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WE: BH HMESE S5 RS T 4(STATA) (5 538 705 i i (LPS)/Toll B 32 4K 4 (TLR4) Y& M 1/M2 A REAH A 4y
E R KL . ik HEFA: BURT STATA-KO /N B 7 B ik N RS AT - Y4 A 80 fE RS 1.3.7 F 14 d TR 2SI AR 53T o
S5 A L MLL/ML2 T8 5 I 4 L S J I o8 04 B 4 bR A PSR ie 9 B gL G ML, M2 Y W A i Y e k. PR S 2 7 1 PCR
(q-RT PCR) kil ifil 45 21 £ rft STAT4 F1l TLR4 22 3K 5 B8 G0 7% W U 56 (ELISA) Kl 1fi 4% 4= 4 -7 VEGF .PDGF-BB & fk. . A\
STATAKO FEE [ 5t R 70 75 /I BB 23 85 CD 1 Ib+ 41 i, FAE 75 133 R 7 GM-CSF #1 LPS 4b B , 40 i 5256 73 WT con 41 . WT+
LPS Jl# 41 .STAT4KO con 41 .STATAKO+LPS JlJZH . M E BEAHA A 7k, R SEAZIM L, STAT4-KO AFERE
1.3.7 1 14 Kk M1 AL E WEANIE F4/807INOS", F4/80°1L-12 [ 4L T 43 LL B A1 (P<0.05) , T M2 28 [ 105 201 il F4/80" Arg-1"F1 F4/
80°CD206" FY i Jifd 77 43 Fb B {2 T 15 (P<0.05) . STAT4-KO ZH Y M1, M2 7} [ 5 41 i BH 44 26 35 2% (9.4240.41) % . (89.48+10.43) %
5 FAE 2 (11.14+1.49)% |, (48.73+5.89) % LL 45 , 25 7 Gii12# 3% X (P<0.05) , STAT4 F1 TLR4 7£ STAT4-KO 41 [ (0.23£0.04) |
(0.4720.06) ] Y 2% 35 1 W 5 50 5 AR 4 [ (1.3120.07) . (0.8920.08) ] (P<0.05) . VEGF.PDGF-BB 75 STAT4-KO 41 [ (9.28+
1.02) . (10.56+1.62) |H ek & WA EF 4R 20 [ (3.1420.91) . (4.23+0.84) |75 (P<0.05) . M2 % [ 40 i (9375 S D9 7 (TL-4) 2 43
WA T~ (TL-10) 76 STATAKO+LPS il 3 2H . WT+LPS il 3 2H . STAT4KO con 4 H1 9 ik 78 W W % WT con 4 & (F=13.412, F=
15.012,P<0.05) , H: /[ STATAKO+LPS Bl Al 3Rkt fie o i 3 o 518 STATA{E 3@ i v] LA A M1 78 5 05 200 R 5 M2
VE AR . AR I FT RB 2@ 3 LPS/TLR4 254 .
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Abstract:
pathway in the regulation of M1/ M2 macrophage differentiation by lipase/Toll-like receptor 4 (LPS/TLR4).Methods Wild-type and

Objective To probe into the role and mechanism of signal transduction and transcription activator 4 (STAT4) signaling

STAT4-KO mice were used to establish an intimal strain-proliferative model. Flow cytometry was used to analyze the percentage change
of the immune cell M1/M2 type macrophages in peripheral blood at 1, 3, 7 and 14 days after surgery. The expressions of M1 and M2
macrophages were checked by immunofluorescence double staining. Real-time fluorescent quantitative PCR (q-RT PCR) was used to
detect the expressions of STAT4 and TLR4 in vascular tissues. Enzyme linked immunosorbent assay (ELISA) was used to check the
changes of vascular growth factors VEGFE and PDGF-BB. CD11b+ cells were isolated from the bone marrow of STAT4KO and W'T mice
and treated with colony-stimulating factors GM-CSF and LPS. Cell experiments were assigned into WT con group, WT + LPS stimula-
tion group, STAT4KO con group, and STAT4KO + LPS stimulation group. The differentiation of macrophages was observed. Results
Compared with the wild group, the percentage of M1 macrophages F4/80" iNOS’, F4/80'TL-12 decreased at 1, 3, 7 and 14 days after sur-
gery(P<0.05), while the percentage of M2 macrophages F4/80 * Arg-1"and F4/80°CD206" increased significantly (P<0.05). The positive
expression rates of M1 and M2 macrophages in the STAT4-KO group, [(9.42+0.41) %, (89.48+10.43) %, respectively] were statistically
significant compared with the wild group [(11.14+1.49) %, (48.73+5.89) %, respectively] (P<0.05). The expression levels of STAT4 and
TLR4 in the STAT4-KO group [(0.23+0.04), (0.47+0.06), respectively] were significantly lower than those in the wild group [(1.31+
0.07), (0.89+0.08)] (P <0.05). The expression levels of VEGF and PDGF-BB in the STAT4-KO group [(9.28+1.02), (10.56+1.62)] were
significantly higher than those in the wild group [(3.14+0.91), (4.23+0.84)] (P<0.05). M2 macrophages’induction factor (IL-4) and secre-
tion factor (IL-10) were obviously higher in STAT4KO + LPS stimulation group, WT + LPS stimulation group, and STAT4KO con group
than in WT con group (F=13.412, F=15.012, P<0.05), of which the expression level in the STAT4KO + LPS stimulation group was the

most significant.Conclusion STAT4 signaling pathway can promote the inhibition of M1 macrophages and enhance the differentiation

of M2 macrophages, whose mechanism of action may be through the combination of LPS/TLR4.

Key words:

RN SR LA N (I K=8 73 i AP QNG Y f2:95 o
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1.2 FERXFIRME DMEM B 573 (£ H |, Hy-
Clone) . ELISA . Q-RTPCR i 5 & (Abcam 2 Al ) |
HERAcell VISO160i % — 4 Ak B 1 15 1% 72 46 (26 [
Thermo 23 7)) fdi/INE F4/80,iNOS, FTLR4, CD40,
CD14,CD11b, Arg-1 1 CD206 £ va 414 (BD A 7,
F[) 5 IKAL EUR R A ARG 04T R 58 (Bio-Rad,
P4,

1.3 Fik

131 F S shhk AR FAh -3 A AL A OB HF AR A
STAT4-KO /N R 3 22 37493 251 s ok P S, 3 57 P9 B2
P -AE G AR DL R0 3 1 K B B AR AR A
BN S HE . 53 A BF A= BRI STAT4-KO 41 .
1.3.2 AX @R 5H MI/M2 A E v 20 18 £ 91 )
Ar Fo 545 fn B 69 AL IS A/ BRUAR A I 0.5
ml T 2 F A4, #% F4/80, iNOS, FTLR4, CD40,
CD14, Arg-1 F1 CD206 HTAR UL ] 45 RIS HUR L G T5
ZLEE SIS wLBUR , E#EHEF 20 min; 71.6xg
B0 5 min, 7+ FIF , PBS WUk, 54.8%g B0 5 min, I
FEVUTIE NN 500 L PBS #4300 H i 712 € , 30 min
N_EAUREI , Cell Quest FXAF2E1 741 i 43225347 -
1.3.3 sk OB A m M1, M2 & E » 29 f6L 69 &
#® 14 dJER K BRANIE, dil & I SUA Y Ao B
VR ZHL 1) K BRI 2 20 B 00 e 2R 47 2 2 A e o e e
f, CD163 Pk (1:100) A7ic M1, M2 A [ I 241 ity
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(Z048) , 6- " PKEE-2- 0|t ( DAPL) #ic 48 il
¥ i), 439 T 3K 559 nm H1 340 nm 34 K& 654
e E A T WELHA IR, Adobe Photoshop X4 &
B R, H Tmage J 8RBT 5SS ALEF (X200
f5) N CD163+FRiC M1, M2 R = I 248 A A BH 4 %6
1.34 %8B %EZ 2 PCR(q-RT PCR) 4 M STAT4
o TLR4 #9 &5 ] q-RT PCRIEKG N4 2H STAT4 FI
TLR4 [ #3578 1k , RNA B $2 B 06 5% 58 DL M q-RT
PCR #B+% B0 & 0 B e VE 347 . B-actinfE
i STAT4 A TLR4 () N 2,3l i 274 A X4 #1149 2]
HEREN . 51PN K1,

®1 5IWFS

H 2 B 5173

STAT4 F:5'- CTTGGCGCTGTCTCTCUCC- 3’
R:5-AGGCGTG ATTCTTCCCACAG -3’

TLR4 F:5-GCTGCCTGAGAGACCTAGAGA-3’
R:5'- GTTACGAAGCTGCCTCCCAG--3’

B-actin F:5-CGAGGCTACAGCTTCACCACA-3’

R:5'- CGGGTTGGCGTACAGGTTCTTA-3’

1.3.5 B3R S 5 R X 3 (ELISA) 4 ) 2 %8 4 K )
F VEGF .PDGF-BB % 4% %6 HURH 1 &b BRI A4 48 it
B35 IS T VEGF .PDGF-BB [ ELISA #6:1 , 5] AH
I B A i L A A5 X B B A, 37 O E
90 min ; [ & LHITA 100 WL A=) ZAL IR T
YEWE, T 37 ‘CRCE 1 hs BAfLhn 100 wLEEZE &
TAEW, 37 ‘CCE 30 min 5 BFL AT 90 wL )
W (TMB) ,37 “CF L E 15 min £ 47 5 FE R
LN 50 L 28 1k W5 I i %ALY 56 %% B (OD) fA .
AT ARERN LR SR E AT TR

1.3.6 Ewimieey 5L M STAT4KO F1 WT
/N B B 2 B3 CD 1 Lh+ 40, FH 42 7% 30 3 R - G M-
CSF F1 J8 W5 B (lipase, LPS) &b B8, 43 3 WT con 4H .
WT+LPS H1 38 2 . STAT4KO con #1 . STAT4KO+LPS
TIELZH . ELISA yEA I M2 28 5 v 40 i 19175 5 1
(IL-4) Je M2 AU B g 40 At 53 WA K (IL-10) A mRNA
Fik,

14 ZiFZFFAE L SPSS 24.0 BT840

B B TR L & + s R o AR HHE R
IS5 25040 7 22 0 B, A S L BCR e ke ey, 220
YA OECR IR 3R 5 22500, 2 PEREORH T B 408K
FOR CHM HBCR ] Y ki . DL P<0.05 hA Seit
25

2 #R

21 MUM2EERMEMAEMNEDANEZTH 5B
A, STATA-KO HAEARJF 1.4.7 F1 14 d i} M1
Y 20 F4/807INOS”, F4/80°TL-12 1 41 it 1 43 Lt
R (P<0.05) , ifif M2 B |5 10 241 fifd F4/80" Arg-1"Fi1 F4/
80°CD206" Y4 it E 43 b B I8 TH 5 (P<0.05) . H M1
R W 40 i F4/801INOS™ K& M2 1Y [ I 41 il F4/
80" Arg-1"ZH 73| AT RSt [ () 5 B A X 4B 7 43 e 52
Wi 2 2% 5 Gi i 27 2 X (F=18.62.,8.06, P<0.05) .
Horp M1 AR F4/80"INOS TEf 1,47 . 14 K BF
AT STATA-KO 4 & 43 L4 22 A Gt 2
X (F=8.90,77.29.68.29 .54.00, P<0.05) , M2 I [ It
Yi i F4/80" Arg-1"FE 5 1.4, 14 K HF A= 41 F1 STAT4-
KO 20 40 B 43 L33 25 S A7 e it 8 L (F=522.98,
74.99 . 26.85, P<0.05) . M1 B! 5 W 41 Jfl F4/80°F4/
8O TL-12 4 J3Il FTE [v] X5 240 b E1 43 LU 52 1) 22 592 5 4
T X (F=36.20.483.66, P<0.05) , Hdv it ] H Ay
FRNE L B 1,47 14 RANMEE 7 EL PR L 22 57
43t 22 B L (P<0.05) . M2 BB g 40 i k4/
80°CD206" £H Il R[] X:F 200 it /5 43~ Eb 114 5% i) 2 57 A7
it 5 L (F=242.15.139.54, P<0.05) , H: i) ]
HA TR 5 1.4.7 14 KA 23 He P8 HLAsc 1y
ERAGITHE X (P<0.05), W#EK2,3.

22 BREWHRICELNMI M2EE MR E
% STAT4-KO ZH i) M1 M2 B 5 e 200 i BH P 36 16 %
AWK, Z5 A 5012 E L (P<0.05) .
W4,

2.3 STAT4F1TLR4FIFRILEMR STAT4 I TLR4
TE STAT4-KO 2H %) 26 3k 1 B b 5 B AR 2 AIK (P<
0.05), lL# 5,

2.4 &4 EF VEGF. /i 574 EF PDGF-
BBRIZEIER A K F T VEGF | fi/Mifii A4
F PDGF-BB 7E STAT4-KO £ v i £ ik 10 I I 40 B
"2 (P<0.05), L3 6.

K2 OR[E|INE) AN E I M1 R A F4/807iINOST, F4/80°1L-12 B4 43 1t/ (% % + s)

a5 Giv:d iNOS IL-12

AL 1d 44d 74d 14d 1d 4d 74d 14d
g critl 3 3.60£0.51  11.09£1.04 17.88+1.81  31.49+2.80 555047  10.95x1.38  16.33x1.76  22.52+1.84
STAT4-KO# 3 2.04+0.85  5.89+1.13  7.39+1.63 18562220  4.32+0.51  8.77+0.93 13.142137  18.03x1.68
F{4 18.62 2.80
Py <0.001 0.076
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R3 N[RIFE A E I M2 75 40 F4/80° Arg-17F1 F4/80°CD206 B 40 11 73 b/ (%, % = 5)

il Arg-1 CD206
51 o

UL 1d 44d 7d 14d 1d 4d 74d 14d
Liga b 3 7.54+0.77  847+1.13  10.32+1.39  20.51+2.09  6.80£0.55  8.40+0.74  10.80+1.24 14.17+1.58
STAT4-KO 41 3 12.03+0.84  13.40+1.00 18.02+1.59  25.00¢2.50  10.29+0.76  12.25+0.92  14.84+1.40 18.21+1.60
FAE 8.06 0.10
PAH 0.002 0.957

F4 M1 M2 A E AR PR R IR R L8 (%, % + 5)

415 WEWHE  MIEBEAN M2 E RS
LgaEei| 3 11.14+1.49 48.73+5.89
STAT4-KO £ 3 9.42+0.41 89.48+10.43
t1E 4.98 15.22
PH <0.001 <0.001

R5 [FEMLEFHEESEMG T 4(STATS) \Toll FE-Z {4 4
(TLR4) Wy IR BB LB /% + 5

415 GIV=R/ €1 TLR4 STAT4
HpA 4 3 0.89+0.08 1.31£0.07
STAT4-KO £ 3 0.47+0.06 0.23+0.04
2 18.46 58.00
Pl <0.001 <0.001

%6 %K HAF VEGF .PDGF-BB WAL AG i /x + s

20 51 GiV=R/€ 14 VEGF PDGF-BB
LLgace il 3 3.14+0.91 4.23+0.84
STAT4-KO £ 3 9.28+1.02 10.56+1.62
i 20.09 15.54
PH <0.001 <0.001

25 EEMABAISLIER M2 A WA 15T
B F (1L-4) KA F (1L-10) 78 STAT4KO+LPS
F A WT+LPS H]3# 4H .STAT4KO con 21 H () F ik
B0 5 WT con 4 1 (P<0.05) , H:ff STAT4KO+
LPSHIM A Rk i i . Wk 7.

R7T BEREMRA LB E + s

2151 RV AN E-4 (4R #E-10
WT con 4 3 0.49+0.06 0.98+0.14
WT+LPS #il #44H 3 1.0220.21 1.22+0.36
STAT4KO con 4 3 2.11£0.37 2.91+0.42
STAT4KO+LPS #ill3

u 3 4.02+1.01 5.29+1.31
Fil 80.68 77.04
P1E <0.001 <0.001
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