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(HWE] HMY IS HIRE T 585 5 B (hypoxia-inducible factor, HIF )-1a 5 circ-UBE2G 1
AH B A S H IR B 9 (thyroid cancer, THCA) ¥ (9 HLHI . J5ik I GEPIA £t 4 & 73 7 cire-
UBE2G1 5 HIF-1a 7E THCA " (1) 235 55 55 K AH I L i 3 Kaplan-Meier A2 47 B 28 73BT cire-UBE2G1 Al
miR-330-3p 5/EAF R AR . THCA 20 i 5 88 T i S0 A BE i 3 7% 4L U8R HIF-1a 5347 HIF-1a X cire-
UBE2G1 % s (0845, 3130 4 55 G R T 2R cire-UBE2G 1, 1 3 #5371 50000 60 XL 20% S 25 Tl 41 45 36 PR 3631
miR-330-3p 5 circ-UBE2G1 8¢ HIF-1o FHE 1] 5C R o F FHEE 4 73 1 HIF-1oc it 33K DL K cire-UBE2G1 {iT
BT THCA A M A MR 220052 o 38 2T B2 R VS HIF-1a0id 38 DL cire-UBE2G 1 TIEER ) THCA 4fiffd
Fa g far R AR BB Il PR WA THCA 4 ZURIE 55 1E B A AR 73 AT cire-UBE2G1 \miR-330-3p 15 HIF-1a /1Y
TR FARFANE . B RS 4E RFW cire-UBE2G1 5 HIF-1a 52 IEAH 5 (P<0. 01) , cire-UBE2G1 Y
fm #2385 THCA B35 IR AE A7 3 AH OC (P=0. 024) o ] HIF-100 BH W7 R 4 X cire-UBE2G 1 (Y 42 #F/E H
(P<0.05) . UL circ-UBE2G1 #l il THCA 4 Jfl i % #1142 2% , 306 % HIF-1o0 % A9 £ 4 H (P<0.05) .
X 5¢ ) 2% W A 25 R, miR-330-3p 23 %) 5 cire-UBE2G1 Fll HIF-1o ¥ [i1] 45 45 (P<0.05) . 3T %k
cire-UBE2G1 T E miR-330-3p 7K F-F+ 5 (P<0. 05) , i 3 il miR-330-3p WA i HIF-1a 93235 (P<0. 05) .
I R THCA #£AS H cire-UBE2G1 5 HIF-1o ¥ 785 H 52 TEAH G (P<0. 05) , If H THCA #: A miR-330-3p
ik H 50 5 cire-UBE2G1 A HIF-1a 5 U AH G (P<0.05) o 85 BG5S HIF- 1o 23502 U
cire-UBE2G1 BY%% 5% , cire-UBE2G 1 18 3 # [6] miR-330-3p {2 #F HIF-1a 235, N2 #F THCA #5675 .
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Mutual regulation of HIF-1a and circ-UBE2G1 under hypoxic microenvironment

promotes thyroid cancer metastasis
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[ Abstract] Objective To investigate the mechanism by which hypoxia-inducible factor (HIF)-1a and
circ-UBE2G1  mutually regulate and promote thyroid cancer (THCA) metastasis under hypoxic
microenvironment. Methods The GEPIA database was used to analyze the expression characteristics and
correlation between circ-UBE2G1 and HIF-1a in THCA. The relationship of circ-UBE2G1 and miR-330-3p
with survival rate was analyzed using Kaplan-Meier survival curve. After THCA cells were exposed to
hypoxia, HIF-1a was silenced by transfection to analyze its regulation for circ-UBE2G1 transcription. The

targeting relationship between miR-330-3p and either circ-UBE2G1 or HIF-1a was verified by sequence
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prediction and dual luciferase reporter assay. The effects of HIF-la overexpression and circ-UBE2GI
silencing on THCA cell migration and invasion were analyzed after corresponding transfections. A tumor-
bearing nude mouse model was established by subcutaneous injection of THCA cells with HIF-la
overexpression and circ-UBE2G]1 silencing, respectively. THCA tissues and adjacent normal samples were
clinically collected to analyze the expression levels and correlations of circ-UBE2G1, miR-330-3p, and HIF-1c.
Results Bioinformatics analysis showed that circ-UBE2G1 was positively correlated with HIF-1a (P<0. 01),
and its high expression was associated with a low survival rate in THCA patients (P=0. 024). Inhibition of HIF-
la blocked the promotive effect of hypoxia on circ-UBE2G1 (P<0. 05). Silencing circ-UBE2G1 inhibited the
migration and invasion of THCA cells (P<0.05), and reversed the promotive effect of HIF-la on these
processes (P<0.05). Dual luciferase reporter gene assay revealed that miR-330-3p targeted both circ-
UBE2G1 and HIF-1a (P<0. 05). Silencing circ-UBE2GI led to increased levels of miR-330-3p (P<0. 05),
whereas increasing miR-330-3p inhibited the expression of HIF-law (P<0.05). In clinical THCA samples,
both circ-UBE2G1 and HIF-la were increased and positively correlated (P<0. 05), while miR-330-3p was
circ-UBE2G1 and HIF-la  (P<0. 05).
Conclusion Hypoxia promotes the transcription of circ-UBE2G1 by inducing HIF-1a expression, and circ-

lowly expressed and negatively correlated with  both

UBE2G1 promotes HIF-1a expression by targeting miR-330-3p, thereby promoting THCA metastasis.
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{61 ) GEPIA T_ELX] THCA Y 01 347434, hgh A
510 )95 15 BE AT Kaplan-Meier M, 3% cire-UBE2G T H1
DB AR IR (n=255) Al i ik 4 (n=255) , il 1
Kaplan-Meier 25 £7 [l £k LA 2 41 3 B AR SR A
Pearson ¥ % J7 B 46 I THCA 2H 23 K 41 J& 1l cire-
UBE2G1 5 HIF-1a B9 #H Mo L Starbase £ 122
509 5 THCA 2021} 58 {4l 1" ZH 41 miR-330-3p 7K F-
PEAT A, AR E miR-330-3p H L ECK: THCA 9% 51 53
RF IR (n=287) Fl i KR4 (n=219) , Fbi 2 4 Bk
1.2 THCA 41224 K
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SR REA . AR iE - D2 BE A K I 6 2
THCA ; @15 W12 ; @B A& At 58 ik It R & . HE
BRbRE . AdLRTEEZ 3 F R BT AT Ry IA S
FFXF THCA IIRYT o AHBURAE L LR B 225 Y
J& B2 B A 2 51 At [ YXLL(KY-R)-2021-030] .
1.3 fmiaisfdeiia

NCTE BRI 40 B HTori-3 (YS4003C, HE 7 ,
TR ) R AR I 95 (THCA) 40 iftE ACT-1(YB-H1078, % 1A
Bl ED 7R S A 10% B 4 10T B9 DMEM 15 57 5t
(Gibco, £ ) h 7% . AMMIAE 20% 0,.5% CO,.37 C
F195% 1% B i35 A v s 7 o SRR PR B 4 i e
1% O, 551F T 4557 48 h,

212 5320 1 : Control . Hypoxia  si-HIF-1a . Hypoxia+
si-HIF-lo, HRHE 5L 24K, 5 G4 si-HIF-1a K IT#R HIF-o
BCETE 1% O, MBS TR R 44340 2: Control |
HIF-1a. si-cire-UBE2G1 ., HIF-1a +si-cire-UBE2G1, #
P4 20 44 FR, 7 YL HIF-1o 13 35 35 5k LU M si-cire-
UBE2G1, 8{ & 548 HIF-1a Ml si-cire-UBE2G 1., 4 Jifd
4% 20 3. Control . cire-UBE2G1 ., mimic. circ-UBE2G1+
mimic, R 5 53 4 44 FK , 53 5 % GL cire-UBE2G1 L K&
miR-330-3p mimic, 8 ¥ 5 4t cire-UBE2G1 #l miR-
330-3p mimic. 54 48 h J5 K4 LA IG ) EA
FIHE 5E RE
1.4 #3

HIF-1a.si-HIF-1a . cire-UBE2G1 . si-cire-UBE2G1 .
miR-330-3p mimic M X} [ () NC/siNC 211 [ 7 5 24
A o HIF-la () ¢cDNA J3 51 2k 3 A28 58 K 41 (NM_
001530) , # 4K pLVX-HIF-1a, %1 %} HIF-1ae mRNA
1 45 S siRNA JF %18 5 -GGAUUCAAGUGUAGGA-
GAA-3' , # A& & pSilencer3. 1-HIF-1a, circ-UBE2G1
79 5 51 k% F NM_003342. 5, % 14 5 pENTR/H1/TO .,
si-cire-UBE2G1 4 )7 5]} 5" -GGAUUCAAGUGUAGG-
AGAA-3", # 4K Jy pENTR/H1/TO, miR-330-3p mimic
J$%1:5"-GCAAAGCACACGGCCUGCAGAGA-3' , #k &
9 miRNA o Rk #5057 Y ml o i e HL K
J7 ¥ T 5 B 50 pmol (0. 67 pg) TR BT 25 WL
1M 7E DMEM "4 Mk F Ao B 1 wL Entranster -
R4000 (Engreen, #1 [# ) 55 24 wL JC IfiL 7§ DMEM & &
25 min {EAEGR Bo 425 pLili A 525 pLikH| B 5&
SrRA (B WA T 107K) , 8 15 min J5/ENFE YL
BEY . M50 pnLE G G W 4L 0. 45 mL 58 21557
JErp A 20, B YA A NC B siNC FRiAE g % 1R
1.5 RT-qPCR

BHA B E M E T 1.5 mL I EPh, IF7E 0K
AL mLBEY Trizol, & 1 mL A% Trizol, A 0. 2 mL

A RIZEE 15 s SRS RS T B CE 3 min, 25 TF
4 “CF LA 12 000xg [A5E 4 205 15 min, K )2 KA
B2, KA B SN BT IE RNA, JR7E ik
MO 10 ming F22 BIEWRE  H 75% SR
RNA JLVE . 8 1 mL B9 Trizol, Z /D i1 A 1 mL )
75% LB SRIGTE 4 °CF L7 500%g A5 250 5 min.
4 RNA UUPEFE Z I B BT 3~5 mine MIA 25 pL G
RNase [ 7K 7 fft RNA. 7EKZ I cire-UBE2G1 B, {8
RNase-R 7 i¥i % 5% Hif I B 4 P mRNA. 23 0 fiff 1]
PrimeScript RT Kit (#DRR037A, TaKaRa) Fll miRNeasy
Mini Kit (#217004, giagen) ¥ mRNA Fl miRNA ¥ % 5%
7% cDNA, i SYBR Green i 7 (#A2203XL, 7 ,
) F TaqMan miRNA (KMD122014, KEMOBio, 51 ¥ )
PEAT qPCR P71 o R JH 27 )5 ¥, cire-UBE2G1 Al
HIF-1a mRNA N2 GAPDH, miR-330-3p & U6,
1.6 Western blot

{6 FH 100 WL 20 i 2 f 0 . 1 L 25 F Tl T 3 570
1 WL B LA O R (PMISTF ) Y5 T A 114) 228 i 8 Ok 34 fi
ek . 2ead B0 AbFE (12 000%g,4 °C, 15 min)
Ja B DERIER S — 1 LS mLEOE R, B
2.5 pLEEAR 5 22,5 pL =2 KR A T 0 TR
P A T . R 8%~12% 1+ ke LR IR
B -BR M e R I L K (SDS-PAGE ) AT 2058 . SR
PEATHENR, 00 V IH JEHE 5 90 min. 45 WG IR )5 , B e
FA T 5% WNE Y58 i TBST, 3% K T 2 he, Bl n
A YL HIF-1a — 3T (1: 1 000, ab179483, Abcam, 3
B, FFFE4 CFREEKR. 25,5 =9t(1:2 000,
ab6721) 7£ 37 C F W & 2 h. f#i Jl ECL i # &
(Amersham Biote ) #1 IPP6. 0 4 #E 47 ED 30k n] # 4k , IF:
i 1 N2 GAPDH S AS AR 3k K-
1.7 CCK-8 il 2w i A1

W e B Ry 5x10°/mL A4 ARE R (100 wL) A 96 L.
My #fL . FERE 92 1.2.3 dJ5, IMA 10 pL CCK-8 %
W HFLAE T 37 CRIBLERE R T2 5245 52 1 min,
DIFAPR SR 5] o dREEMEE 2 h AR 2F i SR 0, Bl
Ja FFRRIEE 2 he LR A (HBS-1096A , 75
Bk, v ED RN 450 nm YK T B GCER
1.8 RIS EIHn it

W 3 10° 4~ 41 i /mL 42 Fh 17 A 478 A B 85 37 1L
(#80206, IBIDI) H, 5555 24 h IFRTS 100% Y #Rl-& 1Y
A)ZE . RA 1 mLBIEARA S 1 mLA1200 pl (9%
S FUH A EAERTAHTB P A2 00— B
AR o PBS 5% wh T U e e R 1 DL R TR TR
IAHME . 50 JC I3 35 R B 1 3%, 76 0 hoid 45 1 4
MBI R BEIRAS SRS 7E 37 °C 5% CO, I 55 3548 v k4
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Overall Survival

WHEZE b1 23 At [ YXLL(KY-R)-2021-030],
1.12 %t S04

fd FH SAS 6. 12(SPSS, 3£ [ ) X 45 R ik 17 T Ak,
i T e A 50 PR 2R 5 22 3 A B Tukey 462 50 73 B 20 1] 22
o WEP<0. 058 RERAGIEE XL,

2 #R

2.1 circ-UBE2G1 5 THCA 7 )& #9 % & % 5 HIF-1a
#4948 % Pk

GEPIA rh 344 A 510 15195 151 £ 17 Kaplan-Meier 43+
BT, 4% cire-UBE2G 1 Wi 8 3 ARG (n=255) T iy
FEih 4 (n=255) . circ-UBE2G1 5 31k BB & A [ R 01
AR T cire-UBE2G1 Ik 3R ik 8 3 (P=0. 024, K1 1A) .
I Ab, cire-UBE2G1 5 HIF-1a £E THCA £H 23 A1 41 J& 1fi
rhELEAISE(P<0. 001, 1B.C) .
2.2 HIF-1a#A3% circ-UBE2G1 #9 4 %

T 5B HIF-1a X5 cire-UBE2G 1 #4 S5 (5200 , 1)
A HIF-1o UUER A9 THCA 41 (P<0. 05, B 2A) , 7 1%
() 0, 25 F T 175 3 4 i 48 h A4 d G S IR B, 25 S 6 1
cire-UBE2G1 Hl HIF-1a 7K - 4 56 , B 2 35 F cire-
UBE2G1 Fy 254 /i1 (P<0. 05) , T T 2R HIF-1o AH I
il circ-UBE2G1 f4 7K -, 1 H. BH W7 T it 58 X cire-
UBE2G1 8555 (P<0. 05, 5 2B~D) .
2.3 HIF-la i it 3 F cire-UBE2G1 8 42 THCA %9 i
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¥ 7 HIF-1a 33 32 35 FI/8% cire-UBE2G1 3T 2k 1
THCA 20l , g i#f — 20 ) W] HIF-1oc 38 2 98 # cire-
UBE2G1 X[ B8 (520, 23 5 A6 i 1 HIF-1o it 63K DA
K cire-UBE2G1 1T 2R i THCA 40 it (K] 3A~C) , 45 5
B, 5 Control 2H He4 , HIF-1o H A 4R IE TS 1 1T 2 A
S22 RE 1 2 TF i (P<0. 05) , cire-UBE2G1 4H Y 4
ML 3& 71 A B8 RN AR 28 1 BE ) 8 35 B AIK (P<0. 05) , 17
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A:Kaplan-Meier £ & W 25 547 circ-UBE2G1 5 THCA & % 4 A & 49 X % ;B: Pearson # 3 547 circ-UBE2G1 5 HIF-1a 42
THCA 2822 ¥ ¢948 % 2 ; C: Pearson 2 22 5#7 cire-UBE2G1 5 HIF-1o /2 41 & o W 69 48 2 &

B 1 circ-UBE2G1 5 THCA Fi/EHIX R B 5 HIF-1a R4 X 1%
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2.4 circ-UBE2G1 5 HIF-1a #4 ¥2.4 miRNA

i 1t FE 41 23 M 54 cire-UBE2GT 5 HIF-1a 22 [
A BEAEAE M HE miRNA, I & T 94647 19 miRNA
miR-330-3p . miR-888-5p. miR-493-5p. miR-199b-5p .
miR-411-3p , miR-199a-5p . miR-379-3p . miR-338-3p #/l
miR-155-5p (|81 4A) . Fifi 5, 7E THCA 4t il th#h) 2 cire-
UBE2G1 LER BB ARY | FF A X 9 4> miRNA 1 R 1848
b, 45 & Bl miR-330-3p Ay £ iA K F B % 1R (P<
0.05,[814B) . AEYME B4/ 4878, 75 THCA 4141
H miR-330-3p 1Y %35 T # (P<0. 05, E 4C) , 3 H miR-
330-3p AYIK £ 35 5 THCA A B Fil J5 25 V) AH 56 (P=
0.016, [K14D) . i 43 4 M 52 55, UE 5L miR-330-3p
43 B HE 1) 5 cire-UBE2G1 Al HIF-1a 45 4 (P<0.05,
KI4E F).
2.5 circ-UBE2G1 i@ it miR-330-3p A 4% HIF-1a #)

Ak

F % cire-UBE2G1 1 %3k LA K miR-330-3p i %3k

TCHA 4l (P<0. 05, 5A .B) . 455 it ik miR-

330-3p # il HIF-1ao mRNA F17E (4 % ik (P<0. 05) , i3
3K cire-UBE2G1 A UAE #E HIF-1ae mRNA Fl 2 1 &
1k (P<0.05) , i H. 3% % miR-330-3p XF HIF-1a 1Y 310 5
(P<0.05,&5C.D).
2.6 FrfEaR R 53 5 AT cire-UBE2G1 A & HIF-1a %
THCA %) % v

43 3 A H cire-UBE2G T UL EK DL J HIF-1o 33 32 35
(9 THCA 21 s ) 2 for 988 B BB 28U (8] 6A) o 1 3R 36
HIF-1o 5 S0 P88 1A BRI BT 12 34 i (P<0. 05) , i P 8K
circ-UBE2G 1 [ 8% I 4770 ] e 8 {42 FHFN 5 & (P<0. 05) ,
HIF-1a+si-cire-UBE2G 1 21 IR AR B A it KT si-cire-
UBE2G1 4, fik T HIF-1a 41 (P<0. 05, Kl 6B) . 14k,
HIF-To A FF AR T RS ZH 20 cire-UBE2G1 7K
SEFEAIH T miR-330-3p(P<0. 05) , ML ER cire-UBE2G1
SEHIF- 1o FFEAT miR-330-3p FHE5 (P<0. 05,181 6C.D)
HIF-1a+si-circ-UBE2G1 20 HIF-1a . circ-UBE2G1 1% T
HIF-1a 4 .5 T si-cire-UBE2G 1 ZH(P<0. 05) ,miR-330-3p
T HIF-1a 4 | fi& T si-cire-UBE2G1 44 (P<0. 05,
6E.F),
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