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[ ABSTRACT ] Aim The aim of the present study is to determine the function of signal transducer and activator of
transcription 4 (STAT4) signal in macrophage differentiationand foam cell formation during the development of atheroscle-
rosis. Methods STAT4 knockout (STAT4™") mice were crossed with Apolipoprotein E knockout mice (ApoE™)to
establish a novel atherosclerosis related mice model- APOE/STAT4 double knockout ( DKO) mice.  WT, STAT4™~,
ApoE™" and DKOmice (3-month-old adult mice) were challenged with high-fat diet for 12 weeks. The extent of athero-
sclerosis was determined by oil-red staining and HE staining.  Changes in subsets of immune cells were evaluated by flow
cytometry.  Macrophage differentiation was induced from the CD11b" myeloid cells directly isolated from the bone marrow

of transgenic mice with macrophage colony stimulating factor ( M-CSF) incubation.  Realtime polymerase chain reaction
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(RT-PCR) and Westernblot were applied to detect the expression levels of related genes and protein. Results The
Genetic deletion of STAT4 signifi-

cantly exacerbated atherosclerosis in ApoE™” mice as evidenced by significant increases of oilred O-positive lipid-rich le-

expression of STAT4 was identified in CD11b" myeloid cells in atherosclerotic plaque.

sion, vascular inflammation, and necrotic core lesion in atherosclerotic plaques of DKO mice compared to ApoE™ mice.

The accelerated atherosclerotic process is associated with abnormal mobilization and differentiation of macrophages from
CD11b" Gr-1" immature myeloid cells and with the enhanced formation of macrophages-derived foam cells in DKO mice.

Furthermore , the mechanism studies revealed that the disruption of STAT4 signal leads to the inhibition of phosphatidylinosi-
tol-3 kinase( PI3K) /serine-threonine kinases ( Akt)/nuclear factor kappa B ( NF-kB)/miR-9 signaling pathway and conse-
quently up-regulates the expression of acyl coenzyme A cholesterol acyltransferase-1 (ACAT-1), an enzyme that esterifies
cholesterol and promotes its storage in macrophages and foam cells. Conclusion The results suggest that the STAT4 sig-

nal plays important roles in both immune responses and cholesterol metabolism during the differentiation of macrophages.

Targeting STAT4 related signals may develop a novel pharmacotherapeutic target for the treatment of atherosclerotic diseases.
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(Balb/c %) STAT4”~ ApoE~" /) EL.F1 DKO /b &,
(BAZED 10 R)HEZ 12 Bk m i EEE
(4 0.15% FE[E B B 219% fig B ) 8 %, it A 3 4y 5%
RHRAEZER¥ LBEEFRDDOBEINME,
1.2 BHRKCGRIFELBIHE 2N E

BEHKARITIT, BT 4% 5 R ¥ @
( paraformaldehyde ,PFA) # [ % 8 h, K J& ¥ 1T Jr 41
O%E, REENMELETEELRLAAN L
B, 9F35 | Image)] X tF A it 3e e @ MR, 7 S fn
AHAMTBARDHEER GBEE EAKBEEY
F M KEEE NS pm, 33 AT HE & Masson % &
1% Jf| Image] B 41T A W R/ o JE R H R DA R
A BEHE AR, A K H STATA Fi K (abeam) AT %,
A SE,
1.3 BERE

W B /N B AN JE o, B8 (4200 r/min) 15 min, 4~
B bk, RA B e kN E o E P K B E B (total
cholesterol, TC) . H 7 = B ( triglyceride, TG ) . 1% % &
g 2% & FE [E B (low density lipoprotein cholesterol , LD-
LC) F % % /£ Jid & & fE [ B (high density lipoprotein
cholesterol , HDLC) 7K
1.4 RXAEAREESNERIES

KA 4 2% s 4F & PBS (HyClone) 4 % | & &

% 1. Real-time PCR 5|4
Table 1. Real-time PCR primers

AN WY N R D A A S
7 (BD Biosciences ) & 4 21 28 1 ; 4b & e o P A A
MBI e R AR AT R R . AR 40 pum B
™ (BD Biosciences ) 3T J& 28 Jif, | #| & % 20 g B, R
W FE N AT F , I 247 ) AR M [ EPICS
ALTRA ( Beckman Coulter) , AmnisImaging Stream Mark
II( Merck Millipore) ], % A FlowJo 7 # 4 ( Tree Star)
HATIR AL AT, F B 2% CD11b" 4 fg A T & 4h
Vil EE

1.5 Western blot & B E[ifii%

B SN 3 5% 0 e oF B & 8, SDS-PAGE i #%
L% PVDF £ b, — i AH LB F IR, mAA N
i1 o S - I T e e S -
4.8 GAPDH ( ab8245, Abcam ) ., %% B AL B 3 % &
( phosphatidylinositol-3 kinase, PI3K) ( ab44718, Ab-
cam) % % B 7. %4 B ¥ B ( serine-threonine kinases,
Akt) (ab54461, Abcam) . #% & F «B ( nuclear factor
kappa B, NF-kB) ( ah37291, Abcam ) #2 ACAT-1
(ab39327,Abcam) ,

1.6 SEREE PCR

H %k 1k AP & | SYBR-Green % £ % & PCR
(real-time PCR,RT-PCR) 77 % #4749 . PCR 5| 4
B LE 1,

Gene Forward primer(5'-3") Reverse Primer(5'-3")

iNOS AGGGAATCTTGGAGCGAGTT GCAGCCTCTTGTCTTTGACC
1L-23 CCCGTATCCAGTGTGAAGATG AGATGTCAGAGTCAAGCAGGTG
Arg-1 GCAGAGGTCCAGAAGAATGG AGCATCCACCCAAATGACAC
IL-10 CATACTGCTAACCGACTCCTT AATGCTCCTTGATTTCTGG

PI3K GTGCCCTCTTTCGTTGTTGT TGGGTCTACTTGCCTTCCAT

Akt GTTGCCCACACGCTTACTG CACAATCTCCGCACCATAGA
ACAT-1 CAGCACACTGAACGATGGAG AGCACAACCACACTGAATGC

1.7 8K A A

ZE4 15% FBS By RPMI 1640 3 5f 3 o 3% 5 &
A0 B E R R B9 CD11b"Gr-17#5 % 40 1,20 pg/L E
v 28 8 5 75 # % A F ( macrophage colony stimulating
factor, M-CSF) 71 60 mg/L & 1t A 1% %5 & fg & & (ox-
idized low density lipoprotein, ox-LDL) ¥ & # &
48 h, K O Je o Il 7 3k 40 B R, AR HE
e 25 A 40 g 2% T A IR R R I AR B R 48 e f
T B, & H RT-PCR 7 Western blot 4 71|
FEEAE A AF,

1.8 £ e P BB Bl B2 7k F il E

S S K KW X, XA Amplex Red fE
[ B A8 | X 7| £ ( Molecular Probes/Invitrogen ) #f 4T
R, KT E 4 M8 BB B (TC) e i B R E B
(FC),Fati/FBw(mBRL2: 1) WMEml, 4%
MEZ D& THR, Z 5 & B#E LSRR %W R
(100 mmol/L # B 4  pH 7.4,.50 mmol/L NaCl,
5 mmol/L fEEE F1 0. 1% Triton X-100) ¥, & 3 & &
F b TC o FC & B i 2 5715 2| JE B B2 B2 (CE) B9 &
#, A& ARl E R & (Bio-Rad) M & & A L&,
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HRBFEREZEDIABILELZ RS, B4 F
b5 RANR,BAE U vxs R, BARELREA
Student’ s ¢ & %, 4 4 %t 4% th 2 % A one-way-
ANOVA | 4 # % i GraphPad Prism # ., P<0.05
WIARELRITFER,

2 & R
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7, STATA ™ /INER B ik PN 15/ vl R e B /4657 M T R
FLAEAS WT /MRS A 35 m (1D JE) .

LG 73 B 45 5 7R, STATA™ /N B IfiL T P Ay
TG TC 7K-F-4 WT /N BB A 2 55, i — 35 19 LDLC
S HDLC /KF-JE 3% 22 5% (&1 2A-D) . ARy,
AT 25 5 o R R MR R 1) STAT4 ™ /N BRUAM ]
M B BEH CDL1b" Gr-1" 88 R 400 &% CD11b* Ly6C*
BARZAN M LB WT /N BRBH S 4 5, #1278 STATS il
BETE R i 5 S 1) R AN M T AN Ak ] BE R A
—EVEHI (B 2E F)
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STAT4 5 (n=3,100%) ;B .C MM O Y@ WoRn w2 IR FE 1Y STATA™ ™ J2 WT /MR ESIIKBEE (n=5) ;D .E K EME 214 STATA ™~ [
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Figure 1. No significant plaque in HFD-fed STAT4 ™ mice
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BT ATARF I 45 3 K ApoE & IR REBR BT £ iy
o JIEL (T2 L T STATTA 56 PR sl 5% e 850 1 44 ot 1 A
G N 28 A Sk MY ApoE/STAT4 X3 A i bk

(DKO) ZINER, THA 7. — ol 78 s Jok ks A 1 £k 7 Je
AL, DKO /NRIVINE kB LAR R 5 IEH €57/
Bo /NERIF T # 22 %, 2 H i WT, STAT4™" |
ApoE ™" LA K DKO /N B4l 52 12 J8 () & B i et
M FIEMEIRAY ApoE ™ /INEUAT DKO /N B K B)
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Figure 2. STAT4 deficiency increases CD11b* Gr-1"myeloid cells in HFD-fed mice

ok Y476 00 28] BH S 14 2 Jok oA A Al Ak B B B 32 2203 A
TRk S S HE sh ik or AL, Il 2T G o 25 ] BoR
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B L AEAL ApoE ™™ /INERUBH B 41 37 , AT BB R 3y
TR LR 4ENE (29 ApoE™ /NI 70% ) KPR
B (2 ApoE ™ /INEUI 2 £%) B 2211 4 JiE 20 Fifd
12 T B e DR ELHE 3 BN ZR AL 17 X 2 2y
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CD11b"Ly6C" B 20 MK ~F- 35 W St 4 5 (BT 3E-F)
GIET NP a2 Bt — B UESE T STAT4 78 CD11b*
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7%, DKO /N4 A ML 9 CD11b* Ly6CMe M1 %4
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DKO /™ B0 5 10 45 2 40 i mp T A 2] M1 # Ak
AHRFEH 5 T A — A (L & & 8 (induced nitric oxide
synthase ,iNOS) | 1 41 i /i & 23 (interleukin-23, IL-
23) Zeik L UH AT M2 B AR RH G BE R A &R 10
(interleukin-10,1L-10) ik T (& 4C.D), LI I
R PE7R STATA BLPH 2% T {2 #F DKO /)N B 22 248
J ] CD11b* Ly6Cs M1 % I 4 i /34K
2.4 STAT4 EFERBEZHIH PI3K/ Akt 18 2% _Ei
ACAT-1 FRi% , & #8540 A 72 A
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300 % 2R 0 4 L R 3 VA A BT B A, A
ApoE™ "1 DKO /N 862 CD11b" BE R 40,
K M-CSF (&3 20 pe/L) L ox-LDL ( & ¥ FE 60
me/L) B H 37 48 h, KIME S b B EAN i,
W4 R W, STATA K& [H R bk e A B &
i) CD11b* Ly6CMe M1 %I Wi 40 i 434k | 1 45 )3
&A% CDI11b* CD206" M2 14 5 ek 20 it /K SF (&l 5A) .
ML O Yefm s R B s, DKO 40 CDI1b* 6 £ 2 i Sk
TR TR AN S ApoE~ 41 B3 £ (K] 5B) . DKO
ZH 41t P RE I K S ApoE ™~ 4 A i T v 0t — 2
WESCHTA 2 MR Al i E B (& 5C) , b TR 5T
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Figure 3. Disruption of STAT4 signaling exacerbates atherosclerosis in DKO mice
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Figure 4. STAT4 deficiency promoted CD11b*Ly6C"*"M1 macrophage differentiation in DKO mice
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Figure 5. STAT4 deletion inhibited PI3K/Akt signaling and up-regulated ACAT-1 expression in DKO mice to promote the

formation of foam cells
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Figure 6. STAT4 deletion up-regulated ACAT-1 expression and promoted foam cell formation by inhibiting the pro-transcrip-

tion regulation of NF-kB on the expression of miR-9
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