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Extended Abstract

Introduction

Major depressive disorder (MDD) is a mental disorder the multifactorial and polygenetic characteristics of the
occurring in women twice as much as men. In both sexes, psychiatric traits of major depressive disorder. In recent
the average age of people with MDD is about 25 years. years, many efforts have been made to identify biomark-
Family, twin, and epidemiological studies all point to ers for diagnosing, preventing, and treating depression.
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Bioinformatics is a new science that uses computers, com-
puter software, and databases to try to answer biological
questions, especially in the cellular and molecular fields,
proteins, and genes. In this way, biological networks anal-
ysis is widely used to calculate and model intracellular
interactions to identify cellular mechanisms. A biological
network is any type of network that can depict a biological
system. Biological networks can be used at three levels of
the genome, transcriptome and proteome, to identify bi-
ological markers associated with various diseases. In the
present study, expression data related to major depressive
disorder were extracted and used to identify key genes of
the disease, gene networks, and related metabolic path-

ways of major depressive disorder by bioinformatics.

Methods

By referring to the GEO database (http://www.ncbi.nlm.
nih.gov/geo) and searching for the expression profile of
MDD-related data, the data were extracted with the ac-
cess number GSE98793 and the platform number GPL570
(Affymetrix Human Genome U133 Plus 2.0 Array) in
CEL format. The DEGs were determined by using Affy-
metrix Transcriptome Analysis Console (TAC), following
the software guidelines. The adjusted P-values (adj. P) and
Benjamini and Hochberg false discovery rate were applied
to balance between discoveries of statistically significant
genes. Two hundred twenty-three different genes (DEGs)
were expressed by comparing female patient samples with
controls by TAC software. LogFC (fold change) >2 and
adj. P-value <0.05 were considered statistically significant.
In order to obtain the biological function and signaling
pathways of DEGs, EnrichR (http://david.ncifcrf.gov)
was used to GO annotation and KEGG pathways enrich-
ment of DEGs. P<0.05 was considered statistically sig-
nificant. The top 100 genes of DEGs were used for gene
set enrichment analysis. EnrichR is a web-based gene

function enrichment analysis software. It can provide a
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comprehensive set of functional annotation information
of genes and proteins. GO annotation is a main bioin-
formatics tool to annotate genes and analyze the biolog-
ical process of DEGs. KEGG is a database resource for
understanding high-level functions and biological sys-
tems from large-scale molecular datasets generated by
high-throughput experimental technologies.

The protein-protein interaction (PPI) network was construct-
ed using the STRING (Search Tool for the Retrieval of Inter-
acting Genes http://string-db.org) online database alongside
Cytoscape software, followed by identifying hub genes.
The STRING database was used to obtain the predict-
ed interactions to gain the interaction between DEGs.
The STRING database constructed the PPI network of
DEGs in the current study. The interaction with a com-
bined score >0.7 was considered statistically significant.
The visualization of the PPI network was used by Cyto-
scape software and Gephi. Besides, Cytoscape software
(version 3.6.1), which can display molecular interaction
networks, is an open-source bioinformatics software plat-
form. Accordingly, protein-protein interaction networks

of key hub genes were obtained from Gephi software.

Results

According to the obtained results, comparing female
patients with control of 103 genes showed increased ex-
pression, and 120 genes identified as decreased expres-
sion. In women with depressive disorder, ATM, IGFIR,
BCBP2, VHL, and EIF4G2 genes were highly expressed
hub genes of a gene network, GMPS, PPP2R1A LCK,
and HSP90ABI1 gene was as hub genes of low-expressed
genes network. The results of KEGG and panther path-
way enrichment analysis comparing female patient sam-
ples with control showed that DEGs are mainly in the
HIF-1 signaling pathway, FOXO signaling pathway, Th-
17 cell differentiation pathway, pathway PI3K-Akt sig-
naling, programmed cell death pathway (Ferptosis), and
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purine synthesis pathway were important.

Conclusion

According to the specific study of women with depres-
sion with healthy women and finding different differen-
tial genes and different pathways in this group, it can be
concluded that for women with this disease, IGFIR and
ATM gene with increased expression and GMPS gene.
IGF1R gene encodes the insulin-like growth factor re-
ceptor. Increased expression of insulin-like growth fac-
tors has a direct effect on the development of major de-
pression. The ATM gene is involved in the p53 signaling
pathway. Due to the function of this gene in apoptosis, it
can be indirectly associated with depression. GMP sig-
naling cascade is also expressed in the brain. The activ-
ity of this pathway is involved in learning and memory
processes. Further studies have shown that the cGMP
cascade in the brain acts as an antidepressant. The HIF
signaling pathway is one of the pathways that were joint-
ly identified through both KEGG and Panther databases
in relation to the increase in gene expression in depressed
women compared to healthy women in this study. In the
future, this pathway can be studied with more confidence
in depression in women for diagnostic and therapeutic
purposes. Therefore, regarding the key genes obtained by
microarray analysis and MDD DEGs and interpretation
of their function, some genes showed significant differ-
ences in expression in people with depression compared
to healthy individuals that their association with major
depression has not been reported in previous studies.
The results of this study showed that IGFIR and ATM
genes with increased expression and GMPS genes with
decreased expression for women with this disease could
also be a good option for therapeutic purposes. These
genes could be suitable and new candidates for future
studies on major depression, as well as the optimization

of treatment methods. The effective pathways identified
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in the present study were primarily involved in the brain
pathways. In addition, dysfunction of one part of the
brain causes depression. The key genes involved in this
disease are influential in several diseases, which leads to
people with this disease have an increased risk of devel-
oping other diseases. Bioinformatics examines the link
between these genes, depression, and other diseases. Ac-
cordingly, these genes provide essential clues for reveal-
ing the molecular mechanism and could be suitable and
new candidates for future studies on major depression, as

well as the optimization of treatment methods.

Ethical Considerations

Compliance with ethical guidelines

The authors of this research declared that there are no data
fabrications and falsifications or data manipulation in their
submitted article, and all authors have observed the research

ethics. The authors have cited any source in this study.

Authors’ contributions

Farzaneh Esmaeili planned and designed the experiments,
performed them out, analyzed the data, produced figures, and
tables contributed literature review, authored and reviewed
drafts of the article, and approved the final manuscript. Sa-
maneh Zolghadri is the corresponding author that reviewed

drafts of the article and approved the final manuscript.

Funding
This research has no financial support and has been done

at personal expense.

Acknowledgments
We are grateful to the Vice-Chancellor of the Islamic

Azad University of Jahrom for conducting this research.

Conflict of interest

The authors declare that there is no conflict of interest.

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License


https://creativecommons.org/licenses/by-nc/4.0/

N&-1-P Sl=xivo

S Ll E9s Il Ao

- 9,.: allae

il (5O pudl WS 51515 503 38 0§ Ol Ty SSilo 598 g Julxd

*rgs)dﬁ.ug:b aloww ! ;L.c Lowns! )L’)S

Ol ey ooz axly o odll ol)'] ol&zils ¢ ol ) 09,5 « Sty o )| owlids IS (ggmmiils )
Sl el oz o oDl ol)'] olBzsls ¢p g2 9y ¢ owlidcann ) 05,5 « o jdgn JLoliul. ¥

O 90 5B 43 RS s gy e il g0 5 50 AT cl g, Pl S ¢ ulisl (Sopudl Pl tAoddo
Soipdgmedml 9 (25890 5 (Solgils Dlalllae sl Jlo YO dgum aslusl (I yudl P a5 Mo s 5uSlin
dalllas cpl 5l Bas i ls o)Ll swlul (Sopudl Pl Sop gy Glae Sjaiz g duleais glo Fhg 4 den
g1 Seiloygiilys Lansg sonlood S5yl S i gsbons b aiye slo s 6,5 Jbyé

(DEGS) sa ol oglate o5 YWY (GEO ools oKL 31 GSE98793 aul)lys, slaesls 5l oslaxal L 8yU8 sy
5 STRING 5, 5l Hub (slas awl cavs & TAC Jfibley bawg JyiS b jlew o slodiges duolie
wias 6,5 Jbye KEGG (g5l sie (b9, (mps g Cytoscape

s sl s ol RalST 55 W g sl Gl (5 1Y S 08 b e o sladiges i o slR4E3L
aS ol olid S 05,8 b jle o) slodiges awnlin | panther ¢ KEGG s gilo o6 Judoo g ayios
g Th-17 (gl Jolos 3Le5 e FOXO  ilos) LK ns jo HIF-1 Lo, JiS s jons 5o Gaes LDEG
Ol @S g i Ly s s 5 Grigtsyd) Jobo o0l (a8l Sye s PIBK-AkE il LS
0 Gl ol 0By sl ol p2elS L GMPS 5 5 lo malidl L ATM  IGFIR sla gy a5 ols olas aallas
Gl st Lo g s cdal s 4y ol anlllas 1o )T slaosls Jdoes g asoe b a8 (godS slagys :‘5)5.?4@523

"‘\‘;Sg_s"’ W’“‘)‘e QU). 5 u_sf‘))”‘é‘ gs":'JL‘ Ledan QL")‘> 9 g5J9SJ9‘° )LY 9 5L“Q°)S )li“"’T

WAa/.q/vY scdly o
VFeu [ AITY 2 le TN
VEoo [o¥ /o5 250 9

Sols sl

ol 55yl B

Slo gl

$3lS sl

o5 ok

)T,

J o Ol g9

095 «Sojedsm Hloliul (g yadllyd dilows
o1 oKiils cpppzr axly o owlibiaw;

Ol ool e ool
Szjahromi@yahoo.com :_juos |

doi.org/10.30514/icss.23.2.7

bl (S0l PLST(Y) 09l £85095 sluaie; Wlgh oo g Conl
Ol Eauis e a5 (V) 0,05 o0y 1) lez 0131 1o, 0 VN

(V) el i 10 50 i a3 L gils 5o (5 Lo
solatul b o] yo a5 el g ole (Bioinformatic) Cile sails.
499,500 (g SOOI o STl 5 (slailil sla,ldle 5 el S

b (g o JoSo 9 (Jsho slaais; )3 (ogas 4 (Sjelsm Jlus

an

doio
a5 Sl s oDe b oolpen goz il Pl e S0l
Elgl (1) 3,038 o S asis alljy, Sw; g K8 clules! (g9,
Disorder) _wlul Soidl a5 o)ls 0525 (Sl 5l il
obgS pb b aS ail so (S0 pdl £ 0 5 o lis Major Depressive
cloles! 5l Sae SYsb clao g0 b a5 355 0 231 55 MDD

o‘),o..b L;..HD 9 Lsd...a“a s@u))‘@ ‘(STR u.oL..M}‘ ‘u.ul.l dl_‘> ‘QSQ"’A

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License


http://dx.doi.org/10.30514/icss.23.2.7
http://orcid.org/0000-0003-4060-328X
https://creativecommons.org/licenses/by-nc/4.0/

ool (55 bl DS (6 o b Lo il sloosls ol aslllas
ol GodlS lags alolis sl a5 oad zl,5el (MDD)

Syp0 Wl b oo comdilin slojone 5 (55 sloaSets s lon
285 )5 oolicd

U
L gbdshe Shy Llbsy laul :bodls acgame bl s
(Gene Expression Omnibus (GEO)) &L ;I MDD L
;oS gzl (httpss/www ncebinlm.nih.gov/gds)
oz s sl Jlg s Microarray oledbl gol> oL
059> 4 b e Sledbl Ko 5 (Next-generation sequencing)
oL oyl .ol (Functional genomics) (5o Sles wSiegss
nology Information) (g,sl8 Cews; Sledbl Lo 5 0 lawg
33,5 0 Cu pde 5 0als )b (National Center for Biotechn-
sleools Sly by somivns GEO oL 4 asxl e L.(OYY)
oyles b g GSE98793 s o)lais L ools MDD L L e
Human Genome U133 Plus 2.0 Array) GPL570 » &,
&9l> GSEIBT93 ools .oy 5l CEL oy L (Affymetrix
PF wolowi ol 5l a5 el wigas VAT 4o 05 oba b e e LS
u‘)Lo.u Lngd.)yoa l; Ja.u]ao SleMb| 69l> 3,90 \YA 9 00y (.)J,o

by Gogy 5 Jeol slaosls :aodls Judoxi g 4 5205 slo b
osls ololis jslie 4y RMA 42,550l b ojloJloy 5l oy
UB;JJS X )9 osls ooy wés_i: ) wﬂjé‘)‘é
A bl v e S gl ool b by plulis sl
Gllas 8 5 Povalue laie Jolis baslin] am ol g oo 28,5
aliw! o> Gidxs opl o aib oo LFC L Fold Chang oI5
zobhw (Sl s slp Y51 YL P-value LFC 41y /40
Parie 05 e lp lalie 05,5 93 )0 badiged lp (J Ole
Wb (658,50 vae 5 SO Gl LFC Glasjod 4> 2 ail oo
Loy (1) wiloe jySeda 09,555 10 05 ol Ol S
by JrS b le o) slodige amlio 5l ool Glo Oolite
<5 Ju,e (Transcriptome Analysis Console (TAC)) ,l58ls 3

Ol b bl gleolag, vy p 38 9 ole Oglds gl slays

N4

SHeSS pSmiy Chptn b o) cnl o (F) 09 esls gl Loy
pleal a8 sy a5 @ wcalites glaaia) ,o ol 0 5 5 Sledol
cod y ol g el Laoly wilgs oo SIS g Soiile jaiilen ole g0
oolaiwl Bua b Sole,gailan ail) a5 59 VAYD Jlo Llgl 0g0>
IS So5edam lalllas ;o «osloy glapim Co pie sl b, 5
Fad i sbally sezs Ll (3loy 5 Sledbl (YL o 285
Sl ple jam Lol 5l ilaie (68 amis g baosls Jlow wldls o |,
S Olgre ar Seslejsbilen ple i 5l a0 08, 4y cul o,
Glol o9 ar) Slusly ¢ el plesl b glas, oyl Laass

(0) 4 olmy] SleSlol g ,5lis 5wyl pole
a0l 3525 (S colem (nl WYL spdydly 4 azg L
bl cilanlio aiS ST bas o 0 o 9090 S5 sl g
(F) ol (S5 5 03,28 IS «ps509,S (55, 0 e ailolbid 5 03
Ve sl i gy VLS s Sy 2 b alad, s olilas oyl
plxl Slg, SISTL Gluwesl 5 pleos slagliss 59, Giay Jlo
Ol (S Aty 005 T sl Bl resh sl 0 (F) Wb

(V) s oolawl Linkage g, 5l g lew

Lol amme Jolge (( iy Sew b Jlom jo (S35 £55 (555
2 Sy by (S5 0ls, Sy ple ol OMSL 95y b 09l o0
£33 U g5 e iz slacsyslod 5 conl Sty 5 0, b
Seq 5 Real-time PCR Microarray sla iy, Jio olylew
B b i @ solew 5o Fse sloo; Ole 8w L S RNA
i otd (A A) el ailiciss b gl 5 Y b
san 9 2SzsS szl 4 g O ol ol el onizn
Wy oo 4D e O)le 5l )l Ho Cwlydl ol LS|
WSed s las (293 w4 ) pleen o 32 e ol BLS)
L bshs bwg o5 wis (bl I JSate (5L, slo)lsle
ow bshs 4 g Node) 0,5 bla 4 ows bL3)1 0 K0S
el bl sb 45 (00) ssi e auiS (Bdge) Jb dee,s
A Sqz Sy sl plelid Gl il Gl A
ool Cany s 09 ol Cend 438 00y & jgo (S0l leyd 5 6Ky
Sl iiSman slodde 5 drule gl Glod S b 4y oD
S8 osliiul 8590 ok lapanilie plulid Sy (Jobo (390
So Wlgh o Cunl (St g5 58 @8ly )3 (SFelgm Al 1S (o0
OlF s ) (Sislsm Akl wiSy pgal @ 1) (So5elan el
oSl (plolid Cuz psisn 5 potn Sl 0 haw 4w )
50 (V1) ol 3 eolanul 050 calizee sl lom b ol o i

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License


https://creativecommons.org/licenses/by-nc/4.0/

Se b oF S a5 (Slds sl sl cl O)le slin So3S e
B GLS S it Glao S e e (2 50lsS 595 2 o
hcwl Sjle aS6d jo ol 0F o b &Bly 0 9S (oe
5y Pl o) Kol a5 aSh (28 Gl (6l s 0 FoligS Sl
0SS Gl (Gl i 0 S Gmlin 4z e Nabiee
@lro)S Slasi 05 Sy Az Sl a8 S 18 6 STl e
S a0 4z, ob 18 e Slawa 00,5 L aS ol
SL0S iy il 5 955 00 it 05 Ol el il jiy oS
oS ay al> 1o )3 U(TY) Sel Cand ay dngliie ;o b Las e s0lS
wlolis gl sl Cavs 4y 8 Ao 5l a5 Lol sla gy ]
Pl (Soiglsm e 5 poe slac b 5 (Lol (SIplie sl s
S 3 a5 (ol s 51 S 5 gl 3 G oy il S 05
Jsbite 4 am o ) ) Wil Jso 5y )z ool 53y
Dolds ghls GolS sla i b s pe (Gl i sl e 8L
(https://amp pharm mssm.edu/Enrichr) ©g cov g, 5l Lo

Sl dluls 5l glacgome ol oL ol o oolaul (Enrichr

(TY) ail g0 (o2 g (o yiwd JB &S cul e 55

b4assl

sl 5o MDD (¢ logs b ko Sl 6, VY (GEO o511, o
Slyer JJo 4 GSEI8793 s w Ll le 5l a5 s)ls 59>
st 4 g oad LIl ragh Slaal 5 leasp b Gl
S e g (slol (598l PLS (5 ko G2lS slogy (ploles
28,5 518 ookl 590 il b o jo somcd sl

5 b (CF) 56875 SF) o 0 sl aigas glaosls 55l Jle 5
L (PCA) Lol adlge ;LT g Heat map o slaa> Jloges
Sl 1) dlasez loge ) S 45w el TAC 58la 5SS
Pz 5 po po sl LSl (il oy 5l &5 wes o
gl S5 50 Loy (S5 5,8 slasr slajlogad) osls ol & 588
S b anglie LB g aiin ool Jloy brosls (plply andly oo
olis 1, PCA)Y Lol aidge ooy Al Coad o IS 023l oo
Oype (295 4 Jobe £9 elul p Ladiged (Gaieg)S 45 was o
plol Cya canlin CoaS 5l aools a5 weo o lid ol (l g azd S
il oo Sl 95 5 am Slallae

s oo olis |y Heat map loged 3l (g pgal o Coond oV IS0 50
Lools ls (SKiwood (s 5 00l )i (G 93 Djgo 4 4S

Ol Ky b bl g amd oo GlaS 93 4 50 Djge )

q.

ol 5wl sals 21,k (Alternative splicing events) oyl
097l 09551 SYLail dayg ST o) enalive Cua Gl o0 !
ol jshaie 4 ((VF) oged eolatul 50 e slaciisg,
FOTICIY MESCUFC ) [CC S SRP PO ISRNCEIC P K NPXPONN N
adge wyp 9 Heat map sewys (Box Plot) slass jloses
H19g05 w5 .0 plil (Principal component analysis) Lol
sloosls @55 0 (owyn sl LSS, (w5l e sla
Giloloy plowl 5l a5 LS Legas g <ol Microarray Sk
3,90 Loold 10g) Cawd Sy oy 9SS S jolaie 4y daosls
Ll aiges ololil o jloges cpl powyi 0,5 o )|,8 ool
aS Cewl (5,l0905 Heat map .(V0) oS o Slsl 2 S8 JSie
Slp g o ools ol K5, Loosls slaadlge 3l plaS o T jo
0l dle aigad Hloo (S i lall Jloged (pl oo 3
oloi 45 ol sl 4 b wS e SaS Loy 5 0 gLl 1) Lol
Pl A ) @b S e S e S8 oy )90 | o S
ools b s o PCA Ldow g, 40 oS Juloo cad)lo (g i
35 ole Hlde 5 yue e & aBisle;l Lyls Microarray
st o) Pl g e 58S L5 45 0 sunlie Jole e 4
AELT Lt 5 by hy a5 seegdhs b S oo S8 L 4y
Gay l 5k RS oy 50 S (o0 et 498y Al
here Llpd Cod sladiges (S35 plime (0ged (aiie Cux

OY) 098 oo oolainl LSy
Dsls ghlo slag) plee (b)) 4ol s 5 jokate 4 ((pizmon
String oli»l.' )| AW C‘)M‘ sosls u*’l-“" o baslie o uLu
Ab glels bopiisy m (S o2y (httpsi/string-db.org)
U"';"'ﬁj"_u“i"ﬁ)" GLQJHS‘@.Q).’ L’ .‘a..’)./o ool elf.bl.' g_i.’ Strlng
g ouls &)l cign b S e b s e sla )55 el
obitans SlbLS ) Biolo;l sla sy o Jol> aislys o oL !
5 oael Caws a4 Sledlbl (slaibly lo 055 i (pubins é g
ool ol 5l Jols Sledbl 15 5 byeuadlS )l o (slduslin
7S50 Sy o e Lytoscapes |li8le 5 lawgs ((VA) axil adgl
GRSy 4D g w8 S 18 olulid 5)5e (bl slaasid o
S Sl 05 28l sskate 4 0%) 9355 sy ] a9 (g
(Betweenness) ol oS pe jlas 90 3l og,5 5l plas o 50
Shxe (V) ol oolawl Gephi 58l 5 jo (Degree) o,5 a> 5 4

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License


https://creativecommons.org/licenses/by-nc/4.0/

sl ol 5l as ol olulis 318l &hgo 4y ool o o5 YYY obed o lo Salas ghlo sl s el sads eols Ll S
Soged g lo suals glile 5 VY g le malidl glls 5 Y L Limma las o5l Jae 5l eolaiwl b g0 4 g0 sloanslio
5 Uil slls slays 4 by e Volcano Plot ¢ Scatter Plot 3,90 (LFC) llas 03 sl ¥ g P-value lp /-0 albis] o>
Cand Y S 5 S 5 ey 0 sloaipnd dumlie 8 (e S20lS a S )8 s

Lol ools lis # slasi (ol (5 slodiged LMDD a4 dise 5 slodiges dunlin jo

Jsl oS lz wgslo oy 5l Sl sloosls (s3le Lo 51 (S5, 508 glaaaz) da 5 (S ol sloaez) J3 o olo g eateolis la loges ) S
el diges Sy 4 Blato loged 1 bl oo gl o 50 Loy (S5 5058 (slanax slajlaged) ools plo o8 pilez 5 po e

sl () diged @

Ml o) digei @

1

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License


https://creativecommons.org/licenses/by-nc/4.0/

I3l 508 K5, a5 s 5 L gl yo MDD & Mitve 5 05, 50 o s 23,531 (sl (g sl 00 o TAC l38lo 5 Laogs &5 oo 2 850 (sloigas csl,e

5 ¥ oom Degree (ole ol L ol 5o (55 4508 (9) ced
AVY 50,5 \Y+ (gol> a5 +/A0F g +/+\ 0 Betweenness 4 14
Sring colwwg 4 baze Jn 05 so ams o ol |, aib oo JU
A o 5 g Gephi 5816 5 4 hools (29,5 il Syse
S &S loa b Jie 05 423 5 (i S35 e bl 2 (55
Lo s o Sl P ghils (s 50 098 0 cvnlin O SO o
EIFAG2 4 VHL BCBP2 IGFIR ATM aiil, Lo Ll
(aSed slacle) 5r slag olye 4 g Wog 4z (n i sl
PPP2RIA GMPS aiily oLy asls slas 5 aiiS o e
Aogr 4l sla by g ails ax o o i HSP9OABI s LCK

ar

a2 oo lis 1) (Volcano Plot) ol als e S5, 5 oo

L Jiiie String 138le 5 as (S5 e 5 gl oads Jlo s slaosls
sl sl 5 (6l Srng Lo gy ool puw 5 (55 (loaSds & S
50 A oo olid 1) o auglie sog, S o lo el L ol
Gk 5l p o5 ae Cytoscape 158l ¢ 5 5l oolatwl b ass al> o
NS (e 08 4z g dmlin SuS e ladaz ;s (ol oS
7500 Fr by Swdd g sl g ol (U5 (o 3l Jol> s
 Cytoscapes ,l38lp 5 lawgs sael Cows 4 (bl3 )| slaasls o
Coowd ¥ S jo a5 Betweenness g Degree yiol )l g0 ol
5V 50 o Degree (ol mlBI L 0L 5o (85 e (D)
Al oo JUYAZ 90,5V Y gol>aS) g +/ - (s Betweenness

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License


https://creativecommons.org/licenses/by-nc/4.0/

qr

8 This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License


https://creativecommons.org/licenses/by-nc/4.0/

ool s slo 3 sl (6 (CF) il b5 b avglin ;0 (SFYMDD a4 Mie )65 50 ole (2al580 slyls slo 5 (sl Sring Lawgs ool g 5 (555 a0 (LY S
(CF) plls ()65 b aslie yo (SF) MDD M ()65 50 ol

ar

fJ This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License


https://creativecommons.org/licenses/by-nc/4.0/

Ly wlle U b awslie )0 MDD 4 e 463 0 ol ielS (@) b Gl 31 (@l Gl slo s b lad e sloasSid (o 25,0 5 o) dee obdl oleas F S
Cytoscapes ,l33le 5

S 1A

a This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License


https://creativecommons.org/licenses/by-nc/4.0/

&

39 ol ol b oas sl (60dlS o (o «(CF) wllo 563 b awglin ;5 (SF) MDD & Skie 163 45 Gephi Lawss YU ola b su sbml g0l slagys (Gl .0 IS
(CF) @l o5 b aylie s (SF) MDD & Yets (5

9

-y This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License


https://creativecommons.org/licenses/by-nc/4.0/

e chh\? 99 U"‘ ULCBUO‘ L: LB"UQ"Q ol 00 00)3—‘ Y 9 \ J5A>
SF) Sto ) glmglio 05,5 10 ol Sl (slls slopy3 b s o
9 Th17 Glo Jsho pled s puizxad aiiws (CF) WJlo b 5
Lng).:..we Coad O 05; u.:‘ BN UL».: u,..&:lf 6‘)“3 6L°u) L
oeals g li8l gl sla s sl Panther lwg Slo, JLXww
el 0o 08,91 T 9V Jgax 10 55 CF LSF glawslio 09,5 10 oo

@ Wi ladigad jo ol gl Gl oo o055 T 5l
& yeuwo Enrichr 5l solaiwl b Jloy sladises g (ol (S0 pundl
@bl johie 4 285 15 (gw)p 090 lap; cpl b basie
5 KEGG @mls 5l g5 2 oS slagy b bagye slo s
eolie ol po ay ¢ Sl , UK (5o o ] 0 o0lail Panther
oleMb| L g Combined Score. Adjusted P-value. P-value
5 5l KEGG Lawgs sus slpiinn g bl (sl sy b Lai o

15 505 CF L SF (glacylio 05,5 o oly LiolS 5 bl ol s

CF L SF (glaslin 05,5 ;5 ola (i3l s sy sl KEGG Lawgs onss sy kel 6l oy b Lo o oMbl Lo g o, JUiSis sl yns ) Jgor

s o P-value (55 skl o3 el
HIF-1 signaling pathway ofee-¥ FROIN VHL;IGF1R
FoxO signaling pathway ARRA AAAYAS ATM;IGFIR
Transcriptional misregulation in cancer ARRE ARAAT ATM;IGFIR
Pathways in cancer AR vory VHL;IGF1R
Ferroptosis N £7e18 PCBP2
Homologous recombination o) vy ATM
Ovarian steroidogenesis N YOIV IGFIR
Viral myocarditis ARIS VAZIY EIF4G2
Long-term depression AR YA-I¥ IGF1R
Renal cell carcinoma A vron VHL

CF L SF slamlie 05,5 1 ol 015 sIb a5 sl KEGG Lawgs ot slgiiy (5l gy p b fas o SN b 5 gl JiSs sl oo ¥ Jgir

oo P-value =55 sl 03 el
Th17 cell differentiation ofeeNY ANV HSP90AB1;LCK
PI3K-Akt signaling pathway YA VYA HSP90ABI;PPP2R1A
Primary immunodeficiency AR ZalAi LCK
Long-term depression A YFAR PPP2RIA
Antigen processing and presentation ARIS YA HSP90ABI
TGF-beta signaling pathway [y YYYIO PPP2RI1A
mRNA surveillance pathway [y YY-/o PPP2R1A
Th1 and Th2 cell differentiation [y YAVIY LCK
IL-17 signaling pathway [y YAY/Y HSP90ABI
NF-kappa B signaling pathway [y ARG LCK

qv

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License


https://creativecommons.org/licenses/by-nc/4.0/

CF L SF (glawslio 05,5 10 ol Gial3dl ls sl g sl Panther awgs oo sl 6 bl (sl ousypr b o o oMbl jlo g Slos, JLiSios (6l s ¥ Jgor

Pl P-value =5 ¥ bl O3 b

Hypoxia response via HIF activation_Homo sapiens_P00030 [++ AOYTN VHL
Insulin/IGF pathway-mitogen activated protein kinase kinase/MAP

[++¥ #va/a IGFIR
kinase cascade_Homo sapiens_P00032
Insulin/IGF pathway-protein kinase B signaling cascade_Homo

[++A INAVA IGFIR
sapiens_P00033
p53 pathway feedback loops 2_Homo sapiens_P04398 [+ yaay ATM
p53 pathway_Homo sapiens P00059 [-Y YYVIO ATM

CF L SF glawslis 05,5 1 by (2alS s slogys sl Panther Luwss onss sloiiny )bl 6l sy b Lo yo Sledl ol 5 o, JiKns sl pons F s

prowe Rl P-value =S 5 kol 03 pb
De novo purine biosynthesis_Homo sapiens_P02738 AR ABY/ VHL
T cell activation_Homo sapiens_P00053 [+-Y YA IGF1R
Parkinson disease_Homo sapiens_P00049 [+=A Al IGFIR
FGF signaling pathway Homo sapiens_P00021 [+ vaaN ATM

CRSe a8l s b ets p cnl 2l Il (n Sl
Slame 5 Slom ;0 25,0 el WS oo 9o n
B yomne | ot slogy Sl b oS wled pasein 1) 2l5 s ke
oleal (S0l loys gl daz lag ls (b 4 S5 il e
s HIF1 s, Ui e KEGG oMol b gollas syl
03 0ot I3 b oo Lo e 5255505,8 5 FOXO gl Jlm
&S @l oy )0 g oo 0d Wil U5 A S 03 8l (1 5
Gk 5l plaseidls s ploul ol Kiegh Ko anids cldlas o
o Dbine i slo oo 5 ] b slo s HIFT ol o
1, o s sloeyy s HIFT ol ialsdl o oababes o bl 55l
Jale ol ol iml331 48" wlos S olgiions 5 00l Lt ol loms (2l 4o
(V7)) 3518 goe (A5 (oulil (F3pdl PLST (559005855, 5
o> oS IGFIR ¢ VHL ol o5 )le s ool e LIAE 51 sl s
Eose pdle aS 39 oo VHL pg 000 obow) oo VHL 5 50
0015508 TGFIR (35 5 (V) al o (5o pmdl gl 5l S5 o5 oo

s 08y Jole ol Ghalsl sl e Cyedgmd] and 03, ele 0 oS

q1

-

a8l Ol S S5 Sy 2 8 2 (e Jelos g adlllas (o
sl s 4 a5, bay 3allT b a8 sl S0l LS o
Slao) oeizred 9 2553 S e 5 6 lor e U 0 plonil 3
SlaaSed hagh cnl )0 09d plulid (09,0 SlaailS mee 5 (Lol
Ol b sl 5 Lawgs sl 0929 4y (PPI) (1059 - (5eig p S o0
W85 3 o)z )90 (Sl el sla ) 5l eslital b Sglie
ol slo g, b (MDD) bl 55 5l 5| PPT s 50U
bl a8 (2S00 Gt b o iniis n lolied (sl o el
oS Oslite ol b (plass ol PPTaSil o 5 (o0 a0t locola
50 a8 o Cytoscapes l58le 5 o lg ol Caws 4 String 3306 5 5|
O3 52 9 98loo JL VA7 50,5V o ¥ (ol oSl ()l (3L (L5
ABboo JuAYY 50,5 VY gyl aSils (L el L

olol (Fopdl PUST 590 )0 a5 ol plis jol> gl @l
laoptyn wits Jo0 Hall g Gl glo b o) 4w 9o
ot G ol yll g 4l (S LSs i o pnizes Cle
enlply 008 o0 &St (Sanilpen ) el Ll Bis 5 Wil

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License


https://creativecommons.org/licenses/by-nc/4.0/

A8 oo a1 Lo agh

Jobes 3o ol @ aily oad (g5 )a0li e S po (253 255558 s
S e 0l 095 0 bl 510 (S g S oS b &S 0Bl o
0 lss (s slas )l 50 Soye sladshe S o slo e
ol il e (gaiiane b5 1 45 Ees PCBP2 s ol 1S
L cglaallias o Lol el o0 3158 pasbsl 50l ool 5 55 o
Mo 3Ll 5o 5 ol Ol pgi5 00,8 Gl Jelos g 51 ool
il 3Lt iy sl 0 5 0 pudl 5 oaBes 4
ol oleys g panseis )0 wlgs oo sais] jo (S0l LS o T S
(YA il asde (s Lo

5o PIBK-Akt Sle, JUX s e s Th17 sla Jsbo ples o
b 00 & S 00,81 (65 53 003 Gl Rl L o e (5l e
Iy oo ) o (6 ko d0lgls PIBK-AKL e aigs o 0050
RS0 glagys (YD) wiles,S Li)lsS e sloslons oloys o
(Jud Sldlas 3bo i PPP2RIA § HSPOOABI s oyl
(F) ol bas o 03 Swilecie 5, LPPP2RIA 55,
b )3 Slast 59 55 ol ol sees HSPOOABI (0555, 5
Ll )| gy 99 ol Ll (YY) el oo 00ys (50,08l b ol o 05
oo 38 o LCK 59y i)l S0 ,udl Pl b eviitns
ol KEGG g el slazulbl a5 5ls 51 Th17 (gla Jsbos 3bes
ol e b b e Gl 5o 05 cpl e PLST S wsls
G35 0T Gl (Sl b coubiinns L5l a5 0iS o ol Dl
o5l oolel closalliT 51 o s ysn e s (FT) ool 0t
Hlas Sldllae 5 el caws @ e zalS slayys sl Panther
o iyt st medstlin smsbiol 5,8l 4 Mie yllas , 45 Wlools
3 o Eoly e 5o I3 ] 95 g gy I3 (505
aslae ;o ail (S dl b oads bl gulonnST ol iy
4 S (gl (S0 8l s o131 0 oy o (s b 500
I35 S ¥l s 5 3555 5 (eivtl Sl i plla o3
wilos GMPS s ol S3S 51 05 5 (FF) sl 00 ounliee
58 e ) Clab g onds Lo She 50 55 GMP o JUSw L]
oS el 03l i Slalllas g ol ik aliblo 5 (g ,eSoly glaas] 3
S5 o Ja (Sl 35 el S ol & e 55 CGMP L]
o (ol A5 Sy oo S5 4 092 g0 Slaalice 4 4z g L (VO YY)
Al Al ol S0l oloul jo g il (S0l 4y Sl as
S e 5 P Lo asllhae )3 0nd Jol> a4y axg L

Lol Coonl slyls Uy 5o (Fo sl ol g o ey e

1q

otl ool 1l sl (538l o) s caiins 53l Cyalgu
S Wi, 4l ol 4 o Kea ¢ Kopezak daasl
Veozo| g il axdls (i 55 puadl (55052 5053y o wilgi oo [GF-I
Leva .(Y0) ail I8 5t (S0 pudl 0o floys 40 gl 40 Sl oo
IGF-1 sl s,lual 5,50 ;0 w2led sunrez Baa b o Ken 4
ot OB 5 S ol o 2l g MDD pliless o (aiee
axlllas leys il g s g Lible SYMST gl oyds g,
oldie 1o IGF-1 mhas o a5 wizd 5 amesi axlllas oyl 5l 0,5
IGF-1 5l 6 ,5YL gl o i1 az ST ks 3525 i MDD
Sl aws co ylid plle dali 09,8 b awnlie o) Jasre
(Solons e 9% (pm Lz wiilo (il Jalge 5l el (o
ogdle 098 (LA (M (soges Ll h g (SSLL (el ipglae (Lo
GoAiS s sy i el Sas IGF-1 _laoms gelans o)
5 055 S TGF-1 (ol b ol ol <0l 45813 508l 55 50
WS (oo (ot 1) oo Sunez 3 MDD anugi plo e p3 YL
cely Soydl as leye a5 wes o lid Oldlas S5 (VF)
Slodnl Caws & @l 4 a5 L (YF) 058 0 IGF-1 zlaws ials
LU, s IGFIR (5 a5 0 aseive by ol 3 ok olalllas
ariis bl (F9 bl LS b HIF-T s, JUSas oo b
FoxO o, L& e aiS oo a0l 1) Lo igh g o)
Loy wedioe Ol e y0 o5 adlioe (cmgiy; Jolse 5l (295
556 3,8 6L, sl Sy 9y » elews b slog) Ole e
s ATM 55l a5,le oo 02l 3o S8 glaiyy (YF) 5,38 o
Sl s ATM 5 45 gz 42535 Slalllas 4 a5 L IGFIR
s 7 Golon S Golom (il § 90,5 50 LTI (ST
(S SETFN 5 iy (bl DI > L a5 Censl 0y iy
@ Pl 05 SUATM 5 cnl ol ion ()39 S 5 (ol a8
itz el a2l gz b o Yseme 45 ool DNA (sl
basS oo S8 iy olb s 0 Sl @ (55 0nl j0 (o))
@nlllae ol yo Panther lawgs oo slpin )bl slo bl @ axgs
3fes 4y azgi b o)ls (2& P33 (oo JUSew ymns )3 ATM 5
35 S8yl bl b s st o & A5 on s3] o 05
oSBTy bl (S5l ey alal) Sliies (YY) wil LL3)|
sl ;o ATM (5 s <d¥o oS aisS oo 0l 1) (o5l
Liye S5, b 05 ol 53 b 5 5 30 (53530 ST
DS s @allS (2B 05 ol 4 ams oo lis o glaazily ool
(2Eigleg] loasily 5 L3 cldllae mls oyl bl 5ol

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License


https://creativecommons.org/licenses/by-nc/4.0/

Solem Oloyd p o3 oyl
o5 ol ol o ,udl LS ol parkis oS cals ¥
o ALl L)L"’ UﬁL"-’ l; Lgl_mu) 4_,[) e ubﬁ 5

S oMo

g 33 G Jgo! 3 (S9ym

9 P& 3l el (Sole Sledbl Sz I Ghagh cnl B ateys
wole Cdlas g wiles ST solanul 095 Jluyl Sl js oals il b
sl 5l oslaul @368 ;o cwl ouls Cole)y Bariny den lawgs

N PRV SEOIRVE | PRt B CRCOWPT I WY

A Nanigh Syl
2l g >k wsriaelin 1) adllas plxl g, (elonsl 438
g wodls Julowi g 52 (Jolaz 9 JK&I pms 5 izmed cCensl 03903
6 ,3l1g3 ailows 0,5 00l ) ol b 5 1) Wi Gugiin

Wrd g 00,5 (cyp |y Alie Jugi iy o5 Sl Jotaws sdinys
el 03,5 0l 1) ol

P | PYP.Y]

el oty ploxil ot anie b Gtagh o)

N0y g ySiS
ol el bl 4o p e 0y (oodlal 05T olSils sale igles 5|

05,5 o0 )15 el G

28w oylai

.o)b.; S39>g 65'.«.0 ua)l.u UL?M}: 6‘;}

References

1. Kennedy SH, Lam RW, Cohen NL, Ravindran AV. Clinical
guidelines for the treatment of depressive disorders. IV. Med-
ications and other biological treatments. Canadian Journal of
Psychiatry. 2001;46(Suppl 1):38-58.

2. Bateman AW, Gunderson J, Mulder R. Treatment of person-
ality disorder. The Lancet. 2015;385(9969):735-743.

ST AR

255 b (Sl & Moo 5 oot o, 5 alllas 4 425 L
Ol 50 Sglite (6o s 5 g Sglite Sl sla )y 58L 5 el
05 3 Silem nl Jlre () Glp a5 85 axl g e 095
il oo e 2lS LGMPS 5 5 s tal531 L ATM 4 IGFIR
4295 390 (owlul (T8l Glojs 5 paiS Sl Slofg Coenl |l
S 8

S KEGG o5l 59 5o G, 51 S ko o 4 &8 (5 pomes alar
S opdl 4 M U5 50 oy ole Gll¥l b bl e Panther
Sl B s 0l plolid g cnl o oo (U 4 S
slizee slap o8 51 oL g0 (plaS (play ax g5 b as" wily o HIF
28 (oo o3liinl (Jobo slo e g o) o a5t (plulid
3 (Sl 3590 30 |y e pl P ooyt el b oa] 5o
Sl 18 asllas oy50 (Sl s g panseis Bloal Cga L

5 colio Gloan ¥ il oo (idgh (ol ,0 sdnl Caws 4 slays
S3ldinte 525 5 gbool (Tl 9 )90 55 ouT Slalllas gl gop0
Gz o ond alolid 53 ola e aiily Sloys clois,
o Cond Sy 0 Shes 3 a9 wdls B jhe [y 1551 5l
2 Glesm nl 0 JeB0 GalS Glays g osdse (SOl el
e ol )3 398 o ge ol (nl &5 it HISH1 (g lon iz
Okl 5o b Rl 5 s Lo ;500 a4 Dl bt g )len Cal &
25l ote Wlg oo ST Slllas sl pj Slolprios

Ohlem sladised jo gl (nl 5l Jol> slagy Ol owyp )
Solowm S olis (Byme Cpz j0 Mo

S lonm plo b glom (nl Sliie 5 S e Gloy) (owyp F
as;‘ﬁ)

Obe dslllas (ol yo ol Cwd 4 6914,.5\ sl e (s Y
oo JysS 58t cz In-vivo Gldlas ¢ oo 5 jlew slodiges

3. Entsuah AR, Huang H, Thase ME. Response and remission
rates in different subpopulations with major depressive dis-
order administered venlafaxine, selective serotonin reuptake
inhibitors or placebo. The Journal of Clinical Psychiatry.
2001;62(11):869-877.

4. Saeys Y, Inza I, Larranaga P. A review of feature selection tech-

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License


https://creativecommons.org/licenses/by-nc/4.0/

niques in bioinformatics. Bioinformatics. 2007;23(19):2507-2517.
5. Alon U, Barkai N, Notterman DA, Gish K, Ybarra S, Mack
D, et al. Broad patterns of gene expression revealed by clus-
tering analysis of tumor and normal colon tissues probed by
oligonucleotide arrays. Proceedings of the National Academy
of Sciences. 1999;96(12):6745-6750.

6. Tsai SJ, Cheng CY, Yu YWY, Chen TJ, Hong CJ. Association
study of a brain-derived neurotrophic-factor genetic polymor-
phism and major depressive disorders, symptomatology, and
antidepressant response. American Journal of Medical Genetics
Part B: Neuropsychiatric Genetics. 2003;123(1):19-22.

7. Holmans P, Weissman MM, Zubenko GS, Scheftner WA,
Crowe RR, DePaulo J, et al. Genetics of recurrent early-onset
major depression (GenRED): Final genome scan report. Amer-
ican Journal of Psychiatry. 2007;164(2):248-258.

8. Hamilton SP, Fyer AJ, Durner M, Heiman GA, De Leon AB,
Hodge SE, et al .Further genetic evidence for a panic disorder
syndrome mapping to chromosome 13q. Proceedings of the
National Academy of Sciences. 2003;100(5):2550-2555.

9. Tsuang MT, Taylor L, Faraone SV. An overview of the ge-
netics of psychotic mood disorders. Journal of Psychiatric Re-
search. 2004;38(1):3-15.

10. Wuchty S, Ravasz E, Barabasi AL. The architecture of
biological networks. In: Deisboeck TS, Kresh JY, editors.
Complex systems science in biomedicine. Boston, MA:Spring-
er;2006. pp.165-181.

I1. Yan W, Xue W, Chen J, Hu G. Biological networks for
cancer candidate biomarkers discovery. Cancer Informatics.
2016;15(Suppl 3):1-7.

12. Barrett T, Wilhite SE, Ledoux P, Evangelista C, Kim IF,
Tomashevsky M, et al. NCBI GEO: Archive for function-
al genomics data sets—update. Nucleic Acids Research.
2012;41(D1):D991-D995.

13. Zhao B, Erwin A, Xue B. How many differentially ex-
pressed genes: A perspective from the comparison of genotypic
and phenotypic distances. Genomics. 2018;110(1):67-73.

14. Barresi V, Trovato-Salinaro A, Spampinato G, Musso N,

Castorina S, Rizzarelli E, et al. Transcriptome analysis of
copper homeostasis genes reveals coordinated upregulation
of SLC31A1, SCO1, and COX11 in colorectal cancer. FEBS
Open Bio. 2016;6(8):794-806.

15. Zhang A. Advanced analysis of gene expression microar-
ray data. Hackensack, NJ:World Scientific Publishing Compa-
ny;2006.

16. Gehlenborg N, Wong B. Heat maps. Nature Methods.
2012;9(3):213.

17. Raychaudhuri S, Stuart JM, Altman RB. Principal compo-
nents analysis to summarize microarray experiments: Applica-
tion to sporulation time series. Pacific Symposium on Biocom-
puting. 2000;5:455-466.

18. Szklarczyk D, Morris JH, Cook H, Kuhn M, Wyder S, Si-
monovic M, et al. The STRING database in 2017: Quality-con-
trolled protein—protein association networks, made broadly
accessible. Nucleic Acids Research. 2017;45(D1):D362-D368.
19. Shannon P, Markiel A, Ozier O, Baliga NS, Wang JT, Ra-
mage D, et al. Cytoscape: A software environment for integrat-
ed models of biomolecular interaction networks. Genome Re-
search. 2003;13(11):2498-2504.

20. Bastian M, Heymann S, Jacomy M. Gephi: An open source
software for exploring and manipulating networks. Proceedings
of the Third International Conference on Weblogs and Social
Media, ICWSM. 2009 May 17-20, California, USA;2009.

21. Seidman SB. Network structure and minimum degree. Social
Networks. 1983;5(3):269-287.

22. Kuleshov MV, Jones MR, Rouillard AD, Fernandez NF,
Duan Q, Wang Z, et al. Enrichr: A comprehensive gene set en-
richment analysis web server 2016 update. Nucleic Acids Re-
search.2016;44(W1):W90-W97.

23. Shibata T, Yamagata H, Uchida S, Otsuki K, Hobara T,
Higuchi F, et al. The alteration of hypoxia inducible factor-1
(HIF-1) and its target genes in mood disorder patients. Prog-
ress in Neuro-Psychopharmacology and Biological Psychiatry.
2013;43:222-229.

24. Vaganovs P, Bokums K, Miklasevics E, Plonis J, Zarina L,

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License


https://creativecommons.org/licenses/by-nc/4.0/

Geldners I, et al. Von Hippel-Lindau syndrome: Diagnosis and
management of hemangioblastoma and pheochromocytoma.
Case reports in Urology. 2013;2013:1-5.

25. Kopczak A, Stalla GK, Uhr M, Lucae S, Hennings J,
Ising M, et al. IGF-I in major depression and antidepressant
treatment response. European Neuropsychopharmacology.
2015;25(6):864-872.

26. Levada OA, Troyan AS. Insulin-like growth factor-1: A
possible marker for emotional and cognitive disturbances, and
treatment effectiveness in major depressive disorder. Annals of
General Psychiatry. 2017;16(38):1-9.

27. Polter A, Yang S, Zmijewska AA, Van Groen T, Paik JH,
DePinho RA, et al. Forkhead box, class O transcription factors
in brain: Regulation and behavioral manifestation. Biological
Psychiatry. 2009;65(2):150-159.

28. Shelton R, Claiborne J, Sidoryk-Wegrzynowicz M, Reddy
R, Aschner M, Lewis D, et al. Altered expression of genes in-
volved in inflammation and apoptosis in frontal cortex in major
depression. Molecular Psychiatry. 2011;16(7):751-762.

29. Nakatani N, Hattori E, Ohnishi T, Dean B, Iwayama Y,
Matsumoto I, et al. Genome-wide expression analysis detects
eight genes with robust alterations specific to bipolar I disorder:

Relevance to neuronal network perturbation. Human Molecular

Genetics. 2006;15(12):1949-1962.

30. Matsuda S, Ikeda Y, Murakami M, Nakagawa Y, Tsuji A,
Kitagishi Y. Roles of PI3K/AKT/GSK3 pathway involved in
psychiatric illnesses. Diseases. 2019;7(1):22.

31. Zhou J, Pham HT, Ruediger R, Walter G. Characterization
of the Aalpha and Abeta subunit isoforms of protein phospha-
tase 2A: Differences in expression, subunit interaction, and
evolution. Biochemical Journal. 2003;369(2):387-398.

32. Xiang X, You XM, Li LQ. Expression of HSP90AA1/
HSPAS8 in hepatocellular carcinoma patients with depression.
OncoTlargets and Therapy. 2018;11:3013-3023.

33. Zhou J, Zhang Q, Henriquez JE, Crawford RB, Kaminski
NE. Lymphocyte-specific protein tyrosine kinase (Ick) is in-
volved in the aryl hydrocarbon receptor-mediated impairment
of immunoglobulin secretion in human primary b cells. Toxico-
logical Sciences, 2018;165(2):322-334.

34. Ali-Sisto T, Tolmunen T, Toffol E, Viinamaki H, Méantyselka
P, Valkonen-Korhonen M, et al. Purine metabolism is dysregu-
lated in patients with major depressive disorder. Psychoneuro-
endocrinology. 2016;70:25-32.

35. W Reierson G, Guo S, Mastronardi C, Licinio J, Wong ML.
cGMP signaling, phosphodiesterases and major depressive dis-

order. Current Neuropharmacology. 2011;9(4):715-727.

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License


https://creativecommons.org/licenses/by-nc/4.0/

	Bookmark 1

