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[ ABSTRACT ] Aim To investigate the mechanism of fibroblast growth factor 21 (FGF21) in promoting cholesterol
efflux from foam cells. Methods THP-1 derived foam cells were treated with FGF21 at different concentrations (0,
50, 100, 200, 400 pg/L) for 24 hours and 200 pg/L FGF21 at different time (0, 6, 12, 24, 48 h) , Western blot, laser
confocal were used to detect L.LC3, and MDC staining for autophagosomes analysis, HPLC, oil red O staining for intracellu-
lar cholesterol accumulation measurement, and liquid scintillation counting for cholesterol efflux detection. Results
After 200 pg/L, 400 pg/L FGF21 and 200 pg/L FGF21 were applied for 24 h and 48 h, the levels of total cholesterol
(TC), free cholesterol (FC) and cholesterol ester (CE) in foam cells were significantly reduced, while their cholesterol
efflux was significantly enhanced. =~ Mechanism studies found that FGF21 induced the formation of autophagosomes in foam
cells, and the conversion rate of microtubule-associated protein I light chain3 (LC3- 1) to microtubule-associated protein
I light chain3 (LC3-1 ) was significantly increased. ~ However, after autophagy was inhibited with autophagy-related
gene 5(ATG5) siRNA or 3-methyladenine (3-MA) or Bafilomyein Al (BafAl), effect of FGF21 on decreasing TC, FC,
CE and lipid accumulation, and increasing cholesterol efflux were reduced. Conclusion FGF21 promotes cholesterol

efflux in foam cells by up-regulating autophagy.
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g B AT ZEHL T 5 & 8l ik s HE A 4K (atheroscle-
rosis , As) K A% | BT 4 41 i A= K [ F 21 (fibroblast
growth factor 21 ,FGF21) & —FMik /3 Z BRI E
W &K B, FGF21 B A R I8 iR 68 J1 A4 As 1E
FH AT AL R A A e i S RS AR AR AR
P R 58 42

H W (autophagy ) 2= 2 Jifd PN A2 285 1) — Fob B 22 ]
PR, PRV L F W AT R A S i 29 MR T A IR s
2, FL A W2 5300 vk 4 i b fig B AR ro s
GEAR IR AT R [ AL S U8 TR 2
MEPIRR B BT FOF21 AT LA i i S [ e il
e HFAOIE B, SR 1T, FGF21 78 0 7 Ak 41 i v fE
T A PR T 5 e i S5 A 36 1 A T A AR S
AL IR AT b BIF5E FGF21 X A W5 i) el 455 J
N e

1 #EFFEE

1.1 EE=#HH

F 4 A FGF21 ¥ & % E Peprotech; LC3A/B —
. B " A K E B 5 (autophagy-related gene 5,
ATGS) — 4. ZFu 1l FH % 1gG H&L (HRP) ¥ ¥ &
% & Abcam; P62 —#11 H % E R&D Systems;3-F
H 7 " % (3-methyladenine ,3-MA ) ¥ & % [E Sigma-
Aldrich; THP-1 28 6. & *F E # 5 It 4 f % ; RPMI-
1640 £ 7= 3 6 4t (FBS) 15 & % [E HyClone ;
W B (PMA) 4 B % [# Santa Cruz Biotechnology ; ATGS
siRNA ¥ B # [E GeneChem; Lipofectamine 2000 4 #
% [ ThermoFisher;*H fE [ & ¥ g % & PerkinElmer;
B3 7% & % Al (Bafilomycin Al, BafAl) 1§ f =
TargetMol ; RNA £ X /| & R XA &M A %
Bl ThermoFisher; ATG5 \GAPDH 5| 4 i £ 4 T 4
WA KA RAEE K,
1.2 HARIEFRRMLI O B IFMEKRMME MR
7KF

THP-1 %1 L 75 4 5% CO, # 37 CH x4+ 5
FEFHIE A 4 10% FBS B9 RPMI-1640, B4 # 4+
KH 2 fo # AT £ %, B 160 nmol/L 3% B 4L 2
THP-1 % ff 24 h, % 2% 5 21 4 B i 20 0, 45 )5 4
J 4 50 mg/L ac-LDL #y 7 fn & 3% 5% 3 4k 42 3% 55
48 h fE R Yk M, L 0.5% 20 O X
ER#HTEEE, BURAAREELE, LFEHAT
R EAR,
1.3 2R BB B B2

€ THP-1 E % 28 JF 78 K 40 # 5 2.5 mCi/L

FlEANHAACWEEELEBF 24 h 5, K&
28}, PBS k% 40 i J5 , I RPMI-1640 3 5= 2 (4
0.1%BSA) i & 7, Y% 20 6, PBS ot % 40 e )=
7 RPMI-1640 2 3= £ (0. 1% BSA # 2 mL 43 %
H)hBE, BREmap P BEESE AR
PRI MR BB AT AR, AT 2 CPM B, JE B B2 9
Bt E AR b [ R CPM/ (3 5 7 CPM+
40 ji, 19 CPM) ] x100% .,

1.4 BSKHEEE SR EES (EF)

%7 % T A A 9 U 5 B B2 (free choles-
terol, FC) . % iH [ B% (total cholesterol, TC) 70 fH [# &%
fig ( cholesterol ester,CE) , #8 7 W A% 7 28 2 58 20 0,
BCA B#iT&EAEE, BHEEKMRA 15 uL K
& 4 4 (10 mmol/L DTT, pH 7.4 Tris-HCL, 500
mmol/L NaCl 77 500 mmol/L MgCl,) #r X\ 0. 1 mL &y
FETE B AT B R BB R R B 4B VAR, AR FC B dn
XN0.5 U B [E B & B, A0 TC B An N\ JE B B £
(0.5 U) fnfiH [E B B5 B (0.5 U),37 C T 40 min,
B0 wL BB AE & 3% 24T, C18 A£, 41 4 °C ik
BRI FHE : L EEK(35:52:
13), s A% 1.5 mL/min, # M % K 216 nm, fE
B e E RS EARITE,

1.5 FGF21 3t THP-1 E I 20 B i 4 360 35 40 Bty 5 Tk
EapA!

L 4 4.3t B4 BafAl 41 (20 nmol/L
BafAl 472 4 h) FGF21 #1 (200 pg/L FGF21 4 7
24 h) BafA1+FGF21 %1 (20 nmol/L BafAl i 4L 3 4
h+200 pg/L FGF21 4 FE 24 h), B A%k 49 F &%k
K E A % A2 5] R A Western blot | i#% & £ R
BN MDC %% 77 %

1.6 FGF21 %f THP-1 E I £ B i 14 360 35 2 At B [E]
B B0

PLA W Z (0.50,100,200 ,400 pg/L) FGF21
AL 3 24 b, AT FGF21 89 3R FE 3R 5 PA 200 pg/L By
FGF21 %t THP-1 E v 40 f JR 1 8 3K 20 e 40 38 1 [
Bt (0.6.12.24 48 h) , 24 FGF21 18 F By & 8] 2%
B ARSI HON 2P H REE B A, 7 BE E B
1.7 BRI FGF21 18 ¥ B B H a9 820

LI 4 6 4. A R4 FGF21 41 (200 pg/L
FGF21) | B % #7147 3-MA 41 (5 mmol/L 3-MA 4t %
6 h) 3-MA+FGF21 41 (5 mmol/L 3-MA T4 # 6 h+
200 wg/L FGF21) ATG5 siRNA [A P x4t F& +FGF21 4
(200 wg/L FGF21+ATGS siRNA A M a4t B )  ATGS
siRNA+FGF21 #1(200 pg/L FGF21+ATG5 siRNA) .
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A AL TR E A 34 K 24 h, @t HPLC 4 O 36 4
A 40 f 9 g & AR MR IR MR T SN B0 R E B
B E R,
1.8 MDC £EHXERESHT

o F MDC %8 J5,PBS 7 3 K, HF K S
min, l 4% % F ¥ B & £ 30 min, & H PBS £ 3 %,
HBRS5min, THELEREEHE T AE 4+ &
IR EA AR (BANAKEE AN LT —
AN B R
1.9 3B PCR

FHE RNA, M € 46 %, B & RNA 2 pL Al
ThermoFisher /8] R % iR 7| & K # 5% & p ¢cDNA ,
B R # % = 4 2 pl. & DyNAmo SYBR Green
qPCR Kit F fl 4 4 2 34T PCR 309 3 ¥ &
% K25 pl, b4 Tt ATG5 .GAPDH #) 3] 4
7 7| ( ATGS: Forward /¥ #| ¥ 5'-AAAGATGTGCT-
TCGAGATGTGT-3", Reverse ¥ 7| & 5'-CACTTTGT-
CAGTTACCAACGTCA-3"; GAPDH : Forward 7 7| 4
5'-TGGCCTTCCGTGTTCCTACC-3', Reverse J¥ 7| %
5'-CGCCTGCTTCACCACCTTCT-3") . # & # B . 94
CHAZMS min Jg 94 °C & M 30 5,56 C iRk 45 s,
35 NMEF ;i g 72 CZEA# 8 min,
1.10 HEBHRREET

| & SDS T T W Bt i B Fi . AE B IR vk 3 A
NAE LK By R A R K (46 E 80 V,30 min;
FF 120 V,60 ~90 min) , B it £ E B AR B
WAFWALE , BIKEE RE, % PVDF i, 3 & 7T %
Ja , 8 5% FLFe 4 45 by TBST #H MK £ iR H 1 2
~4h, REWKEG PN —FE4 CHRTIR,
Jl TBST $E#% 3 K, MMFE— A BRFLEN 0,
BHEE _AEZERTHE 1.5~2h, /| TBST %k 3
Ko BRAFRRE, FRREGERXLEZLT R
Y HBHARFER,
.11 Sitoh

MY | K Jf Image Pro Plus 6.0 %, & Z &
S & Al Gel-Proanalyzer, 4t it 24 & i GraphPad
Prism 8.0 % 1k, #¥E KA xxs Ko, 4 F KK
One-way ANOVA ¥ [H £ 7 % 247 # ¢ £ B, P<0. 05
HEFRADLENE,

2 # R
2.1 FGF21 @ik M ryis REFRF (23t AE
El &7 H

Ffig FGF21 ¥ B 38 i A FH s 1] /3 ZE 4 g

P TC FC F1 CE 7K 5 32 ok i e B2, I [ e 3 o 52
AR, GEit g R, 5 X IRA H#, 200
pe/L F1400 pe/L FGF21 4324 h(FR 1), DL S 200
pg/L FGF21 ZbHH 24 h F148 h( £ 2) , ¥ 8 FF#L
T AR TC FC F1 CE 7K, FE20 it Py JIH 3 P
WRFEEM(E L),

F 1. RNEIRE FGF21 3Tk AR EE S 2 (n=
3)
Table 1. Effect of different concentrations of FGF21 on

cholesterol content in foam cells(n=3)

FGF21 WE (pe/L)  TC(mg/g) FC(mg/g) CE(mg/s)
0 472+36 196+22 276+22
50 469+24 192+19 277+19
100 368+25 157421 211+26
200 288+29 126+18* 162+25*
400 285+21° 125+20" 160+21*

a N P<0.05,5 0 wg/L FGF21 (X HRAL) HeAz

2. 200 pg/L FGF21 4327 (5 B 18] 3¢ 360 5% 40 B FE B 2 &
BHRM(n=3)
Table 2. Effect of 200 pg/L FGF21 on cholesterol content

at different time in foam cells(n=3)

FGF21 4bBERfH]  TC(mg/g)  FC(mg/g) CE(mg/g)
0h 498424 197422 30128
6 h 48021 192423 288422
12 h 46821 18821 28023
24 h 284+22° 125+18° 159+20°
48 h 282+25° 126+19° 159+22°

a Jy P<0.05,5 FGF21 AbFE 0 h( X} IR ) HiL,

2.2 FGF21 fRidtiik 40 he 5 L

BafA1 Rl A Wi, SC0 45 5 s, AR T 0] IR
4, BafAl 15 THP-1 PRI AL 75 24 b ),
WA ML HE A 1 %8 3 ( microtubule-associated
protein I light chain3,LC3-1 ) 2HEMLEA 1
524% 3 (microtubule-associated protein Il light chain3,
LC3-ID) $ AL R W2, R P62 sK-F- L, i
5 BafAl 48 FGF21 1A L%, BafA1+FGF21 4119
LC3- | % LC3- WA Rt — L3 n (1 2A) |, Bid
WEEE SRR FGF21 Al LSS 1 Wat A B P s i Tl
REGIEIL, 2545 MDC BOLIE R AL X GPF-LC3
MZER (K 2B) , B FGF21 XF ik 4 i A m B
PEEVER



CN 43-1262/R W [E Sk fb 4= 75 2020 4F2

28 B 6

L1 471

50 ug/L
R aeened 7 "@rq
Io ‘
o ¢ E
b

o N *\..

Wl g 9

,""J. *.,,_‘ “i}f?‘%fr L).
“A0%m WL s

—

N
(@]

N
o

Cholesterol efflux(%)

o

0

50 100 200
FGF21iREE(ug/L)
B 1. FGF21 i@k ApAE RER %uﬂﬂlilﬁalﬁtﬂﬁ’lﬂ4ﬂl‘](n 3)
AN[AJ S E) R THP-1 P54 36 7R 40 G S5
R

400

100 ug/L

3«“1’ .

- "' Q(; lJO_;@. .
12h

200 ug/L
Ay > I
i, X8
""n \T St T I
PR =

»

400 pg/L

c/l ni'ﬁ

W'l

401

Ny
(=]
T

Cholesterol efflux(%)

0 6 12 24 48
FGF21{E F Rl (h)

A I B 43 5RO FGF21 ALHE 24 h 1200 wg/L FGF21 kb #

TR C 1 D 209N A [FIEEE FGF21 Ab3H 24 h #1200 we/L FGF21 AR BHAS ] B} i) S [ B0 4 1

Figure 1. Effect of FGF21 on foam cells lipid accumulation and cholesterol efflux(n=3)
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Relative P62 protein
expression

FGF214H
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E 2. FGF21 X483k 48 h B 1Y =200
BAI A WA
Figure 2. Effect of FGF21 on autophagy in foam cells

2.3 #MHIAMESEE FGF21 XAk M RERMN
EREIER
ATGS J& H Wk A B 28 H WA G, o
AW &S kR R B, HUESE FGF21 38 i3 75
T WV T LR 20 L PN Y i I R g
i siRNA 4% RITER ATGS, 45 5 K, XF ATGS 1Y
DRSO B3 (B 3) . M4 O Yeta s B s g iR

A 3 Western blot Kl | WERH G R KK B HE 73 (n=3) ;B S MDC Je (0L L 5 45

JoT R B 2 IR A R DU 5 SR R R ATGS
DUERS , FGF21 A2 i U [ Pt g 1 dd 2 08055 (1K1 4)
1 ARCVRURHL L T T 6 R A4 S v ) i R K -, S AR &
PRI A W5 B W58 FGF21 [&AIX TC  FC Al CE
MTER (2 3) . #SAZIE/ CE/TC A H K 5 G i
25 (H FGF21 20 Ff1 ATGS siRNA B 1 Xt B8 +
FGF21 Hi 2RI T TR
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g P<0.01 B 8
% 1.0F | 21.01 P<0.01
) o
Q o
A NC siRNA 3 3
-+ - * -E %
ATGS w— —— 2 051 £ 05
0 [To]
G 2
GAPDH e wssw s s < <
(0] (0]
Z 0.0 £ 0.0
% - + - + % - + - +
o NC SiRNA T NC siRNA

3. ATGS siRNA THBELM A 5 Western blot K2l ATGS % [17KF; B 2 RT-PCR #:ll ATGS mRNA /K-, NC M BIHERS 4l
“ T EEASEAR, <7 R YLELIS T B s siRNA g ATGS THRAL, « =" Nk s A <+ Rk e ATGS (W THEF51
Figure 3. Detection of ATGS siRNA interference efficiency

A TEMH FGF214 3-MA+FGF2148
”v 4: : g 0 €8 ,,80_ P<0.05
& ,“.‘ ?3‘ - Py AR P<0.01
-;si&lﬁ e e R ETTT e X 60 P<0.05
i (&7 (o2 <
* RO, Y N O 40f
"R s 4 | 48 P\ “ %
(0]
ATGS siRNABAE$ R S 20r
FGF214 _+FGF214  ATGS S|RNA+FGF21ZH o
Ao o\ 2 & A | 0
o VEOLA TS ! "}"E N N
".“‘ﬁ.! ‘\.s‘" i E' y 32%‘ &‘.& Q)QQ/ nj@?‘ (QQQ/ 4&& (i\&
\“,:m: ol : / &t AL A« <7 ($
7 1) '*\j{ ), »{.-. A & e
o % A 2 "' B s ¥ S5
*xu# Ll - \.fq he ) ¥ &C';D x&cobg
?.
v

[ 4. #1HI B MR 58 FGF21 Xt 4 BB B EE E AR A0 S 1A 4% A B IR AT R BT AET O Y RS 5 C i (A DN R -
B IHEE S & (n=3),
Figure 4. Inhibition of autophagy attenuates the negative regulation of FGF21 on cholesterol accumulation in foam cells

3. ME BEOEEE FGF21 X1k 4 AaRE B R E R p A RIEER (n=3)

Table 3. Inhibition of autophagy attenuates the negative regulation of FGF21 on cholesterol accumulation in foam cells(n=3)

el TC(mg/g) FC(mg/g) CE(mg/g) CE/TC(% )
Xf HRZH 488+24 187+22 30128 61.7
FGF21 41 286+23" 123+18" 163£21" 57.0
3-MA 4 46624 186+22 280423 61.0
3-MA+FGF21 4 458+21" 178+24" 280+22" 61.1
ATG5 siRNA BHYEXTHR+FGF21 21 288+24 124+21 16423 56.9
ATG5 siRNA+FGF21 £ 453+21" 176+24" 277+22" 61.1

a N P<0.05, 5% IRLA 1L # ;b 9 P<0. 05,5 FGF21 4 1%z,

3 i @ TH R AFROBENE A BE 1, 0 4% 320 A5 4

TR BRSSO B L P FGF21

FICH S RIA A As IMEHARNEENE, IR i simk i, FGr21 itz

FGR21 A —Fp KSR, EE ARG OAENTE B FIS1E ApoE™ /NG As Ji iR, - FFA7 g F [# i

G SR, & —Fh 2 TRe 4y F, 2 50 mE""  FGF21 miBR G IR B w e, B
PR IR R R i A S5 R 2 B T, i ok, IOk FGR21 B RAFIOHT As FEFIWERE'S .
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WX FGF21 4T As AL HERT T K dk A
G BE e =Y =47 W W 1R L R =Rl 7)) 53
PTG 25 I H AR e A1 P 2 A o ot S Akt
W Nef2/ ARE {5530 K i3 3 H T RUARRE D
FGF21 A LUE i #0% AMP 35 AL 2 03 ( AMP-ac-
tivated protein kinase , AMPK) #lI ] As HE Je 6] , Bk
ABIE T 4% NF-kB/ 1B 3 4240 1l 28 14 PR 5~ 19 A= 1
RAEVERN il 3 FGFR1/Syk/NLRP3 % 4% BH 1E 1fil
T LA L ) 33 B R S T 41 SRR PR s /) BR 5
Jik I 45 P9 RS 184 A B FGR21 Bt As B9 5 ZE4E H
HLAES

FGF21 i id fig B QI A 4 ] As 3E 5% J7 1 1)
Wi Z . WFoE kB, FGF21 REREAR H i =g
(triglyceride , TG) HR AR % B g £ FAHL ST ( very low
density lipoprotein cholesterol, VLDLC ) Ik % i jg &
F RH[E B (low density lipoprotein cholesterol, LDLC) ,
T v 75 %5 BE I 2K 1 I [ B (high density lipoprotein
cholesterol ,HDLC) """ . FGF21 W] 38 1 5 il g A 154
AR s DR i AR AU T, a0 FGR21 38 5 9T
FGFR2-Bklotho A2 (A il AHL [ st 9 15 IC 14 45 5 #2 1H
2 (sterol-regulatory element binding protein 2 , SREBP-
2) FER ML E SR B EEKST- FGF21 34038 5 Xt
Pt Mylip/IdolCnpy2 & 12 FF i Ik %5 B g 25 1 &2 4K
(low density lipoprotein receptor, LDLR ) 7K Fll 3 5%
LDLC 48 {5 FGF21 RETR % HDL b ik iR &
FA T BZRIK AN AE , DI AT 0 B R AT 3X 5 T Y
5T, LI RE T % FGF21 W BEAE H 3 2 1Y 4> F AL
il AR 40 e A O FGR21 98 7 IR AU 4t
As MERIR 2L BT5E 4 8L FGF21 diad b
SRR IR AT 45 & &% 12K Al (ATP-binding cassette
transporterAl , ABCAT ) fi& it ¥ PR 41 Jfd JIEL [T 5 3t ), 30
T HFE X SZRMEHE ABCAT 6350

I T i o A T 452 B AF S AR 500, {HL el T
I iR A R (R 31 2 e 200 i P Y ok 4 e
) AR H 2 IR RE ), B 5T X ik — U R B
AR 2GR, WIF5T A B, Wk ml il 20 960 1R 41 g
i RO R VR 40 e T R 9
TR < 35 17 W D) 1B 10N S Vi 0 A = i)
T PTEA R 1Y 245 W) R0 435 %8 B I A 0 4 B
Xf WA S B A4 52 0 D7 T, A0 S R 8 i AMPK/
mTOR/ULK1 #A 42 # W4 S 19 W, ool o5 i 1
£ ApoE ™ /INEUY Bh KBS AR A A0 >4 5 At iz 3% 3 2ok
19 ox-LDL 5519 RAW264. 7 L It 40 fifd 76 & 41 it v
MST1 ( mammalian Ste20-like kinase 1)4™50Y H Wk

T 20 Ik ok o A A 0 T K Bl ZR A RNA (1Y)
LncRNA DYNLRB2-2 i it 48 55 [ Wl THP-1
WEARM I TR fL 0, A4 Rk, FGR21 2 A5 3l [
AR A2 IR 42 M A A R 0 A2 A K 200 R i I [ e
) BSCR — A A AR, BT FGR21 1]
P AW FGF21 AETEE A A 1 g b i
TR AN PN B 53 5 B T BB, FRATT A S 365 285 SR UF 5K
Tk — 5, B FGR21 75 S TR 40 v i B W, 14
LC3- 1 ) LC3- I AL FR A g /E T, JF 406l Po2 3%
K, DT A2 9 VA 200 e %) L T 2 3 11 8 RN ot
KNP TC FC M1 CE /K-, {H 3-MA 5% ATG5
siRNA 6| 15 w3 0] B 42 98 55 FGF21 i JIH ] e
ORI AR YL UR 4 B P4 i BT 5 AR, ZEIR SR 45 R Y v
AL EE S, FGF21 X CE/TC fH8H T KR
PG T ER AR E, X—Jrm ] fE 2R
Sk NEL T B AR i O VE R, 40 A o IR 2, DALk, CE
5 TC )T R A —F, CE/TC /Y Fu B K It 6
WEA s 53— 7 I, L A] BB FGF21 X JiH [ s Al
JOF [ P i 1) A R S e R i B, FRATTAE L
WRBL, HWEI 6 S, IR BE 58 23 FGF21 X i
DAL B ) g, 3 — 7 T T B 2 I I 00 ) ) 25 SR )
B HD 3-MA Fl ATGS siRNA Jf A 58 4 3 il 35
W 5 —J7 T, AT RE H T FGF21 FEAE 5 A W DL AR )
Hee A 0 [ B3 & 42, 40 FGF21 19 ABCAT fi
PR P AE R 1 2 AR FGR21 ELAT AR5 14
BEAEF AN ARAE SRl 1305 As BB Y SEHHIE
Pt AR 2 32 S 00 H R T B BT R, AH (5 B & A
FHART-BE ek, FGF21 B As i SR
i o

g5 b AR R AR IR A MR - JiE T FGF21
REALR I VA 40 B P9 i 5 35 RO 42 20 9 Kk 440 g i ) iR
[P WAL ) A e R R B A5, A 4 1Y)
AR BT FGF21 45 1 1 IR 1L VB FH AL, 4 K
FGF21 iz T As Biia e fit 7 St ik, £ T
FGF21 L8 [ g st R o AN 28 (AR mT el o |
AW AR O Ik R AE A, L, F— B IR AR ER
FGF21 13 A W0 53 1L o b2

[ 5% 30K ]
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