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Free fatty acid promotes glycolysis and M1 polarization via inhibiting AMPK
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[ ABSTRACT ] Aim To explore the effect of free fatty acid on the M1 polarization and glycolysis in mouse macropha-
ges.  The mechanism of non-alcoholic steatohepatitis (NASH) pathogenesis is clarified from the perspective of metabolism
reprogramming and polarization in macrophages, which will provide a new way for prevention and treatment of NASH.
Methods Oleic acid/palmitate acid (O/P) was used to treat RAW264.7 cells to establish cell model. ~ AMPK-specific
siRNA was transfected into RAW264.7 cells to knockdown AMPK protein expression.  Acadesine ( AICAR) was used to
stimulate the activation of AMPK. The mRNA levels of M1 type molecular markers ( TNF-a, IL-6 and MCP-1) , M2 type
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molecular markers (CD206 and IL-10) and glycolysis related genes (PGM1, PGK1, GPI1, LDHA, ALDOA, GLUTI and
HK2) were detected by qPCR, and the protein levels of p-mTOR/mTOR, p-Raptor/Raptor, p-Akt/Akt, p-AMPK and
AMPK were detected by Western blot. Results  After treatment of RAW264. 7 cells with O/P, the protein levels of
p-mTOR/mTOR and p-Akt/Akt increased (P<0.05), the protein levels of p-Raptor/Raptor, p-AMPK and AMPK de-
creased (P<0.05), the mRNA levels of glucose glycolysis related genes PGM1, PGK1, GPI1, LDHA, ALDOA, GLUTI
and HK2 increased (P<0.05), the mRNA levels of pro-inflammatory factors TNF-a, IL-6 and MCP-1 increased ( P<
0.05) , while the mRNA levels of anti-inflammatory factors CD206 and IL-10 decreased (P<0.05).  After inhibiting
AMPK expression in RAW264. 7 cells, the protein levels of p-mTOR/mTOR and p-Akt/Akt increased (P<0.05), the
protein levels of p-Raptor/Raptor, p-AMPK and AMPK decreased ( P<0.05) , the mRNA levels of glucose glycolysis relat-
ed genes PGM1, PGK1, GPI1, LDHA, ALDOA, GLUTI and HK2 increased ( P<0.05) , the mRNA levels of pro-inflam-
matory factors TNF-a, IL-6 and MCP-1 increased (P<0.05), while the mRNA levels of anti-inflammatory factors CD206

and IL-10 decreased (P<0.05).
and glycolysis.
mouse macrophages.
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Activation of AMPK activity could reverse the effect of O/P on macrophage polarization

Conclusion Free fatty acid promotes M1 polarization and glycolysis via inhibiting AMPK pathway in

glycolysis;  non-aloholic steatohepatitis ;

S (p38 . JNK Fl ERK1/2) , 4/ 3F Fi I 40 it 1% 1k
o M1 R, b RS K A R 5T
e BR, v RV A /0N U IO 5 10 40 A - 2
s S M1 AR AREFSE B TEHR T AMPK {5
530 B U 5 M P R 15 S 1 W 4 4 A 30
HFE A M1 Ak H AR

1 #REE

MR BRI
/NECE 20 bk RAW264.7 W B & E B ¥ A
FUE UM B, 48 B % RNA 42 BUAR A Trizol Fr
H-DMEM 3% 2= 2 ] B Invitrogen 2\ 7] ; f& 4F M i& W H
Gibico /A ] ; B A7 1 B | BSA A1 AMPK 3 /& 7| [
-+ H1 #7 (acadesine , AICAR) ¥ ¥ Sigma /8] ; K% 3k
B MMLV 1 B NEB /A 7] ;qPCR X7 & SYRB Green ,
dNTP (10 mmol/L) #23# /i 5| 47 oligo dT ¥ & TaKaRa
/n- ] ; p-mTOR , mTOR | p-Raptor, Raptor, p-Akt, Akt
GAPDH AMPK .p-AMPK # B-actin 47 & % 48 ft, 2
K RIPA W B CST A 8] ; — yu# B K 4 B Invitrogen
~F HRP ARE 8 0 FH R W 8 # 4 &HFa
Bt & bRl & ECL . PVDF £ B Millipore /2
7 ; AMPK ol 455 siRNA B [ a B B B3 i
b EDR ARG A K,
1.2 RAW264.7 MAEIIE S

RAW264.7 28 o {£ il & 10% & 4 L& (1%
#L H-DMEM 3% 75 % F 37 °C 5% CO, B3 # 4
(Thermo /&) W&, 4F 48 h B Rt 1 X, 4
2K E 80% ~90% F FE BT, {F JF 0.25% ffE & &

1.1



CN 43-1262/R " [E Sl ik alifb 244 ik 2023 4F55 31 455 3 207

B(hrEETEDREARAE)H ML, HHE
1:4 3#ATHER,
1.3 HER/#RAEER AL 12 20 Al

8 K 78 4 BB # 0.25 mol/L i B A
0.25 mol/L #F 18 B fi& 7, f# 1 PBS H %l 5% BSA,
B AFAAE fr BSA B E T 60 CARBFIHH
10 min; 7& 20 mL 5% BSA &K # fm N 640 pl 4 B
fif AR AR 320 WL 7 W8 BR % 7R DA B 1 o BR /A A Bk A
(4 8 mmol/L 7 B #1 4 mmol/L AZ M8 ), %k
R CE AN 5% BSA Al T AL HE 5t B4 40 0, o A
J 300 pmol/L i B /4% 18 B (oleic acid/palmitate
acid,0/P) 4L ¥ RAW264.7 48 1 24 h,
1.4 RAW264.7 HBaEEs

AR — K, ¥ RAW264. 7 M T 6 7L,
Bl £ K E 50% ~60% * & Ja , % B Lipofectami-
ne™ RNAIMAX # %¢ 3% 7] 3 WA ¥E 4T 2 4,48 h J5 ¥k
B RBUE R G 1S RNA #4740, AMPK 4
P siRNA B F Ak 1 frr,

#F 1. AMPK %5534 siRNA R B 75!
Table 1. The sequences of AMPK-specific siRNA fragments
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R:5'-TGGATTGAAAGCCAACTTCC-3’
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Figure 1. O/P promotes glycolysis and M1 polarization via AMPK pathway in mouse macrophages

2.2 TEEBERINE AMPK RiER siRNA BB
R T ARANE AMPK 3k, AR BT = 5%

siRNA, %% RAW264. 7 #iifif1 48 h,Kl] AMPK mRNA

>
o
1

Relative mRNA levels
of AMPK/18s
5

o
0

AMPK

B -actin

M K, 4558 B, = 4 siRNA 5 a] #ij 4
AMPK mRNA FIE £k, Hi si-1250 F1 si-1337
TR, AT T asscssh (K 2) .,

1 2 3 4 5 6

—————

& 2. §%%A %A siRNA #145] AMPK 3Kk

1 MBATEXT IR 2 R si-827,3 4 si-1250,4 4 si-1337,5 K si-1250+si-1337 ,6 A si-827+si-1250+si-1337 ;

A AMPK mRNA KA, B 4 AMPK 8 AN, n=3, a’h P<0.01, 5EATEX IRALLE,
Figure 2. Screening effective siRNA to inhibit AMPK expression
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Figure 3. Inhibiting AMPK promotes glycolysis and M1 polarization in mouse macrophages
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Figure 4. Activation of AMPK could reverse O/P induced macrophage glycolysis and M1 polarization
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PERT 305G O/ P % L I 210 ) 25 W T A A0 ML AR 1Y
PEHEAE

AMPK 15518 [ 2 V8 55 41 i fg A R AE I
o7 Y B T B Y FEE AN R AMPK 2R
5 4 A IS E B ( p38 (JNK il ERK1/2) iy 8 %
PR RFT ) FER RS B ML B 40 A
AMPK {8 P AR, W5 % A 7K - T 87, 4 0 3 B0
PR AR JAE R T 5 £ TL-4 B35 1) M2 2 5 9 41
o, AMPK 3&PETH i, Ak il R Ak K F- T =, B
KEMRE T, AWFIRAG B AZE R, W70
U R AL B S I 2 L ML A Ak, SRE PRl - 2R A K
STV W AR A G 3 PR R Tk 18, LY 5 0 I R
ALl p-AMPK F1 AMPK 7K °F-, 3@ i 4] AMPK
B KPR g WA O 2, dE— 2 R T
AMPK 25 T Ui 25 1 105 R -5 169 15 05 200 Y ) 2 1
fife A M1 Ak,
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PI3K/Akt/mTORC1 25 lg ZHi75 5 1 E W4 g
M1 FERIFR I B AR, PI3K/ Akt B4 AT DA %
A L GLUTL 1 HK2 %35 7KF" . mTORC1
TR T 41 5 RE AT B T 2158 B, i mTOR Al
Raptor WV 351845, PI3K/ Akt i i B i1k TSC1/2 ¥
FWE mTORCL, BRI 4F, Raptor W3 /& mTORCI
AV R 7 Raptor M 792 1] 22 S R W R Ak mT il
ZRTENS . mTORCI @it HIF-1o 38745 W40 AT
WHEGRRE . ARFFE AP, O/P AL HE a] #1H] AMPK i
£, T 9 Raptor B2 b /KF, % mTORCI, H A
AMPK 3 P57 Akt 3 mTORCI 6 4, fe &4k
i E w2 M M1 R AR 0 4 ) 38
T T B g i DA G A2 L P T Y e R R A )
AACEE S AR A R R R, I
PRy 3 32 A S A A B R Ab ROBE R, S L
FRAL S A0 P i R ATP AR 7= 3840, i A e
HELy DR A1 A A A TN R R 5% A A 2 Tk B
AT TCA JEFAE LR B ATP AR T fiff S 4 ) 26
WEAEEAY S T TR 2 . 3L R 55 = W i A ik AR, e AR
ATP PIRCRBAR, 6 M1 AU E k40 i b, S AL R
fb 18 7% (oxidative phosphorylation, OXPHS ) 5z %] 41]i
il , SRR 0 S 1t 07 A T i Sl 22 35 1 I, = 3
A IR R 55 TR 5 B 5 AR T 0 32 2 BT, A OC il
KRBT R RE R B
TERH W i A ek 5 I i i 1) M B AL, ST
PRI B, B AR AT AR O F (TNF-a IL-1B | IL-6
)N ARBRFE R BL, 2 A M1 B AR
2o R T A R O R TR 3R 38 T v 5 > W 0 . M2 AR Ak
I, 60 265 0 T i A OC 2 DR SR GA BRI, ik b 2% R 44
71N, U e 17 P T 3 o 2 B A AR S L W 0
M1 #fk .
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