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Identification of Cuproptosis-related Biomarkers in Alzheimer's Disease Based on
Bioinformatics and Machine Learning and Clinical Validation and Prediction of

Potential Traditional Chinese Medicine
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(The First Affiliated Hospital of Anhui University of Traditional Chinese Medicine, Hefei 230031, China)

[Abstract] Objective: This study aims to identify cuproptosis-related gene biomarkers in Alzheimer's disease (AD) using
bioinformatics and machine learning methods, validate them at the clinical specimen level, and predict potential traditional Chinese
medicine (TCM ). Methods: Differentially expressed genes in the AD group and normal group were obtained using the Gene
Expression Omnibus (GEO) database, and intersections were taken with reported cuproptosis-related genes to obtain differentially
expressed cuproptosis-related genes. Machine learning methods were applied to identify core differential genes of cuproptosis in
AD. Peripheral blood's single nucleated cells from clinical AD patients were collected, and the relative gene expression was

clinically verified by real-time polymerase chain reaction (Real-time PCR). Potential TCM regulating cuproptosis for AD were
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predicted by COREMINE database. Results: A total of 12 cuproptosis-related genes were obtained, mainly involved in pathways
of tricarboxylic acid cycle, 2-oxocarboxylic acid metabolism, and carbon metabolism. Five core cuproptosis-related genes,
dihydrolipoamide dehydrogenase (DLD) , glutaminase (GLS) , pyruvate dehydrogenase El subunit beta (PDHB) , full name
nuclear factor (erythroid-derived 2) -related factor 2 (NFE2L2) , and dihydrolipoamide branched-chain transacylase E2 (DBT)
were finally screened using four machine methods. Thirty cases each of normal and AD patients were collected clinically. Compared
with those in the normal group, minimum mental state examination (MMSE) and Montreal cognitive assessment (MoCA) were
significantly decreased in the AD group (P<0.01), Homocysteine (Hey) , interleukin (IL) -6, C-reactive protein (CRP) , and B8
amyloid protein (AB) indexes were significantly increased (P<0.01), and malondialdehyde (MDA) indexes were decreased (P<
0.05). Superoxide dismutase(SOD) levels were significantly decreased (P<0.01). The mRNA relative expressions of NFE2L2 and
DBT were up-regulated (P<0.05), and those of DLD, GLS, and PDHB were significantly down-regulated (P<0.01). The TCM
regulating cuproptosis-related genes for the treatment of AD were mainly based on the four Qi such as warmth, calmness, and cold,
and the five flavors including bitterness, sweetness, and pungency, and it was attributed to the meridians of the liver, spleen,
stomach, and kidney, with the efficacy of tonifying Qi, activating blood, eliminating phlegm, and resoling dampness.
Conclusion: DLD, GLS, NFE2L2, PDHB, and DBT can be used as novel diagnostic molecular markers for AD cuproptosis-
related genes, and the corresponding potential therapeutic TCM can provide new ideas for the treatment of AD by TCM.
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BA] JR 2% 165 BR 9 (AD) & — Fp R B 242 D fig o
B AN HBE 1 3005 0 R 2 B AT PR o I R
gepkgt Y R m AR Z R BN, BB AL
ER AL B AW, AD B R 2 BREE BB TS R
SIS (EWN D2 oy Wil D=1 = I s T T e 0
L AD 23y A AN B, HAN RO A2 R ik
WREEHBNAMAARNELE . PEHIRIT ADIE
T [ K 09 fe PR 52 B b SO IE T G H AT B0 A O
Z WAy 2 W S R A B T A M T LR T BB
KRG e — R L RE T 22k, W
AW R A 255 AD ALK, 75 8 AD BT
PTG 50 T 80 SR 2 e 25 )

T AE K, 1 22 BF 53 3% W AS [) 26 80 A 40 i 7 e 1
FETTLABA SR A R NS 5 T AD M A 4 &
Je R H e BAE T e — A O TR T T B
VT S AL G0 A MO R 1 PR A0 T2 9 B B A i B T ik A%,
H o FHLH E 20 SR i B Ed N R
5O E ARG SR RMBEAZ M, i
TR 7= 26 0 R A T, e s R g st T
a5 e M CWE W] 5 AD B 1M1 )G, SCALIZE!
W MR T B AT LS e A S A PR R 40 Y G B A S
4r%4, H 5 AD W™ B B IEA 56 . CHEN %942
NGRS B S BIE MR (AR EE G, 1 T2
HR RS RARMIE B, X — 2 B ] 7 3 2 4R
(ROS) Y 7= Az, FF il T 2 br 44 158 S0 i %) % 12, DA T
FECM T . HA R AR SR B E
G S5 240 L, fioh 2z 1 28 98 E R AB R UL AR, s > B I
JoT 4 B AR 3 1 5 R IR T g LR AR, X
R BTN 0 T i 7 A A T R R A g A A
Yy {55 B2 05 35 0 v AD 547 58 T 41 G S I (CRGs)

I i — 5 I RAE A BE AT I PR 38 31, T30 941 47 41
JETIR YT AD B AE R 25, O P R 253697 AD #2168

4 S %5 Tk
1 ##

1.1 BRI % #F20224F 6 H £ 20244F 10 A
] 7 22 Blrp B2 28 R 22 5 — WY I Bt i i ool 3 52
BIT R R E . RYE 9 A FIHE B AR o 6 2 5 3 i A
Jo) I Fp S B e BT T 48 A K OF B H AR fF B iR AT
RGN LR M AR R AR s R b R0 3
RV IR, RS AD 40 7E FE L TR
FLA AT Ll P Y A B A A B VR A A . T A WE A
XTRBZE T MG R E AR RO a2 B
MR 2 R0 — B E B B B2 2 AR R 5L e i W A
St (0 B A 2 5 2022AH-01 .
1.2 At OFFA 3 E E 7 AW 58 i F b
IR O HE R 2 23 (NTAAA-2024) i 5 1Y 5 9112 Wb
Y R T G R Ok b s YRR ) R R
2 Wi bR A (2021 45 i)' @ 4FE#E 55~85 % BT &
K AR S A 3R (MMSE) 2 R 341 - /I g Je D
BB B K T 20 .24 43 s DA MG F R R S
5 R A HEAT M SR AR 33 A8 N R T
1.3 HEBRAn e O™ &\ A 20 F Y RE T
QA BEBC A A A A B 4 1 220 B 24 3R 3
() F A by 25 780 o Jf K 7 R0 I it A5 s FUKS
PRI I S
1.4 R 5 Bgif A F-6(1L-6) . C I &K
F (CRP) i 2F Bt 2 B2 (Hey )il 7 & (b i Rk 38 e
Y& R A BR A E L, 55 4 4 S CB10373-Hu,
CB10116-Hu,CB11376-Hu) ; AB i 7] & (dt 5t A/
SERF R AT BRA |, 525 LA10421) ; 4 AL 9 1 1k
- 161 -



315 204
2025410 A

HEXBAFZRS

Chinese Journal of Experimental Traditional Medical Formulae

Vol. 31,No. 20
Oct. ,2025

fitt (SOD) il | & (P v & WA AW A A, ]85
SF1002) ; N [ (MDAl & (bt &k ERHE A
B2 ], 4845 BC0025) 5 55 B o O 7 1k 2R 4 i % =X
S I (Real-time PCR) i | & ( 35 [& Gene Copeia 24
AL 5 QPOS6T) ; RNA 2 B 71 & v 11 45 5% stk
F& MG RS AR A RA AL 855050
400-100, 500-101) ; # Ul 2xS6 Universal SYBR
qPCR Mix il & (17 DU AE BB A R A L 4
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(AUC ) PEAR 1970455 760 o ff P, AUC 8 K 156 BH F3i0)
Ak o
2.3 WARFEAR KL I  3Z K S ORGSR OR 4R Ik
il 5 mL, & F AR 2 20 AL 1000 rmin” 2 0> 5 min
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0.2 wL,cDNA 1 pL,RNase Free ddH,0 3.6 wL, 52
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EiEY] JFH1(5"-3") K& /bp
GAPDH  Lii# GAGAAGGCTGGGGCTCATTT 231
T iif AGTGATGGCATGGACTGTGG
DLD Fiif CAAGACAGTCTGCATTGAGAAAAA 367
T ii# AACTTCTGAACCCGTGGCTAT
PDHB i TGAAGAGGCGCTTTCACTG 391
T iif CCATTGGGCCCTCTGAAGAC
GLS i TTCAGTCCCGATTTGTGGGG 893
T AAGGAATGCCTTTGATCACCA
NFE2L2 _EJi# AGTCACTTGTTCCTGATATTCCC 372
Fiif GGTTGGGGTCTTCTGTGGAG
DBT i GCCTCCAGAAATTGGGCTCT 261

Fi# AGCGTGACATTGTAGCACCA
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P, DUSGTIE R 0 3 R AE AD 4 5 filt i 2 22 1] 2 75
25 RIE I AT AT

2.5 AD ' DECRGs i h 25 #iiill 1 COREMINE
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UL, 348 58 R A R

3.3 G IRFEA B UESS

3.3.1 VR MR A BRI HEBR bR 43 B
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Table 2 Comparison of baseline data between AD group and

health group

4 551 /1) g Sl /481 AR (Rts)
]l . BMI(xs)
& B mIMER BERR 1%
fdtEd 15 15 17 7 63.50+9.79 23.48+2.41
AD 4 17 13 18 8 67.13+7.48 23.17+3.42
Xt 0.268 0.069 0.089 1.614 -0.402
P 0.605 0.793  0.766  0.112 0.689

T AL ER S s AR  BMIIY P#4>0.05

3.3.2 ImIKHEbR SRR LB, AD 4 E 5
FI) JR A %0 BF Al % (MoCA) \MMSE Ui 3 [& (1% (P<
0.01), W3 3. Hcy.IL-6 .CRP AB #8435 /K i %
Ft+(P<0.01) ,MDA /K & 3 I 7+ (P<0.01) ; SOD /K
i T FE(P<0.01), W35 4. i i i5 ] Real-time
PCRHZA , X AD 41 Fil {5 21 i 41 Jil il A 45 o DLD |
GLS.PDHB . NFE2L2 & DBT mRNA #f ¥} 3 ik 7K F
AT T2 . BFIE SR B s, AD 41 H NFE2L2 Al
DBT mRNA A X} 2 35 /K - 2 3 F T # (P<0.05,
P<0.01), 1 DLD .GLS .PDHB mRNA # X} % ik 7K 3
] i 2 REAK (P<0.01) . WLFES.

®3 ADASEKEEAEE MoCA MMSE L% (¥+s,n=30)
Table 3 Comparison of MoCA and MMSE between AD group

and health group patients (x+s,n=30) Vi
2851 MoCA MMSE
fdt FE 4l 22.2+2.83 25.57+2.58
AD % 12.2+2.59” 13.442.76%

T SR iV P<0.05,YP<0.01(F 4. % 5[F)

Table 4 Comparison of peripheral blood indices between AD group and health group (x+s,n=30)

21 5 AB/ng-L"! IL-6/ng-L"' CRP/ng-L"! Hey/pmol- L™ MDA/pmol- L™ SOD/U-L"
[iaigs 3| 7.25+2.06 4.67+3.07 1.3240.55 20.97+4.62 2.64+0.52 156.50+9.76
AD 4 17.85+3.04% 14.35+3.01% 8.91+1.90% 23.71+5.38% 3.06+0.61% 92.39+10.10”

333 HOFEFEUES N A AT 5 E & A% L 3
IR 75 56 E 54 42 GSE33000 114 38 ik K 51| 4 42 3%

KK EE AR — 8, 558 WORTE AD BEAR
NFE2L2 5 DBT % ik |- 1% ,DLD.PDHB.GLS % ik
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Table 5 Comparison of relative mRNA expression levels of core 10 *
genes in peripheral blood between AD group and health group § .

(x+s5,n=30) B 8 . 3

Eil
4150 PDHB DLD GLS DBT NFE2L2 : !

6 .o °

fdERE4L 1.00£0.10  1.00£0.05 1.00+0.16 1.00+0.06 1.00+0.28

2) 2) 2) 2) 1

AD# 0.49+0.05°’ 0.85+0.06°’ 0.54+0.18%’ 1.35+0.16°’ 1.60+0.40 NFE2L2  DLD PDHB GLS DBT

Y P<0.01

A K5 I PR 5 E 2 R — B R AR R B — N

ET AR, WKL, Fig.1 External validation analysis box plot

334 rhZ i g5 R K ¢ DECRGs (DLD, B T 25 5 A B 250 i E 4 4T

GLS.PDHB .NFE2L2 fil DBT) 5 A COREMINE %k AT R R 25 AR LLE T JE S L T

I, B 2 2 R R R A S K IS DI 8 pmkoh £, FEMF B E ES K2, E
Z AR ABEEF 161 T 2, USG5 YRR B kY SRR L AR AR 3L WK 6.

Kz
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B2 shAREREE
Fig. 2 Nature,flavor and meridian tropism of traditional Chinese medicine
6 MUK GEI HIATS Bk = AD %% iF J& N 1 s EAG 00 A 807 ¥ A
Table 6 Statistics of categories of efficacy of traditional Chinese %T]?,L‘\%X]Lﬂ:AD Eﬁ@ﬁﬂlé\ﬂiﬁﬁiﬁg 19-20] *ﬁi—fﬁ
medicines
— e TREER R L R
No.  IWMCEH  BEUK | No.  UIMCEH BUEUK . . .
— - K15 T AD , I 4 R A1 A 1A 56 FY A 0 4 PR
1 FRZ 15 14 #MHZY 6 " o " s ;
R 8 55 1 5 AD B ORI 2L R 5T %]
- O . 5 B AR BB 65 5 00 AD 9 5 LR 2L BRI A B
4 fLEIETRZ 1 17 WG K 25 5 5 £ 4 GEO E W B IR MALER 2% 2] K wg , 9128
s R A2 9 | 18 ¥ 5 U AD i HE T A G (905 18 AR W B 5 L 98 AT IR
6 MR 8 19 FRbZ 2y 4 A E R DU 4 B AT S0, T 07 28 AD i A6 T A AR
7 B 8 20 HMaksEZy 3 KB AE T2 Ok BE 2594 9T AD 4R 112 W FIG
8 #hMEAZjZY 7 21 b2y 3 7 B 1
’ {iﬁfz i “imﬁm : WA A GEO B 4 U B 4 AT
10 75 P 24 7 23 R P2 2
o o 124> AD HISE T SE 3R B L MR BT 4R 40 BT L K %
11 REZ 6 24 A 2 - Tt by 5 -
b e o |2 wmpms 1 SR STk det PEICES SRy £
R S 1 D4R R AR IR BBE 1R AL . 7 FHL 25 2% T AR o
JE T 55 AD RO 4 B8 T DA OG0 A W b Ak
4 itig (DLD.GLS.PDHB.NFE2L2 #1 DBT) . Real-time

AD R & SR ML v AR B A e B A 2k, B PCRr#T B~ , S5 FEAH L # , AD £ 3% ) DLD,
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GLS.PDHB mRNA /K ¥4 fir B X , i NFE2L2 #il
DBT (4 2% 3k W A BIr 5 0, 3X 5 A2 W 15 J8. 2 40 BT 1 45
RRBAME . 454 ROC LMt — 2 50 0F 17X
SANFRE W TEL W AD 5 T Y B 35 ARE

PDHB J& N il % 52 & W) (%) 55 22 2 WL 45, A7 7
TR A T LAY 5 A0 R R AR R AR A
b w5 BR A T EE Ak A R bRk BN M RT A 32 4 AE
7= BXIE S T PDHB 78 #1175 5 (14 40 il 58 1~ vh & 4%
HHEREWIHEIEM. L4, PDHB KL S — R
52 2% 38 I M A6 AD AR N 1 2 B pl 2R AT M R
R O Z L R AD U2 W SR T
TRAEAE R H0 5 2 — o DLD J&— M i BE A 5T (10 £ 1)
Al LR A 7, T2 AR R A b B R 1 S AR I
W, A A T B G NADH . 33X — 5ok 78 %6 T 20 M 1
A 5 ARG R Ty BE R T DG FE B, DT PR B AN i RE A%
YEF5 FLOE R I A AR AT RRAR S Y . A TR
i DLD (0725 5 5 1 & ) AD AH 56 GE 52 T g AL i
FE AD [ ZAMEPY . LA DLD R R 2 TP i 1
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