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miR-449b-5p inhibits ovarian cancer cell growth and cell cycle progression by
targeting Cyclin E2

LI Lingling, WANG Yujue, YUE Jun, MEI Jie, ZHAO Xiaolan (Department of Obstetrics and Gynecology, Sichuan Academy of
Medical Sciences & Sichuan Provincial People's Hospital, Chengdu 610027, Sichuan, China)

[Abstract] Objective: To investigate the effect and mechanism of miR-449b-5p on the proliferation of ovarian cancer cells. Methods:
Cancer tissue and corresponding para-cancerous tissue specimens from 20 patients who underwent surgery in the Department of
Obstetrics and Gynecology of Sichuan Provincial People's Hospital from June 2018 to June 2020 were collected for this study; in
addition, normal ovarian epithelial cell line (HOSEpiC) and six human cervical cancer cell lines (SKOV3, ES-2, OVCAR-3, HO8910,
CaOV-3 and A2780) were also selected. mRNA expressions of miR-449b-5p and CCNE2 in ovarian cancer tissues and cells were
detected by qPCR. The plasmids miR-NC, miR-499b-5p mimic, miR-499b-5p inhibitor and pc-CCNE2 were transfected into SKOV3
cells separately or in combination. Cell growth and cell cycle were measured by the CCK-8 method and Flow cytometry, the expression
of CCNE2 protein was detected by WB assay, respectively. The targeting relationship between miR-449b-5p and CCNE2 was verified
by Dual luciferase reporter assay. miR-499b-5p transfected SKOV3 cells were injected subcutaneously in nude mice to construct
xenograft model, and the tumor volume was measured weekly. Nude mice were sacrificed at day 42. The weight of the subcutaneous
tumors was weighed by an electronic balance, and the expressions of CCNE2 and Ki67 were detected by immunohistochemistry.
Results: Compared with normal ovarian tissues and epithelial cell line HOSEpiC, miR-499b expression was significantly down-
regulated in human cervical cancer tissues and cell lines SKOV3, ES-2, OVCAR-3, HO8910, CaOV-3 and A2780 (P<0.01). Compared
with the Control group, the proliferation of SKOV3 cells in the miR-499b mimic group was significantly reduced (P<0.01) and the cell
proportion in GO/G1 phase was significantly increased ( P<0.01); while the proliferation of SKOV3 cells in the miR-499b inhibitor
group was significantly increased (P<0.01) and the cell proportion in GO/G1 phase was significantly reduced (P<0.01). Over-expression
of miR-499b-5p significantly inhibited the luciferase activity of wild type CCNE2 plasmid (P<0.01) but had no effect on the luciferase
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activity of the mutant CCNE2 plasmid. Compared with the miR-499b mimic group, the growth of SKOV3 cells in the miR-499b

mimic+pc-CCNE2 group was significantly increased (P<0.01) and the cell proportion in GO/G1 phase was significantly reduced

(P<0.01). Compared with the miR-NC group, the tumor volume and weight of nude mice in the miR-499b mimic group were

significantly reduced (all P<0.01), and the proportion of CCNE2 and Ki67 positive cells was significantly decreased (P<0.01).

Conclusion: miR-449b-5p inhibits the growth and cell cycle progression of ovarian cancer cells by targeting Cyclin E2.

[Key words] miR-449b-5p; Cyclin E2; ovarian cancer; growth; cell cycle

[Chin J Cancer Biother, 2021, 28(2): 143-150. DOI: 10.3872/j.issn.1007-385x.2021.02.007]

P SR MBI 2 —, RS ot
FERY 3%, (HHET ANE Ao AR 8 2R e AT An] Ho A
FIEHRRE %2, IF H HAT 45% (000 S8 B TS n
LA SRR BN, FEh E, O SR 5 BURE
AHIEFETZ RS UK R R B, itk s AR AE R S i =
WIS WIAE G, IR S B, A 0 i
Z U AR SRR R . BOARIB T BRSNS W
3, (EONHUE BE 1) S FAAF R AR B L PR R
P R, OIS I ST 0 T2 B 1) A B R T
2 WG 7RO bR LA S E R R 259 . B IR
Pt W, TR IR & R R AL s R AT AR K miRNA
f A &k, I, 4875 miRNA 72 09 520 o 10 %
FE AR FEAHLG AT LA 28 X B S0 20 A 02 T
fift, FEAUETRAIT M2 . EA ST R,
miR-499b-5p 7E 50 . FLARIE | 5o Wi 55 22 Floss e
W, o Rk v R AR . WANG 5 4
18, miR-499a 7£ B HLE HILR 1K, miR-499a & [
FEIR I UP LI B R B I TS . AR SCE TR
5% miR-449b-5p X O S VR FH S AL

1 BREFE

1.1 A8

PEHL 2018 4F 6 A & 2020 4F 6 A T-WUIIH AR
B2 Bt 4 77 B 52 TR 8 20 451 51 595 H 3 10 95 2H 21
A BRAS, A 29~63 %/, R4 FIGO 4
WIARE (201447 ) - 1409 16, T30 10 f51) | T30
11 VI 16, ARG A BE A oS AR B 2 51 &
fedE, IR ERN R, TAZIKENEET
A KNG R E R S R E . RSB Be
TR HRZE 51 23 A R B 22 B W A b, JFAR Y b
IRFEFIEE T ) BN T
1.2 &4 5 A

IEHBPEL I K40 R HOSEpiC il 6 i A ey 3t
4 % SKOV3, ES-2. OVCAR-3, HO8910, CaOV-3
F1A2780 YA ATCC, T 10% A1, 100 U/ml
)75 B 2% A1 100 pg/ml (956 45 K 1Y) RPMI-1640 35 5%
Herfp, 7E 37 °C. 5%CO0, &1 FHig%,

RPMI-1640 35324 I A= YR A TR

3] (525 C22400500BT) , JIG2E I3 | 7 55 K Mk
B 2 APUA R A R IRAEYRHA R A ] (5%
5 16000-044, 15140122) , miR-NC, miR-499b-5p
mimic, miR-499b-5p inhibitor, pc-CCNE2 Jfi ki J #%
Pl | 4 by b 9 A T AR W TRE IR A A PR 28 i i 5
4 1%, Lipofectamine® %% YL i 77 Wy [ | ¥ 4% f5 E
YR A BRA E] (585 11668-027) , CCK-8 ik 7 &
W H AL R R R AR A F (585 CA1210) ,
SYBR-Green PCR iz 71| & W [ 8 BR C /R BHZ A A

P25 4309155) , A 3R B 15 5% DA A7) 6
W A At P AE BT PR A F] (185 GN201-01)
cDNA #i3 Seil M & A i s B TRARA
") (575 GK8030-20) , RIPA R 22 vhifg W 1 B &t
T SR AE YRR FRA W) (5855 SBJ-0999) , BCA
KA GEWA LSRRI ARAR (585
BC201) , CCNE2 $iif& . GAPDH #i /& | 3t i A1k
YIlbRiC i 5 B B ST AE R A R A
A ($25 . ab40890. ab18602. ab6728) , #it KLy [ VU
JNEIRARE R A BRA R [ L5 A& E S
SYXK (JI])2017-203].
1.3 qPCR # M miR-449b-5p 55 CCNE2 mRNA #)
Ak

VA ALV S BT IS, SR QIAzol 246

TR HE R RNA, R cDNA ¥ % 5857 & & &
cDNA, T2, % 1E 5 PP I K 4l 2 HOSEpiC
H 6 Fh E #UEE 40 iE &2 SKOV3, ES-2, OVCAR-3,
HO8910, CaOV-3 #il COC1 $F17E 6 fLA H, 2440
Me A BT 90% LA B, R QlAzol 24 i1 7 £
HUEL RNA, SR cDNA 33 5% 557 & A B cDNA.
% #8 SYBR-Green PCR 7 & Ui B 13 #1E, qPCR £
I miR-449b-5p HITEI 5144 94 °C 20's F1 60 °C 34 s,
40 NMEX, LL U6 NS . miR-449b-5p (1) L 1iF
1% % % N 5'-TGGCAGTATTGTTAGCTGGT-3",
miR-449b-5p [~ iE 51 97518 5'-CGCAAGGATG
ACACGCAAATTC-3'; U6 By LiiF5 1951k 5'-CT
CGCTTCGGCAGCACA-3', U6 I FiFs 1 W F 5N
5'AACGCTTCACGAATTTGCGT-3', il CCNE2
BIPEER 51420 95 °C 15 s A1 60 °C 1 min, 3£ 40 M



PR, 5. miR-449b-5p LB [ Cyclin E2 1 B SLJ A1 i A= AR A1 i Jol 39933t e - 145 -

R, UL GAPDH A N2, CCNE2 () L5 91 51 R
5'-CCTCCATTGTGAGATAAGGACAG-3', CCNE2
B RS 15 R 5-CACAATTAGTGGTGTTTTCT
TTTCA -3'; GAPDH iy 15| ¥ )¥ 518 5'-CTCT
GCTCCTCCTGTTCGAC-3', GAPDH (% F 51 9%
%) 5'GCGCCCAATACGACCAAATC -3', H %
(AR Bk Bl 274 ik oL

1.4 mieitgs5a

HOGEON SKOV3 4iifift, R+ 6 FLIR (x10%4L),
MK = 80% LA BT, H4E Lipofectamine2000
VEIIFE+ 100 nmol/L ) miR-NC ., miR-499b-5p mimic.,
miR-499b-5p inhibitor, pc-CCNE2 JFki /3 il al B 44
Je ik A SKOV3 41 i . MR iR\, 4k
miR-NC. miR-499b-5p mimic. miR-499b-5p inhibitor.
pc-CCNE2 £ miR-499b-5p mimic+pc-CCNE2 41, [
IR AN Y AT A 73 Control 4 .

1.5 CCK-8 &4 miR-499b-5p % ik #F SKOV3 4
ROL3E 75 04 % vf

U Y J5 P80 SKOV3 4L 100 pl finA 96 £L
M (1x10%4L) , BT 37 C. 5% CO, 4 iy 15 7246 5%
F%, TEFRE R/ A (0 24,48, 72,96 h) ¥ 10 pl
CCK-8 MR BN 5523, B 2 h, (I EAR
G ZE 7E 450 nm AR ROGEE (D) E, DL D, FAFR4H
s FE A
1.6 AKX fm e R A M miR-499b-5p 4% ik #F SKOV3
& JiE, JB) 2 0 %

WEEA2H SKOV3 4l H] 70% LB AE 30 min,
SRJE FHVKYS 1% PBS VB JG B5.0, 47 BS54, JFAEvk
% RNase 1 PBS (FiBELLI 4 1 2 100) B8, H
WAL B e, Ao R I A A o0 B 4 i 4
1.7 WB & # # miR-499b-5p % i %+ SKOV3 4 ft,
¥ CCNE2 & & & ik 49 %

W AR 4% 2H SKOV3 i ifl, ] RIPA 2 fiff i 4 B
SAEH, JEH BCA BRI &kl & ik B, AR &
SDS-PAGE 73 B8 )5, M T4 B #8 85 1
% PVDF &, JF A4 i B & E 2 h, 0
ABIEE) CCNE2 HpefE—4Ht (1 : 1000) , 4 °C Hf4]
B, AL ST =50 (1 £ 2 000) Z iR B 1 h,
% h ECL B2 %, L GAPDH N 2%, {ii 1] Quantity
One #4743 B B AR SR 1 BT AR X 2R3B 7KK
1.8 M3 K& B4k 45 35 3 miR-499b-5p #= CCNE2
EOE A PN

WCEE A K X RO ) SKOV3 4l i Fh7E 24 L
M, BEE 24 h 54 1 pg 5k PO E R ER S JE
¥y 7 & PGL3-CCNE2-WT ( CCNE2 B} 4= #I ) 5§
PGL3-CCNE2-MUT (CCNE2 %78 #1 ) L) & miR-NC

5 miR-499b-5p mimic 11 PRL-CMV ¥ i 5¢ Y & i
A5 O G e AN B, % Uk 48 h 5 S #4015 min,
XU 2 B AS I) 22 298 0 k¢ 56 2% 8 1 R X T,
N FR RS P B G R G Pk U AE R R ¢
By R EPORT
1.9 SKOV3 4m % R A% 78 5= 36

W 4 BLUBE HL 4> S~ miR-NC 4 Al miR-499b-5p
mimic 2, AF4l 9 H, 78441 #E BUS B0 B2 T 4
WVE B 02 ml Y 1x107 4> /ml % 4 miR-NC 5
miR-499b-5p mimic A SKOV3 40l & ; #5%, 78
SPF 2514 T IEH IR iR . B9 Fa A DU AL A e IR AR
55 30 REHEN A7 2 AL FERR B, S B UL B2 T e,
HL T ROFHRER, A4l bkl CONE2 FlKi67 [FRIA,
1.10 Sz atbteml A5 4a9%  CCNE2 F= Ki67 #9 4k

AR 2 A D), s K, i 4
feEit, A BPLA CCNE2 Fl1Ki67 Hilk, 4 <C
R, WA R FRiC YR 30 min, A
DAB i} 0, 2878 1B/K k. TR ARG S 4L | B B & 1
WK . H2GER, B RS, GEit B (R g
SkEAE ) BT H A
111 %itsa s

K H SPSS 21.0 3443 A £cdis . {8 GraphPad
Prism 6.0 FF &, P A SCgiisr 4 3 1k, T
Y5 48 shapiro-wilk K 56 & B ¥ 2 IE & 501, LA
X tsRKN; ZHM LA, BR CCK-8 SE 5 Fl#% A
AR BLR A Two-Way ANOVA 43 ¥7 4b, H: AiETT
One-Way ANOVA 4 A1, W4 2 [8] bb 4 fifi ] SNK £
¥, DL P<0.058¢ P<0.01 FREFEAFITFE L,

2 & R

2.1 miR-499b £ 97 £ & P ALK A

qPCR #ill &5 5 (K 1) Bon, Siass4 4 M i,
miR-499b 7£ P 5 9 41 21 b iy R 38 W B G (P<
0.01) ; miR-499b 7£ A ‘B %l Ji 40 il & SKOV3. ES-
2. OVCAR-3, HO8910, CaOV-3 il A2780 H iy ik
AR T OE W 90 8 b 4 e & HOSEpIC ( P<
0.01) . £+ miR-499b A /K5 AR 1) SKOV3 4t
Ml R AT IR L5
2.2 miR-449b-5p 4] 9p £ % 2m e A K e 2 fieL ) 2
i) 3

qPCR Kl 25 5 (€] 2A) .75, 5 Control 414H
., miR-NC 41 SKOV3 4 fifg ' miR-499b3 5 I To A
k., miR-499b mimic 21 SKOV3 4 il ' miR-499b %
IABH S F3H (P<0.01), miR-499b inhibitor 41 SKOV3
L miR-499b kB T (P<0.01) , F£HH
ek, TR 20 .



146 - o [ iR AR iR T AR, 2021, 28(2)

A B
ol2rp o 15
(=) (=)
o) - 3
& &
209 H =
g <§ 1.0
0.6 | el
5 3
.5 ek .5 0.5H
203 H Z
g 8
o, o
> <
oo =
& S O e W Q > > \
& 0 oY & @ @ ¢ o®
s O 040 E S

"P<0.01 vs para-cancer tissue or HOSEpiC group
Bl 1 miR-499b 7EOPEFEHL (A) LM (B) PEEKE

Fig.1 miR-499b was expressed at a lower level in ovarian cancer tissues (A) and cells (B)

A B
192 - 3 -8~ Control
§18‘9 L -&- miR-NC
< 186 L =i— miR-499b-hp mimic
A =¥ miR-499b-5p inhibitor
183 | - 2k
3
—180L :
z 121+ )
- _— =
5 09H 1k
3_%, 0.6 H
g 0.3 H
0 R 48 72 96
NI
PP S N Time (¢/h)
¢s 6‘& QbQé\ ‘9, S
b‘o,q 2o
& ’°)
<& 6\3*
C 0 Control miR-NC
8 F. +G2/G1 Fixed 1320 ; +G2/G1 Fixed .
650 | I 1100 [
Ss20f 5 880 =
g g mm G2/M
2390 | : £ 660 120
S0t S o0 ©
130 ﬁ\ 20t 890--a-
L S il =i =1 P
() bzt 0 0 0 0 + x - + 2 Kk
0 32 64 96 128 160 192224 256 0 32 64 96 128160192224256 & | | |
DNA content DNA content 5 60 H —
miR-499b-5p mimic miR-499b-5p mimic i o
900 CUTTRed] ' FQUGTFed = 30
750 600 &)
_u_’é 600 | %3 480 | 0 N - -
2 $
24501 2360 & N ©
LS = N o&' cﬁ@ &x»\
3300} 32401 O
! » 9
150 m 120 + ! 6-‘& _Q}‘q
oL - N ol MRl
0 3264 96 128 160 192224256 0 32 64 96 128160192224256
DNA content DNA content

"P<0.05, "P<0.01 vs Control or miR-NC group
A: The expression level of miR-499b was detected by qPCR; B: Cell proliferation was detected by CCK-8 assay;
C: Cell cycle was detected by Flow cytometry
& 2 miR-449b-5p Xt SKOV3 £ ffl £ < 70 40 i JE) HA ik 1R B9 224 i)
Fig.2 Effects of miR-449b-5p on growth and cell cycle progression of SKOV3 cells
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