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Abstract

Background: Breast cancer is one of the most common and fatal malignancies in women. The
presence of cancer stem cells (CSCs), which play a crucial role in metastasis, therapeutic
resistance, and disease recurrence, presents a major treatment challenge. Identifying CSCs-
specific therapeutic targets through systems biology approaches can lead to more effective
treatment strategies

Materials and Methods: Three gene expression datasets related to breast cancer— GSE7513
(Cancer stem/non-stem cells), GSE15852 (tumor/normal tissues), and GSE76540 (doxorubicin
resistant/sensitive cells)— were obtained from the GEO database. Data were analyzed using
GEO2R, DAVID, STRING, and Cytoscape. Hub genes were identified based on network parameters
(GSE7513 and GSE15852 datasets) and compared with differentially expressed genes in
GSE76540. Additionally, gene expression levels, treatment response prediction, and drug—gene

Keywords:

interactions were evaluated using TNMplot, ROC Plotter, and DGIdb.
Breast Neoplasm

Results: Gene expression data from the datasets included 1446, 344, and 1826 DEGs in Cancer Stem Cells
GSE7513, GSE15852, and GSE76540, respectively. Comparative analysis between GSE7513 and Chemoresistance
GSE15852 identified 75 common DEGs. Protein— protein interaction network analysis output was Systems Biology

three clusters and seven hub genes, four of them overlapped with DEGs in GSE76540. AGR2, Protein— Protein Interaction

GATA3, and KRT79 genes were selected based on TNM. KR779 and GATA3 were associated

*Corresponding author:
with patients' response to treatment. According to the DGIdb, GATA3 is a potentially druggable Hamed Manoochehri

e 4 Manoochehry.h il
target with existing therapeutic compounds. anoochehry.hamed@gmail.com

Conclusion: This study suggests that GATA3 may serve as a biomarker for predicting

treatment response and as a potential therapeutic target in breast cancer.

Received: 2025/04/15
Accepted: 2025/05/11

6 Iran South Med J 2025; 27(5): 394-408 [Open Access POlICY].........ccouviririirieiirnieeiees B www.ismj.bpums.ac.ir


http://WWW.bpums.ac.ir
https://orcid.org/0009-0003-5950-4748
https://orcid.org/0000-0002-7117-1857
https://doi.org/10.61186/ismj.27.5.394
https://doi.org/10.61186/ismj.27.5.394
http://dx.doi.org/10.61186/ismj.27.5.394
http://ismj.bpums.ac.ir/article-1-2142-fa.html

[ Downloaded from ismj.bpums.ac.ir on 2026-06-07 ]

[ DOI: 10.61186/ismj.27.5.394 |

\Fol (539)5T/& O)LAJ:Z) /la.\.o_(bswawdb.u ...................................................................................................... ugpgb/\’uc\f
9 jlmlie iy Jole Sy (o3l glodolw doddo

s Jolw yloyd Ko ;5 (F) Cawl (yloys 4y Cuoglio
B> g3le BL g b 3y b die glbpw (gL
0 onizee (V) WS 1S pleys I aslgise GO
ok (Ui s Cacl jliioy @iy b b sk
S @ )90 pal @ g o3 ol 2, LSyl
)98 293 puizan (M) WS5e SaS jliwlio
el sl ool buwgs (IiS) oygiSt g i
8 32 lple (1) 390 S gk sl
Cuoglio ) aulé Cagz (Slbyw (oL lodohw 31>
oy ploy3 )3 35o (ool jI (52 jliwlio 9 gloy> 4y
02! J98d90 (sl pame dslllan g (Rlwlidd g 639y digw
Y ol ez > SHin 8 Nlgie logle

AL digw by
daz jI) puSaegl odl> (5392 uyiws )3 L 0jgyal
0F 61 a5 ol JIUT el (((5)l9ySae sloools
Ghls wesls ¢yl Ll saids pol)d Hlojud W)ygod
gz o2l jl g Wb VL Sz 9 db) p2e
@ b g 039 pgo )l T yuwds g BT (g,
BBl @ Q3 cude als &5 39d plail (glasgS
Gl Slagdss SUS ) woalply (0 9 10) 2L phals
SBlaz @904 | o) Biae o Glsse (solow
osl> €95 ol JIUT gz @30 )h8 sy 390
Jgol 5l eslaiwl b g aSuid y e JIUT sl by,
o) 3bbie Pl )l auw (ol Cow)
bl S8 b asly S e Joe Jiiuno ,5b s o5
oelas | leSas Sy | ity olsieer 5 X1
Sl /oazd Y3l S g WIS 6o ) SSaSa b
sl T sz ©Voles Juols a5 3iiS o sloul
SOyt Dilgige a5 Cauwl 3ol /soaass )il ol
gadlao 53 plplo (1) 33)5 pols byl b (g)lan
JIUT g el bbb gy jl pol>
Rl 9 (5)lgySae loesls @8> Jul=S (gl aSuds
63w glodshe L biiye GI9¥se Slaol g Wojuume
Gao b allas ¢l Lcawl oddd odlatiwl diw (lboyw
G gdolw b ke (35 glog) Rl

! Epidermal growth factor receptor (HER2)
2TNBC
* Microarray

6 Iran South Med J 2025; 27(5): 394-408 [Open Access Policy]

dis 152 ) b5 53 ol pReli duw ployw
Gab Cal 153 )5 021iS ooy (o) 9 o9 Syo
032 3550 oalue P/W FePY Jlw )3 Slgs gedls
S8 )l FVe gl add il dig plbyw 4 M
552 () wleslsy s I 1y 35 le ¢lhlaw ol
0392 UIoXe g ooy leys ) S)in otz
oo polel p ghlen oAl &5 (5)9ba) .l (g)lan ]
¥ 0x5)S) THERZ 9 oyiwjon «oioyiml (g@0355S
D9dise (gaaimd (Pl opdgl by e
ollew JS 51 (3403 10-Yo) miii SO 3935 o5 Jls)>
095 02l @ 9 WS e ) WS ol jI 4 o
Géio BB dw diuw by g so 4isS "ate & dw
5l 0L gy Sye 5l 3oy Fo 5 o (TNBC)
oblew jl J0)> Be dgde Jold |) diaw glbyw
8oys PY g Sgise Sse e Il B | ayiwl TNBC
S WSGe wos 2l jl am ol Jle 6 )5 U
ol ()lan ool aas )l 5Tyl 031G ES
Wlgize )13 Cale (5390)90 035 a5 hlew (V)
HERZ ghlags g 33525 )18 Loy (99090 eans
soriS)lge o Letrozole sl (plagyls cwubio
ologjgimlyi 9 LY (Tamoxifen Jio) ;Gleg,T
Lialy jLS (gloosiis)lee cunl San 9 39 (50 ja923
Golw Spo ailon odiS ke 9 pulSaw @
Gl Lol 3gd 639381 loyT @ ju5 edd (giaydelip
5 5 3)l0 3929 Jiadad (591> «(shie SBaw hlew
021 L bl cnl (Slo)d paad oy )3 (Slo)d (g,
9 3235 Al (Hlo)d e 4 gl)len plad 3929
Plopd ard 4 Ceoglie (yloys W9y b Caml (S0
U)o Blgie Sleys URg) (Rl paized 39d Sl
Lo )T (55355 S 5 03,5 Sl hlaw )d (a2 Bl

(F) 223 L3 50 ees |,
Caoglio Lol (Vs 51 S a5 Slesls liv wldaéss
> Py e iz 9 (1S9 lople)s ©
Gk slodolw pb @ Jow cusaz jgb> lbyw
3929 G duw olbyw )> (0) Mbhe Sl

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA ®www.ismj.bpums.ac.ir


http://dx.doi.org/10.61186/ismj.27.5.394
http://ismj.bpums.ac.ir/article-1-2142-fa.html

[ Downloaded from ismj.bpums.ac.ir on 2026-06-07 ]

[ DOI: 10.61186/ismj.27.5.394 |

YAV / diaw obyw le)d 1 Caoglio )3 ©lo (gloe)) .

(Biological Process-BP) (jiwj loanlé plow
s {Molecular Function-MF) (JsSUge (sl@3,Slac
uswlins > (Cellular Component-CC) (Jolw (¢lj=!
i) sloyumo (plwlid (glp .ab eslaiwl DAVID
) (S yaune Jolod caellhe 390 slo o5 b bassye
wleMbl 4 sliwl g DAVID 8315 80U 51 eslaswl b
Jlsd (gl . aub plsol Reactome 6315 650L )5 3990
@ sl g DAVID 0315 6500 51 (g)laws ~¢y5 wslblis)l
A oslaiwl DiSGENET 6315 0500L )3 33290 <leMbl
& yip 390 1o «of (Gjwoie JIUT Jolyo (solad )

LA Ol o/e0 ;I yiaS Adjusted P-value b

e dopi ol pn SR By myp e
oL jl eslaiwl U (PPIN) Liiion (iiSesy
9 Uil (gl S ¢yl . del cunday "STRING o3ls
GloyilS Bl g oaien iSay ST
Olizabl gl @Sais @a) gz b Sl Bye
p-value<e/ot g (Medium confidence=o/oF) Jawgio
STRING ol jl aSuid Julb aolsl )5 o 4183 ,5 5
Uilyag) Cytoscape l38le, 5l edlasiwl b g 3ub 43)S
w o by Pl glp b 50T (W
GSdp Sy (Degree) azys Sjgloags yiohl
Gl cuiSe ¢ (Closeness  Centrality)
yokio @ .Mb awlxe (Betweenness Centrality)
S s (3)Sdas loyinls (plelid
MCODE (Molecular Complex Detection) aiy, s3Il
ol @abbii (gloyial)ly .203,5 eslatuwl Cytoscape s
GiRade>  wops Jole Julas gl
a5 J8las  (Clustering Coefficient=o/Fos)
39 jliel  @liwl 3> (Degree  Cutoff=v)
Bac yiSlas K-Core=v (Node Score Cutoff=o/v)

393 MCODE=¥ Ll ¢ (Max. Depth=1e0)

* Gene Expression Omnibus

® https://www.ncbi.nim.nih.gov/geo/
® https://davidbioinformatics.nih.gov/
” Pathway Analysis

¢ https://string-db.org/

° Cluster

6 Iran South Med J 2025; 27(5): 394-408 [Open Access Policy]

godls Julad @b I iaw plbyw )5 Slbyw
JAUT 5 el ol Cun) 3509, b (5)lg)Sae
LCaw! 6310 !al_’?.')l (Sld_i.uu

Lo ydg) 9 Slge

*GEO o0l y3 39290 (S5lu (sl@0dls I aellao ¢yl 5>
s (a0 Ludd Cauny 9 b_i.ubo)smls‘u (SLD)I}?I 9
3235 o3laswl

osl> Jul=xi g 4332 9 (Sl glwosls
Jolis -aigad Y4 _sl.mj) GSE75131) cawlins  aw

9 wigad 1F dlael b duw lbyw (ool g Jolw
V(4950510 a5 b digw Glbopw (63Linpé (sloJolw
Slags b Jloy b g digas FW dlael b digw ¢)lboyw
Jolis -aigad & slass) GSE76540-¥ ¢ (4igas FV
OmMu9)9m593 (59)1> 4 pylie diaw by (sl ol
Q ool daw ol odglw g digad 1 dlass b
NN AKJL\ 5l (0905 W slael b g omwSgd (gg)ld
bid b 5T GEO2R Hlpl L loedls . del cuwsas °GEO
Gow) 5 b aiB)S JB5 )3 uilgn 3ISS sloyj
e L)) Glo)liee 25ab Wis sauis (Hhaasuie
dols ool o by logy pensws
ILog fold change (log FC)> g Adjusted p-value<o/«
9 Adjusted p-valug<o/ol g ¥ g | (sloCawlizy (gl

Do P cwlipy ¢l ILog fold change (log FC)>¥

o) (gjlue jaLT
Gopwe Jul=5 9 o) G AT Hokie @
wilido (glojuune )3 o) 3)Slas bl 9 (J9SIge
0315 6500 jl ealaiwl b (¥ g ) Cawlins) Syiine (gl
390 by (g3)Sdae Jul= (gly . a5aub jJUT 'DAVID
aw > (Gene ontology) (¢59le! F Jalsd jl aslne

....................................................... B www.ismj.bpums.ac.ir


https://www.ncbi.nlm.nih.gov/geo/
https://davidbioinformatics.nih.gov/
https://string-db.org/
http://dx.doi.org/10.61186/ismj.27.5.394
http://ismj.bpums.ac.ir/article-1-2142-fa.html

[ Downloaded from ismj.bpums.ac.ir on 2026-06-07 ]

[ DOI: 10.61186/ismj.27.5.394 |

\Fol (6 9)5T/a o)lA;j(.\ /‘449_039me&41 .............................

©J) "> JolS )y
a3l °L<JL))| KURVILY soi b .b.u)c (SUDQ)L\ b_)lwhw (_gl).)

oslawl DGIdb (Drug-Gene Interaction Database)”
0F "9)1> WMeled gl (g9t 9590 S DGIAD .2k
Ll (913 ()18 (b ) (pelud g
5> .a5adk wlaasl Interaction Score (wlwl p log)ls
ool Interaction  Score  Guwliny ol
G5 Okliad S35 (ke Cawd 92 (2 ylel)l
S2 pels 5 pllied @ Cawd Wg)ls selal (glp
Lo (og)ls 31aes (ke Cumd Guigas g g)ld
wols ) S2 b by glog)ls 4 cawsd logf L
oo plgic s Interaction Score 394 (0 duwlzo
)3 B30 o) b ke log)ls eyl gl

aidly

o3l ;BT g (Silu goesls
GSE7513 6315 acgaze jl GEO2R )1l j o5liiul b
5l g PFF slaes GSE15852 I AFFS  slaes
el ©glitie oly b o AVF slass GSE76540
Julss oy phaawl jl e (I B a JSib) b
Cawlins 93 w1, SLd (g 5l edlaiwl L 5 Syl
VO colgs ) o5 1 plool GSE15852 o GSE7513

08 JS8) Aol Caansy 55U ol et Sysin

"% https://tnmplot.com/
"https://rocplot.org/

?Receiver Operating Characteristic (ROC)
" https://dgidb.org/https://dgidb.org/

6 Iran South Med J 2025; 27(5): 394-408 [Open Access Policy]

) ol dwlio

Ll Pl ©hass Guyr 9 LEJ ol JuloS Gl
J e SHlimlie 9 (59095 (Jlop (o sl igai 0
P~ BT ¢yl )3 3 eslasiwl “TNMplot ¢ MGT Hljl
b i8S B3 5 o/o) jl yieS value

Oleyd @ Gwby i

Q awh L (e) glop) o DLW Guyp cuz
ROC by I diaw glbyw 4 Wie glilan ploys
iR Ui ) oF el cobld B 3k eslatiwl "Plotter
Q gl R e d9b paduive plo)d 4 Ewh
oslel Rl R 29 SJeleilh JolS 2wl leys
Jy-31 as hlew SRV sl dwd 9> D ohlaw
blie ;o 1ol awb ploys 4 WolS SHjglesh
sle (BL (g)len jl (5)l380 Loy jI ey a5 (Sl Law
D 38, 4093 )3 0/0l) jI yiaS p-value (puisad Caw
ROC jlsges (¥ 9 ghlan 095 93 0w of ol
3 o) Gpiw )38 (b))l Guizes "Plotter
ROC Jul=3 )5 AUC jles jl eslaiwl b (hloyd 4y Guwly
oL ) AUC R plzol 35135 liwl
wiyeb o/V-o/F aumis Hluw loicds of/F -o/0
599 Hlww 1-0/9 g 9> o/-0/A (Jguid (18 o/A- o/V
(P) ad ai8)S ,b5 >

....................................................... B www.ismj.bpums.ac.ir


https://tnmplot.com/
https://rocplot.org/
https://dgidb.org/https:/dgidb.org/
http://dx.doi.org/10.61186/ismj.27.5.394
http://ismj.bpums.ac.ir/article-1-2142-fa.html

[ Downloaded from ismj.bpums.ac.ir on 2026-06-07 ]

[ DOI: 10.61186/ismj.27.5.394 ]

.

g - 3
2 = g =
s S
g g

~ Padj<0.05 Pad|<0.05

. down o down
o - * up o - up
A 2 ° 2 M A 2 o 2 s
log2(fold change) l0g2(fold change)

-
3
£ .
L
g

-

&

log2(fold change)

Stem Vs Non-stem cancer cells

ook 9 diws by (3L (sl Jokw) GSE7513 (a .pl)flg) 09 9 LT Oy Jawslyad Jul=5 (gl Volcano Plot jlsgas .1 JSib
9 ammg)9wS9d (1> @ pglie diw oy (s Jokw) GSE76540 (C-(aimmw Jloy 9 (5y9095 x8b) GSET5852 (b -((goluinpaé (s3loyw
dunlio Calizo LgL(bog)f o2l i oy ©lyuss &5 cuwl logy (fOld Change) )lado )i)bltu &8l 9o .(M9)94u$9) Gy 4 ool
02523yl j0y8 bl . Cawmloyj (sl ©hausi (g)lsline plow 6352305k 45 33,0 (L |y logle (p-value) jlads (g3gac oo .45 ,0
Aiawd (o S bl g glales ()l GaolS b (olog) s3i3¢lin (T bl cilaialy ¢ly Ginliél (g)loles Hobdy a5 Jiiwd (loy;
.GSE15852 ¢ GSE7513 (glocaunlis ¢y bogys Skl jlagad (d . 0laiislas (g)labes ¢yly lypuss a5
Fig 1. Volcano plot for differential gene expression analysis and a Venn diagram. a) GSE7513 (breast cancer stem cells and
non-stem cancer cells)- b) GSE15852 (breast tumor and normal tissue)— c¢) GSE76540 (doxorubicin-resistant and doxorubi-
cin- sensitive breast cancer cells). The horizontal axis represents log2 (fold change), which compares gene expression
changes between different groups. The vertical axis shows log10 (p-value), indicating the statistical significance of gene ex-
pression changes. Red dots represent genes with significantly increased expression, blue dots represent genes with signifi-
cantly decreased expression, and black dots indicate genes with no significant change in expression. d) Venn diagram show-
ing the overlap of genes between datasets GSE7513 and GSE15852.

0J i LT
DAVID Lunlips jl osliial b b§ (gjloiié jlbT

o ain)s gres 5 VRS
3 wyp Mo layj  (Biological Process)

pabiis Uil ool el ala I (loailyd
Gloke Caaz IS5 @B 9 Jolw ~Jolw Svismz
Gk izl Guop > uiges bl &)l
Gow lod=e ;I >p (Cellular Component)
(Rlwly Bl gline Jold bj Rl L by
Wby Golw 2)> JoShjy «Slelw 2,15 09j9)S]
lopne Jul=s (Ya JSb) 039 lewtly gl
31y lis Reactome osls oSG0 jl oslaiwl b (i)
O alise Glopue )3 w)p 90 log) S
© pleise By i) oymme ()50 I 35)1s

6 Iran South Med J 2025; 27(5): 394-408 [Open Access Policy]

3O Sylde di8ly lo juS o5 VO ¢l a5 sl lis
hzl 9 GSUdsn Il (JsSlge (glod,Slac
051 S (sl (¥ JSb) 5)15 G (g33sie (Jgle
aoldl 5y 5wl sad (plwlud (3 3)90 o odiwd
sy Slac Gido d Lalledds S oyl I Bp
ws,Slac ¢p)3age (Molecular Function) (JgSUge
OsB9R RBS R @ Juall Jols oad el
SIS b5 0 Caled gloT (uigy Caled G5
clled (ol cdSwl paiign @ Jlaldl (omagds)
Gloyply oS 4 Juall 5 GJoSige Hsill

....................................................... B www.ismj.bpums.ac.ir


http://dx.doi.org/10.61186/ismj.27.5.394
http://ismj.bpums.ac.ir/article-1-2142-fa.html

[ Downloaded from ismj.bpums.ac.ir on 2026-06-07 ]

[ DOI: 10.61186/ismj.27.5.394 |

\Fol (6> 9)5T/ao)lm'b/|qjjz_m9wwdhu ...................................................................................................... ©giz b /Foo

SR94 (AliEe (o lan )> e o) oS Sl
Wlingyy oy el Oliwgy  Ewingh
ol Suiwlgh (a9 aidloplel (glogiuw)ls

(Yb X) .).J)l_\

© .x
: | M
- b 4
< | B
Coun!
® 20
® 4
® ¢
L d
L J
L J
L J
@
@

~log o(P-value)

SoliSow «(H98e Glo(§)len (2955 (uwlidd Cammn)
Wde  (BUBI lwgen  opSshinl gy
soleyd o W -Selyinl 9 F -uSeliinl SidliSw
b3l Julss puizan 3,5 o,Lil “SARS (gl 6gilly
oo DisGENET o3ls oSG0 jl oslaiwl b (g)law -5

Ty

1A

3
Counts

G o3l adaw dw 3 (559)ebT (95 Jalo (@ .DAVID oL jl eslasiwl b (o (g5l juIUT .Y JSib
.(Cellular Component-CC) (Jskw (gl;=! 9 (Molecular Function-MF) (JoSg0 (sloos)Slac ((Biological Process-BP)
.DisGeNET 31> o531 b (glews < b3yl Jul=xi ¢ Reactome o315 ool jl ool b (i) (soyamn Jul=xs (b
Fig 2. Gene enrichment analysis using the DAVID database. a) Gene Ontology analysis at three levels: Biological Process
(BP), Molecular Function (MF), and Cellular Component (CC). b) Pathway enrichment analysis using the Reactome database
and gene- disease association analysis using the DisGeNET database.

oj 16 (Betweenness Centrality) (suwbw <ojSye
0385 Shadl 5l o 9 (o) ) 1 BBl )5y
Vb (el (SDCT CXCR4 (KRTT19 GATA3
0) LV ol S Shdl il pug () gz e JSb)
Sweb L 5 F slaes (GSE76540 cauwliny L (gaulS
Vb (Rl CDHT o KRTT19 (GATA3 AGRZ2

(¥ Js)

" Severe Acute Respiratory Syndrome

6 Iran South Med J 2025; 27(5): 394-408 [Open Access Policy]

Ghl> 63l @u)i (9 “paiigR USen) aSud
L oS ((e393) (Royj .39 p-value<io™ g edge 1FY
aid)S 53 55 5IUT Cags dbla bl Lol aSus
aw Cytoscape )38l ey 5l eslasuwl b .(Wa JSib) 333465
O adgs ol &5 Wb (oleld Llol dibgs
(Porrd JS) 33300 ol logyisy o | Jalss
42y yiohl yo bl lol el jIUT I G
g (Closeness Centrality) ;53355 <3Sy (Degree)

....................................................... B www.ismj.bpums.ac.ir


http://dx.doi.org/10.61186/ismj.27.5.394
http://ismj.bpums.ac.ir/article-1-2142-fa.html

[ Downloaded from ismj.bpums.ac.ir on 2026-06-07 ]

[ DOI: 10.61186/ismj.27.5.394 ]

t Vs Drug Sensetive

<A '
Key hub gene

Closeness Centrality

Jolis) Jl divgs> (b .Syidno (slopy] i kS, aSuis (a .Cytoscape g STRING b (PPI) Liibon (yikiSay aSuds Julox W JSié
L0 P (Rlwlid cagz plSL o9 (€ .(edge A g 399 B Jolid) pow adig> (d .(edge g 395 A Jolid) pg> aibg> (C .(edge 9 395 &
sz 9 (pawngy9wS9d (69)15 4 pglio o) GSE76540 cunliys b Syidine (53415 (slogj ol (lwliid Cag ﬁl)flg) 09 (f.gals
{Omnng)guS9s o)l @
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