR 6 K 7 A2, R An o5 2 &AM
AR, i R A miR-148a7T vA S 37 6| MR IR AL 41 i 69 38 78 A XAE M 45 R 2 =, miR-148atk tm fn 1%
A Z£SHA; Western blot# R 2 =, miR-148a 2 il i3 8 = R 37 4| 40 038 78, T AR T 48 238 i 37
| AKTAZ 5 38 5% 5 37 5| PR AR AR 48 0L 69 38 78, qQRT-PCR%E R & 9, i & A miR-148a+] vA L PTEN#Y
mRNA& A KF., vA EAFR & A, i$ & AmiR-148a7 fEid i LB PTEN 37 4| AKTi@ 34, M 3L
S B RRAR 2 JOL3E FA 09376 . AR A 45 A B microRNAsHF H) 7| 06 57 MEAR i R AR AL TR 8 K mh, 4
# A F) microRNAs»S 57 MR J& a2 2% &

X##IE  miR-148a; FEIIRAH AN HE5H

Study of miR-148a Overexpression Inhibiting the Proliferation
of Pancreatic Progenitor Cells and Its Mechanism

Zhai Wenjun, Nie Yuzhe, Teng Chunbo*
(Developmental Biology Laboratory, College of Life Science, Northeast Forestry University, Harbin 150040, China)

Abstract Pancreatic progenitor cells have valuable potential in the treatment of diabetes and their
proliferation can be regulated by mutiple mechanisms including microRNAs. This study investigated the effect of
miR-148a on pancreatic progenitor cells and its possible mechanisms. The results suggested that miR-148a was
upregulated during the differentiation of pancreatic progenitor cells, thus it probably took part in the progression
of pancreatic development. The microscope observation and Ki67 immunofluorescence tests showed that miR-
148a overexpression could significantly inhibit the proliferation of pancreatic progenitor cells. Moreover, flow
cytometry detection indicated that miR-148a arrested the cell cycle at S phrase. Western blot illustrated that miR-
148a overexpression suppressed the proliferation of pancreatic progenitor cells not through apoptosis, but might
through inhibiting AKT signaling pathway. qRT-PCR results showed miR-148a overexpression increased the
mRNA expression level of PTEN. All above results indicated that miR-148a might inhibit the activity of AKT
signaling pathway by upregulating PTEN and then suppress the proliferation of pancreatic progenitor cells, which
can provide a theoretical basis for the application of microRNAs on the treatment of pancreatic diseases.
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R DRI A — B2 M P 2 iR, H BT
10% [t 72N FEAA SR, B R0 3R T,
P fE T NS IARERY . B PRI 19 DR A2 e s B
J 4534 B IR 5 2R HE B | R D v TR, AT 38
R g 5 BT B ) SR o TR R R L R
NRALZ0 M B A R A 38 B RN 4 A0 T R, R B AR 1
B RIS 7 AR BT Y EE R I 2 P W TR
JRAE 20 B S8 5 A 2 TR AT DA W R VR I T 4
AL ) B AR AR,

microRNAs(miRNAs) & — Fft FH P4 Y 2 (K 4 5 1)
EmiD e /N FRNA, HEZE DR 2 Ed 4435
Rl 7 1) ENEC G 3 TR L B A SEmRNA B )
H B R, 755 SR 5 KT I 4% U SR R 3R IA M,
HATHE 70 R B, 45 2 miRNAsS 5 RRKI R B,
WImiR-375 8% 1] LA 5 BA AR 43 A0 AN 3, ST DAl
I AR AEL £ 0 ) 15 ; miR-18aMlmiR-19b7E fif A AH 4 i
(IR B AN oAb R A B B R R A FHE,

MicroRNA-148afi; T- N 4Lt fA7p15.2, &microRNA
SA8NS2F R R A 2 —, ST AR FE . 40 i o 4k BA
JIhE R AR A SRR EEAREER . oA
Fi2 W], miR-148afEN 4 & B i 1 ke 5 B 1E H,
il G0 23 5 8 75 0 LA i 4340 DL R /) B 10, 4R
& H iR 8 WF 70 #8 7smiR - 148afE iR & & 1
F o ASHIF 7 LAZIN BRBE AR AR 40 0 M A FE 06 %, 3R 9T T
miR-148aX JiF i HH 4 i 384 58 1 52 1) B FL 43 WL«

| HREEE
1.1 SCEE4mAE

S0 FH R IR A 40 i i AR S0 58 = H 3 o B RS,
BARTT 15 Zhang Z I 5T o
1.2 FER|KF

DMEM/F124 i 5 72 B, HHREZ R, W
L AN0.25% 1) g &5 (A 1§ 3 1 5 Hyclone A w; B27.
Glutamine 1 fif: 4= IfiL 7% 35 4 F Gibeo A 715 4 i 35 77
FInsulin, EGF4:314 H BDA #; B-3ii 2 4B (B-ME)
) E Sigma2s 7; $#EHERNAFT FH Trizol PL & miRNA#%
4 F ik 5| Lipofectamine RNiMA X4 Il H Invitrogen
/v ; ANTPs. RNasefiffi|#) (RRI). DNaselfll DNA
marker?) 1 F TaKaRa/A #]; qRT-PCR SYRB Green
J) F Roche A ;[ % s ) 5l B 4k o 4 X e A=
Y ARAG IR AT E. coli Poly(A)YE & HE. ATPIIE

FINew England Biolabs/A 7]; mmu-miR-148a mimics

EH 75 P R B A A7 R 7] i B-actind i A4 0 H 4>
L& EWHEARA R A A Phospho-AKT(Ser473).
Phospho-AKT(Thr308)FIAK T4 14 ¥ 1 [ Cell Signaling
Technology~ 7] ; Bel-2 F1Bax A& IE H 75 AW 4~ 7
Bim$i 74 W4 E 25 T A4E 9 TRECE ) A BR A 715
PTEN$UIANY H 38 2 RAEVHARGIRA A .
1.3 ‘APt

JER AR FH 10% 05 BE RS TR (1% 8 25+ 1%
2 2 F110% FBSHIDMEM/F 1255 3% )5 912 h,
ST L U8 B 5 B 4 2% R TR (1 % T R R 1%
AWM 2% B27. 50 umol/L B-31i3E 2. 10 ug/mL
Insulin. 20 ng/mL EGF#12% FBS{IDMEM/F12)4k 4
R g%, RE3RARIIR, 1E37 °C. 5% CO 5544 ks
Fro
1.4 YHpEGEE

H Xt B AR K U PR A A PR Y A S AR, 4
40%~50% & J5 8 Lipofectamine RNAIMAX i} B
PR e i, £FFL% 4460 nmol/L miR-148a8k %
4 R ) (control mimics).
1.5 RERRRRAR RIS

i FH7~8 J& 4 fdk B k1 M RS M R S8, H
H.8:00f & BHIEAE, WARIC NAEYR0.5K(E0.5). 4E4R
13.5R(E13.5)F, $2 J8 /1N B3R i <2 38 45 4 -0t 07 32
I IR, 22 Petzold S5 V1) 18 77 14 3 25 MR R 15
Jif, BEAN R FRAE AR T R A
1.6 Ki67®ERE

JEERRAEL 4 i % Y48 h)s, FIFH4% 2 5 S i e,
0.3%[) Triton X-1004T FL, 10% 5 I 3% & FA1 hfm, H
Ki76— (% KK, 1:200%: ) T4 °Cig & ik ).
JeInEP R P E 1 h, FIDAPIE JL4il g %,
FH 2% o6 8 e R 45 4%, Tmage J-pro plus®A4F 114k
5E
1.7 BRI

R Ji #EL 4 10 %% 48 hJE 1E70%¢% £ B v [ 5
HIIA30 pg/mLHRnase AfF 530 minZ FRRNA, 2R )5
TN 2R S0 pg/mLIYPLEE Y &, PBSH 2 41 .
K FH Accuri CoUi =40 M AR, B 5 FHModifit 4. 197
B 3 W A AT BE b
1.8 KHEEPCRGE

ik JiAH 41t 5 448 h5 i FH TRizol 78 77 £ fi# 41
0, E S 56 2H Rkt B 4 7 40 S mRNA, FI] i
B 51 ¥ [ 5 55 NcDNA; miR-148a%% Yt % ik 15 i K
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Table 1 Primers of q-PCR

S1WF 515 —3")

EIEZEZR S

Primer name Sequence of primer (5'—3")

PTEN F: TGT AAA GCT GGA AAG GGA CG
R: CCT CTG ACT GGG AAT TGT GAC
B-actin F: CCAACC GTGAAAAGATGA CC
R: TAC GAC CAG AGG CAT ACA GG
ue6 F: CGC TTC GGC AGC ACATAT AC
R: TT CAC GAATTT GCG TGT CAT
F: GCG AGC ACA GAATTA ATA CGC

Ambion

miR-148a-3p R: TCAGTG CAC TACAGAACTTTGT

FmE. FrfS 8@ skt &, 51r
Bl 1. /N UK p-actindE N A 23[R 43 5l A 1
miRNAF H (1) 55 K A X 3R 0A, RS2 DR Il 1
INEE,
1.9 Western blot

JR A 40 57 472 hJiE, INRIPASE MR 72
IR, SR 5 1T SDS-PAGERE HL ik, ) FH
HACK R H# # FINCHE L3t 1T WesternZ4 38 . — L
Phospho-AKT(Ser473) 1:1 000, Phospho-AKT(Thr308)
1:1 000. AKT 1:1 000, B-actin 1:1 000 Bcl-2 1:500-
Bax 1:500.Bim 1:500.PTEN 1:1 000 T4 "Ci¥ & 1L 7%,
FTBSTHEE3 R, —Hidi & EECLAICRIE &, 148 H
Tanon 5200 7% 6 A% % 4t 3E 47 W6, Bl 5 FH ic &3
PRSI 2 13 2% K A
1.10 itZEH*

ARSI G iE oy B R FSPSS 17.013847, 4H (a1 F
A PEBCR H AR R XS ehs: 56, B4k 42 Plmean+SEM K 7R,
P<0.05 8% 7 A it P L.

2 R
2.1 i3 FRIEmiR-148a3F| R ARAE AR AT HETE

/N R P AL 44 84 5 D 40 £k B e ke A= T E15.5
FeAki. AT /NEREL2.5. E15.5F1E17.5# R ffimiR-
148aiit 17 qRT-PCR 7 #T I < B, miR-148afEE12.51)
Rk BEUL, W EE1S.SRIEL7.53 1% &% = (K
1A). XFhEIEZEFRKY], miR-148a1R 4 Al fE S 5k
JRAEL 20 B S B A T e i

NS M miR - 148aist 18 o fige i #HL 248 A 18 4 1)
s, AT R G R R B AR RN AIMax# B
P FENCHImiR-148a%% 4 2 AT L 50 = LA HE 57

(IFTOAC R IR A 4t i, %% 4% f548 hiliid qRT-PCRAf &
miR-148af) it FiA (K 1B). #id 8 W &L (E10)M
Ki674H ffd 128 %¢ ' e €0 77 V2460 0 41 At 384 5 1 A2 £k,
45 1 Ki67 BH 1 ) 48 AR 4 i i (DAPIRH ), SR 5
THEKI67BHPE 1 E 31 o 45 T an B2 BirR, AHXFNCA,
Tt R A miR-148a /5 Ki67 FH M 40 il 1 bb A1) 2 35 PR AR,
B miR-148a % 2 1] 1 g Jl HEL 4 e Fry 3 5
2.2 3RIEmiR-148aF12 fk AR 46 20 AR 8 40 B /A HA
33— 5 A Ml miR- 148 g it KL 28 i 389 5 1)
2, FRATT 60 nmol/LAYNCHImIR-148a%% 4L ik Jif
FELYA 48 i, 3083 7T X 4 L A A 00 4 e s
sE R IRN, SNCALA L, miR-148af5 41 fg J& 1A BH
TESHA(E3).
2.3 id FiEAmiR-148a%T FR AR 4H 40 A T-HIS2 0
9 T T A miR-148aX figa Ji AH 40 i 33 5 40 o) A2
HE T 5, A7 H Western bloths: il i1 # iAmiR-
1485 i AR AL 41 B P R T4 3L R ) Rk K 7.
K4, 1 T Bel-2 85 HKF T, 1 B
T HBax MIBimA) 2 /K P HIL T B E ) TN, X
FEARE o A T2 R A2, R I R i miR-148an]
BE A 38 3 175 R MR AL 40 B P 9 1 S o) FE a8 5
2.4 i3 FRIAmiR-148a%T fR AR 48 4 fi 18 55 48 X 1@
HHIER
4 43 HrmiR-148afl i Ji5 1 45 4H i 3 58 1 AL 1,
FRATH Western blotfs i FiAmiR-148a 72 h/5 4i iy
WEFEAH CAKTIS S IB B a2, S RER, 5
X B AR L, B ARAE A0 i i 3R A miR-148a)5, AKTIT)
3084 75 2 BR(T308) FH1 47347 22 TR (S473) i IR 1k 7K
1) 2 2 PR AR (ES). X R B, miR-148an] A i@ it fH
WrPI3K/AKTAE 5 18 % P 330 1 400 1) g e +EL &4 P 1)
HA%H
2.5 FFRiEmiR-148aXi PTENE R FRKIAE R
O A WE 7T R W, miR-148am] DL E 40 A /E T
4 5 FH oG K PTENZE R, T PTENZ 12 i
AKT30817 7 Z FR(T308) B BRIL Iy s L [K, A T4
MmiR-148axf AK T i i 47 1| /5 H & 15 5 PTENH
X, FA'TH qRT-PCR A1 Western blotfs: il ik % 7AmiR-
148a 5 fig I 4 28 s | PTEN I mRNA R 25 [ £ 35 7K
o BRI, 5 XA L, PTENTFImRNAZK ¥
B2 e, LA AK T EE TRERETD. X
F W, miR-148a 5 AR AT LA 2 PTENE: A () 3k, 2
I oK B 51k X AKTYE 5 38 % 1 #0 i1, 824 miR-
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A: miR-148a7E/ RUEARIEIREL2.5. E15.5FIEL7.50 #1115 7KF; B: miR-148a7E/FIRA AN Pl %15, C: miR-148a%% YL/ IRAH 41 48 h/5
FeBE . FRR=20 um, *P<0.05, **P<0.01, ***P<0.001.
A: expression of miR-148a in E12.5, E15.5 and E17.5 mouse pancreata; B: overexpression of miR-148a in pancreatic progenitor cells; C: 48 h after
transfection, the pancreatic progenitor cells were photographed by a microscope with a CCD camera. Bar=20 pm, *P<0.05, **P<0.01, ***P<0.001.
Bl 3RiAmiR-148a%1 R AR 1A AEHETE RO/
Fig.1 Effect of miR-148a on the proliferation of pancreatic progenitor cells

miR-148a
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80+ s
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: - -

FRJU=20 pm, **P<0.01,
Bar=20 pm, **P<0.01.

ki67/DAPI positive cells (%)

E2 Ki67% &4 Md R IEmiR-148a /5 R AR 1H 4HpE1E5E

Fig.2 Ki67 immunofluorescence detection of the proliferation of pancreatic progenitor cells after miR-148a overexpression
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Fig.3 The effect of miR-148a on the cell cycle progression of pancreatic progenitor cells
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*P<0.05, #*#*P<0.001.

[#l4 Western blotfMmiR-148a%] R AR A AT HE X EE EBKFHF

Fig.4 The effect of miR-148a on the protein expression levels of apoptosis-related genes

in pancreatic progenitor cells was detected by Western blot
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Fig.5 The effects of miR-148a on the phosphorylation of AKT on threonine 308 (p-T308) and serine 473 (p-S473)
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Fig.6 The effect of miR-148a on the mRNA expression level
of PTEN in pancreatic progenitor cells
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miR-148aid AJ LA ik #2 [ # FiI]ROCK 112 12 1 AL 4
i 23 A6, 55 Ak, miR-148ai# i 471 | CCAATHY 5%
T 254 % Hok A (CCAAT-enhancer binding protein-
alpha, Cebpa) {13215 Z 555 (W I IE 20 462 B 72
I, miR-148ath v] DL id ik # | Wntf5 5 38 #% {2 iF A
JUEH 05 P D) 70 I 448 L %) s g 2 AR e Ak, F 5T
B2 1) miR-148a% it 1/ H . miR-148afE £ F
JeEoiE IRk, AT i ik miR-148a 2 A5 #9 (1 1
H, 1 inmiR-148aw] LA i #2 [v] CDK 841 il FLJ< 4K
R e H A AR 2810, FE J e T, miR-148aif i 42

I Wt 10b 411 1 98 41 i FEM T AR 2206, SR 1, miR-
148a: figé i 4L 200 fto 338 5 (¥ 9 2 4 R A B T
S

miR-148aid i X Ak 2 %= R (1) 42 5] 1 F S 36
PR 24 A A i 20 1 3% BF 70 SR, miR-148a
I 2 AR R R AENLR R G, Bl B R
DNMT1. ROCKI1A1Cebpal®*'3), 7E#fEHEFEHmiR-
148alll 5 % 5 2 B S K], R 7 CDK8FIWnt10b4F,
miR-148ait 1] DL i@ it #E (7] CDC25BHP il Ji& i 9 4
FLAEAEDT . FEE /N0 i 9 Y, miR-148am] LL#E )
STAT3 3k 111 fil] J& 41 A 14 5 A1 12 2818, 55 4F, miR-
14823 ot § [ Rab 143 58 B Je 20 f G 540 1Y) 50k
PEUT, X} FPTEN, ZhangZE!"7E A 40 i b C &k B IF
BSAIE 7 miR-148aXIPTEN ) HFZ 4R A {EFH . PTENZ
AKTAE 538 i o 8 B (R 4% R 7, 70 40 Ho 3% 5 3o 7
Hh ke B LA, 70 R AL £ s 1 A
FBER 7, (HAE AW FE FmiR-148aid R iE& BAR 5 Kk
T PTEN mRNAZK- 1B, HEE 2 R EAK
*F, Ut WmiR-148aiX 7 f¢ [l 422 = PTENZE K], HAR
Al e I HAh 5 A T AKTI#E B, M S20 6 i
JRAH 20 S B e )

KT miR-148a 7 i i 5 o ¥ 7 v W 72 H Al
F BRI PR, 5 4 A L
miR-148afE i i Ji 20 ff v R A & N, Hov] Bhdid
B 1) ErbB3 01 i) B Rt es 41 G 1) 3 BE AE R, 5 —
W5t o, i ik miR-148am] L3 ) B 78 /)N B 44
I J g 1 e AR, e Ak, Assmann®EPR I, 5
FRENAA L ZRRR L, 1 B0 R s A6 2 Ak PN i i 2H 23 1)
miR-148ak A= .3 T, H 540 Mo 5E Ak B = A
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Fig.7 The effect of miR-148a on the protein expression level of PTEN in pancreatic progenitor cells

A3 WA AH 5%, R W] DA D998 78 ) A= Wb 26 S T
YEIT . {HE, miR-148ait— 5 it N A DL K 7E Ji iR
LT HH (10 I FH 3 VA A SR

B T i IR AE 40 B Ak T 8 BOIRES, AUk
BT miR- 1485 fiF i AEL 41 A 52 2 Fr 184 4 10 1 1 A,
HB 4 AE 1% 40 B A 0 ) miR- 148alf) 22 ik /K 7wt 1R 7]
REfE 240 B 7, 1X A BT R B /) BRI i A 40 g 154
A ) 53~ WA AU, JnE PR S5 e 5 s (1) Y8 97 24
SEHT I BEAR R A . AE ARG T b, RATTAT DA A
CRISPR/Cas9# 74 ¥ miR-148al) $1 il 71 5 N\ g iR AH
A P, PRI I 20 3G 5 ) e A, a2 N
THEAL/INER, AT A I R B R 8 (1) 6 97 2 7 (1) 2
%,

gx B ATIR, ASHE T DA IR AH 40 M R B AR &,
PRZEmiR- 148} F 38 5H 1 52 M LA K 73 F- WL, 32k 17
57~ microRNA A2 [ IR & & 1 731 HLHI, X a] LA
JR R 25 1100 S A 5 2 N PR S5 F iR 3 10 V6 7 2
At — 2 R AR .
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