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Upregulation of LINC01503 expression by SOX9 promotes malignant biological
behaviors and tumor stem cell stemness in laryngeal squamous cell carcinoma

WANG Jingtian’, ZHAO Yan®, LIU Shenghui’, LAN Lili*, WU Ganxun’, SHEN Supeng® (a. Otolaryngology-Head and Neck Surgery,
b. Biological Specimen Library, the Fourth Hospital of Hebei Medical University, Shijiazhuang 050011, Hebei, China)

[Abstract] Objective: To investigate the influence of SOX9 on the proliferation, migration, invasion, and stemness of laryngeal
squamous cell carcinoma (LSCC) cells by upregulating the expression of long non-coding RNA LINC01503. Methods: Human LSCC
cells AMC-HN-8, TU177, TU212, and TU686 were cultured routinely. Control nucleic acids (NC) and knockdown sequences (si-SOX9-
NC, si-SOX9#1, si-SOX9#2, si-LINC01503-NC, si-LINC01503#1, si-LINC01503#2) or overexpression plasmids (pcDNA3.1-SOX-
NC, pcDNA3.1-SOX-oe, pcDNA3.1-LIN01503-NC, and pcDNA3.1-LIN01503-o0¢) were transfected into TU177 cells or TU686 cells.
These groups were named as si-SOX9-NC group, si-SOX9#1 group, si-SOX9#2 group, si-LINC01503-NC group, si-LINC01503#1
group, si-LINCO1503#2 group; pcDNA3.1-SOX9-NC group, pcDNA3.1-SOX9-oe group, pcDNA3.1-LINCO01503-NC group,
pcDNA3.1-LINCO01503-o0e group, si-SOX9-NC + pcDNA3.1-LINC01503-NC group, and si-SOX9 + pcDNA3.1-LINC01503-oe group.
The expression of SOX9 mRNA and LINCO01503 in each group of cells was detected by qPCR. Bioinformatics tool was employed to
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identify the binding site of SOX9 to IncRNA LINC01503 promoter region. Chromatin immunoprecipitation (ChIP) and dual luciferase
reporter gene experiments were carried out to validate the binding between SOX9 and the LINC01503 promoter. SOX9 knockdown
efficiency and the influence of LINC01503 on the expression of stem cell markers in TU177 and TU686 cells were detected by WB
assay. MTS assay was used to detect cell proliferation, scratch wound healing, and Transwell assays assessed cell migration, while
colony formation assays evaluated the ability of cells to form colonies. Results: SOX9 was highly expressed in all LSCC cells
(R =0.12, P < 0.05). Database analysis showed a positive correlation between SOX9 and LINC01503 expression in head and neck
squamous cell carcinoma (P = 0.005 9). It was proved that SOX9 directly binds with the LINC01503 promoter and promotes its
transcriptional expression (P < 0.05). Knockdown of LINC01503 significantly suppressed the proliferation, migration, and invasion of
TU177 cells (all P<0.05). Overexpression of LINC01503 notably enhanced the proliferation, migration, invasion and colony formation
of TU686 cells (all P<0.05), as well as the expression of cell stemness markers CD133, OCT4, and SOX2 at both mRNA and
protein levels (all P<0.05). However, knockdown of LINCO01503 inhibited colony formation and expression of stem cell markers
in TU686 cells (P < 0.05). Knockdown of SOX9 significantly suppressed the proliferation, migration, and invasion ability of TU177
cells and reduced the expression of their stem cell markers (all P<0.05). Meanwhile, overexpression of LINC01503 partially reversed
the inhibitory effect of SOX9 knockdown on the malignant biological behavior and stem cell marker expression in TU177 cells (all
P < 0.05). Conclusion: Both SOX9 and LINCO01503 are highly expressed in LSCC cells. SOX9 may promote the proliferation,

migration, invasion and stemness of laryngeal squamous cell carcinoma by upregulating LINC01503 expression.
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A LSCC 4 iz AMC-HN-8. TU177. TU212 #l
TU686 1 W [ 3% [ ATCC 24 ff2 %2 . RPMI 1640 }%
DMEM #% 7% % 35 11 H 3% [H Gibeo 2 #] , Jifi 4 IfiL i
(fetal bovine serum, FBS) I H & [E BI 24 A& , 10 5% 5%
A & 1 B % 1+ Roche A 7 , Lipofectamine™2000
(Lip2000) % 44751 H Invitrogen 24 & , MTS 157/
4 H 5% [E Promega 7~ 7] , Transwell /s % Al Matrigel &
J5 R 41 E SEE Corning A 7] si-SOX9#1 . si-SOX9#2
si-LINCO1503#1 . si-LINC01503#2 si-SOX9-NC Al
si-LINCO01503-NC # iy | 75 M & 23 H A R A
7 , pcDNA3.1-SOX9-0e. pcDNA3.1-LINC01503-0e
pcDNA3.1-SOX9-NC #1 pcDNA3.1-LINC01503-NC
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AMC-HN-8 41 FH & 10% FBS [l DMEM 15375
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RPMI 1640 ¥557235 5% , A 4035 & T-37 °C.5% CO,
(R3S FRAR TR AR 7% < B H B IR R Y & &
80% LA 0.25% IREGH A&, FH Lip2000 % 44k
FPE R T 51 (si-SOX9#1 . si-SOX9#2 . si-LINC01503-
NC. si-LINC01503#1 . si-LINCO1503#2 ) K il Ik i &
(5i-SOX9-NCO#% Yt TU177 40 ML , 1c N si-SOX9#1 4.
si-SOX9#2 #H .si-LINC01503-NC £H..si-LINC01503#1 4.,
si-LINCO01503#2 21 si-SOX9-NC 2H ; ¥ i & 32k i i %
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HXFHR TR (pcDNA3.1-SOX9-0e . pcDNA3.1-SOX9-NC.
pcDNA3.1-LINCO01503-NC F1 pcDNA3.1-LINC01503-
oe) % 4L TU686 41l il , it ¥ pcDNA3.1-SOX9-0e 4
pcDNA3.1-LINC01503-NC 4 .pcDNA3.1-LINC01503-
oe 2l .5i-SOX9-NC + pcDNA3.1-LINC01503-NC 2 /1 si-
SOX9 + pcDNA3.1-LINC01503-o0e #H Al pcDNA3.1-
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EOF 823
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StepOnePlus ™ 5L i) PCR 4% L #E 1T qPCR A& M« [ 37
2%4F:95°C 10 min,95 °C 155560 °C 30 5.72 °C 30 s, 3
35ME¥R 572 °C 7 min. LA B-actin E N A L[], X
& 2H (pools) A ATLEX 10 f1l% 55 2H 21 1) cDNA VR A o
SOX9 1E 1] 3] 4 : 5-~ATGAATCTCCTGGACCCC
TTCA-3', )2 [7] 51 ) : 5-AGGTCGAGTGAGCTGTGT
GTAGAC-3'; LINC01503 1E [ 5| 4 : 5'-GGGACGG
AGACAAATGACGG-3', Jx ] 5] #) : 5'-GCAGGC TC
CCTGACACGTA-3'"; B-actin 1F [f] 5] ¥ : 5'-AAATCG
TGCGTGACATTAA-3', )2 [f] 5| # : 5'-CTCGTCATA
CTCCTGCTTG-3's LA 27 22Tyk il B H [ A (1) AH 5
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1.4 AM1E 8504

JEIT JASPAR % ## £ (http://jaspar.genereg.net) I
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Vector) , ¥ % B 41 ik o MR H 4 77 & i B S, fE
Lipofectamine®2000 i 7 2 pg pGL3-LINC01503-#F
A (WT) 88 pGL3-LINCO01503- 58 4% % ( MUT) f
2 ng pcDNA3.1 5% pcDNA3.1-SOX9 L #4 4L TU686 4]
. SZE67> A peDNA3.1 + pGL3-LINCO01503- 8 4 7Y
(WT) 4 .pcDNA3.1-SOX9 + pGL3-LINCO01503- %7 4

B (WT) 2 . pcDNA3.1 + pGL3-LINC01503- 58 4% 74
(MUT) 4. . pcDNA3.1-SOX9 + pGL3-LINC01503- %
BRMUDAH, FHK3NE AL, 77248 ha , Kl
JE R MY
1.6 % &R %.J& T % (chromatin immunoprecipitation
assay, ChIP) 52 3546 SOX9 5 LINCO01503 /2 ) -F X 4
A4,

FZIESCHRR[ 1018 IR S AR D R AT . /ELSCC 4
Ji ik 238 SOX9, 17 4 MU B A= K 42 90% V5, i
A7 40 0 ) FR A G, BB 7 24 DN 7E 1.5 % 35 AR
IR b Aor U0 P AR I ROR . 20 S DTUE AL
Bk % DNA # 5 2hi 4, & J5 @3 47 qPCR £ Wl «
LINCO1503 JH 8 F X &5 &AL sl 1 5l W7 5 N F:
5-TTACAGGTAAGGAGGCTCTG-3', R: 5-TGAAA
TAGGTCAGCCTTGTAA-3'; 45 & 17 55 2 51 ¥ F 5 K
F: 5-~AAGAGGGAGGCATATTGATCC-3', R: 5'-TCT
CTAAGCCAGGTGCGAAGA-3'"; 45 & 47 1 3 5l W 7
% A F : 5-“TCTTCGCACCTGGCTTAGAGA-3', R:
5-GGCTGTGTGCCCTGTAGTAA-3',
1.7 WB 42 0] SOX9 &9 F 45 % & & LINC01503 *F
mie T HATRE W R LR

FH 151280 RIAP 2H 23 /24 o 23 fifp 4 X% 2H 200 i i
HH,BCAEARNE XA G HTEO R EE. @
it 10% SDS-PAGE 43 85 £ [ U FF i (40 pg/Vkid) , 3
Y H % 2 PVDF B b STHUFT 5 1 PVDF i, JON
5% i Ig Wk 5 ¥ R 35F 1A 30 min , T\ 7T ACT ¥gg
(1:5 000 4 B . Fit CD133 . SOX2 . OCT4 .4 (¥
1:1 000 # R o g PVDF N FH BT AR H 4 °C
NAFE ST, K H ] TBST 2R AR FR IR L3k 31K,
IO\ HRP W 2E 5% —H1(1:10 000 FF) 7E 53 F 4b
P45 min. H TBST 22 Be i f5 , F ECL & il
RO, WL T kT, JF A8 Imaged B A (1.48
RO S K FEARLBEAT 43 # o
1.8 MTS &4 M 4% % LINC01503 3 LSCC #m it 3% 74
Ak 71 89 R

B0 TULT77 40 AT TU686 41 i 1% 77 24 h 5
H AL, B T8 10% FBS [ 35 95 56 b, i 38 41 i 2%
&, AL 100 pL (5 1 000 A4 20 i) 2 51 T 96 fL
W, R E 6 N E AL, o AITEA NG EE 5 0.24.48.
72 F196 h i 433l a1 BEFL NN MTS 377 20 pL, K5 3544
B 97 2~4 h )G, B AR AN 5E 490 nm Ak (1 5% %5 FE (D)
1B, 2o 1) 164 5 o 82 VA8 20 PR S B KT
1.9 XIJR A A 5% 5046 M) % J LINCO01503 2+ LSCC %
fe it 4 fe 71 9% vh

PG YL JE A L 2 x 1040 /AL R 3] 6 1L
B dH Y A A B 90% 22 A4 Bt A i JC 18 A% VL



b

T, & . SOX9 i LINCO1503 252 {2 12 Mk 5 DR 2 i o 40 i 2% 12 A= 400 247 D R 988 = 44 i 12 - 1095 -

Sk 2R Ui 8 ao 45 40 2 AT RIR . PBS I BEIE VR A
W5, T MG RS IR FL AT 55 9% . E 0 F1 24 h I
MBI FERE B, (T EERE R
1.10  Transwell s F # M LINC01503 #+ LSCC 4m fits
12 &8 71 89 %5 7h

FH TG L3754 37 442 HE 127 1 LU AP A% 8 Matrigel JE
JR A, ] _E 2 /N2 AR N 20 uL , G 52 5 24 FLHR Al
B 5T 35 5 Bl /D R T, VA E AR,
37 °C5% CO, 55 740 1% 77 , A5 2 o Jie B[] i e FH o
WA I LR 1 x 100N R R T B
W NG LY 35 77 25 40 5% 200 pL, T2 51600 pL 7
10% FBS 58 &3 70k . WG 7R 24 h G HUH /=
k2 s L= NI4T, PBS ¥E2 1R, 4% £ 5
P[] %2 20 min, 0.1% 45 & 28 44 €7 20 min, W55 T
W %% 5 A I 1140
111 238 52 1% T mx 52 3o Ak ) - 48 4m JiEL 69 52 1% 75 %,
At

B TUGS6 AU A 5 x 10° AN/ FL 1) %5 e A AE FB A
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S o 0
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etk . R HARETEHE1 xB27.
20 ng/mL EGF.20 ng/mL FGF 4 pg/mL i &% & 1)
RPMI 1640 5578 S 5595 7~10 d. B 9E 45 H A
TE R T 1O T R .
.12 %itsam

K H IBM SPSS25.0 et # At A7 £dis 0 M. B
A SERG ST A 3 IR, R IEAS M R EdE R A
X s RN B LOECR AU LA £ K50
PLP<0.05 8 P<001FREREARIIFE L.

2 # B

2.1 SOX9 & LSCC #mfia ¥ 2 & & 3+ 5 LINC01503
ki E EAE

qPCR A 45 B (B 1A B S, 59 55 % R
AHEE , SOX9 A1 LINC01503 7E LSCC 41 i 7 15 5 755
15 () P<0.05) . GEPIA 75 £& 5045 2 7 45 R 2w,
7 Sk # wE vh , SOX9 A LINCO01503 34 5 1F A 2%
(F1C;R=0.12, P<0.05).
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El1 SOX9F1LINC01503 Z£ LSCC ZHAf = i 3k K2 AE & 1

2.2 SOX9 5 LINCO1503 & 3 ) F X £& & 42 i &
& ik

JASPAR Tl &5 R . 7% , SOX9 7£ LINCO01503 J&
1 XA 3G A X AL AT 1:-473~-487 bp L 51
2:-646~—654 bp M7 £ 3:-754~-762 bp) , G5 & T 5N
CCATTGTT (| 2A) . qPCR k&l 45 H (K 2B) BoR,
£ LSCC 4t i b i 9 5 i 52 8 SOX9 f& , SOX9 1
mRNA 1 LINC01503 1) %3 7K~ 25 8 2 P AR 2l T iy
(¥JP<0.05 . WBEklgh R (E 20 27, miEk
it %k SOX9 J& TU77 8k TU686 41 it SOX9 1 25 1
KP4 3 PR T & (3 P < 0.05) .

ChIP SZ 56 £ W 25 S (& 3A) & 75, SOX9 5
LINCO1503 J& 8l 1 X (fi 51 1: —473~-487 bp ) 7 1£ 45
HRARP<0.05) . BUHE G 7 B JE K 52 50 K
W& R (E3B.C) &R, 5 pcDNA3.1-SOX9-NC 41
FHEG , SOX9 15 AN [H] #8% i & 4 i br 3 % B, —392~

+31 bp K BUAH 56 2 BEE VTG B 2 284k, 1
-780~+31 bp K JE 1) 7 Br 41 1 52 0t . Mg 0 1 B
(P <0.05) s Fik SOX9 Kk, —-780~+31 bp K J&
[ R B2 18 Ol 2 i i 2 I R PR AR (P < 0.05) , $ 78
SOX9 7£ LINC01503 Ji5 5 1 X 45 & A B AL T--392 bp
X N T P EIE SOX9 1E LINCO01503 Ji5 )
T X B AR G5 A X3, 30 AT B0 G 21l o 2 A S
5%, &5 B (K 3D) & 7R, 5 pcDNA3.1-SOX9-NC +
LINCO1503-WT 4H L[t # , pcDNA3.1-SOX9 +
LINCO1503-WT £H 4 Jfa v 58 't 25 g 3 Pk S 3% B i
(P<0.05); 5 LINC015033-MUT + pcDNA3.1-SOX9-
NC 4H b %, LINC01503-MUT + pcDNA3.1-SOX9 2
LSCC4uMfl o (1) % Ot 2= g 3 1t % A W & A2 b
(P>0.05. LE&E5H 3 W] , SOX9 5 LINC01503
JB 3 X fEE S A KR, B REEGMNEN-473~
—-487 bpo

are
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1:pcDNA3.1-NC 4H:2: pcDNA3.1-SOX9-0c 4. 5NC4IHH, P<0.05.
2 SOX9 3} LINC01503 Z=ik 7K F RS20

A B C
= TU177-si-SOX9-NC —pcDNA3.1-SOX9-NC

=IgG = TU686-pcDNA3.1-SOX9-NC = TU177-5-SOX9#1 &=pcDNA3.1-S0X9-0e
. 10 F= $oxo 4 A7 TUGS6-peDNA3 1-50X-0c Ly 25 = TUITT5.S0%5%2 w4
< pre % = e *
= g i 20
O
& fik L)

2

Bl R R
-IL'? ég 1 | 1+
oo = =
B 2 [

Bl 2 A3 1 2

AR
o

1 2

wT MUT

A : ChIP SZEG I SOX9 % LINCO01503 J& 511 X i & SE4% 1l : B C Al D 7 ) 2 B4R 15 = F A6 01 SOX9 15 LINCO01503 [ 45 &
K FR. 1:pGL3-LINC01503(-392/+31)4H;2:pGL3-LINC01503(-780/+31)4H. 5 NC X415 1gG ZHAH L ,"P<0.05.
B3 SOX95LINC01503 B FXHMESIER

2.3 F A LINC01503 =T B 2 47 %] LSCC %@ it 49 3%
7 XA AR £

qPCR K &5 5 (B 4) &R, 5 si-LINC01503-NC
YA EE L si-LINCO01503 21 TU177 40 g o LINC01503
Fi5 03 TR (P<0.05, {1 4A) , R WI7E LSCC il fitg
BRI T LINCO01503, 7] DA AT J5 22 D) RE S 56 o
MTS. %I IR 7% & 1 Transwell /) = 5 28 5286 45 5 (1]
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