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Metformin Facilitates Intracellular Amyloid 3 Degradation by Increasing
Insulin—degrading Enzyme Expression in M146L Cell Line
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Abstract: [ Objective] To explore the effects of metformin (Met) on amyloid—8 (AB) in AD cell model M146L and
the underlying mechanism. [ Methods] MTT assay was performed to determine the optimal concentration of Met. Western
blotting was performed to measure the protein levels of AB,,, amyloid precursor protein (APP) , B-site APP—cleaving en-
zyme (BACE)and proteolytic enzymes including insulin—degrading enzyme (IDE), neprilysin (NEP) , and light chain 3
/T (LC3 II/1 ); Immunofluorescence was performed to visualize how AB,, peptides and IDE were affected by Met.
Western blotting was performed to test levels of IDE and A, after treatment of Met and Bacitracin (Bac), a special inhibi-
tor of IDE.[Results] In this study, we showed that the levels of AB,, were down—regulated by the Met treatment (P<0.05).
No effect was observed on the expression of APP and BACE, both of which are related to the production of AR, after Met
treatment in M146L cells (P>0.05). Furthermore, levels of proteolytic enzymes including IDE, NEP, and LC31I/ 1 lev-
els were markedly decreased in the M146L cells compared to the CHO cells (P<0.05) , and only the level of IDE was re-
versed after the Met treatment for 24 h (P<0.05). Importantly, Met-mediated AB,, degradation in M146L cells was com-
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pletely blocked by the Bac (P<0.05).[Conclusions] This study clarifies the ameliorating effect of Met on the abnormal ac-

cumulation of AB,, in M146L cells, and that the underlying mechanism is mediated by the increased expression of IDE in

the AR degradation pathway, providing an experimental basis for the T2DM drug metformin as a potential therapeutic target

for AD.
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BT 7R 2% 5 #RIE (Alzheimer’ s disease, AD) & &
UL Y A M AR AT RN L VEM AR -8
(amyloid beta, AB) & AD fz 8 22 (9 Bl bR E W 2
—o BR T IERREBEEL  AD 38 S EUA AR EL A
FEAES, AR o A B R A (type 2 diabetes
mellitus, T2DM) Fl AD Z A EL BB R >, —
HOSUIK (metformin, Met) /2 37 J7 T2DM ) — 4k 24
Wy, 2 10 A JE 2 2 R R 2R AR Tk )
R MR . 1 H AT Met 2 75 B8 T AD 167 (E AT
KA M AF o i PRAE S 4l 1 2 Met 3697 AT
FECEAE A LG /I 145 5 (cerebral small ves-
sel disease, CSVD) 23, SR, A A5 W n
Met IR Y7 AN 22 238 T2DM i fi A HF IR I RE ™ .
A WFFEE , 7E db/db /N B K SAMPS /N BLY
Met 397 1] (AR AR 7K P K e A FARE 1, S8 i H.
RPN A TERE o AR YR IXAKCT I T AR 7 4
I B ) Sl 25, AR SR U T BE By A 2 1 BT IA
(amyloid precursor protein, APP) [ E € ¥y ¥ & H
VIlRAe , B or W MU A2 1 R I , BACE 1 (be-
ta—site amyloid precursor protein cleaving enzyme 1)
PO R W BT MAEE " AN P S R AR
PR T Bk 32215 B AR A g A R 1 e — I Tl A
W S ARAT O, £ 1 i PR R A 3 A2 TP 0 2% ol A I
fi# il (AB—degrading proteases, ABDPs) A HL mf flp
) A A O 20, X8 55 IR AR K B 5
i 2 A A I R T FRATR) Y Meet 80 9
175 5 7 B UR& 42 (lysosomal glucose—sensing path-
way ) Y 15 5 26 M A R B 2K B R B (Tnsu-
lin—degrading enzyme , IDE ) Jg ] 24 B 1 i A8 OG0
T e fre T B ABDPs 22—, {2 M
W AR PR R R AR (HAR I R,
I A WEFE R 76 APP/PS /I BRI USRS | Met
FEVLSS AR WG B AN AT, $2 =1 IDE KPS {H
A W1 IDE 76 1138 g% b g9/ o PR, FRATTR
IDE J& Met ¥ 15 AB 2 FH 7K PSR v R ML . A

[J SUN Yat-sen Univ(Med Sci),2022,43(4) :522-529]

5% K FH AD 20 it A5 780 M 1461 20 ifd 22102, 3@ 3o 24
T2 T S S MR AR R Met XTFLIN AR S PR 2 1Y 5%
M Kz HAEAEAIL ]

1 #M#HE57*

1.1 4R R F4HRaE I

HhE A BROBE S 41 MY (Chinese hamster ovary
cell, CHO) 4ff A 1 T v [ B 2% e B W1 240 L %2
M146L 41 i lA F i A5 WF 00 A BR 2 7], i 4 i 3R
JER 5 AR Y PS1HE R % A3 55 APP (1) CHO 41 fifd
AERRE I AR™Y . LS BEALS . SYSU-TACUC-
2019-B989, il g 1% 7%k : F12-DMEM (C11330500
BT, Gibco) %1 10 g/L B Jifi 24 1ML 7% (Thermo Fisher
Scientific, USA) LA J 5 #f 75 2 (5 % % 100 U/mL,
485 2% 0.1 mg/mL) (15140-122, Gibco) , 2 Jifd 15 37
T 37 C AR E05% CO, TR IR IE e qt . HEFm
71200 pg/mL ) G418(A1720~1G Sigma—Aldrich)
FHT M146L 1 18 K 35 7%
1.2 MTTR5E

A0 B Fh B T 96 FLAR , LA 37 °C, 5% CO, 1 1H
S FRAE . AN BE JS , F IHEE 20, BFLA 10
pL MTT i W (5 mg/mL) & 100 L 57 fif 55 57 W
37 °C,5% CO, 4k 221535 4 h, FIHEFW, AL
A 110 wL DMSO, 12 #% 10 min DL f# MTT 45
i, Bt >R FH AR ASCAS DU 490 nm A ISR
1.3 ERREENIT

FH A PR O R & (DURE, B SR
BCA & ik & G = K, P ED R PL K Bl &
FIR B IS, A SDS 28 I AR G2 bl & W 5 min fff
HEHAEME . SDS-PAGE BEEHL VK , - UE A 45k 38
e 35 10 wL, PVDF B L 5L IR . 5%BSA % it
B2 h, —Hi4 CHEF R . U EE 7350 R B-
actin (1: 1 000, 4970S, CST, USA), APP(1: 1
000, 2452, CST, USA); AB,,,(1: 500,bs—0107R,



524 HlR AR 2 (R A2 )

43 %

Bioss Antibodies, China); IDE(1: 1 000, ab32216,
Abcam, USA) ; NEP (1: 100, sc—46656, SANTA,
USA) ; #4558 113 (light chain 3 ,LC3) (1: 1000,
ET1701-65, HUABIO, China); BACE (1: 1 000,
CST, USA). EEPEEAHN P EREE 2 h, YEIE
JE A ECL &G . (4B, H] GE A1600 5% %
4 (GE, USA) 2 (0.4 M8, Image J 3R {F P47 JK BEE
43T o
1.4 YHREER

FH 186 6 B A2 LK% 75 40 B2 (801002, NEST,
USA) L& BE R 60% B 3% 57 W40 sl A SR A
Met () F12-DMEM #¥ 2215 3% 24 b, Ffi)5 3555 95 %
PBS ¥k 3 YK, K 5 min. £ % H B [ 2 15 min,
PBS ¥k 3 WK , 5K 5 min. Bl J5 A 1%BSA
0.25% Triton X—100(Sigma) Z @M H 1 h 5, A —
Pr 4 CRb, EPE S I AAER. —4T iFluor™ 594 Con-
jugated Goat anti—rabbit IgG Goat Polyclonal Anti-
body (1: 500, HA1122, HUABIO, China)
Hoechst 33258 (1: 1 000, H3570, Enzo Life Scienc-
es) EIMMH 2 ho —Hi/E AR, (bs—0107R, Bioss
Antibodies) fll IDE (ab32216, Abcam) . i il 41t %¢
SRR A FEIERCT 4 “CEL-20 °C., 7RG
2 4 (LSM780; Carl Zeiss) FWLESE .
1.5 SitEDH

4511 2% 53 M1 H Graph pad Prism 9.0 #£17 , 2
KA Z D3 S, I I B bR 22 ROR .
T AT 58 T B 205k 1 A5 MR AG 56 RN 22 55 P 4G 56
IR IEZS S04 HJ7 22555, SRR R 7 2547
Br (One Way ANOVA) , 5 225 Wi 22 57 B G it 5
SCHS R A Bonferroni 5 #5147 P Hegss , DAXUN P <
0.05 M ERAGIFE L.

2 # X

2.1 AERE Met 3t CHO #1 M146L 4R R iE /119
Al

T E Met Y SR MRS, JRATHEAT T
MTT S5, 38 3o 0 2 W D' B8 T 22 I 7 17 248 e 4 o
KANPLIE 3o XF CHO 20 A A1 M 1461 4 g 43 51 15 B
Met P ¥ B 16 B R 0 umol/L (X FR4H ) .25 pmol/L,
50 wmol/L 100 wmol/L 200 wmol/L, 5557 24 h J&5 , K6
20 M IS S, G5 R K RTR , BB KT 25
M, CHO 40l (F=1.067, P=0.407) K M146L 4 s (F

=2.166, P=0.123) A [n] 22 S ) To g1t 2+ & XL
I, 7E 0~200 pwmol/L ¥k T, Met 403 24 h Ji5
CHO 21 g RN M 1461 20 Ji 114 240 B 5 P B 0% A 35 AL
A% [FIET, 7E Met & B4 50 pumol/L B 95 Fofr 248 i 114
YRGS 8% P I R S50 Met A AL FRIR B2 Y
B E N 50 wmol/Lo

150
§
2
= 100
<
=
3
© 50+
o
o
&)
0 - A
0 25 50 100 200
Met (umol/L)
150 -
B3
B
E 100
<
=
E
= 50
Nel
=
=
0- B
0 25 50 100 200
Met (umol/L)

A: CHO cell viability was measured by an MTT assay after treat-
ment with different concentrations (0~200 pmol/L) of Met for 24 h. B:
MI146L cell viability was analyzed after treatment with the indicated
concentrations (0~200 pwmol/L) of Met for 24 h. Met: Metformin. Data
are represented as means = SD. n = 6/group.

1 RERE Met 33 CHO 1 M146L 483 7% 7189 %501
Fig.1 The effects of Met on cell viability of CHO and
M146L cells
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Representative Western blot ting showing AB,, protein levels in
M146L cells after incubation of Met (50 pmol/L) for 24 h. Quantitative
analysis of relative AB,, protein levels. Data were normalized to —ac-
tin. Data are represented as means + SD. 1) P <0.05, 2) P<0.0l.n =
3/group.
E2 MetiFS MI46L A AB,, /K FHER
Fig.2 Met treatment induced Af3,, degradation
in M146L cells
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A': Representative confocal microscopy images of staining with anti=AB,, (red) antibodies and Hoechst 33258 (blue) in CHO and M146L cells.
Scale bar=50 wm. B: Quantitative analysis of AB,, deposition in CHO and M146L cells. Data are represented as means + SD. 1) P < 0.05. n = 3/group.
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Fig.3 Immunofluorescence staining showing Met treatment degraded A ,, deposition in M146L cells
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A: Representative Western blotting showing APP and BACE protein levels in M146L cells after incubation of Met (50 wmol/L) for 24 h. B: Quan-
titative analysis of relative APP and BACE protein levels, respectively. Data were normalized to 3—actin. Data are represented as means + SD. 1) P <
0.05. ns: not significant. n = 3/group.

El4 Met4bEXf APP.BACE &R FRIAKIZ MM
Fig. 4 Effect of Met treatment on the expression of APP and BACE
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A: Representative Western blotting of IDE, NEP and LC3 protein levels in CHO and M146L cells. B: Quantitative analysis of Fig 5A. Data were
normalized to B—actin. Data are represented as means + SD. 1)P < 0.05, 2) P <0.01. ns: not significant. n = 3/group.
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Fig. 5 Effect of Met treatment on the expression of proteins degrading A3,
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Representative confocal microscopy images of CHO and M 146L cells with IDE (red). Hoechst33258 (blue) was used for nuclear staining. A: Rep-

resentative confocal microscopy images of staining with anti-IDE (red) antibodies and Hoechst 33258 (blue) in CHO and M146L cells. SScale bar=50
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Fig. 6 Immunofluorescence staining shows Met treatment promoted IDE protein level in M146L cells
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A: Representative Western blotting of IDE and AB,, in the M146L cells under Met treatment (50 pmol/L) with or without Bac (20 umol/L) for 24

h. B: Quantitative analysis of Fig. 6A. Data were normalized to B—actin. Data are represented as means = SD. 1) P < 0.05, 2) P < 0.01. n = 3/group.
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Fig. 7 Inhibition of IDE reverses Met—induced A, degradation
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