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HPV-induced miR-21-5p promotes epithelial-mesenchymal transition and tumor progression

in cervical cancer cells via the PI3K/AKT pathway
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[Abstract] Objective To investigate the effects of HPV-induced miR-21-5p on epithelial-mesenchymal transition (EMT) and
tumour progression in cervical carcinoma cells. Methods HPV (+) cervical cancer cells were divided into the mimic-NC group.,
miR-21-5p-mimic group.inhibitor-NC group.and miR-21-5p-inhibitor group. Real-time fluorescence quantitative polymerase chain
reaction (qPCR) was used to analyze the expression of miR-21-5p in HPV (+) cervical cancer cells,and Transwell assay was
detected cell migration and invasion. The expression of E-cadherin. N-cadherin. Vimentin, phosphorylated phosphatidylinositol
3-kinase (p-PI3K) , phosphatidylinositol 3-kinase (PI3K), protein kinase B ( AKT), phosphorylated protein kinase B (p-AKT)
proteins and S-actin were detected by Western blot. Results Compared with HPV(—) C33A cells, the expression of miR-21-5p was
significantly increased in HPV16 (+) SiHa and HPV18 (+) Hel.a cells (F =51, 35, P <Z0. 01). Transwell assay results
demonstrated that,compared with the mimic-NC group,the miR-21-5p-mimic group exhibited significantly increased cell migration
and invasion (¢ =6. 73 and 5. 64 ,respectively P<C0. 01) ; whereas compared with the inhibitor-NC group, cell migration and invasion
were markedly reduced in the miR-21-5p-inhibitor group (¢ =17. 32 and 15. 46, respectively P < 0. 01). Western blot analysis
revealed that,compared with the mimic-NC group,miR-21-5p-mimic-treated cells exhibited reduced E-cadherin expression alongside

increased N-cadherin and Vimentin expression. Conversely.compared with the inhibitor-NC group, miR-21-5p-inhibitor group cells
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demonstrated elevated E-cadherin expression alongside decreased N-cadherin and vimentin expression. Compared with the mimic-

NC group, p-PI3K and p-AKT levels were significantly elevated in miR-21-5p-mimic group cells. Conversely, compared with the

inhibitor-NC group, p-PI3K and p-AKT levels were markedly reduced in miR-21-5p-inhibitor group cells. Conclusion HPV-induced

miR-21-5p may promote migration.invasion and epithelial-mesenchymal transition in cervical cancer cells by activating the PI3K/

AKT pathway.
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Je 4t AL R A T B ) B A 50 T M), R 2 4K
RATIER R E R B, b L Sk
7 Chuman papillomavirus, HPV) B H, &
HU 0 R A BT N R T HPV S 2k
TR AL LR G G T KR IR M X3 3k A LE i A
T 5 RAR A A, SR SR TR AR AR YL
ARG B &0 47 F HUHL % T 52 A P 4
) 0B 15 7t R YT T R B R B,

miR-21-5p T4 218 S 15 2 1 b 98 40 6 7 344 5
278 B BT S 2R AW ET A miR-21-
Sp FEE SR B R R IR WA Sy v] DU Sy S i
RN EY . — T R0, 5 IE R 41480
FALL . 5 HPV YL OGS B 5 STH A b miR-
21-5p Bt . A —WHE S, miR-21-5p 3l i 41
il KLF6 ik fin i I -[a] 51 % 1k (epithelial-mesen-
chymal transition, EMT) I 0l il ik 5 240 ffg 94 1=,
i B Tk L % 3-8 % (phosphatidylinositol 3-kinase,
PI3K) /% i B(protein kinase B, p-AKT) {5 5
R 2 A A A AR Y A0 TR L
WO e HPV MG S0 10 @ 35 R AT P, A
WA BT miR-21-5p J& 7 Al LUl i PISK/AKT @& 4%
PEATE SO AN M A EMT 5o R 08 1 9K 3l 2 g 40 i
MR 22 A RS LU G R T B iR $e it = %

| BRI 7 %

1.1 A s 7=

HPV18(+)HeLa(CL-0101) ,HPV16 (+)SiHa
(CL-0048 CL-0210) fl HPV (—)C33A(CL-0045) iy
FI B2 g R0 3 SR ) O 2 51 S AN M % . AR
£ RPMI 1640 5 FFE 3G 55 i 2 HAb 52 1 10%
B G 4 1L 7 (Invitrogen, £ E) 100 U « mL ' H %
EM 100 pg» mL ' BEEH R, REHEMME 37 C,
5%CO, T 95 Y6 HHX LR (1 55 FR A0 h K5 3%
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1.2 a4

mimic-NC, miR-21-5p-mimic, inhibitor-NC,
miR-21-5p-inhibitor I H GenePharma 23 & ({1 [F) ,
M ) 1 75 0 7 %, i A Lipofectamine3000 i 7
(Thermo Scientific, 2% E), ¥ mimic-NC, miR-21-
5p-mimic,inhibitor-NC, miR-21-5p-inhibitor % | &
WM P LR SE 24 W R TR — 2528,

L3 EMRNXEER G EN KK

SR JH 52 1 58 O 5E 1 B A i B X R (real-time
fluorescent quantitative polymerase chain reaction,
qPCR) 73 #r miR-21-5p 76 HPV () ‘&5 #5098 41 it v Y
Fik. i Tiozol i (Vazyme, H ) 23 B 2
AMLE RNA, RS miRNA 3305 5600 & [E1
RAEYTREGRID A RN, b E I RNA B SR
J cDNALSRJ5 i F§ SYBR Premix EX Tag X 7] &
(Takara, H Z) 7E 5 i %¢ ' € 8 PCR 4% ( Thermo
Fisher, 6 [) F 4T qPCR, fii ] 272 J5 3k, Xt &%
BEF M. S8 (5'-3") . miR-21-5p-F:
GTCGTATCCAGTGCAGGGTCCGAGGT ; miR-21-
5p-R: ATTCGCACTGGATACGACTCAACATC;
U6-F: CTCGCTTCGGCAGCACA; U6-R: AACGCT
TCACGAATTTGCGT,

1.4 Transwell S23§

TEAN ML 5256 B 200 pL 20 LS (1 X
10°/mL) 51533 A E AL, FEPE 600 pL K 5% 3
(FAH20% IR MBEATARDMATE. 24 h )5,
AN ECH b VR 2 R L 37 CilE
24 h 5 AR E M AR 2 R P AR B 40 .
IS SR YL 5 20 min, FHEIE B AUE W8I 4L
FERZESII 70 WS I 40 ML 22 0T, AE b S TR A SR T
JiE (BD Biosciences, 3¢ ) , B J5 (420 8 5 1 5% 92 50 1
IR
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1.5 Western blot 21§

o8 FH A 98 DT 3 1K 55 (radioimmunoprecipita-

tion assay, RIPA) ZLf# i (Beyotime, 77 [8) 42 B 40 ity
SV, e BR 0 bk R A I ) & (Beyotime,
China) #8436 BH #1728 0 B2 D 22 L 1] RIPA 24 fif
WFTEAE R, RIFET SDS-PAGE B 43 2 &
B 6 78 20 R A 9 £ 0 B (Millipore, 2 ED 1. H
RS R Wk 1 h )5 78 4 CF 5 —41 b e A4S 36 &
F (E-cadherin) \ #l £ 8 55 2 25 11 (N-cadherin) \ B
A (Vimentin) W 1R A0 A5 W6 JULRSE 3-E (PISKD |
PISK AKT. ## 1k & 1% B(p-AKT) I S-actin
(Abcam , 3¢ ED W & 5 7%, 8 J5 18 FH — 9t (Abcam, &
ED W E 1 b, ff 8 38 A 4k 2% & OB (Vazyme,
B G 0 i P B AR

1.6 it 947

I SPSS 20. 0 #AF AT 40 B . IH R BERHLLE
BIE P2 (x £ s)Fom . 4L 1Y LR FH b Sr
A K g R I ER I Tukey ZEILE, P<
0.05 PN ATEG I LAFTERFEXER .,

#R

2.1 HPV # & miR-21-5p K EFH T

5 HPV (—) C33A Lk, HPV16 (+) SiHa Al
HPV18(+) Hela ' miR-21-5p Y 3 ik & & 34 i
(F=51.35,P<C0.001), WL 1,

x1 AEMAED miR-21-5p B mRNA K FE(x £5)

Table 1 mRNA levels of miR-21-5p

in different cells (x £=s)

40 it 5328 miR-21-5p mRNA /K
HPV(—)C33A 1.0040. 09
HPV16(+)Siha 2.39+0. 224
HPV18(+)Hela 2.574+0.27"
F 51. 35
P <20. 001

W5 HPV(—)C33A AL, 41 =10.13,P<C0.001; “ t=09. 56,
P<<0.001,

2.2 miR-21-5p [ EFEHA T B NEZEMN I
W 2 M 3RS mimic-NC 2048 It » miR-

21-5p-mimic A0 miR-21-5p Mk B EIRT;
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M5 inhibitor-NC 20 AH It » miR-21-5p-inhibitor 21 48
i miR-21-5p {915 W 3F B R (P <<0. 05),
swell LI R E /R, 5 mimic-NC 4] 4 H, miR-21-
Sp-mimic 4140 M iE % MR 2268 ) B F 4 & (P <
0.05); M5 inhibitor-NC 4 #f It , miR-21-5p-inhibi-
tor 4 240 M 1T B R 2% AE )t 3 [ AR (P <<0. 05) (4]
1A.B),
£ 2 miR-21-5p TRIEX S FEMA
BEYEMHIE(x £5)

Table 2 The effect of miR-21-5p overexpression on the

Tran-

RaER T

migration and invasion of cervical cancer cells (x £ )

4 H 43 41 TR

—

E& 34

fen

mimic-NC 229.23+10.58 181.34+14.58

miR-21-5p-mimic 318. 6420, 42" 265.37+21.32"

t 6.73 5. 64

P 0.0025 0. 0049

# 5 mimicNC ML, " P<C0.01,

% 3 miR-21-5p #P#I X = v 40 AT B A0
BEHENZ M (x+5)
Table 3 The effect of miR-21-5p inhibition on the

migration and invasion of cervical cancer cells (x £s)

40 M o 4 TR R RAR%E

inhibitor-NC 238.47410. 21 169.5347.79

miR-21-5p-inhibitor 104.6748.65""" 84.38+5.51""

t 17.32 15. 46

I3 <<0. 001 0.001

# : 55 inhibitor-NC, """ P<C0. 001,

2.3 miR-21-5p M EFEMA EMT B0

5 mimic-NC ZH4f It » miR-21-5p-mimic ZH 4l it
i E-cadherin ik %K, N-cadherin fl Vimentin &
BT 51 5 inhibitor-NC 414 o miR-21-5p-inhib-
itor 4 40 Jig ' E-cadherin % 5 7+ & » N-cadherin #1
Vimentin &3k AL (E 2)

2.4 miR-21-5p W EHBHA M F PI3K/AKT &

e3:0p- A1

5 mimic-NC ZH At . miR-21-5p-mimic £ 4l g
1 p-PI3K.p-AKT ik B % # & ;M 5 inhibitor-NC
20 AH H, miR-21-5p-inhibitor ZH 4 i tf p-PI3K. p-
AKT 23k i K& 3).
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Fig. 1
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The effect of miR-21-5p on cervical cancer cell migration and invasion
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Fig. 2 Western blot analysis of EMT-related protein

expression in each group of cells

Siha

Hela

pPIK wis NN - PUK SN S—

PIIK — -

T -

AKT D S

<

P-AKT 4. -

g
x&\\ :L\"JQ
N\
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Fig. 3 Western blot analysis of PI3K/AKT pathway-related

protein expression in each group of cells
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B SV A G I L B A SRR O R 2
— FEH A L R AT T R OB S A, o
85Uk AR EZR., HE, B8 75 SR £
JER JE: 5 fe HPV R 8 B9 FR gL Qe . RSB
HPV 3 i i F e 25096 500 0 A 5 R 55— 90r —
G e R T e Y kR L R SR R R R R A R
B H R T 4 BR T & S RS- M L & R v R Y &
KA W E T IETOR R R S I, BF 5T
TE S AL HE N FL Sk R B B e B N
FEIG S B 300567 i AN R I R D B R A LR
JEML B A R B T B X, R M ) B R 2L
b AL B Bl — A R S i i R W R R G T
B RNA B3 P . AR XA i 2 p i AT
IR e S 1207 W i R e R A SR % LD SN = B ]
AR T 25 R fR T R A R AR 2 A 1) A Ak A B
Rt R TR T S 4 1R 28 I B AL R
TR B T WS AE T F R E R EE,

3.1 miR-21-5p % HPV A S FER 5 KL,
HERERTMGIEARIBMEE

miR-21-5p B B % 38 7 il 58 L o J g A L
R A= 7 N T L O 2 ) O 8 I
Orosz E WF5E45 . 5 HPV B i 16 K 2 510
I, & B miR-21-5p. miR-143 F1 miR-221-5p 7
HPV A b 98 4 2036 & h 9 miRNA Rk 7778
EXS LA HPV PG 61, 98 8RS I 2 7R miR-
21-5p Fl miR-155 Ry BE FoWR gl 48, A BF 98 % B
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HPV %5 31 5 5% 40 e miR-21-5p 1Y 323k i 3% 2
s m I miR-21-5p AT LAAI ] HPV BH M- Ey 55098 240 il
TBARZE, X R RN, miR-21-5p £ H
U HIRYT T AT R I U OCHE AR A A I I
IBIT B — AT 4> F AR A

3.2 miR-21-5p M RK & # HPV PHIEE =
B b Bz - e Bk

EMT J& M & J i 2 b i) — AN QB 3R 1y, B v
P& N i B I  fyo B= S S TN S D
i, X — it BR B SR T4 LAY (R 28 M R e T, DT
PR T R AR L e — B A A A R R
FIE N Y b R b 25 o A0 5% 2% Ta) BT A AR )
WE A M EEANM, TEASE D, #L miR-21-
S5p {#E FUm M E-cadherin A0, 1M N-cad-
herin Ml Vimentin A9 2 35 FEK, X 2625 3 i B
miR-21-5p &5 3 EMT i 2 19 ¢ g 42 N 1, IF
H miR-21-5p Ay mi Ik 7] LA 5% HPV FH M5 #9819
EMT,

3.3 miR-21-5p @it PISK/AKT {& S i@ g 1438
HPV PR EHEEEMER

PI3K/AKT {55 i I% /2 40 ifs N & Z 19 15 5 1%
S@tez—. 52RO & KRS DA,
IR W], PISK/AKT {5 538 % 7] LA 5 i g 4
) EMT i #27, fn AKIP1 i3 PI3K/Akt/ICKB
AR VE T U A0 M B9 EMT G R 5 FLE 05 R 5a
it PI3K/AKT/mTOR {555 38 #4102 3509 40 i 4
BT A EMT #E#2 ., b, Bossler F 4 18 &
B Hsp90 il i+ HER2/PI3SK/AKT &4 i PD-L1
{eik HPV-FH M5 S . A6 58 & it 3R 3K miR-
21-5p I LA #F HPV FH M5 2509 40 il b p-PISK,
p-AKT 235, i # /il miR-21-5p-inhibitor A] Lk A
HPV BH 5 30 40 il p-PI3K. p-AKT £k,
e, A BF ST HE I HPV 1] 88 1% 5 miR-21-5p i &
PISK/AKT &2 . 42 #F & U i 40 i i) EMT Fl i
T R

3.4 HPV/miR-21-5p/PI3K-AKT =B # =
MEE BRI E T e =

miR-21-5p MY 3k 55 E 309 40 Ml A9 M1 T 5
YIS, X 2 W miR-21-5p ] B 5 K B S IE U7
) — AR, IF KRB F I miR-21-5p &
ST X RNA 5 siRNA £, il GE4 BY
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T SR G U . A, £ X miR-21-5p (140
FITTRE 5 A M0IRIT F B & IR R I KR TRICR .

M2 HPV ¥ 5 miR-21-5p ik Fd, ol fE i
i PIBK/AKT {5 53 /v 5 EMT i3 72, M4
SHREY S0 A0 LT AL MR B BE ). AR B RS S
22 31 Ho Aty 2R Al B3R ) 5 ) A T 3k — 2B 1 B
G s AR I T 25 A T 21 R BERHE AT IR AR
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