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[HE] BB %1 hsa_circ_0073762 7& H R BE FL K IR 98 (papillary thyroid carcinoma,PTC) H (1) 45 7E H , #&
RHEERMERYLE . Ak SRR E S )y % PTC 5 1E % 4 i 25 5 £ 18 3R RNA CcircRNA) , 0 5% 5% — 7 &
4 W% 20 7 (reverse transcription-quantitative polymerase chain reaction, RT-qPCR) %40 s & & PTC 5554
225 7 3RIA L HR LUK L sanger WU % L RNA 1 b 52 36 36 3iF F 0 20 1k B R M 3 A Al A 3 20 ) & 8 Ceell
counting kit-8,CCK-8) K JE @I & . 7% M JE s AN IE 85 S48 . 43 T hsa_circ_0073762 X PTC 41 Jifg 34 58 . 1 5% F112 28 1) 5
Wi o W% O 25 45 S0 B 3iF hsa_cire_0073762.miR-548¢-3p . ENAH B F WM EAEMH . &R RT-qPCR KiiF ¥
253 /R s hsa_cire_0073762 78 PTC 40 b & 3 E i (P<<0.001), HAE R H A H BF 8 (P<<0.05), fk hsa_
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Mechanism of hsa_circRNA_0073762 in promoting invasion, metastasis,
and proliferation of papillary thyroid carcinoma cells
JIA Heng-zhe, ZHANG Bo-lin, ZHANG Jie, WU Zhen-yu, JIANG Xia, TIAN Yan-feng”
(Department of General Surgery/Breast and Thyroid Diagnosis and Treatment Center, the First Hospital of
Hebei Medical Universitys Shijiazhuang 050031, China)

[Abstract] Objective To investigate the regulatory role of hsa_circ_0073762 in papillary
thyroid carcinoma (PTC) and to explore its underlying mechanisms. Methods High-throughput
sequencing was used to identify differentially expressed circular RNAs (circRNAs) in thyroid
cancer and normal cells. Reverse transcription-quantitative polymerase chain reaction (RT-qPCR)
was performed to validate the differential expression between cell lines, PTC, and adjacent
tissues. Nucleic acid electrophoresis, sanger sequencing, and RNA enzyme digestion experiments
were conducted to verify the circularity and stability of hsa circ_0073762. Cell counting kit-8
(CCK-8), wound healing, clone formation, and migration assays were used to analyze the effects
of hsa_circ_0073762 on PTC cell proliferation, migration, and invasion. A dual-luciferase reporter
assay was used to validate the interaction between hsa_circ 0073762, miR-548c-3p, and the
ENAH gene. Results RT-qPCR validation of sequencing results showed that hsa_circ_0073762
was significantly upregulated in PTC cells (P<C0.001) and in cancer tissues (P<C0.05).
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Knockdown of hsa_circ_0073762 significantly inhibited the invasion, migration, and proliferation

of PTC cells. Bioinformatics prediction and dual-luciferase reporter assays indicated that hsa_ circ_
0073762, miR-548c-3p, and ENAH formed a ceRNA network (P<C0.05). Conclusion hsa_circ_

0073762 has effects on the invasion, migration, and proliferation processes of PTC and may serve

as a novel diagnostic biomarker and potential therapeutic target for PTC.
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FEAENE TR HAE PTC #F & iV I SO E 57+
ML . WFoR 45 2R 7R, hsa_cire_0073762 £ PTC 41
JfL R 2H 2 b RS E A AR, HLO R IR K BIE VIR AR
Y NN S AN T e D I 128 o T I
has_circ_0073762 RJ{E#E PTC 40 g iY 1 4 | iF 78 M
12%&, hsa_circ_0073762 i@ 1+ 5 miR-548c-3p 354
P4 & I3 ENAH B9 RIE I B ceRNA 3 #5 K
NS PTC Wi il &, AMRER T
hsa_circ_0073762 £ PTC #F & v pr 5 K 19 o8 #2541
il PTC 2R ft Tt g, s anr.
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HE R E A
1.2 MG S50 AT A 040 MR S
TPC-1.BCPAP #l Nthy-ori 3-1, TPC-1 #l Nthy-
ori 3-1 Zii il R A A< 52 5% = 4i il B , BCPAP 41 fifg
R H HyCyte, FrA7 4 il 5 338 i 40 Bp B 8 &2
MEEAT B 03 55 5 o LR £ 40 Bt Sk VR A G 3R O ikt G
ZLXI5Ye, TPC-1.BCPAP il Nthy-ori 3-1 4f j 4
R F & 10% i 4 1L % (FBS; Gibco, Thermo
Fisher Scientific, Inc.)#) RPMI 1640 ;32 & h, %
FR4&AM N 37 °C 5% CO,, Nthy-ori 3-1 40 & 1F
A g Xk B T LB R 3R A 25 R . miR-548c¢-
3p B (F 91 5'-CAAAAAUCUCAAUUACU-
UuuUGC-3") K HOB M xR 8. 5-
UUCUCCGAACGUGUCACGUTT-3) g A I ¥
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HETHAEYBHEARAR. /N4 RNA siIRNA JP
5. 5-CUUCCAGGAGGAGCAUAUAUUTT-3")
Ko H B X B O 41 .5 -CAACCACCAGGGACAU-
AUAGUTT-3) 1 B 75 M 3% 35 A4 Py B 42 47 BRA F
hsa_circ_0073762 5 ENAH K miR-548c-3p )45
A7 58 i Xhol Fl Notl U] -4 A psiCHECK-2
Bk C bR T AW R AR A FD . TPC-1,
BCPAP #il Nthy-ori 3-1 40 4% T 6 L. 1€
37 CHiFE 24 h Rl G L 70%0~90% . BJE . #%
il 15 7 UL HH A8 ] Lipofectamine 3000 HEATFE 4L,

1.3 RNA &5 0 5% 5t & B 5 855 X & N

transcription-quantitative  polymerase

LNUERTN ¥ i U N

( reverse

chain reaction, RT-qPCR)

RFEA RIS RNA i /] FreeZol 7] (R711, B
AT AR A RA R, R 5N 8 o
PrimeScript™ RT &7 & (b 518 /5 #5147, Sk A b
LS5 %5 5 cDNA, hsa_Circ_0073762 B3 kK
¥R H RT-gqPCR M %, {# § ChamQ Universal
SYBR qPCR Master Mix (F &= 4 T.), 3 Lk
GAPDH fE g 8 2 35 I F b Ak AH X 3= 55 7K
PCR {2 4 .95 °C B4 PE 10 min, B )5 95 °C
M 10 5,60 CiR K AL 1 min, Xk &
i 2 A4 it . Hsa_cire_0073762, GAPDH
KECS 8 RSS9 51 SLC12 A2 U851 4 e 51
W1,

#£ 1 RT-gPCR 3| #1FE 7l
Table 1 RT-qPCR primer sequences

B EIEY BNy AR

K514

hsa_circ_0073762 - Clb]

BB 5'-GGTCTAATCTTCGCCTTTGC-3'
GAPDH BB 5 -TTCGTCAAGAAGGTGGTG-3'

K5y 5-ATCAGCCTCAAGATCATCAGCAATG-3'
SLC12A2 KB 5-GCAGGTATATTTTCAGCCACTCTT-3

5-GTTCCTATGGCCTAATGAACAACT-3'

5'-AACCACATACATAGCAACTGCAAC-3’
5'-CTTTTGCTTCCCACTCCATT-3'
5'-CAGGGATGCCAGGGAC-3'
5'-TGTGGTCATGAGTCCTTCCACG-3'
5-AAGCTGGGTAGATGTTGTCCTTAC-3'

1.4 40 M 3+ %503 f) & 8 (cell counting kit-8,
CCK-8) ik 4% 71 ffi 1l CCK-8 CAbbkin) A 4 il
T R UL AT PR AG . LR 3 000 AL T 96
LA BE 9% 24 .48.96 h L A CCK-8 3% T 1
37 CTFWHE 1 h, )5, H SpectraMax B 5 1€
(Molecular Devices)FE 450 nm ¥ T il = W % &
18, DR E ] 600~650 nm W KAIENE 5%,
15 XRAELE ¥ PTC 40/ (2 X 10° 4
JL/ L) R TS fLAR L I 7E 37 °C 5% CO, 4
TR, HEMMAE A2 90% ., LW
TS AR R D 2% B 5 2 0L 8 s R X I,
B EERT IR IR T 0P VAL N 2 R R BRI TE A, BE S
Ak L AE AN O LT A 8% % 5 b G SR L LA i) 20 M 3 A
X AE RS B RZ A . o B0 A AR UL ST R U 1 34
G A MRS NG O0 o 8 5 PR A0 B A0 D IR [X
I8 B4 A0 3 R 4 T AR L DA RE e VA A0 I T R AR
1.6 BifgbEBERC YK 10 pg RNA Jf4% 1 U/pg
RNA A9 L] it A RNase R (P0301, Geneseed) , 7E
37 CTWE 30 min AR L E RNA, HE M
RNA i FHRERL G| Y647 5 sk A= 1 cDNA, B 5
T PCR ¥ 34, cDNA Al gDNA ) PCR /=¥ 7£
TAE S vp i b, il 1 2 %6 3516 W8 &8 B 43 59, I 78 B
e A EB B¢k, 7E 100 V HLE T H UK 30 min
Jo s TERAMNET B2 WEY M Wi s a5 .
1.7 SEREIEARSLE  AFLEER 1 000 4~ PTC 40

T 6 LA, IR 7E 37 C 5% CO, BYE & 1 35 44
THEFE 14 dL LAGE A M v R i AR L BE SR A R
J& s FA TV 1 It 40 B [ 58 10 ~ 15 min, LR FE
AT AS RN ST R SS R S R . BT L 0.5 Y04
ey o Y6 [ S JE R A0 I AR AT G £, Gl i )
30 min, DB PR 20 5 5 RV BBF AT L . Y@ sE iR L R
TV AR Ykl IR A O RO, e
J Eclipse E600 & fll 52 X 44 4 )5 19 52 B #4711 4k,
FHBORE N AL 5 50 AN LA 40 i B SR AR R B E U
A 5 R o DT AR AT AT 5 14 e [ T LB

1.8 Transwell 3250  4IMET R ME 2208 HALE N
8 pm M Transwell /N%E (Corning 2 w)) #E47 PF Al .
¥ 210" A~ PTC 40155 200 pL JE Il ¥ RPMI
1640 H5 3R —FMA L E TR E 5P, FEMA
600 L 584> RPMI 1640 ¥ 553, H 48 h J5. £
B b rhoak BR 0 A0 I, O [ R & R A0, 4
Diff-Quik Stain 3% 4, i i % 7 W8 T B A i
1.9 XPOCEMMRAEFLF LK hsa_circ_0073762
U ENAH FEHF 5 B F A T A Y R A BRA A
B I 2 BE A psiCHECK-2 X3¢ Ot % 1 25 &
A H 5 5] hsa_circ_0073762-psi Al ENAH-psi &t
Fi. T A RS miRNA R4 2t [ 5 e A
TPC-1 4ifils v, i A Lipofectamine 3000 %% 4 i 7]
PR LU BT i g . e g 24 h )5 AR i i R U
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5 o OBLE O 38 i 15 55 TR S 30 iR 4 (SR 1Rk
W) 0 78 AR 2 5 2 IS M . AH X 2O 2R i
it Firefly 28 6 2 BTG PE A AT T Renilla 2¢ % 2 fi§ 15
PEB) FLAE T 545 1

110 Siit=por: RiH SPSS 26.0 G844 br
$d5 . v GraphpadPrism8.0 # /4 HI & . & %R
FeBCR I ¢ K5 L B K &R 5 22 43 Bl SNK-q £ 5,
P<C0.05 B 2ZESAHGI¥E L.

2 % ES

2.1 hsa_circ_0073762 7£ PTC W@ %5k X PTC
i1 & (TPC-1 F1 BCPAP) K 1E & H R R 240 i &
(Nthy-ori 3-1) #F 47 T e AL 7. 76 HOIR AR 9 F0
ER MM R Z RIS E N 155 M ERKREN
circRNA, H 434§ 115 4~ LY circRNA F1 40 4~

TV M circRNA (% F fold change > 2 Hil P<<
0.05), HEHZERRINEWEM 5 circRNA, #47
T 3 W AREE [ RT-qPCR BilF . 45 5 175 . TPC-1
M ZR hsa_circ_0001445, hsa_circ_0037158 ., hsa_
circ_ 0073762, hsa _circ_ 0005455 3 ik /K F K F
Nthy-ori 3-1 00 & , hsa_circ_0002111 ik K F /N
F Nthy-ori 3-1 4l it &, BCPAP 40 it & hsa circ_
0073762 .hsa_circ_0005455 357K ¥ K T Nthy-ori
3-1 401 %8 . hsa_circ_0002111 Fik/KFE/NF Nthy-
ori -1 MR, ZRA LT %5 L (P<0.05),hsa_
circ_0073762 J& Horp 22 7 R K & W #F Y circRNA,
W 2. WJE#E S RT-gPCR &M T 15 ] PTC &
FLAH R AR T AR 4 2R b has_cire_ 0073762 1Y ik
IR, 25 R BRI 4 21 hsa_cire_0073762 1Y 3 ik
S TR 4141 (P<<0.05), ILF 3,

R 2 CircRNAZERRBREEMEERER PTC il & RikKkE

Table 2 Expression levels of circRNA in thyroid normal cell lines and papillary thyroid carcinoma cell lines

(n=3,x £s)
215 hsa_circ_0001445 hsa_circ_0037158 hsa_circ_0073762 hsa_circ_0005455 hsa_circ_0002111
Nthy-ori 3-1 1.0040.23 1.0040.13 1.0040.24 1.0040.03 1.0040.05
TPC-1 4.24+1.09" 5.5440.28" 13.60£1.01" 1.6040.08" 0.6140.07"
BCPAP 1.1740.40 1.43+0.12 3.9840.80" 1.6040.26" 4.0840.20"
F {8 14.260 348.400 152.300 10.000 456.600
P {i 0.005 <20.001 <20.001 0.012 <20.001

* P {<C0.05 55 Nthy-ori 3-1 L8 (SNK-¢ K %)
% 3 hsa_circ_0073762 ¥£ PTC REZHLRIEKF
Table 3 Expression levels of hsa_circ_0073762 in PTC

and adjacent non-tumor tissues

(n=15,x *5)
gl hsa_circ_0073762 /K
It 55 4 4 1.0040.62
i H L 1.834+1.76
(e 2.310
P 1A 0.036
2.2 hsa_circ_ 0073762 M5 UF  hsa circ

0073762 i F 5 S Yk SLC12A2 FEH A 5~
10 4 F 22 a) L sE B K R 725 AT IR . A IR IIE
HIRAREE M L 38 5 % RT-qPCR 72 # s A T #h ik
I 347 Sanger M )F . H1IN T hsa_circ_0073762 B )2
) BT A (L 1) o R T ik — 25 B0 i L A R R
FEMmE4IT T RNase R AbFE, T RNase R #EHH
Bl 26 RNA X 3R RNA 2w g/, 45 5%
/R -GAPDH il SLC12A2 ) AH X 2 3k 7K F I 35 [%
fI% . T} hsa_circ_0073762 B Rk FEALRFFAAL (P <<
0.0, 0% 4, FIFH GAPDH # hsa_circ_0073762
() 2 BRI S5 | 4 %k 36 IR 41 DNA (gDNA) #1 5. b
DNA (cDNA) AT 3 , 3 X5 473G 7= ) i A7 7% R v

VAT . 4R B R L 7E cDNA W, hsa_cire 0073762
A S 4 3G R H B4R L I GAPDH Y & #05
Pk B A, LR 2, SEER A5 R — 2P
hsa_circ_0073762 HAG & W AREEH .

chr5:127466758-127477673+

SLC12A2 - [N - (EcTen] - (NS - SGHE- - Exono - —JEEmo -

AR it

hsa_circ_
lo 0073762  woe

1 Sanger il FF 8\ BT HE L =
Figure 1 Sanger sequencing confirmation of splicing sites
%4 RNase RAEERIEETLH

Table 4 Expression level changes after RNase R treatment

(n=3,7 ts)
21 51 hsa_circ_0073762  SLC12A2 GAPDH
RNase R— 1.00+0.54 1.004+0.01 1.00+0.01
RNase R+ 0.7940.39 0.0340.01 0.2540.17
¢ 1 0.460 78.230 6.340
P 1A 0.672 <0.001 0.003
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Figure 2 Nucleic acid electrophoresis experiment
2.3 K hsa_circ_0073762 ] T PTC 41 itd ) 1
B L iF R R SE BE IR WLAE T O T WE 9% hsa_circ

BCPAP NC TRC-1 NC

BCPAP Si TREL B

BCPAP

Si

B 3 Bi{E hsa_circ_0073762 Xt PTC 0B & & 1T A KIS0
AL 8 [ B2 56 25 TR 5 B B S 56 45 S (Diff-Quik Stain

£ 5 @K hsa_circ_0073762 Xt PTC 4B &
SE FE T R BE TR % T
Table 5 Effect of hsa_circ_0073762 knockdown on clone

formation ability of PTC cell line

Yefa, X 100) 5 C. 40 i R IR 5236

0073762 X} PTC #t & 59 5% W, % @ K B9 hsa-circ_

0073762 ¥ Y« A PTC 4l s &% TPC-1 F1 BCPAP i,
HEAT AN ML DI RE S 50 . PR v B S 0 45 R SR WD, RRAG
hsa_circ_0073762 & F &K T PTC 40 M 1 5 2B
BAE 1 (P<<0.05) WL 3.2 5. BT R, &
KRG W EHREAR T PTC 40 M i 1= 28 Sk % 6g J) (P <<
0.05), WLIEl 3,3 6., RIEIZH R, MRG0
&7 PTC 40 M iy X9 A A fiE 1 (P<<0. 05) , WL 3,
FT7, Cck-8 MWLM EBMW, A fE W FEREMT
PTC #i e iy IR & A fe 1 (P<<0. 05) , LI 4,

‘ ".’{!

"‘ {_;u ."5@
zw 5

BCPAP NC

i
NLS -
'.v&'y. 3 5.

BCPAP Si TPC-1 Si

TPC-1

455 (X 100)
Figure 3 Effect of hsa_circ_0073762 knockdown on biological behavior of PTC cell line

%6 BEI{K hsa_circ_0073762 Xt PTC #if1 &
B2 8 H B9S2 0E (Transwell)
Table 6 Effect of hsa_circ_0073762 knockdown on invasive
ability of PTC cell line (Transwell assay)

(n=3,7 +s) (n=3,7 +s)
25 BCPAP ¥ e i H  TPC-1 BT BB % H 25 BCPAP i/ 4 g # H TPC-1 IR 40 g %k H
Xt e 2 218.334:10.34 163.33411.84 Xt e 2 148.0418.67 381.67440.80
AR R 147.0049.80 88.00426.50 AR 57.334-8.34 172.67+18.35
t 8 14.260 3.670 tfd 6.270 6.610
P i 0.005 0.021 P 1i 0.003 0.003
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& 7 K hsa_circ_0073762 Xt PTC 4H i1 &
MREE KNI
Table 7 Effect of hsa circ 0073762 knockdown on scratch

wound healing in PTC cell line
(n=3,7 %5, %)

4151 BCPAP 4 kR fr &% TPC-1 4 M kiR & & %
X AL 63.33+38.38 70.0046.53
g 25.0046.98 39.6741.25

¢ 8 4.970 6.450

P {8 0.008 0.003

2.4 hsa_circ_0073762.miR-548c-3p 5§ ENAH #J
A ceRNA W 4%
B B T hsa_cire_0073762 (5 F i miRNA #
F A 4 JELIE] 3 B i %8 miR-548c-3p /E N HIF5E
XL WL 5. BT 2 B T AL AR A 2 3k T 8 R

il 13 circbank Fll circinteractome

M, # 7 miRWalk., miRtarbase, miRDB I
BCPAP
ir - NC
&% Si

g 3T
=}
=]
<L 2t
b 2
=
o

1 =

L L L L &
0 1 2 3 4

4 CCK-8 #HAm G 5E L 08
Figure 4 CCK-8 cell proliferation assay

hsa_circ_0073762(5' ... 3') UGCAAAUUAAACUUUGAUUUUUC

Il [T
hsa-miR-548¢-3p (3'... 5') CGUUUUCAUUAACU-CUAAAAAC

ENAH(5' ... 3") AAGUUUGGAUGAGGGAUUUUUUU

B 5 hsa_circ_0073762.miR-548c-3p 5 ENAH & & i & Ml
|

Figure 5
0073762, miR-548c-3p, and ENAH

Prediction of binding sites between hsa _ circ _

miRDB

miRWalk

TargeScanHuman

B 6 Venn B i miR-548¢c-3p TN E F

Figure 6 Venn diagram for screening downstream target genes

CD/450 nm

TargetScanHuman Z04E E M T hsa-miR-548¢-3p
R WL, HE— 25 4k B (Venn) B 40 #7 7w
ZANWHEMENRN, 43 ENAH, STEGALNACS,
SMU1,CDC27, ATP13A3,SMAD4 fl HNRNPU,
WK 6, SCHk A, ENAH 78 b o b B
AR VE . TCGA Bl /it — L 56 E T
ENAH 76 PTC iy m ik, W 7. BIHCEHAE R
Jo SERF TR B L O 2 4 S S 5
gL W R, fE JE Bt Psicheck 2. 0/hsa _ circ _
0073762-miRNA i % ik (OE) 1 Psicheck 2.0/
ENAH-miRNA OE ZH i, 5¢ 56 5 BE i 3% T R (P <<
0. 05) , 11 75 Ho At XoF B2 b oK U5 3] 1 35 A8 4k, I 3R
8, ZE LTk . IR RNA hsa_circ_0073762 7] i
F Y miR-548¢-3p B ceRNA, M1 E 78 ENAH
(1235 AL PTC (k& .

y TPC~1

ar - NC
-+ Si

3 -

2 -

1 -

L L L L >
0 1 2 3 4

Gl
(n=397ﬂ
Normal
(n=712)

7 TCGA #iEEE 4 ENAH £ PTC R RIEER

Figure 7 TCGA database analysis of ENAH expression in
PTC
F8 WHEEEMH
Table 8 Luciferase activity
(n=3,7 +s)
Psicheck 2.0/hsa_ Psicheck 2.0/
2H 5 Psicheck 2.0
circ_0073762 ENAH
miRNA X} {8 4 5.64+0.42 4,11+0.92 2.43+0.60
miRNA 3£k A 3.05+0.18 2.52+0.33 2.18+0.14
¢ 8 9.800 2.790 0.710
P1{g <0.001 0.049 0.518
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3 i it

PR 9 2 i B AL 1140 P 0 DA ST P e e 2 R
] R B MR ) i RE 2 — L AR AR TR T SR W 4
PEBE AR R RN A EEE X,
SR 5 FAR 988 109 43 R 2 HIL 0 52 2% Lot oK 58 4 1)
W, e = R 9 1) 43 1 DL B2 A b 2 475 02 HAR R
F2IT B E PR . AR B IR AE T hsa_circ_
0073762 BYFRAR 5 , I 48 75 Hoal i 545 miR-548c¢-
3p/ENAH i i 7E PTC 4034 58 3T 58 FiZ 28 i
EEEM., WAEBAIALN T hsa_circ_0073762 T
I ZS 1, 30 0 BRI 988 1) 4 F ML F o 4 41 T A
LA

BE A RNA P 5 AR 0 B8 & e R Iy £ AR
5EYE B AE LA T O L BUW IR 1297 1 RN
Dy ], 2 A X L, B AEAS R R R BT
KEE R FILM circRNAY . 54& 54 % mRNA
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