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Abstract

Memory impairment is a typical symptom associated with neurodegenerative diseases; however,
the causes of memory impairment are complex, and the specific mechanisms remain unclear. Methyl-
glyoxal (MGO), an intermediate product of glucose metabolism, has been shown to possess neuro-
toxicity. Our study found that MGO treatment of rat brain tissue could cause significant memory
impairment. Transcriptome screening revealed that the expression levels of miR-96-5p and miR-
183-5p were significantly reduced after MGO treatment. Our vitro experiments showed that miR-
96-5p and miR-183-5p can specifically target the DDIT3 gene and inhibit CHOP expression level,
while significantly inhibiting the expression levels of pro-apoptotic proteins BAX and PARP, and
significantly increasing the expression levels of anti-apoptotic protein Bcl-2. Additionally, our study
revealed that transfection with miR-96-5p and miR-183-5p could significantly reduce MGO-induced
SH-SY5Y cells’ apoptosis rate. Our studies indicate that MGO-induced specific memory impairment
is associated with the sustained reduction in CHOP expression mediated by miRNAs, and miR-96-
5p/miR-183-5p demonstrate potential for improving MGO-induced cell apoptosis and thereby mit-
igating memory impairment. Although the mechanisms underlying MGO-induced memory impair-
ment require further comprehensive investigation, our findings lay a solid foundation for elucidat-
ing the pathological mechanisms of memory impairment and developing novel miRNA-based ther-
apeutic approaches.
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1. 53|

1CAZI05 2 Z PR 2 RGP0 I — bR B HERFAE o 7R R /R 2% 5 BRJ5 (Alzheimer’s disease, AD)IX Fii it
R BEAT PERRZERAT MR, A28 2 i R IR R A 2 —[1]-[4]. BARCE4RY 7 20 AD Ji B4
HEAR (I, tau i BEBERR AL ANVE KRR B R I S AE), (R AZBEAGE J5 0 B4 A T AL AR 58 4R
FIH[5].

PR, XHRHIEE 2,8 (Methylglyoxal, MGO)s& — it 5 6 & 68 AC TS 1t — B AQY), 20
i G RS AR [6] . B TE R MGO HA SR KM A BEPERFIE[7], FEH 7t K I AD E& 1 MGO
AP, I H MGO TEM A R FE 2 M2 R i) 5~7 £5[8], Z T 70 KB MGO fgls .3 5
M AZ[9] [10] A M B FeAb 267 W) (AGE) (1) E ZE ik 2 —, MGO #I\ 9 rl eidid 51 RAGE i
EIEBRAA MM IRERLFE, A MGO B8R 5|2 PSENL {1 iR IAR M Ap RFL10]. AN A HE 7
HEFE R, MGO A B JAREEAL L = R inJRIe By FE AR 11 B SR AE R tau 2 U8k ik AD 1R T
HLHI[11]. BEAh, MGO wias Ap BRWE SIS TCAIIET2[12]. SR1T, MGO SR 2 m] ¥A 9% Flid
2R VIRL 3 A 2, mIRNA JI7ZE MGO /1 SN ERE /1 R B (Ve R R B 2R ANIRZ
AW, BAVRME T YIRS, UE MGO 53 112 /&S 504 o i 1047 E miIRNA /2R )5
VB YIA G, FFiEd A% P N R(ERS) Sk 8L 1 CHOP 5221 #ih 22 20 i 1) T 72 o At 90 485 SR ik
— B MGO 5lEMICIZ 300 R FIBTT ¥ R 50 1 R A i 3R LAl
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2. 5 HZE
2.1. SKBRfERARSY

AHIEFL A N A4 REA0 AR 41 B (SH-SY5Y, ATCC), fili Fl i K 58 415 9% 5 DMEM £53# % + 10% FBS
+1% P/S, HrFEMEI{REF 95% %< + 5% CO;.

SEAGAEFH 8 JAWE SD KB (W B bt i VAR AE M ARG IR A F]), A (200+20)g, WFET) HRERK
=0 e = B sh ) S O AR AE SPR BNl . 1FRZAT: 4 RI%E, 12 ANSPERCEHDEIE, IR 20C
~24°C, MXHRIE(55+5)%, W E HEEN, 4 TARMEmE, BHEWK. BTl S ffEp ol &) RER
RFBIMCILZE B MR 5 AT GBI AT 45 . GDY2102178-1).

22. IFAREREHE

4 SD K EUBKIESG, BN BN R B Sk 38 [ 2 7R i oA e A AESE |, FARTIVE IR 24T Sk 3 B ik
FR5JH, brid Bregma iis PAHT I Bregma s AR AL, FJEXIJ7 1 1.1 mm, 55HF 1.5 mm, {H FE57E
Skl EAT AL, BRSNS &% (Reward Life Technology, H EZEIINZI%E 4.5 mm . £ LA
BBl 34T AN INFLAT B /NBR 22, SR J5 FF BRI — 2 [EE JR 486 Sk . RJF¥ SD KRBl 7%, 3 RIS
80,000 LA T HF Z LAB Yy, SRS =K. RJG 5 K¥ SD KRBENL NFHN = 6 H/4H), —H3h
TR YRR S 28 5 MGO (0.5 pmol/ul x 5 pl/day), i35 e b i iR S8 2% B 7E JR AL 5 4380, DURA Gy
WV 56 AR, VRS ES ARG AN O EH VR S A A Sk 0 RIS e, IESES 6 K. A — AR FFE T
TS AR B R KA R

2.3. MGO &bIR4mApmE T4

SH-SY5Y 4l T MGO E A . AT BT AIWFFLE A, MGO X} SH-SY5Y 4 i A 57l & ik i v
MHEER, 3 HH 1 mM MGO AbBE 24 /NI JE 4HBETE /1 FR#ZE 63.6% (B Rk kK R). AWFFRIGLIKE 1
mM MGO fin\ SH-SY5Y Zi s as3tr, 24 /NG i 3 =40 M A D 52 40 i /7

2.4. RNA 1RV S5 SR

i FH miRNeasy Ly /L 5 377 £ (QIAGEN) MAE i 2 HIUSL RNA. RNA SCZE 4 2 A1l 7 B Majorbio
(FEDHEAT, AT miRNA Rk afr, BAHBEREZ(p < 0.05)FREEALL KT 2.0 1) miRNA # %€
2.5. ¥

FIH Lipofectamine RNAIMAX (Invitrogen, 3% [E)# 47 7 (MiRNA) LRI 400, AR 22 i E
VL. B gy)a 48 /NI WOR A LLdEAT I SR 5E o
2.6. RN EBE

F AR LE 24 fLERCD, BEE 24 /DI, SRS RAEERAEDCM, R Lipofectamine 2000 (Invitrogen,
K [E)K Pezx-MTO06 Xt K Bl 2 4 i4 (iGeneBio, H[E)F miRNA JLFE YL AP . 48 /N JF, JEIE XL
PG R i R PR 2 18 77 £ (Promega, Madison, WI, USA)I&#5 K i e e R RRE T, B0 RK M Jubs
NS

2.7. EBRENFECLE
FKHIRT RIPA 2R R IUA AL H IR I A, 8 BCA R & (Beyotime AE 43 AT 78 F) I &
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HERUE R, EARAMYENL SDS-PAGE 405, JHilid sk # 3 PVDF fE(Millipore) |-, Ffif57E=
TR B TR 5%l G 4R WhTBST ¥ 1/NeF, 28 5 545 7= 1% —$i (Bt FoxO1, Cell Signaling Technology,
#2880; 1:1000)7E 4°C NiFH 16 /M. TBST Pek/a, fEH HRP MBI —Hu(1 /NI, =) TF R S SO
X, IR AL 22 R OGP (LumaxLight Superior, ZETA Life, 35 E) ALK A% R G476
2.8. IKIKE LI

K H Morris 7K 32 2 (MWM)3-l K B A5 AEZ « MWM I3 TR FR v B VAR e 9047, 1630 785 AR 301
TSGR IC 5P & BOAL B IEPK A B 1) FH A 23 (B eAZ U8 B P i b of
3. &R
3.1. MGO WA ARICIZH S IEMA miRNAs ZERFTIX

KM MGO 435 4 AR KRB HATEMAT NI, 45K 58 MGO AbFig Bk FRAE/K
ORI LR K s B T S 35 1A 0 3878 MGO AL FE S BUR A2 8745 (B 1(A)~(C)) o I 4 s 414G I
MGO A3 JEIKRIKAL N RNA RIEKF, ks — R 2FRIEMN miRNAs, FEEZE KA
miRNAs 3£ 10 %%, 23 FIHRIZER miRNAs 3t 7 & (& 1(D), Kl 1(E)).
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Figure 1. Screening of miRNAs related to memory damage caused by MGO-treated rats in lateral ventricle
B 1. MAXZE MGO &IBXE 5IEICIZIRAHEX miRNAS ik

3.2. ERFIE miRNAs SBERMFESHEES X REIE

ik B2 N IR E KPS miRNAs, FH targetscan 7828 &4 il H AL ], &I miR-96-5p 5 miR-
183-5p ¥l 4[] DDIT3 3 [, 1%H:F4mts CHOP B, H5AMALT R REY) . Bl G 3A 1R X6 =
IR LSHIE miR-96-5p 15 miR-183-5p 4 Al Rf = M 4l 1 & DDIT3 2K 3% mRNAs Fr Bk % 5K F, i&
JRFOGHEE B3 T 2). 278 miR-96-5p 5 miR-183-5p 1] #L[a] {2 CHOP & &Ik K.
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£ 0.20- & .
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, LEELTLEn g 0.159 * g
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Figure 2. Dual luciferase verified the binding relationship between miR-96-5p/miR-183-5p and the target gene
DDIT3, *p < 0.05
2. WA ZEBBLEIE miR-96-5p/miR-183-5p S5#LEE DDIT3 54 % &K, "p<0.05

3.3. miR-96-5p/miR-183-5p #I#] CHOP ZFHpUAT-HXZARE

FIH western Blot &1l SH-Y5Y 4i i #%44% H #x miRNAs i CHOP £ 4% IA/K T, 4558 % miR-96-5p
5 miR-183-5p nJ Hd R BE A 0] SH-YSY il CHOP 25 (A &k /K T (/4 3). [AINH%E 4 miR-96-5p 5
miR-183-5p /& SH-Y5Y ZHfE T2 BAX. Bel-2. LAK PARP HIERIAKF, 455 E YL miR-96-
5p/miR-183-5p Ji7, BAX 5 PARP & H /K3 T i, 1M Bel-2 8 H /KR EiRRIE (A 3). $27~ miR-
96-5p 5 miR-183-5p il CHOP I &KiA &, AN LI T HRE/K-F 22 T, mitHTREERE
AP A R i 260k, £ 8] miR-96-5p 15 miR-183-5p B A& Hi4u i T-k5 1k .

vs]

A CK NC 96 183 96+183
CHOP |- —— s |
BAX | D - — =]
N wa—
Bcl—2| - e e .J
P

Relative expression (/GAPDH)

CHOP BAX PARP Bcl-2

Figure 3. Western blot detects the expression levels of apoptosis-related proteins in SH-Y5Y cells after transfection with miR-
96-5p and miR-183-5p, "p < 0.05
3. FI A3 western blot #3 SH-Y5Y ZAAEEEH: miR-96-5p 5 miR-183-5p fG AT HEX T/ AFKIAKTELE{L, "p<0.05

3.4. miR-96-5p/miR-183-5p Ml SH-SY5Y AL

SH-Y5Y 4l 4% H b5 miRNAs Ji&, il 40 vk, 85N a8 A It 40 M OO & 30, SH-
Y5Y 4 /il 4 miR-96-5p 5 miR-183-5p ik 2 I 40 Mo T2 7K~ o JCH 2 [F] I % 4+ miR-96-5p 5 miR-183-
5p Ji, AUMEVETC K AT 40% R &S] 12.9% (14 4). $R7~40 A = %A miR-96-5p 5 miR-183-5p Al figi
i CHOP 2 F1 7K AT B 20 M 3 T 7K P

4. WHgE5%ip

F L 2, S (MGO) & — Tl S S PEREEE MR R4, DLERE T 2B MGO FEMPG B AT M h R I e
HIPEFI[L3] [14]. SCATRIBEFIHRIE  MGOs AJ L SN2 SO AU Y 7 B T2 [12] [15] [16], 1HIEZHHL
il MANE R . EARTTFH, TATEI MGO 7 FHIM AR E T IHFRIAN miRNA (miR-96-5p 1 miR-183-5p)
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JFESE

96+183

b

AT LA AR o ) CHOP & [ 7KF-. CHOP J2& 4 )it I B3 (endoplasmic reticulum stress, ERS) 45 &4,
ERS fiil & K37 & & (1 N2 (unfolded protein response, UPR), 3@ id /b 25 11 Jo 8 3 Sk Uk &2 44 P9 P-4, 2 SR 431
BT E, W SAMAET[17]-[19]; Kk, CHOP #4N ERS A T- 8 Adrd& 2 —[20], F HLE
WKL ERS H5JLTF-FrA #& R G A& IRIT YR A R[17]. ERAT A7, FIH miR-96-5p
A1 miR-183-5p #lifil] CHOP J&, {RIMT-8 I BAX LA PARP &5 [ (R IA /K135 3 T, 28 N i
& [ Bel-2 Rk K 3 FIARIE, JCHAE R % miR-96-5p 1 miR-183-5p /&, SH-SY5Y 4L
Bel-2 FARIA/K B3R R, 3 MGO i S M40 123 B2 K. AUFFIEER S, miRNA /-1
SR TRE T BELE MGO i 1 ERS MY MuAE Tk FE v R A S BE T, %A A vl g il ik 4 S M R 4% 41
ffl CHOP & 1 1A 7K1 2L 3.«

S A BIF R I — R K T R L) S S R Ak S D AR AR TR H) T LA ERS A I T A2 0k
% AD HCiZRrg[21], IXEEH ERS /S HIANFET-E AD WA BIER . Bh4t, BFFCRIM AD K
P FERI TN 7 AB tBAT LUE L XBP-1 1 CHOP f_LR¥0E ERS,  SM P 57 41 i 453 2 i figg ¢ B [22]
TnjEl AD Bt . il — T 53R B Mangiferin (— AR OR -1 0 5k 4 ) AR AR 7 2 225 41 ) FH e
IR A0 (HT22) Tau 1 FEBERRA,  [RIRE @ Ik 5s FH 15 310 ERS SRSEIL, F BRI
ERS #xid 42 H GRP78 H1 CHOP LL A Nl Tau #HICHHE(GSK-3p Al Camkii) [23]. P, miR-96-5p/miR-
183-5p~CHOP 1= 141/l ERS S48 Ap RALLLK Tau & ARG IR UM, 78 AD RIRidfER
VESRARVER, WRERCAIATT AD R0 1 7 e 4 1

BESRAHE AL T WA @ 42 CHOP & A S2mI i T2/ miRNAs, FEAEARSMAL 3G IE L Ae %
B30 MGO SRR T IR . (Hi&, AR FIEIE AL MGO 5l i 28 /E R 52 &2 !
miR-96-5p 1 miR-183-5p KA F M, SRR REHERR MGO it 73 4 i B e i AZ B il g, # bl
YEFNLHE TR ZE g — P A FEUE S BEAh, AH 78 K miR-96-5p Al miR-183-5p 1 7E {4 & i 2 41 | #f
AN T, (HRRE SRR N G MGO 51k R 2 4 i T AT o503 HAcAZ 402 5t i AR 3R A5 ) 52 1)
UEHE . AFE AR FEIH it — PR R, P IRR A ER 2R A miR-96-5p Al miR-183-5p JAJT
MGO 5 e 1245495 I S SE 36 2 T AT 1 FAE LR 708 203t — 2B HE MGO 5211z 35 45 i L
e FCAH SRR TT SRS KA ML

CK NC 96 183
"y “r ‘7} r

Figure 4. The apoptosis level of SH-Y5Y cells changed after transfection with target miRNAs
4. SH-Y5Y #fasE B4R miRNAs J5, ARAT-/kEEH
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AT FUZ B LN BHART S 0 H B R R AR A RORBIT F 2k & 0 H (9 H 45 : A2020376);

T R R H (55 H 465 2021A05249, 2022A01169); | 4 =R K 22 Mt & £ Bt i 2 RN A RHE S 5
I H (Wi H 45 : GCC2022021).
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