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AKmyasibHOCMb MeMbI:

Cywecmsyem mHOXcecmaso hakmopos puckd, makux kak Al,
amepockiepo3, C/I 2muna, kypeHue, komopble
npedpacnoaazatom arodetli kK boavbluemy pucky pazgumus
UwemMu4ecko20 uHcyabma. Tem ne menee, uwemuveckull
UHCY/1bIM Makice pacnpocmpaHeH cpedu Mo100bix arodel, y
KOMOpPbIX Hem U38eCmMHbIX (PaKmopos puckd.

B Hacmosiwee 8pemsa duazHO3 UHCY1bIMA OCHOBAH HA
pe3ynbmamax KauHu4decko2o obciedosaHus, susyanusayuul.
Omu duazHocmuueckue npouedypbl HeadeK8amHbwl, HIMooObl
NOHAMb 3MUOJI02UI0 UHCY1bIMA Y MOJ100bix todell, y
Komopbix Hem ¢pakmopos pucka. B nocnedHnue 200w 61710
noxkasano mukpoPHK (muPHK) , komopbie 6ydym
yuacmaeogams 8 namo@du3uoio2uu pa3auiHbIX Munos
3abonesanull , BKIHOUANA UWEMUHECKO20 UHCY1bMA



funnomesa

Hannune mukpoPHK y nmanueHTOB € oTCyTCTBHMEM
$aKTOPOB pUCKa, He MOXKET JOKa3aTh, YTO SIB/ISIETCS

abcomoTHOM mpuurHoM MU, Tak Kak, He ObI0 KOHTPOJTbHBIX
rpymi( 1. KOHTPOIbHAsA rpymna-nanuenTsl ¢ UM u Hanuyvem
$baKTOPOB PHCKA, 2. KOHTPOJIbHAS I'PYIIA — 3A0POBbIE JIFOIN)




Funomesa:

AlbmepHamueHasn: u3MeHeHUs [UPKYIUPYyolei skcrpeccur miRNA y
MAIIEHTOB MOJIOAOTO MHCY/IBTA C HU3KUMH / OTCYTCTBYIOIIMMHU GAKTOPAMHU
pucka. Oty npodrir miRNA, BeposiTHO, OyzyT crieipUYIHBI AJ1s TaTOreHe3a
WHCY/IBTA U MOTYT YIYYIIUTh TOHUMAHWE MOJIEKY/ISIPHBIX MEXaHU3MOB,
YYaCTBYIOIIUX B UIIEMUYECKOM UHCY/IbTE B er0 mporHo3e. OCHOBBIBAsICh
Ha CU/TUKOHOB0OM aHATH3e, ObIJIO OOHAPYXKEeHO, YTO crielinpruIecKre KIacTepbl
miRNASs KoppenupyioT ¢ cooOIIeHHOM TTATO/IOTHel UHCY/TBTa. DTO TOBOPUT O TOM,
YTO MOJIEKY/ISIPHASI OCHOBA MATOJIOTUH MHCY/TBTA MOYKET OBbITh PAa3/TMIHOU Y
MAIMEeHTOB C HU3KUM VI OTCYTCTBHEM PHCKA MO CPABHEHUIO C TTAITUEHTAMH C
paHee CyIeCTBOBABIIMMH PAKTOPAMHU PUCKA . TeM He MeHee, 3TO UCC/ieJOBaHUe
TAKOKe TTOATBEPKIAET HALIY MPEeABIAYIIE PEe3Y/TbTaThl, YTO MOJAETH SKCIIPECCUU
miRNA mMoxeT ObITh UCTIOTBb30BAHA [IJIS OTIPeie/IeHUs TTIOATUTIOB UHCY/TBTA.



Llenb uccrniedogaHusi:

® oCcHOBHaAs Ueslb 3M020 UCC1ed08aHUS -
oxapakmepu3osams npoguau miRNA y nauuenmos c
UweMu4eckum UHCY1bIMoM HU3koz2o / 6e3 pucka u
conocmasums ux ¢ uepebposackynsipHbIM
nopaxceHuem, 8b136aHHbIM UepebpaibHOU uwemuell.



3a0dayu uccrnedoeaHusi:

® [Ipou3sBecTH TUTEPATYPHBIN 0030P.

©® HaOGpars rpyrmny maiieHTOB B MHCY/IBTHBIX IIEHTPAXx T.
AxTOOE MOJIOZIOTO BO3pacTa INU00 ¢ HU3KUM (PAKTOPOM
pHCKa

©® IlpoaHanunsuposars pesynbTaThl aHA/IM30B [1LIP Ha
MUKPOPHK



Ju3auH uccredosaHuUsi:

® VccnenoBaHue «CepUil C/TydaeB», TaK MbI MMOIOMPaeM
MAIeHTOB MOJIOJIOTO BO3PaCTa, WU MAllMeHTOB Oe3

daxTopoB prcka MU, y KOTOpPBIX IMAaTHOCTUPOBAH
M.



N

Bbibopka:

AxiyaeHTHas BbIOOpKa(yaoOHasi, MPOU3BOIbHAS)

B micciieroBaHMs ObLIU B3STHI ITIALIMEHTHI |
HAaXOAWBIIHeCs Ha 0a3ax MHCY/IBTHOTO 1IeHTpa T.
AxTto6e (BCMII, AMLI), Takske mareHThI
npoxoguBine I, Il atan peabunuranym B

HeBposorudeckux oraenenusx (BCMII, AMII,
KIUHUKY «/lapy»)



P RS

Kpumepuu eKnro4eHUs:

® IlamueHTsI OT 18 JIeT 10 42 /€T .
® Hannyure uieMu4ecKkoro MHCYJIbTA.



Kpumepuu UCKTHO4YeHUS:

[lanueHTsl, C apTepHUabHOU I'UNIePTEH3UEH.

[TamuenTsI, ¢ caxapHbIM AuabeTom I Tumna
[lanureHTsI, C MOBBILIEHHBIM JIMITUAHBIM CIEKTPOM KPOBH.

[TanimeHTHI, C HapyllleHHeM PUTMa cep/iia ( MepiiaTe/TbHast
apUTMUS)

[laimeHTsl, ¢ 3aMeHOU KJIATIAaHHOTO aMIapaTa

[TarmeHTsHI, MEpeHecIIrie CUPUITHC, TIOJIOKUTETBHON
peakuuen BaccepmaHna.

[NammenTsl ¢ 3a6o1eBanreM KpoBu ([emopparudeckuii
BACKY/IUT)



ImuyeckKue acrieKkmai:

Odobpero KB

HUHpopmuposaHHOoe coenacue ¢ NOJHbIM packpvlimuem
gcelli He0b6xodumolti uHgopmauuell Ha NOHAIMHOM
a3vike (Ha 2-X A3blKax), KpynHwil wpugm 6 2-x
IK3eMNAAPAX

HUmerom npaso omkazamuca Ha atoboli cmaduu
uccnedosaHus

/lelicmeue 8 uHmepecax nayueHma

IlonesHeHHOCMb 015 nauueHma u obwecmaa.



P—

80r1pPoC:

Bonpoc: Himeromces
Jlu cneyuguyeckue
eeHbl MukpoPHK, 6
aHAU3aX Kposu,
memodom IILIP y
nayueHmos ¢ MU

MOJ100020

eo3pacma, uauy
nauueHmaos c
omcymcmeuem

¢akmopos pucka
HUH 2. Akmobe ?

* P-maliieHTHl, C UIIeMHYeCKUM
WHCYJIBTOM, MOJIOZOTO BO3PACTa, UIHU C
OTCYTCTBUEM (PAKTOPOB PHICKA B

1. AKTIO00€E

* [-ucciengoBaHre KPpOBU, METOLOM
[1LIP Ha renbl MukpoPHK
ALIeMHUYeCKOTO UHCY/IbTA.

* C- HeT rpynIibl CpaBHEHUS

* O-BbIsIB/IEHHE CITETTUPUIECKUX
MukpoPHK.



Risk Ischemic Stroke Patients

Ischemic stroke is a multi-factorial disease with multiple causes, and it constitutes one of the leading causes of adult disability
worldwide [1]. The underlying cause of ischemic stroke is the occlusion of a cerebral artery leading to a lack of perfusion to the affected
part of the brain [2,3]. There are multiple risk factors such as hypertension, atherosclerosis, type 2 diabetes, and smoking and alcohol
consumption, which predispose individuals to greater risk of developing ischemic stroke [4]. Nevertheless, ischemic stroke is also
becoming prevalent among young adults who do not exhibit any of the known risk factors.

Currently, the diagnosis for stroke is based on results from clinical examination, imaging and blood (protein) analyses. These
diagnostic procedures are inadequate to understand the etiology of stroke in young adults who present themselves with no risk factors.
In recent years, microRNAs (miRNAs) have been shown to be involved in the pathophysiology of various types of diseases including
ischemic stroke [5-9]. MiRNAs are small, endogenous, non-coding RNAs that regulate gene expression in diverse biological processes
[10,11]. Recently, circulating mRNA [12-14] and blood miRNA profiles [15-19] have been shown to provide vital clues as to the
progression of cerebral ischemia. Most of these studies are carried out in in vivo animal models and in vitro conditions. Notably, most
of the animal models for stroke present little or no pre-existing risk factors for stroke. Hence, the information about low risk ischemic
stroke patients is thought to bridge the gap in the knowledge between experimental data and clinical data and to provide some insight
into molecular mechanisms underlying ischemic stroke in young adults.

Previously, we had demonstrated that blood miRNAs display differential expression in young stroke patients of different stroke
subtypes and functional outcomes [15]. These patients also presented with one or more risk factors. Increasing reports are being
published to show the involvement of miRNAs in the pathology of type 2 diabetes, hypertension, the progression of atherosclerosis
and detection of these as circulating miRNAs [20-23]. The differences in miRNA profiles in stroke patients presented with pre-existing
risk factors are likely to be the result of the different co-morbidities as well. Therefore, the main aim of this study is to characterize the
miRNA profiles from low/no risk young ischemic stroke patients and correlate them to cerebrovascular lesion caused by cerebral
ischemia

2. Results and Discussion

The results presented here were obtained from selected young ischemic stroke patients without pre-existing risk factors and represent
unique miRNA profiles following ischemic stroke (Supplementary Data Table 1). A total of 293 miRNAs (p < 0.05) were detected in all
the blood samples (Figure 1).

Twenty-one (21) miRNAs (hsa-miR-1258, -125a-5p, -1260, -1273, -149, -220b, -23a*, -25%, -26b*, -29b-1*, -302¢, -34b, -483-5p, -488,
-490-3p, -498, -506, -659, -890, -920, -934) were observed to have similar expression level in all ischemic stroke samples (BB, DB, E, LB,
LC, LX, BE, LM; Table 1). Among them, miR-25%, -34b, -483-5p and miR-498 were found to be down-regulated in all cases. In our
previous study on the young stroke patients with existing risk factors [15], we found only miR-25* to be expressed but it remained
up-regulated. Thus, suggesting that these miRNAs could prove to be specific for stroke pathogenesis in low risk stroke patients,
possibly presenting a different molecular mechanism for their stroke pathogenesis as compared to stroke in patients with pre-existing
risk factors [15]. In order to relate these miRNA expression to their respective function in stroke pathogenesis, we analyzed the
miRNA:mRNA target pair using the miRNA target prediction software.




3.Experimental Section

This study was approved by the Medical Ethics Committee of the University Malaya Medical Centre (UMMC), Kuala
Lumpur, Malaysia and the Institutional Review Board (NUS-IRB Ref Code: 08-38; Approval: NUS-676) of the National
University of Singapore (NUS). The original cohort of patients was derived from the UMMC Ischemic Stroke in Young
Adults database kept since 2008 where over 200 patients have been collected. These patients were between the ages of 18 to
49 and were admitted via the Neurology service. The study protocol included a standard neurological evaluation with
subsequent review and follow up as outpatients. Ischemic stroke was confirmed with either MRI or CT scan of brain. The
patients’ functional outcome were reflected in the modified Rankin scale (mRS) where poor outcome is denoted by mRS >
2 and good outcome is denoted as mRS < 2. Functional outcome was determined during admission and during blood
collection. Demographic data, medical history and conventional vascular risk factors were abstracted from the medical
records and entered into a standard computerized database.

In our database, risk factors were defined in the following manner [48]. Hypertension was defined as having blood pressure
above 140/90 mmHg [48]. Dyslipidemic patients have a total cholesterol level = 5.2 mmol/L, triglyceride level = 1.8 mmol/L
and HDL < 1 mmol/L [48]. Diabetes mellitus was diagnosed as having a fasting blood glucose > 6.1 mmol/L or HbA1C = 7%
[48]. Smokers were defined as subjects who smoked 10 cigarettes per day for more than one year. Significant alcohol
consumption was defined as taking 30 g of ethanol per day.

The ischemic patients were classified according to Trial of Org 10172 in Acute Stroke Treatment (TOAST) classification for
their stroke subtypes, which are as follows: large-artery atherosclerosis, cardioembolic, small-vessel occlusion (lacunar) and
undetermined etiology depending on presentation [49].

4.Conclusions

In summary, we have described unique changes of circulating miRNA expression in young stroke patients with
low/no risk factors. These miRNA profiles are likely to be specific to stroke pathogenesis and could improve the
understanding of molecular mechanisms implicated in ischemic stroke and its prognosis. Based on in

silico analysis, we found that specific clusters of miRNAs do correlate to the reported stroke pathology and these
clusters differ from our previous report [15]. This suggests that the molecular basis of stroke pathology may be
different in low/no risk patients as compared with patients with pre-existing risk factors [15]. Nevertheless, this
study also supports our earlier findings that miRNA expression pattern could be used to identify stroke subtypes
and functional outcomes. Although the sample size is rather low, the findings could be used as a proof of concept
to highlight the importance further studies with larger cohort of stroke patients with low/no risk factors.



ccsiedosamersibCKUU 80ripoc ro
cmamabe:

BOHPOC.’ Pasznauuaromcesa nu MOJIeKVY/I5IpDHASA OCHOBd
narmmoJioeuu uHcy/liema y nadueHmaoe ¢ HU3KuUm ujiu

omcymcmaeuem puckd no CpasHeHuro ¢ 300po8biMuU
Jarodbmu?

P-nmanyieHTHI, C UIIEMUYECKUM MHCY/TBTOM, MOJIO/IOTO
BO3pacTa, UM C OTCYTCTBHEM (PAaKTOPOB PUCKA.

I-viccnepoBanue kpoBu, metogoM [1LIP Ha rensr PHK,
y TIAllMeHTOB ¢ HU3KuM/6e3 prcka MU

C- 310pOBbIe AJTI0OU
O-BoisiBNieHue crieiinprdeckux MUKpoPHK.



JluzauH uccriedosaHuUs rno cmamaee:

KoeopmHoe uccaedosaHue.

Cnocob ¢popmuposarus evibopku:

Bvibopka -ydobHas 8blbopka, nauyueHmvl Haxodawue HA JeveHuU 8
cmayuoHape, u npoxodawuee paHHO peaburumayuio

B uccnedosaruu yuacmeoeaaslo 12 Hejlioeek:

Kposb om nauuenmos c uHcyabmom 6e3 kakoeo-1ubo ¢pakmopa pucka
UNU MUHUMAILHO20 ¢hakmopa pucka ( n= 8) 6vLra cobpara (oduH pas
om kaxcdo2o nayueHma) om 2 do 24 Mecaues Nocjie Ha4anda
uHcynabma. O6pasuwt ceexceti kposu (5 Ma), komopble 6blau coObpambi
(c ucnonvzosaruem wnpuua 6e3 kakux-1ub6o do6asok) y nauueHmos c
uHcyabmom ( n = 8) u arodeti 6e3 uncyabma ( n = 4), HemedAeHHO
dobasaanu 8 sude 0,5 M1 HA CMepUbHble MUKPOUEHMPUPYHCHDBIE
npobupku, codepxucawue 1,3 ma RNALater (Ambion , Ocmun, Texac,

CIIA).



Kpumepuu eKnro4eHUs Mo
cmamabe:

IlangeHTs! OT 18 et A0 42 net ¢ MN.
[TarmuenTs! oT 42 et ¢ MU u oTcyTcTBHEeM PaKTOPOB pHCKA.

B Haweti 6aze daHHbix ¢hakmopbwl pucka bbiLiu onpedeneHsl caedyrowum
obpazom:

[unepmen3us onpedensanacs, kak apmepuanbHoe dasieHue gblule
140/90 MM pm.cm.

Jucaunudemuyeckue nayueHmsl umerom obwuli yposeHb
X0J1ecmepuHa = 5,2 MMOJb / 71, ypo8eHb mpuaauuepudos = 1,8 MMoab /
aAuHDL <1 mmonw /a1 C

Caxapnbili duabem 6bi1 duaecHOCMUPOBAH KAK HAUYUE 271H0KO3bl 8
kposu Hamowak> 6,1 mmoaw [/ a1 unu HbA1C = 7% .

Kypuavwukos onpedensiiu kak cybvekmos, Komopble Kypuau 10
cueapem 8 deHb 8 meuyerue 601ee 00HO20 20da.

3HavumenvHoe nompebaeHue anko2o0 onpedensniu Kak e3amue 30 2
3MAaHoJ1d 8 0eHb.



Kpumepuu UCKTHO4YeHUS:

[TameHTHI, Y KOTOPBIX UMEIOTCsI (aKTOPHI PHCKa:

B naweti 6aze daHHbix ¢hakmopbl pucka 6biau onpedeieHbl
caedyrowum obpasom:

l'unepmeH3us onpedensanacsb Kak apmepuaibHoe dasjeHue
gbllle 140/90 MM pm.cm.

ucnaunudemuueckue nayueHmosl umerom o6wuli ypogeHb

xojecmepuHa = 5,2 MMOJb / i, ypogeHb mpueauuepudos = 1,8
mmoaw / au HDL < 1 mmonw / 1 C

CaxapHbvili duabem 6bl1 duazHOCMUPOBAH KAK HAAU1UE 271H0KO3bl
8 Kposu Hamowak> 6,1 mmoaw / a1 unu HbA1C = 7% .

Kypuavwukoe onpedensau kak cyb6sekimos, Komopbvle Kypuu 10
cueapem 8 deHb 8 meveHue 60.1ee 0dHO20 2oda.

3HavumenbHoe nompebeHue anko2015a onpedensnu Kak 83samue
30 2 MAaHO.1a 8 OeHb.
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