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Tumor-derived exosomal hsa-miR-29¢-3p regulates angiogenesis in cervical
squamous cell carcinoma by targeting ATAD2B

ZHANG Fang, LI Ya, ZHOU Fei, TAN Songhong (Department of Gynecology, Hengyang Central Hospital, Hengyang 421000, Hunan,
China)

[Abstract] Objective: To investigate the role of SiHa cell-derived exosomal hsa-miR-29¢c-3p in the angiogenesis of cervical cancer
(CC). Methods: Cancer tissue specimens from 45 patients with cervical squamous cell carcinoma (CSCC) and normal cervical tissue
specimens from 15 controls were collected from Department of Gynecology, Hengyang Central Hospital from January 2019 to
December 2021. CSCC SiHa cells and human umbilical vein endothelial cells ( HUVECs ) were routinely cultured. miRNA-NC,
hsa-miR-29¢-3p, si-miRNA-NC, and si-hsa-miR-29¢-3p were transfected into SiHa cells with Lipofectamine 2000, grouped as
miRNA-NC group, hsa-miR-29¢-3p group, si-miRNA-NC group and si-hsa-miR-29¢-3p group, respectively. HUVECs were transfected
with mimic-NC, miR-29¢-3p-mimic, pCMV-NC, and pCMV-ATAD2B (ATPase family protein 2B with AAA domain) using
Lipofectamine 2000, grouped as the mimic-NC group, miR-29¢-3p-mimic group, pCMV-NC group, pCMV-ATAD2B group, and
pCMV-ATAD2B + miR-29c-3p-mimic group. The expression of hsa-miR-29¢-3p in CSCC tissues was detected by in situ hybridization
(ISH), and CD31-positive blood vessels in CSCC tissues and xenograft tissues were detected by immunohistochemistry (IHC).

[(E€mE] iSRRG E (No. 202222035651
[MEEBMN]  5k5(1985—), 2, it , FE M F IR TE P 45 Wb SR8 1 . E-mail: 48145056@qq.com
[B{E1E#] 2 ,E-mail: 3074272282@qq.com



- 152 - FR [ R AR TR 9T 24 3, 2025, 32(2)

Exosomes from SiHa and C33a cells were isolated and characterized using transmission electron microscopy (TEM) and western
blotting (WB). The uptake of exosomes by HUVECs was examined. The expression of hsa-miR-29¢-3p and ATAD2B mRNA in SiHa
and C33a cells, as well as in their derived exosomes, was detected using qPCR. Tube-forming assay, Transwell assay, and scratch
healing assay were performed to detect the effect of exosomes on the ability of HUVEC migration and tube formation. Dual luciferase
reporter gene assay verified the interaction between hsa-miR-29¢-3p and ATAD2B. Xenograft experiments examined the effects of SiHa
cell-derived exosomes on transplanted tumor growth and angiogenesis in each group. Results: hsa-miR-29¢-3p was highly expressed in
CSCC tissues and was positively correlated with microvessel density (MVD) (all P < 0.05). Exosomes derived from SiHa and C33a
cells exhibited typical exosomal morphology and protein expression patterns. Exosomal hsa-miR-29¢-3p from SiHa and C33a cells
were efficiently taken up by HUVECsS in vitro. The SiHa cell-derived exosomal hsa-miR-29¢c-3p promoted not only the tube-forming
and migration of HUVECs in vitro but also the xenograft growth and angiogenesis in vivo (all P < 0.05). hsa-miR-29¢c-3p directly
targeted ATAD2B and regulated its expression (P < 0.05). Overexpression of ATAD2B reversed the promotive effect of hsa-miR-29¢-3p
on tube-formation, migration, and scratch-healing in HUVECs (all P < 0.05). Conclusion: SiHa cell-derived exosomal hsa-miR-29¢-3p
regulates angiogenesis in CSCC tissues by targeting ATAD2B. Exosomal hsa-miR-29¢-3p may be a potential diagnostic marker and
therapeutic target for CC diagnosis and treatment.
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A\ CSCC 4f i SiHa. C33a. A JBF & ik 9 5 41 i
(HUVEC) F AR B 293 T 41 g 1 | Jb 5 db g 4=
MR HA R AE . Jf4 7% (FBS) . DMEM. RPMI
1640 Lipofectamine 2000 TRIzol i 71| & 411 [ 78 Bk
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Sigma-Aldrich; 7 AAA 45 35 1) ATPase % 1% 5 [
2B (ATPase family AAA domain containing 2B,
ATAD2B) .GM130.CD54 . Annexin.CD54 il GAPDH
Puik M H Abcam , HieffPexosometracker kit 4 i {4
SR BN &I H B XY RE R 0
HIRAH .
1.3 @it kb5

SiHa #i Jifi 7€ 10% FBS f) DMEM 1 £ 7% .
HUVEC 7£ 10% FBS [l RPMI 1640 H1855%, ks 77
SiHa 4t , H Lipofectamine 2000 ¥ hsa-miR-29¢-3p.
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miRNA-NC. si-hsa-miR-29¢-3p Al si-miRNA-NC #% 4t
% SiHa 40 il , 43 1) ic 9 miRNA-NC 4 . hsa-miR-
29¢-3p A « si-miRNA-NC 41 1 si-hsa-miR-29¢-3p 4 »
H] Lipofectamine 2000 ¥ mimic-NC. miR-29¢-3p-
mimic. pCMV-NC. pCMV-ATAD2B 7 %l #
HUVEC, 43 712 ¥ mimic-NC i . miR-29¢-3p-mimic
ZH . pCMV-NC 4 . pCMV-ATAD2B #H Al pCMV-
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FETC LS B F8 9 h 55 97 24 b, W BB, % LIS
7£3 000 x g B0 15 min, PL2< B 40 M A0 40 o w1 s
J& 5 Exo-Quick /MM TTIE IR & b i . SR )5,
fE4°CFLL1 500 x g &350 30 min. CKf AM A B iF AE
PBS ™, [iti J5 4% F1| ¢ RNase (130 i 77 sk 4T
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W 2% 2 5 R [ o b S PR A 0 A SR 0 AE 9
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P HE 106 P AR B R R FR T, F AN A S f1 7
e BRI 6 I PKH67 MIA SR (58 e hric Yokl
XPAMIAMA AT AR . FHARE C 4% PKH67 linke fifi 7
VR FE 10 1% , T 1WA B2 > 100 pmol/L i Gkl TAF W ;
7610 pg AMAA NN 50 pL Gebl TAETR B B 0 5
B IR AR AT 1 min , T B AL 10 min; A
Ab B S5 1AM IAA - LR A 0 i 10 mL ¥ PBS
TR s ¥ HR AN AR R B 7 v B IR B B A W Ak DA 2 Bk
% gkl B J5 L 200 wL PBS & &2 UUIE, A
1 x 10°/HUVEC H1. 7£0.6.12.24 136 h I i &
HUVEC H - qPCR 5 J% 2 St Aar il 43 #r -

1.7 qPCR ik # | SiHa. C33a %@ L 4= 5 i 4k P
hsa-miR-29¢-3p #= ATAD2B mRNA 49 & &

F TRIzol 12X 771 B G 15 2H 240 i A1 A0 A4 1 o
S RNA. A BeyoRT™ III cDNA 2 — 8% & Bl it
7 & ¥ RNA [ 5 5% 4 cDNA, B 2 pL ¢cDNA # 17
qPCR, 2 % 2644295 °C 3 min; 95 °C 55,56 °C 10 s 1
72°C 25 s, L35 MG Ik J5 £ 65 C R IEK 5 s
SIFFINZR 1. LLU6 8L GADPH AN Z REEH , K
2" it 8 hsa-miR-29¢-3p % ATAD2B mRNA #

X &

&1 59F75)

B[R 44 Bk NRCEEY

K51

hsa-miR-29¢-3p  5'-AGCTACATTGTCTGCTGGGTTTC-3'

5'-AACGCTTCACGAATTTGCGT-3'

U6 5'-CTCGCTTCGGCAGCACA-3' 5'-AACGCTTCACGAATTTGCGT-3'
ATAD2B 5'-GCGGCAGACTTTGGACCTCAAC-3' 5'-GCAGCCCACTTCACGAGGCTA-3'
GAPDH 5'-ACAACTTTGGTATCGTGGAAGG-3' 5'-GCCATCACGCCACAGTTTC-3'
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1.8 WB ik & M) S} ik 4R P & 42 & & A= & 41 HUVEC
+ ATAD2B & & 89 & &

FH 25 1 2R T A/ A PR A A 0 5 2 44 i 1)
M AR, 4 10% SDS-PAGE 73 B J5 #:#% 2 PVDF Ji
FoHS% M EAEEE A h, 4 CFH—HL
WACEEE A, — B IS SN R RAE DR [GM130 B 4
(1:1000).CD54 T 4& (1:1 000) . Annexin #i {4
(1:1 000 A1 CD9 i 44 (1:1 000) ]+ ATAD2B i &
(1:1 000) A1 GAPDH i {4 (1:1 000D , i PBST ¥ i
3 I JE BRI A Y A 1 B Bt (105 000D 4b
H 1 h, 55 H PBST Peff5 , 38 5 4k 25 637 2
JNER 25T, F Tmage J 5093 HT 2% i I 2R FEAHL
1.9 AR XIEA M M b3t HUVEC A6 B8 7 69 % vh

F %% e % 2H SiHa 20 A oK U5 1) 41 W6 44 ik 2
HUVECCH# 10 ng &b Wb 44 5 & T 100 uL PBS H
A1 x 10/~ HUVEC) , H] 7 L3 i) RPMI 1640 #ii B
HUVEC, AL 100 pL (& 1.5 x 10*> HUVEC)
e T A 2 R A 96 FLEF 3R MR L, 37 °C R RE 3%
6~8 ho TEEIE WAEE ~ %L .

1.10 Transwell /> 'F 5% B Fo R JE AT A 52 3o 48] &- 48
HUVEC #9:iL 4% 6k

1.9 15 775 H A AR 4 B HUVEC, £5 97 24 h
S5 W £ 4 L, FH JC I3 RPMI 1640 45 F: (1 x 10° 4/
200 pL) JF 0N 2 Transwell L%, %8 A I4 56 7 ¢
R = J, INE 10% FBS K] RPMI 1640 £ 77 % .
B4 hE, oA ARG Qe o, ¥R R N R I 40 M, 7
FeEE RS N BENLI S LR (% 2000 . SEERAAT
HHE 3R,

% Transwell /)N % S5 (1) 77 140 BE HUVEC, Y4
HUVEC J& A1 x 10° N1/ FLIC 3 FE R T 6 LA, 24
YRR A BE 2 70%~80% I » FH TG a8 Sk RIR ,
PBS WEi% £ BRI 40 . £E 0 F124 hist 3] & 54
B RIEEIG . ] Image J#-INE & 4H RIIR 56 7
111 & & & B4R -4 A & 5% 10 32 4F hsa-miR-29¢-3p
5 ATAD2B 9 ¥e i 28 & % &

JH i PCR ¥ 1% ATAD2B 2 [A] 1) B A= 8 (WT) #l
RAFH (MUT)3'UTR F B, 7l N\ XUEE 6 2 g4l 5 2
AR, K 3 N 3'UTR-ATAD2B-luc-WT
3'UTR-ATAD2B-luc-MUT. H Lipofectamine 2000
3'UTR-ATAD2B-luc-WTH13'UTR-ATAD2B-luc-MUT.
mimic-NC F1 hsa-miR-29¢c-3p-mimic 3 %% 4% %= SiHa 4]
M , 4% N 3'UTR-ATAD2B-luc-WT + mimic-NC 41 .
3'UTR-ATAD2B-luc-WT + hsa-miR-29¢-3p mimic 2 .
3'UTR-ATAD2B-luc-MUT + mimic-NC 2 . 3'UTR-
ATAD2B-luc-MUT + has-miR-29¢-3p-mimic 4. 5 4%
48 h e, Roril o e % 2H W e R M

112 A A8 5% 3042 M) & 28 SiHa 2m it R IR Sh iss AR 3
G E KOG Foh
0 6 JE i i I g A AR SR 1 b 438 R 42 )

Y IRAT . A5 MR4NHE (SiHa 41, 5 x 10°4v/100 pL/
INBOTNBE R N o 453 dIE— KR AA,
THRA XA (mm®) = (R x KE2. MRIE
Fl Fe /MR 50 mm’ B CRATE Mg M S 12 D, 4 3)
YIEBENL B R ED NS e R M3 B &A
SiHa 41K IF 1) 10 pg MR E BT 20 L PBS H i+
SNFEAESRE Lo VES S IRUE, SRR IR AR AR IS B4
300 mm’, /] R A 22 SR AL, R B RS R R , 22 3R W [
A AEY) F fE AT THC Gt 70 Bt .
1.13 it a®

AW 78 K I SPSS (20.0 RO 3R A% HEAT G it 24 4%
Mt » AN B 3 B GraphPad Prism 2E . #F & IE&54>
BT B HAE D s Fon, AR LB A e 56, 2
A 1A] LL A H 5. R R 07 2 70 B CANOVAD K 56, #H 55 7y
1 H] Spearman 25 20 #5 % . LA P < 0.058¢ P < 0.01 &
INESFRARIFE X

2 #F R

2.1 hsa-miR-29¢-3p £ CSCCAA LR P EH ki HE
H % & % & (microvessel density, MVD) iE 48 %

JRAL F A B AR M &5 R (B 1A B, HIEFEE
L SURE A A EL , CSCC 41 21 1 hsa-miR-29¢-3p 1]
FIEWE T # (P <0.05 . CSCC H hsa-miR-29¢-3p
MR IE K5 MVD 2 IEAH K (B 1B, 7 = 0.654 4;
P<0.000 1), SEEE5H K P, hsa-miR-29¢-3p AJ BEFE
CSCC i ik I A= il o
22 AR HUVEC # B SiHa. C33a 2@ & % R 44 51
wLAR B H 6,4 69 hsa-miR-29¢-3p

FH % 5 L 85 1 R AT WB 2% SiHa C33a 41 ffd ()
BRI o B AN IR AT S, A5 R (BI2AB) 2
7N AR B BURAMORIEAS , A4 30~100 nm, 54
JE B AR, A R /> GMI130 B T, 1 B ARSI
3643 B 1 AN AMA IE# JC 1% . HUVEC 3% 8 PKH67 #5t
0 O6 B A W R S ek I 45 R (B 20) BoR,
HUVEC " 23 W gk 8t . SEgn 45 2R W,
SiHa.C33a 41 1) 4 iR e % 3 N HUVEC W #K #%
EH.

qPCR 7461 45 B (] 2D) 2715 , 5 PBS i HE Al
miR-NC 41 H 4%, miR-29¢-3p 41 SiHa ZHl fitd [ I Ah s 44
H miR-29¢-3p /K-35 i 3 T 5 (P < 0.05) ; 5 PBS Xf
HE . miR-NC 41 . miR-29¢-3p 4 . si-miR-NC 41 b %5,
si-miR-29¢-3 41 SiHa 4f ffd J& H &1 WA 4 H miR-29¢-3p
I 2 48 3 FRAR () P < 0.05) . 525645 51 B, SiHa
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41 i A0 L Ah i A bl Th it R IE T miR-29¢-3p, i HUVEC J& , qPCR £ Wl 25 8t (] 2B) &7 , 5 PBS X}
si-miR-29¢-3 th A D AT | miR-29¢-3p [ FRIA . F8 \miR-NC 41 Hb % , HUVEC H miR-29¢-3p 7K 734
F % e % ¢ SiHa 40 ok U5 1) 40 W ik A B BIHE Y P <0.05), LR

A
miR-29¢-3p

EHAHR

CSCCHA

B

&K * miR-29¢-3p CD31
B 300 )
g .
g{é 200 %
S O |
Q 100 2 |
Clé O Jhb 4
E 0 g :

B Hi 41 CSCCLH A 50 100 150 200 250 300

miR-29¢-3pHe i 43

A ISHYERE I IE 355 5 341 21 A1 CSCC 204 hsa-miR-29¢-3p FHIFIE ( x 200) ; B : ISH Al 4% 2 AL LA I AH 48 CSCC A2 Fr

hsa-miR-29¢-3p f1 CD31 & A I FRIA.

1 ISHFNTHC £ hsa-miR-29¢-3p F1CD31 FEH A EE S MM CSCC AR FRFRIA

fon

T

PKH67 B B- A IR

C33aRIFAMAAE  SiHadR IR AN ik

D o

B miR-NC

miR-29¢-3pIAENT & &

B
o o SiH. C33
SiHask IR i 330U N s
e ’ GM130 |,_!._,.. I 130 kD

CD54 |.—-— _-| 89 kD

Annexin | — - | 30kD

CD9

20 um

20 pm

B miR-29¢-3p

Si-miR-NC B si-miR-221-3p Wl PBS X si-miR-NC-Exo
% 8 miR-NC-Exo Bl si-miR-29¢-3p-Exo
- 6 [ ™8 miR-29¢-3p-Exo
% %k
Y
& > *
+=
[
=
& T
! ES
o]
ONI\ 2 *H M g e £
_% 1ha-n- 1 1B 1B :1 B
S TN NN
i Sk 0 6 2 13 24

B 8] /h

A 35 ) R B LR AN T A AT K/ s B WB A6 ) C33a A1 SiHa He 5 AMBAA (R AL ; C: FL T A8 B AMAE W 22 PKH67 (54 (1) bR
1c SiHa Fl C33a K IF /M4 HE HUVEC £, % P B AR IE i A K2 78 HUVEC (ZL68) , DAPL R /R U iz A B4 G 2D
D : qPCR A6 I 55 H 45 21 SiHa 20 ffa 1 EL #1344 7B hsa-miR-29¢-3p 71k ; E : qPCR 2 A0 I 4% 4 5525 SiHa 4TI M K5 ) 40 A kb B
JG HUVEC " hsa-miR-29¢-3p /K-, 5 PBS 2 8 miR-NC 418§ si-miR-NC # LL. 5%, "P < 0.05.

&2

TERSN HUVEC R BY SiHa  C33a ZHARRKIRE A M i 4 F1 AY hsa-miR-29¢-3p
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2.3 SiHa %@ 8 k& IR 89 b ik AR 7T £ AR 9P E 3 HUVEC
89 B E AL AL AR

B S0 I A S IR AR R A A S IR ARG I 45
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