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= HES5EM: LML, KEEIEHID RNA FoxP4-AS1 (IncRNA FoxP4-AS1) 78 FFUIR 3L S 1R 45
(PTC) HZUrh 5w ik, HARRIEIE PTC XM B 25 54 88 1 ol fa s B 3%, (AT g KA I BL i A
WL FIL, ARBFFERTT IncRNA FoxP4-AS1 7E PTC 41 i i F 3k, w148 40 1 Ho X PTC 41 A= 2445 0
(452 8]

7% F qRT-PCR il PTC 41 52 (TPC-1. K1 4H0) FiE 5 BUR BR 08 b K2 400 (Nithy-ori3-1 24 i)
11 IncRNA FoxP4-AS1 (3R 3% ; # TPC-1, K1 453 51 % G FoxP4-AST b 38 1 15 i 153 280 14 1 25 0005 o 414
(BATEX AR J5, JF4r 1 CCK-8 5245 . SeRETE ML . EdU . Transwell SE50 . 3 =X 20 i A 43 Br 40 i A=
Y U RE R AL 8 0k GEPTA %080 2 Al LncTar X 3% 1000 FoxP4-AST AYHEIE A, I H] Western blot #f 17 5
WE. FHRA SR Y Jm Ao dn ke gt/ B R RS MR AR, SRS AR A AR A 0L, G 8 L AR ARG DN 41 47 Ki-67
MRk i KEGG B R WAL 43 1 FoxP4-AS1 A BERE MR 1 15 538 1 .

LR RT-PCREF B, HIEH FARIRIEM TR A e, IncRNA FoxP4-AS1 7E W PTC 41 il H 1) 4
KK BB BREAL (35 P<0.05) . ANIRINAE S W, F5 Y% FoxP4-AST 33 23518 9% 5 4 /R 1 TPC-1. K1
2P0 0 8 BTG ) W S Uk 5 AR 2 R B i 0 480 4 B ko A T S ARG, L R U BEL U A GG,
(¥ P<0.01) . GEPIA 35 % F1 LncTar B 3 75 1 FoxP4-AS1 5 CDK4 17 78 ¥ 18 09 A H.AE F#E 55, Western
blot Z5 H W, % Y4 FoxP4-AS 38 2 7K 18 55 7 28 14 195 F 48 i (1) CDK4/eyclinD1 2235 7K -4 45 1 B T B 41
AL BRI (39 P<0.05) . B2 TR MU LB 25 R R, He Yt FoxP4-AS1 i) 2 7K 18 9 77 400K 11 PTC 41 il
LB Y 213 B30 1 FUK 09 PTC 40 A6 /N UK N AR K18, T IR A/ LI 414U Ki-67 Rk 18
KEGG il & 28 73 M1 W7, FoxP4-AST IR 38 £ 2w 48 T PI3BK-Akt-mTOR i f% . 40 ML 31 . 40 i o =
BRI BAE, FoxP4-AS1 23K EZE 4 T DNA H 34k | S0k N 0 i 45

£518 : IncRNA FoxP4-ASI 7£ PTC 4 jg 7 3235 F A, H. 55 PTC 40 i A9 W PE A W 24 A7 M & VI G, FoxP4-
AS1 AJ fig 38 33 1 il CDK4/cyclinD1 ik ] PTC 403 5, AF R A9k IR 38 & AR
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Abstract

Background and Aims: The authors have previously found that the long non-coding RNA FoxP4-AS1
(IncRNA FoxP4-AS1) is abnormally expressed in papillary thyroid carcinoma (PTC) tissue, and its low
expression is an independent risk factor for regional lymph node metastasis in PTC. However, its
function and action mechanism remain unclear. Therefore, this study was conducted to investigate the
expression of IncRNA FoxP4-AS1 in PTC cells, and make a preliminary analysis of its effect on the
biological behavior of PTC cells.

Methods: The expressions of IncRNA FoxP4-AS1 in PTC cell lines (TPC-1, K1 cells) and normal
thyroid follicular epithelial cells (Nthy-ori3-1 cells) were determined by qRT-PCR. In TPC-1 and K1
cells after transfection with FoxP4-AS1 overexpressing lentiviral vector or empty virus vector (negative
control), the changes in biological functions were analyzed by CCK-8 assay, colony formation assay,
EdU incorporation assay, Transwell assay and flow cytometry, respectively. The potential target genes of
FoxP4-AS1 were predicted by GEPIA database and LncTar website, and then verified by Western blot
analysis. Using above transfected cells, subcutancous tumor models in mice were created, then, the
growth of the xenograft tumors was observed and Ki-67 expressions in the tumors were determined by
immunohistochemical staining. A preliminary analysis of the signaling pathways potentially associated
with FoxP4-AS1 was performed by using the KEGG database.

Results: qRT-PCR results showed that the expression levels of IncRNA FoxP4-ASl1 in the two types of
PTC cells were significantly lower than that in the normal thyroid follicular epithelial cells (both P<
0.05). Cell function experiments showed that the proliferation activity as well as invasion and migration
abilities were significantly decreased with G,/G, phase arrest in TPC-1 and K1 cells after transfection
with FoxP4-AS1 overexpressing lentivirus vector compared with the negative control cells (all P<0.01).
The GEPIA database and LncTar website predicted that there were potential interaction targets between
FoxP4-AS1 and CDK4. Western blot results showed that the expression levels of CDK4/cyclinD1 in the
two types of cells transfected with FoxP4-AS1 overexpressing lentivirus vector were significantly lower
than those in their corresponding negative control cells (all P<0.05). In the subcutaneous tumor
transplantation models, the PTC cells transfected with FoxP4-AS1 overexpressing lentivirus vector
showed a slow growth in the mice, small volume of the formed tumor and low Ki-67 expression in the
tumor compared with PTC cells transfected with empty virus vector. KEGG pathway enrichment
analysis showed that the FoxP4-AS1 low expression was mainly enriched in PI3K-AKT-MTOR
pathway, cell cycle, apoptosis, and immune regulation interactions, and the FoxP4-AS1 high expression
was mainly enriched in DNA methylation and oxidative stress pathways.

Conclusion: The expression of IncRNA FoxP4-AS1 is down-regulated in PTC cells and is closely
related to the malignant biological behavior of PTC cells. FoxP4-AS1 may exert its actions as a

protective factor by suppressing the expression of CDK4/cyclinD1 and thereby inhibiting the
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proliferation of PTC cells.
Key words Thyroid Neoplasms; RNA, Long Noncoding; Cell Proliferation; Neoplasm Invasiveness

CLC number: R736.1

FHOR I L Sk IR 9 (papillary thyroid carcinoma,,
PTC) 2 MR B8 P d5c 0 L B B B2 i 2
di R B % (thyroid carcinoma, TC) 4 80% LA
U AR LR R LR AR 4% R LT, £
Bmpre B HE S FARWBYY . EEBPRIREE
(thyroid stimulating hormone , TSH) i a o B
TRYT A AT IR B KA A, HAR 22 PR R A PTC i
HHSAEE KR 59, H g PTC 3 F WS AN
RY, PTC W &4 K EHLEHI M AERE, AEEHAA
Dl RS PTC M R AE K IRA X, WL .
WHE R e . R S0 Bk, WA
PTC %15 2 B 2 T HLEE T T SR B i B i ¥ A
HHEZ L,

£ &% 4F 4% 1% RNAs (long non-coding RNA,
IncRNA ) 76 P8 45 s 1 & A R R bl 3 2R .
Horp, K4 3E %% %9 RNA FoxP4-AS1 (IncRNA FoxP4-
AS1L) JE 7 T 6 %5 4e o f& /) 5 A [i] IncRNA, 5
FoxP4 JZ [n] 3k & 43 A, {H AN & 7 JC B 4 X 38, %
588 A B A X7V IncRNA FoxP4-AS1 1 YK 78 45 B W
v owk & B, sb)E . AATTHE 2 R oE b kB
FoxP4-AS1 /) 235, G568 RE . ' [isl
BRAERU L E R B A R A )
DL R Jige i A R R U4 L H FoxP4-AST 7E iR P i
Fik, WonE WG AR o iR e o sk
B, FoxP4-AS1 7E PTC R L T, HALRKEE
PTC DX 38 bk UL 285 %% % (%) ol 57 fE Bz I & o {H FoxP4-
AS1 X} PTC 41 A5 9 2 1 5% i S AR R HLEE B i
AR H, AN S 7 a8 0 B R i e
A 4K 5% IncRNA FoxP4-AS1 X} PTC 48 il (TPC-1.
K14 i) AW 2Ear ey, B H w78 (19 52
B o

1 MR5EGE
11
AR S IO AR TPC-1 (DU 92

R R ED)  ONHUIR R FL Sk RO 40 K1 &
NAE H HUIR IR 38 B B2 40 8 Nihy-ori3-1 (BT K
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W BE B ) ; RPMI 1640 15 3% 3t Al DMEM 1 % 3k
(Gibeo, EH); 64L. 24 FLARIEFHMR (FETLH
A, R ; o RBEWEE (R BB E R
By A BRA R, GOSL0262738, H1[E ) ; TRIzol
(Ambion, [ ); ECL & iK% & . nanodrop 2000
( Thermo Fisher, 2% [H ) ; LnRcute LncRNA ¢DNA
o554 WURF & . LnReute LncRNA %8 % 28 HE 6
WA & (RRAEMBEARAA, B EIER);
CFX Connect £l & 4% (Bio-rad, F2[H); CCK-8 ik
M& (APExBIOA A, £E); WEE, 4% ZHRKH
W . TR 2 (Servicebio, HEEIL ) ; EAU K I3x
7 & (Ribobio, H[EJ"M); DAPI (Solarbio, H[H
bnt) s A E (FUEAY, PE); wala
AL (Beckman, [ ); Transwell /NZE | 5 T ¢
(Corning 24 ), JEHE); Pk (SINEImAEYH A
AWRAF, HE),

1.2 FHik

1.2.1 @3z patfitde N PTC 4l TPC-1 1
NIE B FUIR BR 38 0 1 K7 40 M Nithy-ori3-1 5 77 76 RPMI
1640 54 B 32 3L (% 10% G4 17 . 0.1 mg/mL
R A100 UmL 8= ) h, AN HAR R LK R
00 K1 K5 246 DMEM 58 &R 78 % (% 10% fis 48 1
. 0.1 mymLAEEZAM100 UmL HHE) b, #
FHEE AT (37 °C. 5% CO,) o K HAR IR ALk
REEAM (TPC-1. K140 8f1) 4351 73 4 FoxP4-ASI
2 (% Yt FoxP4-AS1 o) 32 35 18 95 5 2040 ) 1B 4 X
M2 (negative control, NC Z1) ( e sSs INT) o
15 905 1 Y FG) EE E b U L IR R e R R A PR
NEISERL, HAFRRF SN . FoxP4-AS1 41 : GAG
GAT CCC CGG GTA CCG GTC CCT GGT TTIT CTG
TGG AAA G; NC: CAC ACA TTC CAC AGG CTA
GCT GCA CTT TGA TAA CAA TAA ACT C. HUW %4
30 440 6 ) o5 4 B, LS x 10 A/ L AT i
FEHEAP T 6 fLAR . FF 2 MO BE K ) 4 0 9 B
JEGL W (MOI=100, % 21 B =1 x 10° TU/mL) A
6 fLA T, B TAMIEFRFA IR 12~16 h /5, T
WMo e, L FHET2h, PRI .
YL 72 h 5 (U RV G FE 3K 70%~80% ), FH GRS 55
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F (2 pg/mLl) XA SEAT IR L, B8 OO0 G
PUR S PR

1.2.2 RNAILA qRT-PCR  TRIzol i 7] M 48 g
P HUEC RNA, Nanodrop 2000 ilf %2 RNA f) ¥ BE Fl 4
JF ., HU1 wg B RNA, JH LoRcute LncRNA ¢DNA 4 —
Ak ) &% RNA 36 5% 5% i cDNA,  LnRcute

LneRNA % 5 it 46 I 3077 &% F1 CFX Connect £ I 5
S ¥k 17 qRT-PCR JZJ¥ . IncRNAFoxP4-AST ) 3 3% L
GAPDH iy N 2, SR T 2748 i 0 550 AR X 3% 3k & .
FoxP4-AS1 5| ¥y ke 9 2 51 Wy ¥4 iy b 5 i A= 1) T2
ARARBIFEGR (1D, ULIHYE
23U

&1 FoxP4-AS15|¥1 R ANES5|¥F5

Table 1 The primer sequences of FoxP4-AS1 and internal reference

BB IEI5 14 Sl 514
FoxP4-AS1 GTG AGC TTC TGG GTT CGA CA ATT GAG GGT TAG GGC AGC AC
GAPDH CAC CCA CTC CTC CAC CTT TG CCA CCA CCC TGT TGC TGT AG

1.2.3 Mg 3 (CCK-8 %) 4l LL 5 x 10740
I %% B 2 R0 F 96 FLARL, 7E 37 C. 5% CO, I fE iR 1;
FAPE IR, B0, 1. 2, 3, 4dJ5, K10 pL
CCK-8 il M AL, 37 CTFIEE 1 h,
FHESEAR AL A0 1, 2. 3. 4 dAY 450 nm &b
WOGEE . DL BB 31k,

1.2.4 mip AR L HATHRERE, L
1000 A4~ /FL i 4H i 25 B B2 Fh oS fLdie b, R4l
3IAEATEAL, BT CRiFMPRIFE. 2 ER
PR v SR B 4 i s B 1A, 7 2o hE 3R 3%, LAPBS Uk
3, FBE [ SE A0 15 min, BT S 0 R AR 28
30 min, BT JEERH R, THE IR AT UL A 20
e R

1.2.5 EdU 5% H EdU K I 570 60 46 0 41 it A 334
FARETT o HI18 9 B B AS B % YL AP PTC 40 i 5%
L 20 000 ™ 2 AL/ L Y 20 B %% B2 45 Fp T 24 £l b,
BB 3N PATE AL, B 50 WM EdU Aric 15 77 5 m
AF| 24 LA, B THiFR T 37 C. 5% CO, F IR
HEE 2 he FH 4% 2 5 W A e 4080 30 min, H 2
MR (2 mg/mL) P& 5k & 09 W R, JH 0.5% Triton
X-100 it €4 5% JK % & 10 min, PBSWEVESS . Hn AT
EdU T /F % W 7F % I O 4 4 30 min, SR 5 H]
100 wL DAPI 7£ % {8 W% & 5 min Jf 78 %6 06 8 M8 F
AT ISR

1.2.6 @iz & it 4% 5% FH Transwell /)N 25 46
I 22 M OE B RE T . RO R RO A s AL,
JC IfiL 75 () RPMI 1640 5% DMEM ¥ 72 3L & &, 7% i 3
Uk Matrigel F& 57 i A9 Transwell [ % (iF #5654~
WMERE) |, TEMA® 10% I 1 1640 5
DMEM ¥ 35 %6 o /N2 B 1 40 M 18 5 55 37 40 b 85 9%
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24 h5, BRBREBE LI, BT A 40
[LETT RN S p il LR (0D S o g

1.2.7 wX i AR 2a ke B 40 45 0 40 i B )
J& . FH PBS 2% vpO R 4 240 L 1 Yk (50 800 r/min,
5min), WHEAMAIT70% LFFE4 Cidx, B0
LM, PBSE &, A $ AT AL 4 1Y 500 pL
ALTABE  (propidium, Pl) /A% M % H2 f A (Rnase A)
(Rnase A:PI=1:9) o T/EW , =R ESLY M
30 min Ji, 28U A0 Ao B A A SE . DL B SRR
WHEE 3K,

1.2.8 Western blot UNEYIIE G, £ 24 W 247,
764 °CF B0 12 000 r/min, 30 min $2HCE . 1]
BCAEMEEHWEE G, 40 pgFEH L 12% SDS B
VR0 T e BE G FELUK S, Fe R 2= PVDF R L, A=
ZAFT 5% WRE 4 W5 & 2 h, A CDK4/
cyelinD1 i (1:1000) 4 CHFFFH . TBST k%
—Pt, HRPHRIC —HT (1:5000) E\FFH 1 h,
TBST % 3 K, lid ECLib2= kil & W, U
GAPDH (1:1000) fEh N Z. DL B E
23K,

1.2.9 K THMHBERGHE  PEE 4~8 JE & M2
NOD-SCID /NER 20 H, FHEAR#EXT /N R AR id, BEBL
AN A, HHSs H. Hiea, HAmESE
K EE R I R AN VR R 5 < 107 S /mL, TN
BB K R T SRR 0.2 mL (9 B0 B, M S
T 5 RS TR, e HAE 2 IF ], off 52 56 /s B A
FE, WU R AT R Sty o AR S 8 BN BE R
KELBEWRHMEN SHA (RBAHAS
No1800829) .

1.2.10 FoxP4-AS1 £ W R /& P o 4L & & 5 #7
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T % KEGG 508 5 Y GSEA B4, % FoxP4-AS1 ik
21K Fll FoxP4-AS1 (55 3% 35 1 35 R 21 2 (8] Y 22 5 38 %
AT TR Geit i R ARIE (P<0.05) HYAH
K5 5 B, Al geplot2 £ ] W 4L T 2 I Rk
i .
1.3 SZitFEaIE

43 5 K F SPSS 22.0 Fl Graphpad Prism 9.0 4t i1
AT G A 1B, AT A IE A A BT
RIS + brifEE (2 +5) Fon, PR R
KL REAR K56, P<0.05 2R AH G iR X,

2 & =R

2.1 PTC#4AAEH IncRNA FoxP4-AS1 RikkFE

i 33 qRT-PCR K1l A PTC 40 i & (TPC-1. KI
S AN TE E IR SR U8 b 4H MY (Nthy-ori3-1
Y Hf ) H FoxP4-AS1 [ R IXIEM . &R BR: A
PTC #fi ff & TPC-1. K1 ' FoxP4-AS1 1Y 3 ik 7K °F- B
AR TN IE & FOR R U8 76 1 B 40 Nthy-ori3-1, 2
FEA G F = X (0.660 +0.078 vs. 1.000 +0.000;
0.523 +0.006 vs. 1.000 +0.000, ¥ P<0.05) (}&1).

1.5
P<0.05
1 0 P<0.05
i
|
i -
= 0.5 —
0.0 : . :
TPC-1 K1 Nthy-ori3-1

El1 qRT-PCR#llIncRNA FoxP4-AS1 &%
qRT-PCR detection of IncRNA FoxP4-AS1

expression

Figure 1

22 EBRBREHRLER

9 4% B FoxP4-AS1 7E PTC 41 il w4 A A= ) 2% o)y
AE, 3 312 i 7 e U S0 R FoxP4-AST & 3k 18
B YL TPC-1, K140, RT-PCR £ 56 5% 4L 5%
fe . 45 R WK, B Y FoxP4-AS1 it % ik 18 % &
(FoxP4-AS1 41 ) J5, TPC-1. K1 40 iff i) FoxP4-ASI
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RIRKFHETE, SNCAML, 25E5%11#
B X (0.440 £ 0.026 vs. 1.000 = 0.000; 0.273 +0.021 vs.
1.000 £ 0.000, ¥ P<0.01) (& 2).

4 -
P<0.01 <001 FoxP4-AS1 41
—— T Ne4l
o T
f_ﬂl‘g
® 21
=
z
1 -4
0 T T
TPC-1 K1

2 qRT-PCREGEHRHR
Figure 2 qRT-PCR detection of transfection effect

2.3 FoxP4-AS13tPTC fAREILIEAE /1RSI

2 48 5 S (CCK-8 9% ) | 4 i 5 [ B il 52
5. EdU SEB 25 R ¥ BoR . 18 8 % g i Rk
FoxP4-AS1 J5, TPC-1. K1 409 i 3% 5 fig 1 0 i %
fiX, ZRAZIFFEL (¥P<005) (E3),
2.4 FoxP4-AS1 3t PTC {2 Z T HEE N

Al

Transwell 32 56 2% W s . i 42 00 B Fa e % Y
AR it R Ik FoxP4-AS1 J5, 5 NC M, TPC-1,
K1 41 il i (=2 22 M e 11 W Rk, 2 = A 4t
Y (B P<0.05) (F4),
2.5 i 32 Rl R 46 0 £ A JE HB

21 i ] 300 S 00 25 SR R -l A A Y fE TPC-1
K1 20 2 (%) FoxP4-AST ik i, R I =X 40 fd AR A5
TV o 4 L T . S5 AR R, i 3R 35 FoxP4-
ASL G, 40 M J& 39 B 7 GG, 1, 22 7 A Siil 2
=X (P<0.01) (K5),
2.6 GEPIAHIEEEF LncTar M ikpI 447

GEPIA 4 2 i #0045 2 @7, X CDK4 7
IR IR 988 F1JEE 5% (thyroid carcinoma, THCA) A8 %5
W 22 5, AE CDK2 Fil CDK6 W JE I i 2 & .
LncTar (http://www.cuﬂab.cn/]nctar) [ % 38 58 FASTA
¥ 2T FoxP4-AST 5 CDK4 B W& 76 A 5. 4E I #E A5,
45 B K, FoxP4-AS1 5 CDK4 17 1E 2 AN s 76 (1 A
HAERMS, HEERER (E6),

http://www.zpwz.net


http://www.cuilab.cn/lnctar
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= NG4l X = 4 Ne4l
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Figure 3 Detection of cell proliferative capacity
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A: CCK-8%:%; B: AU nsis; C: EdUSE
A: CCK-8 assay; B: Colony formation assay; C: EdU incorporation assay
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FoxP4-AS1 4| NC4d
- W FoxP4-AS14]
W Ne4l
- P<0.001
)
&
=
=)
=
X
R
H
2

FoxP4-AS1 4] NC4

W FoxP4-AS141
mNc4
P<0.001
I P<0.001 ——
&) —
=
=
=
=
=
x
pY

K1

4  Transwell SLIGH N PTC AAERY TR FEREESN

Figure 4 Transwell assay for detecting the migration and invasion abilities of PTC cells

5 IR PTC 4 R840 E HA
Figure 5 Detection of cell cycle of PTC cells by flow cytometry
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W Tumor
W nNormal
150
100
50
FRLILPEFRERECRIPLLRE R P80 00RO N NI O D
SO K G &’ S O
L ST SEE EEFCEEF IS S S &L FRPFGEE S
W Tumor
| Normal
150
100
s0
O Xt P FRELRECRIPELLE S L2000 N0 K ™SO
& e O F S & o ORSNAS
I E FFCEE TSI O F L F O FTEII S
W Tumor
" W Normal

O XL O P o K O R aC R v -y
P T TFE ECFCEE T OIS G FLF FFGIF

5' ACGACACGGCGGGTCATTCCGGACTCCTGACGC 3°

3' AACTAGAGGGCCAGTCAAGCCCTACACCGTGTC 5°

5" GAGCATAATTGTGTGTCCATCTTCCAGAGCAGCGAAAA 3!

3' CCCGGAACATGTGACAGGGTATCCGTGGCTGTGGTTAA 5°

Bl6 GEPIA #{#&EH LncTar P54 47 FoxP4-AS1 5 CDK4 B 7EMH E1E AEE
Figure 6 Analysis of the potential interaction targets of FoxP4-AS1 and CDK4 using the GEPIA database and LncTar website

2.7 Western blot #:ill%% 3 58 PTC 4l A CDK4/
cyclinD1 Rix1ER
T 1 7 0 22 3K TPC-1 . K1 40 Jfd o /4 FoxP4-
AS1 FE ik K, FJH Western blot £ ] CDK4/cyelinD1

KB &R EBIR, iRk FoxP4-AS1 J5 ,
CDK4/cyclinD1 Wi W 9870, 22 R A Gt 8 L (P<
0.01) (KE7).

TPC-1 4112 K1 4
B FoxPa.As 4] LS o o Fopa-asi 41
TPC-1 K1 mNcA mNCA
1 1 it P<0.01 P<0.01 iz P<0.01 P<0.01
S\ A S\ A _ — P i — <001
QO}&A—P\ g(fé%qm&?b"h “Clé% ﬁ 1.0 ﬁ 1.0

cclinD] M —— kD =

11 0.5 = 177 0.5
CDK4  S—_— — i i

' 0.0 - 0.0

GAPDH S - 7D CDK4 ezl CDK4 eyelinDl g
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Ki-67 detected by immunohistochemical staining (x100)
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Figure 9 Pathway enrichment analysis
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