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Abstract

Objective: To screen and analyze potential biomarkers of sarcopenia by bioinformatics method
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based on integrated gene expression (GEO) dataset. Method: The sarcopenia data set (GSE1428) was
obtained from the GEO database, the differense-expressed genes were read and screened by using
R language, PPI protein interaction was carried out by using STRING database and 6 random algo-
rithms using Cytoscape 3.7.1 software, and the top 20 genes were screened by each algorithm. The
intersection of the key Hub genes was obtained. GO function and KEGG enrichment of key Hub genes
were analyzed using DAVID database. Results: A total of 969 differentially expressed genes were
screened, including 469 up-regulated genes and 429 down-regulated genes. Eight key Hub genes,
including CUL7, CCND1, CYCS, ACTB, MAPKS, H3-3B, JUN and IGF1, were obtained through the selec-
tion and intersection of six algorithms. A total of 10 biological process items, 4 cell component items
and 4 molecular function items were obtained by GO functional enrichment analysis. KEGG pathway
enrichment analysis yielded 20 items. Conclusion: The 8 Hub genes screened in this study may be
used as potential biomarkers of sarcopenia, providing a new reference for the diagnosis and treat-
ment of sarcopenia.
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1. 518

LAk i (sarcopenia) X FRIWLADGE, J&—Flis WAEFELRGAE, FAHE NI SR> & T A
XA T B8 I URAR [1] 12975 H 28 (191 PRER I ML D3 T B A7 7 IR R D B 41 40 45« iRtk 2 1Rt 2 R B 2],
WINES Z 04 R 5 R VMG, BREMINEE NG B3, IRARIDRERRAT X . 7528ttt &7
5T, WU SN E BRI — DA S B AR [3]. WU EAMY 2 8022 45 N 3 B R AN B2 T T JlAs
2 I R AR B, HEgE A4, Wik, SUUMER SR T E R EE, XAMY
AT ECEEZFE ANNATERE, R ET RMERZM AR5, BT AVMERRRALEIE R, Haim
RTEA RS, BRSO RN T H ARSI R, EH U RBEALE T EA B IRZR .

PSR TE R B 2 38 B R0 22 I 55 U T SR I AR B, AN R I KRR o A, B ET L
WIT ZAMME S A ELAEF[6]. PR, ASH 7T T3 R R IA 255 4% 2 (gene expression omnibus, GEO)
H LR B B AT A O AR S B W B i 0 22 S R B R AT VR BE A, IRUIAE LR K
SRR AT R B A VETEE R SCEE L N, it — DRI WD SE (R OGR4 FHLHI, NS RETRYT J7 R IITT R 3
13
2. MRERE
2.1. BUEKR

GEO %u#i 5 /2 th 3 [ [ X AW HARAE B A O (NCBI4E I — AN A LB 5, LT T =%
PR L R, AMYRT DR AT 22 53 DR () 3R IA 43T, 17 LI W] LUK RRAE B R R 4T 077 42 P29 A7 » 72 GEO
B4 22 (http://www.ncbi.nlm.nih.gov/gen/ [7])LL “sarcopenia” N2, T %, GSE1428 HiE4E M 1F.

GSE1428 T GPL96 “F- 5 [(HG-U133A) Affymetrix Human Genome U133A Array], a1 iZ%dE #0045 22
ANREAR, 4 10 419 & 25 %) 12 44(70~80 %) H 1t KERILAFEAS
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22. ZERERMES ALK

i GEO query i, #2HU GSE1428 ##fa 5 I 22 b — MREF X M2 A7 T HHRE, BEEHFA RESH
(1) limma L% R GG A AT 8 SR 0, IR FE 4 AN BE oA kAT R 4], SR A, 28
S A — AR B, DRUEAFIFEA 2 (M R IAKF-BA k. 25, 8id 3 mi 404 (principal
component analysis, PCA) S £ ¥ A [A] B A4 73 A0 (1) — Btk 45 R R RFEAR R 2 BN, R EERE b #R
FEMVE AT 5E . 5o LAlogFC| > 1.5 (Z #4550« P <0.05 N4 MkT 2 R RIA LR Tk, FEFF & 4041
Z& S RIRFER S ggpubr B2l K L RN pheatmap €22 il #4 &

2.3. &R - EEMEEERAZH(PPI) & Hub EERITHE

M GEO $#5 FEsREN 22 7 ¥ s B ), K H 5 N % STRING #4f % (https://cn.string-db.org/ [8]), Ff)&
EF “Homo sapiens” , DAIRHUHE S0 1985 15 PP BLAEM 28 5F N8k “tsv” SCAF, NS iy &
Bzt “tsv” SN Cytoscape3. 7.1 B AETF B A i PPl AfARAL 041 i B Cytoscape3.7.1 B4F N & 4df:
CytoHubba AT 72 S 2L R R ik, b PRIRaG 12 FPoRs, BEALIEEL 6 FhEEIEAT 08, BEMEES Rl
HHHEA T 20 MZOEEH . FEKE 6 PRI A REUCZ 15 20CHE Hub [, FRx0T H LR A7 nTAAL .
2.4.GO & KEGG BB EE

Bk oS4 Hub JE K 5\ 3] DAVID #3E % (http:/david.nciferf.gov/ [9]), LA “Homo sapiens” A “P <
0.05 "Nk s, #47 GO B AR /M 55 KEGG il & S0 #r . Herh, GO ' 4R /i - AR Mpid 75 (biological
process, BP). 4fiffIZt ik (cellular component, CC)F143-FIhfg(molecular function, MF). [f)5, JERZEETEL
*F- 5 (https://bioinformatics.com.cn/) % iz 45 SR 2l L K], KRB E 41 GO 2% H I KEGG AHIRIHEK .

3. &R
3.1. GEO BRERMIINER

IS R WEH A GSE1428 ARt AT Wik 3 221 3 — A A8 XA &2 3= Z Rl 7 7 i I (PCA) i 1A
—AEEIA PCA BT A1, GSE1428 FEAKMHE AN —5 FF H A B R RFEAR I A ARG DL, A

™

Figure 1. Normalized box plot and principal component analysis (PCA) plot; (A) normalized box plot: display the normalized
results of GEO chip data, and show the distribution of different samples through box plots; (B) PCA diagram: Based on PCA,
dimensionality reduction is performed on sample data to visualize the differences and clustering between different samples
1L A—ERXEMEEZR T TI(PCAE; (A) JI—LHERE: RR GEO SRHEMF—HER, BEEXER
TRAEIHEARNDHIER; (B) PCA [El: ET PCA WHARKIEHITIEYE, URTMUTRHARERESEFREFR
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TARAE G S50 M PO UERAPE AT AT EL k(B 1(A), B 1(B)). KILEIRAlogFC|> 1.5, P <0.05 A2k ik th 2 73
IAHER 898 AN, Horp FRZED 469 /N, TRIZEE 429 AN, HHEAHT 100 4 (2L R 2 E (K] 2(A), K 2(B)).

3.2. PPI (4R +3R K X B B oy 45

i th ) 2= 7 B2 3 N2 STRING s e, 164% “Homo sapiens” E 9%, A ik PP (B 5T AH
HAER)MZ, AR “tsv” #& T H. AR5, FiZHEF N Cytoscape3.7.1 B, FEERBRA S HAD
AR A EAE S A, IR 760 Y S 3691 4504 (14 3). 4%, i ] CytoHubba Ji {4 1K) 12 Fb
FEBENLE R F 6 FhET%:(Betweenness, BottleNeck, Closeness, Degree, EPC, MNC), i % 2% H [ 5 [X] i3k
1TVPY, Tk AR AT 20 O R (5R 1) NE— D%/ NGB Va6 Bk 6 Rk
it R R RS B, TR A8 S i) 1 B S ZfsE 1 8 AN CHRED, B A5 4t H 1 25 1 D1 (cyclin D1,
CCND1). 4fiffit4 3 C (cytochrome C, CYCS). p-Wah%E [ (actin beta, ACTB). 22457 & 4k £ I 8 (mi-
togen-activated protein kinase 8, MAPKS8). H3.3 414 1 B (H3.3 histone B, H3-3B). Jun J&J# & [ (jun proto-
oncogene, JUN). &R & A KT 1 (insulin-like growth factor 1, IGF1). Cullin 2 A (cullin7, CUL7), X
S B DRI 12 58 LD SE I T b (R A% o iz 2 R (1 4) o
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Figure 2. DEGs analysis of GSE1428 dataset; (A) Volcano diagram of differentially expressed genes: red represents upregu-

lated genes, blue represents downregulated genes; (B) The heatmap of the top 100 differentially expressed genes displays
clustering and differential features between samples

[El 2. GSE1428 ¥#E5RHY) DEGs 73#r; (A) ZERERENLE: IBKEFLFAREE, EEKETHREE; (B) EREER
A 100 BFAE BRAE A B p0 R 2L FNZE RAFE

Table 1. Top 20 core genes under 6 algorithms
e 1. 6 FhESE T HYAT 20 [k LEE

Betweenness BottleNeck Closeness Degree EPC MNC
MAPKS8 MAPKS8 MAPKS8 MAPKS8 MAPKS8 MAPKS8

H3-3B H3-3B H3-3B H3-3B ATP5MC3 H3-3B

ACTB ACTB ACTB ACTB H3-3B ACTB
PRL WNT5A NFKBIA CDKN1A ACTB NFKBIA
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PHGDH PHGDH CDKN1A FOXO3 CDKN1A CDKN1A
CCND1 POSTN IRS1 CCND1 FOXO3 CCND1
ANK1 DDX17 PHGDH CEBPB PDHA1 CEBPB
CEBPB CCND1 FOXO3 MRPL13 CCND1 MRPL13
POLR2A POLR2A CCND1 CYCS ATP5PD CYCS
MRPL13 MRPL13 CEBPB ATP5F1B CEBPB ATP5F1B
IQGAP1 CuL7 STAT5A CuUL7 MRPL13 CUL7
CYCS CYCS CYCS CALML4 CYCS CALML4
CuUL7 CALML4 CUL7 UQCRFS1 ATP5F1B UQCRFS1
ATP5F1B JUN ATP5F1B JUN CuL7 JUN
CALML4 CYC1 CALML4 CYC1 UQCRFS1 CYC1
JUN SQSTM1 JUN ATP5F1C JUN MRPL4
TFRC TFRC PGK1 SUCLG1 CYC1 ATP5F1C
COPS5 COPS5 TFRC TFRC ATP5F1C SUCLG1
IGF1 IGF1 IGF1 IGF1 SUCLG1 IGF1
PIK3R1 PIK3R1 PIK3R1 PIK3R1 IGF1 PIK3R1

AP

e WRAREAR, R ZEEELRRNAE A L.

Figure 3. Visualization of protein-protein interactions of differentially expressed genes in 22
samples of sarcopenia

El 3. BE 22 MEAPERERNERR-ERREEERATRNE
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Figure 4. Gene Venn diagrams and core genes of 6 algorithms; (A) Gene Venn diagram selected using 6 algorithms; (B) Eight
Hub genes were selected based on six algorithms

4. 6 MECENERFEREMZOER; (A) FH 6 MEAMELNEREERE; (B) RIE 6 MESAFELA 8
Hub £&

3.3. GO & KEGG E&£4#r

¥ IR H ) 8 AN EER A DAVID 4V &, #H1T GO #l KEGG & 7. 7£ GO ‘& &/t
BP ILEER 10 MNH, A& M A 2 i JULAH B 386 55 (1) 1E 14 15 (positive regulation of vascular
associated smooth muscle cell proliferation, PRVS). 4 i 7% 14 4 111 < b (cellular response to cadmium ion,
CRROS). £ [ 45 & it 77142 (negative regulation of protein binding, NRPB).DNA i # 5% 1) 1F i 4% (positive
regulation of DNA-templated transcription, PRDTT)F14H ffd & 1 1142 (regulation of cell cycle, RCC)%; CC
BT 4 40%H, SR (nucleus, NUC). 1% (nucleoplasm, NP). #%/MA& (nucleosome, NUCL) Fl4 i
R (cytosol, CYT); MF E4%] 4 AN H, BHEEF4S 4 (enzyme binding, EB). #/Mk DNA 454

A B

cellular response to cadmium ion o hsa05210:Colorectal cancer ]
regulation of cyclin-dependent protein serine/threonine kinase activity ° hsa05416: Viral myocarditis
positive regulation of vascular associated smooth muscle cell proliferation ° logsa(pvaluc) hsa01522:Endocrine resistance ®
~logo(pvalue -
hsa04115:pS3 signaling pathway
cellular response xygen species ° o al
) ) 21o(pvalue)
) ) 2 hsa04933:AGE-RAGE signaling pathway in diabetic complicat
regulation of G1/S transition of mitotic cell cycle . 00 sal signaling pathway in diabetic complications h s
; i bi 3 175 hsa04210:Apoptosis )
negative regulation of protein binding ° -
150 hsa05162:Measles ) | B
epithelial to mesenchymal transition . -
125 hsa04510:Focal adhesion o
cell population proliferation 2 3
hsa04530:Tight junction
regulation of cell cycle hsa04068:FoxO signaling pathway =
positive regulation of DNA~templated transcription count 5205135+ Yersinia infection g
. 2 - ) count
. 2 hsa05418:Fluid shear stress and atherosclerosis
nucleosomal DNA binding ®: ° 30
:Kaposi s s d irus infection
histone deacetylase binding | @4 ® 35
5] hsa05224:Breast cancer
enzyme binding{ @ s @ 40
hsa05131:Shigellosis o
protein binding X i i @ s
hsa05169:Epstein-Barr virus infection
@ @ 5o
nucleosome hsa05130:Pathogenic Escherichia coli infection
8
nucleoplasm ~ ([ ] hsa04921:Oxytocin signaling pathway .
8
nucleus
cytosol -P
10 0 30 40 50
0 50 100

Figure 5. GO enrichment analysis KEGG enrichment analysis; (A) GO enrichment analysis chart: The enrichment results of
target genes in biological processes, molecular functions, and cellular components; (B) KEGG enrichment analysis chart: the
involvement of genes in different metabolic and signaling pathways

[ 5.GO EE 71T KEGG EE/7HT; (A) GO BENHTE: BNREEEEYHFIE. S FIEMNMABEASFTENESE
%5R; (B)KEGG B&E7ITE: EEEFAENKHFIESEBEFNEEER
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(nucleosomal DNA binding, NDB). #H %5 2 il 45 A (histone deacetylase binding, HDB) I H 245G
(protein binding, PB). 7& KEGG &40 #rH, HAGH] 20 N H, FEASHEIRE I AGE+ AGE-RAGE
{5518 1% (AGE-RAGE signaling pathway in diabetic complications, AGE-RAGE). p53 {5 =il i (p53 signaling
pathway, p53)- FoxO 15 =il # (FoxO signaling pathway, FoxO). f# = % {5 5 il % (Oxytocin signaling pathway,
OXY)%. %, FIHMAESIELT G XX s k7 n AL 7R (4 5).

4. ¥ig

WUDRE & — i 52 E MR LR EAE, A TR G, FRULEMYUIZE N, AUEN 7 E2E
NBAE] S BT AERE I KRS, 3™ H 0 N AR TS s A . LR, WUE R A
5%~13% 4 N [10], BUAELLERFAlTh, JLRURZF H B4 5000 £ 0N, HAERRILHEN, X
— Bl e et 2 4211, HAT, WK L3 EEE s T iy ke s IV E B, BRIk P
MR RN A R85 . SR, BT &M R, Seiiigsh T Imimsc Rkt . 5%, ZFEEN
TR AR BRI & A, AT PT7 SRV 7R ok, KIHIEsh T es 2 85
R AR, (53 Fea AR AN IR T 55 B T 2% A4 FIR ) i e DA MR T 100 [ 12] [13]. BRLtE, 1w/
% T BT LD E 2 WK K G R R T fe it .

VIR EIVERTIRTEE . 732 TG SRy SR E TR, ERR ST s AT 2%
VRS R A SSBEE I [14] o ANBi e A ME B 2207V UL RE R 22 e IR R I, B e i AR
oMMk H 8 M OGEIEN: CUL7. CCND1. CYCS. ACTB. MAPKS8. H3-3B. JUN Al IGF1. iX%% Hub
BRI 5 VR B A AE ML B DIAR G, 88 AR ST W RE VS CE AR MIRR 64, FE AR BRI T8 T LB

CYCS H:[Hgmhth & —Fp i T 2R ki tA py BRI B /N AT R B 1, T ZEAE AN AN fE AR I BE R
AR . HikiE, CYCS MU S 5B # N e AU, EAEA M E T AR P 4 A e 7E UL
IR, CYCS HyFRIA R il Ge 2 Pud bR T4, TR L[15]. B4k, CYCS fiox
ATP AR, BRI, 2R e B BCR ML T, SENINREEMN AR, &%
SRR SRR R, XFILRAENAE B U AR [16]. [FI, AR T @I R R
AN R IR[LT7], B B UL 22 ) 3 5 R b AR D e B R R IA 19k /b, 1 CYCS Al RefEIX —iEfEh
RIFFEEAEH . Rtk CYCS BRI A 8 5y — M AE I AW hs 4, WL RE I B A2 I A () SR

ACTB JL[A2 8 T A i SR R Kk, FEwiY p-NizhEE. p-NshE eV RgEiiEs . 4
TR AR A TE R R PEORBEVE R, LA 2R g R S5 Wk 2 &8 0 B 2E18]. ih4h, ACTB if HoAh2k
R IENE A (0 a-Wh & B ) A P [FEEF , SLRIGERR VL 40 1) 25 /A5 [19] - W R 32 W, FE N ZBFEA
ACTB ZERRIE A 2 S EN A RS AT E . B 5 RIADIRE TR, 3 — PR 7 HAE
SR SE R TR VR . IXFREH, ACTB 784k LA 2 i Ty Rl AN 45 74 56 B % J7 1 A =1 25 X [20]

MAPKS /& —Fh 22 L F G0 R (e, FBT INK ik, TEEMMMNAE. FT. SO N AN
NS 2 P A R R AR A A B I — DA FE R B, MAPKS U 2 5 1 L AT 200 B ) R S R
NAACEHE Y, SRR E B ZE S A, MAPKS i AL RAThAE . 4008 T f S m g, ik
WU ) R [21]. SR1AT, MAPKS B BESE I ol Re 51 A EARLE, S BUILPIZH L Y e &2 7= Al 4
PRI BRI N o IX PN 2 5 S0 M P (45 B8 - R AE M A p i R AR R, R R )
2122

JUN BRI F A c-dun, 5 fos B[R SR B I [FI il AP-1 Bk 7RG, 2 S5HBEREM
SEES, FNRTEA MBI, SEE A TS AR R B B R A [23] 01X PR R R ELFE L R
W2 PS5 2O 2, B LI A A S8 AT TR 40 riE 16, 1 c-dun 7EIX — i fE i 2] 1
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FEEIER . WTFURY], NI 32 40 s 52 29 ZURIEI . c-dun IRIAKF2 BT, At B2 40
FEE 504, NS0 E A MBS [24]. SCHRIRE, SR fZiEsl)a, AEEN c-dun ZEF ) mRNA 7K1
s B, Z0NEEhETR 3 A [25], X5 LG AT G A A0 a1 A D) Ok [26]. R
H AR 58 4 IR c-Jun XL AR AL ARAE FIALAE], (BAEO8 AP-1 86N i) — 7, Bl e id i1y
FLEWLA R MR R IL, S 5N EE N, VLA Z AR AR, BARREERE R
AN 42 R 22 475 75 3k — 2P Bk T

CCND ik [A 9 i (¥ 240 e J 11 2 11 DL £ 40 i Jo) S0 2 A B H 48 o R # OC B . ol 2, Eliei
i G1 % S WA, # ALt N DNA ZHilF B, M TiEsh Mg 5E . X —DhReENLNA L, JEHZ
HRL A A R R IO EE[27]. SEENUAE B 0T 8R2 30 T B AT s i, B BT 4R
Bl JTHIRIEGEA L, DMEE 2 23(28]. HAh, WEFTADL, CCNDL 5 % RIA T e T B4 i
M5 G4, SURLT YA SENLAGOR  m/K-TIORAR A 82 1 D1 A ma LA AR F 3858, 387 ek Ae
WA ZHZAR S5 [29] . PRIk, CCND J BRI7E - B% UL 4 A f S 2 b B o B, BRSCRFIE R
AR 54, WA RIEN TR MR IER K E . HOWEM R CCNDL Sovit FillAE
JSE A AN B A ) B B ]

5. &hig

LR ERTIR, AWEFEET GEO H¥E FE A S B2, i i £d 4 GSE1428, f#%%55E i 898
NS WUMREA G G N . X SRR AR MG 512 5 . ERPA ity BRE AR, M SO
SRR S B R WL A AME E S5 T B A2 hRe. Horb, ik H 1) 8 4> Hub %:[5(CUL7, CCND1, CYCS,
ACTB, MAPKS, H3-3B, JUN, IGFL) AR AR IUE [ 73 WL IV 7 16 o7 #E s 2 78 B 7807 1)
SEA XL R T RE, FRATHEMLAE 1) R A2 vl g 32 BLE I LR LI M ZSsE 8. H—, CYCS Fl MAPKS
IR R AR ERW A TGS, SEREEMENA SR E g m: K=, ACTB 1 H3-3B 1
Y SRR T S IMASE R, BISSNVAE R 5 4ERRRe J; L=, CCND1 &5 CUL7 i i i 5 4 i J& HA A i
F [ f S s LA 0 A 5 S50 HEDU, IGFL A1 JUN 78 T2 40 Bl A6 S i B UL FE AR H R SR (e gk 1
o BUKE, ABFRIRHE T —A “BeEU - g0 - B4 - FARBE FINLHIEIEL, ChIER
USRE S TR BRAR AL T RGMEM A . IIRIRE SO BERE, X8 Hub J5 KR KA BEAE 9 40 sl i) v
AR ED, RUVSRERRIRIZE. 70 B8 AT IR 2% [N, #53E RHAHRE S
(A0 IGF1. MAPK 3 E8) A Al e SN2 T P HTHE A, I T JF R AE G UL/ R (18 AR T SR i
BAWGAENE . SR, X SEFE R R LD o i B E AL 1 R S 4 BT, R R 5 28 22 (R SRRt 50k
AR EA TR EARTh B B AR ELAE F 4, DU B S I RIbR B AE LD RE 72 W AE 7 FF B S S A

SE K
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