MINXZZH®R (EFH) 2024, 55 (5) :1202 —-1209
J Sichuan Univ ( Med Sci) doi: 10.12182/20240960505

miR-21103& 383 CDT1 S M BN A WS1TAh
£ OW ARE, T OB, BEMY, AAES, MBI ¢ ¥, I g0

L ER B T EE B 208 (A RIE 050017); 2. I JLERIRAESLRM R 2 B IRREEF R (AL 050017);
3 LB R R AR Z 2 B (A5 E 050017); 4. WALBSRF A5 DU B B i — A} (15 050017);
5. K IE £ A REEBE P2 AFE BRYT 065600); 6. YaTdb48 A2 XA G148 F B AT ERIRFRIT 13248 (A5 050011);
7. 04 ZE X A B B MR TIBARTR I 173238 (fR5E 071000)

[#5=E] B Ed4iiscmmshyy st ,ﬁ\{ﬁ'miR—ZIIOXﬂﬁﬁﬂ%ﬁ(lung adenocarcinoma, LUAD ) ZH i3858 . 4
T MR R T A . ik iﬁiﬂﬁi%fgﬁﬁ'Mﬁﬁ(ENCORI\TargetScan\ miRTarBasefl Tarbase ) 43 #7175
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[Abstract]  Objective To investigate the effect of miR-2110 on the biological behaviors, such as cell
proliferation, apoptosis, and metastasis, of lung adenocarcinoma (LUAD) cells by means of cell and animal experiments.
Methods Bioinformatics websites, including ENCORI, TargetScan, miRTarBase, and Tarbase, were used to analyze the
changes in the expression of miR-2110 in LUAD samples and to predict miR-2110 target. LUAD tissue samples and cells
were collected and the changes in the expression of miR-2110 were verified through PCR technology. CCK-8 assay,
clonogenic assay, Transwell assay, and flow cytometry were conducted to analyze alterations in the functions of LUAD
cells. In addition, 10 BALB/c female nude mice aged 6 to 8 weeks were randomly divided into 2 groups, and the effect of
miR-2110 on LUAD was investigated by in vivo experiments. Results miR-2110 was significantly decreased in LUAD
tissues and cells compared with the normal lung tissues. miR-2110 overexpression inhibited the proliferation and
metastasis of LUAD cells and promoted the apoptosis of tumor cells (P<0.05). Bioinformatics prediction and dual
luciferase reporter gene assay results confirmed that miR-2110 could target and bind to CDTI. In addition,
overexpression of CDTI gene reversed the proliferation, metastasis, and apoptosis of miR-2110 compared with the miR-
2110 overexpression group (P<0.05). Nude mice in vivo experiments showed that miR-2110 overexpression significantly
decreased the expression of Ki67, a tumor proliferation index, and vimentin and MMP?9, two metastasis indices, compared
with the control group. Conclusion miR-2110 can inhibit proliferation and metastasis of LUAD by targeting CDT],

providing a new rationale for the treatment of LUAD.
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il i e S BRAARE SE T (1 R BRI, o5 A BRAEAE AR 5
FET IR 111118.0%" . 20204F, filidis & 43R EE R WIRIE,
A 22158 £, MfilR%E (lung adenocarcinoma,
LUAD) 2 fififia iy F2H 22 WA, (5 E/N A8 (non-
small cell lung cancer, NSCLC)50%LL [-"', #L4FE3k
LUADY % | T3, LUADRR 224 2 S B0E
IOE XS S OWNIENY 95 2 ) A a9 1 7 SO E R 1A O
LUADMIA YT RV R B T AR VIR 255167, H54E
HEAERAMET20% . L, R AIZIELUADRY 43113,
AR T4 T G LUADRY R A 5k SR #e, i LUAD
B ARYAY T 25 I S B JE A

M/PRNA(miRNA) J&— K/ HES S RNA,
19 ~ 25 MZH TR L, 18 5 E I mRNA 3 -UTR
HAMAESS G AT S R L AT miRNA S 4HiE
- S A SR 2 Al A i B R O, HR R RA
Z R IR (1 1 SR RN R D) AA R AR R B,
miR-2110-5 MR i K AEA G, ZHUREPIERIESE S0 96 F1
IEHHA P miRNAE A R A T AmiR-2110, miR-
211007 T4 t1A10q25.3, JELLMFFE £ W], miR-2110J2—
Foft fifr g 41 51 R, AT 3 3k 0 [ SP L, TSKUAC 1 il 7L i g
R 2 B 20 R 00 AL RIS TRl AE, FERRACIN
AERR M miR-21107E45 B 838 i IRk T 5 g i
HEREAHDC, SR H BT A TE £ miR-21102 752 5LUAD

PRI, A A P2 AT fELUAD HmiR-21108
FIB, IR A G BRI THE SR T . A, 8
ok LA 20 5 36 B AR LR A S R B0 iE miR-2110XF LUAD
A% HEFHAS, LI LUADRIG RIS TR AL S

1 #MR5FE

1.1 ##

Nl B g 240 L 2R A 549 FRT b BE B R 22 2 2 e it
30f1IE IRLUAD K 301 1E & fifi 2 ZUbR A ph T AL B Bb K 2
55 DU BE B b A PEAR AL, B 38 el T b R R A A 5 DO B e A
PRZE 3 2L (2022KY129) . miR-2110 mimicsFINC-
mimics(FMH, 5 A YRHE A R/ ], B01001), CDT13d
FikHAKpEGFP-N1-CDTI X & 2R pEGFP-N1( [ 1f,
ATAY THEEMARATR), si-miR-2110Fsi-NC(7)
M, IR A R ], A09001), miR-2110F1U65]
Y, A T A TR A R E]D, miRNA B 5K
& Cpg ut, W MERE AR W RHECA IR 22 7], MR101-01),
miRNADE G E 5 PCRIA & (7 1%, MR A= W) R A R
/N F], MQ101-01), CDT1ARFT A FL 5 B A (R, 11

M) TREA PR H), BM5203), GAPDH AL A\ 20 i [
i (BB, R = E AW EARABRAF], 10494-1-AP) .
CCK-8if | & (3£ [E, MCEA H], HY-K0301), Transwell
B (3£ [H, Corning/ 7], CLS3396), T3k 7] & (€ [,
BD/AT], 556547 )
1.2 FHik
1.2.1 AWz 8F oM

TEENCORI(https://rnasysu.com/encori/ ) $E E 1
HLUADH L E H H A T miR-2110 R K50, I k4T
miR-21105 CDT1AH M 43415 3 TargetScan (https://
www.targetscan.org/vert_80/) . miRTarBase(https://
mirtarbase.cuhk.edu.cn/ ~ miRTarBase/miRTarBase_2022/
php/index.php) FflTarbase(https://dianalab.e-ce.uth.
gr/tarbasev9) BdE 2 TmiR-21 104 FE LR A T
1.2.2 @R fifesr sk 4

AS49YH L R FHE 10% 16 4R ILVE . 1% F 88 R 1Y
DMEM Y i i35 5745, 7EAR TS5 5% /9 CO,. 37 “CHE
TR B R, W 2090% 2240 A A 55 0.25% B 2 1
F Y EDTATH AL I AL AN MIEA 71« 3L R8s

H XA K AS A9 T R Fof L I, 7F
YA 2 50% ~ 60%HT, T4 TC 1ML i TChi A 7R 2, AR
I S50 20 4K A0 40 I miR-211043 #3520 (miR-2110-
mimics4]) . miR-2110%f B2 (NC-mimics4l); miR-
21 10R IR XT BB 4 (si-NC4L) AlmiR-2110# {4 (miR-2110-
inhibitor4ll ); A & miR-21105F ik +CDT15%F A4 (miR-
2110-mimics+pcDNA-NCZH ) . miR-21105 %k +CDT1id
FAH (miR-2110-mimics+pcDNA-CDTI4]), ## I
Lipofectamine™ 30003t B 45 43 51| 7% YL A v B ki, 24 h
JEHEHUmRNA, 48 hJF WAEE T .
1.2.3  FE & EZ FPCREWA M A K 49 KA

LUAD JIE 5 Il 20 U AI 4 5 N Trizol 24 fif i 54
il HARIURNA, [FIRES2H A549 40 i FH Trizol 2L IIEA T2
IR IBUB RN AT 1, SR J5 4% B miRNA S5 St 71
UL T cDNARY U 5k o B J 4% M miRNA PCRi
RGBT ERY . DU miRNAT N Z,
FH27 A miR-2110K 5k .
1.2.4 Western blotik# A8 % & & &L

WA 2H AS494 I, FH &6 SR TR 1A I RIPA Y
it VL 5t A0 M A T B 11 10 P BC AT R B R A7 o
i 8 10%SDS- 5 P4 e BE I FIL VK 3 B AR BT RE i o SR
iR BIPVDERE . 23 FH & 5% B Wk W E A RS ) 3
12 h, SRIEIACDT1(1 : 2000)—FiiL B T4 °C kA
B H2 R TBSTUEMR3K AKX 10 min, YEBS I
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AR ZHi E 1.5 h, FeJa HECLIK R W5 4447,
Image X TR IRk . WS 1T WGAPDH,
1.2.5 AX AR 4008 T 6 TAL

B miR-2110-mimicsZ] . NC-mimicsZH . miR-
2110-mimics+pcDNA-NC., miR-2110-mimics+pcDNA-
CDTIZH ) A54920 s FH 50.25% B 5 F B AU ED T AW AL
HATIE L, PBSUEAIAE2YR, HBinding Bufferfi BEAi Jifd; HX
A A MAS uL FITC(BD/A A, EE) Fil5 uL PIK
M (BDAF], £ H), % ik E F 15 min, %57 AFITCHI
HPDN AL, ft )5 BHEE A 400 WL Binding Bufferfi B4
JiL, F1 h P _EALEA TR
1.2.6 Transwelld%#% £ 5%

$miR-2110-mimicsZ . NC-mimicsZ . miR-2110-
mimics+pcDNA-NC# |, miR-2110-mimics+pcDNA-
CDTIZ R ASAOU MITHfb BB TR Mg k. %
1 10°1 4 B A AE 300 pLJC MLV 5 75 P i # Transwell
LE T IR 10%6 4 100 1) 58 455 573600 pLiin A )
TE, AE 37 CHEFA T E 24 h, BUE Transwell/ N2 3F
TP RLEE, I HA g o, RIS R RIEs S T
PG, B/ INE IR AN, JFAE AR (x100) T 4K,
1.2.7 LB R ER

$miR-2110-mimics# . NC-mimicsZ . miR-2110-
mimics+pcDNA-NCZ , miR-2110-mimics+pcDNA-CDT1
20 1) AS49 20 M2 PP AE 6FLAR Hh (B £L3 000141 L) . JFA7E
37 C. BB R 5% CO M FRAf Th G 95 d i i . (e
e T ] LA S e R S S FHPBSYE VE AN L2 1K, SR JE 22
5 P 1 72 4 15 min, FRAPBSIH VRIS, 45 dh 48
Je4,20 min, RJEPBSIEUELRIVAE i, 15 TR AT
FAREL, 2 GERERU3000) x100% 114 7e I %
1.2.8 CCK-8%:3%

$fmiR-2110-mimicsZl . NC-mimics4] . miR-2110-
mimics+pcDNA-NC, miR-2110-mimics+pcDNA-CDTI4]
Y AS49H 42 B 96 FLIG T Al Hh (1 10° Al AL/ AL, SRS &
F37 C BB 5%CO BT AP A TR LS 75 . 8
F70. 24, 48, 72, 96 hit}, il A 10 uL CCK-84G M35, 44 41
M E TSR A2 ho S5 BRI 450 nm
PR IEIE
1.2.9 M AE BN E

535K CDT1 3'UTRIX A % miR-2110%%5 & 007 2 (1 3k
R Bl TPCRY 1S, I i B 2 pmirGLOZR A I, fv 44 K
pmirGLO-CDTI 3'UTR WT. L HQ5® Site Directed
Mutagenesis Kitirfl] & #4745 5 (L 5 572, 5878 Bk

fir 4 HpmirGLO-CDTI 3'UTR MUT., KA W T Fok

MMUT R 5 miR-2110 (NC/mimic) 1R4&, YL 3
AS4941 i, 48 hJi5 FH 5 0.25%ED T A 4 [ 2 1 il 1 1k &
HANM, WA FF A 500 WL f#Y, SRG1E vk LI E
5 min. PFAHMSE 22U, K20 WLZH M SR A R £
AL, #5355 100 pL#H K EOCR B RVIR &, LA
K Kk RO R BTG E . R, LA 100 pL '
PRGSO, FE 2RI B SO R BTG 1
1.2.10 AR R R T AAREALA

SR RAT & (L5 s i B PG ) (R B
2022114), #EIE A G DR (650 AR A BRAF]),
WFETIVCRAE S E . L6 ~ 85l BALB/cHfE MR B
10, BAHLA HNC-mimicsZH (n=5) AImiR-2110-mimicsZ
(n=5), 5 HAR BUHT RS K T HeMh & 5x 10 e e 5%
YLNC-mimicsE{miR-2110-mimicsfJ A5494H lI PBSIXF .
36 J U AL AU A B0 AT e e AL e £
1.2.11 %JRZAiEE

WY AES6 C T b, SRS TE P HBErP ik . A s
YA FHEDTAME S i 7E100 °CF /K 4615 min, $2BUTE
I N 2130 minfg, FI3%:id F AL A REA 555720 min, D
THBR NI A S R . SR R 10%1E % 1L 2 1 i
REL BT F 45 5 M 45 5 7 5, = IR AEJH45 min, $TCDTI
(1:200). PiKi67(1 : 400) . PP L HE H (vimentin)
(1 : 400) . PrHE 48 5 79 (matrix metalloproteinase-
9, MMP9) (1 : 100) 583 )1 754 CHFF I . PBSUEM
J&, FEAR S AL Y (HRP) B P 588 A FE 1 h,
PBSYEVRHEIE H, IR FINA33- LR R . B
Je IRAORG YL, DR AK, W o ARG e R B RN YL (55
FEPErCDT1. Ki67. vimentin, MMP9FJZEIX
1.3 ZitFEHE

A £ 240 FH GraphPad Prism 8.05K (#1748 14)
Br, R+ sFom o P2 8] I S7 RE ARG 36 A 743
BT, S LR HI LR R Ty 225381 (ANOVA), I [
e i Tukey K 454347, CCK-841 18] 43 A >R FH 72 &
I 7 22501, a=0.05,

2 #R

2.1 miR-21107ZEMAREE RIRRIE

i T ENCORI M 3 B 4fs 53 A1 & SRAELUADZH 2
miR-2110K 5 W] B AR (E1A), TEICE B IE RLUADZ
HUOE I A P B E T X — %5 2R (P<0.001,
FI1B) o K IEH A GUEA HEAT IR G )5 1 S k) B2 5 il i
i AS49TEAT FLAL, [AIRE & P miR-21107E A549H ik AHX T
B (P<0.001, F1C) .
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hsa-miR-2110 with 512 cancer and 20 normal samples in LUAD
Data source: ENCORI project
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Fig 1 miR-2110 is low expression in LUAD
RPM: reads per million. A, The expression changes of miR-2110 in the ENCORI database; B, expression changes of miR-2110 in lung adenocarcinoma tissues and

normal lung tissues (1=30); C, expression changes of miR-2110 in normal lung cells and A549 cells (n=3). " P<0.001.
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Fig 2 Overexpression of miR-2110 can inhibit the proliferation and metastasis of A549 and promote apoptosis
A, The expression of miR-2110 was determined by PCR; B, CCK-8 assay was performed to determine the change in cell proliferation; C, clone formation assay was
performed to determine the change in cell proliferation ability; D, Transwell assay was performed to determine the changes in cell metastasis ability (original magnification

x100); E, the changes in apoptosis were determined by flow cytometry. ~ P<0.05, P<0.01 (n=3).
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miR-2110-mimicsZ i 21 i 5% 5% g 1 AR (18.00+
2.000)% vs. (34.00+5.292)%, P=0.008], 22 534 G247
SCCPE 2D ) 5 ok i X 20 ARG 248 L 3 1~ AT WmiR-2110-
mimicsZ R AN T 1 N[ (68.08+1.843)% vs.
(3.710£0.175)%, P<0.0001), 24534 Gi i1 L (E2E)
2.3 miR-2110# i # @ CDTHIHICDT1HIRIE

i1 Tarbase, miRTarBase I TargetScan =~ M3k &
BT 32 g miR-21 1050 5L 4 (K3A) 5 i i ENCORI
BAEFEEELZBCDTI S miR-2110% 15 5 A &
(r=—0.166, P=1.68e-04) (¥I3B); i & if HHmiR-2110-
inhibitor AT D4 W i F& M miR-21107F A54940 fifd i ) 26 3k
(3C); MifkmiR-2110/5 CDT1E A T+, 1 F A miR-
2110/5 CDT1KIAREMR (3D 3E); il i e Y K il
S K BCDTI WT-3'UTRBEE miR-211019 i A5 54
JE B B R R, X CDT1 MUT-3'UTR %658 5 TE B i
S0, IEW] T miR-211045 CDTIAFAE ] % £ (JEI3F, 3G) .
2.4 WRIECDTIFESS FEFHIFTRIEMIR-2110/
LUADHIAEMZITA

Western blot32 57~ (Fl4A | 4B), #H L FmiR-2110-
mimics+pcDNA-NCZ, miR-2110-mimics+pcDNA-CDT]

ZHHCDT1# A ( 0.26+0.111vs. 1.37+0.341, P<0.0001);
CCK-85L 53R 5NC-mimics#f kb, miR-2110-mimics+
pcDNA-NCZH 1458 At 1 B 2 B, MimiR-2110-mimics+
pcDNA-CDTIZHAH H FmiR-2110-mimics+pcDNA-NCH]
HGE g 1A B (K14C) 5 si BT iUt I AR R B
NC-mimics#f H, miR-2110-mimics+pcDNA-NCZH #5H fig
FIEAR TERETE BR (27.33+2.082) % vs. (15.67+2.517) %,
P=0.001 1], ifiimiR-2110-mimics+pcDNA-CDTIZHAH I T
miR-2110-mimics+pcDNA-NCZ 145 it /115 21K &
((21.67+1.528)% vs. (27.33+2.082)%, P=0.028 7] ([K14D);
Transwell 225 £ H 5NC-mimicsAH I, miR-2110-
mimics+pcDNA-NCZH 4 F BE 1[I ([ (58.00+3.000) % vs.
(16.33+1.528)%, P<0.000 1), MimiR-2110-mimics+
pcDNA-CDTIZHAH H FmiR-2110-mimics+pcDNA-NCH]
gt e 752K ((25.0043.000) % vs. (16.33+1.528) %,
P=0.0154) ([K14E ) ; Jit =X 40 FLA A I 41 i 4 T2 R B 5 NC-
mimicsAH ., miR-2110-mimics+pcDNA-NCZ 41 g i 1=
T+ ((6.96+0.770) % vs. (71.71+3.123) %, P<0.0001), ifif
miR-2110-mimics+pcDNA-CDTIZHAH L FmiR-2110-
mimics+pcDNA-NCZH A0 145 )3 43100 ( (37.88+

hsa-miR-2110 vs. CDT1, 512 samples (LUAD)
ata source: ]
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3 LUADHmiR-21105CDTI3EE X &
Fig 3 The targeting relationship between miR-2110 and CDT1 in LUAD

A, Prediction of miR-2110 target genes by Tarbase, miRTarBase, and TargetScan databases; B, correlation analysis of miR-2110 and CDTI in ENCORI database; C,

the expression changes of miR-2110 were determined by PCR; D, expression changes of CDT1 after the knockdown and overexpression of miR-2110; E, histogram analysis

of CDT1 protein expression; F, bioinformatics sites for predicting potential binding sequences of miR-2110 and CDT1I; G, double luciferase reporter gene assay was

performed to confirm that CDTI was the target of miR-2110 in lung adenocarcinoma cells. * P<0.05,” P<0.001 (n=3).
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