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Effect and mechanism of VSIG4 gene mutation on the function of microglia in retinitis pigmentosa
VSIG4 )

Xu Chunlong ,Zhang Guowei,Du Jun,Jia Zhen ,Wang Jingping ,Wang Ziwen ,Li Yang,Lu Hong

To investigate the effect and mechanism of the V-set and immunoglobulin domain-
gene mutation on the function of microglia in retinitis pigmentosa ( RP ).
Localization of VSIG4 in the retina was detected by immunofluorescence. HMC3 cells ( human microglial
cells) were transfected with wild-type (Len-WT) VSIG4 gene ,mutant type ( Len-Mut) VSIG4 gene and empty vector
virus ( Len-Cont) and stimulated by the presence or absence of lipopolysaccharide (LPS) ,then divided into control
group, LPS-Len-Mut group, LPS-Len-WT group, LPS-Len-Cont group, Len-Mut group, Len-WT group and Len-Cont
group. The mRNA expression levels of the inflammatory factors interleukin-1g (IL-18) and tumor necrosis factor-a

(TNF-a) were detected by real-time fluorescence quantitative PCR. Protein expression levels of nuclear factor
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erythroid 2-related factor 2 ( Nrf2), heme oxygenase 1 ( HO-1), glutathione peroxidase 4 ( GPX4 ), nuclear
transcription factor-kB (NF-kB) p65 subunit ( P65) , and phosphorylated P65 ( PP65) were detected by Western
blot. Cell phagocytic function was detected by phagocytosis assay. Cell migration ability was detected by cell scratch
and transwell migration assay. LPS- stimulated HMC3 cells were co-cultured with 661W cells ( mouse retinal
photoreceptor cells) ,and the expression levels of B-cell lymphoma-2 (Bel-2) and Bel-2-associated X ( Bax) proteins
of the cells were detected by Western blot. The number of apoptotic cells was determined by apoptosis assay.
Results VSIG4 was localized to microglia in mouse retina. The real-time fluorescence quantitative PCR results
showed that compared with LPS-Len-WT group, the relative expression levels of IL-18 and TNF-o mRNA in HMC3
cells were significantly increased in LPS-Len-Mut group ( both at P<0.05). The Western blot results showed that
compared with LPS- Len-WT group, the protein expression levels of Nrf2, HO-1, and GPX4 in HMC3 cells were
significantly reduced in LPS-Len-Mut group, and the PP65/P65 ratio was significantly increased (all at P<0.05).
The phagocytic experiment results showed that the phagocytic rates of HMC3 cells in Len-Cont group, LPS-Len-Cont
group, LPS-Len-WT group,and LPS-Len-Mut group were (35.67+3.22)%,(63.67+10.07) % ,(84.00+3.46) %,
and (64.67+2.31) % ,respectively, showing a statistically significant difference ( F=59.06,P<0.001). Compared
with LPS-Len-WT group,the phagocytic rate of HMC3 cells was significantly reduced in LPS-Len-Mut group ( P<
0.05). The results of cell scratch and transwell migration assay showed that compared with LPS-Len-WT group, the
migration rate of HMC3 cells at 24 and 48 hours and the number of invading cells per unit area at 24 hours were
significantly reduced in LPS-Len-Mut group (all at P<0. 05). Compared with LPS-Len-WT group, the expression ratio
of Bax/Bcl-2 protein and the number of cell apoptosis were significantly increased in the LPS-Len-Mut group under
the co-culture system (both at P<0.05). Conclusions VSIG4 is localized to mouse retinal microglia. When the
VSIG4 gene in RP mutates, HMC3 cells under LPS stimulation exhibit a series of changes,including activation of the
NF-kB signaling pathway, decreased activation of the Nrf2/HO-1 signaling pathway, increased secretion of
inflammatory cytokines,reduced phagocytic and migratory abilities, and increased cell apoptosis in co-culture systems.

[ Key words] VSIG4; Genetic mutation; Retinitis pigmentosa; Microglia; Phagocytosis
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VSIG4) 8 Bk hy Tg M SR 11 39 Bl ey 3K AR 1 M K ik
ARMASZ IR 2 RP I BUR LN . VSIG4 2 H & K
18.3 kb, 0% 8 MMNE T-. VSIGA {LFEFR A HA M E
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T ] 5 5 00 U I 0 A % 9 R, W 4
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(lipopolysaccharide , LPS) 7] 5 S /N B¢ it 40 it 3o B 3%
W P, AHEAT R LPS i3 HMC3 40 it D IL
16 RP rp i B2 00 AR, BF 55 728 5 19 VISIG4 Jk A X
HMC3 4 i 73 0 58 i K5 7 W O % 25 6B ) 16 52 Tl
DL RO 36 15 3% 2 6 vb A0 0 T R 4R VSIGE Sk
PRI 78 S 3 5 52 W) /) JE Jo 240 JH Eh RE AR RP & AL i v 7
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1 ##™57E

1.1 #k

111 UMy HMC3 40 2 (A /e 5 40 ) 1
Fl T 5t 8 Bk i A= ) BHECA R R L 293T 4l & (IR
B AL F1 66 1W A i AR (/)N B I 5SRO 4 i ) el A
T R A 2 P A S K
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AR T 4545 @B /0 T 1 (recombinant ionized
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calcium-binding adapter molecule 1,Ibal) —#i ( 81728-
I-RR) Sedt AAZ B T 20408 & 2 A G 7~ 2 (nuclear
factor erythroid 2-related factor 2, Nrf2) — i ( 16396-1-
AP) BA N ML %A% 1| (heme oxygenase 1, HO-
1) —#HT (10701-1-AP) | B4 A4 e H Ik A AL P 1 4
( glutathione peroxidase 4, GPX4) —37 (67763-1-Ig) . f
i A\ B 41 g bk B2 98 Kl 7 2 ( B-cell lymphoma-2, Bel-2)
—$r(12789-1-AP) Pt A\ Bel-2 FH% X & [ ( Bel-2-
associated X, Bax) —#i (50599-2-Ig) Pt N B-WL3IE
[ ( B-actin) — #{ (20536-1-AP ) ( 3€ [ Proteintech 23
") Pt A ¥ 5t A T-kB ( nuclear transcription
factor-kB ) p65 V. B8 v ( p65 subunit, P65 ) — #i
(A2547) Gt NBEERfk P65 (PP65) —4 (AP047S5) |
St AN H b BE-3-8E MR B A B ( glyceraldehyde-3-
phosphate dehydrogenase, GAPDH) —#i ( AC002) ( 5t;7X
Abclonal /A 7] ) ; Alexa Fluor 568 #5ic LU 91 f 1eG —
P (#2155282) | Alexa Fluor 488 #51ic 1 3¢ $i B — 91
(#2140660) ( £ [E Thermo Fisher Scientific /A #] ) ; HRP
PRic il E 4R 1eG 4T (#111-005-003) \HRP $ric 1l
FH R 1eG =31 (#115-035-003 ) ( Z£ [H Jacksonimmuno
Research /2 @) ; LPS ( £ [H Sigma-Aldrich 2 &] ) ; 1204
R VREE (LI S KA ; Lipo8000 JIF 5 14 %
Jeial ) & W e 5150 & L SYBR Green Master Mix (38
Thermo Fisher Scientific 2\ & ) ; Jii ¥ pLenti-CMV-
VSIG4-3 %« HA-RFP-Puro , pLenti-CMV-VSIG4 ( C338Y ) -
3« HA-RFP-Puro ., pLenti-CMV-Puro ( 7§ &t f 22 4= W) F)
AR A A ) 575 5ROt R KM (LR
Polysciences /3 ] ) ; 47, 6- Jjk HL-2-28 JL ng| g (47,
6-diamino-2-phenyl indole, DAPI) ( YI.75 3% = & HF # A
VIR A RSHUEA ) o PO6 RS (8 E Leica 24
A]) ;96 E = PCR X (3 [H Thermo Fisher Scientific /%
Al s E R A ( R R AR A D) kT
B A (R s W s A= R A WD) o

1.2 J5ik

1.2.1 18 ap e Ao f% Jese i r 24 A B 293T
AIHILL 6% 10° A~/I0L A % B 2 Fh T H A 10 em LA
A 2 80% Filt & I, #2 Lipo8000 Jii Jit 4 % 4 1 51
GU A HEAT R PR FL B o KUK 750 wl opti-MEM
Wi A 6 wg psPAX2 ikl 3 g pMD2G ki1 7.5 pg
2% 15 Ji $i ( pLenti-CMV-VSIG4-3 * HA-RFP-Puro =
pLenti-CMV-VSIG4 ( C338Y )-3 = HA-RFP-Puro =
pLenti-CMV-Puro) fill & EP 4 1, # & 5 min; ¥ 24 pl
QR A Bk EP B rp i B 15 min g f IR & WA
T 293T 43 SR I, 12 h J5 S 480 6 15 57 5 2

72 h g BN 0.45 pm QAR U8 IS 0 B i b
AR5 12 ) I ] 5 B A= B (wild type, WT) (5872 B (mutant
type , Mut) Fllzs 5 % B ( control , Cont ) K £ I o

HMC3 4 gk 6x10° A~/ FL% BE 370 T 6 FLA
MK 60% il G B AT FE A gy . BEALImA
Z) 1.5 ml MEM 5% 4 15 38 3£ .1 ul Polybrene & I
L5 ml G 845 U 12 h o 5 40000 fef o¢ 4 B 95 3 gk &
Hidr 24 h 5S4 2 pg/ml puromycin ¥ 1Y 58 4
Wk . AR U 40 M AL 5 B K R & puromycin ]
L0k 3~5 do 7E T OB T SR 4 il 3R POk
VG O, DL T e %

¥ HMC3 45k 7 N4 (1) XTERA R4
YLt HMC3 0 ; (2) Len-Cont 41 G LPS kb P 1) %%
Yo 2 EE A HMC3 4l fifl; (3) Len-WT 41 JG LPS 4b
PRI 5 IR By A Y VSIG4 JE A i) HMC3 4 fifg 5 (4) Len-
Mut 20 JC LPS b3 9 5o 3¢ 38 28 48 A VSIG4 JE A 1)
HMC3 40 ifi; (5) LPS-Len-Cont 4] % LPS & W
(2 pg/ml, 6 h) 4b B i) i Ye 73 09 7 19 HMC3 20 Jifd
(6)LPS-Len-WT 4] 4 LPS %W (2 pwg/ml,6 h) 4b#H
(1) 2ok 2% 35 B AR B VSIG4 LR () HMC3 40 fifg; (7) LPS-
Len-Mut 41 28 LPS JE K (2 wg/ml, 6 h) 4k BHAY 1 3%
KGR A VSIG4 LK ) HMC3 2 ffi
1.2.2 Zfdehs s 9006 o0 4 SR 3 BOW B0 A4 K
() 661W 21 it F1 %5 YL J5 1 HMC3 40 g, 661W 4 Jig LA
6x10° A4~/ L3R T 6 fLAR H , HMC3 40 i ) 4x10° 4~/
FLIEF T 6 FLAR L )2 1) Transwell /N (/NE AL
1.0 pm) o #5 LPS ¥ (2 wg/ml,6 h) R HMC3 4
fiL 5 661W 4 jfd ek 77, e T AL IE SR 1R R op 2 Ao i
R FRFEAR] 20 7 A2, Horp MEM 44 |2 Transwell
/NI MEM 1535 %, JC HMC3 40 5 Hi 4y 70 4 [+
L2, 1T(BRX HRA AR ) o
1.2.3 A9 6 g @k i /N B B P VSIG4 (Thal
Fik BO /R R UK R U Fr v e 3 K 2 B e B
IRELBF 5% BT $2 4k, ¥ vk VR U0 - 65 °C 4t T 15 min,
5% BSA £t P W = W E A AL 2 h JE, 3 i 200 wl
VSIG4 Fil Tbal —HLIR G PR () 1:200 #ike) .4 ChEE
T PBS PR 3 K, il A S8 6 YR R 2 1 200 pul
THUR G PR (1:200) , = 5 EEOGIEE 2 h; PBS PRk
3K, EEEIA 500 pl DAPT #39 (1: 8 000) , 5 ik 3 6
H4 20 min; PBS Y% 3 Ik, 7EZH 2N 3R 20 wl 3, BiFon
MY, BT YO AT T EROR S
1.2.4 SCifadole & PCR KN4 i VSIGA | 1 41
JIA 2R 18 IR IRIE R F o Fo3k $R A 20 40 A 2
RNA W7 5 13 5 cDNA #24F b B 35 4% BE 500 136 1]
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Bt A5IWFPIILE L 51 d R T AY TR E
) By AT IR Rl G e 26 :95 C BiAEPE 3 min;
95 CA: 5 5,60 Cil k 30 5,340 M, LI GAPDH
HNS R 270 IR H S A X ek i

Fx1 ZIMERAEE PCR3IYFT
Table 1 Primer sequence of quantitative real-time PCR

s it B

514 SR (5'-3") 1% (bp)
VSIG4 1E 18] : AGCAGGCAAAGTACCAGGG 97

JZ [ : TGGCTCCGGTCATCCATCT
IL-1B IE 1] : ATGATGGCTTATTACAGTGGCAA 132

JZ 18] : GTCGGAGATTCGTAGCTGGA
TNF-a 1E 7] : AACCTCCTCTCTGCCATCAA 125

JZ ] : CTGAGTCGGTCACCCTTCTC
GAPDH IE 1] : ACAACTTTGGTATCGTGGAAGG 101

JZ ] : GCCATCACGCCACAGTTTC

E:PCR: 3R & i 58 30 % N5 VSIGA: V-set Fill % 52 BR 2 1 45 4 3 4;
IL: 40 35 TN i IR SE IR T s GAPDH .« H- il /8 -3 12 It S0 ity

Note: PCR : polymerase chain reaction; VSIG4: V-set and immunoglobulin

domain-containing 4; IL: interleukin; TNF; tumor necrosis factor; GAPDH .

glyceraldehyde-3-phosphate dehydrogenase

1.2.5 Western blot ZA il % 25 H 23k K K41 i
FH PBS Y% 3 WS, A 100 pl/FL RIPA L7 0. &
TN, BT 4 CZL# 30 min; 02458 20 cm,4 C &
4F 12 000 r/min 2.0 30 min, $#2 B 35, BCA A K
HI R = g Dl = 8 7 - A € N R ) NG g B
Geoh W, 100 C fin 4 10 min; 4% 20 pg 4 1 & B A,
120 V Pk 1 h, T4 R 5% PVDF [ 30 min; 5% i
NE A WA 2 h, TBST PEAR 3 ¥k, %500 Nef2(1:2 000) |
HO-1(1:3 000) ,GPX4(1:1000) .P65(1:1000).
PP65(1:1000) Bax(1:1000) Bel-2(1:1000)—3#;
4 CHEE % TBST PEE 3 W, %S A b, — 48 (1
5000)7EZE R M E 2 h; TBST P 3 K J5, ECL 1
%o R Imagel #4453 #7454 K BEAA , LA GAPDH Jy
WZ IR B E AN RS R, B E DX RE
= HA 8 P & KA/ GAPDH [ 4% KA
1.2.6 4 7 W 52 56 A 0 45 20 20 B W5 BE
HMC3 41 g LA 5x10° A~/ L% BE 43 Fh T 4l G 40 M 38
1) 24 FLAR A, 85 5% 24 h 5, n A LPS Jil3# 6 h; J AL
A 0.5 pl 26Tk (29 2. 25%107 4~) 5535 6 h; PBS
VRV 3 R, &AL A 200 wl 4% 22 B WP 5 0, [ o
20 min; PBS PE% 3 U, A 7 B 20 wl T, B
YA 3% R I T L R T OO B AU T AR R
RIS AN [m) DX Sk A7 401 B, 9 06 B BR 78 2 0 2 i e
SEE SR & A R SR A AL G A = i
TG HEKA] R A 40 Y R TR R RO A

58 etk . 1T 4% 41 HMC3 40 i 75 W 58 56 1k Bk %k
i AR R (%) = B RESOCHERECE L 5 S
5/ WL 1 i 20 L 5 < 100%
1.2.7 40 S R S 560 A I 2% 4 40 M 3F 2 R
HMC3 40 L 6x10° A~/ L% BE R T 6 FLAR , 5410
Jfl A A IR B 100% il B2 I, T 200wl 48 Sk i = 2% T
LA T 20 2 s PBS Pk I3 77 40 M, TG i 37 K 55 Sk 4k
Zeii e, H B A AR A BJC LPS AL # A 6 h
Jei, BTG I 3 4 3R 2k R AE IR S 0.24 F1 48 b {E]
DR A [ A B AR . BR A Image] #E AT 40 HT,
-5 24 B o) IR T AR A 2 T SR A AL A T R
MMLEFEZE (%)= (0 h QIR AL -24 h 5{ 48 h QIR 1E
)70 h RIYR X 100%
1.2.8 Transwell /N5 5256 £ I 40 if 3T 7% G + 1
AL BE (AR RS Y N2y ) B9 HMC3 40 it FH e 25 11 i s 1L
Je il 2% 200 R U 5 24 LA R = A 600l 58 4 8 R
F i E Transwell /N (FLA2 5.0 um), EZE N ITA
200 wl 412 (AT R 2 3% 10° A/4L) B 3% 24 h;
PBS PRV /NG 3 Uk 8 /NG b3 R SR 4 ; 1
LA 500 wl H B W, 151 2 20 min; PBS i /=
3, EALIA 500 wl 0. 1% 45 &5 i, Y 30 min;
PBS PV /NE 3 R AEEIE R Bl O N E R
Pt 375 A, 40 vl B S B R R B BB T
R BEIC S A X380 90 BF i 1740 B, 1 F 5345 41 HMC3
21 il 27 3% Transwell /N5 35 I 55 (10 200 Jif Bt
1.2.9 JAT- S 45 4 o gn i gk e bRt By
FRGH 6 FL M L=, PBS YEik 3 ;AL A
500 wl 10 wmol/L PI T /EW, Y& {4 15 min; PBS ¥k %
3R, HFLINA 100 pl Hoechst & , 446, 15 min; PBS ¥
W3 KK 6 SLBUIE T 9O B T AR RS A
ANTR) X SR IEA TR o PT Y boRe 7 2 40 i A% e il 41
T A A E T A i A
1.3 Gilshik

% H] GraphPad Prism 10 %4 %} 848 i 17 52 11 7>
Bro 3HEE BRI 28 Shapiro-Wilk 46 56 31E 5245 5 1E 25
ONAR L DL ks Fon o 45 4R A A DU 4 AR 25 S B L AR
KR R 225007, B EL R LSD- ¢ /58, P<
0.05 HESAHSIHTFE L.,

2 #B
2.1 WM AEZ1Z VSIG4 il Tbal )ik
Yo PE DG Y 40 K I 45 R B R, VSIGA e 6 5 /0 Ik

F A b i ) Thal B @] JL5g 7 F B6 /)y UL R JEE A1
MARIZ (B 1) .
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B1 ®ERAeLEEINE VSIGE £/ R AL MW IE B E AL 1B R (Alexa Fluor 488  Alexa Fluor 568 \DAPI x 100,45 R =50 wm)  VSIG4 5 Tbhal J: a3l
ENLT/NRA LS ARE (B EH )  A:VSIG4 Yt B:.lbal Yt C.40fEH DAPT 5 D @& K

Figure 1 Immunofluorescence staining of VSIG4 localization in mouse retina ( Alexa Fluor 488, Alexa Fluor 568 ,DAPI x100,scale bar=50 pm)

Co-localization of VSIG4 and Ibal staining ( yellow arrow) in the outer plexiform layer of mouse retina A:VSIG4 staining B:Ibal staining C:DAPI

staining of cell nucleus D :Merged image

2.2 FAAYM VSIGA mRNA FIHE [ AH X Rk & T

%t B8 #H . Len-Cont 2 . Len-WT #H . Len-Mut #H
HMC3 4 il VSIG4 f) mRNA Fl 2K [ 3 ik 7K F B At
WERMESG T E X (F=1438.00,115.10,1 P<
0.001), 5 Len-Cont ZH # [, Len-WT #H il Len-Mut
40 HMC3 41l VSIG4 f) mRNA F1& [ %k K 8 2

EZHE,EZRHARITFEE X (¥ P<0.05) ; Len-Mut
41 HMC3 4fi i VSIG4 () mRNA FI & [ R B /K0
8T Len-WT 41, 22 R A G it E L (¥ P<0.05)
(B2,%2),
1 2 3 4 AEXT A3 it
VSIG4 - Py 55 000
carpr | (DD S G 36 000

B2 &4 HMC3 41 VSIG4 EEFRIEABKE 1% IH4];2: Len-
Cont 2 ;3:Len-WT 4 ;4:Len-Mut 2  VSIG4: V-set il % Bk & (3 45
a3 45 GAPDH . T3l i -3- Bl R Y L il

Figure 2 Electrophoretogram of VSIG4 protein of HMC3 cells in

four groups by Western blot 1. control group;2: Len-Cont group;

3:Len-WT group;4:Len-Mut group VSIG4:V-set and immunoglobulin
domain-containing 4 ; GAPDH : glyceraldehyde-3-phosphate dehydrogenase

2.3 ZAYNHE IL-18 A1 TNF-o i) mRNA A X} % ik &
R

Len-Cont # . LPS-Len-Cont # . LPS-Len-WT 4 .
LPS-Len-Mut 41 HMC3 i Jifg IL-18 1 TNF-a mRNA 4
Xof 23R A LB 2% S R e i i L (R =730..00,
482.30,% P<0.001), 5 Len-Cont 40 4H It , LPS-Len-
Cont 2 HMC3 4 fiff IL-1B . TNF-a mRNA A X 3 1K &
VR ET S, ZRYA G E (¥ P<0.05), &5
LPS-Len-WT 2 #f It , LPS-Len-Cont £ fil LPS-Len-Mut
2 HMC3 Z g IL-18 \TNF-o mRNA A%} 3 ik it 4 i 2
Thim, 2R 8A G L (3 P<0.05) (£ 3),

*x2 %A HMC3 i VSIG4 mRNA fIZEQHEFTRIEE
Pb 2 (x£s)

Table 2 Comparison of mRNA and protein expression levels
of VSIG4 in HMC3 cells among different groups (xs)

. — vs;c\4 mRNA VSAIf}4 ﬁ[j
kK FikoKF
it B8 4 3 1.015+0. 204 0.028+0. 023
Len-Cont 41 3 1.069+0. 155 0.0200. 020
Len-WT 41 3 824.000+34. 440" 1.421+0. 198"
Len-Mut 21 3 490. 200+24. 850" 0. 847+0. 091"
F 1 438.00 115.10
Py <0.001 <0.001

7E 15 Len-Cont 4 L %5 ,*P<0.05; 5 Len-WT 41 [t % ," P<0. 05 ( 1 [

K E4 M1, LSD-t #555)  VSIG4: V-set Fl 90 BR 45 1 45 ¥4 48 45 Cont .
Xif BB W B Az B Mut ; 28 745 B

Note : Compared with Len-Cont group,®P<0. 05; compared with Len-WT
group,l'P< 0.05 ( One-way ANOVA, LSD-¢ test) VSIG4: V-set and
immunoglobulin domain- containing 4; Cont: control; WT: wild type; Mut:

mutant type

%3 %% HMC3 4§ IL-1g 71 TNF-o mRNA 13 &% 8

PE 2% (x£s)
Table 3 Comparison of mRNA expression levels of IL-13

and TNF-o in HMC3 cells among different groups (x=s)

21 5 FEA R IL-1B TNF-a
Len-Cont 2 3 1. 000+0. 067 1.003+0. 091
LPS-Len-Cont 4] 3 6.275+0. 433" 15.980+0. 763"
LPS-Len-WT 4{ 3 5.028+0. 147 7.774%0. 122
LPS-Len-Mut 21 3 6.745+0. 242" 12. 380+0. 766"
F A 730. 00 482. 30
P4 <0.001 <0.001

74 Len-Cont 41l %¢,*P<0.05; 5 LPS-Len-WT 41 [ 4% ,"P<0.05
(P27 2250 01, LSD-t A 3% ) 1L~ 1[3 E A2 18 TNF-u: i 983 3R
BEIHF o;Cont; % I8 ; LPS g Z 4l ; WT ;A= 8 ; Mut ; 28 45 8

Note : Compared with Len-Cont group,“P<0. 05; compared with LPS-Len-
WT group, "p<0.05 (One-way ANOVA | LSD-¢ test) IL-1B: interleukin-
1B ; TNF-a : tumor necrosis factor-a; Cont: control; LPS: lipopolysaccharide

WT:wild type; Mut: mutant type
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2.4 K 4L400H Nef2 HO-1,GPX4 P65 Fl PP65 %K [ L2 3 45 6 MNRTRE
Hix 6 i Bt b L L LTI
Pl - P4 - - -
Western blot 45 53 g 75, Len-Cont 4 , LPS-Len-Cont ot *“ 000
40 \LPS-Len-WT #H , LPS-Len-Mut 0 HMC3 4 ffif Nrf2
HO-1,GPX4 % [ M 2 3% Bt J PP65/P65 L fi [ 24 14 OPX4 | M - - | 17000
Feis 22 A G2k X (F=6.76.6.21.5.97 .23. 11, pes | D ---.- 70 000
# P<0.01), 5 Len-Cont #H #H I, LPS-Len-Cont £ P
PP65 -— 70 000
HMC3 40 Nef2 \HO-1,GPX4 2 [ A 55 f 35 2% 1% - bl
1%, PP65/P65 HUfH i 35 Thify , 2 5 94 e i 3 L (1 proctin | (N D (> 00
P<0.05), 5 LPS-Len-WT 2 # kb, LPS-Len-Cont ZH FlI E3 %4 HMC3 4 Nrf2 HO-1.GPX4 P65 1 PP65 B £ ik
LPS-Len-Mut 4] HMC3 ﬁﬂﬂ@, Nrf2 . HO-1 .GPX4 E El *de— BikE 1:Len-Cont 4];2:Len-WT 4] ;3:Len-Mut 4] ;4:LPS-Len-Cont
. 24 ;5:LPS-Len-WT 4 ;6 :LPS-Len-Mut 2 Nrf2: % K T 2140 i & 2 4
NRI= e e =} EL 1A
RIEIEL) VAR PPOS/POS WLAR W AT 25 A ez oot aer s 15 GPXa, 8 BT L 01 0 4 PG
Gt R (3 P<0.05) (1513, 4) ¢ ROk T B p6S W i fi s PP6S B L P63 ; B-actin: B 50 4
2.5 %Qﬂ QIH H@ﬁuﬁ jj Hﬁﬁi Figure 3 Electrophoretogram of Nrf2 , HO-1, GPX4,P65 and PP65
T e proteins expressions in HMC3 cells in different groups by Western
LPS-Len-Cont Qﬂ HMC3 QEHH@# Eﬁkj‘ﬁ{)&}*gﬂ: blot 1:Len-Cont group;2: Len-WT group; 3: Len-Mut group; 4: LPS-
Len-Cont éﬂ , LPS-Len-Cont ZE ﬂé[] LPS-Len-Mut gﬂ HMC3 Len-Cont group; 5: LPS-Len-WT group; 6: LPS-Len-Mut group  Nrf2.
éﬂﬂﬂﬁﬁﬂﬁ E@ %j\lﬁ@%{}j{//b:}: LPS-Len-WT Zﬂ( 4) il cn- nuclear factor erythroid 2-related factor 2; HO-1: heme oxygenase 1;

GPX4 ; glutathione peroxidase 4;P65: nuclear transcription factor-kB p65
Cont 2 \LPS-Len-Cont £ ,LPS-Len-WT £ .LPS-Len-Mut subunit; PP65 ; phosphorylated P65

S0 M A 2 g ) Ry (35,67 = _
%4 & HMC3 4 Nrf2 HO-1 GPX4 1 PP65/P65 & [ H 3T ik S b & (xxs)
3.22)%. (63.67 = 10.07 )%, Table 4 Comparison of relative expression levels of Nrf2, HO-1, GPX4, and PP65/P65

(84.00 + 3.46 )% F ( 64.67 = proteins in HMC3 cells among different groups (xz=s)

2.31)%. Len-Cont 4], LPS-Len- 3 FeA Nrf2 HO-1 GPX4 PP65/P65

Cont 2 \LPS-Len-WT £ \LPS-Len-  Len-Cont 41 3 0.980+0. 193 1.086+0. 191 1. 007+0. 234 0.734+0. 105

Mut 4] HMC3 4 i 75 W 2 24 fA 1, LPS-LenCom 4l 3 0.595+0.032""  0.652+0. 116"  0.545£0.099""  1.062x0. 054"
LPS-Len-WT 4 3 0.754£0. 128 0.798+0. 022 0.831+0. 064 0.804x0. 026

Z == F=159.06

Bz St A Ge i R > LPS-Len-Mut 41 3 0. 465+0. 082" 0. 620+0. 110" 0. 625+0. 086" 1.043+0. 075"

P<0.001), 4 Len-Cont 2 A1 t, iy 6.76 6.21 5.97 23. 11

LPS-Len-Cont 41 HMC3 Ziffi gk P i 0.003 0. 005 0. 005 <0. 001

“ 7E .5 Len-Cont 4] H. %% ,"P<0.05; 55 LPS-Len-WT 4 k4% ,"P<0. 05 (8L [H 2 J5 2% 43 7, LSD-1 ¥
BET R, EFARITFEX(P< T , : i e T >
By Nef2: B FLLMNE R 2 A G B F 2, HO-1: MM 2038 04U 15 GPXd: 45 e H Ik 3 S AL W g 4
0.05), 5 LPS-Len-WT 41 A [,  PP6s:BefL P65;P6S: Bk K ¥ kB p6S T Hfir ; Cont: Xf s LPS I £ H ; W ETEE& sMut; 75 7
LPS-Len-Cont ZH 1 LPS-Len-Mut 2§ Note ; Compared with Len-Cont group, " P<0. 05; compared with LPS-Len-WT group, *P<0. 05 ( One-way
- 1 ANOVA ,LSD-¢ test)  Nrf2:nuclear factor erythroid 2-related factor 2; HO-1: heme oxygenase 1; GPX4.
HMC3 éEH E@ ﬁ: W%E e II%{E& ’ % ﬂ?‘ glutathione peroxidase 4;PP65 : phosphorylated P65 ;P65 :nuclear transcription factor-kB p65 subunit; Cont

i’]ﬁéﬁﬁ‘%i)(( iéjp<0 05) ( [7§] 4) . control ; LPS : lipopolysaccharide ; WT ; wild type ; Mut: mutant type

Len-Cont 4 Len-WT 41 Len-Mut 41 LPS-Len-Cont £ LPS-Len-WT 41 LPS-Len-Mut 41
Q
S
= . ; 2o 0 50hm 50 m ; 50m : e o § ELrees
3 = ; (Ferm Il . — | o g = e
5 = N ¥ W, S 50 .:". v, 0 e i “"- 2 ._-_:”‘-

E 4 VSIG4 3t HMC3 40 ff1 & W 88 /1 B9 850 ( X200, 5 R =50 wm)  LPS-Len-Cont 1 HMC3 émﬂ@%iuﬁéﬂ’] m'twvzﬁ%( ﬁi@m%)gaﬁ Len-Cont 4,
LPS-Len-Cont 2]l LPS-Len-Mut 2] HMC3 4l i 75 W (9 5% Y618k 2> F LPS-Len-WT 4 Cont: XJ HE ; WT . 5 A= 0 Mut ; 23 A5 %, LPS ;& £ bt

Figure 4 Effect of VSIG4 on the phagocytic ability of HMC3 cells ( X200, scale bar=50 um) HMC3 cells in the LPS-Len-Cont group had more
fluorescent microspheres ( yellow arrow) than those in the Len-Cont group, and the HMC3 cells in the LPS-Len-Cont and LPS-Len-Mut groups had fewer
fluorescent microspheres than those in the LPS-Len-WT group Cont:control; WT; wild type ; Mut: mutant type; LPS:lipopolysaccharide
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M TR W T, 2 R A G R L (B P<
0.05), ‘5 LPS-Len-WT ZH #f kb, LPS-Len-Cont 4 F
LPS-Len-Mut #H Bax/Bcl-2 W {H M 40 M 8 T- 50 =& B 3
T, Z2m WA gt E L (¥ P<0.05) (& 7,8,
#6),

Len-Cont 21 Len-WT 4

Len-Mut 41

bl e =

B 6 Transwell 23 H VSIG4 3 HMC3 44 i 5F 7 Th A8 BRI (45§ 5008 X 100,47 R =50 wm)
5j Len-Cont 20 #H Lt , LPS-Len-Cont 4| HMC3 4l g 27 7 J& JiC I8 40 i %4 &2 % 7+ &5 ; 5 LPS-Len-WT 4
HH EG , LPS-Len-Cont £ il LPS-Len-Mut £ HMC3 4 it 2% 375 5 JiS I 40 it B0 B 25 6K Cont: X}
W B AL R Mut: A8 R LPS I 2 4%

Figure 6 Effect of VSIG4 on HMC3 cell migration function in Transwell experiment ( Crystal
violet solution X100, scale bar=50 wm)

Compared with Len-Cont group, the number of HMC3 cells
penetrating the basement membrane was significantly increased in the LPS-Len-Cont group. Compared
with LPS-Len-WT group, the number of HMC3 cells penetrating the basement membrane was significantly
reduced in the LPS-Len-Cont and LPS-Len-Mut groups Cont:control; WT :wild type; Mut: mutant type;
LPS:lipopolysaccharide

Len-Mut 41 LPS-Len-Cont 41 LPS-Len-WT 41 LPS-Len-Mut £

50-pm

50 pum 50 jim - ! 5 50 pm
—_— s | or

50 wm { 50 um
i p—i

5 Len-Cont 1 #H It , LPS-Len-Cont 20 HMC3 4 Jifd 3T #% %4 it &
Fh#i 55 LPS-Len-WT Z{ Al t , LPS-Len-Cont 24 fil LPS-Len-Mut 4 HMC3 Zi i3 iT #5508 2 FAE  Cont: X IR ; WT . B 24 10 ; Mut . 2848 11 LPS . I £
Figure 5 Effect of VSIG4 on the migration function of HMC3 cells in scratch experiments ( X50, scale bar=50 pum)

Compared with Len-Cont

group, HMC3 cell migration number was significantly increased in LPS-Len-Cont group. Compared with LPS-Len-WT group,the migration number of HMC3

cells was significantly decreased in LPS-Len-Cont and LPS-Len-Mut groups Cont;control; WT: wild type; Mut: mutant type ; LPS :lipopolysaccharide
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x5 &KHHMC3 AT IE R LE (xxs)

Table 5 Comparison of migration rate and invasion ability

in HMC3 cells among different groups (x#s)

- - 24 h #A i 48 h 4 ffy $1¢7Ea€”\ 2%
IEBHE(%) EBRE(%)  MHE(A)

Len-Cont 4 5 25.48+0.90  38.31x1.92 2342
LPS-Len-Cont 41 5 46.11£6.35"  58.15+2.35" 796"
LPS-Len-WT 4] 5 59.17+1.54  74.55%3.45 1018
LPS-Len-Mut 4] 5 44.43+2.62"  55.99+1. 16" 822"

F {4 120. 30 249.20 365. 50
P <0.001 <0.001 <0.001

F 5 Len-Cont 41 [t #,"P<0.05; 5 LPS-Len-WT 4 It %%, "p<0.05
(FLR 2R )7 225001, LSD-t £ 50)  Cont: X R LPS: Jif 2 ; WT . BF 4= 7Y
Mut ; Z€ 45 7

Note ; Compared with Len-Cont group,*P<0. 05; compared with LPS-Len-
WT gr()up,hP<0. 05 (One-way ANOVA,LSD-¢ test) Cont: control; LPS:

lipopolysaccharide ; WT : wild type ; Mut: mutant type

1 2 3 4 5 6 7 MXHTEE

- - - -
-

B-actin |-...--

7 %% Bax fi Bel-2 EH RIEHE K 1. MEM 4 ;2: Len-Cont
ZH;3:Len-WT 2 ;4: Len-Mut 4 ;5 LPS-Len-Cont 4 ; 6: LPS-Len-WT
2 ;7:LPS-Len-Mut 241 Bel-2:B 40 i bk 12 9% Bl 7 23 Bax: Bel-2 #H3¢ X
B 1 5 Bractin: B-ULEN & 14

Figure 7 Electrophoretogram of Bax and Bcl-2 proteins expression
in HMC3 cells in different groups by Western blot 1:MEM group;
2:Len-Cont group;3:Len-WT group;4:Len-Mut group;5:LPS-Len-Cont

21 000

42 000

group; 6: LPS-Len-WT group; 7: LPS-Len-Mut group  Becl-2: B-cell
lymphoma-2; Bax ; Bel-2-associated X
MEM 41 Len-Cont £ Len-WT 1

PI

50 pm 50 pm 50 pm 50 pm
== == L |

50 pm 50 pm 50 pm 50 pm
e

=
<o
=
mEE

50 pm 50 pm 50 wm 50 pm
— e i p—i

B8 &KIiEHFZASH 661W AE T 155 (PI+Hoechst X100, k5 R =50 pum)

K6 BHABFRGET Bax/Bel2 hERFATHRYE
PE & (x£s)

Table 6 Comparison of Bax/Bcl-2 ratio and number of
apoptotic cells in co-culture systems among different

groups (xzs)

i REAS B Bax/Bcl-2 PR A A ()
Len-Cont 4] 3 1.11920.010 2:1
LPS-Len-Cont 4 3 1.3500. 020 161"
LPS-Len-WT 4] 3 0.9200. 130 9+1
LPS-Len-Mut 4] 3 1.372+0. 180" 2542"

FAY 7.01 313.50
Pl <0.001 <0.001

Len-Mut 4

5 Len-Cont 4] [ #,"P<0.05; 5 LPS-Len-WT 4 Lt %%, "p<0.05
CLPH 27 240 H7  LSD Ko ) Bax: Bel-2 1% X & 13 Bel-2: B 41
LR R 25 Cont: X I ; LPS : I 25l ; WT - 1 22 28 s Mut. 5848 1

Note : Compared with Len-Cont group,‘P<0.05; compared with LPS-Len-
WT group, "P<0.05 (One-way ANOVA,LSD-¢ test)
X;Bcl-2:B-cell lymphoma-2; Cont: control ; LPS ; lipopolysaccharide ; WT ; wild
type ; Mut : mutant type

Bax: Bel-2-associated

3 itig

APREH A I TE XLRP X &R vk B VSIG4 3 A
(NM_001257403 , Variant 5) &5 8 4~ 4p i F X 3, & A= A5
5 (¢:1013G>A,p. C338Y) , Small 25" %} A\ VSIG4
(huVSIG4 ) 1y 2 Ff & % ¥ 37 # £ X (huVSIG4L
huVSIG4S) Fl 3 i A8 T 4% 5 9% 30 HE 1T 8445 . huVSIG4
(L) BB Ah DX B[R] I A7 A5 TgV I TgC2 BY A K S Tg &5
5, huVSIGA(S)AUAFTE 1 AV B Ig Z5# 3, HiAR
W45 huVSIGAL 58 4 — 3, LI K % huVSIG4 (L)

LPS-Len-Cont 4 LPS-Len-WT 4 LPS-Len-Mut

50 pem 50 pm 50 pm
== o | =

50/wm 50 pm 50 pm
ped

50 jim 50 pm 50, im
— f——i —

5 Len-Cont ZH A Lt , LPS-Len-Cont H 40 i A T- 5k B W £, 5

LPS-Len-WT 41 #H It , LPS-Len-Cont 41 #1 LPS-Len-Mut 2 20 it 5 T- %0t 3538 &2 Cont: X R ; WT B A= 80 Mut . 2845 B, LPS . JI§ £ b

Figure 8 Apoptosis of 661W cells in co-culture system ( PI+Hoechst X 100, scale bar =50 pm)

Compared with Len-Cont group, the number of

apoptotic cells was significantly increased in LPS-Len-Cont group. Compared with LPS-Len-WT group, the number of apoptotic cells in LPS-Len-Cont and

LPS-Len-Mut groups was significantly increased

Cont: control ; WT : wild type ; Mut: mutant type ; LPS:lipopolysaccharide
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T 5| 0 B 1 48 S RS, VB LT AR R T L &
$iE R F TNF-o 55 20 A7 35 A T2 % UIAH G, 455 TNF-a
2T S AN VR R T A AR ok ik A i o T
TNF-o | i A4 JF R AE A 8 B, 3 B0k IR 32 2%
20 R T, o0 R A Y IR, BF S VSIGS
F /N G2 TS50 440 L S8 KT 1 T e T A 5 L O
A TR 2R W . AR WF ST A AR FE LPS iR
HMC3 41 Jfd 4 fiE A R v, VSIGA T v 422 1 441 40 4 1~ 5
VSIG4 J A5 St J , 90 16 40 M6 04 T~ 1) BB T 0 55 , 400 i O
T,

L5 TR, ARF IR A R, Y VSIGH AR
J5 , LPS J 3R 25 F i HMC3 41 i NF-kB 5 558 4% %
T, Nef2/HO-1 {5558 % 0 10 A% 3 05055 , 400 M6 0 00 2R
K38 2% 40 B o I AR5 AR ) s 55 s LB R R
661W I it I T %5 14 . FRATTAR I LA 238 HfE
7E RP KA HL H , 7T fE i1 T VSIG4( Variant 5) [ 4h &
F 8 A5 5 T 3L VSIGA 5 55 1 B 3 2K P B A, ol EL 410 7]
RAE R W S5 D) RE & A A8 ko A T 1 O 40 i i 5
VSIG4 35 [R5 5 (14 /)8 J5e S5 240 M 3R 4, 41 foff L 0o 3 980t
JIN IR S5 440 L 4 0 K e R E TR F 5 B 22 O 4 i O
T o (RIS AEAT /DN 5 40 L 8 s 20 B Ul 55 , 3 A 08 - 4l
Jif K HE R 17 S T 22 190 /0N i T AT A R R
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