Iranian Journal of Diabetes and Metabolism Original Article

Official Journal of the Endocrinology and Metabolism Research Institute, Tehran University of Medical Sciences. 2026; Vol. 25; No. 6

Protein-Protein Interaction Network: The Identification of Key Genes and
Pathways Involved in Nonfunctioning Pituitary Adenoma Tumorigenesis

Nahid Safari-Alighiarloo*?, Seyyed Mohammad Tabatabaei?, Nasibeh Khayer?, Nahid Hashemi Madani?,
Mohammad Ebrahim Khamseh™

1. Endocrine Research Center, Institute of Endocrinology and Metabolism, Iran University of Medical Sciences, Tehran,
Iran

2. Medical Informatics Department, School of Medicine, Mashhad University of Medical Sciences, Mashhad, Iran

3. Skull Base Research Center, The Five Senses Health Institute, Iran University of Medical Sciences, Tehran, Iran

Gbstract )

Background: Nonfunctioning pituitary adenomas (NFPAs) are among the most prevalent subtypes of pituitary
adenomas, presenting no clinical hormone elevation. The lack of definitive biomarkers for prognosis and treatment,
combined with a significant risk of recurrence, poses substantial challenges to management. This study aims to identify
key genes and biological pathways involved in NFPAs tumorigenesis using a systems biology approach.

Methods: The dataset with accession number GSE26966 was analyzed to identify differentially expressed genes (DEGS)
in NFPAs. Interactions between DEGs at the protein level were constructed using protein-protein interaction (PPI) data
collected from the IntAct database. Cytoscape software, igraph, and MCL packages were used to construct the PPI
network, analyze its topology, and cluster it.

Results: 1,135 differential genes were identified between NFPAs and normal pituitary samples based on |log2FC|>2 and
FDR < 0.05. Of these, 323 were up-regulated and 812 were down-regulated. The constructed PPI network consisted of
6,960 nodes and 15,691 edges. According to network clustering, cell cycle regulation, chromatin organization and
assembly regulation, transcription regulation, and actin cytoskeleton regulation were the most significant pathways.
Using topological analysis, CDOKN1A, BHLHE40, FHL2, H1-2, H2BC21, and FGFR3 were identified as central hub
nodes in the PPI network. These genes were also involved in the biological pathways mentioned above.

Conclusion: This study demonstrated that a systems biology approach, integrating gene transcriptome data with protein
interaction data, can effectively identify pathways and biomarkers in NFPAs tumorigenesis.

Keywords: Nonfunctioning pituitary adenomas (NFPAs), Transcriptome, Protein-protein interaction (PPI) network,
Topology, Clustering

\— _

Please cite this article as:

Safari-Alighiarloo N, Tabatabaei SM, Khayer N, Hashemi Madani N, Khamseh ME. Protein-Protein Interaction Network:
the Identification of Key Genes and Pathways Involved in Nonfunctioning Pituitary Adenoma Tumorigenesis. ijdld. 2026;
25(6):535-543.

DOI: 10.18502/ijdl.v25i6.20858

[ Downloaded from journals.tums.ac.ir on 2026-06-17 |

*Corresponding Author: Nahid Safari-Alighiarloo; Email: safari.n@iums.ac.ir
Endocrine and Metabolism Research Institute, Firoozeh Alley, Valiasr Square, Tehran, Iran. Tel: +982188945246

*Corresponding Author: Mohammad Ebrahim Khamseh; Email: khamseh.m@iums.ac.ir
Endocrine and Metabolism Research Institute, Firoozeh Alley, Valiasr Square, Tehran, Iran. Tel: +982188945246

I: 10.18502/ijdl.v25i6.20858 ]

Iranian Journal of Diabetes and Metabolism
2026; Vol. 25; No. 6; 535-543

Dl

Copyright © 2026 Iranian Journal of Diabetes and Metabolism and Tehran University of Medical Sciences. Published by Tehran University of Medical Sciences.
@ [This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International license (https://creativecommons.org/licenses/by-nc/4.0/).
raam Non-commercial uses of the work are permitted, provided the original work is properly cited.



https://publish.kne-publishing.com/index.php/IJDL/article/view/20858
http://dx.doi.org/10.18502/ijdl.v25i6.20858 
https://journals.tums.ac.ir/ijdld/article-1-6481-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-17 |

[ DOI: 10.18502/ijdl.v25i6.20858 ]

a8

BFTLOTO AN L S5k Yo ol /u/ (ﬁx@b//wwﬁl 'ty

PT (3135909 30 Ju>d (S gwo 9 (SIS Sy § (wlids 30T g y9— (ol g 39 S o g3 ASuid
SO S i 35 gmd

*‘W r.:.&:\f‘.kwc‘d.)\ﬁ LS“'“:JLA J\:.hl; crfwcrd.wwmwa‘*ﬂ)gdkﬁéjw@b

ulﬁ\ cQ‘J_@J ‘U‘Ji‘ gfi":"}i r}lﬁ om‘b Lmjﬁtﬂjﬁ)o))} sde Z&A}‘x Lﬂ)i)})} sde QL&.:&;vJJSJA—\
ulﬁl c.,\.g,&.a c.,\.g..:a L}'i‘;fi (:}LQ aml; Lu_i.&ﬁ S ils cv_ialﬂ &.:.?Ld))m‘ cjjf—Y
Olnl Ol Ol pl (S psle ol8tsls Wiy ol Cundls 808000 535 oo 5255 Sl S 50 Y

8 e |

. e

&éfiw Slpskesel BB s sl Sl Sy pde Lies Osa) 58 Ol b dal s 136 (NFPAS) (o5 Shas 18 550 (_;Larjjﬂ:«.\&a
5SS Glals Ll axdllas l Gis sl 0dd (¢ lew o pde (gl bl Gl 2l sll s 358 4 5 BB st Lol jan Olay 5
ol ($5 g s o5 3 03l b (53 Shae 1 5 p ol oliise 5 53 et (S8 e

ot 3 63, Nhes b b g o551 (Sladisa oy B8 (SLa05 alolis (5l 3 GSE2B9B6 oo ows 85kot b (515,80 8315 45 goea 8 iy,
oSl ) o (sl (PPI) (55— 55 (S oy (lnosls 3l aslina b 155 5 pedas 53 3131 (5La003 oo sla S s LT L
L esliial i ghuad ot 5 S e s 53U «esle gl MCL s igraph ‘5L”G~‘<’= «cytoscape 3l o 5 A sl dNtACE o3l

MY 5 Gal3 O3 YT aS s glabis Wl 58 5em 5 (63 Shos 18 335 v‘ﬂ St sa3 oy FDR<0.05 5 10g2FCP>2| « 31 31 05110 slaacily
Clas S e 5 as0leslr oS (S Bt i (und pt IUT ol 3 Il V0TAY 508 AN el PP izl Oy 2 05
FHL2 BHLHE40 CDKNIA (slass s (S5 s bl b s e 1855 (sla s nte S g SIS e a5 5 o 555 S
3g 1S53 55 0 S5 w3 G s 53 DSl Hidd gLl (555 0 Ols glae S Ol giess FGFR3 5 H2BC21 H1-2

ls U5 Sy S em n slaesls b 03 Cdgiss slaslaesls Gudls 3,85 55 b (555 i 35 45 313 0L anlllas (is St
2l (53 Shas b b ool oliss0 5 3 0 sll s sl SLE 5 a e

Gt 5 (S35 A S S A s Sl 5 (53 Shas b b gm0 551 15 IS O3,

\— _J

VECE/SAIYY gy gy VEVE/ /Y bl o eyl

S slawl 55 e 4 Wlis pl 4

Safari-Alighiarloo N, Tabatabaei SM, Khayer N, Hashemi Madani N, Khamseh ME. Protein-Protein Interaction Network:
the Identification of Key Genes and Pathways Involved in Nonfunctioning Pituitary Adenoma Tumorigenesis. ijdld. 2025;
25(6):535-543.

(ALl galie 5 Sao0 00 wad BuSia Sy ) da S manily Glae (e iguyal GLLE e sobe wal o gdeus outicas g5
safari.n@iums.ac.ir : S 5 i< ey o YIAAREOYET

u&n :‘a.a.u._d\}:tu K) ‘}3‘)&\9‘)4 KRTS Zm\s:).’a ‘b‘}\s_):si :\.%\95 :‘).n.a.a__s]\s u‘.J:s.n ‘U‘J'e': :U“"JAI decuar ‘;_A.A‘).a‘ daso J}Lao 0J..l.b‘l:!".; ®
khamseh.m@iums.ac.ir : S 5 5 ey YIAAREYET

W'\‘J (4 Z/Lf R

ul/lﬂ/&}ﬁzbﬁ
oY1



mailto:safari.n@iums.ac.ir
http://dx.doi.org/10.18502/ijdl.v25i6.20858 
https://journals.tums.ac.ir/ijdld/article-1-6481-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-17 |

[ DOI: 10.18502/ijdl.v25i6.20858 ]

_W'f‘_ﬂ/ Sl XD

O)15an 5 1,8 e s jiuo

(PP 55 =05 S S o illlas [V o] s g
5 San sl (3 sladnl ) e S
St OIS s [1)] dsse )l s sl oShaS
las Shee PPl A3 S5 s 5Ll v oS das
350 33 g 5 ol MLl 5 o Late S5
PPI sladSd 53 sy (sl oSheaS [1Y] das s i) 4t
Lipd e pleld e psba gluad s las paly ) eslinad b
G 555 GBS Sl a5l (ol
G allid o (Jsl s Sos Sos gl nl ol il Sl
DY NVE] cd (5,0 559 Sla oSS
Bl Sl Bty S o 4K A a5 S esliad Lo e
b gt L;LAU;;I ioses 58S Cd age W s 5 O
)5y 005 e sazma Sl aalllas ool o3 Ay 28 (65 Shes
3 (GSE26966) 555055 L Las o 31581 sladsl cpms (Sl
Sl At sl (53 Shas b b s slag sl
ol oL 51 aliulesT Al L oS PPI (slaosls b ot gLl
Sl s o 5 Ll (din gy sl Lg)jc.}, IntAct
4 e ol dalw PPLAS S goa s 5 (S5
Lobase SO le e 5 S o0 ool 2

,b.s_,f Lg.s/.il&.oﬂ.é b g LgLADj:T ‘_;i‘)'))‘):

L A,
03 Ol Wesls 56T 5 330 5 e

NCBI o315 ol 51 GSE26966 v j2ws & 5les L 6313 45 yazes
AFfYMetriX as sozme ol poitly A5 35 GEO ‘i
Joli e3ls 4 gams 5l .3 5 Human Genome Plus 2.0 Array
5237538 65m 1) (63 Shes 8 52d pon slap ol 450318
5l el L;)j@;.- Wl 3 wped & 5 (UL Cell & 505 4
VALY BISE WS 55 550555 348 3 Shae Dl & 5y 5l 3l
J\3le 5 5> GEOquery package 51.[1e] 5 S o 5l e sl
osbinad s (slaesls Gl 5 3,k (gl (800 &) R
ssbedle S quantile i, 51 eslaxad b Ol sla Ly 23S
Ol b glady plalid (g (FY8.0 &) limma e 510
eslizal L FDR' < +/00 Jlas 05 S ealisul (DEGS)' & slis
A sl (g lsbas J 2S¢l s Benjamini-Hochberg %, 5

® Gene Expression Omnibus
¢ Differentially expressed genes
" False Discovery Rate

w§alS GLAGS (ealealand s(alh g ya- (a9 3 GRIS A 1 dSad

PRV

slassess (NFPAS) (o3, Shae o sbypn (slap sl
ctr DRl Gl Aal B L S i e gl o5 B
Lol Ll o A Sges5n Sled oo A ol jen D0 5
62 Shes b gm0 53l By Oloys 5 e 25 55 b
s Slop el s (53 Sles 8 5o slop sl 202
s ebser Ssses IS 3l o o L 5 b 5 55018
52 5kos b s slap sl e [V] oSS
g 3 Shae el 5 glos g S pials Sbe oy o
5 ki B WD s 5 ol Ol 2l IS 0 5
D] ol s o (5l eslS o

L5 o (53 Shas b b gen slap sl 5l A )3 YO 51 2y
e gl GlanlS fm Gale S5 4 a0 D sk
ol Jlm s [V] S e b gl g b sty
saen Slapisl SV (sl ol bt s jlile ol Oloys
Gl Sl S i [E] o (53 Shes 2
Olbl gl clajllo 4 Jlaasl cond Woa il S
s Sloesal (ol Bleps 5l ey a3l Sen s
sl a5l ey Sl S e s el (6 Sas 8
107 azS o sloul 1y iy oSt 5 ils Sloysgin b
Sl 3o ol L (SaS 0leys SOl il
[V 5 3550 63 Shae b 35 (slag o]

(52 Skas b b gn Slap sl g5 o) e il Jl- o
ol odhe [V] 5,0 395 Wl (gl en bl ogls Olays
S 0Ly 53 Ypene 63 Shes b 3 pn slop ol
Som 55 Sl Sl ol il as e DL o slis
el 05Y (53 Shes 1 b sen slap ol s S S
s bl el ol el (3L (J 58050 lalllas 4 ST [A]
Slapsisl O3 axlg (2lioses alpe o o 2 e
e 1 (S8 sla0lays o by 5 (63 Shas 6 s
Silwang sl L S50 L;bsji'.l..ij st [a] ks
Ll G o Sloos Sls S ol st

5 M8 Glas glajlla 53 Olg o 1y DS e slaesls
A0l gl S e sl B s S (s5lwdia
Aile) s slazon e eSS a‘ »ee S 58S
O Ol Tadl 5 (aed slie 5 LMRNA (a5 5 dad

! Nonfunctioning pituitary adenomas
2 Nodes
% Edges
4 Protein-protein interaction network

L‘J'/'f/»J/C” Y
oYV



http://dx.doi.org/10.18502/ijdl.v25i6.20858 
https://journals.tums.ac.ir/ijdld/article-1-6481-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-17 |

[ DOI: 10.18502/ijdl.v25i6.20858 ]

_\\‘o\‘db I E/Lf RAYD)

OlSan 5 918 e s s

Laasl

s gl el

P Jls 008 (Il 558 4 by o 503 8 i (s
e ke b 03 i 5350 St Sl se g (gladigad IS
Sl d A (Sosl e 0SS slasses L L VE
Ariedal e ses g Wl ladised (w  (G)lolns
el Olgoas 500 Jlgr o 315 LIS Wbt ot gay 2
Gliaib s 5 aalS (sle e Olgsar disei Ve s Ul cell
YVXYAX 06 e sl VF XN Sl 05 33100 05
Lo ool sy VE Slospe S is g it e il
5 ool olila Blisyse S5 aS Jle s (s g e diSo e
Ld g oliSoge 8

SIAOL L la 05 gluls

L o Shas b 5 pmn slop sl 4l 51 3131 (sla0s
b (GSE26966 o515 s same) v 358 (slaeisal
ol SIS e 5wl S Glads Gl I ey A
O oslie Ol oS VY0 slues « FDR < v/v0 5 logFC[>2|
Gl s 5 5n 5 (53 Shas b 5 5n (slap s3] (sla pol
3550 YV 0l ol 5 ingy laS e alisses L Ll G S
() eSS ) anils Gly JalS 5,50 AVY 5 0Ly 20580

S5 o SO3 luls 5 PPI slaases AU

ot ol Ol oslize (sW05 3l esleul L PP slaasl s
0313 oL 3 5 ge alpt bl 1) gl slaasis b s
L 3l 05 slaalan (5l b asls 3 2.8 IntACt
Sa0j slaalas sl 4 laeld 2 S L3,
S GO ol Ll Gla iS(es il 13
A3 5y Ly Jdte b @ el 8 | s by &S
5 s S ol s sladgile plakid 5 S
sty 3181 (603 5 ealinnd L PP S 08 R b
&S ad sl s b g (slad yoi L NFPAS iyl 5l okel
i () (5Se  10T) 5 (05) (55,05 WAL Juls
Closeness 5 b oS o e il 43 (slaslns L PP 2t

S3b i 0 S Coeal B S 513 L5l s, 4 centrality
)b}v\—@:tbu‘g;ﬁ;f)lc&duﬁ wb‘juaﬁ&v‘wu‘)

a5 ol 31 p S a5 W s 08 e S il

% Kyoto encyclopedia of genes and genomes

S GLAG S (salualincd (a5 g ya= (525 g 5y QRIS AR 53 ASadd

(PP1) 55 = inis . S o 45 -l
gl 5o slie Ol b g0 (w Lalsy S5s sl PPIESS
Gl sy oy ol d)j@,f PPI (glaosls . wotlee 55,
L L3k Qul2023) INtACE esls oL 5l cds by aKiules
Ol Lesls MIETAB 2.7 s b U b iy 51 e [V
Sl el | pland DS 5 L el 415850 b s
e el b b sl PPE (655 DEGS s 1355
Sl 105 b ltis 8 las ©) SLiilees 051 5
(") &%) Cytoscape Jlle 5. Lsd glubid (Azdls Jolas

DWW sls Jaled 55l 1 PPI glaasis

PPl aSs (59955 5300

igraph pckage in R 5l sslinal L PPl aCs S50 5 oo
53 Lo 8 caenl b5l 6l oS e slrs aw [IA] LS pla]
5 b oS e (K)ol E s 1 eslinad PPI glaasll
B AS e olis 4 JJ 5 4>, (CC)closeness centrality
S olae S als oyl S o Juate oo S Ak w1y 0 5 SO oS
5 K ekl Cls iyl PP A s (W ol
S b S 5S e obae DA 13 a5 5 50 3 Yoo
5 S 58 i Sl s 1S S S
CuS e b gleag apd e i S e s 5550 0
Lrosls Ob o sl o ailil 30 o8 S Olgeas &S VL sl
«loseness centrality ;las [V4] LS o oo jllas S S ys
o S plad 5 553550 05 Sy Aol Sl Asloms (51
s OLES YL CC L (sl 5 35 o sl asld G s o
Sl slae S ple 4 Sy 4 Al g e Sledbl S il
DA Lps e

3 Mo S5l b Jdou 5 shad
L 3 package MCL L 5 35Sl (sutuad = o, S
sliad PPI (glaaos 5 (53 Shos slaad ot (il shieay R
) Sladul s V.Ja..- Y sy inflation el [Ye] ai
dols oL s KEGG bl s sl jees 5 "GO
slbis sl Enrichr  (https:/maayanlab.cloud/Enrichr/)
Gl le Lud oslinul laad s oo Sla e 5 Lo Shas
L ol s gme obel ks 511, FDR<0.05 slis b 5,

! Betweenness centrality
2 Gene Ontology

L‘J'/'f/»J/C” Y

OYA



http://dx.doi.org/10.18502/ijdl.v25i6.20858 
https://journals.tums.ac.ir/ijdld/article-1-6481-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-17 |

[ DOI: 10.18502/ijdl.v25i6.20858 ]

_\\‘o\‘db F Z/Lf R

OlSan 5 918 e s s

FDR < 1/00 jlms 355 ool laad st s (IS (slacss o5l
Jasl U 3 S 13 eslisd 3550 lobins (gla s sl 6l
PRI 53 10 ka5 iy Ly YOV IMCL o, S
Slp kg S 0] Jold &1 adi o Wk s 57 olulid
st Saesl Gloss 0 s per Gl oLl
5 G sl (Y IS8 s S bl (o3 Slas 2
ad \ Jader s bt a4 bge 5 edd 28 Gla e
6 i s S PPl 3 S e slaos Llbdd
S o e de ek _lulid S (oo Ol ey clos

k:m.»l‘ ol eb)}T Y J_}J} DL Lg.J\:lS 6L&d5 st.v

w§9lS GLAGS (alealandi 120 g 5= (a5 9 3 RIS A 53 dSad

Sl ol cd i Ol s g en 5T Csw |
e S S o Gldipran SLo0S el S5 S
SN L 05 e (V JSD) A Sl PPEAS S s a8 5
RBPMS VIM FGFR3 EGFR . Jsl_2 <5 o 5Ll

>3 FOS ;, STAT3 .DDIT4L GFAP .CDKN1A PMP22

SHIS Sal5 b a5 (63 Shes (55l s Jdowi 4 o5
oliﬂlﬁ )\ oslaia l; o LS:‘LV.:L.JJ LSLQA.JJ‘}P- LSJJW 6)L»L;&
LSLQJC"""‘ JJ}A)JM J:"*:‘ Lo rbu\ KEGG jGO 6&53‘3

LSL"AJJW_}&JJSL«&J:@HM LgLaer;T‘_;«;U)f)J):ﬁf):

Q hub-HCC
Abottleneck () bottleneck-HCC
vhub-bomeneck () hub-bottleneck-HCC

<> HCC

S8y slas S ;,l,;.sq._mssg,mxingu?yﬂ@m,‘,s,“;y S8 O3 VY 5 ouds aiAl PPl dsadi -\ S
aadi sbeulied (YU closeness centrality g olS 9IS (ola)

u!ﬂﬂicfu;/bﬁ
oY4



http://dx.doi.org/10.18502/ijdl.v25i6.20858 
https://journals.tums.ac.ir/ijdld/article-1-6481-fa.html

OlSan 5 918 e s s SIS SLAG 5 cralealinh (0 - i3 gy SIS pA 53 At

H2ACT4  Zowpwi

1QGAPS | FGF8 2 <
BXL12

= Bl 548 3000 (SLACHLS s 505k 11 3 9 sLap 5507 (ot 1580 SLAD obanl PPI At s shsaut g - it
8 3o S b sl S 5 s 4t a S S05 WS Sore S b slaeS Al el DL S 1L bt s S slas
§ zea 331 sl slaaloes sl (K508
N
E s Slas yué 58 aa (sl gl )y 90.93 b Lol o (535 8 SLACYS 9 (et sLames LTS (1 fipgo =) Jgun
2 Cluster-1D Go biological processes Adj;f;fg P- KEGG pathway Adj\y;tueg p- Enricgggecsentral
= :
% . é&%’;me%‘%sag; o arﬁﬁgp;c;:hwar;rotefn 4.61E-29 ErbB signaling pathway 6.40E-22 EGFR
3 . gngg [')’;tﬁ\‘j'vay (geg'zgg’gnw‘;mte'" 204E-25  MAPKsignalingpathway ~ 256E-12  EGFRIMET/KIT
§ 2 (P((B)gn(\)/gG (;tiggl)ation of lipase activity 0033 Regcl;/!(z(;;tsiﬁglgg‘oarl]ctin 0.0266 FGER3
g 3 Eﬁ%‘;':g&?ﬁ&%g"ﬁgﬂ%’gﬁ"‘ Ff“’tem 367E-16 Cell cycle 111E-20 CDKN1A
< b e ooooosy Y 00391 Epstein-Barrvirus nfection 00070 STAT3
d s et of ekl elSeoa o, - T e
o i o e S ey - - AR
T Fihe nolien of e oo - -
_ o o of oot by e, LRI ey
T rebe TSR o - -
o of by T - e
T - -
% 12 (Régug:)tls%n? o8 )of protein  secretion ¢ yaee | 3 3 TN
= 13 Chromatin assembly (GO:0031497) oopso  Neutrophilextracellulartiap g 7, g H2BC21
g
—— Yl WAL O f:J /.Cu_“/'ﬁﬁ.{f’

0+


http://dx.doi.org/10.18502/ijdl.v25i6.20858 
https://journals.tums.ac.ir/ijdld/article-1-6481-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-17 |

[ DOI: 10.18502/ijdl.v25i6.20858 ]

_h‘o\‘db I E/Lj RAYD)

OlSan 5 918 e s s

S GLAG S (salualincd (a5 g ya= (525 g 5y QRIS AR 53 ASadd

93 S 58 52 (St ) SLA yauas 534S PPI Al 53 (538 o LA S (Su59l 9368 (S3a9 Y Jgu

Gene name Degree Betweenness centrality Closeness centrality
EGFR 340 2546369.352 4.98E-05
FGFR3 327 1846357.435 4.79E-05
CDKNI1A 179 1023048.843 4.74E-05
STAT3 150 870576.7472 4.69E-05
FOS 148 779863.9352 4.59E-05
FHL2 140 714236.3047 4.55E-05
BHLHE40 98 380360.3169 4.51E-05
AR 114 409662.1295 4.38E-05
H1-2 156 874800.1058 4.27E-05
ESR1 100 402045.8941 4.36E-05
TTN 100 555961.2022 4.34E-05
H2BC21 168 888064.5383 4.23E-05
JUN 85 327729.8058 4.48E-05
MET 87 181048.3129 4.26E-05
KIT 63 66351.4858 3.97E-05

(I T ki 503 S US| LSy Ol S
= S s S5 [TOL S o 25 ) ol B - 05 50
Dol as e A5 e ol ast 2 b s Sl 2802
IV 55 ks Ay 3 DDt 5 oliypey

St S 3 503 (S il S o 5 230lesl oS
HL2 55 o3 Sas b s gmn lop sl l3nse5 5 Jos oo
5 ls slse S 0l siear H2BC21 (HIST2H2BE) 5 (HISTIHIC)
PPI i 5o 1, VL closeness centrality 5 bus astbs o 58
A 585 b s slia )3 550 (o g0 5 53 005 ol i3l
solid tumors Lo M 1 5 s0m (gla g0 87 Sl OLy )58l
3l 5 DNA 0 bl B (S5 ol i Slrs e
L IWVI L5 o oz 5 ) g it il Gy b Sl (8l S
O S (NS ea s DNA Oy Dle (ola (slo S Lot
Ak a8 03 Oy S5l i 53 15 e DNA L H1-2
5SS 4 en LoDl b La 50 (clat 505 53 HI-2 03 [YA]
A s G sk S35 535800 Ol o ) ey SV sk il
534S AS o (51088 |, H2B 0 s HISTI2H2BE 05 [Y4]
Sl b S5 RS 525 0 Ol o 3l ey tas O s
Ol 15 e o (histone cluster 2) HIST2H2BE O [Y+]
ITV] S o Wl ol ol e 5

Slap sl Lisses 03 Jots s T3 Sos i) ol
Gt g0 b b ged Sl g 5 dlio 53 35 (63 Shas 6 550
AR FHL2STATS BHLHE0 (55, 5551 oy (ol
Ol geas PPLIS3 53 lads ol el 0ly 2as FOS 5 JUN
& e BHLHEAO 55 5 a5 6 0 slae S
et 55 (SRS i 331 e —adlo — o 03l 5
o BHLHEA0 555 e Ol il 51 (gl 3 45 o

Sow

Sy 3 S (63 Shas b s slap ol lass 5 asits
AU sl e 55 O ap sl l 15 ol ez g WS
350 5 el g Lol ol il kit ezl Ll S
Oleys 5 adeis gl g Sl glabos [T s oV
3 GMS o e wadlllas ol 5o dvy o o (655,15 Ladis
byt Slapsisl st 3 Jos (Sidsbe (slp o
Se0j ar by o PPl sloasi 2 Lo sz Ll (65 Shas 6
Sloaipes b (63 Shae 18 58 5en (slop ol dlie 5l oS 31 30
23S ol ol o Jol U 35
s bkl (S5 s e e ) S S
I 53 b s ol 3 (5 Skt 3 e (slnp ]
st 2531 Winss 0 ol Glios Sl ) (S 5
S Ol g 58 o 4l 35 P21 o L 45 CDKNIA [YV]
551y 2V closeness centrality s sd_ atl_ s oS 4lS 5 las S
s slop ol s CDKNIA 0Ly s e 0L PPI S5
digy o aile alS Jla s (6lo s s La—slie 5 (65 Slas &
s sladsbn gl s o aedaline Koo Slallas s 55 gl
O3 [TV YY) diz_als CDKNIA 03 Ol 3l (8 jcmby s 58 5000
Ly seg Aoy GL 36 s Jshow i > b, 20 s LCDKNIA
s s 2 55 [Y4] US o S e INVIVO INVILIO Lyl 5 55
(CDKNIC (slacs5 b CDKNIA PP i (g s _juss
5 CDK2 (CCND2 CCNE1 CCND3 (CCNB2 CCNA1
63 Shas 8 3 gn slop sl 53 SKPL 05 35 S wa » SKPL
4 Ghate 05 cal 2l Ol Sl s 58 s (gl s L 4l
e |, CDKNIA &8 =l SKpL/CulL/F-box (SCF) _.SaS

¢‘_5_0ij‘~§_5)_.§ Q_U.:»_I L}'.':J'b )\ (.)”‘{‘L.-"’Su:“ .Mbda )\J_B

ul/!ﬂ/[f} Y
0¢)



http://dx.doi.org/10.18502/ijdl.v25i6.20858 
https://journals.tums.ac.ir/ijdld/article-1-6481-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-17 |

[ DOI: 10.18502/ijdl.v25i6.20858 ]

_\\‘o\‘db I E/Lf RAYD)

OlSan 5 918 e s s

alllan ol A3l 50 31 6la0F gl s 53 i Sae
3 el gLl S slals S5 b (sl keSS Al

.cw\dﬂf,é6;;&:«):&«}9)?:&&&6)}:1&5))”3

(S S 4onss

L oS =0 n GSea 5 05 0l lesls laaslllas il 5
e S80S 5 (K55 Sl s 553 5 Sl S Gl
Sl G s S plesl (63 Shes 1 53 50 slop 5ol b o s
S Gl (San (53 Shas b s gn Sloe 531 olises o
i oS5l St 5 P a5 Bl i
SISl 023 5 o 55 S (Lo S e 5 220l 5l
H1-2 FHL2 BHLHEA40 CDKN1A (clap5 .5, 515 Jol
(ola) oy a3 palie o VL (slyls FGFR3 5 H2BC21
lobis s 5> closeness centrality 5 (o8 41S) by & S 50
3 g0l (S8 3 edd S5 e Sl s 3 DSl 3
sl S Ul ey 5 (5l s 3 0B 58 (IS (005
hn Slap sl badia Olays 5 asils (ol o o5l sy
Sl i Dlallae Jlm bk pd o slgty (3 Sas 2
s Slop sl 52 03 cul > Slas (KsSer 04 (s
el Sl 3550 (63 S 8

Py
U‘j‘.’.‘ "QL'@; (.Q‘J)‘ é‘:’ﬂ ﬂ}lﬁ e@‘: JLA k;.._:vLs?- L: wUm L)'i‘
Sl 0l fbu\ (\M' C,.'Jf o)l.mjc)

SO (w2 o Al

Cia Aol a5 A el S ods el il aalllae
oo o8l 52,053 348 8ASC e 5 BV S 5 (3l il
Aoy IRIUMS.REC.1397.873 0 ) ol <Ol S5

Bl o)
Wi cpl izl 5 b 3 e sl oS S e Jlgbl Olile

Z
Sl Sl
°5}ﬂw‘fk’”‘)>dw¢s)u““:“l‘ff’“dl§wj @w)\

(oS o S dlesens

S GLAG S (salualincd (a5 g ya= (525 g 5y QRIS AR 53 ASadd

o 5 Sl s S (g S o el O s 53 (ot
O s 53 &S S o b o385 1y 505055 Sl (500 (5l
o35 ) DS e o PSB L Jolad LBHLHEA0 (s 0 5 4
sodme Olb e s HIF-10 o S o Lol 5 s Ul e 45
IIVILS (o S5 L Dses S8 00 39 5V sk iloa slap s S
WSS o S Oy Ha0 5 b s L;l“,.zaLi(,.g.E;JL_FHLZ 05
Bl S5 ssba ( Jh 2SS 03 S st b5 AS 0 Jos 50
3 el A oS LFHL (S5 (55 Sl a5 0 505 dxe 5|
S Olpeas 355 055G i ol 5 g8 il
3 A S oS e by S 55T 6 S o Jos 55155
s Wl e oyl 5 S oS ) Jsbe O 2l
S ez 5 Jas Glas oo b alay 05 55 FHLZ (2l
LVT 352 o o pmimn 53 plad

2 e s Sladel B 5l St Jlw SISl e i
ol 03 FOFRB 03 5 (53 Shas i 5o slap ol 25505
ol bt oS 4lS 5 e s 8 Ulsieas 05 ol il 0dl 8 s
sl PPLAS S 531, VL closeness centrality 5
FGFR1 FGFR2 1l 3 58l slaoss L FGFR3 PPl &S s
> FGFR2 5 FGFR3 (sla0j 0l .5)ls Julss PPP1R12B FGF9
558 o il 2 i 8 g b alis 53 58 pn gla g8
s S s 8 80,8 S (FGFR) oudlys b Ay 556
FGFs SMSas 4 Jolos slagasly (5 Sidanl s Jsias
Slap sl & 315 DLt OiSen 5 AbDaSsS asllias & [T4] o
3 8das 5 Mosls a5 | FGFR (glap 35l 5058 55 Ol b gn
Ol Y] 5l J2dh jdpes o5 5a5t 5> FGFIFGFR (Lol
U 0Ll 30 g sla g0 5 S5 ol i e FGFR2
b lee 1 (Jsho 55 sk g5 4 4 FGRR3 0 [Y1] o il
IS, Ol s slad sl 53 FGFRB 0L [YV] S 0 S o5
IYA] ol il 2als

55Ok glaesls el gme elair 5 S5 g5 L asllles
el ANACE S 51 25 0ok AsB s 5 h s slaas
Ol (53 Mlas sladsile (ghwad = 5 PPI &S 2 S35
ol o5 0 Jes s Sl s 5 Cla a0 oLl
m e boslu a3 1 (63 Shos i s sen sl ool
(s el S5 B o sitae di (R ol die 23
G GEsn S 5 s AT sleeshs s Lo Jils
3 S ES o8 el Sl s INACE oL 3 3 5 50
e A i b (53,8 as i s slop 53l ke o
Lo ity Ol SeST Slocslis 5 gasns (sloosls > S5 JSeal

L‘J'/'f/»J/C” Y
0Ly



http://dx.doi.org/10.18502/ijdl.v25i6.20858 
https://journals.tums.ac.ir/ijdld/article-1-6481-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-17 |

[ DOI: 10.18502/ijdl.v25i6.20858 ]

_W'f‘_ﬂ/ Sl XD

alolsen 5 5Hl8 e g o

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.
19.

20.

Ntali G. and JA. Wass, Epidemiology, clinical
presentation and diagnosis of non-functioning pituitary
adenomas. Pituitary. 2018; 21:111-118.

Ferrante E, et al. Non-functioning pituitary adenoma
database: a useful resource to improve the clinical
management of pituitary tumors. Eur J Endocrinol.
2006; 155(6):823-829.

Day PF, et al. Incidence and prevalence of clinically
relevant pituitary adenomas: retrospective cohort study
in a Health Management Organization in Buenos Aires,
Argentina. Chives of endocrinology and metabolism.
2016; 60:554-561.

Even-Zohar N. and Greenman Y. Management of
NFAs: medical treatment. Pituitary, 2018; 21:168-175.
Galland F, et al. Differential gene expression profiles of
invasive and non-invasive non-functioning pituitary
adenomas based on microarray analysis. Endocr Relat
Cancer. 2010; 17(2):361.

Modena D, et al. Identification of a Novel SSTR3 Full
Agonist for the Treatment of Nonfunctioning Pituitary
Adenomas. Cancers. 2023; 15(13):3453.

llie MD, and Raverot G. Treatment options for
gonadotroph tumors: current state and perspectives. J
Clin Endocrinol Metab. 2020; 105(10):e3507-e3518.
Sav A. Editorial: Diagnosis and treatment of non-
functioning pituitary tumors. Front. Endocrinol. 2025;
16:1558988.

Hosseinkhan N, et al. A systematic review of molecular
alterations in invasive non-functioning pituitary
adenoma. Endocrine. 2022; 77(3):500-509.

You Y, et al. Artificial intelligence in cancer target
identification and drug discovery. Signal Transduct
Target Ther. 2022; 7(1):156.

Bailey TL, et al. MEME SUITE: tools for motif
discovery and searching. Nucleic Acids Res. 2009; 37
(suppl_2): W202-W208.

Raman K. Construction and analysis of protein—protein
interaction networks. Autom Exp. 2010; 2: 1-11.

Gavin AC, et al. Functional organization of the yeast
proteome by systematic analysis of protein complexes.
Nature. 2002; 415(6868):141-147.

Safari-Alighiarloo N, et al. Identification of new key
genes for type 1 diabetes through construction and
analysis of protein—protein interaction networks based
on blood and pancreatic islet transcriptomes: J Diabetes.
2017; 9(8):764-777.

Michaelis KA, et al. Identification of growth arrest and
DNA-damage-inducible gene f (GADD45f) as a novel
tumor suppressor in pituitary gonadotrope tumors.
Endocrinology. 2011; 152(10):3603-3613.

Orchard S, et al. The MintAct project—IntAct as a
common curation platform for 11 molecular interaction
databases. Nucleic Acids Res. 2014; 42(D1):D358-
D363.

Shannon P, et al. Cytoscape: a software environment for
integrated models of biomolecular interaction networks.
Genome Res. 2003; 13(11):2498-2504.

Csardi, M.G., Package ‘igraph’. Last accessed. 2013;
3(09):2013.

Barabési AL, Gulbahce N, and Loscalzo J. Network
medicine: a network-based approach to human disease.
Nat Rev Genet. 2011; 12(1):56-68.

Enright AJ, Van Dongen S, and Ouzounis CA. An
efficient algorithm for large-scale detection of protein
families. Nucleic Acids Res. 2002; 30(7):1575-1584.

w§alS GLAGS (ealealand s(alh g ya- (a9 3 GRIS A 1 dSad

21. Quereda V, and Malumbres M. Cell cycle control of
pituitary development and disease. J Mol Endocrinol.
2009; 42(2):75-86.

22. Taniguchi-Ponciano K, et al. The kinome, cyclins and
cyclin-dependent kinases of pituitary adenomas, a look
into the gene expression profile among tumors from
different lineages. BBMC Med Genomics. 2022;
15(1):52.

23. Formosa R, Borg J, and Vassallo J. Aryl hydrocarbon
receptor (AHR) is a potential tumour suppressor in
pituitary adenomas. Endocr Relat Cancer. 2017;
24(8):445.

24. Gartel AL, Serfas MS, and Tyner AL, p21—negative
regulator of the cell cycle. Proc Soc Exp Biol Med. 1996;
213(2):138-149.

25. Koepp DM, Harper JW, and Elledge SJ. How the cyclin
became a cyclin: regulated proteolysis in the cell cycle.
Cell. 1999; 97(4):431-434.

26. Kao SH, Wu HT, and Wu KJ. Ubiquitination by
HUWELZ in tumorigenesis and beyond .J Biomed Sci.
2018; 25:1-15.

27. Ezzat S, Cheng S, and Asa SL. Epigenetics of pituitary
tumors: Pathogenetic and therapeutic implications. Mol
Cell Endocrinol. 2018; 469:70-76.

28.Fan Y, et al. Histone H1 depletion in mammals alters
global chromatin structure but causes specific changes
in gene regulation. Cell. 2005; 123(7):1199-1212.

29.Wang Q, et al. Histone H1l. 2 promotes
hepatocarcinogenesis by regulating signal transducer
and activator of transcription 3 signaling. Cancer Sci.
2022; 113(5):1679-1692.

30.Hao Y, et al. IPO-38 is identified as a novel serum
biomarker of gastric cancer based on clinical proteomics
technology. J Proteome Res. 2008; 7(9):3668-3677.

31. He B, et al. miR-646/TET1 mediated demethylation of
IRX1 promoter upregulates HIST2H2BE and promotes
the progression of invasive ductal carcinoma. Genomics.
2021; 113(3):1469-1481.

32.Kiss Z, Mudryj M, and Ghosh PM. Non-circadian
aspects of BHLHE40 cellular function in cancer. Genes
Cancer. 2020; 11(1-2):1.

33. Zhang J, Zeng Q, and She M. The roles of FHL2 in
cancer. Clin Exp Med. 2023; 1-12.

34. Ornitz DM. and Itoh N. The fibroblast growth factor
signaling pathway. Wiley Interdiscip Rev Dev Biol.
2015; 4(3):215-266.

35. Abbass SAA, Asa SL, and Ezzat S. Altered expression
of fibroblast growth factor receptors in human pituitary
adenomas. J Clin Endocrinol Metab. 1997; 82(4):1160-
1166.

36. Zhu X, et al. Epigenetic silencing through DNA and
histone methylation of fibroblast growth factor receptor
2 in neoplastic pituitary cells. Am J Pathol. 2007;
170(5):1618-1628.

37.Raoof S, et al. Targeting FGFR overcomes EMT-
mediated resistance in EGFR mutant non-small cell lung
cancer. Oncogene. 2019; 38(37):6399-6413.

38.Jang JH. Reciprocal relationship in gene expression
between FGFR1 and FGFR3: implication for
tumorigenesis. Oncogene. 2005; 24(5):945-948.

! / Wose ok
oLy



http://dx.doi.org/10.18502/ijdl.v25i6.20858 
https://journals.tums.ac.ir/ijdld/article-1-6481-fa.html
http://www.tcpdf.org

