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Abstract

Many neurological and psychiatric disorders are not due to mutations in a specific gene; rather, they are attributed to
dysregulation of genes’ functions and signals that control their expression. Complex ‘epigenetic’ mechanisms regulate
various gene activities with long-lasting effects within mature neurons and other cells of brain tissue.

The present study reviewed related investigations up to 2021 by searching keywords including epigenetics, DNA
methylation, microRNA, RNA editing as well as psychiatric disorders, schizophrenia, autism and bipolar disorder in
PubMed database. Among collected articles, the most relevant research articles related to the topic of this article were
selected and reviewed.

Currently, at least four epigenetic mechanisms are known, that through altering DNA, RNA or histone codes, regulate
genes’ expression levels. Meanwhile, these epigenetic mechanisms themselves are under the influence of internal and
environmental factors and may be dysfunctional secondary to malnutrition, contaminants, toxins, drugs, substances,
infections, etc. Many studies have shown that various epigenetic aberrations are involved in the expression of genes
involved in psychiatric disorders, such as schizophrenia, autism, and bipolar disorder. A comprehensive investigation on
epigenetic alterations and the environmental factors that mediate these alterations can help to improve preventive and
therapeutic strategies in neuropsychiatric diseases.

Keywords: Epigenetic; Psychiatry; DNA methylation; Histone; Schizophrenia; Autism.

Please cite this article as: Mostafavi Abdolmaleky H, Nohesara S. Epigenetic Alterations and Neuropsychiatric Disorders:
A Review. Pejouhesh dar Pezeshki. 2022;46(2):98-115.

[ Downloaded from pejouhesh.sbmu.ac.ir on 2025-12-04 ]

*Corresponding Author: Hamid Mostafavi Abdolmaleky; Email: hamostafavi@yahoo.com

OR: 20.1001.1.17355311.1401.46.2.3.7 ]

Pejouhesh dar Pezeshki (i.e., Research in Medicine)
2022; Vol. 46; No. 98-115.

I

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License. 98



https://creativecommons.org/licenses/by-nc/4.0/
https://dor.isc.ac/dor/20.1001.1.17355311.1401.46.2.3.7
https://pejouhesh.sbmu.ac.ir/article-1-3024-en.html

[ Downloaded from pejouhesh.sbmu.ac.ir on 2025-12-04 ]

[ DIR: 20.1001.1.17355311.1401.46.2.3.7 ]

. o2 ERrER A A A ;
WOLIAAS (5 WAL Yo F 5 003 Frat Qo= i o B frndnsh i
- ! 4 v .

S poley 9 emas NS ;o Sl S 9 690

T a5 ol ! Slodlous (s gibaco duos

Li;),ai COFwR (5w oKislos “5{..;): oasiisle ¢ ,AS...A 95 9 AS....;) os)f A
ol ot ol Kby pole olSLtils ¢ Kb aaStils ¢ byl 5,5 < selaizl sloeal I (6 et 00Simgl «ls Cubligs liiog S po ¥

VE- AN el b VRN il s g b

s s

@i 5 b slags el melas o Pl 186 asly s (Bl 0 o s G S 4 Seiddeys o (Sanoly) sl 6 ke
5 A oy » DaeVsk Jlslls 5 iliS 31 55U Glo ol melats 5o lodizny el Glapanlle i o U5 ) Ll ol o5 it
b weas i cpl ol b 0ads Jitiie 8550 cpl 0 (69 lie Jb> 4 b aS (pl b az g b oites g 3me <l sla Jobo il

Seial ez 5l oS (ly sezgian Sl eslinul b godee Yo Jlo b atdly jlinil g s ye slategh 9 0b plxil 690 Djge 4 addllas
Ol 3 b gy pr e Sy oSl 50 ¢ orkad 90 IS ionnsgl B9l (S50l e PS5 s RNA (il g oS8 SRNA DNA o5z
Lo anlllae g ol caxils dlie ol (555 SBlaal b 1) bl | o iy o5 olballis wad sglaes sloalis

RNA (e 5 laggims b SutlSy slanead (55, ol sloml b 51 o5 wlond alolid (Seiifigl ookt 030080 £58 Jlaz Bloo 12l o o
g I3 pyans da Sogll pdiiogs jl g 033 Saye 5 G900 e il L8 5 053 (Seijigl slopsle ol Jnl b S o malats |y log)) oles Jlake
» e sy ol sy SSUS Sl sl Pl a5 eols plis ook lhasllas Wigdige 63,58 ST Jlrs Jelss ple 5 bdgie wlge
Yool Falslan oo Jalge 5 (S35 ol SIS ol aly (guup 0l 31 aerisl 5 (oo 30 ST (5539550l aile hliien (S 0lg slogs Lo
2aals s s lem ol Glays 5 6 pNiny ) (oot SHB

sl tsrlaBys P el B Sl rppgacn RNA (sl 0525 GLRNA DNA (jsdlze  Sii 0 oS5 ) :g S B3l

S bl 5 @0 4 o cpl 4

Mostafavi Abdolmaleky H, Nohesara S. Epigenetic Alterations and Neuropsychiatric Disorders: A Review. Pejouhesh dar

@shki. 2022;46(2):98-115. J

hamostafavi@yah00.com : S xSl cany ol t Shadloe sgalacs dua> 1Ko J ghummo 0o g5

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License. 99

&
ol ‘U/ W~\Jbﬂ’uk‘fﬁun 1 u"/'/;:/_ i L
v O


https://creativecommons.org/licenses/by-nc/4.0/
https://dor.isc.ac/dor/20.1001.1.17355311.1401.46.2.3.7
https://pejouhesh.sbmu.ac.ir/article-1-3024-en.html

[ Downloaded from pejouhesh.sbmu.ac.ir on 2025-12-04 ]

OR: 20.1001.1.17355311.1401.46.2.3.7 ]

[|

OB 4 358 (Sl (soela e slSe glgil (8 (el
il galys (slo )il ae — g, saas sla DS 4o Ll

SIS
5 by slaiegn 9 0b plxil 5900 ©)ge 4 asllas ()l
O5ly omgemm 3l oolatal L YoYY Jlo b azsly Lacl
(RNA)RNA ;s J=lu histone) ,(modifications sgw.»
oz 5 (RNA editing) RNA 1,5 dnterference
QL».A )‘ w00 oy (Pubmed) VS ula oli:l; L “5\.149
L1y bl cyiin a5 olaalie wad (s 5laes slaallic
50 Kloads axdllae 5 bl wsils dllie pl 5,5 Glaal

A oy g A g oLl Lyl b axly alie AY olass coles

bassl

:(DNA methylation) |- - 68 (ygawdlco

&S Cuwl (Sess ) gleawld sl G (DNA) Ls gendlie
4S) iz Sl et 005 9, 2 e 09,8 S ol 5o
Oy 5D g e 4 ke ce (aBl odel (leS L adloa
b ot dlss & &5 (Sujetem slajh 5o emdlie Gnl E9d
(MBD1, MBD3, MBD4, MeCP2  uuil) glaiyigy
elesS 09,5 S sk Sl el e JLail L oS o saly>
rya> @) (8lae 3 (Jy S e e 1) 0 Ol e
(Mieiior 03 Ol ke o B 3 sl Iy 69, B
oS el glovas Sl lapslSe 5l S Us Gseadlie
Pl 2l b ke Sy by 5l (295 o] dlauls &
Jobe Ol o, les 5 (35 Cagp g oad JLS L 5 Ssels

DS oo et |y ol 8L L

3
INEINCIT L R T

SEnol, 5 smas Gl jo S ol i

dodlo

85500y Jawss b yuiss sl (Epigenetic) Ceos ol o5l
v éﬁ)““ﬁ N5z Slexe U ol #hae 1AV Jlo jo
Rlei 3 0FUF slo Jslo gl adgi gl 9, a1y Jslos
ol sledshe aon a5 Jl> ) 1) Jolopy Slogzge S
@l Jokw s gl (V) w8 s (W5)lo spolie SIS
ﬁlﬁgﬁlgweoﬁu)@gdjﬁa;dw
Sl walss Jglite Sl i sl o)d 4z 53 5 99 g
Lyl L S ) ol s 35T L a5 55y anlss b
GlranT s as as poles gons larasilae o andl S ook
Ll sl 5 ansls oo (6,500 oo 5,5 s ol souomy
asalie 35 St slo s 5 b slo sk lsil 5o
@y ras pole laeiils ax g o)l 8 Rl 5o Sedi e
Sor 50 Wl el s 4 Koo b slaais; ple gy
Sohrs (o sla)lon plu J5 5 (Shpoly, sl P
S oa oy p3lSe b anld 5 ez ojapel 03
Slewdais « (DNA methylation) T ol g8 oygmdlie Jolis
RNA) T ol ,I (2l g (Histone Modifications) s
oty (RNA interference) 1 ) I jo J3las 4 (editing
P ep 6N sleeille oS Spbie S (Jy s
S opdle Sl el g glulis san] sl Lo
o Jalge b cgi3e g (S oy slagsiyaaliy jo oS0
Wi e el g5 dacygey9e wile) Le (M 5 )
loaSosdl (plsn o ol sloyeeis « Sdabie glacands
@l Jal )3 58 (g ng 5 oy S pye (arome
5 e i adpen Lulpd 4y vszge Lkl 4 b ot
(TS S8 alizes (yudaw o

@hlo degezme a5 03,5 (phg) Grimes Wiz slaasla
(sloo bl w155 oo (EPIGENOME) o535 ! e b S5
Jl 5 S 4y s oliie 59 4 00,5 bai 0 1, larons
900 lio (nl 0 (F) WS (o0 S5 (SLY S (o5

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License. 100

&

I

GraJisr I
o


https://creativecommons.org/licenses/by-nc/4.0/
https://dor.isc.ac/dor/20.1001.1.17355311.1401.46.2.3.7
https://pejouhesh.sbmu.ac.ir/article-1-3024-en.html

[ Downloaded from pejouhesh.sbmu.ac.ir on 2025-12-04 ]

OR: 20.1001.1.17355311.1401.46.2.3.7 ]

[|

e 2SS sk 50 IS8 oo S il g e Jalse
B30 st a5 0dd adgs Joku e YO ad3s o 5o
O Joiee Sl slepiille plo b Jels yo Lo
S90S wiile PLsT 4 o cesledl (Bl vake 5 yge
O Ggmedlite 9l 8 50 a8 Sls8 el b g et slaog S
Ol Gam Jos gloJshos 5 00 wigy (al )0 LS s el
» Sl Glyess lpls Sjleee Sl 51, Jske
50 e & ol asls Soljge <l aily oo 28b pelan
s 4 g onile (Sb Joho alibl> yo ame Jolse ()l
4 Cand Cewd 3 goled aSly ol e e ok (g0
ColS o Sy sloier wilen Bs gedlte (slo s
2 Lyess cpl 51 pgad i, walsd &)l a4y oo 95250
(F) sl ond ole o Sass ly 5 p el

DNMTL,  wiil) hawilshie clopyl bz gy
osmdlie sl ;s (DNMT3A, DNMT3B, DNMT3L
45 ons pslas 0350l o Ld slaysl Myl s Lo
IDHL, IDH2, aile) 3|yl yilizoms sl 3 calizes glsil
Lo 4S5 55,15 3525 oo (IDH3A, IDH3B, IDH3G, TET1-3
B 4 Coled jo0 a5 00,5 Joad alite (uSg 00 Lo a | alie
Ngd oo oo (Demethylated) aloes oles b alis .8
Sl S Ol (S gy 395 &S Sl il S
0980 35 Ol B cam 05l i (g dlites 4y a5
D)

95 ldsle ;o egax 4 Hemdlie (S sl
JLSr52 50 &5 (F) gmdliie (oS'g)00m 20,0 B0 350> L
Blg yo cwl aclas Coenl Pl Wigh oo el D054
Sz jsb 4y jlhaudls Jite b olyen Dltes slo uo il
Az sla o5 s Gamdlite Hlade 3o elass S5 o
Logys 9,50 b ot Sgrm 5 (F9)0 Lo Lailyd 4y iy
Ot 503 O)le 4 aiS o bkl e Lol L

3
INEINCIT L R T

SEnol, 5 smas Gl jo S ol i

Alg S slays 0,8 Hlales b dmprinting) 9,8 S
oSl psises,S o tudlad (15,5 BBgte (al Sheals sl
b &S pleimang sloo; 09,5 Sl g esle slaolw yo
LS gedlate ;500 Slo s 5l wilonds S92ge pois o)1y JolSS
Las a8 iyl 0g2g Sladl Jlegiesl o5 Yoo Blas (V)owl
bugi pgs (o5 5 90ebee oo il 6ok b sy (o5 ST
osdie b sk g ead ailas b 5 S bs pedlite
oSal poigegS 93 (oole) 3o sladshe )3 sz eizres
g ake ) Wl 51 (o lags bs pgmdlte w)lo 092
) 5 sbdsle @ Cans pln g Glo ST L wS oo Sl
WS S xS sl (W)ls sl 093909,5 Sa g S pgieeS S
b 4 el iz sladobe ;o ol po3909,5 o (2
P9i909S Lok (cham )3 &5 )5k 4 ams s g, (Sl
Pl 6y Sul pi9eg)S s (pham 50 9 50k WS
Jal Wiy o Sl slapgises,S ST cnlple wsdse
eteie 8l Sy gl sl chai 990> il dxls S5
20,50 Ay 4 Bl a5 Ko chal Jg wad Sl o
£S5 (60,55 pnlige £9) Cubls winslys gole 0,58
5 ol by ond S slag) l pan Dy 4 assy]
sk 4 oybgs wiily oo (hgels WSOl pi9es)S Slagy; S

S S dlad 4 9,8 (g3le e jobo 4y g oud Jlad (oo
I sk @ ladshe sbo pemdlie (i adgl Jolie o
L oadls ples sladsho ogul adgi Bl b ogd o (e
@b gan Jolpe ;o a5 358 ol goiie Slapled ity
slete Sl Slaprille plu g bs emadlite 625,15
Sl 2pdes Gt W 2l 05, g wake 5 Wigd o
Osedlte 981 0 lgs Lo (ygmadlite W3 (sl oo £5o5
Glasl 5 dyglige b w1y 550 5 y0ke lagshe Lo
)5 ool b el o aislis 330 b 4 isS
S5 IS Job 50 oam, Sl 4 s Gadlie slagSdl

Lol sl oo Lol oaigd plaie lo Jolo [0 o5 & oy

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License. 101

&

I

GraJisr I
o


https://creativecommons.org/licenses/by-nc/4.0/
https://dor.isc.ac/dor/20.1001.1.17355311.1401.46.2.3.7
https://pejouhesh.sbmu.ac.ir/article-1-3024-en.html

[ Downloaded from pejouhesh.sbmu.ac.ir on 2025-12-04 ]

OR: 20.1001.1.17355311.1401.46.2.3.7 ]

[|

S s (Sl Glyed 5o oyl glandss Jelge  ogdle
Sl ohes b &S wiS e Jle |) i e S5
o Sl (g0 il gai axSS )0l o0 asld]
Gl b a5 55 e (BDNF) Gl ol o0 o 005 ke aals
Lo 5l eam oo oI35 05 ool eoler 09551 ol
5 YS! o (DNMT1, DNMT3A) lo)liuily e
22 s Gl ad ol 50 pe Wil pblig Lugalise
A5 5l G Gyl opdle a4y (V) )] ol pon LT 5
297955555 oSl (190,98 1F geedlte (R s
—oopeVlign jeme (aogwl RIBI L &S &S ash e
2 gllohhol sl 5 ol glags sl 4y JUyob 58500
Gilusgame oyl VNIl oot Hlse> Slszsi e
5 Ogie Rl 4 e w0 Wg Gl Sl olhes 5o yole
>l 50 (Righen GlBonix )0 Gemdlite (mSgyiee
5 (GADBT) #Y LS5 ,So LS slayy; (promoter) 55kl
5 isid Lol yen a5 550 0 Ll ylolye 5o (Reeliny .l
0352 el (JLuS 350 0lygo )0 (KB5Sl ard slaceisidsu
OF) aly o S20lS pimads glagls b a5

S slagsl )3 la PLST o oo (o Sly; slag)l
4 alal slagige 51 Jlie (sl isdise oKl €55
Sloyss il Guelidslte (Bre 0 Suegls 5k
oS o5 s0 osmlive Ll plolig ugealSgmm ;o Gsradliie
S sy WS odle 4 (VF) Ceslg L8 (gl s L ol pane
(Whole genome DNA  layj (cegee  (ygmmdliio
kos Hedhite a5 azlo yig,methylation analysis)
Obss 0 &S Shobe sl yo 5 Ve sgae )0 (njgte
O0NF) el 00,5 posd W0,S o0 Bras K Sl
polie 5 lagpaliyg i pole (Fopdl dapyl  ogde
W55 (9 5 48, (s Sk e s 09 S slads
sl sbs poadliie » (S35 kel b el o
ol 3 sl Koo gloaaillan (VY5138 o 5l oYl Jgs

3
INEINCIT L R T

SEnol, 5 smas Gl jo S ol i

o> b adlgee Sy o gl el ple 5 Lo
sl (S5 slaie, 5y 0niiS )y

slpley o 9 (S5 Jsb ,o eeedlie lade Dlyss o)l
o Yok sladshe o Gl slafad 0wl 5 el
o Jle jsb & o)l i Slbhail cueal (o
Geb 5 )35 oo 23U Bs (gendlite Cunndy a5 il Jelse
pho 5 o ol o I g, L ol (sloaslins
(CDH22, NOS1, TLE1L & MAOA aisle) ale ypu ]
aS yeblen (V) Wad co (SCGB3A2 wile) aliegen b 4
ol Jlis a4 pa eSS g el B adliie w53
Loy oad Jitte gam Jus 40 &5 ol pla s 2o
5 sl o o o) Sl sl yss 5 6,18, Pl
Ao salsz ol or L 189550

9 (DNA Methylation) Go yguwwdcio jo ygo Juoles
(S 0lsy GRS )0 (T (sl i

SN o omaling g Seh sl crigaite atmalausl &8 Jl> o
Wi gedliie SlaiiSly GLRL (nodes alex
Ohgd ;o VY O ueling 9 Sdgd ul 0gueS aS ol astice
o355 she ogae pmmdhitassn b o)l (slo s (KL
ol ek @25 @Ol b dsdiee ol e Wi by o Ll
Ly (sogee Oomdliormd s (Sale aw o (blygs
adly sl Ll s, 4 Y-yl (00,8 alal Ll wigd oo
S0 gleasdlas o Wl )T b Jb |y L ygndlise
potee s 5o o emdliie (profiling) (sslsy oM
Shal> 090 13¢5 4 SIgd sl (40,5 Lol a5 00 S
Osrdlite ) Comiz & dlly 5 005 (Sloyti 4y 2eie
Ol loyis b a5 oad Wil g e 0 lagsenm
olas slagy Jolis oy ool sl ol o 53 abog o Slays
@ 0aS St sloy5 g e o, 4o Juo (imprinted) ool

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License. 102

&

I

GraJisr I
o


https://creativecommons.org/licenses/by-nc/4.0/
https://dor.isc.ac/dor/20.1001.1.17355311.1401.46.2.3.7
https://pejouhesh.sbmu.ac.ir/article-1-3024-en.html

[ Downloaded from pejouhesh.sbmu.ac.ir on 2025-12-04 ]

OR: 20.1001.1.17355311.1401.46.2.3.7 ]

[|

(Transcription a5 (s ls pasens Jolse g sl S g
olyer o> ldsle > Koo Gujsew oo 5 Factors)
G b opgs S laglio cloaalllas opdle 4 (YO)ew
FOr e pedlie Jake ) Liashl hs, 658
Ol (WS (o0 s pSojlusl 08 o jo ) alides (slagy (g
b ;0 pigam YA+ e Ssax edlie Hlade aS ol
3 oply Jld pegn o 4y s SosS A8 Gy sl eads 5l
00,5 s (Jgome 5055 b dulin ;o) wiogs ool lox Lyl
woar oo B eedlite awlys sle s ol (V)
2SSy Soly> a5 ol 8l culigme o pgiy O
odalive o Wog 03,5 a4 e b (S5 ol
21 st glo s anlllae ol a5 b Lo (YV)ud
S50 WIF g alie,d 0500 YFA) olo lid o jgiew VPV
PP 0 &S 39 2B0) 4 bype ok (p il (Aiegn
a4l LB (g g (Jobe (Aartidly) s lie
Las ol las 1) s o i (ALS2) Y ol I ! o5
TS5 ey e ele 4 Cawl 009y oljen 2 o plo SRS
05 S gDy (59,90 TAP S50 diged G (555
S sladsle 55 (NRICL) (amsSis 555585 oS
2 SN g SSlyy glaw (S5 0 &5 Sl

(YA) slo lad 1) ascsls g il
Gre 5o o5 oed (sbo el jo Pl aLidS ass g0 4o
sla Pl Jlzo ghlew @l 5l ead glizuul sbo b 95
ol Sl ol (Mol sals (315 (Sanly, Al
2 orizmen g dalllae Kol a0 geedte (sl i
oiali8l Sie wloads csmlice alize sl slw L lacdl
G 4l e b s ln &S by ) sl
5 g oad B)E LS RenSul s pllen jhe JUig )b
Ol 0P 50 ez 5 e s bl 0 gum slaaslla
Ogmwdhcio ol uzmen (YANY) cosl onds (5,155 ) lew
10 &S (MB-COMT) Lice a5 Jato jlianil s pa¥eS &SI 3

3
INEINCIT L R T

SEnol, 5 smas Gl jo S ol i

3 had Slosess Jodo @ jole (28 3, (sl eeis a5 o0l
Sl e gylosb adsl slays, g (6 IT eSS ol )e0
OANR) 5,38 o 5l LT 5,505 5 oYl slagys oysemsdlio
ol S a5) g Jad o5 cul Ly Gres 4 wls
P sleidslsile jon b (Cul ZW 5 o 05 Sess
L3, LSSl 5 (srladss ()lom 5 35 o3 P wsile
(BL) o5 vz glaaddllas ;o aSil 4y azgs b (Vo) b
SVl 53 eyl Son by el SLogsediie ) o>
56 s s s pss ol 45518 S92y Jleaxol l ol ala,
Pl Seial bl n dad by ame jae Jelse

Y V)ask
Szl St i b by S I e
odes Sloyeesd w0 S 5 5 (S35 s )0 iewl ol e
alole L codle Sl iy G| Wiy oo Sy o)
20 B 685,65 65 8lS 003 15 (15 50 B (gDl s s
Gy Glayess Lo ead alo (g egelSene
Gobe Comgyms (YWl olpon IS5 o Slbil e
22350 B fpediie 00,08 Gl psd 4 e (pires
glsd (> (V1) 35d oo (oal S ok 505 9 3o Sy
5 09 (oo odle oligl a4 AT 6l gei AT Canl Cwws o
ey 9,08 e Sl laps soges pediie 658 (SSsSx
45 Gol5 yd 50 Lpgad A ed ((5,95%) SaSaml laasy
Osedie 6551 s cenlaagty (nl 5l ook Hlade 55>
o 05 o0 odalive ()50 Bpan bzl and o)) seges
OgaMite jLiwgon )0 1S slay) Olo sk 4 e &5
(VH)ogd o0 (3,138 oo 51 Homndliits 2 45) (ygmmlinnSghs
o2 (S055 Olss yo KAy ogzy Gludl slhasdlas o
JWs 855l 4l S5 ,55 50 eigig e Selgh 2ol
(Positron  Emission Sl S g0s glogwy o
4>l Ggemdiie yesd L a5 oud JLuS 5 )0 Tomography)

5ok cigis s Fogmil s (5 Skt (2l b Sl

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License. 103

&

I

GraJisr I
o


https://creativecommons.org/licenses/by-nc/4.0/
https://dor.isc.ac/dor/20.1001.1.17355311.1401.46.2.3.7
https://pejouhesh.sbmu.ac.ir/article-1-3024-en.html

[ Downloaded from pejouhesh.sbmu.ac.ir on 2025-12-04 ]

OR: 20.1001.1.17355311.1401.46.2.3.7 ]

[|

Ao, aS AluY A3 § LINE-1 sl Jlg 50 5 YU sl
o3 ) asmse LSS 1y ol oy S S s BB
WS (o0 53k Sanoly, sl S s 1) 6 Fedes

aslial Jaowe Jolge a5 wiylo o )Lil poren osslis )]
00,5 GLIiL ) Ses90 Seial slaalls asly so 55l
S I o Wed e GHlem 4 ol jo Cnl e aS
OB 63 e Jelse cELl (gl lod i slagaios
o Ll e o slaadl sl by o sy opl jo
Seidja) oble 0 W o sl can J8las a5 wls
LE] UJ‘):L.: (Y‘f)&jﬁusﬁ Lﬂ.,..s.o GO 6LQJ..M) g 0 w
S5 st asle po (Sl S PG b G
nbiod g (Histone Modifications)  Jigiwasd (sl iy
oy ol

G5 Sl GlpeslSe 005 0 (Sstens Slo s
Lulyd Grizres 5 U Gomedlie b Jold jo a5 wiies
W o &y 535 o 51 loeys ol 2 D 5 85 s
Jol2) gtand 635 0 Slaietisn ol (RIS 2U cote
Ot odle 4 (F 9 ¥ (giun 2B (ygian 2A jgiusn
Gbo oy S g (Gl 0uisS Jato ygtuad (SU 4AS) SO
S STt S50 OFet 59 a5 el (g5l car VTV
@y olre po3erlSes 99 oo 53k Cuax Be dgu> Lo 00
S (o g oo

S o A uiign e (N- terminal) ol sl
L opo ol @ a8 colaaislocnl 5l slo sy shls o ginas
Sy SO S L syl el g Al el

lpls g ool i ) e 4 B (Soiz 5 Joand

3
INEINCIT L R T

SEnol, 5 smas Gl jo S ol i

hB9d 5 Wi dgnSal Jlas phlem s JUSg 2 Ay 4l
oo g Ohlem (nl (Blp ok ;0 wgr oad 1)1F
(PYYF) sl 0 camline L g puSial Lo Lo 55
Condg sly Gl sla Sk Sl b Go3 sla sk 4z )5
laadllas it (SBp0ly, S PEST )3 s sla sk
5O O sloazsl, 51 (Whole Genome) SCaos ol o NS
Se sk oadlite sl s 5 oloaws &Skl ogas
00,5 oal |, Wedoo Saie pp e ol o
S ool Gl pe Ul adllas Sy opdle 4 (YY)
Sordl 5o 55 a5 FKBPS ()5 50 b (y5eadliie sl s
Syt Sl o) cdbs Sleg i slaa,zs 5l Sab
(YAl 30 50 1o 3505555 55 ol5 (5 (gumdlita

odd ()5S Flate b a4 6,505 sl yo 0 a5 jsbles
Olpes B3 gmdliie aie) )3 508 slaatily alex 51 (F9)
AluY  LINE-1 oedlie gals 0,5 o,lal 53 o,lee 4
oo hlen lopgys o IGF2 5 595 5o FAMB3B A3
S1o) Gl RalS (ladgd (ilew 5 LS5y Sl
s> sl sks ,o Nat8l GRIN2B CXCL1 MMP9
> OXTR 05 goeadlie (ol S 8555l o )le
Gl el 5 LS Re Sl s phlen S5 sladshe
Olles 520y ITGBT 5 (93 ;0 HTRA glayj (ygemdlite
oyl o

15 s psmadate ialS 5y o,Lal basllas Ll o5 b o
oRIBlGslae pwls (Shnily) esee o Lo
oRlBl e jsb 4ol sal 5155 ee s aendlite
o sk 3 a5 4 SLCIA2 5 DLGAP2 5 ¢y pmmsdlaie
Gl (1) (Bgd 5 Lo dgsSul 4 M Gl (995
@3 loJsle ,o GRINL 4, NTRK2 DDRI :j5dlite
EYA3 SH2B1L ¢ypeadlbite (il ((F+0F)) osbos ol e
S 9 x5 o S9> S sl ;5 o5 4 CCDCLA4NL

el &Sl @ axgi b ggerme jo (YV)pudyl Hlo )l e

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License. 104

&

I

GraJisr I
o


https://creativecommons.org/licenses/by-nc/4.0/
https://dor.isc.ac/dor/20.1001.1.17355311.1401.46.2.3.7
https://pejouhesh.sbmu.ac.ir/article-1-3024-en.html

[ Downloaded from pejouhesh.sbmu.ac.ir on 2025-12-04 ]

OR: 20.1001.1.17355311.1401.46.2.3.7 ]

[|

—SG5 g e oo lays 55l g (Enhancer) saces ol
Ol G2l o gediitomans (g (Rl o g dlite
O (a1 Akl (ol o9 09 0 abgyye
(Saior) a8 Lo (Soterl) anBpé wilgioe ¥ 5 ¥
gy o) ol R L GRIE cow sy 4 a5 il
o Y Ogmediedn b oS5 50 by (pl gl o0
A prizes 5 bogiass poedlinl 5 T Gy
@S Cugr g by gl pasid e Ly amedlie
Se il aes a5 J 0 i oo e ) LSl L el
LFYFD) wiloads griwe aliee S5 b axly Jgho

b 9 @lad b es Sotes by
Sl aml (Si5d Gulad Gl a5 035 63 1) Lapsises,S
L5 boauSogsi wile) 0f slesl Spebas (s L) by
(FF)AS oo sl b3 ol (5235 s Ty (LouiiS s
Ogedlyied wile Goiere o s gyl
Ol 5 Gseadledl (e MSsSis (gadliseses
phosphorylation, sumoylation, ubiquitylation)
Sy ek, o (Ufmylation, NEDDylation
O3y sl el (el j5and Jlio j5b 4y )8 e
Voo Geizeed 5 ¥ g VAL Ve o g VY 5 Y
coe Voogies 5 2A Ggs SO (e 9 2B gt
Vb sloyess 2 ogdle (FV) Wgd oo by o (35 ol RIF!
Loanslio ;o anslasl wix b S 50 wil oo laggias
ol 4 anil Sglite Conlgsl oot sl leisle a5 asl
338 o S lacss 6l e 355

oles (Bl iy i (SaBpa,0 g 3 53 &S eyl 5
&S Geebnn elsy9re Smgigleenl sy (S5 Slge
O el odes jsb a4 ol 6 5SS Gefisn e
SFed S n « S5 )9k 5l Jleinl b ogd o
S8 0slgs sy slapgiges,S o glaslinl prdlse L

o3l oile 65,5 4 b el (San ga050 (! 15,5 oo

3
INEINCIT L R T

SEnol, 5 smas Gl jo S ol i

Sl s oS 1) absye 5 sUs @ g lopasend Jolse (gw s
Sl a3)I08 e Bl 5 Ol Jlade p ol 0 &S e S
Nl oo ‘al.?dl (SO LSLQM}JT alawly 4 (S G slaalss
dagygaysn wile Gopm 5 (S0 Jolse b cou 355 a8
oY aelal Gaedlital 4l pla @b Jladske o
3 g ¥ gt 50 (0gd oo asine K 8,> L as Lysine)
abauly 4 a5) bogimsd plo o 503 slacn i) Gsedin!
s (Mg oo Jleel cilisee 5hansls Lol slags 51 o
Ol GBI 500 )b ) walen o5 Gle Rl L
debs oyl ahuls 4 by (GemYliuks)
wiile (log s D9l oo (35 Ol BB s 55UsS 5yl
&ly 5o Ngd oo Bpae @l Hob 4 (Sdnily; )3 a5 Syl
ol g eom Ll dotwbs slmpl oo ouiiS s
GIP ) Bgd oo melas Sl el (I b oS b0
.Mbsc

aalanl plaS (55, Al 4 atay o8 Loy g (gnadlite
Lol 1y abgre 0f Gl oSl oo il dndd Syt @
05,5 aw b g 50 by S b aiilyi o brarealignsl ol iS5
OMalite aw b S Jle gl igd oo s | Lo gt
Py gt o> o lads oY (MONO or trimethylation)
Y7 epY oabalie 4w b g (H3K4mel and H3K4me3)
€95 PP 0 S 4 Jgene b 4 &5 G oo
OF e Ol o Wgdioe o ) Ay g ()0 padus
e d a3 5 45 ol Cowl Ll (FYFF)aiss o abogy o
Sl (g o (HIKOIMES) ¥ fgta wis ¥ oo
P R e 392y Lol g oe Lo Gl ke cu Lo
S I 0 wodle 4 s oo (il s olo days aa
V-Ogsd VY (¥ Oeedliomdn 9 ol S5
>l 0 s 4 i aS(H3K27mel and H3K27me3)

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License. 105

&

I

GraJisr I
o


https://creativecommons.org/licenses/by-nc/4.0/
https://dor.isc.ac/dor/20.1001.1.17355311.1401.46.2.3.7
https://pejouhesh.sbmu.ac.ir/article-1-3024-en.html

[ Downloaded from pejouhesh.sbmu.ac.ir on 2025-12-04 ]

OR: 20.1001.1.17355311.1401.46.2.3.7 ]

[|

255 b Faae pe)n SOOIl (Sinols, odes
Lo lap)y oasS st 5 ST (s (S5 slagie
-SG5 A cole el iyl bl Lo ,ggnSul LS
39 dw Ot il (n Y gmdiemdn 5 (grdiie
Y# u—’r’y 95#*’)15‘-“4“ g YV ppY u}».w)l.».m—t_i’
(OF) W)l (i Lo 8958l 590 )0 A (g

3OS S 49) P gt o 2 Y A9 g dlite (1
o phlew (520 5 S5 sk jo (Cunlis e Sguns
Solom 955 G AL L aS oad (5155 e LS 35Sl
Pz Y Oyt Bl (izeen (BODLF)Zenl ol pon
S PS5 US 05 ST 4l )0 pge yes
oals slas olews oyl e Jiig 3 i 4aikie ,o (GADI)
30 oSS slraslas .o lolpon o5 Ly (ialS L aS ous
ol olade moll c GolielS as ol lid b jhge
DY) 09 oo ey 10 (ygrwdliite

deite @3l o o EZHL o5 olo (I3 oo asllls 5
OFasd 0588 g Sy (Y Gerdlie )3 JeSo Sliauily
ol )15 S BgieSl pliler e 0 S e oS, pge
oy jie ;0 Jgapolla 5 sl slagyle Sl (o) el
Nedse 0 ol Ol BB e bagls nl oS ols las
(OA)

Osedlio b 45) Lay3 5l pasens S5l Ay male o)
o (390 aTie dw O pilx ppY alas
Slageyl 5o GBS slag 3 Gees slo g
L @l odes lag) degezme 5 (Joku I 20 cgslans]
3o s o e a5l 1, (Major histocompatibility)
oaeis LgpSl s phlen JWs S slags s
ORI

:(RNA editing) G, s bl g

St Bs 5l oS ool (o (el L 55kl 2

b S o ol )3 g CodlS i alraslr 3o,k 5l 1, wiloads

3
INEINCIT L R T

SEnol, 5 smas Gl jo S ol i

5 S99l sl RNA) lal; csy0le Jsho Jalge nlo b
S el (oilagS 55 o5 alayios Sl
ol H9,b Sz ;o L ygundiiie 4> )5 0,5 aloeil ol
45318 929 (gnled Wgd o ge g (ilo odes b 4 oo
Osmdlite 3l o CasliSae (Satiiigl oS Tk
Omad g Sowsi) (b gam 4w leBle Lo owile b
301y e Jlo il b sl saSUS b 5 S slab,
3 5 Jke gl g e Jelse &5 CulSen 29290
(V) 4 2 S5 gl slaas T3

20 Boghund Gormdsto g (gmdlnl sla SN
S0l sg)le

sl Pl o Sen oS x5 g ke sloasllas
ey pl o badlae s 51 (S ls o )lal (S ol
Oobem sladedeis o (il S g bSlals s
52 45) Mlpmet 4551 a5 M 5,5 ¢ | K
(el 90 o Gumlign 0058 colais] S Sel (gg,lo
L b 8g5Sul 5o eyl Glapgims Sl o5 ailys
o5 ol o Pl gam sleadlas (FA)aise Seugs
53 Gol 5 (PERS S5)58 5o 1) YoMtk e
Obles 097 0 1) bogias cdled jo 285 68 slags
LFAD ) ol L S5 489 58!

ottt 00iiS s ga)s Ky Slgyly & a5 Il o
=3 g 03 Ot G5l el Dliiobs g slags ]
SiippsaSd (ot 3o Jiigs Comh 53 3 V-l
s> sloaslllas o aSal azgs LB (B)) Cenl ois o155
(O] 0aiSaS slamgpsgisl 05 B 03 ol ol G2alid!
Slagls e L o5 0dh Sy 4 3 3t o
AOY) Wb oo LualS e 0o

PrSsy 00 S (S adllas G 5500 Gledl glaaddlas o
Gl )3 G (63 ) dcgezme a5 Sl (las & e

6L‘°J>t‘5‘ gj‘.’.‘).Ls)L"*.‘.“.’ L ‘) ‘Jﬁ‘.‘) O i (P G 6L‘°)-*-’

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License. 106

&

I

GraJisr I
o


https://creativecommons.org/licenses/by-nc/4.0/
https://dor.isc.ac/dor/20.1001.1.17355311.1401.46.2.3.7
https://pejouhesh.sbmu.ac.ir/article-1-3024-en.html

[ Downloaded from pejouhesh.sbmu.ac.ir on 2025-12-04 ]

OR: 20.1001.1.17355311.1401.46.2.3.7 ]

[|

Orzed § 358 (Srgisye oS GRlng 50 @l et b
st wiase olii (AMPA) Ll SLligls ous,5
ol 5l GBU &S i G o @ e 398 DsNjgese
Jodo @ 093 Gl &5 e oo Celisl (Glooi S (6 233085
as) GRIAZ 5 b, o bl gl el
FF) ! (Canlolisl 005,58 ol gliz 51 S

2o Orizen 5 398 (Sigigpw 005y (g lulpng b s
5 (GRIK2, GRIAZ wiile) Slebisls oS (slix! slass
S yj ple sl gkl g SloaisS (g plp 50 (ogee il
oals oanlin o eyl Hlo Ghlen ae 0 sl
wile 555 Julsl oyl aShl azg LB (FO)cwl
Golwlns GRlBl ca oo bise 5o pole 1w sl
L Ll sl anolol JULS )5 b aS ool 398 (Jndgigpw odi S
(FPIogh o0 gumal Slgzgs )0 HrtS slb Dan Y5k Bya0
Sopdlas ggls g0 a5 sl vezg swled pzes
9>ly py lwlns st e el s eSSl
o2 Jsdpelle 5 ouls SlbglS ous,5 GIUR3 (subunit)
e Ghge 50 398 (Sigigpmw 0 S (6 Ll g yedS o
(g oole 0) (poudSaid oo Sk 5 .(FV)ogi o0
08I el lhazly ny )liwlng el o Wl e
5o Ll ole 2als L ool ea (GIUR2 and GIUR3) b ol
FA) 29 @l 2o (hge JLg 555

G, olwlpg cooenl basllas ol a5 Jl> jo (IS job 4
a5 auS oo YD 05z ge waled s oo lid s lew jo
S Al basT el gy, a5 gyl LgLasu;:.iLa)’T
eon e el 48) S5 slaske ,0 oS L g
Gl yon g oo plol (Mg 00 L5 4 lag )l Jlasl ol
B sl 45 50 Ll Jee (Sfx Gl lp 295 vall
2S5 pgzas glagls (b cnlply il e
ow S B GbasS 6y, &S swar b S

WS s e Gasie g0 sl Bl b Se sl U

3
INEINCIT L R T

SEnol, 5 smas Gl jo S ol i

5 ladl o Iy sy SO ks (Variants) sleasss
am Qb o Sl muoy S obel @l sl Jolw
Osrl ol 4 ol 5l oledakd 5 ouls (alng g)loy a5
4 a8 o 09551 sl 4 a5 K00 (sladabad g ons laz g o0y
il )0 9 Mgy pedligiow & AT ol Jog @
WS by Ohlng oty ol 4 S s ailS o0 2550
Sozry bl pis 3 sialng oKl Gsekee Ver Sl i
aboas by il eanSeglia gleesilSe (F)s)ls
4 55 0sd e bl el 4 (el (gmmlisls (658
a5 0,0 09z gurled Jlipl b Sleais amlil 3.8 ,eb
e sl epas 4 Sinl glepiille K gyl
ol S e 63k By Ghalng 0 2y BB B oaSsS
& pj 300 lofg Cuenl 3o 3 pogad 4 Sij il pew
aS > j0 wpde 4 (F1)3,138 o S o1 5 op Jgyp Cudled
Gl s el plo & o | o5 Vs bl i
9 gl i 4 banye slag) y90 )0 ogas 4) WS (o
Sass shls s3ie sloby ol GOl Jsb (s slaJUlS
8 Sl 0aiS lgn Sz sS (slab, 4 sazmogaly polie 5oL

LYY Qs il by Koo g oplete Lo yo
5 g «Dlligls sloows o5 alize (Slaglly) sladiss
5 ool Wed so alsy oludl 4o By ialys alaulgay a5 L
poopl ez 90 vgu> Uk sl ails gglate o9yl Al
oS by Sy 0 iRl slaghlny Lol
leaiss a5 oals aislis (HTR2C) oV ol sdgigym
KUSE PS¢ RCOW P JURPCVIUC SRPLS BN POV V) JEPRRC .
055 3l s oS LS55 o5 e o o (45 o
05 ol S50 wogdle 4 (FT) Wigd oo (5)lo paduns J 1S
o by skl g yo 095 a5 (ADAR2) Y-j5licels oy g0l
adl, el ohdes 5 SgnSl phlen e ;o )l
oS Glbise 4 03,5 Lasie o] 60,55 slacoled ol

I, o (Heterozygous knock out) &osje,xe <olST

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License. 107

&

I

GraJisr I
o


https://creativecommons.org/licenses/by-nc/4.0/
https://dor.isc.ac/dor/20.1001.1.17355311.1401.46.2.3.7
https://pejouhesh.sbmu.ac.ir/article-1-3024-en.html

[ Downloaded from pejouhesh.sbmu.ac.ir on 2025-12-04 ]

OR: 20.1001.1.17355311.1401.46.2.3.7 ]

[|

5,85 50 GRIAZ 3 VSNLL slayyy olo jrelS b oas
(Vo) ol olma L9gpSul lzs phlen (2BxS
o glaJalo jo il axily o faiue p il el Sew
Yool S5 sl Jlow comw S5 U, ol po S
PR S gy 9 S5 rebslS lag) Sl il 9 h o
At SzsS Sb) (ol ead mhn slacdan oy Sl oo
a8l Sl LB Sl )3 Sas8 by ool Hlade a5 > o
slagylo b ol olo a5 wals olis jasas slaaslllas (V)
o2 Ollost (e Ml el 50 5 a8l tals SsSle
S SasS 6, cal Ayl e 455 (VY )anS oo LS Sgug
dos o2 95 B0 Gk S Cwl SasS lal, e
el a2l AP LS RSl jlas lhlew prw 50 5 008
5 e Slosm S olsie 4 Lol ol wls cnlnly
5 sl Gl sy (6l o yimsd BByt 3 5l glany]
b, 5l o %0 shw jagan cleasllas 5,8 il lag,ls il
wlos S (Byme ) (Shnoly) s PLS] o pdigd SaeS
51 wlosgs oyl 350 axdllae Sy 5l i 4 Ll 5l odm a5
MIR-29, MIR125, S5 s, 45 ) oo ;55 4 LT oo
oaas MiR-223, miR320a&b, miR-451a, miR-193

pesl b GBS Sl ST g L penSul o s
s el s adlle Sy e (YFYY)azsl azils
ol 4 SuienSal ohlew ,o MIR-195 oLy a5 Jl>
Lol cosgs Sglite JyuS 09,5 4 Comnd wlod S o03 B
Loolyen omliols anle 93 Grae Jlis @ ol gle RelS
JE ol b (YAl 005y (5 5lo (hie 5 Cude e (09242
5 ol ke (2alS L olyen a5 1) (T Gralidl 6,50 adllas
A Ohles l So3 sladshe 53 cesl BDNF (55
MIR-137, MiR-34b, :lu Ligl3él S35 4 .(VA) ol 00,5
395 liBgnSal s oLil s> sladsle s MiR-34c
4 A )cel oud SIS me Gladsl 4z S 5 56l
MiR- ;s 3 MiR-500a-5p, MiR-197-5p L, JMsl odle

3
INEINCIT L R T

SEnol, 5 smas Gl jo S ol i

2)lse 5 st Slaydl b s palansl 51 s 4 anly e
pocdYo oz valed aSol Ll ST ail ol jen (656
8 50 Gl s loni S 6 lulng a5 W ls Gl
& loanT ,o len wls culaly amslie ap jie alise
sbana b 2l o colasl S Slag)ls j0 ol
2,5 b e P

:(RNA Interference) G, o J&la

51 (Small non-coding RNAS) csuSaS 6 S>o5 slals,
38 e (5,500 (Sl G )S el (niete alex
by Yoo gl o Jols lacp! diul canS adds amo
cbaly 4 a5 wies 1L YOA o lojlail b Se8
o Ll a2 b Jee e b g osz 00d (g lo e
S5 sy o 4Kl 55 B wisdse (silocatis, by
w2 05 R g ol 513 Baw )00 1) Sglite ) s WlS oo
SsS gl ol il SzsS Gl pair Bus Wi e
Py ol p g s, Ko glcdl 4 e Gk 5l s>
6‘)—.’ pSou M‘}w ©odxin slaadlas () &)‘fsn ).:| Lej
st 530 L 5 035 0 SasS (5, laos anliss ]
S bl by (2als e gl wlools @) Ki50)s,
(MiR-24, MiR-26b, MIR-92) 4Y 4 Y+ (Y ¥
e ohlem e Slian Gd S5, 0 MIR-30e,
S ol 5 055 Gl (Dl sad G55 L g3l
(miR-15a, miR15-b, Va0 ¢ V¢V (V0 V0 o Lo
5 hBied saxie la; 4SMIR-107, miR-195)
«dsSh95 ek, BDNF wile) (Sanols, sl Dl
o w3 oo 8 Bus 350 1) (g So S (el 0 S
S S 5 U5 iy o sl iy 5,58 0
ond (5155 L89Sl Jlars olilew she )3 (SBg (ly9009)
s Pl o fEgd LS Sz sl gbe o
(MIR-181b) - VAY Szs8 sl obe ialdl (S 50)s,

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License. 108

&

I

GraJisr I
o


https://creativecommons.org/licenses/by-nc/4.0/
https://dor.isc.ac/dor/20.1001.1.17355311.1401.46.2.3.7
https://pejouhesh.sbmu.ac.ir/article-1-3024-en.html

[ Downloaded from pejouhesh.sbmu.ac.ir on 2025-12-04 ]

OR: 20.1001.1.17355311.1401.46.2.3.7 ]

[|

@l Bl Joho pa g il je a5 cuils azg Wb -l
oS ol b plply o)l 1) s pgate | SIS
S5, 08 Jds Gl plaiee (S gl Clae (slaazdly
Sl a5 5gs vales JUanl BB Mk aib oglaie slo Jolw
At (> b awlie jo (Sl g S95 slaobe (S5
Solate (0 (g b5 (BES 5 Sl < aiile) e
codsbe @lls 3o grie atie 4l Sy > bl
ks &5 @ly )0 el 353 P (Seial LSl b (gl
Wyls (Folite Dlasine jee ;28 alide ¥ 20 sla sl
50 oo g 9 sladshe | LTl e 4
Ol egnlplo CAY) aams oo JSeas ldS 'y oo 5 Loy !
2 Gai@ly JSie )0 edes bYs I (S0 gedee
Slayy Gl peizmen 9 (Soiijigl slaaallla

Jato ool (T 0,5 L wij0l8 a5 (g laig, gl
SisHl gl &5 ) pasie gladsle ol slaps! 4,
auS o8 sladshe 5l byal SLS L axtes polazs]
J> slr ol ety (eevwg il 5 Loy dw)
NS Gl SuSs glal ogde a4y (AF)aS oy 558 IS
sk (6 5 Bs woz Jus 2L Jly wle) wax o9
ok (profiles)  (glao,lsles a4 olows gl owlal
45) e sladiges Gizmen 5 o len I Sl lacidl
@ Sy 5 pari S log plsie 4 b oog e 5l (slazal
2 35 e GFlEel o nlply cel 00 S al 3 1, (g,
Sl 5 Sy Coleyedl aee &5 (5 Gree LI
(83,55 LS5 glaanlllas b o] ol ams idg
by ol e Sl g patis sla)lal, culSes
)5l walf o3

2 Eph@ly 5 o8l o 3l s & K0 ggose
Olay 5 Slasl Gla Plsl o asie Seigl cla D]
Lewslr g lo (nl Gomalil )0 seg i 9,55, el 00l

ale gslite sboaist ) s Lijdesesul Dl e

3
INEINCIT L R T

SEnol, 5 smas Gl jo S ol i

[ B (J9| S)90 99 uow 4.:) 424'5p, mlR'664a‘3p
Sl Sl )0 2865 Sz bl 5l el cod K0

(YOl ooy &l )l Sy ol
oduS s sl 5l (6,50 09,5 «S>eS sbol, p ol
ol canSas 12 slab, Ll 4 aS o)ls ogmg o)y cudled
b, pl Job .0ad o amaS (Long non-coding RNAs)
ol £l od 5 009 uialSes Voo dga auily caiSaS 8
r 6‘1.' 6‘0\5)....5 LSLQAJJUQ.A NG WA ksul.wl...w 05.5[;
5 o ol s sl sl o Wl sl
5 Shnoly G o kil & 050 0 alai)lS

& ’ )
2 Sz anlllae iz bl g5l o8 Jgl aes o as Jb> o
397y Shnoly, Pzl o SGsal e ol
30,50 radllas 3l g lxasl valld aLnds aes SO o @lile
Ogmdie o Pl pds ol Sl o iwlesg aiwe) ol
RELN, DTNBP1, MB-COMT, HTR2A, b5 sbs
3,90 S=o5 slab, o5 ole Lliél ¢ PPP3CC, DNMT1
"\'“’)k.';‘o )Ja.: L mIR-181b 9 mlR‘34a U'HM 9 Yl.: o)l.w|
Loailoass ol (Sanols, sla sl )0 den I iy oS
S P! ol 5l plaS e o Sy e wsles Jl oyl
39y 0 GOk yaxmie M SgFgogFa (Sl
Q..).‘ J..{Yo FLes) P slaslas gsi‘i’}id‘ﬁ) ol 6L®J)1l>'-|
3 el 0als 580 wyn e w2 Sl Lot
i o ogaze | LT (2l 0,05 et Laplasl (ol a5 I
Szl sl 4 WLl a5 05l oo polre L8 Sl iy 59,
oylsmy b gwlul LS5L 51 (L) lacgeme (8L
Wlhilon s, Kal, 4 Gles b oy sleses (Pathway)

l.tu.‘al.: w\))..fu‘y (_gl.ﬁ‘_;‘)l_a.:.} U"‘ t_g‘)-.' GSLA)Q Ls G.AM

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License. 109

&

I

GraJisr I
o


https://creativecommons.org/licenses/by-nc/4.0/
https://dor.isc.ac/dor/20.1001.1.17355311.1401.46.2.3.7
https://pejouhesh.sbmu.ac.ir/article-1-3024-en.html

[ Downloaded from pejouhesh.sbmu.ac.ir on 2025-12-04 ]

OR: 20.1001.1.17355311.1401.46.2.3.7 ]

[|

oo b ae clodion & gl @l Saekis Lol
S b S S L sl plojen silo b L 5 o>
Oz s (peddslie) Slo g Cisu (L oS bl
oSl L (el ol e Lag lo il o il L a) o5
oy ol as cal ools lis ax 5 (Jepl b o
3 Sy (Sl sleodies ks Sl Sl 1 AL
0 W8led bl (oS 208 990 53 wites Wb i
el ouiT slalo s it slaasl aneils (sl in
slopldl gl slasSus; » odle (b sk
28 e pas olse 4 agzlye elS ln alSany
oy ol 59 0,00 Coenl 55 W3 I0F e 31 (S5 o) Dol
5 paew p odle A5 wws o lis was glaidl
Sl San (S| g oSty aiile (solge) LooaiiSosyl]
392 5% KPR B Sl (Ses o ()55 5 (aree
S I 0wl asls Sapoly, caors sl les
O P s e 0 swsng 5 (ZB 5 455 Slie
s o sladshe 2l Ve Ll (roz slass g w5 oo (S Lo
kil slap; spome ol
o)leS Glg S dcgemma aS ool lid wos sladslllas

Camlo 6[%0) ﬁ‘ﬂ Yoo

9 pedgilin Cuxdg )0 (cates [l SR (5155 pomg Sne)
O b, @iS L ogasge ol (Mol oLl (S
@b polie (Sslz 5 o)lsS olfiws bluw lag S
(Wlad 5 &j90 hes b JIF $ileSs S L&) Se

(AD) ceol a8 )8 18 i Coles 3,90
Ly 9155 pomg Sie (2lde w5, &S5 I jo Sl ax g LI
IRV O E N JRE VIR % Y
zhawl sl obalig o aS ok 09,5 S5 e SU) lsS
S9i e (#5185 g See Lawgs (redlite 4y (Sunl gl
slgisSly Glp Jie gy GlrogS sS4 &S
@950 Ol LB n il nle (AP)ogl oo yomie (gemidhiite
clie 2l w3, So L bSggn b Gl oo

3
INEINCIT L R T

SEnol, 5 smas Gl jo S ol i

eI as il plel § Soo3 ae (Sogbls sl
‘5&6)% Lmd.ﬂ as s s .,\J)Ia sn.l.ou wb.ww)l.c
S5 pleiel o8 a Ll den Colys jo ax 5 il Jglate
Syke 4 b el Gilem Sy50 j0 gaoge (pl g oo
S et Sl (30lo 35 pend gl b sl DL 5580
S o by g 00 dl dLile 58 o Wilgs oo odadss LS o jles
Comdy ((Suby HSle O el ok 4 4 asl
30 PLS! 093 ogdle 4 il wlyr  Jalate (S50l
a5 09l Gl 90 b S ol 4 PBlos .»'|9.';‘59 solad
50,5 bele by amslie g lom g0 ,Sble Ylazs!
Wiw) P S laie con Sglae loaisd ) ol solos
s g oo odoline bgdss el o aS (L858l
as m)bml QL‘UL?DO A.M.A) u.:‘ )..) Q}MGQ J).\.S 05; la
i glaganailb 6,550 4 adlsy 5§58 sleddllhe

S S8 (sl So5e0em slbadl i 4S)
G by Sial oS sle sy a5 cosdly (pl se>g L
TRV 6[.04.:.”.]44:’ WLloais Lx,.: pres. éﬂﬁob) 6LAJ)U5|
Sk 5l Shnoly, gl gyl 45 005 pslas
Srxm S I 0 (NS o Jos Sbia) Odloles
ylae g ey 8l sl o5l DMl (g5, (pleasilas
o )l Camnl Wloads Slie Sapoly, b P! jo a5
css“‘” )@‘ Q> LSLES)“) c_s"‘)‘b i L‘”?)b S )@‘ )""’L 42
sleg)ls Gale, geoge & Bl Gren T Al Ko 4SS
OMSWA—‘GAJ 6l.iboLigl? l) J)L:-‘ )L?Q Lng&.élg QG ;i.u.:)‘_;»l
Lz gladiss Ll g cad azly eSS by codled
Syt sly ol cwlpSen by Julns slesisless
s je 0 i slags pols sla oKl o (S5 o)

e &l 60,5,

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License. 110

&

I

GraJisr I
o


https://creativecommons.org/licenses/by-nc/4.0/
https://dor.isc.ac/dor/20.1001.1.17355311.1401.46.2.3.7
https://pejouhesh.sbmu.ac.ir/article-1-3024-en.html

o g (Sholloe gsibae 3o SRl 5 smas G P o Sl G

sle) St gl sl NS o)l b s efiony 4 el Sene
slapydin g (sl b L89Sl 5o et slag
LS e Sinols, Gl Ml o ol b elyes Splie
00,5 Latiie PCR 3 e (sloaalllas 45yl ;53 LB iS5
9 009 il W gn 3 bl Al oliws &S
05 085 G 5l (Sl (s )9 yole ()55 pamg S
WS o o FaY Ll jo g sanm, gtz B)lsS oKiws 4
az g oad 51 g 5l G sl padiiens 36 ol b AY)
sl o 4 (Sos G laghs g0 SMlen I ise L
Sy b 4) S e poug See Gmed Judo 4 (S50,

b (S i

&8l (o)l
Alos S5 5,158 1y g8l o)l (B ann g

[ |OR: 20.1001.1.17355311.1401.46.2.3.7 ] [ Downloaded from pejouhesh.sbmu.ac.ir on 2025-12-04 ]

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License. 111

. : ¥
ol xu/\ﬂ\dbn’m:‘fhm L] u"//;:(;; L
7 O


https://creativecommons.org/licenses/by-nc/4.0/
https://dor.isc.ac/dor/20.1001.1.17355311.1401.46.2.3.7
https://pejouhesh.sbmu.ac.ir/article-1-3024-en.html

[ Downloaded from pejouhesh.sbmu.ac.ir on 2025-12-04 ]

[ DIR: 20.1001.1.17355311.1401.46.2.3.7 ]

e 5 (Sedlase ssahac apo>

References

1. Waddington CH. Introduction To Modern Genetics.
George Allon and Unwin, London, UK (1939).

2. Abdolmaleky HM, Zhou JR, Thiagalingam S. An
update on the epigenetics of psychotic diseases and
autism. Epigenomics. 7(3):427-49 (2015).

3. Alam R, Abdolmaleky HM, Zhou JR. Microbiome,
inflammation, epigenetic alterations, and mental
diseases. Am J Med Genet B Neuropsychiatr Genet.
174(6):651-660 (2017).

4. Singh S, Li SS. Epigenetic effects of environmental
chemicals bisphenol A and phthalates. Int J Mol Sci.
13(8):10143-53 (2012).

5. Wu H, Zhang Y. Mechanisms and functions of Tet
protein-mediated 5-methylcytosine oxidation. Genes
Dev. 25(23):2436-2452 (2011).

6. Song CX, Szulwach KE, Fu Y, et al. Selective
chemical labeling reveals the genome-wide
distribution  of  5-hydroxymethylcytosine.  Nat.
Biotechnol. 29(1), 68-72 (2011).

7. Numata S, Ye T, Hyde TM, et al. DNA methylation
signatures in development and aging of the human
prefrontal cortex. Am. J. Hum. Genet. 90(2), 260-272
(2012).

8. Milekic MH, Xin Y, O’Donnell A, et al. Age-
related sperm DNA methylation changes are
transmitted to offspring and associated with abnormal
behavior and dysregulated gene expression. Mol.
Psychiatry doi:10.1038/mp.2014.84 (2014) (Epub
ahead of print).

9. Sable P, Randhir K, Kale A, Chavan-Gautam P,
Joshi S. Maternal micronutrients and brain global
methylation patterns in the offspring. Nutr. Neurosci.
18(1), 30-36 (2013).

10. Barua S, Kuizon S, Chadman KK, Flory MJ,
Brown WT, Junaid MA. Single-base resolution of
mouse offspring brain methylome reveals epigenome
modifications caused by gestational folic acid.
Epigenetics Chromatin 7(1), 3 (2014).

11. Boersma GJ, Lee RS, Cordner ZA, et al. Prenatal
stress decreases Bdnf expression and increases
methylation of Bdnf exon IV in rats. Epigenetics 9(3),
437-447 (2014).

12. Xu L, Sun Y, Gao L, Cai YY, Shi SX. Prenatal
restraint stress is associated with demethylation of
corticotrophin releasing hormone (CRH) promoter and
enhances CRH transcriptional responses to stress in

&
WOLAZ (YN Xl F s

SEnol, 5 smas Gl jo S ol i

adolescent rats. Neurochem. Res. 39(7), 1193-1198
(2014).

13. Matrisciano F, Tueting P, Dalal 1, et al. Epigenetic
modifications of GABAergic interneurons are
associated with the schizophrenia-like phenotype
induced by prenatal stress in mice.
Neuropharmacology 68, 184-194 (2013).

14. Itzhak Y, Ergui I, Young JI. Long-term parental
methamphetamine exposure of mice influences
behavior and hippocampal DNA methylation of the
offspring. Mol. Psychiatry 20(2), 232-239 (2014).

15. Joubert BR, Haberg SE, Bell DA et al. Maternal
smoking and DNA methylation in newborns: in utero
effect or epigenetic inheritance? Cancer Epidemiol.
Biomarkers Prev. 23(6), 1007-1017 (2014).

16. Joubert BR, Haberg SE, Nilsen RM, et al. 450K
epigenomewide scan identifies differential DNA
methylation in newborns related to maternal smoking
during pregnancy. Environ. Health Perspect. 120(10),
1425-1431 (2012).

17. Engel SM, Joubert BR, Wu MC, et al. Neonatal
genomewide methylation patterns in relation to birth
weight in the Norwegian Mother and Child Cohort.
Am. J. Epidemiol. 179(7), 834-842 (2014).

18. Dominguez-Salas P, Moore SE, Baker MS, et al.
Maternal nutrition at conception modulates DNA
methylation of human metastable epialleles. Nat.
Commun. 5, 3746 (2014).

19. Waterland RA, Kellermayer R, Laritsky E, et al.
Season of conception in rural gambia affects DNA
methylation at putative human metastable epialleles.
PLoS Genet. 6(12), €1001252 (2010).

20. Escott-Price V, Smith DJ, Kendall K, et al.
Polygenic risk for schizophrenia and season of birth
within the UK Biobank cohort. Psychological
medicine. 2019;49(15):2499-504.

21. Denomme MM, Haywood ME, Parks JC,
Schoolcraft WB, Katz-Jaffe MG. The inherited
methylome landscape is directly altered with paternal
aging and associated with offspring
neurodevelopmental ~ disorders.  Aging  Cell.
19(8):e13178 (2020).

22. Weaver IC, Cervoni N, Champagne FA, et al.
Epigenetic programming by maternal behavior. Nat.
Neurosci. 7(8), 847-854 (2004).

23. Provencal N, Suderman MJ, Guillemin C et al. The
signature of maternal rearing in the methylome in

I
Q/JV(U
7 v

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License. 112



https://creativecommons.org/licenses/by-nc/4.0/
https://dor.isc.ac/dor/20.1001.1.17355311.1401.46.2.3.7
https://pejouhesh.sbmu.ac.ir/article-1-3024-en.html

[ Downloaded from pejouhesh.sbmu.ac.ir on 2025-12-04 ]

OR: 20.1001.1.17355311.1401.46.2.3.7 ]

[|

e 5 (Sedlase ssahac apo>

rhesus macaque prefrontal cortex and T cells. J.
Neurosci. 32(44), 15626-15642 (2012).

24. Trivedi MS, Shah JS, Al-Mughairy S et al. Food-
derived opioid peptides inhibit cysteine uptake with
redox and epigenetic consequences. J. Nutr Biochem.
25(10), 10111118 (2014).

25. Wang D, Szyf M, Benkelfat C, et al. Peripheral
SLC6A4 DNA methylation is associated with in vivo
measures of human brain serotonin synthesis and
childhood physical aggression. PLoS ONE 7(6),
€39501 (2012).

26. Yang BZ, Zhang H, Ge W et al. Child abuse and
epigenetic mechanisms of disease risk. Am. J. Prev.
Med. 44(2), 101-107 (2013).

27. Labonte B, Suderman M, Maussion G, et al.
Genome-wide epigenetic regulation by early-life
trauma. Arch. Gen. Psychiatry 69(7), 722-731 (2012).

28. Van Der Knaap LJ, Riese H, Hudziak JJ, et al.
Glucocorticoid receptor gene (NR3C1) methylation
following stressful events between birth and
adolescence. The TRAILS study. Transl. Psychiatry 4,
€381 (2014).

29. Abdolmaleky HM, Cheng KH, Russo A, et al.
Hypermethylation of the reelin (RELN) promoter in
the brain of schizophrenic patients: a preliminary
report. Am. J. Med. Genet. B Neuropsychiatr. Genet.
134B(1), 60-66 (2005).

30. Grayson DR, Jia X, Chen Y, et al. Reelin promoter
hypermethylation in schizophrenia. Proc. Natl Acad.
Sci. USA 102(26), 9341-9346 (2005). Aberg KA,
Mcclay JL, Nerella S, et al. Methylome-wide
association study of schizophrenia: identifying blood
biomarker signatures of environmental insults. JAMA
Psychiatry 71(3), 255-264 (2014).

31. Aberg KA, Mcclay JL, Nerella ,S et al.
Methylome-wide association study of schizophrenia:
identifying  blood  biomarker  signatures  of
environmental insults. JAMA Psychiatry 71(3), 255—
264 (2014).

32. Nabil Fikri RM, Norlelawati AT, Nour El-Huda
AR, et al. Reelin (RELN) DNA methylation in the
peripheral blood of schizophrenia. J Psychiatr Res.
88:28-37 (2017).

33. Abdolmaleky HM, Cheng KH, Faraone SV, et al.:
Hypomethylation of MB-COMT promoter is a major
risk factor for schizophrenia and bipolar disorder.
Hum. Mol. Genet. 15(21), 3132-3145 (2006).

34. Nohesara S, Ghadirivasfi M, Mostafavi S, et al.
DNA hypomethylation of MB-COMT promoter in the

3
INEINCIT L R T

SEnol, 5 smas Gl jo S ol i

DNA derived from saliva in schizophrenia and bipolar
disorder. J. Psychiatr. Res. 45(11), 14321438 (2011).

35. Walton E, Liu J, Hass J, et al. MB-COMT
promoter DNA methylation is associated with
working-memory processing in schizophrenia patients
and healthy controls. Epigenetics. 9(8):1101-7 (2014).

36. Nour El Huda AR, Norsidah KZ, Nabil Fikri MR,
Hanisah MN, Kartini A, Norlelawati AT. DNA
methylation  of  membrane-bound  catechol-O-
methyltransferase in Malaysian schizophrenia patients.
Psychiatry Clin Neurosci. 72(4):266-279 (2018).

37. Walton E, Hass J, Liu J, Roffman JL, et al.
Correspondence of DNA Methylation Between Blood
and Brain  Tissue and Its  Application
to Schizophrenia Research. Schizophr Bull. 42(2):406-
14 (2016).

YA38. Zimmermann P, Bruckl T, Nocon A, et al.
Interaction of FKBP5 gene variants and adverse life
events in predicting depression onset: results from a
10-year prospective community study. Am. J.
Psychiatry 168(10), 1107-1116 (2011).

39. Abdolmaleky HM, Zhou JR, Thiagalingam S.
Cataloging recent advances in epigenetic alterations in
major mental disorders and autism. Epigenomics.
13(15):1231-1245 (2021).

40. Garcia-Ruiz B, de Moura MC, Muntané G, et al.
DDR1 methylation is associated with bipolar disorder
and the isoform expression and methylation of myelin
genes. Epigenomics. 13(11):845-858 (2021).

41. Bundo M, Ueda J, Nakachi Y, Kasai K, Kato T,
Iwamoto K. Decreased DNA methylation at promoters
and gene-specific neuronal hypermethylation in the
prefrontal cortex of patients with bipolar disorder.
Mol Psychiatry. Online ahead of print (2021).

42. Abdolmaleky, HM., and Thiagalingam S.
Pathogenic Histone Modifications in Schizophrenia
Are Targets for Therapy. In Epigenetics in Psychiatry,
DimitriosAvramopoulos, Dennis R Grayson, Jacob
Peedicayil (Eds). Elsevier and Academic Press,
London, UK. 2" Edition (2021).

43. Jarome TJ, Lubin FD. Histone lysine methylation:
critical regulator of memory and behavior. Rev.
Neurosci. 24(4), 375-387 (2013).

44, Shilatifard A. Molecular implementation and
physiological roles for histone H3 lysine 4 (H3K4)
methylation. Curr. Opin. Cell Biol. 20(3), 341-348
(2008).

45. Rosenfeld JA, Wang Z, Schones DE, Zhao K,
Desalle R, Zhang MQ. Determination of enriched

,
I

I —— REZ0e% I
o

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License. 113



https://creativecommons.org/licenses/by-nc/4.0/
https://dor.isc.ac/dor/20.1001.1.17355311.1401.46.2.3.7
https://pejouhesh.sbmu.ac.ir/article-1-3024-en.html

[ Downloaded from pejouhesh.sbmu.ac.ir on 2025-12-04 ]

OR: 20.1001.1.17355311.1401.46.2.3.7 ]

[|

e 5 (Sedlase ssahac apo>

histone modifications in non-genic portions of the
human genome. BMC Genomics 10, 143 (2009).

46. Miele A, Dekker J. Long-range chromosomal
interactions and gene regulation. Mol. Biosyst. 4(11),
1046-1057 (2008).

47. Kouzarides T. Chromatin modifications and their
function. Cell 128(4), 693-705 (2007).

48. Stefanis C, Issidorides M. Histochemical changes
in the blood cells of schizophrenic patients under
pimozide treatment. Biological psychiatry.
1976;11(1):53-68.

49. Glatt SJ, Stone WS, Nossova N, Liew CC,
Seidman LJ, Tsuang MT. Similarities and differences
in peripheral blood gene-expression signatures of
individuals with schizophrenia and their first-degree
biological relatives. Am. J. Med. Genet. B
Neuropsychiatr Genet. 156B(8), 869-887 (2011).

50. Sanders AR, Goring HH, Duan J, et al.
Transcriptome study of differential expression in
schizophrenia. Hum. Mol. Genet. 22(24), 5001-5014
(2013).

51. Sharma RP, Grayson DR, Gavin DP. Histone
deactylase 1 expression is increased in the prefrontal
cortex of schizophrenia subjects: analysis of the
National Brain Databank microarray collection.
Schizophr. Res. 98(1-3), 111-117 (2008).

52. Jakovcevski M, Bharadwaj R, Straubhaar J, Gao
G, Gavin DP, Jakovcevski I, Mitchell AC, Akbarian S.
Prefrontal cortical dysfunction after overexpression of
histone deacetylasel. Biol Psychiatry. 74:696-705
(2013).

53. Network and Pathway Analysis Subgroup of the
Psychiatric  Genomics  Consortium.  Psychiatric
genome-wide association study analyses implicate
neuronal, immune and histone pathways. Nat
Neurosci. 18:199-209 (2015).

54. Niu HM, Yang P, Chen HH, Hao RH, Dong SS,
Yao S, Chen XF, Yan H, Zhang YJ, Chen YX, Jiang
F, Yang TL, Guo Y.Niu HM, et al. Comprehensive
functional annotation of susceptibility = SNPs
prioritized 10 genes for schizophrenia. Transl
Psychiatry. 9(1):56 (2019).

55. Chase KA, Gavin DP, Guidotti A, Sharma RP.
Histone methylation at H3K9: evidence for a

restrictive epigenome in schizophrenia. Schizophr.
Res. 149(1-3), 15-20 (2013).

56. Gavin DP, Rosen C, Chase K, Grayson DR, Tun
N, Sharma RP. Dimethylated lysine 9 of histone 3 is
elevated in schizophrenia and exhibits a divergent

3
INEINCIT L R T

SEnol, 5 smas Gl jo S ol i

response to histone deacetylase inhibitors in
lymphocyte cultures. J. Psychiatry Neurosci. 34(3),
232-237 (2009).

57. Huang HS, Matevossian A, Whittle C et al.
Prefrontal dysfunction in schizophrenia involves
mixed-lineage  leukemia  1-regulated  histone
methylation at GABAergic gene promoters. J.
Neurosci. 27(42), 11254-11262 (2007).

58. Johnstone AL, O'Reilly JJ, Patel AJ, et al. EZH1 is
an antipsychotic-sensitive epigenetic modulator of
social and motivational behavior that is dysregulated
in schizophrenia. Neurobiol Dis. 119:149-158 (2018).

59. Mokhtari R, Lachman HM. The major
histocompatibility complex (MHC) in schizophrenia: a
review. Journal of clinical & cellular immunology.
2016;7(6).

60. Bazak L, Haviv A, Barak M, et al. A-to-l RNA
editing occurs at over a hundred million genomic sites,
located in a majority of human genes. Genome Res.
24(3), 365-376 (2014).

61. Sanjana NE, Levanon EY, Hueske EA, Ambrose
JM, Li JB. Activity-dependent A-to-1 RNA editing in
rat cortical neurons. Genetics 192(1), 281-287 (2012).

62. Wehrspaun CC, Ponting CP, Marques AC. Brain-
expressed 3’'UTR extensions strengthen miRNA cross-
talk between ion channel/transporter encoding
mMRNAs. Front. Genet. 5, 41 (2014).

63. Di Narzo AF, Kozlenkov A, Roussos P, et al. A
unique gene expression signature associated with
serotonin 2C receptor RNA editing in the prefrontal
cortex and altered in suicide. Hum. Mol. Genet.
23(18), 48014813 (2014).

64. Kubota-Sakashita M, Iwamoto K, Bundo M, Kato
T. A role of ADAR2 and RNA editing of glutamate
receptors in mood disorders and schizophrenia. Mol.
Brain 7, 5 (2014).

65. Eran A, Li JB, Vatalaro K, et al. Comparative
RNA editing in autistic and neurotypical cerebella.
Mol. Psychiatry 18(9), 1041-1048 (2013).

66. Bhansali P, Dunning J, Singer SE, David L,
Schmauss C. Early life stress alters adult serotonin 2C
receptor pre-mRNA editing and expression of the
alpha subunit of the heterotrimeric G-protein G g. J.
Neurosci. 27(6), 1467-1473 (2007).

67. Sodhi MS, Airey DC, Lambert W, Burnet PW,
Harrison PJ, Sanders-Bush E. A rapid new assay to
detect RNA editing reveals antipsychotic-induced
changes in serotonin-2C transcripts. Mol. Pharmacol.
68(3), 711-719 (2005).

,
I

I —— REZ0e% I
o

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License. 114



https://creativecommons.org/licenses/by-nc/4.0/
https://dor.isc.ac/dor/20.1001.1.17355311.1401.46.2.3.7
https://pejouhesh.sbmu.ac.ir/article-1-3024-en.html

[ Downloaded from pejouhesh.sbmu.ac.ir on 2025-12-04 ]

OR: 20.1001.1.17355311.1401.46.2.3.7 ]

[|

68. Barbon A, Fumagalli F, La Via L et al. Chronic
phencyclidine administration reduces the expression
and editing of specific glutamate receptors in rat
prefrontal cortex. Exp. Neurol. 208(1), 54-62 (2007).

69. Beveridge NJ, Gardiner E, Carroll AP, Tooney
PA, Cairns MJ. Schizophrenia is associated with an
increase in cortical microRNA biogenesis. Mol.
Psychiatry 15(12), 1176-1189 (2010).

70. Beveridge NJ, Tooney PA, Carroll AP, et al.
Dysregulation of miRNA 181b in the temporal cortex
in schizophrenia. Hum. Mol. Genet. 17(8), 1156-1168
(2008).

71. Song HT, Sun XY, Zhang L, et al. A preliminary
analysis of association between the down-regulation of
microRNA181b expression and symptomatology
improvement in schizophrenia patients before and
after antipsychotic treatment. J. Psychiatr. Res. 54,
134-140 (2014).

72. Gou M, Pan S, Tong J, et al. Effects of
microRNA-181b-5p on cognitive deficits in first-
episode patients with schizophrenia: Mediated by
BCL-2. J Psychiatr Res. 136:358-365 (2021).

73. Amoah SK, Rodriguez BA, Logothetis CN, et al.
Exosomal secretion of a psychosis-altered miRNA that
regulates glutamate receptor expression is affected by
antipsychotics. Neuropsychopharmacology.
45(4):656-665 (2020).

74. Zhao Z, Jinde S, Koike S, et al. Altered expression
of microRNA-223 in the plasma of patients with first-
episode schizophreniaand its possible relation to
neuronal migration-related genes. Transl Psychiatry.
9(1):289 (2019).

75. Wang Y, Wang J, Guo T et al. Screening
of schizophrenia associated miRNAs and the
regulation of miR-320a-3p on integrin 1. Medicine
(Baltimore). 98(8):14332 (2019).

76. Tabano S, Caldiroli A, Terrasi A, et al. A
miRNome analysis of drug-free manic
psychotic bipolar patients versus healthy controls.Eur
Arch Psychiatry Clin  Neurosci. 270(7):893-900
(2020).

77. Pagan C, Goubran-Botros H, Delorme R, et al.
Disruption of melatonin synthesis is associated with
impaired 14-3-3 and miR-451 levels in patients
with autism spectrum disorders. Sci Rep. 7(1):2096
(2017).

78. Huang X, Bao C, Lv Q, et al. MicroRNA-195
predicts olanzapine response in drug-free patients with

3
INEINCIT L R T

SEnol, 5 smas Gl jo S ol i

schizophrenia: A prospective cohort study. J
Psychopharmacol. 35(1):23-30 (2021).

79. Pan S, Feng W, Li Y, et al. The microRNA-195 -
BDNF pathway and cognitive deficits in schizophrenia
patients with minimal antipsychotic medication
exposure. Transl Psychiatry. 11(1):117 (2021).

80. Chen BY, Lin JJ, Lu MK, Tan HP, Jang FL, Lin
SH. Neurodevelopment regulators miR-137 and miR-
34 family as biomarkers for early and adult onset
schizophrenia. NPJ Schizophr. 7(1):35 (2021).

81. Kichukova T, Petrov V, Popov N, Minchev D,
Naimov S, Minkov I, Vachev T. Identification of
serum microRNA signatures associated with autism
spectrum disorder as promising candidate biomarkers.
Heliyon. 7(7):e07462 (2021).

82. Zuo L, Tan Y, Wang Z, et al. Long non-coding
RNAs in psychiatric disorders. Psychiatric genetics.
26(3):109 (2016).

83. von Bartheld CS, Bahney J, Herculano-Houzel S.
The search for true numbers of neurons and glial cells
in the human brain: A review of 150 years of cell
counting. J Comp Neurol. 524(18):3865-3895 (2016).

84. Girdhar K, Hoffman GE, Jiang Y, et al. Cell-
specific histone modification maps in the human
frontal lobe link schizophrenia risk to the neuronal
epigenome. Nat Neurosci. 21:1126-36 (2018).

85. Kumar H, Lund R, Laiho A, et al. Gut microbiota
as an epigenetic regulator: pilot study based on whole-
genome methylation analysis. mBio. 5(6):e02113-14
(2014).

86. Ji B, Jens Nielsen J. New insight into the gut
microbiome through metagenomics. Adv. Genomics
Genet. 5, 77-91 (2015).

87. Collado MC, Rautava S, Aakko J, lIsolauri E,
Salminen S. Human gut colonisation may be initiated
in utero by distinct microbial communities in the
placenta and amniotic fluid. Sci. Rep. 6:23129
(2016).

,
I

I —— REZ0e% I
o

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License. 115



https://creativecommons.org/licenses/by-nc/4.0/
https://dor.isc.ac/dor/20.1001.1.17355311.1401.46.2.3.7
https://pejouhesh.sbmu.ac.ir/article-1-3024-en.html
http://www.tcpdf.org

