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2 MEA 1(SP1) £ FOXP4-AS1 {RiH 45 B 7S A niL5E

RER, HER, &%k, I B, 9%, #EK, ZFZE, LEE"

(FMEHRXPZHESSERATH, FRTAKER 511518)

WE KB EEEA, K4 E% A RNAs (long non-coding RNAs) 245 AR A X R b R 4R E
ZAER, AT S AW, IncRNA FOXP4-AS1 #3h 45 A& ey b A2 . A Sl it 3098 B 42 8 0 47 KL,
FOXP4-AS1 A4 APk L LE B HFREZNTG EMAL, FiT K EE PCR ik dLiE %,
FOXP4-AS1 24 A mie AR P REX B & T EF miefmy, L FOXP4-AS1 E4 W
T LOVO PR A B R G , L EF L AMmMIE 1345, A W15 8 F TN LSRN E R EIHIRS &
K i fe 4 & I AT R 4R AN, & G 1 (specificity protein 1,SP1) 7T A #: 45 & /£ FOXP4-
AS1 BT b, LR EM, i &k FOXP4-ASL, T Fifl pl6 4= p18 % ik, Fl i L8 CDK4 CDK6
Fesn OB &G DI fik | AL H & miedg sl AR, SUK FOXP4-AST ¥ L3 pl6 F= p18
&K, #7%) CDK4 .CDK6 Fe 2 JeL Bl HA % & D1, K34 R4 R, B2 71 %& 8 1(SP1) LA
FOXP4-AS1 ATt 45 H 55 tm BL3g 78

X8R K4EdE% A RNA; FOXP4-AS]; £ A Mm%, 3, HFHES 1(SP1)

FE4SES R735.3

Specificity Protein 1 ( SP1) Upregulated FOXP4-AS1 to Promote the
Proliferation of Colorectal Cancer Cells

SONG Hui-Sheng, QIU Hui-Si, WU Hua-Zhen, WANG Xin, TANG Rui-Ming,

PAN Hui-Lin, LI Zhi-Ying, FENG Zheng-Fu”~
( Department of Radiotherapy, The Sixth Affiliated Hospital of Guangzhou Medical University,
Qingyuan People’ s Hospital 511518, China)

Abstract Increasing evidence demonstrated that long non-coding RNAs (IncRNAs) play important roles
in colorectal cancer progression. It is suggested that FOXP4-AS1 might promote colorectal cancer
progression. Here, we employed the GEPIA databank to show that FOXP4-AS1 was highly expressed in
colorectal cancer tissues, compared with that in normal tissues. FOXP4-AS1 was positively related with
poor outcomes of patients diagnosed with colorectal cancer. qRT-PCR assays also validated that FOXP4-
AS1 was highly expressed in colorectal cancer tissues than in normal tissues. Bioinformatics analysis,
combined with dual luciferase reporter gene assays and chromatin immunoprecipitation assays showed that
specificity protein 1 (SP1) directly bound to the promoter of FOXP4-AS1 to enhance its activity. Restored
FOXP4-AS1 could significantly reduce pl6 and p18 expression, accelerate CDK4, CDK6 and Cyclin D1
expression, thus enhancing proliferation of colorectal cancer cells. Knocking-down FOXP4-AS1 had the
opposite results. In conclusion, SP1 transcriptionally upregulated FOXP4-AS1, thus enhancing colorectal
cancer cells proliferation.

Key words long non-coding RNAs ( IncRNAs); FOXP4-AS1; colorectal cancer; proliferation;
specificity protein 1(SP1)
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RE LA AR BPEE T 1(SPL) 4 FOXP4-AS1 {iE3E45 B 7 96 4t 158 78 305

g5 G W Rt A R R HE A A 3 T ERBE R
HEZ 55 4 0B . AR 2 BRAT 100 % 200
IECREN L R L S A SN € = B
70 J7, 2017 4F 36 WA T 45 g R
95 520 1, B 4 H R SE TR 1] 50 260 P
PG it , 2012 4F Hh [E A 140 J7 87 36 45 A 0 R
#,693 900 B4 st T B 1 Rk, 4R
FEAE i 2 e R R o T AL, 3R OR R 45 B
W Je b AR ) AN TR TE IR T SR AR, 2 H AT IR 1R A 1Y
i NS

K 5% 9F % 5 RNAs ( long non-coding RNAs,
IncRNAs) J2—Z K JE KT 200 nt To 8 A B gn s D)
AERY RNAs® 0 HAT A I, IncRNAs 1E45 1 Wi &
AR JR R AR R R AE BN AR E R
R I, IncRNA FOXP4-AS1 7E4t H e vh it &
s, BSOS IEAE, FOXP4-AST HFE 3%
A ID J& ENST00000454812. 1, %44 s A H 2 A 4b
BFHM, K 575 bp, A SCIUAE M EERE E 53T
FOXP4-AS1 T7E45 15 7 9 40 il v i VE F BOAE 6 43 +
BL

1 #MR5FE

1.1 ZHREIEFRRALNE

EH 45 EH g bR 40 NCM460 F4s B iz 40 i
LOVO ., HT29, SW480, SW620, HCT116, RKO }
HCT8 1 A 52 40 % R A7, B b3 4 i 22 Fp T &5
10% Jity 4= L3 ( Gibeo 2 F]) DMEM 5 F2 ¥, 7E
37°C 5% CO, [WEEFFF TSR

H 2012 4 5 H % 2017 4F 2 A, Wk AR Be st
L HI4E HL i B 44 39 ) M 55 45 E m4H 41 26
1], FCRE ST - 80°C PR A7 A5 o 39 45 B i i
FHHA 25 BIAPER 14 Bl bE . iR /NE 38 %,
RS R 73 %, 26 Bl HI A SR H A
13 BB 13 B, Fibm/NE 45 % AR i
K81 4, i AT EFZANFETS, A5
(BT EURT il PN 2 T o L AR S i =
1.2 k7

Trizol \SYBR | i¥i % 5% 12051l & . BCA & I Bk i
K75 & 204 B 2 [F Fermentas 2\ F] , RIPA 2fi#
T A 242 K, pl6 . pl8 CDK4  CDK6 ., 4 Jifd J& 31 &
F D1 1 SP1 Hiii 5 g B i ie i8] &340 B Cell
signaling techonology , B-L 8 2 A HiL K H sigma,
MTS 1270 5 0058 ) 2% i 45 56 DR ) & 4 0 1 36
3] Promega,

1.3 ZERWHEEE PCR

i 1] Trizol $2HXAH ML E RNAs, i FHEEHLS | Pkt
H¥ 5 % cDNA, SYBR 325 T4l FOXP4-AS1
3% ik &, GAPDH L {i# 5|4 5'-ATTCCATGGCA
CCGTCAAGGCTGA-3", GAPDH F ¥if 51 % 5'-TTCT
CCATGGTGGTGAAGACGCCA-3', FOXP4-AS1 | ¥
5] ¥ 5-GCTGCCCTAACCCTCAATCC-3', FOXP4-
ASI Fi#514 5'- CACAGAAAACCAGGGCTGAACT-
3, BIHEBEYIE R A, AR 2-°0 Dy kit
HAR RN E,
1.4 Western E[ 546 i

UK -l RIPA 24 H A 400, Zb 3 20 min f5
BLDHL W . BCA Wl & BTk B, R UkE
#E 30 mg 5 A B, #£17 SDS-PAGE, 200 mA 90
min, ¥ PAGE & L8 %% 2 PVDF X, 5% 41
FIRBE AL 2 h, —¥T pl6.pl8.CDK4 , CDK6  4f
M AR D1 AT SP1 SRR BE LA 1:1 0005 B-AL
S FAYUAR BB 1:5 000, % 5 i %, PBST ¥k
W, ZPiEE 1 h, ECLAL¥ K.
1.5 ¢ApaiEsEsc

¥ BARAIRE2 R 96 FLAK, 7:FL 1 000 4> 41 i,
AMGEEIGAY 0.1.2.3.4 A1 5 d 43 BINA MTS, =ik
EE 3 h,490 nm A AL AN AR Y IR L BEAE
1.6 FBRILEXR

B LOVO A AN 2= 15 om 40 0 0L 8% 35 1
T, 225 FPE 1 5 40 10 min, H & BRZ 1L [H 5% 10
min , S A0 L IR 7 R, B0 S ) B A A
Gt 1eG RA 11 HLRF SP1 Hiik, 4CHHE ISR,
FEFREERIE B oA A M 24 ff i . 35 1 K I Ao g
Bk, 4lifk DNA , SEAT 2% i PCR Rl A SP1 45
G i FOXP4-ASL 8+ Hir v Be, 973 HAs
A B E R 519 5" -CCTTCAGACTTCCCCACAGC-
3", 514 5'-GCCCCCTGACCGCCAT-3',
1.7 KA ZREREEEE

BUAE A 4 Wy S W A B FOXP4-AST J3 )1 /)
G FE AR (A2 N pGLA-wt) (BRE SP1 4544
AU FOXP4-AS1 Ji ) 7 4 45 36 B 8k (A 4 b
pGLA-del) FIXT I8 pGL4-B, K LOVO 4 L 8 000
A2/ L B HE RN 96 FLAR , Ik H ¥ SP1 i 3k i
K5 pGLA-wt  pGL4-del F1 pGLA-B 43 5| H: 4% 48 h,
R B 45, 24 fife 200 A 0 4 00 4% 26 240 if 2% ' 2% Tilg
T
1.8 4AYEEFERFITERE

i #7 GEPIA ( http://gepia. cancer-pku. cn/) [®
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i, 51T FOXP4-AS1 TE45 FL R SURIIE #2120
Mish JF S0 T FOXP4-AS] 1Rk 545
J 9 BB & BUJS 9 AH G PE. 7E Ensemble genome
broswer 94 ( http;//asia. ensembl. org/index. html ) B
PEFEH $E I FOXP4-AST e S i 7 a3 Ll 1 000
bp e )G s 7 %), i JASPAR ( http : //jaspar.
binf.ku.dk/ ) FIMAH SR S T 45 A L
PR A 3 AL iR M+SD #7
{1 SPSS 19. 0 B AF ARt A7 G it 70, P4 W] He A
KIS REAS ¢ K536, P<0. 05 R A5 L,

2 H#R

2.1 FOXP4-AS1 ELEEMERESREZBESEEER
EMWEIEREX

Wil GEPIA ¥ A6 2%, & M FOXP4-AS1 7F
275 1545 B g 2 4L b ) 3R 38 TR A BIO: 2967, 7F
349 Bl 1E & 45 I H AU b i R A 2 0. 784, IR

FOXP4-AS1 7E45 1 e 41 20 rp 2. 38 = £ 35 (Fig. 1
(A) Gene Symbol Median Median  Log2 adjp

(Tumor) (Normal) (Fold Change)

Relative expression
W
T

0
Cancer Normal
n=275 n=2349
©) 25 - P<0.001
= 204 e
.S
8 15+ °
(=%
5
210
=
[}
2 5
0
Cancer Normal
(n=39) (n=26)

A), FOXP4-AS1 838 045 B B s 5 22
AR IR W45 B i 5 U B4 (P=0.043) , 10
Fig 1B Fin, 5IAH S0 Kl 1 39 45 5
T LU 26 BE 57418 FOXP4-AST Kk, 45
WAUFSE, FOXP4-AS1 7E45 B i 20 B R 1k (Fig.
1C) . SEMFZEEE & PCR 45 /R, FOXP4-AS1 1E
S5 B e A b ) Rk i = T IE R A5 T
B AL NCM460 i aRis . HIHTE HT29 45 51
AN AR IA B IE R AIAY 1. 78 1%, 7E LOVO
Y Y Rk R A 4E EL ANY 13. 00 £ (L
Fig.1D) ,
2.2 FOXP4-AS1 1R it 4 B 7 5 4 R 1 58

E5E FOXP4-AST TE4S E s 40 h A /R
HETE HT-29 4l ik 635 FOXP4-AS1, i it 1%
FEASIIIE S, FOXP4-AST {2 #F HT-29 2 %5 . HL
Tl 52 % B, FOXP4-AST AT BH . R p16 1 p18, [F]
i F i CDK4, CDK6 14 g il 91 45 11 D1 1y 33k
(Fig.2A) . M ,7E LOVO 4uffirf, % JH shRNAs #if

B 1.0 — Low FOXP4-AS1 TPM
—— High FOXP4 -AS1 TPM
Logrank p=0.043
0.8 n(high)=68
n(low)=68
E
0.6+
2
=
5 04
>
é
0.2
0 T T T T T T T
0 20 40 60 80 100 120 140
t / months

(D)

— (3%
w (=)
1 J

Relative expression
=)
1

* %

0 | — s
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Fig.1 FOXP4-AS1 was up-regulated in colorectal cancer and negatively related with prognosis of patients with colorectal

cancer

(A) The expression of FOXP4-AS1 was estimated in 275 cases of colorectal cancer tissues and 349 cases of normal

tissues via GEPTA. vs Normal, “ P<0.01. (B) Kaplan-Merier analysis was performed to investigate the expression levels of FOXP4-

AS1 and outcomes of colorectal cancer patients. (C) FOXP4-AS1 expression was studied in 39 cases of colorectal cancer tissues and

26 cases of normal tissues by qRT-PCR assays. (D) qRT-PCR assays were carried out to test FOXP4-AS1 expression in colorectal

cancer cells. vs MCN460, ™ P<0. 01
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Fig.2 FOXP4-AS1 promotes colorectal cancer cell proliferation

%
K

B-Actin

Restored FOXP4-AS1 in HT-29 cells (A) and knocking-

down FOXP4-AS1 in LOVO cells (B). MTS assays were performed to estimate the cell viability, ™ P<0. 01. The protein expression

levels of cell cycle biomarkers in mentioned cells were determined via Western blotting assays (n=3)

fit FOXP4-AS1, sh-1#%} FOXP4-AS1 ¥t 2k %50 H: i
U AT IR SER oY, AR A A 7R | m R FOXP4-
AS1 J5 ,LOVO 4l %14 58 B8 77 00 BRZH 1 25 B AR
i fik FOXP4-AS1 B}, AT 5 2% FH p16 1 p18 K1Y
Feiki | [FINFEAR T CDK4 . CDK6 F140 it & 1 4 14
D1 WK IE (Fig.2B) . 454278, FOXP4-AST AJ 4%
20 it ) U0 R S 2 P B RD O TR DG R A, R R 4
HOFH i — BRI R A, wT B 0 4 4 L R A
JHLFR B, (R A e A T
2.3 SP1 ®%3REF LiE FOXP4-AS1 Fik

J T BT FOXP4-AS1 7245 H e h s £k 1y
JRIH B SE T FOXP4-AST JH 37 X 1 % s I8 1
SEA 1 S, KI SP1 T RES 45 A7 FOXP4-AS1 Ji 3
FIXI(Fig.3A) ., SP1 7£ 36 4% B 41 41 Y
KB ERTHAEEFHALUPRLE, B SP1
5 FOXP4-AS1 7 36 145 B H 2 h 338 IEA G
(P=0.0145) , 41 Fig.3B Ffi/n, Western E[J3i5 45 SEAIE
SSPl EAS H M AP RS ERES T
NCM460, HAE HT29 iy F A 5B AK, 7E LOVO H

Fik s (Fig.3C) , 76 HT-29 Had ik SP1, ifif
£ LOVO 4fi g rh s {3k, G5 R &M, b Rk
SP1 A B W 14 hn FOXP4-AS1 % ik, @ik SP1 J&
FOPX4-AS1 Fik s # (% (Fig.3D, 3E) . 7E LOVO
H YL T TVE M AR 45 R R B, SP1 Al R4S B 7E
FOXP4-AS1 JE 8 T X B ( Fig.3F) . RFEEEEEHR
LRSI 7, SP1 A] B 423 hn #F 4= A FOXP4-AS1
Ja B FIEE, 0 SP1 %k 2k 454 437 8 ) FOPX4-
ASLJR BTG MR WL A2 ( Fig.3G ), ik 4h R 42
7N, SP1 A LA B #2455 8] FOXP4-AS1 JH 8+ LIf b
PHFRIE,

3 itig

ULAEK, IncRNAs 7 2 Fh i v S 0 R 3k, 1
FIRPAPENLE £ % &7, LncRNA MEG3 J& 3l
FIX 3 B P 3R, 5 SO A T A R s
W fik, ATEMFEANE 5] A DNA L5 R il
B3 L8 MEG3 iy £ 15", LncRNA LET 7E Jif
NN R RN YR R I (1 =R v T
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(A) 1 putative sites were predicted with these settings (97%) in sequence named 1 (D) M &
Model ID | Model name | Score | Relative score | Start | End | Strand | Predicted site sequence o %Q\ @,CO:W\%\IL% g:(\:b%
SP1 15405 | 0.974953217502912 | 931 |941 (-1 ceeeeteeece
P<0.001
(B) 30,
s g R=0.1510
.g 20 § P=0.0145 o ©
v ] C O o
% — IS\ F = O © >
5] a 4 O = O 2 O ¥ =2 O
210 < e * L] Z jast I ©»n I 4 wn —
=] L 10 @ o * hd
< E .
T 5 = 3K ad . SP1
e~ o *
0 (] AL R
(n=39) (n=26) SP1 expression
(E) (F) (G) . LOVO
15 HT-29 15 LOVO LOVO z
g -k 10 £ c
= = . 51 4 on
10 = 510 08 o
s s 5 e
% b a S
15} (5} P = L2
2 s 205 04 e
5 g0 Q7 3
E E 02 N D N
AVl O p O
0 M VAN
Con  SPI 0~ Shcon sh-SP1 1¢G Pol IT SPI P L

Fig.3 SP1 transcriptionally upregulated FOXP4-AS1 expression

(A) Bioinformatics analysis was used to estimate binding

sites of transcriptional factors in the promoter of FOXP4-AS1. (B) The expression of FOXP4-AS1 in colorectal cancer tissues and

normal tissues were determined by qRT-PCR assays. The expression relationship between SP1 and FOXP4-AS1 in 36 cases of

colorectal cancer tissues were estimated. (C) The protein levels of SP1 were validated in NCM460 and colorectal cancer cells. (D)
Overexpressed SP1 in HT-29 and reduced SP1 in LOVO cells. (E) the expression of FOXP4-AS1 was investigated in these cells. vs

con, vs sh-con, " P<0.01. (F) Chromatin immunoprecipitation assays were performed in LOVO cells, Pol II stands for polymerase

II. (G) Dual luciferase reporter gene assays were established in LOVO cells with SP1 and wildtype or deletion reporter vectors. vs

pGLA-B, ™ P<0.01

HF RS R LET 3 7 K 3R89 H3 Il He 2 K
H & L AL B ( histone deacetylase 3, HDAC3) Z i
L7, HOTAIR 5 miR-141 78 ' 9 40 g v 6 3%
A, miR-141 A] #7790 R 5 v U 45 & 5
HOTAIR |, -0 il 3 35 A 7 988 {4 184 5 I 332 11
IhfE, H miR-141 5 Ago2 Z54, T2 Ago2 YIE|
HOTAIR, F ¥4 H 2% 35", LncRNA highly up-
regulated in liver cancer ( HULC) B 3T X B AT
P W 5 A0 JC 1 45 A B F ( cAMP-response
element binding protein, CREB) 45 & 1 ., {H /& it
Fik B miR-372 fEAZFH 1k CREB 5 HULC A 8 F
MZ54A, T8 p300 iz sl T B B, & 5k
Ziash T & L BAL N 34k, 58 HULC 76 i
Al A YR B AF U, FOXP4-AST
JA B F X IAFFE SP1 S5 A0, Mt FER R gL
JRUTYE W FEAIE 52, SP1 Al H 4245 & 78 FOXP4-ASl1
Ja sh I E R,

LncRNAs 7£ 45 B g 9 v i/ B8 2 i 58 i 44
g U7 TPT73-AST RS H e T B E IR L, H
HERIKR S TNM 40 05 A2 Kk % 25 A
XKoo WRAWIGE KB, TP73-AS1 RERE M 1 45 1 W Vi

o0 36 5, A oE U T Chen 2N & BH,
IncRNA UICLM 7£ JIT-#% %% 1) 45 B W i 4L 2 g 3%
R, TR UICLM 2 b 25410 4 20 a3 58 4R V% B
BRI MRS A28, 1 k2 A I & 8 Li
25 1200 53 1o 428 4l 4 408 /I qRT-PCR B iE 2 )5 &
B, FOXP4-AS] 745 Hip a4 B 3w 3kik, |2
HF RS TNM 40 1 FR A K /N B 35 IE A5G, il
ik FOXP4-AST fi E 41 a3 5 AR PR T X4
JB R BUK FOXP4-AS1 J5 G,/G, W40t £ S
WA >, 5 A — B, 4138 i GEPIA
B AN qRT-PCR 256 tHIESE , FOXP4-AS1 7E 45
B b F£ ik, H FOXP4-AST (R KRS
S5 H e B E R TS IEA . FOXP4-AS1 i
20 A JE I | DA AR O A B A kA, AT
TE Li S5 BF 5% 0 S5 ml b, AR S KO T OR
mRNA 7KV 4535 40 i J&] 1A AH O 2 5 Y 2k ek
A5 X FOXP4-AST 1 FHIHL il (4 A 55 38 4 B AR 1
B, A SCGHE AR YR BTN A A Y e
JOT TV 52 0 FH XL 2R i 45 56 K F 55 9IE 55, SP
A S R FOXP4-AST, fift B 1 H A 5 B 98 4n
JfLFTZH 2 ek ik g ELR TR A
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