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Metformin upregulates ABCA1 expression via inhibiting ubiquitin-proteasome system
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[ ABSTRACT ] Aim  To explore the potential mechanism of metformin on ATP-binding cassette transport Al
(ABCAL1) expression. Methods J774A. 1 macrophages were treated with metformin and cycloheximide, and ABCA1
expression was determined by Western blot.  His-tagged ABCA1 and HA-tagged Ub plasmids were co-transferred into
HEK293 cells and stimulated with metformin.  Co-immunoprecipitation ( Co-IP) was used to test the binding ability of
ABCALI and ubiquitin.  Candidate E3 ubiquitin-protein ligases (CE3) of ABCA1 were identified through Co-IP-based pro-
teomics. The MIB1 plasmid was constructed and transferred into HEK293 cells, and Western blot was used to determine
the effect of metformin and MIBI on ABCAI expression. Results Metformin increased the expression of ABCAI in
J774A. 1 cells (P<0.01), and inhibited ABCA1 degradation ( P<0.05). Metformin disrupted the binding of ABCA1 to
ubiquitin (P<0.05). The proteins regulated by metformin in ABCA1 expression were primarily enriched in pathways re-
lated to cell development, inflammation and immune defense. ~ Metformin may upregulate ABCA1 protein expression via
MIB1 (P<0.05). Conclusion Metformin inhibits the degradation of ABCA1 by blocking the ubiquitin-proteasome
system (UPS), and MIB1 might act as a candidate E3 ubiquitin-protein ligase (CE3) for ABCAL.
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TR AL B W 20 i 5T 5 T 3l K o5 A B 4L ( athero-
sclerosis, As) & &SRR A & As 19 FZIK 5
PRUZR 20 9 T A 0 1 T2 5 DL i o
RH [ B 5% 32 (reverse cholesterol transport, RCT) 2%
WOCRBIY . RCT 2 F8 418 4 A v ik i) R [
P ok 5 %% B G 25 (high density lipoprotein , HDL)
LIa B I I, e 2 HE AR S0 i R B RO ATP
ZhA & iz /K A1 ( ATP-binding cassette transport
Al,ABCAl1) B/ 5 RCT M Rk il
ABCAT K REAT S i v TR Ak I Wk 4 M F) 6 ok, SiE
2% As WY HER™ O BEIE BOR, AMP 35 1k 2 G
( AMP-activated protein kinase , AMPK ) [A] 4% 2/ 7] —
HOBUIR ( metformin ) BE L9 F WEZH il ABCA1 A3,
fEE RCT $0H] As 19 & S SRTTTHA:FHIL 1 A 58
ST, PR, AT 5T 2 i A e R IR
T UM 45 B R4 L RCT 194> AL, B 1R
RSOV s R FE RT3 1oy e S R AR

1 R E

1.1 FERKHA

SRR AZ B ML (JTTAAL 1 AR Fr AR G
YA HE 293 (HEK293 @ jf) (LB A 4), — B X
AL Z3EE N F, 45 DI351) , ik 4 H B (cyclohexi-
mide, CHX) ( % & Cell Signaling Technology /& , 4¢
5 2112S) ,DMEM ¥ 7% % ik B ( % E Gibco 2 ],
4% 5 8118165 ,25200-056 ) , fé 4 1 ¥ ( ki & fir &£
47, FH100-800 ), MG132 ( Selleck 7 &, % 5
$2619) ,ABCA1 #i1& . p-AMPKal #i /& ,AMPKal #i
& . GAPDH i1k ( % [E Cell Signaling Technology /A
al , 4% % E7X5G 40H9 .D63G4 .D16H11) , B-actin i
& ( Biosharp /A~ & , ¢ & BLO05B) , HA-tag 311K | His-
tag F K (4 R 4N F, %5 HT301-01 \HT501-01) ,
pecDNA3. 1 (+) # /& His-tagged ABCA1 JiT #I | Flag-
tagged MIB1 it Kk 3k it (b B XA A PR AH
R A% ), HA-tagged Ub JiAr (#8 + B A YA H
IRAF L, %5 BROTT) , R TR A & KA 2 EAN
R £ (B A TOYOBO /A 7, 4% & 741100 ,441900) ,
Trizol (JB #F /2 & , % 5 R21086) , pcDNA3. 1 (+) # &
(ZOMANBIO /A 5] , % & ZK47) , GAPDH B| 4 ( L %
5'-ACACCCACTCCTCCACCTTTG-3', T i## 5'-TCCAC-
CACCCTGTTGCTGTAG-3") 2 ABCAL1 5| 4 ( £ ¥ 5'-
GAGGAGCAGGGCATTGGAGTG-3', T # 5'-ACAG-
CATCATGGAGACCGAAGTG-3") (b 3% &1 24 A} 4 4
BAA R A E] 7 &Y :20231009203601702)

1.2 ZHRaLESR

J774A. 1 48 i HEK293 47 jf % #l ¥ 5% T 4
10% F& 2 i % 9 DMEM 3% 3% 2 & & A\ 37 °C,
5%CO, WIERA PR R, BRER, FU9kKH
Ja, 8 1 mL BRI 1 3 R,
1.3 ZFERRRENTE

FREME R, A PBS Bk 2 K, ImAE
MR 150 pL & G,k B E 30 min, B
JE B K, #E4T BCA & & ; B #| 10% 4 & &k A
5% K 45 IR, ek JE BEAT ML koM B B LR A 0 H A
1h, =34 CHBHFLE; K E TBST E % 3 K, =4
FIEMEE 1 h, TBST Z 3% 3 %k, BN,
1.4 SEBIEE PCR

AR A& Trizol U B 47 42 B 28 fL RNA, FF R 8 R %%
FERAERAFH#ATREZ, REXLEZERN
(SYBR Green) i 71| & VLU B & mix £ &, £ KK
EEPCRM EXREEZw K AKEHATRM, KA
ARG MR LR &, 2 EHEE
PCR ( real-time quantitative PCR, RT-qPCR) 5| 4
R, ETF 2 REENER#THEN KR
BT,
1.5 SEHITE

Fromfa A HA PBS ME B 2 K, m A\ 500 pl
Je A e B A, vk b B 30 min, B0 B E R, 3
1T BCA % ;500 ug & & # i N 5 uL i & fr
200 pL LR A Bk Z o i 4 CIRAEHE 1
AWM, FRTREBE2 h, e HRE
WAERE kB3 B 200 WL v o ROE 2R 3K,
100 WL k% Z ok i E &, E| H ) EP &
o B F BV, AN 20 wL %6 R Z R 10 pl T
SE NuPAGE™LDS # % 4 w ik 1 NuPAGE # & % J&
#1,70 °C Am# 10 min & M B, EERBEATE A W
bule oRl I
1.6 HiEGEE-FZEASHh

Jk B R AR B 36 R B AR A AE A R R A
EASY-nLC 1200 # & % KA R R#HATH B, o)1
ANE0.1% FBHRA2% LIEHAER; RSB A
4 0.1% HEH A1 90% 7t AR VE R, WA & E
0~14.5 min,6% ~22% . 3 #8 B;14.5 ~17.5 min,
22% ~34% % 5 4 B;17.5 ~ 19 min,34% ~ 80% i
A B; 19 ~20 min, 80% i b A8 B, i 3 4 F A&
700 nL/min, Jk & 2 o8& SR A R 0 8 Ja O
XN NSI & 7 iF ‘#ﬁﬁ'%%, = N Orbitrap
Exploris 480 FiE#HATHN, BEFREEREEXENRN
2300 V,FAIMS #}MZ W & (CV) % & H-45 V, k&
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BB R R A E R B 4 P B Orbitrap $EAT AR
MARPAHT, — T4 5% B E 350 ~1 400 m/z,
H# o #HEREE H 60 000; = F ik 43 4456 B B %
HEHA 120 m/z, — R AW HEFEEE R 15 000,
BEREERE A HEERBAE TR (DIA) £ 7,
B —RAH G R L A% S Fuir b X o ik &
T3 N HCD A $E W fE A 27% B9 7e 3 6 & 34T R
RRRBATZRE I, AT REFIEWNH K
FlF &, Aoh 54 (AGC) W E N 1E6, Ik KEAN
A E % E 22 ms,
1.7 #FitFEHiE

% A GraphPad Prism 8.0 HATGH T ESN, B
U vxs T 7, 4 E R R A ¢ I #AT AT, P<
0.05 h ZREHRITFEN,

2 & R

ZEHXUARHDE] ABCA1 PEfR
BT EAE I XUIRAE S % ABCA1 AYZFEik i

2.1

A Control Metformin(2 mmol/L)

B -actin | sume-ce————— | 15 Do
| |

P-AMPK oc 1 | SS6_————— | 62 kD2
AMPK a1 | qu S A aS - |62 kDa

D Cycloheximide(25 mg/L)

Time/h 0 05 1 2 3

Control-ABCA1 I- . - ~|254 kDa

B -actin {ﬁ‘ 45 kDa

Metformin-ABCA1 |- - — -—‘ 254 kDa

o]

ABCAT1 protein

E

(Relative to B -actin)

ABCAT1 protein
(Relative to B -actin

H 2 mmol/L — HUBUMCH ¥ J774A. 1 4 i 24 h,
Western blot £l ABCA1 )35, 45 K 1A 1B
fiis, 5725 FO B AE EE, — HOBUDRRE &8 3% A
J774A. 1 40 ABCA1 B3R5 (1. 42 £%,P<0.01) ;
FAHRE R AMPK 8l eI ABCAL L iifi% sk
KFHF X 324K (liver X receptor, LXR) /#1855 X 32
& (retinoid X receptor, RXR) , 41 |78 ABCA1 f
FeRUO I, SR RT-qPCR A& i) — F XA 2 75
RE L ABCAL BYFEs%, PR, — UK
fEHE N ABCAT i mRNA %35 (P>0.05,/8 1C) . 45
B SCHRFI AT 0] 2 50 235 5 HE 00— FROSUIICRT 36 3 1 4%
AP H] ABCAT AR, 4K 1% AB-
CA1 AR A T IR UFAS AR, R FH - XU 35
JT74A.1 40H0 24 h, B S 25 mg/L MEE & K
045 790 Tk 28 B R 23 S AL PR AR 0 .0. 5.1 .2 A1 3 h, &%
J5 2K Fil Western blot /i ABCA1 fEik 4558 % 7H
528 (O BRALA EE , — B OOUNRE 2 3 R AI% ABCAL /Y
KA (P<0. 05 1D AT 1E) . U B — B XUICA] 3 i
FE AR L ABCAL IFRIE

C
15 P<0.01 3031.5
22
1.0 1.0
Ee
52
0.5 BZ 0.5
<39
o
0 ~ 0
Control Metformin Control Metformin
1.5 P<0.05

== Control
= Metformin

-
o

o
&)

o

0 0.5 1 2 3
Time/h

B 1. ZEHRALIME ABCA1 HIBEfE
A HEH 2 mmol/L — HBUNCHNHL J774A. 1 41 24 h J5RH Western blot 1] ABCAT .p-AMPKal & AMPKal FYIK;
B HIE A 1 ABCAl B HFRIEGITH45H (n=3) ;C 2 RT-qPCR ¥l ABCA1 #J mRNA /K¥E(n=3);
D Af# 2 mmol/T —H XA J774A. 1 400 24 h, BHJS 45T 25 mg/L I AE 4> 5140 # 0.0.5.1 .2 A1 3 h,
Western blot £l ABCA1 33k ;E JE D i ABCAl BARKGEIER (n=3),
Figure 1. Metformin inhibited ABCA1 degradation

22 ZHIUMEBELZRZ-ZEBBERSEIFR
ABCA1 HIFRIE

AW ER LAz R-EABKRS
( ubiquitin-proteasome system , UPS ) Fl¥ fiff {A & H /K
file 2, T BRI IR A AR B A A L ABCAL
Fik, A LK OB His-tagged ABCAL JFi K7 % e A
HEK293 4ififgrf i ] 5 pmol/L (32 2 -25 (A BEHAD

HI3 (MG132) A BRAR 12 b, 5 Fi] Western blot 63
ABCAL ik, 45 LM, 4 MGI32 AbH5, 5
His-tagged ABCA1 1AL, ABCA1 H)FIKKF-THim
(0.7 f%,P<0.05), Ut Bl MG132 fE% W 3% I 14
ABCA1 MR35, $E/RFHIT UPS BE i ABCAL 3R
k(K 2A Fi12B)

R T R T XUIREE 7538 i UPS 842 ABCA1
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B IR , AR SLE K His-tagged ABCA1 Al HA-tagged
Ub JFokr 2[5 YL 28 HEK293 20, FH = FF SUIT 384
YR B 24 b, >R H AR SLTTIERIZ R 5 ABCAL %5
AR, R R, 5 EOR LY, — HOBUAR

A pcDNA3.1(+) + +

His-tagged ABCA1 - - + + + +
MG132(5 ymollLl) - - - - + +

ABCA1 e 254 k0a
p-2cin | —————— 45 {02

D-AMPK o 1| s e s | 62 D

AMPK o 1 |---‘ﬁ-| 62 kDa

B o3 P<0.05 D 15~ P<0.05
c%E [ — £ [
[oR c®
‘§®_2 D 1.0
e S g
-8 £e
S <205
o & s
<3 3

o T o
Q?:\ 3 NI
Q& N \é
YN X &
w & N
@) O
Ng X
N
O?’
Q0
?~

WFEAMH ABCA1 572 R4S (FEAK 14.8% , P<
0.05;&2C 2D) . VaHH — H XA ] i i UPS 4%
ABCA1 M3k,

C His-tagged ABCA1 + - + +

HA-tagged Ub -+ o+ o+
Metformin(2 mmollL) - - - +
IP:His
260 kDa
IB:HA
| 130 kDa
Lysates
[ ——

2. ZEWALME ABCAl EASZEMNES
A MKt His-tagged ABCA1 Fkif% e 2 HEK293 41 24 h 3 MG132 4bFH 12 h, )5 R H Western blot il ABCA1 ,p-AMPKal K
AMPKal 9335 B NIE A H ABCAI EHRIEGHEH (n=4) ;C N His-tagged ABCA1 JFORi F1 HA-tagged Ub ik L[] 55 gL 2=
HEK293 4l 24 h, — FF SUMCRIANAE 24 b, il ad G L TTTE R AR LAUTHE ABCAT EE1H, Western blot Kl HA FRZM A,
Dy ABCAl 5iZ Z454 (HA &) WEEITHTHEER (n=3),
Figure 2. Metformin inhibited ABCA1 binding to ubiquitin

2.3 ETRBHMENEARAFLZIIRIE E3
ZEEAEERE

J T FHERHBUIREE ABCAL Rk fEE E3
CERENEEMN, gk ettty
ABCA1 Z5G W& H T, b5 R H 25 588 1 ot 40 2
¥ 34z ZHOBRUIGA #E 1 IF H 5 ABCAL 256 1K
FH(4r 0 A-U-M FI A-U 4), X EA T ER S
Mr, DRk m el 1.5 50 B3 Ll As
FRBME, /NT 1/1.5 VB0 3 TS RE , 3645
F 151 A~ EAEH 249 M TFIAEA (K 3A), X2
RRBEAMAITT GO K E LM, ILibiz H
Fisher” s A5tk 0 1+ 5 W 50k P, B & L2
SRBEAE LR AUE B M0
SRR, EREN FEEEEA VYA 40
R A A GwAR, 24k T 55
% s AR L2 53 2 B AR AE 0 M PN R 25 A L AR P
BT 5 5 43 F- DR 2 W AR AR BT 2 & R Ak
% (EI3B), KEGC BEMT /R ZEFEHFER
T AMA S EE M HIR  REERE A G Fe BEZK (Fe

fragment of IgG receptor, FeyR) /-5 BUFFWEAE FH A1
B AL 240 B AR A5 5 9 0 A 8 B AR R O 1 T
e, DL LB 1B SR 98 15 RN hsa04530 % % 45
(E3C), Wiz H, KM T 9 FiES ABCAI
ShA e B3 7 R 8 R
2.4 ZEHXALAEE MIB1 42 ABCAL BIRIX
T BRI R A A RS R, N 9 Bl B3
ZEREAEE DT MIB E3 2 R E % B
1(MIB E3 ubiquitin protein ligase 1,MIBI) HEAT iR
SCY5, His-tagged ABCAL Fll Flag-tagged MIB1 i %
IRk [F] 5% Yt HEK293 21 24 h, 2% 2 mmol/L
= FPOSUAIR S0 384 44 BE , Western blot K3 ABCA1 By
ik, HPRE, 5 RMEL YL His-tagged ABCAL kL
FHLL, LG YL 20 ABCAL 2R3k B EREAK (0. 66 5, P<
0.01) , Uil MIBL REGZHMIH] ABCAL Rik, fRiMi, 5
ALY ML, —H XUIRAL ABCAL (357K F-THE
(0.22 fi5,P<0.05) . ULH, — H XUNCAE B0 ] MIB1
-3 ABCAL FIKFEML (K 4) .
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Figure 3. Proteomics based on co-immunoprecipitation

A

B T20 P<0.05  P<0.05
c [a) [ B
His-tagged ABCA1 + + + S % 15
Flag-taggedMIB1T - + + [0}
Metformin@@ mmollL) - -+ 29010
< o
<o
0
cAPOH [ |5si0a € O
e W &
P-AMPK o 1 | et s s |62 kDa2 v oV\x \@
— Q) ,\X
AMPK & 1 _:-'I 62 kDa \a @\‘b
_—r— \x
v‘,b
E4. ZHXANE E3 255 [ iE#EE MIB1 LiF
ABCA1 Xix

A 9 His-tagged ABCA1 il Flag-tagged MIBI JFu; St [ml 4% e 55
HEK293 Zilfifd 24 h,fdi FH 2 mmol/L — H ST L4 24 h,
Western blot il ABCA1 . p-AMPKal & AMPKal HIZE5;

B 23 ABCAl HHRBLEITER (n=3),

Figure 4. Metformin increased ABCA1 expression via MIB1

3 4t i

IR AL BN 40 1 5 5 T As AR R R B iR
LI U T A 3 B s 2 A SR Y TR AL

WM i EZ R R FIRE R,
i L[] P50 % 3 7 1 ABCAT RE sl /0 Bt e 351 405 1 AR
D As WUTERE . BRI, PATH ABCAL WY B ¥ s
+ LXR/RXR TEREE VT 2 A BB, W i —
BE P rp ) BRI 2 3 B JoRE BT AR

KL, &8 118 ABCA1 FiK LG R & % 24
Y ABCAL 3 sh57 %t As BIIRTY B+ EE
IR ERAIE 9

:Eﬁm%z%fcé\ﬁ BT 2 TRUHE RIS ) I PR —
LHZEPY ) BAIRRAIERATTE B R X
IVE R AMPK 1 [BIH35% sl 7), 69T As R ARAR BT 48
B I NIRRT P MM R R AR, It
Ah A HiRiEAE 1 HOSUIRE 38 ABCA1 [k -4
PEE WEAR L RCT IELE As B9 &2, I, AR 5256
T 552K H Western blot £ T — H UK ABCAT ()
FEEAEH, 5280 iiE — 8, = IRE 1A
ABCAL BYZRIA, SRMHEAF T A2, — P XUIORA
fit 14 ABCAL 9 mRNA /KF 16 B = FF SUAR 4 45
ABCA1 KA BALHI AT eid o 2 H RS 18
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ARIE R T H XUIKAEE i UPS 4 ¥ b
B 25 A DR R P B AR TR A s I M e
UPS JE4ERRER (A e 1 = 245 )y X 2 —  7E MR
BRI T & AR L O TR H R
ARfE 73 UPS #8458 ABCAL fIF ik, AL 1 %6
i FH ik 246 A T Ak B A0 B, % B FROBUAE A1
ABCA1 A MIREfE . BlIS A T 3 —2R1] UPS B
A A A ABCAL ) 3R 3k, Sk MG132 4b 3
ABCAL1 13589 HEK293 40 fit1, & Bl ABCA1 ik
WET R, BE i s R TITE S, R L
IBEA AL FHIBr ABCAL 52 Hi4s &, RS Ul
By, ZHXUIKHEEE T UPS RELM¥E ABCAL HY3RIL,
S —3 AR WoR M % HECT , UBA F1 WWE
SR B3 12 R M2 1 (HECT, UBA and
WWE domain containing E3 ubiquitin protein ligase 1,
HUWEL) fig | ¥ ABCA1 (%) % 512 ¥E RCT 3 4
% AS[31-32] i

R T R H OO $E ABCAL ik ik E3
ZRE NG, AT T BT R R IE Y A BT
HEFy . G5 EOR 2 T UIE A 24 S B H
FEEETHMIKT | S0 5% B0 S5 %, H
1 MIB1 7EAH RIS S Ak JR T 458 AR BT R rh R 4
FEAEA A0 L5 A B HRaEY b
Jrilit Western blot 52 56 5 jiF 1 — B XU AE 4170 1l
MIB1 i35 ABCAL [, X— KM AETEAEZ
R ABCAL B3l 25 W) 0t e £ Ik 3o A 5
UG FEAh  ASBIEFEAE S KSR B T SUN AT
i UPS J## ABCAL 9235, —H BUIIRYT As $2
HE T BSARIE AN SC G SE R . MIBL J28#% ABCAL £
INfRSE B3 2 R HEEMZ —
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