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[HZE] T=588: LINCO1410/2 K H647 bpi kA IE4FIRNA (long non-coding RNA, IncRNA) , HSFHEILkSS
SRR R A . R, B HXT R R 40195 ( esophageal squamous cell carcinoma, ESCC) HUSZMRBIFEHL, AW S
FEARITLINCO14 104 SFESCCHH LI 5 AT RS /R ML, LA B VA ESCCHE LA b ity SO ARy TR A . Foik: ]
LR FRTESE H 3012 ( Gene Expression Profiling Interactive Analysis 2, GEPIA2 ) 7EZkZ3HTLINCO14107E [ihyid 55 9 i 3 A
ZH €3 ( The Cancer Genome Atlas, TCGA ) ESCCHE i i35 /K K 5B EFG B ER s RIHEFRE &80
BT ( Gene Set Enrichment Analysis, GSEA ) LINCO14107] G015 54 il i . dE20204F 1 H—20214F 12 A #E3T & 2
BB — ) e B . I S — A I B MO AN R TAR VA M TR A ESCC R B e R AL 2Ubr AR 6215, I3 U 55 18U A
IR AT H & B BB BV HbE (& BB s —MB R, 4’5 20180365 “FIRILTTSE — NREERE, 4% : 2019-
018) o AWFF R SEI 2 E 1 R A il 2 )V ( real-time fluorescence quantitative polymerase chain reaction, RTFQ-PCR )
GHLINCO14 101 2635 7K IR T H 5 e A FE2E 250 X &R o MIFHLV-NC . LV-over/LINCO14 1055 4EC 10941 ifd Jf- & 57
Fa s 1k F R AIMIBREC109/NC . EC109/0E, % JHshRNA-NC. shRNA-LINCO1410%;JECO7062H il 3 22 v 2 5 il e 40 i bk
EC9706/NC. EC9706/KD; L ARTFQ-PCREZIMLINCO1410/ X Feikir; RAMEMS i Huta ik [ 3-(4,5-Dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide, MTT ] SZU& N va B IE AL S IAG I AN MO8 51 5 SR Htranswel | SEERAG I AN AT RS BE F1 5 SR
DG ER B S R S B A LINC 0 14 10X TZH M A /K L3835 -1 (T cell factor/lymphoid enhancer factor 1, TCF/LEF1)
Ja s FIETERY R s SR A BTED I ( Western blot ) I Wnt/B-EIAHE 1 ( B-catenin ) 15 SHz g . b -0 Fid% 1k
(epithelial-mesenchymal transition, EMT ) {5 5%, F5@ A R I RAK T, &R : GEPIA2A /R, AESCCHIZ!

LINCO141033A K- i 35 8 T A IE R 44, MAM 2R a5 E L (P<0.05) . AFAHTR, #RIALINCO1410
MYESCCH A 74 K TR FIXLINCO 141019 % ( P=0.042) . RTFQ-PCRIGINESH /R, 7EESCCALUHLINCO1410
TRV B2 = TROHE S S LINCO14105m 235 S5 MR AL | RS RTNMA I B E 4 (P<0.01) ; 58
BIEH L AEHEECHH L, LINCO14107EEC109. ECO7064H i H it # %3k ( P<<0.05) ; LINCO14107EEC109/OE4H I
WEFRIE (P<0.01) , MFEECO706/KDANMEH 3 Fid (P<<0.01) . MTTZR W R, EC109/OE4NfI48 hitf 4 At G 4 i
F 1 TECI09/NCAiL ( P<<0.01) ; EC9706/KDAHfiE48 hif A AEIE M i 2K FEC9706/NC ( P<<0.01) . A5 ETE s 56
5K, HEC109/NCAHMIAHLY, EC109/OEA A% 4 2% HECIT06/NCAHMIAH LY, EC9706/KD 4 Al 5e b4k ] ik
W/ (P<0.01) o Transwel iE R0 455 W R, EC109/OE4NEHMGT R M AN EUE & £ TECI09/NCAIIE (P<0.01) , T
EC9706/KD4H il 7% B9 40 M5 . 2/ TECO706/NCA L ( P<<0.01) . GSEAZMWrikzs, Wnt/B-catenin, EMTAHE S5 518
% 4k 25 AR TE = ZRIALINCO 1410/ ESCCLH LU o MR B 5 FE N LR 45 R, EC109/OE4M i rh TCF/LEF U 3l 11 1
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WL EETECI09/NC4IfL, EC9706/KD4H M- TCE/LEF 13 3135 P i X TECO706/NCAi il ( P<<0.01) . Western bloth:l]
2L IR, SECI09/NCAEAIEL, EC109/OE4uig - E-cadherin®s 1325 F 4, TMiN-cadherin, B-cantenin. cyclin D1, c-Myc
AR L, SECI706/NCAMAHLL, E-cadherinff 133k -9, TMiN-cadherin, B-cantenin. cyclin D1, c-Myc%F4 15
F MM, Z5i%: LINCO1410 A R HFESCCH SIS FH T AL MVER, JEHLHI T e SIEEMT . Wnt/B-catenin® {5554 538
K.
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[ Abstract ]| Background and purpose: Long non-coding RNA (IncRNA) LINCO01410, with a length of 647 bp, participates
in a variety of tumor biological processes. However, the role and mechanism of LINC01410 involved in esophageal squamous
cell carcinoma (ESCC) remain unclear. This study aimed to explore the potential mechanism of LINC01410 promoting ESCC
proliferation and invasion, to provide a potential prognostic indicator and therapeutic target for individuals with ESCC. Methods:
Gene Expression Profiling Interactive Analysis 2 (GEPIA2) databases were used to analyze the expression of LINC01410 and overall
survival in esophageal squamous cell carcinoma data set in the Cancer Genome Atlas (TCGA). Gene Set Enrichment Analysis (GSEA)
was performed to identify the underlying signaling pathways involved in the biological effects of LINC01410 in ESCC. A total of 62
pairs of ESCC tissues and paracancerous tissues from ESCC patients who underwent radical surgery in the Department of Thoracic
Surgery at the First Affiliated Hospital of Xinxiang Medical College and the First People's Hospital of Pingdingshan City from
January 2020 to December 2021 were collected. This project has been approved by the Hospital Ethics Committee (First Affiliated
Hospital of Xinxiang Medical College, No. 2018036; First People's Hospital of Pingdingshan City, No. 2019-018). The expression
of LINC01410 in ESCC tissues was detected by real-time fluorescence quantitative polymerase chain reaction (RTFQ-PCR). We
transfected EC109 cells with LV-NC or LV-over/LINC01410 and EC9706 cells with sSARNA-NC or shRNA-LINC01410. Stable
transfected cells (EC109/NC, EC109/0OE, EC9706/NC and EC9706/KD) were selected in primary cell culture medium containing
puromycin. The expression of LINC01410 was detected by RTFQ-PCR. The impact of LINC01410 on ESCC cell proliferation was
determined by 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) and colony formation assays. The effect of
LINCO01410 on ESCC cell invasion was detected by transwell migration assay. T cell factor/lymphoid enhancer factor 1 (TCF/LEF1)
luciferase reporter assay was performed to validate the effect of LINC01410 on the activity of canonical Wnt/p-catenin signaling
pathway. The expressions of Wnt/B-catenin and epithelial-mesenchymal transition (EMT) signal pathway related proteins in ESCC
cells were detected by Western blot. Results: By analyzing the LINC01410 expression from ESCC samples in TCGA by GEPIA2,
we found LINCO01410 was consistently increased in ESCC tumors compared with normal tissues (P<<0.05), and high LINC01410
expression was associated with poorer overall survival (OS). RTFQ-PCR assay showed that expressions of LINC01410 were higher
in esophageal cancer tissues and esophageal cancer cells (EC109 and EC9706) than in precancerous tissues and HEEC cells (P<<0.05).
The expression level of LINC01410 was significantly correlated with invasion range, lymph node metastasis and TNM stage in ESCC
patients (P<<0.01). LINCO01410 expression was also upregulated in EC109/OE, however the expression of LINC01410 in EC9706/
KD was decreased (P<<0.01). MTT assay showed overexpression of LINC01410 increased the viability of EC109 cells, while
knockdown of LINC01410 decreased the viability of EC9706 cells (P<<0.01). Colony formation assay indicated that overexpression
of LINC01410 enhanced the clonogenic ability of ESCC cells, while knockdown of LINC01410 reduced colony formation (P
<<0.01). Transwell migration assay showed that LINC01410 overexpression drastically increased the number of migratory cells,
while silencing of LINCO01410 suppressed the migration in EC9706 cells (P<<0.01). GSEA revealed that Wnt/p-catenin and EMT
pathways were significantly enriched in ESCC samples with a high level of LINC01410. TCF/LEF1 luciferase reporter assay showed
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higher levels of Wnt-dependent activities were observed in EC109/OE cells, whereas silenced LINC01410 in EC9706 cells led to
contrary results (P<<0.01). Western blot analysis showed that overexpression of LINC01410 in EC109 cell significantly increased the

expression levels of N-cadherin, B-catenin, cyclin D1, c-Myc and decreased E-cadherin expression, while knockdown LINC01410

resulted in opposite results. Conclusion: LINC01410 promotes proliferation and metastasis of ESCC, which might be caused by

activation of Wnt/B-catenin and EMT signaling pathways.

[ Key words | Esophageal squamous cell carcinoma; Long non-coding RNA; LINC01410; Proliferation; Invasion; Wnt/B-catenin
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o HEE R R 38 22 B 43812 ( Gene Expression
Profiling Interactive Analysis 2, GEPIA2; http://
gepia2.cancer-pku.cn ) 7F 2k 7 i AE J D8] 44 &
7% ( The Cancer Genome Atlas, TCGA ) %
JEESCCH H HLINCO14107E iR £H 4 5 1E %
AAU R EKF, WAES %Sk R E R
ficut-off{H ( cut-off-high 44, cut-off-low 56 )
S3HTLINCO14 105835 /K-F- 5 3 WU B AR
(overall survival, OS) B KR, MWARKIE
& M1 ( Gene Set Enrichment Analysis,
GSEA ) LINCO14107EESCCHRJ BE 2 1915 5%
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RPMI-164035 7745 . it i 1 H 26 [ Gibeo
N, B RS HOM AR (LV-NC) | 180K
LINCO01410i #3544 ( LV-over/LINC01410) .
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HelgGil H iU LAY TRARAR, TH
R A F /R 3858 71 (T cell factor/lymphoid
enhancer factor 1, TCF/LEF1 ) -Luci G4 3k
RLBORE I v 5 i A R R A BR A A, WLk
R il A R A ) 5 0 1 56 [l Promega /2y
A}, HEEBENEE: ( Western blot ) 6l T s oAk
E-cadherin, N-cadherin, B-cantenin, cyclin DI,
c-Myc% Il [ EFEICSTAH .

12 Ak

121 i

K E10%MG4- 1% . 100 U/mLiE 8% .
100 pug/mLAEES 2 [JRPMI-164014% 77 5L 55 32 40 i,
K H10.25% 5688 F BEH AL AB AR, 28O0 B K
(20 LA T SE 0
122 fmhaikg
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6fLM it , ZEEC10941 P il ALV-NC . LV-
over/LINCO01410, 7EEC97064H itd /it Ash-NC J%
sh-LINCO14 1018755 2 AL AL, T48 himk
JHRTFQ-PCRAGIMLINCO1410A9 5K, FH
puromycinfifi i FIKLINCO14 1040 flIFREC109/
NC. EC109/OE X T-#LLINCO 1410 2 ff fk
EC9706/NC. EC9706/KD.

1.2.3 ErERXEZTREEH4ER S (real-time
fluorescence quantitative polymerase chain reaction,
RTFQ-PCR )

K A TRIzol $2& B2 21 & 40 I /9 &
RNA, RH R0 8% RN A K 5%
cDNA, RHFEMZIEEESYBR RTFQ-
PCRIXH & 1T PCRE N, HAKEAE % R
WA &EU B T, LINCO14103E K1
Em5I % HN5-ACAGCCCTGAGTGAA-
AAGTCC-3", RW5|%~5'-ACAAGATGCCTT
GGAGTGTCA-3'; GAPDHILH A IE 71519 K
5" TCAAGAAGGTGGTGAAGCAGG-3', J[i]
1% 55 -TCAAAGGTGGAGGAGTGGGT-3',
LINCO14104H%H ik K F U2 FIR

124 € (MTT) L& ETE

Y IS AL S R oo fLik, B T R4S
L FR48 hE, BEALINAMTT (5 mg/mL )
20 pl, FEANBERGFRAE T ARSER R4 he FE LG
W, FALIAL50 uL DMSO, &% ) BB s yie 4
L F490 nmAbil & AL (D) fH, Tt
EANMAT IR R, NI R = SC 4l 40 DAE /T
HEZH A LD X 100%.
1.25 Al iS5k

A H HLE AL, BES00 4Rl 2= A2 mL
IR R 6L, B TR R IR ~2
J&, AR IR pHAR fb 3 B e 55 20 24 65L
WP e TS0 MR IR R 9%, FE LB TRTR
MR 22 "R % WK ( phosphate-buffered saline,
PBS) MR, HAR TR R E, TR
gefs, TR T IHEORT 50 M s
T TR R = R VR KA Fh 4RI X 100% .
1.2.6 Transwellit 4% £ 5

ESCCAifLw HUIHAL G, H TGI8 57 3 &
B RGNS B 2.5 X 10 /mL, H200 pLZH
MEWRINA L=, TEHMMA600 pLoe 2575,
BTN, 24 W BUH/NE, JoK PEERE
10 min, 1%%%5H2EYe(420 min, A0S R IEF TR
A BEMLEERS M EGH 7581153 HT
1.2.7 MR EE BRI AR Z 5

B B KR IR LINCO 141020 Mg bk
EC109/NC., EC109/0OE K& T4ELINCO1410/9 41 A
FREC9706/NC. EC9706/KD, {HAkJGHmh T 2 (0
96FLA iR, R Lipofectamine ™30007 41 ity
Hh &L YL TCF/LEF 1-Luc e 64 45 55 R ks A B
223G (renilla luciferase ) HR45HEN, 24 hjg e
YA 2R I PLB 2 2% mii I A T 24, RN
SR AN AR SR I 2 TE e, HAAR R R
RS AT, 2OETR M = 3 K R R il
Bl ( EMERRE) A EHOLRIRE (NS
HEH)
1.2.8 Western blotta il & & % ik

ESCCHHMI R #EEF224 h, IR 2400
7K F23#1 he 4 °CF12 000 #/min5.(>15 min, H
WEW, SR 02 ( bicinchoninic acid,



(e @BFER L) 202445553455 8 1]

757

BCA ) Zr#ristsf) &l & 8 k)5, —80 Cfift
25 o 30 pgfk 1 BAE 1 e SEA R B R TN 4
PERGEER IR B, R TIRH B E R RO
Wl b, S% IR U = E 2 h, —Pi4 Cib
", A MR-20 = C BN 22 thER W ( Tris-
buffered saline Tween, TBST) VERE3W; A
PrEREE2 h, TBSTUERE3I; ARG
(‘electrochemical luminescence, ECL ) A& YGRS
FHXL AR, KSR, YIGAPDHE HAYR
KNSR, N BER E G o A i o By H bR 2%
WK H. IR 3K,
129 %itsame

BRI EsFon, HETORALA] AR
Hek g, Z 40 iR HE N ZE 229517,
2H ] Fb ok F /N i 25 22 5716 (least significant
difference, LSD ) Jyik; THECW R4 L4
KMy K56, Kaplan-Meiery: 2 6| G ik & 24 17
( progression-free survival, PFS) ffizk, P<<0.05
NESAGI L RHISPSS 23 081748
THEEA T

2 5 R

2.1 LINCO14107ZETCGA-BEEEIER M FRIE
1555 R o S A FF B B2
N HGEPIA2BUE AR M T TCGA-B &

A 35 B

3.0/
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20

Expression-log, (TPM+1)
Survival/%

0.0 |
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—_ 100.0

80.0
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FEBIE R LINCO1410M KA KF, 4500
i, TEESCCAZIHTLINCO141078 57K i 3 5
TEEFEWHS, WAMLESAGIT#E X
(P<0.05, EI1A) o EfFEarinR, (RFKE
LINCO1410/JESCCEH LR W E = T HRIA
LINCO1410/ 3 (P=0.042, EI1B) .
2.2 LINCO14107EESCCZH R X Atk th R ik
KFE

RTFQ-PCRZ R BN, Himmd 4 M
., LINCO14107EESCCAH 4 b i & 5 #£ ik
(2.5340.17 vs 1.00£0.08, P<<0.05) . 7EIEH
B LA EHEECAH g LINCO1410/) 57K
R (1.0040.04 ) , FEECT094HAE H Ay R 1k 7K
VR (1.74£0.06) , FEEC97064H i ()2 ik7K
R (2.8640.07) , SIEHEE LI AIMHEEC
A, LINCO14107EESCCA M i & i ik
(P<0.05, KI2A, B) .
2.3 LINCO014105kiA/KFEESCCEE I KRIE
SHMER

PALINCO14 1048 %} F 3k & 1 rh AL SO FRiE
P62 HIESCCH 43 N LINCO14 1075 7 3k 2H A
FRiRdH, R EM, LINCO1410%ILKE5H
HIRIR AR | AR . TNMAr % H
AEEMEME (P<0.01) , MS5ESCCHEHME
B AR TR A EME (P>0.05, 1), R
LINCO1410Z 5ESCCH kA= . K.

Overall survival

—— Low LINC01410 TPM
— High LINC01410 TPM
Log-rank P=0.039
HR(high)=1.6
P(HR)=0.042

n (high)=102
n(low)=102

20 40 60 80 100 120

t/month

El1 LINCO14107E TCGA-R EREIR E F IR IZ K F R EEBURHIRM
Fig.1 The expression of LINC01410 in TCGA-ESCA database and the effect of LINC01410 on the prognosis of esophageal cancer patients

A: The expression of LINC01410 in esophageal cancer tissues and para-cancerous tissues; B. Kaplan—-Meier analysis of overall survival in esophageal
cancer patients with high LINC01410 expression versus low LINC01410 expression from TCGA cohort. ": P<<0.05, compared with para-cancerous

tissues. ESCA: Esophageal cancer.
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Para-cancerous tissues ESCC tissues HEEC ECI109 EC9706

E2 LINCO14107E#EESCCAA K i & FRiXER
Fig.2 The expression of LINC01410 in ESCC tissues and cell lines
A: The expression ot; LINCO01410 in 62 paired ESCC and para-cancerous tissues. The expression of LINC01410 in human esophageal epithelial cell
and ESCC cell lines. : P<<0.05, 0.01, compared with HEEC cells; : P<<0.01, compared with HEEC cells.
1 ESCCHZALINCO1410KEEIERRESEX R
Tab.1 Correlations between the clinical parameters of patients with ESCC and LINC01410 expression in

LINCO01410 expression
Clinical parameters n x P value
High (n=31) Low (n=31)
Gender 2312 0.381
Male 33 17 16
Female 29 14 15
Agelyear 0.781 0.233
<60 22 10 12
>60 40 21 19
Tumor size 6.214 0.021
T,+T, 52 22 30
T, 10 9 1
Metastatic lymph nodes 9.324 <<0.000 1
No 43 15 28
Yes 19 16 3
TNM stage 12.117 0.002
-1 46 18 28
I 16 13 3

2.4 HREELEBHBESHMAEFLINCO1410FK L X (P<0.01) ; EC9706/KDAH B HLINC01410
1B FkAKFH (0.35 + 0.01) , HECI706/NCHY
RTFQ-PCRZ5 R B/~ , LINCO14107EEC109/  4iffg (1.00£0.03) AHEL, LINCO141018 % F %
NCZH L iy Rk KFH (1.00£0.05) (P<<0.01) , EKUIFYLRI,
TEECI09/OE4 M rh 1y R k7K F B 25 LINCO1410XESCCHHAEIESE I 5N
(1430.00+14.21) , PidiMLZRAG ¥R MTT45 R 578, EC109/OE4H fifi48 hitd 4 Jifd
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WPER (195+13) %, SEC109/NCHI L2 5%
HEGit#E X (P<0.01) ; EC9706/KD4f I
48 hBFAIIE ISR (59+4) %, HEC9706/NC
L, ZRASIFEX (P<0.01, E3A) .
Y1 A e B Y SR B8 45 IR R, EC109/OE40 i
TafERCl (125.23+£4.21) 4>, SEC109/NC
[ (48.67+3.06) 1~ | MLBEWEZL, EC9706/
KDANA e R (54.24+5.13) 4>, HEC9706/
NC [ (119.36+6.21) ] 4~AH A &k 2>

A 2501 B

200 [ T

150

100 | —— T

Cell growth/%

50 f

EC109/NC

(P<0.01, KI3B) .
2.6 LINCO014103tESCCZHAm T B2
Transwel iIT LI EE R W8, EC109/
NC. EC109/OE 4 il #k i 7 1) 40 L 5 53 51
(99.334+11.39) /MF1 (285.67+£18.15) 4>, P
HM L ESASI#E L (P<0.01) ; EC9706/
NC. EC9706/KD4i il i % 14 40 i %5 4 531 Ky
(114.21 £ 9.78 ) F1 (72.19 £ 9.02) 4>, W
HAMZERAGITFE X (P<0.01, E4) .

EC109/0OE 150 .

Colony formation
number

ECI09/NC  EC109/0E

Colony formation
number

0 EC9706/NC EC9706/KD

B3 LINCO14103fESCCHHATIETE I
Fig.3 The impact of LINC01410 on the proliferation of ESCC cell lines

A: The effect of LINC01410 overexpression or knockdown on the ESCC cell viability; B: The effect of LINC01410 overexpression or knockdown on
the ESCC cell proliferation. " P<<0.01, compared with EC109/NC or EC9706/NC cells.
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e
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E4 LINCO14103fESCCHRaIER M
Fig. 4 The effect of LINC01410 on the migration of ESCC cell lines

71 P<<0.01, compared with EC109/NC or EC9706/NC cells.
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Fig.7 The effect of LINC01410 on EMT and Wnt/B-catenin
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