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2N EF AL (3 P<0.01), IR 40l Linc-POU3F3, CD44. CDI133 K CD90 mRNA & |1 Jfi #1534 5l & % T Control
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ABSTRACT

Objective: Long non-coding RNA (LncRNA) is an important transcriptional and post-
transcriptional regulatory molecule in the body. In recent years, relationship between
LncRNA and malignant phenotype of tumor cells has been revealed gradually. This study
aims to investigate the expression characteristics of pit-oct-unc class 3 homeobox 3 related
long non-coding RNA (Linc-POU3F3) in esophageal cancer and its relationship with
radiation resistance (IR) as well as the expressions of cancer stem cell (CSC) markers in
esophageal cancer cells.

Methods: The expression characteristics and potential interaction molecules of Linc-
POU3F3 in esophageal cancer were collected from the public database via bioinformatics
retrieval. Forty-two pair samples of esophageal cancer tissues and corresponding adjacent
tissues were collected. Human normal esophageal epithelial cells (HEEC) and human
esophageal cancer cell lines (ECA109, TE-1, TE-2, TE-13) were cultured. Real-time
quantitative PCR (qPCR) was used to detect the expression level of Linc-POU3F3 in
clinical tissues and cells. The formation of TE-13 IR cell line induced by different doses of
radiation served as IR group cells, and the same condition treated with 0 Gy dose was set as
control group (control) cells. Meanwhile, we used cell transfection technology to construct
random interference sequence (siControl) cells and interference (siLinc-POU3F3) cells. In
ECAT109 cells, we transfected blank and over expressed Linc-POU3F3 plasmids as vector
and over-expressed group (oeLinc-POU3F3). The mRNA and protein expressions of CD44,
CD133 and CD90 were detected by qPCR and Western blotting, respectively. MTS [3-(4,5-
dimenthylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2- (4-sulfophenyl)-2H-tetrazolium, inner
salt] was used to detect the cell viability under different radiation doses, and the resistance
of IR cells was verified by clone formation experiment.

Results: The expression of Linc-POU3F3 was correlated with the tumor progression and
poor prognosis of esophageal cancer. The level of Linc-POU3F3 mRNA expression was
significantly higher in esophageal cancer tissues and cell lines than that in normal adjacent
tissues and cell lines (all P<0.01). The expressions of Linc-POU3F3 mRNA and protein
expressions of CD44, CD133, and CD90 in IR cells were significantly higher than those in
control cells (all P<0.01). The expression of Linc-POU3F3 in siLinc-POU3F3 cell was
significantly lower than that in the siControl cells (P<0.01), and the inhibition rate was
87.21%. The mRNA and protein expressions of CD44, CD133, and CD90 in the silinc-
POU3F3 cells were significantly lower than those in the siControl cells (all P<0.05). The
expressions of linc-POU3F3, CD44, CD133, and CD90 mRNA and protein in the oeLinc-
POU3F3 cells were significantly higher than those in the vector cells. The relative activity
and clone formation ability in the IR cells were significantly higher than those in the
control cells at 2, 4, and 8 Gy doses (all P<0.01). The relative activity in the siLinc-
POU3F3 cells was significantly lower than that in the siControl cells at 4 and 8 Gy doses (P<
0.01). The relative activity in the oeLinc-POU3F3 cells was significantly higher than that in
the vector cells at 4 and 8 Gy doses (P<0.01).
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Conclusion: Linc-POU3F3 is up-regulated in esophageal cancer and can promote IR and

the expression of CSC markers in esophageal cancer cells.
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non-coding RNA, LncRNA)FEHLIARN) 1z Rk, FFE
HRWMFER T2 55 KW ¥ Y, LneRNA
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1.1 &R SRIR

W gE 2018 4F 5 A 2 2019 4 1 A g K24 imE —
B B M SRR VIBR G, 20k FLIS WA B4 98 1Y 40
BBRAS AR ) 40 BlFE 57441, R B 200, &
PE LG AEHS 42~71(51.849.2)% ; 9 31 15, Hifk
FEapl, MEsHl; matk s, a7, K
A 12401 5 Fe S NRIE PR 8 TNM 20 A5, 1
W26, Mall13 4], mbigi1sel, o6, FAR
JEHG R A TR W, S E TR AET, A
T Linc-POU3F3 4G I . ASBIF 58 4R 45 v e 27 I e
T RGBSR S HEHE(S385).

1.2 Aik
1.2.1 403 I B dm e, % 09 My 3

FH& 10% i 4~ 1L (fetal bovine serum, FBS, 3%
[ Gibeo 23 F))AY RPMI 1640 1% 37 £ (3% [ Hyclone 24
R IR N IE #2840 HEEC M A58 i 4 i
ECA109, TE-1. TE-2. TE-13. iR &fF. 37 C,
5% CO,. *f i (Control)2H Kz FILHT (IR)ZH 40 it 14175 5 -
1. 2. 4. 8 Gy MR EASTZAEE TE-13, &2d

HEAT VURBRS, R S 58 B B i 1 5 0,
TE-13 e Sai Rl ol A, SRR —45
WAL EE L EIANIEAE 8 Gy Il P 4R, fE
FABFFEH R IR 4008, AR FH 0 Gy #4725 (1 Ak
TE-13, {ENAWIFE A Control 40, BEHL T4
2H (siControl) % 4! [A] Linc-POU3F3 f4) -+ ) 41 (siLinc-
POU3F3) 4 i (44 & . >R i Lipofectamine 2000™(3&
[ Invitrogen 23 1) A 5 B ML+ 48 )7 51 B #E 17] Linc-
POU3F3 #h M Ye it A TR ANAE A, 543% 24 h 540
JiL, VERAWESE F A BENL T4 T 51 41 (siControl) 2 fH!
] Linc-POU3F3 A4+ 4f 41 (siLinc-POU3F3) 4 fifl . %5
I 21 (Vector) & iz 3 ik 4 (oeLinc-POU3F3) 4 Jifd f1% #4)
## . 5 siControl } siLinc-POU3F3 4 fits #4) 2 J7 1 AR
[F], 7E 2 41 ECA109 40 g v 43 ) % G 25 1 0k B2 iR
(Vector) S #4f Linc-POU3F3 &K 4044, 1E W AHF
¥ W AY Vector S oeLincPOU3F3 ZH 4 Jid .
1.2.2 SBF 3 X E 2 PCR

% F TRIzol( 3 [# Invitrogen 2\ 7] )i 7] $i B £H 21
KA M B RNA, PRIEZ 2 >1 mg, 4% E>
10°. FH Nanodrop2000 # fif £ 58 #h 43 6 it (36
Thermo Fisher Scientific 23 7)) & RNA ¥ &, B
1 pg RNA R I 5% 51857 £ (35 [ Fermentas 23 7] )i/
TR 5, TR =2 S ymol/L, RS
(WA TAY) TRFRAE A )2 0.1 pmol/L TAE
W EE, Linc-POU3F3. CD44. CDI33, CD90 } N2
L GAPDH 5| #)¥ 51 iL# 1, 10 uL SYBR Greenl #%
1% 5 YRk H 7R Takara 23 7)1 R AT 296
PCR(Real-time fluorescence quantitative PCR, qPCR)
SV (92 ABI 7500 B PCR R 45), MR =41k
FiASPE, 95 °C, 3min; ¥H4, 95°C, 10s, 60 C,
30s, 72°C, 30s, 40{KAMEIR; Kifi, 55 °C, 30s.
L) GAPDH mRNA % ik fE 2 2 M, it & Linc-
POU3F3., CD44, CD133 2 CD90 mRNA [ X} 35
K-
123 &G Rtk

K FH RIPA 245 (18 35 = RAEWH AR A TR
AL MRS T, GOEAE A E>10° LA BCA
A R SR A I TR EE, S0 pg 55 SDS |
FEGE PR (13 = R A B AR AT B2 ) B il 2 71 5T
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RZ&, HH1710% RGBTk, 7% PVDF %,
DL A 21 4 0 1 i 7R B 1 4% 4 O 37 L CD44
CD133, CD90 & GAPDH %57, FH 10% [ 4= 154
12 h, AIA1:1 000 —Hi[HiL CD44. $t CD133 it
CD90 HTL 44 (3% [# Genetex A 5] T4 C P F K,

VERE IS A 1:2 000 —Hi[F-Hi % IgG(3E [ proteintech
AFDTFEIRTE 1 he R ECL AL &G &
W E &, ChemiDoc XRS+Hb2% K& S A% 3B (35
[ Bio-Rad 23 F))XF 25 A TG

*1 5|MF3|

Table 1 Sequence of primers
Gene Forward (5'—3'") Reverse (5'—3")
Linc-POU3F3 AATCACTGCAATTGAAGGAAA CCTTGTTTTCCAACCCTTAGA
CD44 ATGGACAAGTTTTGGTGGCACGC AAGATGTAACCTCCTGAAGTGCTG
CD133 TGGATGCAGAACTTGACAACGT ATACCTGCTACGACAGTCGTGGT
CD90 GACCCGTGAGACAAAGAAGC GCCCTCACACTTGACCAGTT
GAPDH AATGAAGGGGTCATTGATGG AAGGTGAAGGTCGGAGTCAA

1.2.4 L& R FE5

$Fh Control 2 IR 4fiffl T 6 LAk, 3£l 1 000/~4H
Mo, FRHBCE 3AEAL, HRE 24 hifk4T 4 Gy i
TR, FHIG IR IR 12d, A3 dE ISR
e, LAJOK S B SE 10 mine FH 0.1% 45 i 4L o
15 min, %6 L, FImage J A1 TIT4C
1.2.5 MTS #0) m e 7% 7

FERP AN T 96 FLAR . FAL 2x10*1 40,
HBCEEE LS, IFEE RS H 96 fLtk, Higrid
WG, MLLo. 1. 2. 4128 Gy #4345 96 fL,
Me, 4k2:559%24 ho FH 1:5 DUmME{L &%) MTS[3-(4,5-
dimenthylthiazol-2-yl) -5- (3-carboxymethoxyphenyl) -2-
(4-sulfophenyl)-2H-tetrazolium, inner salt] x| (35 &
Promega 23 7)) -5 % 10% Jif 2F 1ML 7 /) RPMI 1640 1% 57
SRS E R o6 FLAR P IR R AL, 553952 he bR
AR 490 nm Ab AW SEFE(EL, I A& LA O
JEAE LR IS 75
1.2.6 %415 & F

T 4 W) {5 B, Annolnce £ & J& (annolnc. cbi. pku.
edu.cn/) X} Line-POU3F3 ] G& 19 AH B AE FH 43 2E 47 Fil
e B B G U ok dlad TCGA 2
It ¥ P8 & (http://gepia. cancer-pku. cn/) 43 #IF Linc-
POU3F3 i #1555 8 4 i [ 3 i g 2 8 I s /9

1.3 GitF4biE

K I SPSS 18.0 Ge it AT Bl o3 b7, ¥R
BELLIAEAPRE 22 (v£5) K75 o T Shapiro-Wilk £ 46 i
EIFRORMG IS, B TR G R B S
i 55 LA Line-POUSF3 (i %3k 22 5 . IR IEZS 4>
A BTSRRI R R Oy 2RI i 22 5, AR IE
A0 BT 9EORER FH Mann-Whitney BRI 56 . LA

P<0.05 N2ZESAGIEE X
24 R

2.1 Linc-POUSF3 EREBEHFHNRIZFMEREEBAEN
WEERSF

YR B F M 45 B 7R . Line-POU3F3 1§
TI~TV &5 8 (R R 4 20 h R K B8 = T
MUHEEEEE, 2R EAGIEE L P<0.01, K
1A), [RIA Linc-POU3F3 1 £k M 3 S A A7 i (] B i
45 45 (P<0.001, & 1B). i i Annolnc ¥4 % 70 #1 &
Fi Linc-POU3F3 5 CD44 & CD133(PROM ) fF1E I 1E
FYAH A FH (3 P<0.001).

2.2 Linc-POUSF3EREE. EEAHARMERPH
xix

Jin 55 U8 B 8 i 41 21 Line-POU3F3 ik /K
SE 43 A 0.110£0.006 & 0.214+0.009, £ 45 9% 41 41
Linc-POU3F3 3R ik b & i T i 55 41 21 (=9.908, P<
0.01; [¥12A), HEEC. ECA109. TE-1. TE-2 }% TE-
13 2l 1 Linc-POU3F3 F ik K F-43 5124 1.000+0.070
2.533£0.201, 3.349+0.281. 6.296+0.484 & 5.457+
0.287, 45 B 458 40 i & 34 % T HEEC 41l Jfg (3% P<
0.01, K2B).

2.3 &4AMEEH Line-POU3F3, CD44, CD133% CD90
mRNA RiZER

Control }2 IR 4 i Linc-POU3F3 % ik 2 % A
1.000+0.064 }% 3.416+0.412, CD44 35435114 1.000+
0.050 &% 5.108+0.633, CD133 %543 %124 1.000+0.071
J 7.620+0.572, CD90 %% ik 43 Jill &7 1.000+0.053 &
3.680+0.307, IR 4fJifi Linc-POU3F3, CD44. CDI133
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& CD90 mRNA % ik #J & 3% & F Control 41 Jifl ;
siControl & siLinc-POU3F3 4 Jifi Linc-POU3F3 % ik /)
K 3.364+0.372 K 0.430+0.030, 11 2k 87.21%,
CD44 3553910 5.379+0.501 2 2.748+0.290, CD133
223540 9k 6.818+0.467 K 3.572+0.319, CD90 % ik
435k 3.915+0.286 & 1.892+0.116, siLinc-POU3F3 4
Ji§ Linc-POU3F3, CD44, CDI133 } CD90 mRNA %
ik ¥ & K F siControl 41 i (¥ P<0.01, K 3A);

F=1.78
P=0.152

Log,(Transcripts per million)
)
T

Stage I Stage II ~ Stage III
TNM stages

1 Linc-POUSF3 5REEEEMBHRETENXER

A

Stage IV
A

Vector } oeLinc-POU3F3 4 Jifd Linc-POU3F3 ik 47 5
g 1.000+£0.065 K 9.357+0.871, CD44 % ik 43 % N
1.000+£0.048 K 3.620+0.572, CDI133 % ik 2> % N
1.000+0.092 }% 4.436+0.508, CD90 Zik 4351124 1.000+
0.066 } 2.750+0.254. oeLinc-POU3F3 4 Jifi Linc-
POU3F3, CD44, CDI133 K& CD90 mRNA ik i &
=T Vector 40 /il (4 P<0.01, & 3B).

Overall survival
1.0

—— Low LINCO1158 TPM
—— High LINCO1158 TPM
08 L Logrank P=0.00067
: HR(high)=1.9
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Figure 1 Relationship between Linc-POU3F3 and tumor progression or prognosis of esophageal cancer patients

A: Expression of Linc-POU3F3 in esophageal cancer tissues with different TNM stages was analyzed by bioinformatics database. B:

Relationship between Linc-POU3F3 expression and prognosis of esophageal cancer patients was analyzed.

04r

03F

02

0.1r

Relative expression of Linc-POU3F3

Adjacent Cancer A

El2 Linc-POUSF3ERERE. EEHARMMAEPHRIE

Relative expression of Linc-POU3F3

ok

* 3k

HEEC ECA109 TE-1 TE-2 TE-13 B

Figure 2 Expression of Linc-POU3F3 in esophageal carcinoma, normal tissues, and cell lines

A: Expression of Linc-POU3F3 in esophageal carcinoma and adjacent normal tissues (**P<0.01 vs adjacent normal tissues); B:

Expression of Linc-POU3F3 in esophageal carcinoma and normal esophageal epithelial cell lines (**P<0.01 vs HEEC).

2.4 FEMT CD44, CDI33 % CDI0 &E H R FKi%
=%

IR 41 ifd CD44 . CD133 K2 CD90 # H it ik 55
T Control i Ji8, siLinc-POU3F3 4 il CD44. CD133
J CD90 # [ Jit ¢ i5 ¥ X T siControl 4 it (& 4A);
oeLinc-POU3F3 41l/ifi CD44 . CD133 K& CD90 % [ i &
RHIE T Vector (1€ 4B).,

2.5 AEMSFETEAMMEHER

IR ZH ARG S11E2, 4 M8 Gy FlE F R Em T
Control 4l iB (¥ P<0.01, Kl 5A); 4 Gy lBH)E, R4
Jitd 5 B T Ak fiE 71 8 25 58 T Control 41 ifd (P<0.01, &
5B); siLinc-POU3F3 4 Il Al XJ 1% J1 75 4 J2 8 Gy 7] i
T W 3 Ik T siControl 4 ffl (¥ P<0.01, Kl 5A);
oeLinc-POU3F3 4l X T 7E 4 J¢ 8 Gy Fl i T i &
5T Vector 40 il (4 P<0.01, & 5C).
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10 15
3 Control = B3 Vector
g7 IR i = £ oeLinc-POU3F3
é 8 r =3 siControl i ~
S &= siLinc-POU3F3 5,‘ { k3]
= L =
i #|8 2
& s Al g
= 4l zl! AT &
s 4 21 ZIB o [+ .
2 o Al Al % 2
: | e b 7 £
s 2 K #l 1 % 5
~ % %18 %% % ~
Y. 1 |E mi zz
o LK AL 21218 1% 0
Linc-POU3F3 CD4 CD133 CD90 A Linc-POU3F3 CD44 CDI133 CD90 B

3 &4 Linc-POU3F3, CD44, CD133 % CD90 mRNA RikK LB

Figure 3 mRNA expression and comparison of Linc-POU3F3, CD44, CD133 and CD90 in each group cells

A: mRNA expression of Linc-POU3F3, CD44, CD133, and CD90 in TE-13 control, IR, siControl, and siLinc-POU3F3 cell lines,
*#*P<0.01 vs control; 1P<0.01 vs siControl. B: mRNA expression of Linc-POU3F3, CD44, CD133, and CD90 in ECA109 vector
and oeLinc-POU3F3 cell lines. **P<0.01 vs Vector.

Control IR siControl siLinc-POU3F3 Vector oeLinc-POU3F3
CD44| W S S S CD44 |
CD133 [ CDI33 | f— -
CD90 : CD90 | W

GAPDH | W S S S| GAPDi | — —
B4 F|EREEEKNEHMAECD44. CD133 K CDO
Figure 4 Levels of CD44, CD133, and CD90 in each group detected by Western blotting

A: CD44, CD133, and CD90 in TE-13 control, IR, siControl, and siLinc-POU3F3 cells; B: CD44, CD133, and CD90 in ECA109
vector and oeLinc-POU3F3 cells.

L5r E3 Control 5 60 = T Vector
&3 IR = N\ £@ ocLinc-POU3F3
B3 siControl g \
E 1.0 had *Iﬂls1Llnc—POU3F3 i a0k E 1ok
= S =
= G =
3 05 ° 20f 3 05F
£ \
H > sk
o LHHLL HHIT B | G— % N\ oLEAE EAE] Bl EIR] efF
0Gy 1Gy 2Gy A Control 0Gy 1Gy 2Gy 4Gy 8Gy C

Radiation Radiation

5 AEMHFE T EEMEE N LR R RBYTHRITMAAE RHEIE

Figure 5 Comparison of cell viability and validation of radiation resistant cell lines under different radiation doses

A: Cell viability and comparison of TE-13 control and IR, siControl and siLinc-POU3F3 cell lines under different radiation doses.
**P<0.01 vs Control, 11P<0.01 vs siControl; B: Comparison of clones forming cells between Control and IR cells treated with 4 Gy
radiation. **P<0.01 vs Control; C: Cell viability and comparison of ECA109 vector and oeLinc-POU3F3 cells at different radiation
doses. **P<0.01 vs Vector.
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CSCs 1k 5 i IR BB 3 IR OG . Zhao 55
oYL E A . R FUIE BT S R AR A
FHRE A CSCs, & IAFLE MR & 2 A A2 K K F 1(insulin-
like growth factor I, IGF2)Z ik, [RIA HA K
MIRfES), FW] CSCsAAFE IR K¢tk Kurth ZUOF 5
2% BH Sk 0 g% R A0 M o £ B G A i (acetaldehyde
dehydrogenase, ALDH)FHM:40MIEA CSCs %, H
HEGRAIRGEST; CDA4 BHVE Y S8 41 e [R) e HA
CSCs45M:, HHFEX S Bim-1 %YM, #iE Bmi-1
FERI AT E A G, 1, (22 A0 G/M B, 46
DNA #il it 5, 427 P16, P14 I P53 5 (£ ik K
S, FECDAD PN PR T3, 1T 5 4
J7 BB R AR R B 4 9 AN I Ecal09
IRJEUG , ARE3G5E . FAene )1 S CSCs Rtk ik 1
i, CD44. CD71, CD90, CDI133. ATP45& &%0E
G % H W &K J& 2(ATP binding cassette subfamily G
member 2, ABCG2) M ALDH f] /& Jy £ 4 CSCs 14
Fra&¥y; CSCsilat&E DNA T . 520 40 i 5 3 45
A« PUEARAE R R g O 35 42 89 A i
IR (IR 1, R BFFY 3 HH CSCs FRAIEZ 2 2 A
FEAWE, HS5MEMMEA IR, Linc-POU3F3
YE2H LneRNA WAL 51 22—, 5 2Rl g () i Je A
X, HEZHBEY. B8R 8" L 5
JEU I RGR W R, R R R E A R
fEHI: Linc-POU3F3 Al i 25 E i 4 i b5 2 i i
H (bone morphogenetic protein, BMP) ] ik, /i F
YRR SRS RE S B, SRR A T R
Linc-POU3F3 1 il £ 48 J A JH 4t it Je o 410 98 5k )
POUSF3 (W#ik, iFmifie k240 i s s S 78 2 kA T
SR Line-POU3F3 iA AT fi i 98 40 i 5% Ak A 1
T-BRYZEAE, N PN AEAE S 385R"T TR AN
1 Linc-POU3F3 #:F 3% 1k {1 4 Jifd 1% 58 i 1 K i 5 TE 1
fig Sy 345 BT Linc-POU3F3 785V i i i rpr
ESEER, %% % Linc-POU3F3 5 £ 45 9% 1 40 i
FEPE R IR G R T THR5% .

55 AE 0N FL B B v & BE Line-POU3F3 ) %3k
S8 B 5 TNM 40 K s A R IR G, 2
7 Line-POU3F3 A GE7E & B i i Jig vh A4 2R .
R, 2838 — A0 7E 28 0 M E B Iim R 4 2R 240
HRL I Line-POU3F3 [ 63K K V-, LB H &Rk F
EERAS AN, BRI &S A p &
iA FETE R, F W] Linc-POU3F3 1Y #3572 % nl fiE
SRR R KA R A X, T H
1 Linc-POU3F3 76 & & h I s 5 A A 4o, AT

W AW B 0 H T Line-POU3F3 A 1 78 A
HAEM 4 F, & B Line-POU3F3 %f CSCs ¥5 & ¥
CD44 }: CDI33 Al fig A AEE o T CSCs X IR
TSI T B, Linc-POU3F3 A BEAE Jy T HEE Y B
TZH5EEmAMIRGER. Hit, R85
TR L& 4N TE-13 BOr HRPLRE 15 R B, 4
Linc-POU3F3 M 1% & ¥ T 4l i dr 4 CD44 . CD133
S CD90 #ik it 3% i, FW] Linc-POU3F3 1Y &1k
SEE AN IR WY AR AR, [RIRIER] T
IR 1) £ & 98 AN B Bk P A7 7E CSCs b, #F5 Da %51
S Che SRR 45 R . b T #F — 2 I Linc-
POU3F3 5 At S L IR R, FA Tk
X7 IR (& B AR 9 Linc-POU3F3 Y £ E, &
LR % Linc-POU3F3 (9 N i, 4 A X5 50 i) vk
R, H T4 fitrk ) CD44. CD133 J CD90
FIAFH, W EH ECA109 40 Linc-POU3F3 Al ¢
CD44. CDI133 }z CD90 [y#.ik, i ECA109 IR fig
T3

ZE b, AWFFEEERFEM . Line-POU3F3 762 &
LUk, PR R IR Y it R R T AHOG
AR AN AT A E 45 98 CSCs b i 42 0 22 15 % 40 Jifg
IR, ZEE ¥ E— 418 13 RNA pull down M35 [ i 41 2%
I3 FBUF 5% Linc-POU3F3 BA T AE 41, WA
Linc-POU3F3 7E &4 i I pLs] ,  LUIF &8
BRI R )

Flaa R VEE PRI 55 P2
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