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[ ABSTRACT] Aim To explore the effect of metformin ( Met) regulating macrophage phenotype through adenosine
monophosphate-activated protein kinase ( AMPK)/signal transducer and activator of transcription 3 ( STAT3) signal
pathway on the formation of atherosclerosis ( As) in mice. Methods RAW264.7 macrophages were cultured in vitro,
lipopolysaccharide was used to promote macrophage differentiation, and Met was used to stimulate cells.  The proportion of
macrophages with different phenotypes (CD86, CD206) was detected by flow cytometry.  The protein expression levels of
inducible nitric oxide synthase (iNOS), arginase-1 ( Arg-1), AMPK, phosphorylated AMPK ( pAMPK), STAT3 and
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phosphorylated STAT3 (pSTAT3) were detected by Western blot.
As model.

ApoE™" mice were fed with high-fat diet to construct
Mice in the experimental group (Met group) were given Met intragastric intervention, and mice in the control
group ( CTL group) were given the same volume of normal saline intragastric intervention.  After 3 months, the whole
length of the mouse aorta (from the brachiocephalic trunk to the bilateral iliac arteries) and the aortic root were extracted
and stained with oil red O and immunofluorescence respectively to evaluate the lipid deposition of the aorta and the different
phenotypic proportion of macrophages in the lipid plaque.
levels of AMPK, pAMPK, STAT3 and pSTAT3 in related signal pathways were verified by Western blot.

Cell experiments showed that after Met stimulation, the proportion of M1 macrophages decreased significantly, the propor-

The large artery proteins were extracted, and the expression

Results

tion of M2 macrophages increased significantly (P<0.05), AMPK activity increased significantly, and STAT3 activity de-
creased significantly.  Animal experiments showed that three months after modeling, oil red O staining showed that the lip-
id depositions in the whole length of large artery and aortic valve in Met group were significantly lower than those in CTL
group (P<0.05) ; immunofluorescence staining showed that the proportion of M1 macrophages in lipid plaque in Met group
was significantly lower than that in CTL group, while the proportion of M2 macrophages was significantly higher than that in
CTL group (P<0.05).

decreased significantly in Met group compared with the CTL group (P<0.05).

Western blot experiment showed that AMPK activity increased significantly and STAT3 activity
Conclusion Met inhibits the activity

of STAT3 by activating AMPK, regulates the phenotypic differentiation of macrophages in plaque and inhibits the formation

of As in mice.
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Figure 1. Effect of Met on macrophage differentiation (n=3)
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Figure 2. Effect of Met on the expression of AMPK signaling pathway protein in macrophage (n=3)

2.3 Met #iT 4= AMPK/STAT3 15 S 18 B4 /1
R As 2R

Fadt /N B As B S O 2, 43 08 T Met
(Met 2H) Fi2E BEER K (CTL 41) V897, NEFRBEHIE
B AR B W 20 L R 3 A% oAk, B 5T B B 2 4 i
Kihsreh M1 EREAIIE L, 253 Won, 5 CTL 41
FHEE , Met 20 /)N B 5 3 Ik R RS B K 3 ik 42 1 g
G 9/ (T XS i TR X)) B A
DY P 2H /DN R B K AH DG B 1 Rk K OF 45 R AN F ik
YA SE S —2, 5 CTL 4148 kb, Met 41 pAMPK ik
KGN, W pSTAT3 ik KF-B 8 e, i H %
PE D A I 5 4 3= B Jok RS B B A N [)
YA A e, Herp iNOS S MU I 40 i Y A il 2R
F, Arg-1 9 M2 E Vg0 M bR 0 85 11, Ehi e
B THL 594 sy lbRic LiRbiiA, CD68 S s E kg4
HbmicH (1, il SE BT B8 4t 488 brid, 45
7R, CTL 4 £ P IE AR BB e 22 | B4 =
TR 2 iNOS 2GR 5 W] W3 98 5 117 Met 2H 3
SRR IE A o3 B e g /b | W 41 B iR 1 20 INOS %
JGAF 5 8 CTL 20 W 5 BEAIK, 00 Arg-1 280617 5 8%
CTL B 145 (&1 3)

3 37 i

Sk SRR B AL R — P A8 M S 2 A = 1 3

ik ot A5 R A Wk, FLARRAIE S PN R IR, 32 R
TSRS AN T, DL RS AN [R]
AL, A RAER KA T Met VE A B PR — 28
FHZ5A—Fh AMPK 3035571 S AF oA KR gE &
AR P LA SR 0 Ve LR
AR5E 4B, Vasamsetti 251 B 9% 22 B Met 34 7%
AMPK 9] STAT3 {14 , - 00 il B A2 440 i 1) 15 e
YA Sk, WA Rl As T8 R, 15 50 40 A G 55
O A e i N e R 4 N s S = e T
Met ZEARAN AT R H] LPS 7551 RAW264.7 W
YAt e M1 FAL5E, fE ) M2 A oMk, XA SC
YRR EE FI 4T Western blot S5 & B, Met A LTS
AMPK ,STAT3 {54 B T B, BRI IESE T Met 9/ 15
FL A0 i 23 A6 A1 AMPK/STAT3 {5 5 18 B 22 18] f£ 1E
PR, TEARSZE g8 5] Met 41 pAMPK i P31
Jin, pSTAT3 #EPE N RF, Wadimer 0 Yt sei K
PEVNCIL I P, 5 CTL LHAA L, Met 2H As BEHLI,
b H Met 4 M1 E W4 i 450& T R4, M2 E w3 41 i
BEZ . UEWH Met 18 i AMPK/STAT3 15 53 4%
PO 20 A ) M1 R A, A ) M2 R 4y
1k, T As TR,

Met 14 As & B BLEI A 1R 2050 % 47
TR, AWEIE A ST R BF ST K B, Met 38 i 376
AMPK/Pdlim 5 553 #8028 718 UL 3 2 B 248
RGN As TERLS 33 R A ST 9 UL 40 1 2



ISSN 1007-3949 Chin J Arterioscler, Vol. 30, No

.4,2022

N w A a1
[=] [=] o [=]
T T T 1

QO

Lipid deposit area/
Arterial ring area/%

-
[=]
T

o

PSTAT3 [N |
GAPDH [ S— |

C CTL

iNOS

M1 signal area/Total area/%

Arg-1

—_ —_
[=] [

o
[

Relative protein expression

o
=)

M2 signal area/Total area/%

Lipid deposit area/
Artery area/%
N
=)

T

W
o
T

—_
o
T

0

CTL Met

== AMPK
= pAMPK
mm STAT3

= pSTAT3

CTL Met

CTL

Met CTL

Met

3. Met 3t/NRBIBR BRI B B B R BE 5> L RIS AE (n=10)

A /NSRRI Bk 4 KA AL O B @RNSE t /04T , 7830 B BE P e B0 5 1k RS BRI , A 30 18 1l B 7 A R Bl e
B R/NR B G (R IA I C R/ MR TS IR D Arg-1 A1INOS I95OAE S, AR T HEE A 1 HEE e R r ok Al

Figure 3. Effects of Met on arterial plaque formation and macrophage differentiation in mice (n=10)
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