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Molecular Mechanism of HGF Mediating Cell Migration in Uveal Melanoma
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Abstract

noma). This study aimed to investigate the molecular mechanism by which HGF regulates UM cell migration. A

HGF (hepatocyte growth factor) plays an important role in the progression of UM (uveal mela-

series of migration-related genes regulated by HGF were screened by microarray analysis. Quantitative PCR and
Western blot experiments verified the results of gene microarray, and it was found that HGF inhibited the levels of
mRNAs and proteins encoded by NF2 (neurofibromatoprotein) and 7/MP3 (tissue inhibitor of metalloproteinase 3)
genes. UM cells were transfected with siRNA to interfere with the expression of candidate genes NF2 and TIMP3,
and their effects on the migration ability of UM cells were detected. Cell migration experiments showed that down-
regulating the expression of NF2 and TIMP3 genes enhanced the migration ability of UM cells. These results
suggest that HGF mediates UM cell migration by influencing the expression of proteins encoded by the NF2 and
TIMP3 genes.
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e, HGF/e-Metf5 5 Hifie it 7 UM4H M (1)1 #
127, 3 H. c-Metf il 75 PHA665752 7] LAl ix — 1
GO, WA, Hh3EE e B UMY, 2%
I 7 HIFEANE 77, M HGE R ABH WriZAE FH P, i
VLI UMBI R R, HGF/c-Metifie % 22 % B 5L
MIE ), AR AHZAE 5 Fh (e #EUMEH B3 % 1) 741
FEANTE R . AW 7@ I RS 20T, Tk T
5 HGF A 5L, I M i TP ik £ 38 K] g B (1)
FE, BT I UMPIEEN, B0 [ T HGF 52
UM HLITF% (1 7B o

1 #RA7E

1.1 #8
1.1.1 #mfe  ANHRUM4IHE ZAM17HISP6.5Y) KR T

RN, 43 5 R 56 [ 41240 0K 2 B g HIR B 2 ot i
E 7 O AN 2= R ek b ve S E Bt 5 0 GUY PEL-
LETIER E /8

1.1.2 237 fifi 4 IfiL3/ (fetal bovine serum,
FBS). 0.25%/#i% 1 DMEME; 7% 3 1 4 3% [ Gibeo
oyl HBEEAN(dimethyl sulfoxide, DMSO). 45 i
LY 30% 4 1 BE Az B 26 [E Sigma /s 7] ; BCAR
R I 52 77 & 1 B 35 & ThermoFisher Scientific
/A7) ; Power SYBR® Green PCR Master MixJi H 9
Applied BiosystemsA 7 ; TaKaRa EX Taq” DNA
Polymeraselld 5 K3 5 A4 THE A BR 2 7; Transwell
/NZE W H 2 E CostarA #] ; Merlin(1:1 000, EHif,
155 12888T). TIMP3(1:500, *EHif, 155 5673T).
a-E-Catenin(1:1 000, 4%, 15 36611T)F VEG-
FR-3(1:1 000, Pi, 572533566 T)HiAN4 H Cell Sig-
naling Technology’A 7] ; GPR54(1:2 000, 3%, H¢ 5
ab100896)FIMMP10(1:2 000, -Hi %, $55ab38930)F
1K 1 Abcam/A &; HGF. B-actin(1:4 000, E470 5, 1%
5 MAB8969-SP)Il4 [ R&D Systems /7 ; Fk i 2L
YIBEFRC A —H(1:2 000)} 14 [ Santa Cruz/A &) .

1.2 7%

1.2.1  ZF AR e R &AM ¥ UMZH il % SP6.5
AIM17{E FHHGFAL R0 1£124 h, TrizolZf@E 4, $2
HURNA, Ffili%: 5% )9 cDNA, FRic cDNA; FARic i
cDNA BRI 258, 2 Javeigkd i, RS
FEOCHAT G, RIS TR, XIS B 45
AT HE R 22 e R I ik

122 ZZPCR 4% E N 30%H UM

ZSPO.SHIMI7THFN T 6L, 25 — R YLK AL
12 h, 18 [l HGF 43 24 h, TrizolZ4 401, 4 °C R 42
HURNA, P58y cDNA, 418 [z jifA % 2x SYBR
Green PCRZEP (10 uL)+Primer 1(0.5 pL)+Primer
2(0.5 pL)+cDNA(0.6 pL)+NFH,O(GE & % 20 uL)it
fTcDNAY 1, SN AEF: 95 °CHiAE 15 min; 95 °C
315 s; 60 °CiE K 1 min; 75 °CEEMH 1 min, [
400K . MRIETIGAER, HEH CHE, &5 ABI
PRISM7500 SDS Softwareff{ A% & &7 Hr. 517X}
N 74 NNF2: Forward 5'-CAA GAC GTT CAC CGT
GAGGA-3', Reverse 5'-ATT TTG AGC CAG GCC
ACT GT-3'; TIMP3: Forward 5'-TTC TGC AAC TCC
GAC ATC GT-3', Reverse 5'-CAT CTT GGT GAA
GCC TCG GT-3"; CTNNAI: Forward 5'-CTA CTG CCA
CCA GCT GAA CA-3', Reverse 5-TTG GTA GAG
GCG ACG TAG GA-3"; GPR54: Forward 5'-GAC CGT
GAC CAA CTT CTA C-3', Reverse 5-CGA GAC CTG
CTG GAT GTA-3'; FLT4: Forward 5'-CGT CAT CGC
TGT CTT CTT-3', Reverse 5-GGT ATT CGC ATT GCT
CCT-3"; MMPI0: Forward 5'-TAT CCA AGA GGC ATC
CAT AC-3', Reverse 5-TCA ACC TTA GGC TCA ACT
C-3'; GAPDH: Forward 5-TGA AGG TCG GAG TCA
ACG GAT TTG GT-3', Reverse 5'-CAT GTG GGC CAT
GAG TCC ACC AC-3',

1.2.3 Western blot5 3 F6fLAR - 4H AN 4Hi 2% R
30%F UMZH A, B R YLERZIA 12 h, F:#H 40 ng/mL
HGFAbFH24 h, SDSZRR RN, AR H . ¥ &
FIE0 °C R HE, TIR300 W, #7585, [AIRES s, #EH2
W, BIRTCEEHPR AL, BCATRIE & K E, 4
A oFE i 2 ISR AR IR A AR BE K B PR A TE
100 °CHYZ % B3 5 minfli 8 H AR, H AL B L1
REAFESINN _EREAL, 5 8% SDS-ZR A bk i it e
SR AU FLEE BINCR F {6 R gkl
P NCRRE YL, FRELTR 26T, BEEMHFELL G, &
M2 h, 9% E 5 LA ) — Bt (R E 5] TIMP3:
1:500; Merlin: 1:1 000; a-E-Catenin: 1:1 000; GPR54:
1:2 000; MMP10: 1:2 000; VEGFR-3: 1:1 000; B-actin:
1:4 000), 4 °Cik 7, FIPBSTHE3YX, 10 min/i%, W% & #H
N PR R PR RE L1414 1:2 000), EIRIFE2 h,
FPBSTHE3X, 10 min/IX, Fil it ECLAL2: KGR
A7) A B 8 e

124 @mfestd CBEEN10%FUMA KR T6
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FLB A, F37 °C. 5% CO5 784 h 15 9%, 24 h)g TR
B JRBCHEE G, A K510 pL siRNABINCIE T
250 pL Opti-mem G LI E5 7R AL H1; B ¥4 pL Lipo
20007 T 250 pL Opti-mem G MLiERE R FL 4 RA) =
IRCE S min, f o B AMBE RS, F IR E 20 min.
UM b B IR B Rl 500 pLJE i (I DMEM, i
Ja P EL I e G NFLAR Y, 1T37 °C. 5% CO»
BRI AR IR
125 feitds 20 $530%~40%0 % BN 4N i B
FF6fLE T, T37 °C. 5% COJEFAE 49524 hg,
YUTRANN 24 h, FEAHR AL — BT B . TR E TR 244L
A I 2591 DMEM2E 600 L, Transwell/Z)N % i)
FAZFUR L, #5200 pL52x 10420 B O 40 B2 78N
b, gkaE R4 b U /NE, R EEWIR. TR
WL, 4% % B R A E 30 min, 45 50T
TG.10 min, JEKGEE 2 RYEAR, 100 pLit kAR
Bl 2 /hE BE A, I R R AR A R AR
T, FRMBE NS /NE T Z400, FEHLIER SR
LUETRNCE S (8
1.3 SFitEoH

SEI6 s F A 51 1R (meantSD) R R, FTf
L R IANFEAR , SLIESMERIG R, PI4LAST
FEZS 8] F e 56, LAP<0.05A8 K 4 it & L.

2 #HR
2.1 EETHAHiHEL THXERE
BAWFRRH, UMEEEZ 2 HE, 5 HGFAE

HGF 0 h HGF 1 h HGF 24 h
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By E R4 KB T 1(insulin-like growth factor 1, IGF-
DA KRS, Fah, AT HRE HGF# i o B s
ARF6EHE UMIR M. Oy T 3t — BT 75 HGF XS
UMIE B AR Z2 1 70 T 0L, RATHEAT 1R R
(AR IURT 73 A o K 0 2R SP6.5S AT M1 738 i HGF AL
HO. 1F124 b, JEERNA, $H7IER T 0 #r #54
mRNAFR LG 2 5 o FEDLE TR S0k I 27
SRR L, 2 HGFAREE 1 hif) UMZH AR 2 57 R IE
FRIER R A3, TR R A 154, 4HGFA
FH24 hiTUMAN i 22 5 i BIZE A 1 1294, i
FERA2 469 (F1) . ik, FRATHERT/EHGF/EAT h
(RIS, U ) — LeEE R AT BR AL T — MR AR, JIF
ANEIH Z R LIE RGN, /EHGFIER24 him, 4 2
WA R,

Al FRATTA HGFAREE 24 hdl il , ARIEIR &L
T JT A S 18] B R oK 5 W5 B /AME T 22 57+
[logs(ratio)= 11 P-value(differentially expressed)<0.05]
I AT SO FE R G AT M 0 W . T SE AT
GO, BRAMAIIZH 73« 7 F DhRe S AW 7l R T
TS PA b 22 S e IR R AT 7026 . AEAR 2 7y h 22 e A
[K| 75 41 o f% (membrane-enclosed lumen). 4l #5 (or-
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lumen) & 4% 14 (chromosome) H At 224k, b 55 2. 2 (K]
2A); 1E3 T IhRe sy R, 22 e R K A de v R 9 %
HER 45 447 145 (nucleotide binding)([&l 2B); 7E/EW2
AR, 22 R AR E S T A Y (cell cycle)s A
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EH
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A: cluster analysis of differentially expressed gene mRNA. B: the expression of differential genes.
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Fig.1 Differentially expressed genes in gene chip
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5344 (nuclear division)%5:(E20). 45 & KEGGH F,
Xof JE PRES B 2504 22 S R0 1 B (A 3E AT Pathway
ST, RIS 5 05 5@ i 3 B JAE 842 (path-
ways in cancer)~ ZH [}l &l HH(cell cycle)- i i (glioma)
T /N e (small cell lung cancer)i@ . p53
{55 (p53 signaling pathway)f1 DNAE il (DNA
replication) %5 (E2D).
2.2 HGFHFINF2F TIMP3 5 F RS HImRNA T4
FR 4 DA b 2 e kB R K AN R DR, 3R
AT 8 64N B R ) 22 e R IA BE K (WF2 . TIMP3,
CTNNAI. FLT4. GPR54. MMPI10)i47 € & PCR
BSUE, 48 % mRNAF %1519, UL GAPDHAE
NN, it E PCRE BT IR : £ HGFAH LU,
CTNNAIL. NF2. TIMP3FIFLT4ix4/3: K i mRNA
FIL N %; GPRS4MIMMPI 03X 23 A I mRNA ik

(A) a Cond
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Spindle Organelle lumen
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Nuclear division

Cell division
Organelle fission

M phase Cell cycle process

D)"

(B)

KV ETH(EI3), 5t Al 45 AAT .
2.3 HGFHHINF2R TIMP3E E 4RI & A Rk
Bbah, A EE— D IR g5 R, A AT
7 Western blotSZ5:, 455 W oR: NF2FI TIMP33: K 4w
fi5 (1) Merlin A1 TIMP3 £ |1 314 & 6 5 HGF I FE (1) 3%
I B 25, T HGF AN 52 1 A 2 PR 4 0 117 2 1 (I
4).
2.4 FHNF2FTIMP3{R#H UM AT S
NF2E AR T S e 45 A TR A & £F
Y U, R TR, gnhiD AR N Merlin™o 3R
AT A 45 R B R NF2 5 UMM %, IF HLHGFRES
NE2EERNmIDE AR RIS, Fit, AT EERNHHF
FLNF2/E UM EH , FRATE T 3B siRNA
FEH, 43 PR 3BT FIl L e UM, 2 5 i
1, il Western blotS256 45 5 8K « 3B siRNAF 5

Protein kinase activity

ATP binding

Purine nucleotide binding
Nucleotide binding

Adenyl ribonucleotide binding

Purine ribonucleotide binding

Adenyl ribonucleotide binding

Adenyl nucleotide binding

Nucleoside bindin
¢ Purine nucleoside binding

diated
ted oocyte Cell cycle

Focal adhesion P53 signaling pathway

DNA replication

Pathways in cancer Valine, leucine and isoleucine degradation

Small cell lung cancen

Glioma Pyrimidine metabolism

A: ZESEE R CC o 2., B: 22 B R IIMEF 336 C: 22 5 BE R (IBP 43 2K, D: 22 5 BE IR 22 15 (145 5 d %

A: CC classification of differentially expressed genes; B: MF classification of differential genes; C: BP classification of differential genes; D: signaling

pathway involving differential genes.

E2 MEFFREEEGONEMKEGGESHBEEEN T
Fig.2 Enrichment analysis of GO function and KEGG signal path of differentially expressed genes
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Fig.3 Real-time PCR was used to detect the mRNA expression levels of differentially expressed genes
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Control
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MMP10
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TIMP3

B-actin

HGF /ng'mL"!

10 20

L*s

[Zl4 Western blot 1/ ZE FRIAEFWEBFIEKF

Fig.4 Western blot detection of protein expression levels of differentially expressed genes

. . .
(A) mOCk ]\IC IRNA\ 7 SIRN A. 2SIRN /A 3
- SP6.5
B-actin :
Merlin
M17

B-actin

®) Mok Ne RN, RNg RN

SP6.5

B-actin

TIMP3

A: NF2[IsiRNA TR, LLsiRNA-3 TR 2 5.3 B: TIMP3HIsiRNA T AR, UIsiIRNA2 TR £ R 3% .
A: the siRNA interference effect of NF2 is the most obvious, and siRNA-3 interference effect is the most obvious; B: the siRNA interference effect of

TIMP3 was the most obvious in siRNA-2.

[El5 Western blotiNF2, TIMP3EEsiRNAFH IR
Fig.5 Western blot detection of siRNA interference effect of NF2 and TIMP3 genes

HA AT Merlinfl 214, HoA1 35 siRNAFIF-HE 2%
R w3 (E5A).

&)@ B VI 32H 2R (TIMP3) & —H B A
) 6L 57 4 S8 R P Bl (MIMIPs ) 375 128 P 4 i o 35 o &%
HEA, EMERE. BN A R ig JE
TER, FE#A NS UM B e A ¢ 1)) B2 HGFX)
UM4H AT # A2 22 1 820 2 75 5 TIMP345 2% 1 H.
RE1. B, AT W5 TIMP3ZE UM4H i /e
BATE BT 3B siRNAJF I, 43 lREax 387 91 % e
UM4H i, 2 J5REEER [, Western blot=2 46 4% B & 1A
3BLSIRNABSAEINAHI TIMP3 ({314, Hrh25 siRNAK)
RO B 23 (5B).

MR4E IR SE I, FRATT 7 il FH #5cB RUH) siRNA-3
HISiRNA-2R TP NF2FI TIMP3 R %, LA AE

NSERR A, B RNC BRIV R, AT o]
AEFE ) mockfE 25 X R . i o 41 i IT 8 st
HF 78 NF2A1 TIMP3%E UM4HBERE g2 . Wi bl 6T
~, SRR R, T NF2R TIMP3 )5, 77
/NERIMITHISPO. SA A RG22 . XK, Tt
NF2FITIMP3 L R Ge A2 it UMZH (1) 3L F%

3 i

UMK EE K B BEIR PRI, 2 WAE A
B LI B R M g 09, B R IR L T
VL A TR A VR T I R RS [ T3 LA
oS BRI U, SRR, AR, RE AR
FELE A HE AR R S 25 5 UMY, R —
PRS2 L B PO , (ER 2 WL S S AR T
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BOR B IR I8 2 3 BRI R i g 17, T
R MEUM B RSB B REIT T R, HEE —RAE
gflz W%t[lﬂo

HGFER T %M b R 40 i, 5 96 7 B 14
MutEK . BRI KAV LA RFAD, G
[R5 i i LR 453 43 B, HGF 5 A 572 4 52 Ak e-Met(411 i
(B 7801 — b B2 S ) 85 4G5 AL R N, WK
c-Metff) P (EBRB S PE . AFF 78R 1L, HGF/c-Metf5 5
Hhidd 5 5 PI3BK/AKGE B4 [0 2 5 40 R &H B 1
E-cadherinFl1B-catenin ) 1, $155 40 fo (5] &5 B, AT
et UMZH IR AR 22 2% 5141, HGF/c-Metf&
5l A IR B L A R B UMK S e A A
il] 7] (immune checkpoint inhibitors, ICIs)if 7 [ 24
PERY, AT L, HGFEUMMIE R FIi2 28 f b R
A HEAER, B R TIRA R TTHGF 2 UMK A
R HAR > 7B, FRATREAT 1 BB R 7.

I HGF 23 7 AL B SP6. 51 M 1741 il R AN [F] i
6], Z JE AT ZE G o i R ik, R AL FE 24 hiF)

Mock NC

RRFRIAZEREE . K, AT HGFALEE 24 h4
Al BRI H 250 22 S Rk B R EAT AR ) 2R A A
RIAEAN M 7, 22 S BE PR AR M . 2 2% %
Gtk Ak LA B3 fE A T IhRE T, 22 Bk
TR IR ES & vh oy A e AR Pl B, 22
A& S T 4N 3 A 22 7 RNl i 28 R 2 T 7 o
255 KEGGHE | 4T Pathway 7M1, RILZE R R
KRN S5 PG S IEE 3B IR IRE . IR
Wi R PURIERE . NH R RS . pS3ME S aE
FIDNA K il %5,

TEFEICL ERRS R R G, Tl e &
PCR 5L Il Western blotSZ40 4T T 501E, 45 R R,
Z2HGFALH LSS , NF2F1 TIMP3 3K ) mRNA 1 855
Rk K T, CTNNAIR FLT45: H ¥ mRNA
FikIKF T B, GPRS4F1 MMP10%: K () mRNA ik
KV bFF, {H CTNNAI. FLT4. GPR54%1 MMP10%:
DRl g Bt (1) 2 AN SZ 5200, 55 3 R0 A I 4 SR — 4, &
ATAN HGF X mRNAFI & (7K F g2 AN[H] , 7] fg

si-NF2 si-TIMP3

M17
140 -
” | %
% 120 %
2100 -
e
&b 801
g
5 60
2
2 40
=)
Z 20
0 T T T
Mock NC si-NF2  si-TIMP3

#P<0.05, SNCALALL
*P<0.05 compared with NC group.
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Fig.6 The migration ability of uveal melanoma cells was detected by cell migration assay
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X SE I DR 4 15 Y mRINABH 33K . 0128 1 4 A
HEHB IR G, £ H HGF ] LU NF2F
TIMP33: K 9% F Merlinfl TIMP3 2 (4 R 18 5, Fdl]
s T NF2ARITIMP3XF UM, & B3T3 NF2
AITIMP3{iE it 7 UM (113 F%

gk Tk, HGFRe W ) NF2F1 TIMP35: K 9w
i mRNAFI R IE ; TH0NF2A TIMP3 {2t [
UM TR . BRI 3R AT HGE R] DLid it i 4%
NF2F1 TIMP3%: K 4w 5 1] Merlinfll TIMP3 25 [ & 1A
S UMAH M 372 . AR T 25 R BH , NF2AI
TIMP3 PR 2 55 ) 8 AT BE BN VR IT e #5 1E UMY
HTHE A
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