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Mesenchymal stem cells senescence: Investigating the role of

ferroptosis using bioinformatics analyses
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Abstract. Ferroptosis is a type of iron-dependent programmed cell death that closely related to aging. The aim of this
study is to investigate the role of ferroptosis in the aging of mesenchymal stem/stromal cells (MSCs). GSE97311
dataset (containing expression data of fetal and adult MSCs) was analyzed and differentially expressed genes (DEGS)
were extracted. Then, among them, ferroptosis-related differentially expressed genes (FRDEGSs) were determined. In
the next step, biological functions, protein-protein interactions, hub genes, upstream regulators, and inflammatory
factors related to FRDEGs were analyzed using different bioinformatics methods. According to the analysis, 34 genes
were identified as FRDEGs. Analysis of biological functions showed that these genes are mostly involved in
oxidoreductase activities, fatty acid synthesis and response to iron ion. Also, the analyzes related to the signaling
pathways also showed that these genes are mostly involved in the pathways related to types of cancers as well as fatty
acid biosynthesis. According to the analysis, miR-26b-5p was identified as the most important miRNA and LINC00205
and GAS5 as the most important INcRNAs. Hub genes including HMOX1, EZH2, NEDDAL, PTGS2, CDKN2A, ATF3,
NOX4, TXNIP, SNCA and MAPK3 were identified as the main genes of ferroptosis related to aging of MSCs. The
results showed the possibility of high involvement of FRDEGSs and their upstream regulators in inducing inflammation
and aging phenotype in MSCs. These findings may provide new clues to improve the function of MSCs and reduce age-
related diseases in the future.

Key words. mesenchymal stem cells, ferroptosis, aging, inflammation, miRNAs, IncRNAs
Received 15.06.2024/ Revised 24.09.2024/ Accepted 01.12.2024/ Published 21.12.2024 B ARAN LN 8 /LR INERWIL N /A S IRTIT S /R VA7 RS

N



Talkhabi et Mavaddatiyan. Ferroptosis and Mesenchymal Stem Cell Senescence

e o R S L sl oud bas pee Al G 4
Boulestreau et ) oS idgio | lagy] Sl slacallad wlgs
2L (5o yun a o> 5| so0ae Julse .@l., 2020
Lo g5 sy (510,95516 Lo ylS 58 LS s il
Jes Jsbo 65 913 53 oloons Slga g Lomaling g I
3l as Jelge 5l S .(Al-Azab et al., 2022) s
FEEA S NP SURCI X SUR SICH PR =08

el 99,8 ABL
L oS ol sk oot (65580l Sye 5l (o5 55092
25 e patedee (FEP) (ool &y iy (o) (gl
oz sl b oleadsa wé (. Liu et al., 2022)
PL-polyunsaturated fatty acids; PL-) «sl5ou> elil,.é
sleasss bwgs ol e «Sigandl, T ol aisle (PUFA
3,3 (Reactive Oxygen Species; ROS) :y5.S1 JLss
FoWang ) s Jhows ol3 slaJiSisl, & 5 23,5 1,3 alos
- IS0ty (027) aunST g o9l Lol ROS (et al., 2023
OieeST 5 (H202) (559,902 3Ty (OH) JouS's 000 slo
ROS Lol Jsbs pls (Sahoo et al., 2022) ol 5000
Sl slae ;o NADPH oXxidase g s,055 sie pand g3l
Baes (5,025 520 ROS g5 (Endale et al., 2023) ..
15 0525 JUE 0505 53 525108 9emsdly 5ot Jobo 53
Endale et al., ) aas o 7, 05 g A3l slis o
slaax o9 FE™ liugen jo PS5, & )90 40 (2023
F.Wang et al., ) g5 0 S5 Jsj50m 10 ool ulus
H202 54,9 (iolidl & poie gulonST oyl iol381 (2023
Fe?" +) (s Sty (b Fe? Ly (uisly 5 Jgjsiew
STy ol as a5 g o (H202 — Fe** + OH + OH
oyl yogdle (Endale et al., 2023) sl o pao OH™ 0 g
b5 02 b sy ygts 23Sy o o JuSes Fe™ al
aes STy (Haber-Weiss reaction) g pla z:Slg
- o0 0,bgs a5 |, Fe¥ loame o (FE¥ + 027 — Fe?* + Oy)
Kaveic et al., ) oS aJg e fyg=ud iiSly o,y ailgs
PL-PUFAS a4 «pds 251y jlews olownsTy, OH™ (2017
(PL-PUFA-O0") o) (ooSTy 0l g 00,5 alos Lie
S 5 ol (F. Wang et al., 2023) aas o LS5 1,
@ 5 &S (oo EEI 6503 o) Jo¥ee 1) 39 e bl
S 9 ko PL-PUFA-OOH) sod o uSTg 000
Iy a2 oo aalol |y (gloyuzey (1iSTy a5 wyas (goud JIS0l,
PL- .(Rodencal & Dixon, 2023) a5 o oJg
58y o 3l e GgalannSlyy 4 2 LPUFA-OOH

2IY

sotilze (g0l sledshes (5 ym 5 5559,8 OLIOge 9 G5
doddo

PR 5y W [P TP 9] N
sla sl (MesenchymalStem/Stromal Cells; MSCs)
G S il aS s in 50950 5l oad g jlw i
)38 wile-Eeadlg b (S3909 90 wiile (pol> Sl Sy
A 05,0l 5w oljgoss olls g S 4 S
Dz0obo, ) ol ples bg,aé g oy o Slyenl sl ol
g o—moul 00 S foces &yad sl s 4 MSCs (2021
aze) 5o 2Nz 902,08 5 sleshe (28l 5lesl <l b
5 e Job iy 5, 5ol g jlety (loys Jsbo 5 (L
Jimenez-Puerta et al.,) coul ppo oo o sl opl & ,Slos
90, Slos 1 lgs co e i3l il (goaste Jolse (2020
A5 b 035 e 55 b Jsho ol Sloys ol
ok ol 0, Sdae b slasws yols caws 5l aS cuwl ssds astice
RN TOVSUL{ I JCHU IEX GUSR W [t B R PYR 1Y
DBl Bl G b Lo Slacs Lo Elsil 55 5 O 3Ll
Sly o, Kaly 5l eslawl ool wls (Al-Azab et al., 2022)
U lagl codgd colaa gl MSCs Jleys Jauily (iol58l
lwo Slae 80 Sg, i oo o I Ly ol S (g
3555 e o Sl b oy 45 Sl iy (Soslsed
Boulestreau et ) 554 S0 g 5 ko 4 i Sl S g
aslogle So5edgm S 5l as col Sllgs 51 S 5 S
Sl sl Jelse 0 58 5 51 (S 6, (Azab et al., 2022
99 S99 4S5 (5 )5k a5 D ge a8 I L5 ) b Lo ST
J=ds 4 ol ol p3 alis) e 5 S Olie 5l pg
Al-Azab etal.,) sas oo 7, oy Giol38l b s e slags Lo
23U ]y g Hleu as s oy sl cpl by (2022
SalS .l (559,050l oms als 1 T wdle g o5lails
- Pl @ Gl gy anT B Lol Jelse 51 (Kool
S MSCs wo; ol 4o (Al-Azab et al., 2022) o]
Al-Azab et ) ol o Sleyo Johw aiw) ;0 5,5 5,50,
Lo ,Sog, 45 a5 )ls 0g>g (goaaie wlallae .@l., 2022
5 5 09 kulyd o MSCs )08 5l coles (6l 1 il
Sl (fSeoe 4S5 (03095 S E989 5l STl 9 (5G9
Lo Jokw ol col pudas oy Laa> 8un L MSCS )04



Nova Biologica Reperta 11(3): 1-16 (2024)
o=l s (Lietal, 2021) assls ), 8w,y 9,90 PC12
SIPCL12 sla sl (5, &el MPPY oS oy jlas subios
4 aiwly g PS3/SLCTALLIGPXA SJlfs yomo o,k
=S Sldllas Jl> ol b (Lietal, 2021) sgi oo 50,8
Ladsbos il 5t s MSCS (59, ;2 55958 (25 9 )50 5
ool 00 i l58
259098 B 4 5o (g sln ol (Sle el adlllae
ol 53 28,5 &80 MSCS (65 b das o Sleidl g (6 W
0315 oLS4L lovel Cwiy 59098 L bas e slagy) (o) 2
oLS5L 5l saal sy GSEI7311 ool acgome o FerrDb
Gene Expression Omnibus: ) Lug—iel (55 ol ool
L b e (138 (Lo b glos (5051 sy gz (GEO
Ferroptosis-Related Differentially Expressed ) ;50,8
- el g 320 bl jo ol oluls (Genes: FRDEGSs
sbos Shos 5T alox 5l (gloo i (Siloysidlses sl
5 oIS MIRNA L _ulis o 2o WS g
6le 558 iman 5 00 S aelas Jlexs>l sINCRNA
S Ojge ol slag) o, Slee g plulid sl Sl
959492 o= ) (S (Ko adlllas (nl @l () S5
s oLz MSCs (s 0

GEO FerrDB

| esearart |

'

Screened DEGs
(fold-change)| > 1
and p-value <0.05

FRGs

OFTIVNE X olads N Vale (a psle 50 g sloaily
F.) ogdos 55,8 5o e )0 9 ok slid (Sz)l6
S (GPX4) f oSty oeslsgls (Wang et al., 2023
5oy e PL-PUFA-OOH (o, 5 25 3 5 ,b
F. Wang et ) wis' s S5k 559,85 s ey
9 G Ngy 50 j5g,8 aS ol 0g>g Jleil cpl @l 2023
Coradduzza et ) s ls jiss cpw Siol38l b s o slas,low
S 5l as wlools ylas Slalllas 51 g0k olass @l 2023
g s (£alS 1) Jobos 3, Slas wilyi o o1 Sliwgon ol
(Tian et al., 2022) o4 5, 9 j3=09,% L& a4 ;o
oS L Ladsbs 6 0 55558 556 3 Sloom, 2
e JLbisl Lo Jolw (55, 1o 45 (slanlllas ;o aslosls
b plsl o of, 8l (Lens Epithelial Cells: LECs)
ROS a Loz 31 59209,8 slaos s Wl aS adl o iz
szl ali 8l La sk ool 3 FE2 5 (s ety
b asine dalllas opl s 4 a5 L (Wei et al., 2021)
<139 s LECS ol g (6 5my casly algs oo 55y9,% &5
sgi ol,8l 4o (Age-related cataract) cpw 4 aisls oy )lg e
Solows 89, = 45 6,500 aallas 4o (Wei et al., 2021)
55 w8 5 & g0 (Parkinson's disease: PD) (yguiS )L

sladsbw sy = 1, (MPPY) g o Jotd-F- o)

Identification of
34 FRDEGs

Heatmap
GO and KEGG
—
enrichment
IncRNAs-mIiRNAs-
genes correlation
PPl network
— —_— Hub genes

construction

FRDEGs modules
(WGCNA)

L bsye 3Ll olo shls slagy; FRDEGS ¢ 31,80 Lo slls slagys DEGS ¢ ugaial olo oy ools ol :GEO .o jlogls Jloges =) JSib
A5 e SYeb <LRNA :IncRNAs pgis g by Blaall o pls g35.S KEGG (05 ewbed Swd GO g g Jolss PPI 59%9,8

39 05 ol oo a5ed Judow g 35 WGCNA s00s oS 6 S5 sltRNA MIRNAS toais
Figure 1. Flowchart diagram. GEO: gene expression omnibus database; DEGs: differentially expressed genes;

FRDEGs, ferroptosis-related differentially expressed genes; PPI: protein-protein interaction; GO: Gene Ontology;
KEGG: Kyoto Encyclopedia of Genes and Genomes; IncRNAs: long non-coding RNAs; miRNAs: microRNAS;

WGCNA: weighted gene co-expression network analysis.
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Figure 2. Differential expression analysis of GSE97311 dataset and obtained FRDEGs. (A-B) Volcanic plot, for the
analysis of differentially expressed genes, where the red and blue points indicate the genes that experienced increased
and decreased expression, respectively. Principal component analysis (PCA), which consists of two principal
components (PC1 and PC2) and explains a certain percentage of the variance of the data. The direction and length of
each arrow indicates the effect of gene expression on the main components. (C-D) Box plot showing the normality of
the data (the distribution of the data was regular) and the Venn diagram showing the overlap between the DEGs of the
data set and the ferroptosis genes. (E) Heatmap to show the expression of 34 FRDEGs in old and young MSCs in
different groups; Red and blue colors indicate the increase and decrease of gene expression, respectively.
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FRDEGs. (BP) biological process, (CC) cellular component and (MF) molecular function. (D) Comparison of

differential expression of FRDEGs using logFC.
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Figure 4. ldentification of key module and investigation of biological functions. (A) Cluster dendrogram and color display of co-
expression network modules. (B) Heatmap of the correlation between the genes of each module and the aging of MSCs. Based on
this, the turquoise module showed the highest Pvalue and correlation with the aging of MSCs. (C-D-E) Scatter plot related to
correlation of modules and aging of MSCs. To find hub genes related to MSCs senescence-inducing feature, first the internal
connection of genes and module is calculated, which measures the position of the gene in the module. The higher the correlation
between module membership (MM) and gene significance (GS), the more positive correlation the module has with the aging
characteristic of MSCs. Based on this, turquoise module was chosen as the main module. (F-G) PPI interaction network and
biological process analysis related to main module genes.
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