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ARTICLE INFO Abstract

Background. Schizophrenia, as a chronic and debilitating mental iliness, often results in
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a decrease in the quality of life of patients. This systematic review aimed to investigate
blood and brain exosomes as biomarkers for the diagnosis of schizophrenia.

Methods. In this systematic review, articles on the role of exosomes and their molecular
content in patients with schizophrenia were identified by searching PubMed, Scopus,
Embase, and Web of Science databases up to July 2025.

Results. A total of 215 articles were reviewed, and 19 studies were selected for
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inclusion. Our findings revealed that the molecular content of exosomes, including
proteins, metabolites, and circRNA, differs significantly between individuals with
schizophrenia and healthy controls. These biomarkers are associated with key
pathophysiological signaling pathways, including neurotransmission, mitochondrial
processes, neuroinflammation, and metabolism.

Conclusion. The use of exosomes as biomarkers can enhance diagnostic accuracy and
provide better insight into the molecular mechanisms involved in the development and

manifestation of schizophrenia.

Practical Implications. Exosomes can be used as biomarkers for the diagnosis of
schizophrenia. They have the potential to serve as non-invasive tools for the diagnosis of
schizophrenia, assessment of response to treatment, and development of targeted
therapies for this mental disease. The findings of the present study provide a new
perspective for the personalization of therapy for individuals with schizophrenia and the
early treatment of these patients.
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Extended Abstract
Background

Schizophrenia, as a chronic and debilitating mental
illness, decreases patients' quality of life; therefore, its
early diagnosis plays a crucial role in controlling its
progression and improving outcomes. The absence of
specific and reliable biomarkers presents significant

challenges in clinical diagnosis. Exosomes are small
vesicles measuring 50-150 nm that are released into
the bloodstream and other bodily fluids by various
types of cells, including neural cells. They can cross
the blood-brain barrier and transport cellular
components such as proteins, lipids, and RNAs. The
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composition of exosomes changes under pathological
conditions, making them non-invasive indicators for
assessing the biological state of the brain and
identifying biomarkers of schizophrenia. Due to their
unique molecular content, exosomes hold great
potential as non-invasive biomarkers for early
diagnosis of schizophrenia. Recent studies have
shown that the exosome content of individuals with
schizophrenia differs markedly from that of healthy
individuals.

Methods

This systematic review was conducted based on
the Preferred Reporting Items for Systematic Reviews
and Meta-analyses (PRISMA) Statement. In this
systematic review, articles about the role of exosomes
and their molecular content in patients with
schizophrenia were searched in PubMed, Scopus,
Embase, and Web of Science databases up to July
2025. The search strategy incorporated both Medical
Subject Headings (MeSH) and free-text keywords
related to Exosomes, Schizophrenia, Biomarkers,
Plasma, Brain, Serum, and Extracellular vesicles.
Boolean operators (AND, OR) combined and refined
the search terms. Additionally, the reference lists of
the articles were manually reviewed. After thorough
review and extraction of the necessary information,
the results of the articles were summarized in an
extraction table using Excel. Two reviewers
independently performed the risk-of-bias assessment
using the Quality Assessment of Diagnostic Accuracy
Studies-2 tool (QUADAS-2). Disagreements between
the two reviewers were resolved by discussion or a
third-party opinion. The biases in the studies were
evaluated with Review Manager 5.3 software
(RevMan; Oxford, UK). The data extracted from the
selected studies included authors and years of
publication, country of study, sample size, origin of
exosomes, exosome extraction method, and
measurement indicators.

Results

The initial database search yielded 215 articles,
and 114 duplicates were removed. The remaining
articles were screened by title and abstract, leading to
the review of 40 full-text articles. Ultimately, 19

studies were selected for the systematic review, with
their characteristics detailed in Table 1. Figure 1
represents the selection process. The results of the
evaluation of the quality of studies are shown in
Figure 2. Based on the results of the methodological
evaluation, most of the studies had medium to high
quality.

Numerous studies have demonstrated several
molecular changes in exosomes that can potentially be
used as biomarkers for schizophrenia. One study
showed a significant difference in 4 miRNAs in brain
samples taken from the prefrontal cortex of patients
with schizophrenia. In particular, 4 miRNAs,
including miR-497, miR-96, miR-33, and miR-31,
were found to be upregulated. Another study
identified higher levels of miR-223-3p, miR-193b-3p,
and miR-28a-3p, and lower levels of miR-132 in the
orbitofrontal cortex of patients. This study also
established a role for miR-223 as an exosome-secreted
miRNA that targeted glutamate receptors. It
emphasized that levels of miR-223 were inversely
associated with levels of its target genes, including
GRIN2B and GRIA2. Furthermore, miR-223 levels
were found to be positively correlated with

inflammatory gene expression, while miR-223
correlated negatively with GABAergic gene
expression.

A total of 18 miRNAs exhibited significant
differences in expression between patients with
schizophrenia and controls in  blood-derived
exosomes, with three miRNAs (hsa-miR-206, hsa-
miR-145-5p, and hsa-miR-133a-3p) showing two-
fold increases. Other miRNA studies have also
reported the upregulation of miR-675-3p in treatment-
resistant cases. In plasma extracellular vesicles, an
increase in MiR-137 levels was observed, which is
associated with mitochondrial damage, along with a
decrease in mitochondrial Cox6A protein, indicating
a potential biomarker for parvalbumin interneuron
dysfunction. In addition to miRNAs, alterations in
proteins and metabolites have also been observed.
Exosomes isolated from patients with schizophrenia
showed increases in GFAP (a marker of
neuroinflammation) and proteins of the complement
pathway (e.g., C3 and C4A). Conversely, proteins
associated with synaptic function and myelination
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were reduced. Serum-derived exosomes analyzed
with a metabolomics approach revealed significant
differences in 25 metabolites, indicating dysregulation
in glycerophospholipid and amino acid pathways.

Furthermore, the gut-brain axis was explored in a
study and reduced levels of bacterial and intestinal
cell-derived  exosomal  markers  such  as
lipopolysaccharide (LPS) were observed in patients,
indicating a potential link between gut microbiota
imbalance and psychosis.

Conclusion
It can be concluded that exosomes can be used as
non-invasive and effective diagnostic tools in the early

stages of schizophrenia. There are significant
differences in the expression levels of mMiRNASs,
proteins, and metabolites related to exosomes between
individuals with schizophrenia and healthy controls,
emphasizing the key role of neurobiological pathways
in the disease mechanism. Exosomes can serve as
reliable markers for early diagnosis of disease,
prediction of treatment response, and evaluation of
disease progression. With recent advances in
molecular technologies and exosome research, there is
an urgent need for more practical studies and clinical
trials to validate these molecular markers and establish
their clinical use.

Med J Tabriz Uni Med Sciences. 2026;47(6) |



(VLY e.e ).J).uuﬁuylcglc ol Sy o oy Sos g GleaiS (o

alo doi: 10.34172/mj.025.35137 S -
U https://mj.tbzmed.ac.ir y
L~
P "
S0l 4950

153y99 sl it (gl sy loySiliss lgiedy 320 9 9> slopg 955

Au’:‘):\.ohu Sisgy GF‘SXQ@T-\:\M wlobw dabld ¢

"oRledlS sy " ygaenS oo ¢

Jio el 5930 S

" s S (Sl sS Smdds Loyde

bl o oy Sy pale olSaily (S8l wslgm (slo caegian 3l S g e wlidd Sy
Ol x5 e (St pale oKl (g)ldy pole 5 (Sissalyy wlindos 35,07

el s s (S pole olSutaly (S 03l (opit pgle 09,5

Ol «ola gy g St pole oSl (Sassy 0aStsly coliacl psle wlinio 5550

ol a5 o (S psle oKl (gl phunlany (il wlidsd dawgs a>ls?

55 eadsS GhalS cego 0asSHlgib 5 (i wiyget (il Glew S eied G995l disaj
Gl Gy slySilas lgicds 320 g s> slopegiasS] elwbut wallhe ul 3l Bam 39 hlew

WL Ao wlebl

o dislus

el 5589 38wl asas VEoF/S/A :edlyys
VEF/AYE : ol 2Nl

chlew 55 BT JoSUse lgime o lapgiosST s @ baye wilie ol> viepls ye50 45 04y
Jks sYg> b5 Web of Science g Scopus .Embase PubMed folss 6315 slaslSib 51 oolasul b « 548 juSel
WAL g Yo Y0

3ly8l 3o aS3ls s lvaidly i bl delllas 4 3959 sly d=lllae 1A clio YVNO w3l (s - Lodidly
b dunlio 13 CICRNA 5 lacglio dagyiiyy dez 5l lapgiosST JoSse slgiome (8 Sl 4 Mine
Sielaideily Glol Sl slayue b s slogasls ool )l wslds g)lslies yeba) @l ol,8l
il byl pundaibio 5 uas gl iy iSaine glaaihd o glaosins i3] dlas

Sy izral § (artud 3> B Gl el (i) GloySilas Glgied) laeg i35 (656 (grtms
Bgdze 5399 3Swl 3o 9 3kl 15 Jid JoSse laeislSo yig dzse

o2l slaylpl b ly Gl (s glopasls Hlgied lpgjoiS| il esliiwl . oz slodoly
s Gloy sl el glagleyd siadism dnwgs g ployd Wiy 4 Gl inly (09 juSwl aris ly
893Sl (ghls S8l loys (g1l g plum3g ) loyd sl |y sapaz o83 ol aslllae gladidly

VEF/AIYA 1 iy
VFo¥/Vo/ VY tlasy Licsl

ojlgads

093955

G399 Sl
EMGREES
ol 4950
oo

e

sk (8520 55 Gy S | ylz A8l i Mine o @ o=
9 Ohlew ol 309330 (e 9 Al 518 S35 (sl YL
P iS dz 33 A dbe (e cumez il yidw ylp
casS Byl ceb hlew ol Bt loys g pimag;
S8l el 53 (g3l 035 g3l yloe Saiizr (ialS g (S
»odac yobdy 8g5Sul pa s usle b 5o Cag e
doloo g slan dzigl dlox 5l Gl lapaslis w)p polo]

Sxino g olaid! Gy pasle g 39d0 plosl sibusylg,

S o palyd

doddo
WS 5 rase Sibiaoley ST Sy Gi3a3S
ol il L')T LS'):’ 09.199 oLo)o a.‘.:byobkjb)b aS |
o Sig Jola sixbown sloanlys p Slgy JMs! cpl .cowl
o s g bie wwleags (akiol ;a5 Jols (589 1Sl
pae Jole YO 5 (o ¢lgieds b Sl "o ibie (Ligagh)
oz | 1o30) 393> 33 9 39 o Lgwe ez 3O Glgtl

leilahosseini337@gmail.com : Jueol ¢ Jgdumo odiuns™

(http://creativecommons.org/licenses/by/4.0) CC BY 4.0 3:olS ginsS jome v 3y (S pgle olazils Lawgs ST uoyicod b dllie oyl ol Boamo il gy adb =
bl oy 0313 Elay) g Sliuol it 955 4 Slol 4l @ a5l e ygo 4 g5 eolaiw] wigSym (o dlie §ab 4 s yitiiie


https://doi.org/10.34172/mj.025.35137
https://mj.tbzmed.ac.ir/
http://creativecommons.org/licenses/by/4.0
https://orcid.org/0000-0002-3045-2644
https://orcid.org/0000-0002-4203-4618
https://orcid.org/0000-0002-5473-171X

OhlSen g GloaiS mas

~Ger 3w il o blgs Jolit lopeg 39351 313 wliogas
¥ wlesle 13 JoSlge whd ol (GuSeslul eyl g 5300
ezling 9 2l Jlul SO Glaic laeg 9351 dS 0sis izge
g i8S 3B 45 (39Sl pBisg) e as ly
9 et 3 320 oo wledbl L (LSl L LapgiesS]
S5 50 (e camg il padd il SO plgiew (o wlale
sl (5ysld a5 5 ale wliind delsl b xigi 5o i8S
loyd 9 plSimdg; e 33 Guliue L loyeg 39351 990
Gloedydng 3925 b il aas by b s phlay diedie
oly b j9i (Glgy wYMs] 3 loeg 9381 (i dine 35 ]
320 9 095 3l Fidio ko pgiesST 3l 390 30 e —wie
3l 39275 (89 Sl (ani i 33 Gimy SIS (lgiedy
sl Jul= g gromi Sam b 3ol wioplhs y950 «gy0ls]
3l eodey S b ab >hb duey ool 33 0aid plaxil wislllae

gis ply8 lojeg i 35T (paubds codyb

S5 ey

Jesllgicss okl sl el oo st 53
(bl yobiody Jal=ilyd g dioplls glaygse gly golpisinn
plasl wYlie (le el 9 e bl 32ly (bl «sySbye
db)d L 0D yaikiio Yo &ob 9 A.uor:lb) (9T .
93 bwgi oy 9 b 5B 5l Gdgame ue o «olz
PubMed leMbl claolOb 45 Jai o wyg—iods 83wy
Caiygd )5 ol Embaseg Web of Sciences « ywgi95—wl
Sl cmizean i8S 8 (w3390 38 (G190 Y lie gilie
A odlaiwl ProQuest g Google 3l gyiwS > (ygio (alwlids
Obic8 9 Glo Hledbl slmolSly 3> gaime ol 3 093¢l
O i d slp i plzl 35 IranDoc g Magiran « SIDJoles
33 Sledbl ool 45 T Jol5 e a5 5Vlie JolS 0
i8S ol Juoal Gk 3 Joiuse (S 3icungs b 395 uyiwd
9ob|b'a.ml:g).éjYﬂm@&ccwy\cbg&w)b.m
3 by o5 Yo .3l )8 sl s by allie JolS e
S Blo ol Judss ) s @by T oBawg

G Satp wlegsge glodadyw g baglgie | omine gly
31w - olaiwl Boolean gloySloc b cuSys 33 g (lgws
b a=llho ¢l (gl b 9390 (igie comiwe Byl s
(i) SlySlits (5599 545wl o9 39351 (slomely 38 3l olasiunl
g2z VoD Yoz olo b 320 5 oy ¢ Jobuo 2> (sl JsSjo

sesSilogy de2g pae "3yl Sezg (b Sl auds sl
2 32D pleyd 5 ele laginl pae el sy ax s
paine ele glagwyn b bie bS] ! Jolse
Wigye JBW 38l o 33 & uadxis glagigy <5 KledyS
ol pde Jo 15 g wii v Glodle g o3 Gl So s
el lgo Byuaosguw ygzan (303 Slgy @Yl b o JMis]
(o> (om0 0900 Glaw paris 4o s Jlois] ialisl
S 8955w (sl (raniits e lging (slaySilis ()35 I
ol (olew sl Jolho 30 B dg e Cgwmo pgo waygd
VS wdlys |y @Bgeds (leyd (bdine

SzeS JoSaig il shtiwd S lapgigsST pwluwl (rpem
SlosyS a1y laiaiily degi i dbbiso Jolw zyle
wlizo glgl 5l g 2,05 yiogil YOe—0o 90 yhd > 093955
wlole 5 e (B35 1axd 4 3o slasle dlaz 3l ool
|y s3o—595 3w 5l youe (IS g e 35T M 339 5o oy
oz 3l Tano sl ol —olaisl Jose slgize g 33l
o glaedl 4 1y RNA Gl £l9] g b daeyiisy:
ol Sojeleily buly b 55 ey o351 glgiome aumae Jlaisl
vl So ploiedy @l onl Gbisl g de—die s
Oized 9 320 Glaw) kilyd Syo ly erlging asas
gle sladigal lopgjaiST @Bls 55 gy 4 Gras piue
Je:s0 glasSlegy sl (el & Wgisse oo G320
LS e el erline wygo @ 1y (589 jSwl

Slgize gy opl 3> 4idS Wy o wlellhe b @lhs
slodized b gloline wglds 585wl ghls 318l eg935]
69 » e b hlSan g 95 (Jlie Glgied .yls L )9l
o ol @ o $lopg 9351 53 Lo MIRNAH glodyinS b
<8 b 33508 lemiRNAH b)Y degome S oS bl cwd
sled @Ils 81 511y SCsydg Sl D3l ladiges Aol (5083
338 VAD Sbiyl b puSiwglglio glaellhe (yumen “.aid
YO laolid 4 @950 qalluw 338 FIY g (389 5uSwwl 4 e
9o 45 A or w slopgjoiST 13 03 isSily walalio
ol Mag—dse (QeZ) Vb wds b ohlow 38 o s
olgieds eslaiwl gl |y lopgjo38T Yb iy lodygless
wlellas ypoglle .30 s 5339 juSwl (saw=is laySsle
ASB opg o35 ot cusenl 3 58 Slawm slogimgly (Sl
S8l ey slpes i3S JUsl &5 ol ol & 5o 5losyS
5 o0 s sll el dayige 4 G99 Sl gyl
SIS ssbe Mg o wllai el 3 (b S | wline 18y

| T oylouis €Y 0)93)1)41@»);/09& olf‘w/.)tyﬁu))dzo



hSen g GileaS Grasds

O 5B BT 3ylg0 33 g 3 plodl Jiune gt Siimgh 90
310yS @y g byl @ glayl b g dizle Gopb 5l byl 93
9 ulixw.uy HEWA) C‘)M”‘)J) 6‘.@05'3 m.&wulz»l b.)l.e.: eilellas
stﬂbﬁ9)9)§‘ T.w,w «digod P> wllho dy90 )9».«5 s)L.M—U‘ LELLBJL»

(535038l slayazlis g 093935 sl (g,

Gz LYs g golz sox=iwz PRISMA 4lages o) S
3 03 (plwl o dlie VIO om0 ol |y wisllae
o B Bl S5 9390 NF (SuigySl gomiue
pae sy dlio £) lio Vo) (pglic g osSe ,3bye
(oS3l e ol 03 Gl Yo 0aSe @ wyiwd
Fo JolS o .33 b Bi> gy9p0 wIlBe g badiyeye wlio
@ yio Bgy ol B3 Hbiyl og bl asly bl 4 e
30 3 ey p £ 9090 b bLl pae s dlie YY) Bis
Lo aiopls y930 33 g wwily |y 3959 slayliee dlie VA ceoly
s 4ol ) Jgaz 43 dellho 4o glo g . sxileeS
closlimo b @lho oo sl wlelbo s ol
s ¥ US55 ool o 205 3 by, QUADAS:2
33 b 3Sgww wiledlhao 3l ooy AF 3gas .ccwl sais 030>
wezla geT gly wlellas yiaw .33l ol 1y slew ozl
gzye Dl wl gly omly GxSo—w 30> VF 391>
6355 38 G3uoles/ iz gl 9 Vb (535w 30y B/YA
20,5 &yl ol

concerns about) 33,5 cubld 4 bayo glo 5155 3550 3o
ly b sl wlellhs 5l s oy YA 39a= «(applicability
s vl ggail gl 45 Gl o wxils Gl jlew bl gly
possible ) Jleis! slo 1SS a0y Vo/OY g0 3yl il
03,5 Ladl 1y 343y8" wasld 5390 5o (concerns

Ss3Sl cblos 3 b i clasSias asllas 355
Soatayilolyidsl 0939351 Zlysiul Glol slasig) 33le3)S sy
4 9S50 (0 SS9 (gl 9935 Zlyiiml oS
b SealSs duol 0939351 el (i 0939351 wligiono £ 95
orlolids JIgs ppems b GRT-POR aiilo ol st 5l oLl
b (aand b o opiigy) SeilSeh sl 3ue 0939351 9 3
4 Jaito caygwgigesl piziw wile lagby) 3l eslaiwl
3 3 (plwlids (MS) Ley> miwaads b (ELISA) ‘%ﬂ
) Jgiz 50 bl azly wlelllae Glol glo Sy ples ¢ seze

&\Ll.o p‘_w)gs )y L)'M 9 la,uyo c;§1:,>.,o)b s

w858 olol Ciie lalllas
239 ) gt Jewb Sledbl ool 45 saiue gl
(((("schizophrenia"[Mesh]) OR (schizophrenia[Title/Abstract]))
AND ((((exosomal[Title/Abstract]) OR ("Exosomes”[Mesh])) OR
(Exosome[Title/Abstract])) OR (extracellular
vesicles[Title/Abstract]))) AND (((biological
marker[Title/Abstract]) OR  ("Biomarkers"[Mesh])) OR
(biomarker[Title/Abstract]))) AND (((((((("Plasma"[Mesh]) OR
(plasma[Title/Abstract])) OR ("Serum"[Mesh])) OR
(serum[Title/Abstract])) OR ("Brain"[Mesh])) OR
(Brain[Title/Abstract])) OR ("Blood"[Mesh])) OR
(blood[Title/Abstract]))

PG e 1) 2y 4 delllae 4 39)9 slaylize
digod 3 Lmﬁ9)9)f| (—uy 6LD;).<JLW.» oS gy‘L’))l wiellas
soloihlS g5 5l 45 Silallas (puizran siwn glaySilas
0)9113959 LSML‘Z’ -Jy90 ‘L@i" wlellao o LJ)»SU%L@J
38 295 claylee ad i8S JB 13 1950 @ 3g)9 gly B
aule )fgd kSLQ’LSJLQz‘? 4 Mo ubLo.u &S b.)ls.][b.,o ») d.ol_w
4503lS_J|.bA Y) INARTY) od)fu_w)); |) oyl 9 U.,\EB 93 ‘)AJI)JT
ol (V) o9 41835 Jls 4> JyiuS 09)5 lgicas Iy @lluw 31,8l

Alie JolS yie 4 wyind pac (F) g pgie b gyiz «glanels
wle/lbo cuéS i,/ 9 ool ghsiw/

3l oolaiwl b o SleMbl slaslob 3l 2wl 3| ju wYlio
LSO 90 Laazio Ja/.uy 4.1.’>)A duw 3 0l )Sf) sleoslg KVILY
Jolyo 33 o aisliS LS (isgs 4Bl aellas Blaal b a5
dollo dy90 wYlse J_AUU.\A 9 o.\_.:&_? Sy (g
allhs il 2oy slaylime Jol o o5 Silellas b w58
G g lwbus yls aellas Blaal b oo bl g s
oasly Al 33 gyeSor s 5 cudsS i sl o
shol das slaz Jolis Il ol .aws eolaiw! QUADAS-2 3l 5l
3390 (39031 «(Patient selection) y\Lans Glavil reewl
9 oby> 9 (Reference standard) g=yo (y5031 «(Index test) wy
Risk ) (s pSow shas 415 5l dlass o (Flow and timing) s les
a8 1 5l e Jol daws dw g 39450 (i (of bias
s o gly .233,5 50 (s—wy y (Applicability concemns) Jloc!
31553 ks mhw wadpnss piw §l slaskeo pulwl
bogi lo byl . 253)S gasdids sl b pasuinl (o diws aw

T oylous €Y 0593 )J).L)L,S.u))/oglc o[l i dlzo |



OhlSen g GloaiS mas

ol

byt

(MV0=slas3)
PubMed (¥Y=slas3)
Scopus (Ya=slae3)

Web of Sciences (£Y=slax3)

Embase ( AY=3la=3)

oMbl gloolEal 5l onis yluliss 3l

:

(1 V=0lae3) sws (5,50bye wilelllas

v

0o bl > 3 3l oads Gy y wlalllae

(¢+=slas3)

6l i oads 25 5)lsSs wlallhe
(ME=slas3)

lﬂ.u)o),\s d,ﬂa 43 04D a)L‘> wlellhe
(MN=2lasd) o9
(M=0laws) 6950 wIlio
(Y=3la25) LudSSl 12 @Ylao
9 9 iSwl Gilow b ladpens @¥lie

(V=slass) |o_9)9)§|

(M=3laxd) 0 2415 3ylg0
(V=0lasm3) LuilyasS oaSe

(8=3la=s) S)9° wlelao

(1=2law) 5xdg5aSuwl 3ae hlas

(Y=3la25) dllio 4 uoyiwd pae

o)
A
) VaA=slawl) sduis ylg wlellao
3 ( 519
.
Loson sl 1SS0
ss 3ylg wslallbe wledlbl aodls .Y Jgaz
G503l gy Gilwlaz sy, oSSl ol slass oiunygs
loySloge 93955 Lo 2948
ysle ©93935! ¢ gur/gw  ogSys Jw)
o 4ol TAAY £
miR-497 yiol38l gPCR t el i T o4l = Jpes el BT R0
miR- 31, -33, -96 55l uminex Sonbaribus i3 J "9)9 ' A=5lon =>4 Yo) VoKl
oSS oas
miR-223-3p yil3é] y EYYAL Vaz e oS ool
miR-193b-3p and miR-28a-3p GRT-PCR R Lu)“‘g | \od K N o & u?.wf
miR-132 alS Jwgdgisl o 3oy vo=eJ ¥eYeloael
Yavve
hsa-miR-133a-3p |3l RNA S o €8 =lay . Yol g5 Kby
has miR145-5p, hsa-miR-206 m 4 N e Loy 0- 1=pllw oz 935
30
[ARE-R R
Oo=,low Sl blo
MiR-675-3p yiul3d gRT-PCR Somayyilo |yl Lol oy 8 ao:;J L» ol St
30
| Voslads £V 0393 o (Kbt pale ol Ky alro

vy




hSen g GileaS Grasds

sl i Jlwlas g 35Sk 3yl slassi KVWRTY
LoySlogee sxSelsl gy SETEOD 338 Laae u& ¢ 2948 e
ysle £93935! geelgw  ogSys (Jw)
yYev+e
MiR-137 5w yioli8l WA= low el el
ON Lowodl \¢3 5 ;
CoxAZlaw ol R " w2 Wesell O vavvd
250
o38] hsa-miR-590-5 [ 2VEATAYS
hsa: miRﬁ)j y ml' " i S| 6w " W=5len . ‘P‘ Jeuo
-miR-126-3p, hsa-miR-1246 «hsa-miR- gPCR oS8 giganl e Joyd £Y Wyl
) ) vo-=cllw eyl VoYY
451a hsa-miR-5100 «hsa-miR-7704 0
Ve £ AN _
N=5loy 3 S
T ole pkelSy YA Glo LioliéleicRNAS gPCR Soudyilulyilgl o Qo VY “_’ L.» YES © Yoy d
S0 _‘QJ
GFAP (yiulj8l 2
Y= low ;
¥l (g oS lowodly Loy AV P Kl B0
) i W=ello SBL&Sy Yy
a-11-Spectrin (S S50
EAY )Y
) s . 3 N 1= low
amyloid-beta 1-42 yiul391(AB42) 15291 Ny Lowody 20y3 80 mals (S0l YoVo ) sl oyl
dy0 ﬁJ
YV.o+Y.YA
LETM1 (TRP M4 NCLX ualS Vo= low . lgal
o Is oS ooty oy Ve T gl o V9>
CACNA-1C (yiwlidl i N Ve=pllw YyYYJieS
)Q
YV/0+
complex | ,II! Lhels Iyl oS lousdl, Y/ YA Vo= low Sase s 3)1931/
GFAB (yiul38l i oy Y- Vo=l Yoo 3seS
oo
YY.Yo+
IRa! V= o o
S312-IRS-1 yielS ilumi Ony Loy (o0l iLSels
p o Electrochemiluminescence o 2 Yoy O Y= PJLA: 20 g)'“-’: .4\ c\9—‘
oo
-Q_))S_v\ 9 w9ﬂ-t&,\ .Q,}Sbfg)y QMmlS A A ERNR Vo= lew ),JI Lo
Y LC-MS/MS oS Loty 2oy V1 e Kb s
ol Yo=plls
o0l g ulSanm iliél S0 Y.y
YAAY +
Wy Vo= lag Ggds S
CAACAB. CABPA _yinl;8IC4BPB g PROSL > Sosdasillils 2oy 0 V=gl > yove
oo
. oY.A=+
oS 5 ials vy N ) bsisyS
Loy biolen g LC-MS/MS Soudayolulyol 390 ol ' o Lol
= ol sops A V=l vove
loodoslSeigedl ol yd Lialiél 350
6“”&)“""’9)% a.bm QL:\\)'S|POC671 9 il A A ERNR Vo= law ),JI Lo
| - aalS 3928y Lol Vi 0=)low . o
610395 o gl (LS g aygw LC-MS/IMS Syl o3 Yo=ells 39y sy
09 nos Sy Vovw
Y..0e %
way Vo=l Sl3 s
ITGB3 (yil38IPECAML (ITGAB CD5 imi i oadyislulyidgl Lows -
ol Proximity barcoding Soadnyilwlyilg N8 oy - o=l O vove
250
A RIE3
@ bove glolglions s AAO YAO= Loy
g o basotudg S pudslio UPLC-MS/MS S o I o YWV e Sl
. . L KVERY g \“‘\“‘V=PJLu
0Byt 9 oo «Iied e
Yevex
ol pholSSing g s s AR 0-=5lowy , 3569
TRPVL ¢ by (iul381SOD2 g acetyl-SOD2 PP i o Loy 0- 0-= plw > Y.Yo
250

T oylauis €Y 0593 yyuﬁuy/o}[: oliil> N o |



bl g GlousS e

Risk of Bias

Amoah 2020

Banigan 2013

Barnett 2023

Du 2019

Du 2021

Funahashi 2022

Goetzl 2020

Goetzl 2022

Kapogiannis 2019

Khadimallah 2021

Lee 2020

Lorca 2024

Ranganathan 2021

Tan 2020

Tunset 2020

Tunset 2023

SN2 DOOOOOOOOOO® OO O G ®|Rrefencestandard
000~ 00 ~000060 06006 6 ~ | ~|Fwandinng

OO0 -00000000 OO O G G ~|-~|Pratntselcton
0000000000 O -0~ 000 ~ |~ nduet

Xu 2025

Xue 2024

Zhang 2024
paitentsetecton [
ncextest NS
Retrence stancars S BN
Flowanauming (NG I
0% 25% 50% 75% 100%
I [l Low risk of bias [Junciearriskorbias [l High risk of bias l

Applicability Concerns

Amoah 2020

Banigan 2013

Barnett 2023

Du 2019

Du 2021

Funahashi 2022

Goetzl 2020

Goetzl 2022

Kapogiannis 2019

Khadimallah 2021

Lee 2020

Lorca 2024

Ranganathan 2021

Tan 2020

Tunset 2020

Tunset 2023

»u 2025

Xue 2024

0~00-000-0-0000000 06 nm::
~OOOOO~OOOOOO O ~ 0 O @ rerencestndr

O00-000000000 06 O G ~|~|Praenselon

Zhang 2024

Paitent selection

ncextest N

Refrence standard

0% 25% 50% 75% 100%
[Junciearrisk ofbias [l High risk of bias |

| [l Low risk of bias

Ao (ol [y QUADAS-2 3l oolaiuwl b oadis 3ylg (geedllan 14 651330315 3550 33 o 515 g (gySguw yhas ¥ IS

JUBgx8giagl yid 5> &b MIRNA Zghus g 3250 58 San
Syo oo 3 —itanolay cute dilw b G895l bl
ol 30 e b GwgSee bL3 ol niyg sl sl @l Ginlidl
2 G 355 Ban e ligls Suygyigioy 01315 BY s>y yj
AMPA £ 5 5| ¥ 1>5 43 s NMDA (GRINZB) £ 55 3l BY a=ls
32l y ogdle Lo aly (GRIA2) wlo b5l Saagyigigy oS
ol b ety JLogydgiagl 58 53 MiR-223 s 35 Wl

il Ghie g e (Siusen S5 LS g el o

@ a5 sy ol |y mRNA gz wgleio ol dellae SO

Golz 58 320 gladiga 33 NS 0 SaS Giydg Sl LA
hlon 30 w2 Jols ygbas miR-497 , 96, 33, 31 320
320 digad 33 (5330 asllhao 3> agr 4dly (yinlidl (g5l
(89 3uSunl @ Mo sl YA g Bgigl s Sy 5l uy
miR-132 ¢ (yil3-8l miR-28a-3p g MiR-193b-3p mMiR-223-3p
S0 MiR-223 a5 31y i delllas (pl (puizon bl yialS
ubbﬁfébo&)ﬂfﬁwl |09j9)'f| Lo g3 oo x5 MIRNA

| 1 o)Lmib €Y 0390 )J)uuﬁuy/o}[c olLiils LXL"')" alxo



hSen g GileaS Grasds

0955 3 559 G0 3Saal hlows 53 bnccaaag il 5| §idio
"l oo

PlSsise slocsisy plas yds3Sl 4 Yo shil 5>
2yasSgoNa+/Cat Sl (TRP M4 (LETML |l
oS 1S 01C a5y ya & o 33 039 yiopmly (NCLX)
.39 y3Yb (CACNA-1C) byaiSgine 3y & diwilg L g
colled  (CYPD) D (yihidglSaws (MFM 2) ¥ (y3j08gia0 prbace
) el diig <5 Jo 3 g @isly el slxw ATP
Sy ai8ly inli8l eyl Lid ATP >gla w baa> 4> «S(SNPH
oS 4298 BB yoba dos gl 3ylge 13 uilege Zohw
o 1 ousleS swile byaiSgise (uShiaS lo gy og
29> Loy Ohlew Jelw 2,1 ladsSaig 33 I (uSleS
S o 53 g bl GalS S8 05,5 b 4 nlic 5> Jo
30 Blegloals (508 dellhe y3 Mag YL GFAP
ss0litn iydg5:Ssl gl Jolyo 53 gl rae Sl
JUS Jlasl (o Gy SSLES Glals @ yxie < o
.2 pS312-1RS-1

3 S5 3LbolS glo sl 35 Jiod 320 ooy 2
ol islino sgbes el 331 b dunlio 13 5,89 3:5sl hlows
S Gl 53 el palidl sl g crdSone b w0
Tl (elS Y-Sl g crawgal-by (5958

(C4B (CAA C3 laliaS cloyiny Liwlid ohSan g 3
35 599 Sl 4 Wino yhylow 35 |y PROS1 o C4BPB (C4BPA
P olySen 5 15350 °.03,5 lsS Wl 35S 09,5 b < unli
P83y Gl Iy wglase ol b 6358 4 yamio slaeiin
(ACTAL) 55T 1 |3 Samg 5ol o b gylisbo o5ugy
TUBB6 .TUBB4A .TUBALC .TUBA1B .TUBALA) lo yJogs
MAP1B) Jaig99,5u0 & J—aio glo piigy g (TUBBSB g
b pusasli s (g5l <ol (MAPT g MAPE (MAP4
JWS yiwl S5liis «oyalao (39 SNAP 25 (SYN2 g SYN1)
Jolo s samline plo (iwliél b deigSgiganl A g (GFAP)
JGHG4 IGLC3 JIGLC2 (GHGL (HKC (GHA2 .IGHA1
A o line j20 golm kb asb 4o s wlyues ol IGHG2

@ el 03 plal hSew g Tunset bwgs oS slasllae
Litio 45 (195 33 39250 Joluwz )l slodsSaig Lid uw
Mo hlew 33 O slodgy sladslw g LagySL Ly
ool bl imgs el weml 413y pilsy @YSs]
&l a0 gl |y —duniley 9 099y GBomgsSue plio
35 39250 (LPS) 2l Lusosed) oo 45 a3z s i

99351 35 Iy MIRNA suza (ol b aslllae S aubs
Yo chlost o b orss BB ol s o5 ol ol o
W wlellao ol 33 330550 sl JyuS oldl g (5489 58w | @
O 3 eealy dezg gl pielS 390 £ gl LISl 3330
hsa-miR-133a-¢ hsa-miR-145-5p hsa-miR-206 « MIRNA caxn
53 il 35S 09,5 b e anlin 33 (iS5l cblons 3539
Sa89y39)98 39558 ey oaniSeads mir-206 .xsials gply
.l (BDNF) 320 3| Giine

G pglie 3ylge 33 |y MR-675-3p (yluy Liwhiél ellbe S,
ol oleyd 4 eglio sue Hylge b dunlio 5 Giydg Sl oy
9 395092 oS el MRNA (bylg,Sao oyl dS s pasuiio 2l
Famd 50 )l Vaa |y lgill

Mo yhylows 3 45" 353,53 oy K g Ines Khadimallah
«blio 3o g 48l (il MIR-137 (lise gl —dnpiley 4
el 38l b ainlio 5> el 03y oy (ualS Cox6A b w
o2l g olyed oy gyaiSgie 4 cowl b miR-137 Ly (ywlsél
sl JoSuig 30 COXBA2 g MiR-137 Sy o 33 wilyuss
(COXBA2 yialS g MiR-137 (yiul5dl) lo—wdy Jol w &>
sl pgyg BSlas 1o Pl gly puSile L Ggca
9 LidgsSusl (oo 33 Gl (a8 &5 rogdlg)l 2olie
B 5000 418,845 13 (aiyly sislus 9ySlee

hsa-miR- hsa-miR-1246 45 3__& o diw el S 5o
O—— hsa-miR-4521 ¢ hsa-miR-7704 :hsa-miR-5100 .451a
45 g8l g il Sl b (8o Sl hlow slmog Sy
ored optmad 35 pled s wlas gsbica JMis
3> hsa-miR-126-3p ¢ hsa-miR-590-5p olyee 4 LemicroRNA
09 3081 b (leys 4 pglio (iydgsaSunl 4 Mine (hlan dulie
oL ol e 33 758 B lmsslis o Siasy J3i
7.2l

Sodl> RNA lg= 5 Slacgomeo &S sl oa g =L SV
el 3381 b annlio 35 (539 5aSul 4 Ml 3ylg0 3 (circRNAS)
518 Gaw |y miR-499a g MiR-34a/c «5 Wg a0 by yi—diy
il G Giydg Sl 3353l 45 9 350

xMad gl (g wile (leenilion (89 Sul 3
srac ol g beww gyw T gilw Jles b «5 (GFAP) JLIS
&S Sl -Y-lT aaw g wsiisls oly (iwlidl (i e
So Medl ialS e wl bk boggyg @3l cews 3l L

sLmﬁgjgjf‘)o APA2 455y asja_w a5 sl Ul_u.u )fgb ETI 1299

T oylous €Y 0593 )J).uuﬁuy/o/al: o lCils N o |



OhlSen g GloaiS mas

2 &S glosizmn Soilandeil whinds 58 Sl Jois]
Gy Sl e 03,3 iy ly ol 03ls &5 (520 gla ol
3905 (Ll glow (BBT I b pas s gl |y x50
oyl diwgd yuwe 5 95 Sy i |y gilew wliciaul
sl b @ilho .ealw lsen Iy gloys ly 535380 5 o]
3ySlac ylgz p oo Lk sloySylogy allhs 3l ol
s (1 135,038 0 530 (glom 33553k Jgiume ol (Sojglon
(V Ml (glmosiS o e (glmosims Jlasl 5,Slee g ylislo
(F 5 "Grenl piaws b oo 5Slac (W MigyaiSgise 3ySlac
M.xSst;l;Low
B A Job b) s0lioS )8 aSye sl RNA (o RNAG,Sw
o e g0 MRNA 61,560 b oS siiws (agilSe YY
S 50 @ |y g e a3 g 00l dozys
el g Sl 33530 33 (5380 it MIRNA (pf yi iy
35Shoe Jéis 53 T 5551 s 385 puesilSle MaiS e
2 03 oz b She el onzmg S8 iS—wl 33 Goye
5 (2635,:5) sl p o 5 T ola ,UT a3y
88 o |y G555 sl 9 39 o0 snliio Jolw yg)d
@bl sleesiyS gpSdan b miRNA (il .30 58
03535 o azly pj HuelS Lo go 45 MIR-223 4Ly Lyiwldl)
Soyuo 33 J5105 b yuimes g (394 50 GRIA2 g GRIN2B
slooyS 3 Slac g ylislu (gasio Jaluwygyd o JiSw
oy no (2l alo 51 a0 33 550 e |y Joloww sl
bwgs 45 3,5 oylis] BDNF g GABA Sl o 4 (9550
GrddSi g Giplib 3ySlas (gyg i g 3y » MIR-206
MIR-." 35,35 50 3l <13 4,8 MiR-132 130 cams a5 Sl
299550 ol en gy wl 3> wgi L ysbe 223
@ 20 38 slogyg 9 JUIS ladsls | diyio lapg eS|
slogly L ploy (pizon 3l 3529 Slohd olio
(2939551 5 Jobuw plaws 33 |y MiR-223 e (ialgyie
MiR- ol leliél .08 e @bl (Jolw 95 4 dmnly wyzod
9 NMDA (520355 @ dicunly pudS 39,9 (0lS 4 yzxio 223
S 099 33 Sy aplia—w o Gl sz pelS 3
SO olgieds ColSgud 13 MiIR-223 ¢ pizod b wolSgun
3O MIR-675-3p 3950 Dgwmmo dibl> ogo oaiuS ol
& cewl o pamdie g oo 48l Linlidl G995l phlew
PTRO, SRSF2, ) wglaio gl ly Ban So RNA ¢3S ¢yl
Cg—wso i jgibg)l g wlal o Juss «S'( CPEB4
el MiR-675-3p Gun sl 3l o MEF2C .59y s0

—n0ley wIWET & Mivo ghlow ol 2,1 sladsSas
i o3 lits Slgie 9690 ol canl @l olydl 31 yioS
58l ol aly 0 b o byl 3 039, (sbigus e it
098l glavseliy o 45 Iz el 4laygmy (IL corenl
Vs 43 jaa-03gy byl 43 Jélis 3l 43 b bl
ahw el izen delllbho ¢yl oyl oyl il dupilgy
9 el 2o o JsSais 30 g nssdsl glods oo
Miso (hlass 33 Iy craanygus o POCETL slooiyuiinsn axdbaw (iwliél
‘)ig.) aolle S 3 7wl o.))fui‘:)bfu«igﬁdg) Y| L
dTGB3 (FN1 Jolis (5389 35wl b badiye (yaiigy O ol Liwliél
Y.l oaus (y3yiS CD5 g ITGA6 PECAM1

2] sl 5 sl JsSie 53 qelles 381 b cunlio >
2 loline wglés ()39 5wl @ Mo les 03w 3l 03t
Yo &S (gygbds o sa e cudglio YO Siess polie
o Jalos 535y 48l (ialS 315010 g inlsSl clglic
ol 45yl KEGG 655 51 solasiwl b (siun loyu o
o3 dotundy pualS punddgilio b bdse slasune b laedglio
e byl 5> (gl 5 cigx (YT s s wen o
2550 036z b guSles 55l uniT-dl s pugd (oszen
3l lvaadly ol jluel .09 by (5489 1S wl 4 Ml s 4o
daly Rl Gae b Bz Siwen coy o Judos @b
siile ool 03135 ybgane Jolge g calglio YO ol s
&S el o\))fuih)bfddsﬂlho RO .).uf.s 6)Lo:g LI g
Zhw 55 2 B Gils (xS 0g)S b dwslie 33 slan 0g)S
(ol 2 ogdle s als s b 0939351 45 SiMt3 g TRPVL (L
sanlio SOD2- |iiwl g SOD2 gha w 15 (p2g5 bB Lioliél
o slow sloegigiST 3 ake eide oyes b TRPVL .o
ogoe e op0i b uio (o SOD2 e ils aio
G Eidle oy b SOD2- fuiwwl g 31> i Slgy ol o]
Mewls cuio (S

o.\._dlo)lg &.)LQJ[EA)' I))S)Los,u u.s.\,\:>)_.;ol:> m'o[bs)g),o

W) ue> k_;Lm»)Lg)'l Lm‘cg)gjfl ‘stleb.oM)a .J)f L_s"l**’L""*’
gl | gio oy alllao 0 53 (g s gzl | (4o
“'W'h.by ol odl&iwl S350 p@b)l asllao dw 3 ‘““;'W'Mﬂfog;
bl gie sladslw b Jolw 24l sla oS <5 LT
IS 50y (G320 Fe> Sl ey wdy g WIS 50 518y
3 T oy y axlllae g oalaiwl b (lgin B agyls oYL Jawslio

| T oylouis €Y 0)93)1)41@»);/09& olf‘w/.)tyﬁu))dzo



hSen g GileaS Grasds

S8l ey s 5389 juSwl hlaws 33 GFAP (lowdy 2ok
oo agllas 1> M wl a il gld Giee inlidl )l
33 GFAP | glassly Lioliél ol w o) g (LLLI,
a0 «hlow e 3 A UBlS y8g3uSis ] hlaw slew N
Byo qgylam b «glay wio g GFAP cdale oy ol
3925 —duncley 3o logyld (32 33 i8S S8 b lse
eyiSacwl 1= =LaJT 5l a5 050,84yl T pummos M il
8935l hlew slouwdy 3l oads Fidio slapgiasSl s
Joles S| iprtig s i payiSane | 11--lalT 30 idly imls
e @ 320 30 9 3350 gl g3yl e =8l 1> &S ol
2529 3985 33 3989 4 (g (el el oads =8l lghyd
cdale .3y)5 3929 b w Jolw cdSwl g bayguST 45
cuwd 3l b sl pSae (b Sl 53 oaySawl 1--lT el
Mol )il glew ol 53 lpygyg ool

63819893k 50 Fgldio o gyl g lagg)g
WS sl sl ol £ 9 locpug yiwl 35)ls (3955wl
Hayg oras HSlac (pulise SzlSo e gly g v
BB ysbay pizmen W i we Sile Sdalie Gl i 9
slanST oyl glaguwl ras gl gl o 4z
Sy 31 e w3930 gyl 35yl (il Sregl @alis o
g5 Qi ledawly g g Jaie Sy w4
el glaguol (Jled 3T slawisS s (iliél b g ais
—as ol b s 4 i 098l yobdy 9 03y (hass
slaodias Janl adgs 13 Sepe gloyid ocauwg yiuw] ™ aiguw
sl g dBSl> 5 Wyls uae ladSus i uizen g rac
sShoe JYanl MaliS e 45U wslis glasySles
o394 v | adye (89 So | o b oo T b e g o T
23 lgie 45 laligls s apw=D 355 5 g yiul (i
allae SO Faial asls us NMDA 633,53, Sloe (ialS
3l o slo 03935155 |y ABA2 (uilioy ok (sl
e unl 035 Gy G389 Sl (hlams 3 g yiwl
YL b Aoy gyl | ea i Fide slo pgigiST 1
slwnST Lilidl g ool 35Slac 53 s b taumYAY (yia
og bdye eyl

el b &5 el (598 i wly S (2byauSgie SiMt3
Jra=3 [y ROS agi «ilau—uS158T sloeasl plw 9 SOD2
@YW 35 Sif3 oS Wlosls (s gdmio wli s .25 0
ol s s oaisS sl i ghls «sas il
ol glaguwl o 655l pudglio yige hass 4 (gise |y sl

3 awgigy sS85l (Ko MEF2C oS il o3 (3yl3S
0 Pg—wmo 9958wl ly shx Jole S (MEF2 03]l
2ol gk 5l Sl gl & cawl oai paniio 5 S9i
Sl b MEF2C ™. sitta asiyo Lislies 3,Slac b Sl
Tzl Bdse uas piuw 3 el

sygygisinl Hlee PNz (589 Sl glosoly 5l So
S sladsluw 3l pols 09,8 ol ol (638 ruosllyslo
dled (g8 S 50 59> Suld Vb line 4 423 b
xS o slopgyg sladesazo 3 |y (583 g Sinlon
bl g LB (ulSy (139 Spaiy ol ged 9 1iSe
33 el & el 03 i8S e el |y o b
9 e Simlan 33 sl 4 y2xie Guesllo)l slaeygysiyinl
2 Jsamo yobay & 55 e gilidy 9 bbb glo il
MiR-137 w38l delllhe SO 30 ™ogub 50 sdmlive (53,99 juSuwl
6lySilits @l b olyem COXBAZ ialS g (ys> 093955
sldo el 039 4ol 518 53 (5399 Sl o 53 3lgine
wuelS L COXBA2 uly polbe g RNA-137 ¢,Sio YL
Sl og e sie ylg o s Sk gl glolS wbls g
slogsysiinl b bise ladSad 4 g )l gl o Ll
9 RNA-I37 g5Su0 pohw 35 @l yls 5L (el
Sl lgica el (Sao lowdly slopegig3ST 33 COXBA2
slapgygyinl g—ad glaylaogySue Szl gly ole
g A (egdly)ly

Sill wglasio ygbas oais by GLRNA gySue 3l golass
» sl glagat 9 499 dewgs (uliw B3kl 5
hsa- ylu (S g has-miR-1246 Ly (yiwlidl .33l (348 5. uwl
CLRNA ¢S 3359 iy (sl w 3,Slae b miR-486-5p
hsa- «hsa-miR-3178 hsa-miR-5100 :hsa-miR-1246) sl yiwl;dl
RNA gy S_+ o g (hsa-miR-4521:hsa-miR-203a-3p miR-7704
ly 205 (89Sl 09,5 3> (hsa-miR-451a) sl yualS
Tals i alod g 3359,98 ealiid 43 45 wals 8 Bas

e pimw gl wgyiwl 33 g3k lise 4 GFAP
sras e 3l 23l 55 565 sl glise 9 3980 le 350
9 Gilwdled Lulisl b GFAP (o Linlidl dg-is0 ple (53550
15 Syo 3l e lellae ol Liye b g yiwl Ll
2 Sl 8 33 GFAP &S o350 il (5599 juS—wl
GFAP zxhaws 55 3500 aslllae 93 7blise ialil (38 Sl
893S | hlass slows Yy 3l oais @idio sl 0939351 55 |y
oS sl s hlSom 5 536 -om 3ylgal aslllae 35355 a2

T oylaus €V 0593 )Jjuu_iwjp/oglz o[l i o |



OhlSen g GloaiS mas

9 J9s0 slos)9lid diney 33 031 slavdyiny 4 4z g5 b .2igy
4S5 45 3l 352 o3¢ 3L el LmpgjoiS] aelllae
b 39 pladl gy Gulb laloshls 5 Glos slagiags
T b oslasiwl dinej 9wl JoSIge (slaySilas el el

Db palyd

eL})JS
Sy sdb wlidss dewgs asly il Ao cpl (Bawng
S 50 19338 (5l Gloys 9 a9 S «Kbigel

abglasy wS)lie

dgizme sy 9 28 Sl >hb (gilael :Guwe S
Loyde (g da o ool 2wl wolie goxiws
domo dgizo uwyy g 383 (gildpeas | il S e Wb
dobld (pugiin 4 9 wYlie casS —wyn S
bex (ouws Gl 45 9 Rodls zliinl g xell s wiske
iGlolas Sidgy g 02ls il g wYlio sy ialzds
s Biung plod .axdld sage p 1y dlie g 4
163y 30l g dellas Iy ol

Sl gl
@bl plais] Gamgh wiyS bw g Glagh cnl Gle gle
el 000 (3p0l3 13y Sy pgle o8l 5l G M 4

o3]S (gsdu wyiawsd
sl 0w 033lsS Jglaz 40 g dedllao (pl 43 leosly (oles

S| wlasNe
|09J.c o8 _zils ,i_w).s @BL’>| oS 5 a2llho L)"‘ d549)_>
4 IRTBZMED.REC. \FoY/\FA 2210 oylos d 30353 (S

ol 0wy gl

&l (oylss
ol sl b b 5l blaie gdle 45 S o lgbl lese
3l dlae

References
1. Mafikandi V, Hosseini L, Seyedaghamiri F,
Mansourian H, Shahabi P, Taghizadeh S, Fakhari A.

PBMC 5 3.5 Sirt3 (Rui Xu aelllas 45 Vsl coms gulauuS|
4 Yiro ohlans slocawgyiw il Eie glo 0gig3S1 13 po g
Ghie Siuwmen o e b g w8l (alS e S wl
SiaSlo b cpizem SIM3 a5 s s0 s dsd (ol cwbls
Pl b Sl 55 ke

by 5 oS el sl eslS IS S, TRPVI
Sloy-—are glglon 3 JU ool dg—de <l yo8e4)
Glow 9 & yo 995wl ( Sopudl ohlol daz I alise
33 cwl 5Sans TRPVL wiyl T Moals s ye—wiS)Lo
i S wile JWS 5 soae slo Jolw b ladyo slaswld
sladhwly 2y g pras o Jlsl gl dliT «ulow
JBIS ol s « Rui Xu aslllae 35 il Jubs e olgil
Uil e i 5| Eidie slopgioiS] 1 Gldsiee Heba
Alo cguila ST Gy wl sloaslo (pumen 1 g aidly
Ghie (Siusen GELb byl pelibe iy b SOD2- ]
Wiz g Gilgy whalas a5 sl ol loaidl ¢pl .axiaols
9 olanST Guyiwl s Gl b 5589 5uSusl 3 Gl
" Siiws bdye TRPVI phw (iolS

SB35 398 3930 onl 4255 b lacasgazo 5l o
g ddsl wlellho I gl 55 3 Jigae glayutio y
2 oib Gyas g glaw 4 Ml wae puiz (yw wile lelge
039 03w 031> Eaadai b JyiS oS wiygod wiellhe yiduw
2 929 Gl b 39— il (Kenl zge Wlgise sal
ol 9 03 GlsS iz 9 o @ boyye slaosls <5 (53)lg0
323,5 Blod lnosls zlysvias] 5 csledlbl

GRLERY
25 paasins gie o wlgise sy gleySilas olgied
Sy 58S 5 5 GdenSl glow 4l J>be 5
9 Lcau,\fug),\ J>miRNA UL" ul),\.o 39 6)’&‘“—"”9 L5Lhu9hu
9 Seide Sl phlew oo lapgiesST b e slacaglio
kgl.mw OJ);LM.S W OMJL)LU.U 45 J)'J 3999 |QJl_uJ J')QI
ko935 vl glow ool ioridail 43 Suiglongys
dol o i 33 dleiel b sl aslia e swblgs so
B4 gilew wdyinn B9y (inb 9 oloyd @ STy Gmyie

Effects of cerebrolysin on behavioral changes and the
tryptophan-kynurenine pathway in the prefrontal cortex

| TV oslous £V 0590 i Kb ogle ol&uiils (i o



hSen g GileaS Grasds

10.

of male mice in the ketamine model of schizophrenia.
Mol Biol Rep. 2025;52(1):723. doi: 10.1007/s11033-
025-10820-9

Ebrahimi A, Shafiee-Kandjani AR, Aghazadeh M,
Eslami H, Shalchi B, Shafiei Y. The comparison of oral
health and xerostomia between hospitalized patients
with schizophrenia and normal individuals. Medical
Journal of Tabriz University of Medical Sciences.
2021;43(1):7-15. doi:10.34172/mj.2021.021
Shafiee-Kandjani AR, Chalabianloo F, Farhang S,
Shanehbandi D, Shalchi B. A potential mechanism for
tau protein modulating in schizophrenia with
transcranial direct current stimulation intervention: A
randomized controlled trial. Biolmpacts: BI.
2024;15:30274. doi: 10.34172/bi.30274

Oraki Kohshour M, Papiol S, Delalle I, Rossner MJ,
Schulze TG. Extracellular vesicle approach to major
psychiatric disorders. European Archives of Psychiatry
and Clinical Neuroscience. 2023;273(6):1279-93.
doi:10.1007/s00406-022-01497-3
Shafiee-Kandjani AR, Farhang S, Gharehziaaddin MJ,
Carvalho S, Barzegar H. Effects of transcranial direct
current stimulation (tDCS) on positive and negative
symptoms in patients with schizophrenia. Journal of
Research in  Clinical Medicine. 2024;12(1):10.
doi:10.34172/jrcm.33356

Kalejahi P, Kheirouri S, Noorazar SG. Serum S100B is
related to insulin resistance and zinc-o2-glycoprotein
levels in patients with chronic schizophrenia. Middle
East Current Psychiatry. 2023;30(1):65.
doi:10.1186/s43045-023-00332-2

Lee D, Seo J, Jeong HC, Lee H, Lee SB. The
perspectives of early diagnosis of schizophrenia through
the detection of epigenomics-based biomarkers in iPSC-
derived neurons. Frontiers in Molecular Neuroscience.
2021;14:756613. doi:10.3389/fnmol.2021.756613

Du Y, Chen L, Li XS, Li XL, Xu XD, Tai SB, et al.
Metabolomic identification of exosome-derived
biomarkers for schizophrenia: a large multicenter study.
Schizophrenia bulletin. 2021;47(3):615-23.
d0i:10.1093/schbul/shaal66

Tsilioni 1, Panagiotidou S, Theoharides TC. Exosomes
in neurologic and psychiatric disorders. Clinical
therapeutics. 2014;36(6):882-8.
doi:10.1016/j.clinthera.2014.05.005

DuY, YuY, HuY, Li XW, Wei ZX, Pan RY, et al.
Genome-wide, integrative analysis implicates exosome-
derived microRNA dysregulation in schizophrenia.
Schizophrenia bulletin. 2019;45(6):1257-66.
d0i:10.1093/schbul/shy191

11. Banigan MG, Kao PF, Kozubek JA, Winslow AR,
Medina J, Costa J, et al. Differential expression of
exosomal microRNAs in prefrontal cortices of
schizophrenia and bipolar disorder patients. PloS one.
2013;8(1):e48814. doi:10.1371/journal.pone.0048814

12. Amoah SK, Rodriguez BA, Logothetis CN, Chander P,
Sellgren CM, Weick JP, et al. Exosomal secretion of a
psychosis-altered miRNA that regulates glutamate
receptor expression is affected by antipsychotics.
Neuropsychopharmacology. 2020;45(4):656-65.
d0i:10.1038/s41386-019-0579-1

13.Zhang M, Du Y, Chen L, Tang Q, Liu C, Li N, et al.
Genome-wide, integrative analysis implicates exosome-
derived microRNA dysregulation in chronic insomnia.
Sleep. 2025;48(6):zsaf051. doi:10.1093/sleep/zsaf051

14.14. Funahashi Y, Yoshino Y, Iga JI, Ueno SI. Impact
of clozapine on the expression of miR-675-3p in plasma
exosomes derived from patients with schizophrenia.
The World Journal of Biological Psychiatry.
2023;24(4):303-13.
doi:10.1080/15622975.2022.2104924

15. Khadimallah 1, Jenni R, Cabungcal JH, Cleusix M,
Fournier M, Beard E, Klauser P, Knebel JF, Murray
MM, Retsa C, Siciliano M. Mitochondrial, exosomal
miR137-COX6A2 and gamma synchrony as
biomarkers of parvalbumin interneurons,
psychopathology, and neurocognition in schizophrenia.
Molecular psychiatry. 2022;27(2):1192-204.
d0i:10.1038/s41380-021-01313-9

16. Barnett MM, Reay WR, Geaghan MP, Kiltschewskij
DJ, Green MJ, Weidenhofer J, et al. miRNA cargo in
circulating wvesicles from neurons is altered in
individuals with schizophrenia and associated with
severe disease. Science advances. 2023;9(48):eadi4386.
doi:10.1126/sciadv.adi4386

17. Tan G, Wang L, Liu Y, Zhang H, Feng W, Liu Z. The
alterations of circular RNA expression in plasma
exosomes from patients with schizophrenia. Journal of
Cellular Physiology. 2021;236(1):458-67.
d0i:10.1002/jcp.29873

18. Ranganathan M, Rahman M, Ganesh S, et al. Analysis
of circulating exosomes reveals a peripheral signature of
astrocytic pathology in schizophrenia. The world
journal of biological psychiatry : the official journal of
the World Federation of Societies of Biological
Psychiatry. 2022;23(1):33-45.
d0i:10.1080/15622975.2021.1907720.

19. Lee EE, Winston-Gray C, Barlow JW, Rissman RA,
Jeste DV. Plasma levels of neuron-and astrocyte-
derived exosomal amyloid betal-42, amyloid betal-40,

T oylaus €Y 0593 )JjuLyiuJ)J/o}lC ol Ny o |


https://doi.org/10.1007/s11033-025-10820-9
https://doi.org/10.1007/s11033-025-10820-9
https://doi.org/10.34172/mj.2021.021
https://doi.org/10.34172/bi.30274
https://doi.org/10.1007/s00406-022-01497-3
https://doi.org/10.34172/jrcm.33356
https://doi.org/10.1186/s43045-023-00332-2
https://doi.org/10.3389/fnmol.2021.756613
https://doi.org/10.1093/schbul/sbaa166
https://doi.org/10.1016/j.clinthera.2014.05.005
https://doi.org/10.1093/schbul/sby191
https://doi.org/10.1371/journal.pone.0048814
https://doi.org/10.1038/s41386-019-0579-1
https://doi.org/10.1093/sleep/zsaf051
https://doi.org/10.1080/15622975.2022.2104924
https://doi.org/10.1038/s41380-021-01313-9
https://doi.org/10.1126/sciadv.adi4386
https://doi.org/10.1002/jcp.29873
https://doi.org/10.1080/15622975.2021.1907720

OhlSen g GloaiS mas

20.

21.

22.

23.

24

25.

26.

217.

and phosphorylated tau levels in schizophrenia patients
and non-psychiatric comparison subjects: relationships
with cognitive functioning and psychopathology.
Frontiers in Psychiatry. 2021,11:532624.
doi:10.3389/fpsyt.2020.532624.

Goetzl EJ, Srihari VH, Mustapic M, Kapogiannis D,
Heninger GR. Abnormal levels of mitochondrial Ca2+
channel proteins in plasma neuron-derived extracellular
vesicles of early schizophrenia. The FASEB Journal.
2022;36(8):622466. doi:10.1096/fj.202200792rr.
Goetzl EJ, Srihari VH, Guloksuz S, Ferrara M, Tek C,
Heninger GR. Neural cell-derived plasma exosome
protein  abnormalities  implicate  mitochondrial
impairment in first episodes of psychosis. FASEB
journal : official publication of the Federation of
American  Societies for Experimental Biology.
2021;35(2):€21339. doi:10.1096/f].202002519r.

Goetzl EJ, Srihari VH, Guloksuz S, Ferrara M, Tek C,
Heninger GR. Decreased mitochondrial electron
transport proteins and increased complement mediators
in plasma neural-derived exosomes of early psychosis.
Translational psychiatry. 2020;10(1):361.
doi:10.1038/s41398-020-01046-3.

Kapogiannis D, Dobrowolny H, Tran J, Mustapic M,
Frodl T, Meyer-Lotz G, et al. Insulin-signaling
abnormalities in drug-naive first-episode schizophrenia:
Transduction protein analyses in extracellular vesicles
of putative neuronal origin. European Psychiatry.
2019;62:124-9. doi:10.1016/j.eurpsy.2019.08.012.

. Tunset ME, Haslene-Hox H, Van Den Bossche T,

Vaaler AE, Sulheim E, Kondziella D. Extracellular
vesicles in patients in the acute phase of psychosis and
after clinical improvement: an explorative study. PeerJ.
2020;8:€9714. doi: 10.7717/peerj.9714.

Xue T, Liu W, Wang L, Shi Y, Hu Y, Yang J, et al.
Extracellular vesicle biomarkers for complement
dysfunction in schizophrenia. Brain. 2024;147(3):1075-
86. doi: 10.1093/brain/awad341

Tunset ME, Haslene-Hox H, Van Den Bossche T,
Maleki S, Vaaler A, Kondziella D. Blood-borne
extracellular vesicles of bacteria and intestinal cells in
patients with psychotic disorders. Nordic Journal of
Psychiatry. 2023;77(7):686-95.
doi:10.1080/08039488.2023.2223572.

Zhang S, Liao A, Wang Y, Liu Q, Ouyang L, Peng H,
etal. Profiling expressing features of surface proteins on
single-exosome in first-episode Schizophrenia patients:
a preliminary study. Schizophrenia. 2024;10(1):84. doi:
10.1038/s41537-024-00510-z.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

Du Y, Chen L, Li XS, Li XL, Xu XD, Tai SB, et al.
Metabolomic identification of exosome-derived
biomarkers for schizophrenia: a large multicenter study.
Schizophrenia  bulletin.  2021;47(3):615-23.  doi:
10.1093/schbul/shaal66.

Xu R, Liu H, Shu C, Li Y, Wang S, Xiong Y, et al.
Association of TRPV1 and the SIRT3/SOD2 Signaling
Pathway in Mononuclear Cells and Astrocyte-Derived
Extracellular Vesicles in Patients with Schizophrenia.
Brain Sciences. 2025;15(4):339. doi:
10.3390/brainsci15040339.

Lorca C, Ferndndez-Rhodes M, Sanchez Milan JA,
Mulet M, Elortza F, Ramos-Miguel A, Callado LF, et
al. Next-Generation Proteomics of Brain Extracellular
Vesicles in Schizophrenia Provide New Clues on the
Altered  Molecular Connectome. Biomedicines.
2024;12(1):129. doi: 10.3390/biomedicines12010129.
Li K, Zhu L, Lv H, Bai Y, Guo C, He K. The role of
microRNA in schizophrenia: a scoping review.
International  Journal of Molecular  Sciences.
2024;25(14):7673. doi: 10.3390/ijms25147673.
Harrington AJ, Raissi A, Rajkovich K, Berto S, Kumar
J, Molinaro G, et al. Author response: MEF2C regulates
cortical inhibitory and excitatory synapses and
behaviors relevant to neurodevelopmental disorders.
(No Title). 2016. doi: 10.7554/elife.20059.023.
Harrington AJ, Bridges CM, Berto S, Blankenship K,
Cho JY, Assali A, et al. MEF2C hypofunction in
neuronal and neuroimmune populations produces
MEF2C haploinsufficiency syndrome-like behaviors in
mice. Biological psychiatry. 2020;88(6):488-99. doi:
10.3410/f.737972394.793575229.

34. Lewis DA, Curley AA, Glausier JR, Volk DW.
Cortical parvalbumin interneurons and cognitive
dysfunction in schizophrenia. Trends in neurosciences.
2012;35(1):57-67. doi: 10.1016/j.tins.2011.10.004.
Kim R, Healey KL, Sepulveda-Orengo MT, Reissner
KJ. Astroglial correlates of neuropsychiatric disease:
From astrocytopathy to astrogliosis. Progress in Neuro-
Psychopharmacology and Biological Psychiatry.
2018;87:126-46. doi: 10.1016/j.pnpbp.2017.10.002.
Feresten AH, Barakauskas V, Ypsilanti A, Barr AM,
Beasley CL. Increased expression of glial fibrillary
acidic protein in prefrontal cortex in psychotic illness.
Schizophrenia  research. 2013;150(1):252-7.  doi:
10.1016/j.schres.2013.07.024.

Pineda JA, Lewis SB, Valadka AB, Papa L, Hannay HJ,
Heaton SC, et al. Clinical significance of a II-spectrin
breakdown products in cerebrospinal fluid after severe

| oyl £V 0393 jupd (Kb pole ol&uiils i o


https://doi.org/10.3389/fpsyt.2020.532624
https://doi.org/10.1096/fj.202200792rr
https://doi.org/10.1096/fj.202002519r
https://doi.org/10.1038/s41398-020-01046-3
https://doi.org/10.1016/j.eurpsy.2019.08.012
https://doi.org/10.7717/peerj.9714
https://pubmed.ncbi.nlm.nih.gov/37816260/
https://doi.org/10.1080/08039488.2023.2223572
https://doi.org/10.1038/s41537-024-00510-z
https://doi.org/10.1038/s41537-024-00510-z
https://doi.org/10.1093/schbul/sbaa166
https://doi.org/10.1093/schbul/sbaa166
https://doi.org/10.3390/brainsci15040339
https://doi.org/10.3390/brainsci15040339
https://pubmed.ncbi.nlm.nih.gov/38255234/
https://pubmed.ncbi.nlm.nih.gov/39062916/
https://doi.org/10.7554/elife.20059.023
https://doi.org/10.3410/f.737972394.793575229
https://doi.org/10.3410/f.737972394.793575229
https://doi.org/10.1016/j.tins.2011.10.004
https://doi.org/10.1016/j.pnpbp.2017.10.002
https://doi.org/10.1016/j.schres.2013.07.024
https://doi.org/10.1016/j.schres.2013.07.024

hSen g GileaS Grasds

traumatic brain injury. Journal of neurotrauma.
2007;24(2):354-66. doi: 10.1089/neu.2006.003789.

38.Chang CY, Luo DZ, Pei JC, Kuo MC, Hsieh YC, Lai
WS. Not just a bystander: the emerging role of
astrocytes and research tools in studying cognitive
dysfunctions in schizophrenia. International journal of
molecular  sciences. 2021;22(10):5343. doi:
10.3390/ijms22105343.

39. Dallérac G, Rouach N. Astrocytes as new targets to
improve cognitive functions. Progress in neurcbiology.
2016;144:48-67. doi: 10.1016/j.pneurobio.2016.01.003.

40. Mei YY, Wu DC, Zhou N. Astrocytic regulation of
glutamate transmission in schizophrenia. Frontiers in
Psychiatry. 2018;9:544. doi: 10.3389/fpsyt.2018.00544.

41. Shen Y, Wu Q, Shi J, Zhou S. Regulation of SIRT3 on
mitochondrial functions and oxidative stress in

42.

43.

Parkinson’s disease. Biomedicine & Pharmacotherapy.
2020;132:110928. doi: 10.1016/j.biopha.2020.110928.
Kirkedal C, Wegener G, Moreira F, Joca SR,
Liebenberg N. A dual inhibitor of FAAH and TRPV1
channels shows dose-dependent effect on depression-
like behaviour in rats. Acta neuropsychiatrica.
2017;29(6):324-9. doi: 10.1017/neu.2016.68.

Escelsior A, Sterlini B, Murri MB, Valente P, Amerio
A, di Brozolo MR, et al. Transient receptor potential
vanilloid 1 antagonism in neuroinflammation,
neuroprotection and epigenetic regulation: Potential
therapeutic implications for severe psychiatric disorders
treatment. Psychiatric Genetics. 2020;30(2):39-48. doi:
10.1097/ypg.0000000000000249.

T oylous €Y 0593 )J).uuﬁuy/o/al: o lCils N o |


https://doi.org/10.1089/neu.2006.003789
https://doi.org/10.3390/ijms22105343
https://doi.org/10.3390/ijms22105343
https://doi.org/10.1016/j.pneurobio.2016.01.003
https://pubmed.ncbi.nlm.nih.gov/30459650/
https://doi.org/10.1016/j.biopha.2020.110928
https://doi.org/10.1017/neu.2016.68
https://doi.org/10.1097/ypg.0000000000000249
https://doi.org/10.1097/ypg.0000000000000249

