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ABSTRACT Objective: To investigate the molecular mechanism of mir-1-3p in the development and progression of pancreatic cancer.
Methods: With MIA-PACA-2 and SW 1990 as the research target, the expression level of mir-1-3p was detected by qRT-PCR technology,
and the downstream target genes and binding sites of mir-1-3p were predicted by TargetScan and miRDB databases, and the double luci-
flucase reporter gene was constructed, the binding of miR-1-3p to target genes was further confirmed. CCKS cell proliferation assay and
plate clonal formation assay were used to detect the effects of overexpression of miR-1-3p and knockdown CAPRIN1 on cell prolifera-
tion. Western blot was used to detect the effect of miR-1-3p on CAPRIN1 and its downstream genes. Finally, the effects of miR-1-3p
overexpression and CAPRIN1 knockdown on cell cycle were confirmed by flow cytometry. Results: In pancreatic cancer cells MI-
A-PACA-2, SW 1990, miR-1-3p was low in mRNA level. Mir-1-3p directly binds to the 3'-untranslated region (3'-UTR) of CAPRINI.
Overexpression of miR-1-3p or inhibition of CAPRIN1 gene expression can significantly inhibit the proliferation of pancreatic cancer
cells, and also induce cell cycle arrest. Conclusion: MiR-1-3p inhibits the proliferation of pancreatic cancer cells by inhibiting the expres-
sion of CAPRIN1 gene, resulting in cell cycle arrest.
Key words: MiR-1-3p; CAPRINT1; Cell cycle; Pancreatic cancer
Chinese Library Classification (CLC): R-33; R576; R735.9 Document code: A
Article ID: 1673-6273(2022)18-3401-07

I 1) B 2R AU AR, 90% A B i 2 B aea , 10% i R 8 A
GG ) M, BRAR S LA TT AR, MELL R B (R 2R MR, vl
R R R I G LA B i DL T 22— TR R A B 0, A AR S A I e P T — 2 Y
*EATH E R ASRFIESL 25 H (81800893 )

YEZ R A IE (1995-), Lo M- RIFFE AR B9 07 1) < el 26 0835¢ 1%, E-mail: 2938693859@qq.com

A GEIRAER  RALIBE(1987-), 55, BRI, BIF5E 77 ] : Sk 319 , E-mail: chenlixiao1201@163.com

(Wi H #1:2022-03-12 4232 H 1. 2022-04-07)

YN

1]

hifll3




- 3402 -

IUEYESHE  biomed.cnjournals.com Progress in Modern Biomedicine Vol22 NO.18 SEP.2022

PR AR 5 AR AR AR R ASRARMR , I AT 40 4F HLWA B AR
1k, BIHFCALIE, REEZ0E TR F R, i e
JoE DR OB PR KB RN R = 58 Bh ) (E R AR R Y & R ML 1
NEEE

MicroRNAs (miRNAs) & —F <7 AY/NEw 5 RNA, i i
LHOSEIA -3 UTR (WA T84 B AN G 0 ) AT FE (R 3R36 , R PE
N BHFEBE A 43T o MIRNA A] DU VRZ A2 A2 a2 s
B 1RZE. BER . Arfe. ARBERIJATS 67, miRNA -1 (FZHR
miR-1-3p) JZf7iH myomiRs 9 A LAk miR-1 FRALH ,
FECMUAE I R B h R EEEA/ER ; [FAF miR-1-3p 7 fif
SR 11 1 e Je v 47 3 L A €4, miR-1-3p W] 1) i) E2F5 Al
PFTK 1 51151 A 40 i ) 228 . miR-1-3p Al 7] 3 41 ]
C-MET {551 L} - 18] % Ak (EMT) , 386 Jim i 982 41 fied %of =5 3
et 2 UsER, e, miR-1-3p i@ i 80 [0 45 4 SRY
(HERNPLRE X Y)-box 9 (SOXNIM il ¥z 358 1, 76 g,
miR-1-3p 38 12 % B% AH 5C il it e 53¢ t1 (MALAT DAl b s £E
RN bRz B REAR . SR, miR-1-3p £ AR (1 BRI
WRTESE

200 e JE SRR DG 2 1 (CAPRIN )& — B i) 8 BE DR SF 19 5
ARSI AN R R . BN T A 11 S afk
(pI3) KA |, g —A> 709 DRI AT, 4 F il
116 kDal"', CAPRIN1 25 ZFh il ifd S (14 41 344 78 AT A%
A B BB M 5 MYC FI CCND2 RNA 454, I i
CAPRINT W] 3B b 5 vl b A G1 BAZER ), FEmi
B i rh , CAPRINT f b R B a5 1 9 40 B 77 05 A 22 D4 SR A2
ity e, KEHEFIZE O FERE P W5 #8S MicroRNAs
(miRNAs) FEA XK. FEMFE P, 1 31K miR-621 7] )
CAPRINI [R5k , 175 3 4 i ST IIBEI 25 G109, DA 40 4 i Je
AR IEFEIT . micro-199a-5P 1 i 15k i) CAPRINT i1 4%
Fdea AN A U8, miR-223 38 i) 4 1e) CAPRINT il 41
JEL G FE A2 s [, miR-223 1 CAPRINT (335 7K - 7] ]
T LR £ SRR IR SR, BRI %R U S
1) A 2 F v A FH o LA

miR-1-3p ZEPRRIERIRFIEE D, HAR PRt AR T,
AR PR 2 BT iff R ] miR-1-3p 8 448 1 I g i R 1) 431 L
il R EERE AR S PR B R i TR T AR LR 1R

| AR i

1.1 HpEEE3E

M\ ATCC 4 i 22 W A 4 g i HEK293T A S [ it g 4
Jifd % PANC-1 MIA PaCa-2, SW 1990 1 i It 1F % 41 j £
HPDE6-C7, iR#Hfifi>k ] DMEM mfiss s ik bE 5%, JEmA
10% R4 M A1 1% R REERE, WA 37°C 5% CO, 4ujfi
FEAEIATRESR
1.2 [

FHAS 95 25 48 1A M) 22 Bk LV-hsa-miR-1-3p(pre-miR-1-3p)
LV-hsa-miR-1-3p-NC(miR-1-3p-NC) .LV-CAPRIN1 ,LV-CAPRI-
N1-NC % Control-shRNA #1 CAPRIN1-shRNA, Jf-2& i Lipo-
fectamine 2000 %% Y 4% FRATHE 7 2277 Y« HEK293T , Fijfin
8 pg/mL R LA AR A A . e SRR
YRR, [T 2 we/mL YIS 3R M R R T 1
1.3 RNA FJ32BUR SeAF qRT-PCR 4347

S RNA SR Trizol 37 4% ) KA 21, A TagMan
RT reagent Kit % % 5 ¢cDNA, N Quantitative SYBR Green
PCR Kit %f Applied Biosystems 7500 System 17 %€ £ PCR, DA
GAPDH R Zeik S AE N IR EXT IR, 45548 2% DNA i
BERE IR R BI9FA):

Hsa-miR-1-3p: F- GCGCGTGGAATGTAAAGAAGT,R-
AGTGCAGGGTCCGAGGTATT

Hsa-U6: F- GCTCGCTTCGGCAGCACATATAC,R- AGT-
GCAGGGTCCGAGGTATT,
1.4 HaIE5E SR

K HIARAE RO & -8 (CCK-8)IEAG AT ML 5E . 45 A [F)
IR 1) R R AR T 96 FLbl . 24 /ISR TR TS
10% CCKS (1435 ff 20 g 5% 77 FLAC R 100 L i) 40 i 75 2 45 57
o HRFEIER 2-4 /BT SRS AERRAR AL LA 450 nm (13 32
BUROGEE . FRRIN—IK , LRI 7 K.
1.5 SEFER R SN0

TERETE BSE g R, 500 AN A MT A E 6 FLAR b, KEFR 14
K IR T 4% 5 FH T 181 5 V151 58 2 20 4350, B 5%45 &
SR, 20 b BRJE, T DL e DLl 2 R R 5
LIERA
1.6 EERELES T

4 1 TR 2H ZURT A i R 1Y B 1 R A S 4 T AE 8% Y
SDS-PAGE Bt 14385, SR 57 %)) PVDF B E . 415 552
H— BB I AL R R Y —H07E 4°CIFE —7 . GAPDH
PTAE TRRXT R
1.7 T HREFRAR

YL IMEERD T 6 FLAR, T A S I 70% AR 4°C [ e ot
. FH 500 WL PBS {EVEANNES , FH 500 WL PT % (3800 4 g ik
17440, 30 4340, SX)5 , i BD Accuri® C6 izl 4i Ml e 4 )5
MY A ML AT 43 8T . ] BD C6 3 4F 4 Hr 4 e Ae G131 .S A0
G2/M 1 LL il
1.8 N EEHREERE LR

TargetScan7.2 A1 miRDB ijill T miR-1-3p 7 CAPRINI 3'
UTR P eSS & 005 . #d CAPRINT 3' UTR Hf A= BI(WT)
HGEAERIMUT) R, FAT TFERE YL — T AL 5% 10° 41
A 24 FLtR T, SRJE i 1] Lipofectamine 3000 5% 6 2 fifift
A& k5 miR-1-3p mimic 1 miR-1-3p-NC LYy 4w 6 h J5
TESREE . gL 24 h 5 R ARG E B R D AGr 7)
BRI HE R BREE
1.9 Gitain

K] SPSS 23.0 Geit R I TS 4000 . Bl LLEVR P
BN I IG T =7 S A P-4 SEM oK. Bl RoR
A I 1 - 34MH x£ SD (n=6), >R JH Kaplan-Meier ki
AT AR AR, RTINS t K50 2 K46 Ay 2243 BT (ANOVA)
PN EFA LI FE L (*,P<0.05;% *, P<0.01;***  p<0.001,
IS NTE SN

2 #R
2.1 MiR-1-3p AT A5 92 40 AR RO 1S SE 40 B B HA i 72
Wt qRT-PCR A, 5 1E % R R 41 iz HPDE6-C7 ALt

SW1990 H1 MIA PACA-2 ¥ miR-1-3p [ 35 1k /K S R& A% (&
1A), #RJ5 4 pre-miR-1-3p 2t SW 1990 Fl MIA PACA-2, i



DREYMESSH#E biomed.cnjournals.com Progress in Modern Biomedicine Vol22 NO.18 SEP.2022

- 3403 -

id qQRT-PCR B HAIRHCR (A 1 B). ATl CCK8 5K
HIE pre-miR-1-3p Kb P [ AR 4 A S RE ) o AR ¥E CCKS 45

1990 /MIA PACA-2 #Hfu# it AE GO/G1 Wl ¥4 (& 1E), X
SR B MIR-1-3p 7 g i 958 4T AR H AU ) 40 ff 1 5, 36

ROE 1O LB S (K 1 D), i 35k miR-1-3p 73] S e IR
SW 1990/MIA PACA-2 A K o 38 & Ui =X 240 B {3 4 39 , SW
A B
e
— e SW 1990 MIA PaCa-2
<] €0 & 4000 PO L S 3 1000 =
s 40+ & 3000 & 2
.g & 204 s 2000 5 ;g:
S-E 1.0 £ 1000 == £ S0
2 . 2 2.0 2 2.0
e € g:: s 1.5 g 1.5
= 0.4 H 19 E 2
[ 3 = 0.5 > 0.5
® 3}2\ - 3 0.0 3; 0.0
< « <
o & & e &
& T s & & & e
&
SW 1990
1.64 - miR-1-3p-NC MIA PaCa-2
. -e- Pre-miR-1-3P 169 —e- miR-1-3p-NC
5 = -@ Pre-miR-1-3P
; 1.0 é 46
o o
3 $
g os § o
0.0 0.0
o 2 4 6 o 2 4 6
Days Days
D
SW 1990 MIA PaCa-2

miR-1-3p-NC Pre-miR-1-3p

miR-1-3p-NC  Pre-miR-1-3p

.

E
330 NC Pro-mR.1-3p
SW 1990
190 o Wno2m
— MXGOG1)
SW 1990 " 2 § 100~
; } =l B
° ...
A ] S— f <
P
R-1.30-NC Pro-m.1-38
MIA PaCa-2
0 e Rtic2M
— MXGOGT)
MIA PaCa-2 3 2 1Y
¥ ¥ il 3| g z
- - s

e

B 1 MiR-1-3p BT 5 5 B2 20 B 38 S 0 40 A B HA i 72
A,MiR-1-3p #EIE % HPDEG6-C7 {RAaFnFERRLAAE R R I RIZ K F o B,SW1990 F1 MIA PaCa-2 413 3R 3% pre-miR-1-3p HII8mE . BT
BNOHBmEE—1IFBEF, KA qRT-PCR 747 miR-1-3p BIFREKF, C 71 D,7E SW1990 F1 MIA PaCa-2 iF ik miR-1-3p A
CCK-8 MEMEFEMBME, E, RICMAILIZTZE SW1990 Fl MIA PaCa-2 id Fik miR-1-3p FHAEEM, FIAEIE £ SD HERR; *P<0.
05, **P<0.01, ***p<0.001, ns: R R &,
Fig.1 MiR - 1-3 p inhibits the proliferation and cell cycle progression of pancreatic cancer cells
A, MiR-1-3p expression level in normal HPDEG6 - C7 and pancreas cell lines. B, Pre-miR-1-3p overexpressing in SW 1990 and MIA PaCA-2 cells.
Negative control (NC) cells contain an untargeted sequence. The expression level of miR-1-3p was analyzed by qRT-PCR. C and D, CCK-8 and colony
formation assay performed in SW 1990 and MIA PaCa-2 with overexpressing miR-1-3p cells. E, Flow cytometry verified the cell cycle in SW 1990 and
MIA PaCa-2 with overexpressing miR-1-3p cells. All data were expressed as mean xt SD; *P<0.05, **P<0.01, ***pP<0.001, ns: not significant.
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Fig.2 MiR-1-3p directly combined with CAPRIN1 in pancreatic cancer cells
A and B, two different prediction algorithm (TargetScan and miRDB) predict miR-1-3p targeted CAPRIN1 chart. C, Dual luciferase reports assayed cells
transfected with WT CAPRIN1 3'UTR or MUT CAPRIN1 3'UTR, and mir-1-3p mimics at 50 nM or negative controls. D, Western blotting analysis of
CAPRINT expression levels in HPDE6-C7, PANC-1, SW 1990 and MIA PaCa-2 cells. E, Western blotting analysis of CAPRIN1 expression level in SW
1990, MIA PaCa-2 cells infected with pre-miR-1-3p or miR-1-3P-NC. All data were expressed as mean x+ SD; *P<0.05, **P<0.01, ***P<0.001, ns: not

significant.
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Fig.3 Knockdown CAPRIN1 inhibits pancreatic cancer cell proliferation through cell cycle arrest
A, Western blotting analysis of the expression levels of CAPRIN1, CCND2 and c-MYC after transfection of SW 1990 and MIA PaCa-2 cells with
Control-shRNA and CAPRIN1-shRNA lentiviruses. B and C, CCK-8 and colony formation assay verified the proliferation of SW 1990 and MIA PaCa-2

stable cell lines after knockdown CAPRIN1. D, Flow cytometry detected the cell cycle after CAPRIN1 knockout in SW1990 and MIA PACA-2 cells. All
data were expressed as mean x£ SD; *P<0.05, **P<0.01, ***P<0.001, ns: not significant.
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Fig.4 Recovery of CAPRIN1 reversed the effect of miR-1-3p on pancreatic cancer cells
A, Expression levels of CAPRIN1, CCND2, and ¢-MYC in stable cell lines SW 1990 infected with LV- CAPRIN1 and LV-NC were analyzed by western
blotting. B and C, CCK-8 and colony formation assay examined the proliferation of SW 1990-pre-miR-1-3p cells infected with LV- CAPRIN1 and LV-NC

lentivirus. D, Reversal of cell cycle arrest in SW 1990-pre-miR-1-3p infected with LV- CAPRINI and LV-NC lentivirus. All data were expressed as mean
xt SD; *P<0.05, **P<0.01, ***P<0.001, ns: not significant.

HUEER . CAPRINT &2 — AR BRI H K, S 5 im A
PEIFGGE . Wang 48 AGIERH T CAPRINT X 1E 41 a3t 58 &
SR Grill F LI CAPRINT BB IEK T 40
JAA G1 W1, s — 254 T 40 i3 55, Drougat L A54R1E T
CAPRINI i@ i 52 #:3% RGG & 4 X 5 CCND2 #1 C-myC mR-
NA 255198, C-myc SR a2 AISIEN &4 B R hilt &
FAEM, CCND2 i35 GO/G1 i 40 it s 259, Western
blot il QRT-PCR %5 5 i 7% pre-miR-621 41 C-MyC F1 CCND2
FRIRPEAR . AR, AV R AEAE — L SRR . MR A i

/N RIS B, 5 B RARRAEA R AT HE— 2P 5T . RO
FRATAERARIE FUESE T miR-1-3p 5 CAPRINT (95C &, (HAHE
B2 A HAL miRNAs ZARFFERIVEH], X7 B — T
£8 LA, miR-1-3p HAT R iV A, L4 il i 4 2 e
miR-1-3p & 23k nl i 1 40 il CAPRINT (9345 % GO/GL 4
0L SUTREL S | DTS20 DR R 4 LM 58 . 1 A A ] miR-1-3p 7
Jpi e SV, AT LA S RS B AR T RE Sl R R T
R



PREYESSHE  biomed.cnjournals.com Progress in Modern Biomedicine Vol22 NO.18 SEP.2022

- 3407 -

£ % 37 ik ( References)

[1] Goral V. Pancreatic Cancer: Pathogenesis and Diagnosis[J]. Asian Pa-
cific Journal of Cancer Prevention, 2015, 16(14): 5619-5624

[2] Masoudi S, Momayez Sanat Z, Mahmud Saleh A, et al. Menstrual and
reproductive factors and risk of pancreatic cancer in women [J]. Mid-
dle East J Dig Dis, 2017, 9(3): 146-149

[3] Bardou M, Le Ray 1. Treatment of pancreatic cancer: A narrative re-
view of cost-effectiveness studies [J]. Best Pract Res Clin Gastroen-
terol, 2013, 27, 881-892

[4] Li SM, Wu H L,Yu X, et al. The putative tumour suppressor miR-1-3p
modulates prostate cancer cell aggressiveness by repressing E2F5 and
PFTKI[J]. J Exp Clin Cancer Res, 2018, 37(1): 219

[5] Jiao D, Chen J, Li Y, et al. miR-1-3p and miR-206 sensitizes HGF-in-
duced gefitinib-resistant human lung cancer cells through inhibition
of c-Met signalling and EMT [J]. Journal of Cellular and Molecular
Medicine, 2018, 22(7): 3526-3536

[6] Jamieson NB, Morran DC, Morton JP, et al. MicroRNA molecular
profiles associated with diagnosis, clinicopathologic criteria, and
overall survival in patientswith resectable pancreatic ductal adenocar-
cinomal[J]. Clin Cancer Res, 2012,15, 534-545

[7]1 Liu J, Huang Y, Cheng Q, et al. miR-1-3p suppresses the epithe-
lial-mesenchymal transition property in renal cell cancer by downreg-
ulating Fibronectin 1[J]. Cancer Manag Res, 2019, 11: 5573-5587

[8] Zhang H, Zhang Z, Gao L, et al. miR-1-3p suppresses proliferation of
hepatocellular carcinoma through targeting SOX9 [J]. Onco Targets
Ther, 2019, 12: 2149-2157

[9] Li Q, Dai Z, Xia C, et al. Suppression of long non-coding RNA
MALATTI inhibits survival and metastasis of esophagus cancer cells
by sponging miR-1-3p/CORO1C/TPM3 axis [J]. Mol Cell Biochem,
2020, 470(1-2): 165-174

[10] Hunter MP, Ismail N, Zhang X, et al. Detection of microRNA Ex-
pression in Human Peripheral Blood Microvesicles [J]. PLoS ONE,
2008, 3: e3694

[11] Li X, Zhang Y, Zhang H, et al. miRNA-223 Promotes Gastric Cancer
Invasion and Metastasis by Targeting Tumor Suppressor EPB41L3[J].
Mol. Cancer Res, 2011, 9: 824-833

[12] Guo L, Chen F. A challenge for miRNA: Multiple isomiRs in miR-
NAomics[J]. Gene, 2014, 544: 1-7

[13] Wang B, MD David, JW Schrader. Absence of caprin-1 results in de-
fects in cellular proliferation [J]. Journal of Immunology, 2005, 175
(7): 4274-4282

[14] Shi Q, Zhu Y, Ma J, et al. Prostate Cancer-associated SPOP muta-
tions enhance cancer cell survival and docetaxel resistance by upregu-
lating Caprinl-dependent stress granule assembly [J]. Mol Cancer,
2019, 18(1): 170

[15] Zhang Y, You W, Zhou H, et al. Downregulated miR-621 promotes

cell proliferation via targeting CAPRIN1 in hepatocellular carcinoma

[J]. American Journal of Cancer Research, 2018, 8(10): 2116-2129

[16] Tan N, Dai L, Liu X, et al. Upregulation of caprinl expression is as-
sociated with poor prognosis in hepatocellular carcinoma [J]. Pathol
Res Pract, 2017, 213(12): 1563-1567

[17] YuX, He Y, Wang Y, et al. MicroRNA-199a-5p suppresses the cell
growth of colorectal cancer by targeting oncogene Caprinl [J]. 3
Biotech, 2020, 10(10): 453

[18] Gong B, Hu H, Chen J, et al. Caprin-1 is a novel microRNA-223 tar-
get for regulating the proliferation and invasion of human breast can-
cer cells[J]. Biomed Pharmacother, 2013, 67(7): 629-636

[19] Qiu YQ, Yang CW, Lee YZ, et al. Targeting a ribonucleoprotein
complex containing the caprin-1 protein and the c-Myc mRNA sup-
presses tumor growth in mice: an identification of a novel oncotarget
[J]. Oncotarget, 2015, 6(4): 2148-2163

[20] Teng Y, Ren Y, Hu X, et al. MVP-mediated exosomal sorting of
miR-193a promotes colon cancer progression[J]. Nat Commun, 2017,
8: 14448

[21] Halkova T, Cuperkova R, Minarik M, et al. MicroRNAs in Pancreatic
Cancer: Involvement in Carcinogenesis and Potential Use for Diagno-
sis and Prognosis[J]. Gastroenterol Res Pract, 2015, 2015: 892903

[22] Zhang ZL, Bai ZH, Wang XB, et al. miR-186 and 326 predict the
prognosis of pancreatic ductal adenocarcinoma and affect the prolifer-
ation and migration of cancer cells [J]. PLoS One, 2015, 10 (3):
e0118814

[23] Ke J, Zhang BH, Li YY, et al. MiR-1-3p suppresses cell proliferation
and invasion and targets STC2 in gastric cancer[J]. European Review
for Medical and Pharmacological Sciences, 2019, 23(20): 8870-8877

[24] Chen H, Bao L, Hu J, et al. ORC6, Negatively Regulated by
miR-1-3p, Promotes Proliferation, Migration, and Invasion of Hepato-
cellular Carcinoma Cells[J]. Front Cell Dev Biol, 2021, 9: 652292

[25] Dang CV. MYC on the path to cancer[J]. Cell, 2012, 149(1): 22-35

[26] Liu XY, Li M, Dong B, et al. Caprinl targeted by circular
circ_0000885 in the tumor progression of osteosarcoma [J]. Eur Rev
Med Pharmacol Sci, 2020, 24(9): 4665-4670

[27] Grill B, Wilson GM, Zhang KX, et al. Activation/division of lympho-
cytes results in increased levels of cytoplasmic activation/prolifera-
tion-associated protein-1: prototype of a new family of proteins [J]. J
Immunol, 2004, 172: 2389-2400

[28] Li L, Sarver AL, Alamgir S, et al. Downregulation of microRNAs
miR-1, -206 and -29 stabilizes PAX3 and CCND2 expression in rhab-
domyosarcomal[J]. Lab Invest, 2012, 92(4): 571-583

[29] Yang ZS, Qing H, Gui H, et al. Role of caprin-1 in carcinogenesis[J].
Oncol Lett, 2019, 18(1): 15-21

[30] Mermelshtein A, Gerson A, Walfisch S, et al. Expression of D-type
cyclins in colon cancer and in cell lines from colon carcinomas[J]. Br

J Cancer, 2005, 93(3): 338-345



