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Abstract  This study aimed to investigate the effects of S1P (sphingosine 1-phosphate)/S1PR1 (sphingosine
1-phosphate receptor 1) pathway regulating the expression of LAMB3 (laminin subunit beta 3) on the prolifera-
tion, migration, adhesion and metastasis of ESCC (esophageal squamous cell carcinoma) cells. GEO database was
used to analyze the difference of LAMB3 expression between ESCC tissues and normal tissues. Western blot was
used to detect the expression of LAMB3 in human esophageal epithelial cell HEEC cells and human esophageal
squamous cell carcinoma Ecal09, TE-1 and KYSE-150 cells. TE-1 cells were treated with S1P, or knockdowned
or overexpressed SIPR1 in Ecal09 cells, the expression of LAMB3 was detected by Western blot. S/PR/-EGFP
overexpression vector and LAMB3 siRNA (small interfering RNA) were co-transfected into Ecal09 cells, and the
migration ability was detected by scratch assay. LAMB3 siRNA or LAMB3 shRNA (short hairpin RNA) was used
to down-regulate the expression of LAMB3 in ESCC cells, lentivirus with LAMB3 overexpression was used to up-
regulate the expression of LAMB3 in ESCC cells. The proliferation, migration and adhesion ability of ESCC cells
were detected by CCKS assay, scratch assay, and cell-matrix adhesion assay, respectively, and the expression of
EMT (epithelial-mesenchymal transition) -related proteins and MMP9 (matrix metalloproteinase 9) were detected
by Western blot. Ecal09 cells with LAMB3 shRNA knockdown were injected into the tail vein of nude mice, and
their metastatic ability and survival rate were evaluated. The results showed that the expression of LAMB3 gene
and protein in ESCC cancer tissues and ESCC cells were higher than that in normal tissues and human esophageal
epithelial cells. LAMB3 expression was increased in TE-1 cells treated with S1P. LAMB3 expression was down-
regulated in SIPR1 knockdown Ecal09 cells, and conversely, overexpression of SIPR1 in Ecal09 cells up-regulat-
ed LAMB3 expression, promoted cell migration, and knockdown of LAMB3 inhibited the effect. LAMB3 knock-
down by siRNA or shRNA had no significant effect on the proliferation of Ecal09 cells and TE-1 cells. However,
the migration and adhesion of Ecal09 cells and TE-1 cells were considerably reduced by LAMB3 knockdown.
Overexpression of LAMB3 had no significant effect on the proliferation of Ecal09 cells. However, the migration
and adhesion of Ecal09 cells were considerably enhanced by LAMB3 overexpression. EMT process was inhibited
and MMP9 was significantly decreased in LAMB3 stable knockdown Ecal09 cells, and the opposite effect were
showed in LAMB3-overexpressing Ecal09 cells. In the nude mice model of metastasis, there were higher survival
rate and fewer metastases in LAMB3 knockdown group than that in the negative control group. In this study, it con-
cludes that LAMB3 is up-regulated in ESCC cells and tissues, and SIP/S1PR1 pathway inducing the expression of
LAMBS3 promotes ESCC cells migration and adhesion in vitro and metastasis in vivo.

Keywords sphingosine 1-phosphate; sphingosine 1-phosphate receptor 1; laminin subunit beta-3; esopha-

geal squamous cell carcinoma; epithelial-mesenchymal transition; migration; adhesion
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cinoma, ESCC, fai#R £ & i ) F1 £ & B Ji (esopha- FHEAF LD,
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JZ &4 1%E 8 H W3 B3(laminin subunit beta 3,
LAMB3)%: K 405 |2 %6 % 85 [ 332(laminin 332, LM-
332)HIP3HE. LM-332:2 =Rt 1 R 1) FE I,
Hio3%E. P3FE. y2BEMIAN, 03+ v2HES I H AL R 2 6
JE R M V2% o3(laminin subunit alpha 3, LAMA3). =
Zi% 55 1 2L y2(laminin subunit gamma 2, LAMC2)%i
1, BRI, LAMB3TE J LR R 4123 5 41 g
ik B, AT R R RN RS A

AR AL IR 7 R R B, ESCCIyit e 5
1T % = I (sphingosine 1-phosphate, S1P)/17 1-
T 2 1 2 % %2 /& (sphingosine 1-phosphate receptor
1, SIPR)EBFHEVIA R, I BRI A S x4
FEIEEN PR, KIE R SIPRI & & i
Ecal 09411, LAMB3 mRNA ]2 1% /K186 fip 011,
AT TN i — D ERFUAE ESCCH, S1P/STPR LIl #65%)
LAMB3[#I77, L& LAMB3X%t ESCCA i iE . 1T
. FHBEAR N FERE BRI RS, B ENESCCHIK
ARENLE 2B, 89T TS SR AR S R .

1 MRI5E%

L1 #H

L1l @miesk  ANEE LKA HEECH LB
S Be o B A O A R BRI, N B E e
Ecal09ZHf. TE-141M. KYSE-15041 i3 b+ =R
7 e 4 PE e fit

1.1.2 £23KA  RPMI 164055 770 S i 2 (1 iy
(0.25% Trypsin-EDTA)I4 H GibcoA Al . it 4 IfiLif
(fetal bovine serum, FBS)I H Wil R AEYIRHL
et B R A\l Jois DR A4 1% H 8 E (fatty acid-
free bovine serum albumin, FAF-BSA)I4 H Sigma/A
7). Lipofectamine™ 200014 H Invitrogen/A . S1P
J&J [ Cayman Chemical A . SIPRI-EGFP(A\ SI1PRI
5 EGFPfll &5 FIE 12844 ) J 3 I KL Control-EGFP
FH 3% ] JBR 45 5 I Bt S SE il B0 B . CCK8 T
Western bloti 7/ &+ Western blotfT ] —-#T % B-actin
—HE BB S REVMEARARAE . SIPRI.
LAMB3. E-#5%% [ (E-cadherin). /i 4 J& & 1§
9(matrix metalloproteinases 9, MMP9)FI3 2 &5 [ (Vi-
mentin) Y] — #1014 [ Proteintech /A 7] . MEMH 3 [ 4F
R I H Solarbio A W] o FIMIE T AT AN T
(EEHBRMERAA] . /NP RNA(small interfering
RNA, siRNA)H _Fifg 75 i 25 5 AR A B A 7] 6 5o

JH /% JERNA(short hairpin RNA, shRNA)E 5 7 % 14
()48 3 K o B 0. 2k B LR DR R B PR A ] 58
o

1.2 5%

1.2.1 LAMB3/EESCCHE 204 5 J& & EF 4048 F 49
FEE {EGEORUE FEE HUT F 8 T ESCCHE
IR 26 14 i 2 95 #E GSE44021 (5 1134 ESCCHE 41 44 fi
98 55 IE B A ZAFEAR). GSE161533(& 284 ESCCHE 4
ZURE 55 IR HAFEAR), $EILAMBIRIE(E R, 4
T LAMB3{EESCCHE 2H 23RV 55 1E &7 A b i R 1A
ZESt,

122 mpeizi M ANEE YT HEEC. A
1 W A0 M (Ecal09. TE-12 KYSE-150)4 A
RPMI 16403572 (% 10% FBS. 100 U/mL7E %5 % .
100 pg/mLEEE ), HKHE T37 °C. 5% COAif
B FRAE R TR

123 Western blota#1  f81 35 2 KRIPAZLSR 2
I A A B 1, FHBCAVZAS LG 2 IR . 41
H H(25 ng)4 SDS-PAGEE I FL UK (8%) 77 25 ), ¥ &
PVDFJE |, %35 T FH5%/0 G 5% £ 12 he I
G i —$i[S1IPR1(1:500). LAMB3(1:2 500). E-cad-
herin(1:2 000). MMP9(1:1 500). Vimentin(1:2 000)-
AIB-actin(1:2 000)], % K4 °CHi B id % . TBSTHENE
3R, DINFERE G ) —Pi(1:1 000), =I5 F 70 min;
TBSTH#E#, 8 FHHECL A G, HBio-Rad ChemiDoc™
XRSHY22 R HEERR BAG A -

124 SIPRFTE-14mf8  H% 10% FBSHIRPMI
164035 72 L TR 40, PR 5K TE-1 400427 T 6 4L
B, 559524 h, ¥ 50.1% FAF-BSARPMI 1640
BRI (2 mL), MEYLHR 14 b, 540, 10,
100 nmol/L SIP[0.1% FAF-BSA[)RPMI 164055 7%
(2 mL), 4k855 7724 h, AN PRI T J5 825256
1.2.5 JiAidt % Ecal094m e FH410% FBSIY
RPMI 164085 72 K5 7R 40, SR )54 Ecal 0941 g £
FhF 6FLIR, ¥59% 24 h, N % 0.1% FAF-BSA[T)
RPMI 164055 7%, H Lipofectamine™ 20004 1|5
YeS1PRI-EGFP 5 Control-EGFP(R[l: S1PR1id ik 4]
X)), #54)56~8 hi#ili N £70.1% FAF-BSAH
RPMI 1640557274, ¥ UL )5 48 h %72 hiy BN g
PEEURRNA K B H

1.2.6 siRNA#:% Ecal09. TE-14m/& 45 10%
FBSH RPMI 164035 7285 TR 4 M0, S8 5 1 40 f %
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FhF 6FLAR . 124U EL 96FLAR , 577 24 h, F& 00
4, FH Lipofectamine™ 20004 NC siRNA. SI/PRI
siRNA1. SIPRI siRNA2E{NC siRNA. LAMB3
siRNA1. LAMB3 siRNA24} 5 L4, {E4% 9% )5
FRIAS [RI S 1) R AT AR A . STPRI siRNATIE X
%N 5'-CUG ACC UCG GUG GUG UUC AdT-
dT-3', Jx X448 5'-UGA ACA CCA CCG AGG
UCA GdTdT-3"; SIPRI siRNA2 IF X 4% 751 N5'-CGG
UCU CUG ACU ACG UCA AdTdT-3', Jx X 5%
N5'-UUG ACG UAG UCA GAG ACC GAG; LAMB3
siRNA1IE X751 45'-GAU GGA GGA AGA UGU
CAG AdTAT-3', Jx X455 %145'-UCU GAC AUC
UUC CUC CAU CdTdT-3'; LAMB3 siRNA2IF X4+
514 5'-CCA AAG GUG CGA CUG CAA UdTdT-3',
& UEERF 1R 5'-AUU GCA GUC GCA CCU UUG
GATdT-3"; BN HENC siRNALE X851 5'-UUC
UCC GAA CGU GUC ACG UdTdT-3', [z X BEF 5N
5'-ACG UGA CAC GUU CGG AGA AdTdT-3'.

1.2.7 SIPRI-EGFP/i{ #i#2 LAMB3 siRNA:4% 4
Ecal09#mfe. % 10% FBSHIRPMI 16408575
¥ Ecal 0940 fl# R0 T 1244, 5597 24 hG il N &
0.1% FAF-BSA RPMI 164055359 , 4% 18358 B 45
Lipofectamine™ 20004545 44 JFURL . siRNA, H:f 4453
NAZH(SIPRI-EGFP+NC siRNA. Control-EGFP+NC
siRNA. SIPRI-EGFP+LAMB3 siRNA1. SIPRI-
EGFP+LAMB3 siRNA2). #44)5 6~8 nf il N
£ 0.1%FAF-BSA RPMI 164055 750, 4k 83595
BT JE 825256

12.8 BAREREARIET MR HE  RIEE
T B A FH U B 5 R AT A0 S 0 B U e S A
B G AR e AR AR . UK AT SR E LAMB3 )
Ecal 0941 g 53 ) 5 R 320 K 240 St HEZH (div 4 ANC
ShRNA), LAMB3#f& 41 1 % N LAMB3 shRNAL1),
LAMB3 MR ZH 2(fir 4 9 LAMB3 shRNA2); %f HE4H
(i % N Control), LAMB3id %A 4 (17 % N LAMB3
OE). HUGH A K1) Ecal0941 i, F4 10% FBS
() RPMI 164035 77 4 il £ B FE A 1X10° 4 /mL I 4
J B, BeRh T 244 LA (500 pL/fL). 357724 h(4l
WA B2 30%), AR 80k, B T 40 s 7248
HREE 14 h)E, BN 10% FBSIIRPMI 164054 7%
W, AR5 3772 h, FERS B 2507 126 PH M IR e 4l i s
AT R B5L5S . 1290 BE Al AN BE R LAMB3 T 51 43 53

NCCA AGA GGG ATT TGA GAG AAT(LAMB3 shR-
NA1)}GAA GCT TCA ATG GTC TCC TTA(LAMB3
shRNA2), X # A4 N 758 TTC TCC GAA
CGT GTC ACG T.

1.2.9 CCKS8&Am) 4mfien3% 74 Fi4 10% FBSHY
RPMI 1640%% 770K Ecal 094 i 5% TE- 140 fu 42 /h T
965, 24 hjo YA N siRNA, HER 5 58 0. 1. 2.
3K, UL AL 10 L CCK8IRF, BFFR X
450 nmALATIN R EE (D) E . Ecal09%8 5E 4H i ik 4
P96 fLAR, HEMANMIEHIEE0. 1. 2. 3K, &AL
A 10 puL CCK8IRF, #MDIE -

1.2.10 RREIAN 0TS  TRHBRET
12FLAR B 1 = 2% KT 4%, % 10% FBSH RPMI
164035 7210 Ecal 0941 fg 8 TE- 140 g BT 12FLAR
L R R 24 h(AILY & B 2990%), F1100 pLigk T
FLA TE A R 38 5 LR HE = 2% 7K1 4 T B A8 1) %%
IR, PBSTR, AN 2, A1, LR UL 5 7E
B L G AH B 1) sIRNA, %G8 J5 AN [R] B[R] 55T 7] —
PLEFHIIE . Ecal 09 € 41 fu kA T 12400k, 24 h
Ja (AR A EE2990%), RITRHHR. A RRME
J FImage B A% 34T

12,11 w3 R 460 528 10 ng/mLI4FER A
FHE96FLAR, 4 °CIE R, FH 1% I3 5 FH (bovine
serum albumin, BSA)T-37 °CH} 411 h, ¥ 1x10*/ 41
B TALA, 37 °CHEE 1 ho PBSIEYE, 2 R NGaE
SHM, FEFLIIN 0.1%45 i 55 G4 4 5 PBSTR G 3K, N
AN10%Z 18, &8 5~10 min, 7EEFbRC I E KA
595 nmAb I DAE, F3% % 2H 41 i (1 6 b R

1.2.12 RARETSHREHEBAHER WP 4~5 ]
BALB/c#R B8 H 37 DU (A5 E AR A IR A F]
PREUAAR TR B 14~17 go B $UE KA K Ecal09
FasZ HIAR(NC shRNA. LAMB3 shRNA 1) i if &
211040 /mL, BB 24 (B4 n=5), &
] J2. 5 ik 23 917 5F NC shRNA . LAMB3 shRNA14H
MIE 0.1 mL. B HMERBRIES) . R SR
o TIRMEARE, PR ERIET G MFH 2
MR Rg I, WA . o R e 2 bR
A, HANE P L (H&E) Ge o, FEHEAT I i N 5 72
ML E VAl . Rk B S 3 o e N RS 3E
AVE LGS AR AR, JFCad@it )|
JE B 5= B sh e #1251 2= A kil [NSMCHR 2 5)
YIEE (2021) 805 ].
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1213 “itsa®  RAKRMHSPSS 25.0 &% Graph-
Pad Prism 970 #5240 454, 1 & BB AR Hhr it 22
Foor, IR LR ) R 56, 22 40 IR ER R O
G3HT, 2P<0.050 Ko 7 A Gt R e

2 R
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FTILER
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AR ) IR I 2 e T 55 IR L 24(P<0.001)
2.2 HEEC,. Ecal09. TE-1. KYSE-15040ffh
LAMB3HIZRIEE R
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17 Western blotSZ4s, 25 KUK 3. S5ARMSIPH)
STHAZHA LG, SIPYEFI TE-141/824 h5, LAMB3% [
FIE K THRE(P<0.001), H S A
2.4 BEEUTEFRIL SIPR1XT Ecal 0948 At LAMB3
FKIERIF
PR FT AT TR SE, 1 RIAS1PR1JE, Ecal09
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A: LAMB3TE 45 $EGSE4402 1 i 20 21 53 55 1E 5 44U RIA 15 Ol B: LAMB3TE K45 52 GSE 161533 i 41 41 5 i 5% 1F 8 4 2L R IA 1 ot

**%P<0.001,

A: the expression of LAMB3 in cancer and normal tissue in dataset GSE44021; B: the expression of LAMB3 in cancer and normal tissue in dataset

GSE161533. ***P<(.001.

Bl LAMB3ZEESCCHRALR SRS IERHATHIRIA
Fig.1 Expression of LAMB3 in ESCC tissue and normal tissue
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**%P<0.001.
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Relative expression of LAMB3 protein
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E2 HEEC. Ecal09, TE-1. KYSE-1504HR-FLAMB3%&E H&IAKF
Fig.2 Expression of LAMB3 protein in HEEC, Ecal09, TE-1 and KYSE-150 cells
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7EEcal 092 fifd H s I 2 A STPR 1 FFAS il 48 g 4
LAMB3 )5 1A, AH EE T B v Xt
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Fig.3 Expression of LAMB3 protein in TE-1 cells treated with different concentrations of S1P
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A: RILSIPR X Ecal 0941 JELAMB3ZIA IR, B: 1L £ IAS1PR 1 Ecal 0941 RLAMB3FIA 5T, *%P<0.01, ***P<0.001.
A: effect of knockdown of S7PRI on LAMB3 expression in Ecal09 cells; B: effect of overexpression of SIPR1 on LAMB3 expression in Ecal09 cells.

**P<0.01, ***P<0.001.

E4 SIPRIAEEK T RIAHEcal 0940 FLAMB3E B FRILIE R
Fig.4 LAMBS3 protein expression in Ecal09 cells with SIPR1 knockdown or overexpression
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#17 Western blotS2 56, 45 R U SAFIESDAT 7R . #H
ELFNC siRNAZL, ¥ 9« T LAMB3 siRNA1. LAMB3
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Fig.5 Validation of the efficiency of knockdown or overexpression of LAMB3 in Ecal09, TE-1 cells
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Fig.6 Effect of SIPRI-EGFP and LAMB3 siRNA co-transfection on migration of Ecal09 cells
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A-D: proliferation ability of Ecal09 and TE-1 cells knocked down or overexpressing LAMB3. "P>0.05 compared with the negative control group.
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Fig.7 Effect of LAMB3 knockdown or overexpression on proliferation of ESCC cells

H AR PR R EE , 7R3 5 LAMB3 R ZE 210 ff ) 2R R,
RN SEANZE 53 1 IR e A2 4

3 Hig

S1P/S1P3Z4A(S1P receptor, S1PR )i i ifi 5 £ Fib
AP SIPE—Fh 2 RPERR A 5, 7540 N Al
MR S S SR EEEER . AT
PR 2R BB M (— IR B ) A e 8 P M i K A A RCER
‘A ¥ (sphingosine, SPH), SPHE & 34 i (sphingo-
sine kinase, SPHK) 11 F T B R 1L T 5 S1P, 4 ffd &b
SIPE JUFAFEI I SIPR(ELFES1PRI~5) 454, BE M
24 N5 5@, I Ras/ERK. PKB/Akt%: | i
TR . AHRRAEIE . dRRRIE T, DA ARt
MR TR YR fEAT R, H
S1P/E 215 SIPRI TE- 1400, 512 LAMB3%
ik B, LR AE Ecal 0941 i i ik B 1A S1PR1,
S LAMB3RIE Fifsk Fif, I H, SiKLAMB3%

KW SIPR1XT Ecal 094 A (RIT A /E A, wT L,
S1P/S1PRI1fE 5 FLAMB3 IR IA, 52 ESCCAH ML)
EMFAT N

LAMB3FE R it LM-33211) B34, LM-3325%
A3 o3P LRI a6BARH ELAE AT, T A3 4 BE AN A E il e
Fefun, (RdEA ML RS . BEFE U, LAMB3YE Z Fh i
JE R AR, 5 R AR I OC, BEA
F g i A AR A B e — 8, LR
o FE S SR PR 2 i e v LAMB3 A i 1 i e 2
ML) R 28 ST #8 B 45 B W LAMB3 3@ i B0
AK TR FOXO3/4 17 fil I8 4901 1] T G {1 12F Jif 35 41
Ja 38 5 AN AL O BOIR AR FL SR8 H LAMB3 AT ji it
B HGF/c-METHil15 5 1) PI3K/AKGE H , {23 EMT
IR X MMPOZ A I iy, fRE4HMIITE RS . (R2E, H
X TR B, (H HOUZE USIRF 78 R B, BRARpEAR
SR AT 75 5 20 e 4 e LAMB3 3R A 38 Jn, 326 1
1 20 P G B LINSE U745 IR 21 i+ LAMB3



©

Wound closure rate

> Q
& Q
C)OQ &73
W

(D) NC siRNA

0

R
S &
< > &3

W W

LAMB3 siRNA1

LAMB3 siRNA2

Oh

24h

Wound closure rate

A, B: MRLAMB3J5, RIJRSZE0 K M Ecal 094 LT A 15 1t; C: il FIALAMB3J&, RIJRSZLG K M Ecal 094M I (3L #5; D: MUELAMB3JG, IR

SEIS R TE- 1418 3 ER . *P<0.05, **%P<0.001,
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Fig.8 Effect of LAMB3 knockdown or overexpression on migration of ESCC cells
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Fig.9 Effect of LAMB3 knockdown or overexpression on ESCC cell adhesion
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Fig.10 Effect of LAMB3 knockdown or overexpression on EMT-related protein and MMP9 expression
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