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[Abstract] Objective To determine whether circular RNA forkhead box protein P1 (circFOXPI) regulates the
proliferation, migration and invasion of nasopharyngeal carcinoma 6-10B cells by targeting miR-4429. Methods The
correlations of circFOXPI and miR-4429 with pathological characteristics of nasopharyngeal carcinoma patients were
analyzed. Nasopharyngeal carcinoma 6-10B cells were transfected with si-NC, si-circFOXP1, pcDNA, pcDNA-circFOXP]I,
miR-NC, miR-4429 mimics, or co-transfected with si-circFOXP1 and anti-miR-NC, or si-circFOXP1 and anti-miR-4429.
Quantitative real-time polymerase chain reaction (QRT-PCR) was used to detect circFOXP1 and miR-4429 expression in
nasopharyngeal carcinoma tissues. Cell viability, colony formation, migration and invasion abilities were assessed by Cell
Counting Kit-8 (CCK-8), colony formation, wound healing and Transwell assays. Western blotting was used to detect E-
cadherin and N-cadherin protein expression. A dual-luciferase reporter assay verified the targeting relationship between
circFOXP1 and miR-4429. Results The expression level of circFOXP1 in nasopharyngeal carcinoma tissues (4.61 + 0.31)
was significantly higher than that in adjacent tissues (1.00 + 0.05) (P < 0.001), while the expression level of miR-4429 (0.37 +
0.03) was significantly lower than that in adjacent tissues (1.00 = 0.08) (P < 0.001). The expression of miR-4429 was
correlated with tumor volume and TNM stage (P < 0.05), while the expression of circFOXP1 was correlated with TNM
stage(P < 0.05) but not with tumor volume (P > 0.05). Inhibition of circFOXPI expression or overexpression of miR-4429
reduced cell viability, colony formation number, wound healing rate, invasive cell number and N-cadherin protein
expression, while increased E-cadherin protein expression in nasopharyngeal carcinoma 6-10B cells (P < 0.05). circFOXP1

targeted and negatively regulated miR-4429 expression. Interference with miR-4429 reversed the inhibitory effects of
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circFOXP1 silencing on proliferation, migration and invasion of nasopharyngeal carcinoma cells (P <0.05).

Conclusion Inhibition of circFOXPI expression can attenuate the proliferation, migration and invasion of

nasopharyngeal carcinoma 6-10B cells by targeting miR-4429.
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Nasopharyngeal carcinoma 6-10B cells

circFOXP1 miR-4429 Proliferation

IR RR6-10B(SEE ATCC); circFOXPI siRNA
(si-circFOXP1) ., siRNABIPEXT Hsi-NC. circFOXP13 3%
KB pcDNA-circFOXP1(BamHI-NM_001244808-EcoRI
I X A N D) R B pc DN AR K |) | i Rk s 2
KpcDNA | miR-44298 504 N2 3 i 7 anti-miR-4429 , H
[H X} miR-NC M anti-miR-NC ()~ M RiboBio); T Kk
TaKaRall4 & PrimeScript RTi{ 5. SYBR Green qPCR
MixifkHl; L ifFYeasen /A mIHEHE T 41T 40T &8 (Cell
Counting Kit-8, CCK-8); F 3 E Abcam /A WK T [ 7
AUEEE T H (E-cadherin) A4 #4555 8 H (N-cadherin)
PuiA; PVDFJE (£ [ Life Technologies)

1.2 ZHRa4r4E

LAY 6- LOBAH ML LE VR N T 10% i 47 1L 75 i DMEM
Rige s, PR BN 5%CO, 55 7740 h AR K, TN
37 Co ¥4 SR 6- 10BN LA 1x 1020 Jfd /L Ay e 1 422
efL i, FEFEERA B ILH70% ~ 80%, SR 1
Lipofectamine 200047 4l ffaf% s . 7E 5 Wiz 6- 10BN L
Hh o3 Ysi-NC. si-circFOXP1(5'-TGACACGGGAA
CTTTAGAAATGATT-3'), pcDNA , pcDNA-circFOXP1, miR-
NC. miR-44298 404, 8% [F]F 5% Yt si-circFOXP1 fllanti-
miR-NC, si-circFOXP1#lanti-miR-4429. #54t6 hJ5 H ik
B SE R IR AL . 48 hJR il i QRT-PCRIMEFE YRR
1.3 qRT-PCRIlZE

L 95 2H 21 5 6- 10BAH i B RN A H TRIzolil | $2 ),
JFfd FHPrimeScript RT{H 0054 5 HANDNA(cDNA) .
f#i FHSYBR Green qPCR Mix*13k15 ) cDNA#4TqRT-PCR.
GAPDHFIUGHE NS, circFOXPIFImiR-44294H %}
T2 BT

circFOXP11F [ii]; 5-CCACATGCCTCTACCAATGGA-3,
JZIA]: 5'-CAGCACTTGTTGCTGGAGGAT-3'; GAPDHIE
.5 -CAGGAGGCATTGCTGATGAT-3', L [ii]: 5'-
GAAGGCTGGGGCTCATTT-3"; miR-44291E [f]: 5'-
GGCCAGGCAGTCTGAGTTG-3', i [i]: 5'-GGGAGA
AAAGCTGGGCTGAG-3'; U61E[f]: 5'-GCTTCGGCAG
CACATATACTAAAAT-3', JZ[f]: 5-CGCTTCACGAATTT
GCGTGTCAT-3',
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PR A0 (3x10%/4L), B 3514 AJE, ¥ Pa e FH0.1%%E
AR Y015 min, SR TE BB I HECE R AL
1.5 ZRERNE

B 6- 10BN (1x10°/4L) Bk TofLAR 15 55
24 ho BEJE, FHJCTR SRRSO W Sk 2 I8 0 R A0 i,
FHW MR 22 PRIV 20K, ZE T MLIEDMEM 55524 h,
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1.6 “HEZENE

183 TranswelliZ: M & 40 il (=R 22 71 : 420 uL Matrigel
(JF#%9 mg/mL, FJCIMEDMEME1 © 9Fi B #li T8 um
FLAZ R Transwell F&, 37 CHEE 1 h, F20H%m6-10B4H
FLLAIx 107/ LI R F L%, N2 IA S 20% R 4 1
HIDMEM 500 uL, ¥55#24 h, HEEFEEREE FE
TR AN, 455 2L 015 min, WAL T85O
25K
1.7 Western blotill

it FHRIP A 2470 D\ 52 W i 6- 1O BAH A v 42 U 2 11
£:10% SDS-PAGE/r &[54 #% 2 PVDFE ., Ef M2 hig, 1%
5 5 —3T (HTE-cadherin, $itN-cadherin, HTGAPDH, #J1 :
100077 )4 CIER L, 285 SHRPARICI —HT(1 : 5000)
FIRIFE L h, ECLAL2E R OGIEKIN & 11555, Image] 4K
PES AT IR BEE
1.8 WEAREREEELR

FIF StarBase 54 2 1M miR-4429 5 circFOXPIY

i A, AT PCRY I &4 miR-442945 G 7 1Y
circFOXP1)J73), wi PR i EF A= Y (WT) -circFOXP 14l 15 2%
A5 R E sB S HOR A 5B HY (MUT ) -circFOXP1
AR, B R A5 miR-4429 B 118 5 miR-NC3E
H YL 2 6-10BAH M, 48 h/5 {1 Promega XU ) 3R B 5
PRGN 22 800 2 2 G 3R e
1.9 FitEHE

K FISPSS 22,03k A T8E 73 B o A6 IES S04 1)
TR LA+ s38om . BIZHIA] AR FH ek i, Z2 41 00] L
BER AR R 22001, 48 P iR F Bonferronifs
iF. a=0.05.

2 #R

2.1 EMREALAF circFOXPIFImiR-4429H) K% 1F5

WRIFTR, 5oL, B S0 circFOXPI
F3E KT (P<0.001), miR-44293 35 /K F %
(P<0.001) . HR4FcircFOXPIMImiR-44290 H v Bk 7K
-, K 37400 HR o N s R AR A 4 . a2 IR,
miR-4429% K 5 e AR BURI TN M43 I HH 56 (P<0.05) 5
circFOXP13A 5 TNMAHIAH G (P<0.05), {H 5 [ifgg {AFR
TC i E AN (P>0.05)

F 1 circFOXPIFImiR-44297£37f) IR AR L
Table 1 Expression of circFOXP1 and miR-4429 in 37 nasopharyngeal

carcinoma tissues

Tissue circFOXP1 miR-4429
Adjacent tissues 1.00 £ 0.05 1.00 +0.08
Nasopharyngeal carcinoma 4.61 +0.31 0.37 £0.03
t 69.931 44.852
14 <0.001 <0.001

K2 circFOXPIFImiR-44295% 1% 7K F 5 BIEHE B E G RRIEFHER X &
Table 2 Relationship between the expression levels of circFOXP1 and miR-4429 and the clinical and pathological characteristics of patients with

nasopharyngeal carcinoma

circFOXP1 expression level

miR-4429 expression level

Characteristic Case (n=37)
Low (n=18) High (n=19) Low (n=18) High (n=19)

Sex 0.6028 0.2363
Male 21 11 10 12 9
Female 16 7 9 6 10

Age 0.8728 0.6185
< 60 yr. 19 9 10 10 9
> 60 yr. 18 9 9 8 10

Tumor size 0.1376 0.0305
<3cm 23 9 14 8 16
= 3cm 14 9 5 11 3

TNM stage 0.0086 0.0159
I/ 11 9 2 2 9
I/v 26 9 17 16 10
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22 HPE| circFOXPI3E %3¢ £ MHE6-10B 4B RE5E i 250 &3 Wl circFOXP1R%E3 BIF#EE6-10BLAFEIEFERI M ( n=9 )
. N Table 3 The effect of inhibiting the expression of circFOXP1 on the
WETMFE3FR, 5si-NCHL LK, si-circFOXP14H
circFOXPIZRIKIKF-F#AR (P<0.05) , (7] Frf 41 7% 3 11 o o

proliferation of nasopharyngeal carcinoma 6-10B cells (n = 9)

Group circFOXP1 ODys Number of colonies
%Jﬁ%&‘mﬁ%’ﬂfﬁ(})<o.05) ° si-NC 1.00 £ 0.00 1.08 £ 0.08 79.14 £ 7.44
§i-NC si-circFOXP1 si-circFOXP1 0234002  057+0.05 3257 £3.17
v t 115.500 16.218 17.275
P <0.001 <0.001 <0.001

2.3 circFOXPIL B Hl6-10BLARR TR FNEE
2 fF4FTR, 5si-NCH R, si-circFOXP14H %)
‘ IRAIE R, (B HAIN-cadherinE [ FIAR#AIE, TE-
1 F# circFOXP1%06-10B4H A1t 5E

. N
Fig 1 Interference with circFOXP1 affects the proliferation of 6-10B cells cadherin® F A HI N (P<0.05) .
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B 2 BHE circFOXPIX16-10BABIE B2 Z KRN0
Fig 2 The effect of knockdown of circFOXPI on the migration and invasion of 6-10B cells
A, Wound healing assay was performed in 6-10B cells of the si-NC and si-circFOXP1 groups. The wound healing rate was significantly decreased in the si-circFOXP1
group compared with the si-NC group (P < 0.05). B, Transwell invasion assay was conducted in 6-10B cells of the si-NC and si-circFOXP1 groups. The number of invasive
cells was markedly reduced in the si-circFOXP1 group relative to the si-NC group (P < 0.05). C, Western blot analysis was performed for the si-NC and si-circFOXP1
groups. Compared with the si-NC group, the protein expression of E-cadherin was significantly upregulated, while N-cadherin was notably downregulated in the si-

circFOXP1 group (P < 0.05).

F4 circFOXPITLEKMF6-10BLAALIERFEE (n=9) SEELY S ZETEE PERRAR (P<0.05) , TiiMUT-circFOXP1
Table4 circFOXP]I silencing inhibits the migration and invasion of 6-
0B cells (n =9 S W ] B AE (P>0.05) . IAb, it ik
Group Wound healing _ Nun_lber of E—cadhc?rin N—cadh.erin circFOXP1 1] Bk miR-4429F% 3k, MLER circFOXPIR] ¥4
rate/% invasive cells protein protein
si-NC 64.26 + 5.45 97.59+7.82 0.33+0.03 0.57+0.04 miR- 4429%% (P<0 05) (%\%5) °

si-circFOXP1  2634+247  4378+4.66 0.78+0.06 0.16+0.02
R5 WEARBEEERIWER (n=9)

t 19.012 17.733 20.125 27.504 Table5 Results of dual-luciferase reporter gene assay (1 = 9)

p <0.001 <0.001 <0.001 <0.001 o —— Y TEp—

2.4 circFOXP 1§E1 ['Ej 'lﬁ] ?f.;"’miR-4429E’\J ;Elj_; miR-NC 0.98+0.07 0.99+0.06
StarBase S HE I {27 circFOXP1 5 miR-44297F7F miR-4429 0.4320.04 0.9620.05

HAMS AL (K3) . BEDE R R F R Ry 20406 2

/R, HGmiR-NCA] H 4%, miR-44298 %) 5 WT-circFOXP1 <o 0206

WT-circFOXP1 &' caCCUCUCAAUGCPleCUUUa 3 2.5 _FiAmiR-442934%l6-10B4AfEIEE TR IIEZE

miR-4429 3 gecGCAGAGUCGGGUCGAAAa & WME4aMFE6HT A, HmiR-NCH L4, miR-44294

MUT-circFOXP1 & caUAGUCACAUGAGUACCGa 3 miR-4429F2 kK ETHES, ANIE 17 . sa TR gk R

B 3 circFOXP15miR-4429% & 7 51 B AR AMEORIN - cadherindh (R FEAT, THE-

Fig 3 The binding sequence of circFOXPI and miR-4429 cadherinf [ A3 N (P<0.05) .
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Fig 4 Upregulation of miR-4429 inhibits proliferation, migration and invasion of 6-10B cells

A, Plate colony formation assay was performed in 6-10B cells of the miR-NC and miR-4429 groups. The number of colonies was significantly decreased in the miR-

4429 group compared with the miR-NC group (P < 0.05). B, Wound healing assay was conducted in 6-10B cells of the miR-NC and miR-4429 groups. The wound healing

rate was markedly reduced in the miR-4429 group relative to the miR-NC group (P < 0.05). C, Transwell invasion assay was carried out in 6-10B cells of the miR-NC and

miR-4429 groups. The number of invasive cells was significantly lower in the miR-4429 group than in the miR-NC group (P < 0.05). D, Western blot analysis was

performed for the miR-NC and miR-4429 groups. Compared with the miR-NC group, the protein level of E-cadherin was significantly upregulated in the miR-4429 group

(P <0.05).
%6 _LiAmiR-44293#16-10BLAAIETE ERFEE (n=9)

Table 6 Upregulation of miR-4429 inhibits the proliferation, migration and invasion of 6-10B cells (n = 9)
Group miR-4429 OD,;, Number of colonies Wound healing rate/% Number of invasive cells ~E-cadherin protein  N-cadherin protein
miR-NC 1.00 £ 0.00 1.04 +0.08 77.85 £ 6.48 65.82 £5.55 98.04 £ 8.25 0.32 £0.03 0.59 + 0.05
miR-4429 3.25+0.29 0.68£0.06 42.63 £4.51 36.59 £ 3.18 53.68 £4.18 0.71 £ 0.07 0.23 £ 0.02
t 23.276 10.800 13.383 13.709 14.389 15.363 20.055
p <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

2.6 THimiR-4429i% % circFOXPITTEk %t 6-10B 20 A1
. GEBMEENIMSER

WEIsFIEL7T 7R, Ssi-circFOXP1+anti-miR-NC41
55, si-circFOXP1+anti-miR-442920 miR-44297¢ 1K [, 21
ML 7 . SEREIE AL . RR G R R 2 A AN -
cadherinff H F BN, T E-cadherindf F 53K [
(P<0.05) .

3 g

1 P B TS A FE T B, SR B
SR T TR, (F AL T

PRI, B, 7 i R 0 R S S L, DA B e
W s ) AT SE A 10 W 6 T LI PR A2 W RGBT 2B G E B
circRNAYE N —KAFIR AR IS RNA ST 1, E K Fob
BIRFFT IR . B AT LAE R ce RN A 14 41 38 43 > 1 il
miRNA TP, DT I 5L PR 5t . B AL A D R
AR IR T circFOXPITE S50 S Hh 9 A= 9 Dy R B HAH
N RHLTR, HE7R T A Ay S s 12 W A Wb i ) S A
Il R A

MR, circFOXPIAENFELH S, My Mg b
Fik B, circFOXP IR AT 00 JH-Jis 200 60 1% 184 5 A5
25, M T, O F IR ) R R AH B AR T
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Fig 5 The interference of miR-4429 alleviated the effects of circFOXP1 silencing on the proliferation, migration and invasion of 6-10B cells

A, Plate colony formation assay was performed in 6-10B cells of the si-circFOXP1 + anti-miR-NC and si-circFOXP1 + anti-miR-4429 groups. The number of

colonies was significantly increased in the si-circFOXP1 + anti-miR-4429 group compared with the si-circFOXP1 + anti-miR-NC group (P < 0.05). B, Wound healing assay

was conducted in 6-10B cells of the si-circFOXP1 + anti-miR-NC and si-circFOXP1 + anti-miR-4429 groups. The wound healing rate was significantly elevated in the si-

circFOXP1 + anti-miR-4429 group relative to the si-circFOXP1 + anti-miR-NC group (P < 0.05). C, Transwell migration and invasion assay was carried out in 6-10B cells

of the si-circFOXP1 + anti-miR-NC and si-circFOXP1 + anti-miR-4429 groups. The number of invasive cells was significantly increased in the si-circFOXP1 + anti-miR-

4429 group compared with the si-circFOXP1 + anti-miR-NC group (P < 0.05). D, Western blot analysis was performed in the si-circFOXP1 + anti-miR-NC and si-

circFOXP1 + anti-miR-4429 groups. Compared with the si-circFOXP1 + anti-miR-NC group, the protein expression of N-cadherin was significantly upregulated, while E-

cadherin expression was markedly downregulated in the si-circFOXP1 + anti-miR-4429 group (P < 0.05).

R 7 BRcircFOXPLET ZmiR-4429M 5 7 6-10BAE I B FERE (n=9)
Table 7 Down-regulation of circFOXP1 by regulating miR-4429 inhibits the proliferation, migration and invasion of 6-10B cells (1 = 9)

miens  op,  Nepbeal Womdhalne  Numbeol - Badwn N
si-circFOXP1 + anti-miR-NC 1.00 £ 0.00 0.55 £ 0.05 30.73 £ 3.56 25.58 + 2.64 41.32 +4.35 0.79 + 0.05 0.14 £ 0.02
si-circFOXP1 + anti-miR-4429 0.36 + 0.03 0.93 £ 0.08 69.01 £5.53 56.47 + 4.66 86.37 £ 7.56 0.40 + 0.04 0.49 £ 0.04
t 64.000 12.084 17.461 17.303 15.495 18.272 23.479
p <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

circFOXPIE IR ES R LA 2 e s 33K, HAT (i i A0 3% i 41
HFE AR ZB " . T circFOXPIHE [ % miR-185-
5p, M55 R A A A G FE ™ . 3k LEARSEUE circFOXPI
SE—FIEE LA, (B circ FOXPIE SRR o ) F IR AT A
R, AWFIEINSE T circFOXPITE SR H 2 rh 1 335,
RIHZGE A, SLUOS I AHRIE L.
E-cadheringe ik IR b B2 - B BifE 4k (EMT) i
FERE RS R TP () A A, T E-cadherin )B4 18 % 5 6]
FEIRASEE R 11 (N-cadherin) A AT ¢, I HAAL A

923 4 A SR A A2 28 M A 0 BESF  HI A, bR 4 i
EB AR 21T A0 & 255 E-cadherin Ak 25 FIN-
cadherinfY3G ", S HTIRARE S, ASBFTE T BEI E 45
FABIR, Ml cire FOXPIZRIA WA 1 S0 iz 6- 10BAH ALY
HipE | R ANRZE . X IRE M circFOXP1 5 B i
EEP S
AWFSE (1 qQRT -PCREE AL ¥ 5611 55 S Al 3 41 41

miR-4429fl0% 1k, FlJG, ABF5E 54T T miR-4429%F G0
Ji6- OBANMI A=) 2= AT A BYSEI . £5 R KW, miR-44295
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FER TN SRR 6- LOBANARAY IS . TR AIRZE. A
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