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Immune infiltration analysis of cuproptosis—related genes in osteoporosis

and prediction of potential Chinese medicines
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Guangxi University of Chinese Medicine, Nanning, Guangxi 530011, China

(Abstract] Objective To analyze the role of cuproptosis—related genes in immune infiltration of osteoporosis (OP), so as to
explore the immune cells, immune function, biomarkers, and potential therapeutic Chinese medicines related to OP. Methods The
OP datasets were retrieved and downloaded from the GEO database, and they were standardized and merged after eliminating batch
effects. After extracting the relevant cuproptosis—related genes from the datasets, the immune infiltration analysis was carried out
and the risk model was constructed to perform enrichment analysis on the cuproptosis-related genes and to predict Chinese
medicines with potential therapeutic effects. Results (1) Eighteen cuproptosis—related genes were screened from the merged datasets
of GSE13850, GSE56116, GSES56815, and GSE230665; (2) dendritic cells, B cells, CD8'T cells, and other cells accounted for a

relatively high proportion in cell infiltration, and immune cell functions mainly manifested as antigen presentation co—suppression,
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type | interferon response, type Il interferon response, and others; (3) compared with the healthy control group, macrophages and
immature dendritic cells were highly expressed in the OP group, while follicular helper T cells were significantly expressed in the
healthy control group; (4) thirteen cuproptosis—related genes including SLC31A1 were associated with OP immune infiltration, among
which SLC3IA1 was the most likely risk factor for OP; (5) the progress of OP involved biological processes such as acetyl-CoA
biosynthesis and metabolism, which were related to fatty acid metabolism, tricarboxylic acid cycle, and other pathways; (6) a total of
ten important Chinese medicines, including fish bladder glue, were screened out. Most of them are warm and neutral in property,
sweet in flavour, and access the kidney and spleen meridians. And their effects are mostly supplementing qi, strengthening the
spleen, tonifying the kidney, circulating blood, moving qi, and alleviating pain. Conclusion Cuproptosis-related genes may be
involved in the progression of OP by intervening with immune cells and functions. Those such as SLC31A 1 may help elucidate the

pathogenesis of OP and become potential biological markers and therapeutic targets. Moreover, Chinese medicines such as fish

bladder glue may be the source of potential molecular drugs for OP prevention and treatment.

(Keywords) cuproptosis; osteoporosis; immune infiltration; single—sample gene set enrichment analysis; Chinese medicines

prediction

‘B B AAMAE (osteoporosis, OP)ER—Fhg B
PR, o B AR 3 v RN R S R Y
REAIG, OB RSN T BT R A XU, B BT T
FERANTEIRE | N T L OB INEE, OP Y W R
BAETHEY, BT E G EESL R R R
I BUE BB R R AR OP HZ MY BR R R,
Bt X B B ERABIFSE  BIFFEE R B, B A AN T
21 0 S5 G 5 240 L 4 A i B T e A R A
H, 32 T 4085 () I RBE R —au (tumor necro-
sis factor—a, TNF—o) 8% UEBH AT DL 38 As - 41 At i%
PR 5 B 2L £ AR 1 448 P 53 A PR T I e
YA B, TN B 52K A A R B, B
AH IR NSRBI TT R BT R TR
ST E B B R R BN B R R S0k
M RA —E RO, Rt Sl X OP i fuyiiz
TEHLHIB ST, AT LA I 30 1 Y i 4 B A0 e 5 2
e, JT -0y v 0 L HEAT I BR ], X697 oP
HAEEEL,

HlAE L At B R RO AT B T R AR
ki 1) % B R 2 5 kiR =R R TG BR (tricar-
boxylic acid cycle, TCA)%F 2 #liR1E . FREA
BB 15 TCA I RRBEL L 45 &, AT 33
AL 1Y S SRR Nk - A U 2%, AT 5 |
KA AT IV, e A AR T, (RIS A
Z 50 RGN ZFhIRE , A5 Y Se K P e s 4
LT, SE i ZH L G e A ) o A A, BT,
2RI, A AT I PR fe i A i A L 4 Y
Pk BA — 5 m b G IE W s 2H 2 5 s B g
20 AU R iR N B S B R I, B AT SR TR Y e R
PR T 405 B 4 S5 H 2 = R A1 5y — 10

SET- S 72 B i e s i LT st A 21
ERREERT, FIAOTF U AL T AT RE S e R
GE R A IR S b A AR DIAHSE . FEAT, AT
S OP IHLHIAT T B A S8  HAS ST 2
DRI S 92 200 i #9522 W LA % i g2 200 1 A B ) 52
Wi , P AT R R A6 TR DA ] BE T 1o S 5 20 DA T
X R AP AR, TR T AR T AR iR
T VR RIRLE] A Bh THas 4 st T S e 1 2
IR E SRR O OP AT SR AUR i /B . Pt A
WS B e A S B2  IRABT S T2
15 OP S i i vh A

ASBIFFEE AL X OP 4 JE T~ JE PR A 1 | 4 i ik
HH A ERAE T JE N 5 S e 20 M S DI RE =22 8] AT AH 5 43
M, [, A SE T 5 S e b i 2 TRl B AR DG
I A1 3 ek g S XL T AT i 0 O SRR A 5
X AT G2 70 A A e 2 T e A AT B BT T
(TR AE D REAN -5 HAH EAR I S BEiR I M 2%, 73
PFrh 253697 OP ML YIRS W) 5 25 A, o s
Y7 OP R ALK

1 AREHE

1.1 HEXRGERYEEER

AU T 8 SR R B T 1 R A R
T, GEO %4 2 (https://www.ncbi.nlm.nih.gov/geo/ ) ;
Perl 1575 5.38.0; R i85 4.3.1; 4 FHMESHEZE (https:
/lwww.gsea—msigdb.org/gsea/msigdb/) ;miRBase £ 2
(https//www.mirbase.org/) ;miRDB (4} /& (http://mirdb.
org/) ;miRWalk {45 J% (http://mirwalk.umm.uni-hei-
delbergde/) ;TargetScan ZHE % (https://www.targetscan.
org/vert_80/) ;spongeScan FLHE £ (http://spongescan.rc.



1102 1 v BE 25 K2R 243 htp://hnzyydxxb. hnuem.edu.cn

2024 4F5R 44 3

ufl.edu) ; Coremine Medical Z(#& % (https://www.corem-
ine.com/) ; Cytoscape #f4 3.10.1,
1.2 OP [REEHHE K IRTE T2 EIRE

A “Osteoporosis” “Gene expression” A K Flt 1]
LA “Expre—ssion profiling by array” “Homo sapiens”
“Series” AR E AR, N GEO BHE JFE T 2k OP £ [H
FEARRE R ST S5 30 Tl R R a5 Rt
— i, R A 4 DRI 18 GSE13850
GSE56116,GSE56815 il GSE230665, 437 82 0P
B (OP JBE) S 66 BilfdFEE (fRRExTIEAL) KL
i 44 M B GPL570 ¥ & \GPLA4133 -4 .GPL570
T3 \GPL10332 “F- 534 il

R g N A SCERAH DG I, e =R v [
H W B 24 SRR EE 2, Embase . PubMed 45, DL “4f5E
T2 R SOk R 0], L “Cuproptosis” A 9 SCK: 2R 0]
(] 3 R AN ABIFSR B 27 SCHR , R R I BR 1 o el P
2023410 H 30 H,
1.3 #iEsE

FIIH] Perl 155 0T #0004 4808 S 34T bR i
FRAb 3, FeA5 55 B K 44 19 OP A M SCiF, FIH R
1 “limma” £, (AR 3.2) FI“SVA™ 4, (WA 3.8) X
FER B HATARAEAL AL 3], 5% 6 0T J5 AR
HATHEALIE . AR AS AR T ORE E B A R
1EJ5 89 FE 4343 HT (principal  components  analysis,
PCA) &, [m] it 5 0T F B BE DR SRR B, X & F
S 1 ) DR A T A T R PR o | e A SR AR R A
TRERI IR R
14 REHAMIINENRINEEW

TES7 FHREECE 22 A 48 2R S B8 1A] “Tmmunity”
B OCEE S “gmt” i R 15 F HAY“GSVA”
A AT 4 D EHR R HEA T A AL A, 1
PAREARFER L EEE 0T (single—sample gene set en
richment analysis, ssGSEA ) X} & 3 Ji5 %) 3 A 32 3K 40
FEEAT 08T B, B R 55 19 “ pheatmap ™ 12 1l
A
1.5 SEiRiErHEXES

AR AN [] B g2 A 1] 1) IR LA S AN ) B oy
REIA] 1Y 2CHK 32 1T R 35 5 H A “corrplo” £ 6 4 FE4
WEATHR ST, H R G ssGSEA 15 H &5 5, I
ARG G AN IR] LAz 2 DB A] AR DG4 2
1.6 HRERENERMESH

R EEAsE OP S8 35 4 R FRxss A ZH v i 4 i LA
R ARFENREM 22 57 KAEA 70 445 B 5 ssGSEA
FIRFEMFGI R HATRS . MR, 1B R G 1Y “gg-

pubr” 1 FEAT BEFIAG K, I DLAE £k 18 A2 R 25
R, U7 e 1 75 P 2H 22 (8] 77 f 25 22 5 1) e B 2
MR E TN RE
17 SARTEESRERERZRINERNTEXME
i

147 RAHAY ssGSEA TR R 5 0 1 Hi A 4
FET BRI TE G e T R 1S T 1Y “psych " BdE
LS P AT A A, A R 1 F Y “ggeor-
rplot” G X AH ¢ REGHAT AT AL AL R 2 ) RH 1 A
W B, s 55 e 12 45 SRR iR DA )
FETHEN
1.8 FWRE R HIE SI6E

iz AR T G PR e 10 e v 1)t R X L2
FEACHT OP J B LAEA Y 4> BRI EE Logistic 7]
U XURSABE AR A5 R G IXUBE P43, XU P43 a7
AU E e W= R R VR G v ) Y o (1R R RE A '
FRFARRUES . PRI R 155 19 “rms™ A0, #4 E XURS: T30
W I e 2 M2 08 TAEIRZL (receiver
operating characteristic, ROC) #1750 IE , PEAL LAY 1)
HERITE
1.9 GO 5 KEGG B&ES T

iz R 155 19 “clusterProfiler” B % i 18 3R 15 14
] B T O B R PR 9 3k R AT B TR A AL (gene
ontology, GO) 5 HT#REEA 5L ZH I (Kyoto en-
cyclopedia of genes and genomes, KEGG)& & 43#7 ,
W ARAF I ZE R A R 5 5 1 “ggplo” (17 1]
AL
110 EFEP 2R iF E T

TE Coremine Medical B 8 Hp 121628 Ik
AT GO & AR 3 A v 5 S S IR W AR SC Y AR Wit 72
FLAE ST A A6 S A B BRI A
B E R T R e T R T A
ok YIRS A1 F 4l i/ ZE -1 (interleukin-1, IL-
1) 1Y P2 A 45 | i % “Traditional Chinese Medicine” 5
P pgfF 2, LA Horh BAT IR P AR R P 2y
B R R FIR B ge 10 B, LA P<0.01 Ak 5%
1, G e XS 2% U AR BAT LR W) 00 I 10 BR
25 WIS R RS MG TS T
2 HR
2.1 ARTEEKRRER

e T S A SR STHR (4 Ft) LR AR SR e, 3
AT 19 A GHIBET AR LR, T3S NFE2L2 NL
RP3 ATP7B ATP7A .DLAT .PDHA1 .PDHB MTFI .



2024 45 44 5

1 v BE 25 K2R 243 htp://hnzyydxxb. hnuem.edu.cn 1103

SLC3IA1 FDX1 (LIAS .LIPTI LIPT2 DLD  GLS .
CDKN2A .DBT .GCSH .DLST,
2.2 PCA &y#rfnsRsE =B ERE

XF 4 DNEHE AR B R kK TR (e b 3
J& , 2 BRER AR R A HE RO I T B 9T th A T
JEPBARSE . FARYEZS 2 il R IE R AR AR
IEJ ) PCA EI(El 1A), TEHEUAIERTIY PCA K,
AR Z A EE W] R o B G, AR AR IE
Ja IR Z AR A HE e RO E RS IH R 1
PR, FEHRIBOZFE R B B sE TR 2453
18 BT JE R 20 A F k% (T 1B)

A Before batch correction
100 Type

N | Gse138s0
Q s | GSE230665
0 GSE56116

- GSE56815

-100 ‘i
0 100 200
PC1

1

23 REAREGREINRERNREER

AT IS K2 29 Fh G e 240 i A s D RE Y 26
Y, B 93 20 40 45 15 AL AR 22 1R 41 B (activated den-
dritic cells, aDCs) B 41l .CD8*T 40l 55 ; S e DI fe
WSS I A | [ BTz B | 1T AT
FIRONEE, i ssGSEA SILTTHAA I 5 M EdE 4
A A B S D RETE A M REA T Y R KK
TR 2,
2.4 SeRdARE) | SR ThRE B AUHE X1t

ARWFFE L7 OP Hh G 20 i 1] i) AH S
B, e iR EL A (tumor infiltrating lymphocytes,

B After batch correction
20 J |
EA Type
4, / » | GSE13850
o I 1. 1
o 0 S A » | GSE230665
o ST GSE56116
7 GSES6815
-20 1=
=20 0 20
PC1
PCA B

T A USRI B AR IR TS

LIRUUON R RTE LRI
LIl JInd

Type

aDCs L Type
B_cells ing
08 imf

CD8+_T_cells
DCs

0.6
iDCs
Macrophages
T 04
I Mast_calls
Neutrophils
0.2
‘ |” I NK_cells
pDCs o

T_helper_cells

Tth

Th1_cells

Th2 cells

“FIE:

Treg
APC_co_inhibition
APC_co_stimulation
CCR

Check-point
Cytolytic_activity

HLA
Inflammation-promoting
MHC_class_|
Parainflammation
T_cell_co-inhibition
T cell co-slimulalion
Type_l_IFN_Reponse
Type_lI_IFN_Reponse

B2 SEMafGRIEEERERPHREKE
T2 AR P AR AR S A 2L AR BE I RE s B P AYLL EACRIE A G SR B AR A

5, B IRASANCB



1104

1 v BE 25 K2R 243 htp://hnzyydxxb. hnuem.edu.cn

2024 4F5R 44 3

TIL) 555 Bh M T bk EL 200 3 52 58 0F AH 56 (r=0.77) |
TIL 5 CD8*T 4 25 iFAH X (7=0.67) . il i 537
OP G ZE DI REA] A AH S K 3, A5 A 1 1 5 2
PEJAE T BN SR E ARG (7=0.78) | T 4 i ALl 5
B RE A A A i SR IE AR DG (r,=0.76) . TEULEL 3,
2.5 ERMEEMMEMERZINGE

X OP fE 35 41 -5 (B Xk BE 41 14 7201 [R] G 3 400 i
2255307, P<0.05 WK =S HA B EM:, 4585
TR, A SR AN | ELI A E OP JRF A
FRIE(P<0.01), T IEAFHBI T 4 M 7e gt Feoxs B2
H R KRR (P<0.01) , X OP fE 5 21 55 {3 o) HE 2]

A
2 P a
L
8% 3 4088 £8¢§ 553
g B 8228320 FEERE
abCs 0 008 048 016 0 =-0.04 ~0.12 0.02 0.08 007 0.3 0.16 018 013 0
B_cells o 015 008 -008 -02 028 -003 019 026 -0.1 022 025 018 044 o 08

CD8+_T_cells 005 0.5

G o < oo oo o o oo [l =

DCs 018 008 028 014 -0.08 007 013 -0.07 0.16 037 027 031 028 037 o

IDCs 016 -0.08 0.06 044 0.06 013 ~0.08 ~0.01 ~0.08 ~0.07 ~0.26 ~0.04 ~0.02 -0.11 024 | |

Macrophages 0 -0.2 -0.07 -0.08 0.06 0 033 -0.11 -002 0.27 -0.19 ~0.15 ~0.45 ~0.11 0.04
Mast_cells -0.04 0.28 0.06 0.07 -0.13 0 ~0.04 0.09 029 008 009 021 -001 025 -0 nE
Neutrophils ~0.12 -0.03 008 013 -0.05 033 -004 007 043 03 005 003 -0.41 016 -0.42
NK_cells 0.02 049 0A3 -0.07 -0.01 -0.11 008 0.07 016 -014 -0.04 04 u‘r.nu
POCS 009 026 021 0146 -0.09 -0.0z 028 013 046 043 032 02 002 038 -0.19 02
T_helper_cells 007 -01 013 837 -007 027 008 03 -0.14 013 008 o -003 021 -012
Th 013 022 0.06 027 -0.26 -0.1% 009 005 -0.04 032 0.09 011 018 026 037 o
Thi_cells 0.46 |x.u| -004 -0.15 021 003 04 02 0 041
Th2_cells 048 048 023 028 -0.02 -0.45 -0.01 0.1 027 0.02 -003 0.46 036

TL 043 m.w -0.11 -0.11 025 ma.ua 021 026

Teg © 0 007 0 026 084 ~04 042 015 -0.48 -0.42 047 025 04 008

PEAT 2 [B] s D) RE 22 543 B, P<0.05 NLE 2 5 H
AliEM, SREN T2k A8URREE S
& 1 7€ OP [ b i 3K (P<0.01) , TEULIE 4,
26 SEEXTERSREZIENEXE

X OP HiFET-AH KL R 5 G e iR i 45 A i 4740
KMo pr, WE 5, 5 REoN, 2T 5 W
SLC3IA1 PDHB PDHA 1 NFE2L2 % 5 A% 4
Ji K D e 2 A7 AE B B A e . B BRI RAE
AR A S L DR, T I 852 g JRUJSS: Fo i A5 28
KEGG fil GO & HEm 155,
2.7 WERERHE

AR S g XL T 4SS 280 v R o A A T 3 R

g
£ @
B § & ¢
3 c S
§ = £ . B 5 § 8
B s B - & § 3 = & =
= z & S 3 5
£ g 2 I - 38 8 £ = &
£ 3 £ B 5 ¢ £ T 7T 2 =
| | 2 ! T o 5 g9 g & &
9 g = 2 T 5 & 8 8 o
5.5 x = E o €& F F 0%
o o ©x 9 S & 8 8 8 g =
& & O £ 3 & z
2 & 05 61 B 3 & Y < F F .
APC_ca_inhibition 008 026 007 -027 -0.01 -042 002 033 -0.04 -023 008 -02
APC_co_stimulation -0.08 043 048 028 -002 003 02 043 043 015 4
CCR o026 029 042 02 005 06

§
:

e

B

& 8
=

Check-point 0.07

Mi.u‘! 044

021 -0.08

Cytolytic_activity -0.27 013 045 o.f

B3 feRrfmAfiE), S T AE EHIHE K
T A G BEA L PR RG] s B A DI RE A AR S A BAAT 5 £ (0 IEATIDG |8 € ARG, B (0 M TR P U A S At o

ns ns pns ons

0.75

Score

02
HLA -001 018 031 037 o0 012 015 021 032 014 001
Inflammation-promoting -0.42 0.28 .ﬁ& . 023 044 0
MHC class_| 0.02 -0.02 045 047 042 037 021 027 038 -007 -
Parainflammation ' 033 0.03 044 009 -006 045 013 -0.08 —nm. 0.02
-04
T_cell_co=inhibiion -0.04 02 029 043 =0.¢ 041 0.07
T_cell_co-stimulation -0.23 043 042 02 012 08
Type | IFN_Reponse 0.08 013 02 013 045 014 023 08
Type_Il_IFN_Reponse -02 015 -0.05 003 005 001 014 -007 002 007 012 022
-
Group E3 Normal EJ OP
ns ns ns ns " ns ns ns ns ns
’
. $
.
.
.
[]

0.25
.
. :
0.00
e I e 4 S & F & 3 o & & &
FI 5 F eI
& & ¢ L& s FHIE
3 & ¥ &S
0& & @ d‘)’ (5}\, N7 \>/
§'§ kS WS ,@a
<

B4 ERMUSMBELE
T A G 22 S VE BT AL 5 B SRR DI REDE PR AMITARZR IR, <+ 3 P<0.05, 5 {3k P<0.001, “ns"REZF TG H X



2024 45 44 5

1 v BE 25 K2R 243 htp://hnzyydxxb. hnuem.edu.cn

1105

SLC3IA 1 A " REZ 52 OP XS K1, ROC Hif
LI UL AUC BN 0.72, KT 0.6, 1t B 5 455 A4
BB 2 1 BT 3 v PR, LA o B A 12 sl e

FEIERTER B , HE5 AR I AU 5 B, DL P
BULE TSI ER 7 T R B VAR m AR F R, TR
K6,

SLC31A1 -0.34 0.32
PDHB -0.32 =037 -0.33
PDHA1 038 041 0.38
NLRP3
NFE2L2 -0.39 035
MTF1
LIPT1 038 038 ol
LIAS . 10
GLS 031 034 033 043 v
GCSH -0.35 -0.35 0.0
FDX1 -033 . -0.5
DLST -1.0
DLD -0.38 041034 -0.32
DLAT 035 082 By -032033039043.033
DBT 03 037 -032 043 038
CDKN2A 0.35 0.32
ATP7B 0.32
ATP7A
b
rpoz\-\\oiq;\\é‘(]é\%oo@o@\:oe \‘&\006‘2\,?90‘9&? ,bqe?d’l\\i,z;r? ;§ 02%6’0'\\02001\'\\0(:'90‘\&\\% «@o‘z}\%o&\% «\\,"‘qpo‘g’ ‘éj
R A FN S S
F& 5 Fee? Q@i\o‘? ' gy ;@& S Sy P
57 PSR TS & ¢ A A
P () 3 & @ S, P AL LK
R 07 9 @ Q? @ NSNS
re A, F QWQE’/
v o X7 AR
&
= LY N= =
Es5 fRCEESEERERXESTRE
» N TR N N
E R EARIEARE S EARFAL,
A
0 10 20 30 40 50 80 70 80 90 100
Points L L L 5 A A ) h A L s
High
ATP7B r d
Low High
CDKN2A r L
Low High
DBT —
Low Low
DLAT T
High | ow
DLD —
High High
FDX1
Low High
GCSH !
Low Low
GLS —
High  wigh
LIPT1
Low High
NFE2L2 -—m  —
Low Low
PDHA1 —
High High
PDHB r
Low Low
SLC31A1 T
High
Total Points r T T T T T T T T 1
0 50 100 150 200 250 300 350 400 450
Risk of OP r T T T T T r T '
0.1 02 03 04 05 06 07 0.8 0.9
AUC=0.72
B C
o | @ T TR T T T T T
o |
B
@
Q —_-
5 ~ |
£ o
&
Ty E .
¢ x 3
g
2 i
£ 31 g -
=
E ot} Apparent
< ° —— Bias-corrected
o] - Ideal
a
o
3 o |
T T T T T T s T T T T T T T T
00 0.2 04 0.8 08 10 0.2 03 04 05 08 0.7 08 09
Faise positive rate Nomogram~predicted probability of pAF
6 OP HFIERI 4 RE

T : A SR IR B SIZL IR ROC HZk ; C.ON R KRB B il 2k



1106

e H R 25K hitp://hnzyydxxb.hnuem.edu.cn

2024 4F5R 44 3

2.8 GO 5EKEGGC EEHT

S 13 SR T GO Fl KEGG & 5407,
GO B M as TR I | SCHE L R = 2w A TE LTk

P4 IR T i
KA (L 7)o T4 R s  7e i f Ay 7
BRI T A AR T A T A

il A LA RS A R A B

W T AR A A T R A e H
AT RSN IL-1 f47 A S5 A Wi A v s 72 AL oy
b, TR LR SE I AL SR A S PR AT TCA

B AR IR D A, EEA SR AR IS YE . SIS (K 8),

%
8
%% ‘
%sﬁ'& A ;
lbé)n h
“ap °
Joog o
200, e

3
I

Number of Genes
B Number of Select
A Rich Factor(0-1)

e

A0
~ 20
200
400
S _—
o
100
200
300
A
4|
= %
N
05

'0"/

7 GO EEDHTER(HT 6 1)
ORI, ORI , E R T Ik,

Lipoic acid metabolism -

2-Oxocarboxylic acid metabolism -

Citrate cycle (TCA cycle)+

Carbon metabolism -

Pyruvate metabolism -

Glycolysis / Gluconeogenesis -

Central carbon metabolism in cancer -
Platinum drug resistance -

Glyoxylate and dicarboxylate metabolism -
Propanoate metabolism -

Glycine, serine and threonine metabolism -
Valine, leucine and isoleucine degradation 5
Mineral absorption -

Glucagon signaling pathway -

HIF-1 signaling pathway -

B8

PRI MR SE A R BTG 1R

1k AT RS A IL-1 A7 A 5 50 012 56 R %
Yl, KEGG & rah
TERG TR Gl \ TCA 22—

KW, OP Ay SCHEREIN 15
AR R A AT R R A

ONTOLOGY
H Biological Process
Cellular Compenent
B Molecular Function

~log10(Pvalue)

0.2]
(241
(4,61

© (6.8]

® (810]

® (10,15]

® (15,20]

® >=20

p.adjust

0.01

0.02

o
N

4
Count

KEGGC BEENER

(=2}

T AR THUR] , B A b A RN S R B £ 0 M A, S A ARG



2024 45 44 5

e H R 25K hitp://hnzyydxxb.hnuem.edu.cn

1107

29 HHATNER
i Coremine Medical £0#E 78 , LA P<0.01 1EH
ﬁﬁi‘/ﬂﬁ,%ﬁ%’éﬁ*ﬂﬁéﬁ@"ﬂ*ﬁ?@ﬂ@ﬁi%ﬁﬁ
frep gy a5 5] 156 Fhrb 2, A T LT H R
Fﬂi(ﬂ' gE IR WL T Cytoscape 3R0F, Q22T H1
TERIZEIE] 226 P HERS I 10 A2 24 8 f R

AR (& 9) R ENTEIRT OP A 225y, U
TR AL S B IR RN YR R
L IRZ R, A2 B RE P M, M
AN AR ANE L AT AURIESE (18] 10)

3 it

i S EE A RE S H \,\ﬁﬂl OP hj—Fh 4 G PEACIHMEBR , 2R T
Tieiiie %bllﬂ EEF'HX 7&% T KA A IJJ%?@ “ﬁ'iﬁﬁ.{ 44k ¥N$E. o)
Wi T ‘H"F’*‘ UE—F %*ﬂ Tf?llgﬁ L Eﬂ‘ ) A%ﬁ H Lﬁ R FRE-f ﬁﬁl% { %'Fiﬂ
_ T
R E% EUE ﬂEIE; ’%ﬁ*ﬁ WI? )\?ﬁﬁi ﬂCJIIl@# EME 7R A@? ﬁl?:xz
1 i) 2 /
e 1 4 ii @ﬁu‘f ) THT { Tﬁ? . s ﬁ? EE‘EEE? / ':‘ii?m 7 _’Llﬂ‘f' Eﬁéﬂ% ¢ %\‘lﬂ
iy (i1} i s Y e o7 r i sl v
FEk [EFN %%{fﬁﬁﬁ ﬁ?ﬁ / ?EETJ"& ?E?Eﬁ ; B ﬁ’ﬁ 7 e i"ﬁ’ﬁ ﬁ‘ﬂ_ﬁé i&'
= ) =7 e el e e g .
ilﬂ BT / m& / ﬁﬂ# /] ?Jj ftlH' tﬂﬂ/ ::rlﬁﬁl' y %1@ 7 e f‘ fF'&E A H%W" %?E?ﬁél%j
1 f U =i s s —
ma% L @#r%t F*Ii% 4 ﬁ"l PE %ﬁiﬁ i Mz:é: 1 #D%&f e Hk Tt
e . \ s s ;
szﬂU{. ﬁcuu fjp Eﬁﬁ J tt'f'i’ )/( Eﬂ ; Ei‘@ﬁ' / ﬁlﬁlﬂx y ?ﬁﬁ /ﬁ)PE-EIT'i |’$-TH{. E4ﬁ: ¥ ﬁi
b e = el e o R v s v = 1 5. o9 S8
Eﬁ% ﬂ%’.}.ﬁ / ﬁm% # &uﬁ‘ E? 4 ﬁl—’l: f et ; :%i‘?ﬂé!t | 32”Jr / ﬁ?ﬁ? )\ﬁ?b’ as
e i / ol e v s N e 5
Tff’ﬂ ﬁmﬂi**ﬁ#ﬂ
B9 HZGHmin ML E
W R RY, T ORFIER R, SR F LY,
A A B c - D
3.: 8’8‘ N7 Z # .
Z'i & = . [ 5
e 15 Ea 4 3 4
< 3 %k 3 [ i <
05 0 K 0 © g ’
2
1 |
o i .
e #= i FR b RR
¥ o bk " E E
e
7 i

B 10 FHHESHHER

L A S

P B IR Ik

; CIHEGIT R IAE D IARR A



1108 1 v BE 25 K2R 243 htp://hnzyydxxb. hnuem.edu.cn

2024 4F5R 44 3

BRI FEARS, BMAR SRIERGZIN
FETE S OIS 4 i e 8 5 B b i i
HEME, QB 4S5 B WO IE IR T
290 P D) 3 3 R SR 1 AN £ 5 A% Sk £k
B HE SEAS, b 5 G RGEAH DGR R R ]
RETE OP B 331 B FRAS L Py e DGR AR 200, PRt , IR
SIS OP BB AR SCHY 4 F-HL X Ry AR &

ARG 1L 53 BT G2 A A TR) N e 5 DT e TR A
KRB, OP 5 g R G Z A 70 B3 Ok, FRA]
KB TIL S5 EhYE T 40M TIL 5 CD8T 41l Z [A]
FEAESRIEARDCHE , RUIEATLE OP Hr (i Hp [ 4F HI W]
REA B TAERF A B ARSIk . FHIDYE T 403 vT i i
PET TIL A OsE SO, R AR B s g R R i
CD8*T 2 M I E 35 B2 45 40 Ly T R A OGS E N,
X T8 D RE A AH S A K R, A0 RV e i 1
SRAENEHETE Bl 2 [0 A7 AR 1E A G , R R4
PRy N AhIeg it o ST o 2 S P i) P21 N 3
PEACR A R GENE R 578 A LA v 07, T 0 i
TSRS 1 R0 R RIEMIDIRE . XA EAH
KRR, 20 60 5 7 0 9 o i 1T BB A7 AE AH B
HEVEFAWI, 5381, T 20 805 i A0 A A a4
SESRIEARDCYE W] T 20 M 0005 A Sa i 4 15 =2 [f]
FETESNAS A, T AR T 40 HAE B pME
AR , T SR RE A M A A A AR R e R g iy —
Tt PR AL 3 R0 AE SEPEXT T 4R 5 S i - A Fi
B A 2 S FE

i3 A3 B e AR R AN SR B D e Y 25 S vk R PR
HoPE RGeS TG IR T BB R 8L OP AR K
(EE A, 75 OP B35 v AW SR | E W20 T |
B T2k HEAREE Gk [ Rk R,
SRR S R 200 B AT DA 2o S 3B T B RN TR T 4 e
177 25 | R P N, SR TTTE OP SR BRI OL T, R 58
RGN AT BE S 1SS T 40,5 & T 40 7= R
PR, S TS 350 B o W AT im0, 5 e A LA AR A 5%
TR, SN IRFEHE T IL-1 &5 AEA T,
AR 20 BB 200 %) ) T R B IR el AR 45 5
W, B FZ R MAL AR Gk 1 &R
ik, B OP fB 8 S RGUAL T BEVE BRORA , 7f
[HERn i G211V Ui NG = 2 A Sy aala e 1 2 S A
X BB 2 T (B A B LU 5 | i R A 2

PTG, R ECR B R R, FEARFE R U
WA T 40 A A0 o 35 383K S 1 HAE 45 1E
AR R B AR, UEIEA D T AiE S 56
AT HE RN 240 B S5 0 2, P UK L 2 2 rh ) s
REAE JRI45 Jm B g N 285 0 P A A A B T4 8 iy
B S A, B RS 23 A ok BE B SR s oA
T Y SR SO

St — LR FETAE OP Geysei= e J5 T (411
i, iz FRXBSARAIRE H 5 OP SlaiRiiaAHoey 134
HRFET R 4% SLC31A 1 PDHB PDHA 1 NFE2L2 |
LIPTI % , o SLC31A 1 T T g T2 OP MRS
R, BFFE & IR SLC3IA 1 F1 ATP7B Y si %%
B ER 1, A BT AR5 G2 40 I P9 %) e A, S 1
HPrE AL aE ; 78 OP 1 SLC31A 1 1 ATP7B
1) S8 B3R 2 T B AN IR P BRI AN J2 | BRI
PUAAALRE ST, B A T 2 5 52 B E AR B
52 6] B 92 240 L 0% AR ELAE T AAE 544 5. PDHB
PDHA 1 .DLD 1 DLA T 45 () £ 7 14 fid S il 78 T 28
Y Hh 2 5 R A A R SRR T I, SR T
() BE i AT RE , T S 40 M AE O IR N A g
R, I, 5 A AR R RN SRR T RE 23 %)
o P58 A R A 5 PR R B 7 A N S 0 20K T 5 00
AUHE-20, LIPTT 55 R 5 AR R0 248 i RS2 ok, 55 %2 A
O, A B R ZH RO T e s A Y Dl RE AN 5 1%
2 OCHEL S RN BTG e R R A M S 0 AR
A T S LA S AT 25 L 2R I A 2 4
X LSRG E SOV, CDKN2A 4t i 240 it J&1 3 4
il 25, X 40 A i 2 g A AR AE R PR AR AR SR,
CDKN2A Wit ik 2s 330 e 4 i i it vl | )
REFEAR, NITXT OP Ay B8 SNy 7 A s 24 b3k
FEPERA AT SR A UESE SR S Sl s T (H G
F NFE2L2 .GLS .GCSH FDX1 1 DBT V¥ 505 1=
£ OP "R IVERIIFSE i R WARGE . LR A AT 45 5%
JEI B A FET AR DG HE R A S e e A Y D AR
EFNBT AL RN, % OP Seig =iy e g ), ik — 20
PERESET- S OP AImbL 3 VIR G

H R 251 JC OP ik 44 , ARl FL I AR IR A 141
PR R, PR 8 T i s . BT, iR
K OP 43 4 B i MRS E | BE R IE | G P
TIE SR ISR AL EF o R S IR, A B 52 %4
FOT L PR HEATRR L % v 2 T e B 0 38 H i 254



2024 45 44 5

1RE H EE 2GR 2224R hitp://hnzyydxxb.hnuem.edu.cn 1109

P EZONIR, AR RO IR EZONE
T M, DA BN AN A AN AE XS B
TRALARXT R, I HLAT HR B2 2 PHA A = RLAN A
ARSI 3, Sl 5 RN Blhiz MR OP
14 F2 250 v I AT DA U e 26 PR 7 20 1 £ 2590
HA —2 mfEfit

FUR, AR WA AE B g & i h 25 R 5
UEARSE A G I TEAGE . ABFITis AR R
itk OP FRFET-REDA 0 rh 2y, KAy B e e 5
AT FE AR BRI LS LA

S Lk

[1] LI Z C, LI D D, CHEN R C, et al. Cell death regulation: A
new way for natural products to treat osteoporosis[]J]. Pharmaco-
logical Research, 2023, 187: 106635.

[2] FISCHER V, HAFFNER-LUNTZER M. Interaction between bone
and immune cells: Implications for postmenopausal osteoporosis|J].
Seminars in Cell & Developmental Biology, 2022, 123: 14-21.

[3] LI D, GAO Z, LI Q, et al. Cuproptosis—a potential target for
the treatment of osteoporosis[J]. Frontiers in Endocrinology, 2023,
5(14): 1135181.

[4] TSVETKOV P, COY S, PETROVA B, et al. Copper induces
cell death by targeting lipoylated TCA cycle proteins[]J]. Science,
2022, 375(6586): 1254-1261.

[S] CHANG B, HU Z, CHEN L, et al. Development and validation
of cuproptosis —related genes in synovitis during osteoarthritis
progress|J]. Frontiers in Immunology, 2023, 14: 1090596.

(6] wA:HE, MR M6, AL A5 MR AT T G2 R
H A W A S22 B KB i T 250 L (1], 2, 2023, 54(21):
7120-7129.

[7] SONG Q, ZHOU R, SHU F, et al. Cuproptosis scoring system
to predict the clinical outcome and immune response in bladder
cancer|]J]. Frontiers in Immunology, 2022, 4 (13): 958368.

[8] YUAN Y F, FU M Y, LI N, et al. Identification of immune in-
filtration and cuproptosis—related subgroups in Crohn’s disease[J].
Frontiers in Immunology, 2022, 13: 1074271.

9] HFE, B oW, B, & AT SCIEDNG TR KR
KATIREYME B2 S T Ih 2R B hTEZs, 2023, 54
(13): 4253-4265.

[10] SRUEE:, B, wie, 5. B S E ). PREART
FEFST, 2024, 28(14): 2261-2266.

[11] AHMAD S S, AHMED F, ALIL R, et al. Immunology of osteoporo-
sis: Relevance of inflammatory targets for the development of
novel interventions[J]. Immunotherapy, 2022, 14(10): 815-831.

[12] frsetes, BRLlk, BREMR, 5. H2n B Bsi i ry B g il

W, EE B, 2023, 29(7): 1032-1036.

[13] SRIVASTAVA R K, DAR H Y, MISHRA P K. Immunoporosis:
Immunology of osteoporosis—role of T cells[J]. Frontiers in Im-
munology, 2018, 9: 657.

[14

=

D’ABRAMO A, ZINGAROPOLI M A, OLIVA A, et al. Higher
levels of osteoprotegerin and immune activation/immunosenes-
cence markers are correlated with concomitant bone and endovas-
cular damage in HIV-suppressed patients[J]. PLoS One, 2016,
11(2): e0149601.

[15

—

CRON R Q, GOYAL G, CHATHAM W W. Cytokine storm
syndrome[J]. Annual Review of Medicine, 2023, 74: 321-337.
[16

C. Identification of a solute car-

—

ZHENG D, WEI Z, GUO W
rier family —based signature for predicting overall survival in
osteosarcomalJ]. Frontiers in Genetics, 2022, 13: 849789.

[17] LIU Y C G, TENG A Y T. Potential contribution of immature

—

myeloid CDI11c+dendritic cells —derived osteoclast precursor to
inflammation —induced bone loss in the TRAF6-null chimeras
in—vivo[J]. Journal of Dental Sciences, 2023, 18(3): 1372-1377.
[18

[t}

VERONESE N, REGINSTER J Y. The effects of calorie restric-
tion, intermittent fasting and vegetarian diets on bone health[]].
Aging Clinical and Experimental Research, 2019, 31 (6): 753-
758.

[19

—

ZHANG W J, DANG K, HUAI Y, et al. Osteoimmunology: The
regulatory roles of T lymphocytes in osteoporosis[J]. Frontiers in
Endocrinology, 2020, 11: 465.

[20] QI Y, YAO Q Q, LI X Y, et al. Cuproptosis—related gene
SLC31A1: Prognosis values and potential biological functions in
cancer[]]. Scientific Reports, 2023, 13(1): 17790.

[21

—

TANG S, LIANG C, HOU W, et al. ATP7B R778L mutant hep-
atocytes resist copper toxicity by activating autophagy and in-
hibiting necroptosis[J]. Cell Death Discovery, 2023, 9(1): 344.

22

—

CIPRIANI C, COLANGELO L, SANTORI R, et al. The inter-
play between bone and glucose metabolism[J]. Frontiers in En-
docrinology, 2020, 11: 122.

[23] NI M, SOLMONSON A, PAN C X, et al. Functional assess-
ment of lipoyltransferase—1 deficiency in cells, mice, and hu-
mans[J]. Cell Reports, 2019, 27(5): 1376-1386.

[24

=

HATZISTERGOS K E, WILLIAMS A R, DYKXHOORN D, et al.
Tumor suppressors RB1 and CDKN2a cooperatively regulate
cell —cycle progression and differentiation during cardiomyocyte
development and repair[J]. Circulation Research, 2019, 124(8):
1184-1197.

] R Ly B RE

2023, 35(1): 1-9.

[26] 5k 1L, MARR, AFME, . RN ISR A5 A TR
BAME B OGN R 2B (] WL BEALGR, 2023, S8(11):
803-804.

MBS EZI IR TEIES,

(A% A =2)



