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Llenb uccnepoBaHua: oLeHUTb 3HaueHue IFN-y B KauecTBe MapKépa 0CTPOro ULLemMryeckoro uHcybta (OMN), ero BanaHUe Ha TAXKECTb U KPaTKOCPOY-
Hbl GYHKLMOHANbHbIN UCXOZ MHCYNbTA.

Matepuan n metoapl: B BbiNosIHEHHOM paboTe y 30 NauUeHTOB NPOaHAIM3UPOBAHO U3MeHeHMe YpoBHA IFN-y B CbIBOPOTKE KPOBM B C/ly4ae BO3HUK-
HoseHua OMW B cpaBHeHUM co 380poBbIMM togbmu. IFN-y onpegenanca metogom MDA ¢ ucnonbsosaHmem peaktusos R&D Diagnostic Inc. (USA).
Pe3ynbrathl: UCCNIe[0BaHME NOKA3asI0 CTAaTUCTUUECKM 3HAUMMYLO pasHULly B 6onee Bbicokom yposHe IFN-y y nauueHTos ¢ OUWU. Bonee Toro, Ha npo-
TAKeHUM nepsbix 10-12 aHei rocnutanmsauum 8 rpynne OUU copepikaHme IFN-y B KpOBM COXPAHANOCH CTaTUCTUYECKM 3HAYMMO 6osiee BbICOKMM, Yem
Y 34,0POBbIX Y4aCTHUKOB. BbIABNEHO TaKKe, UTO COAepKaHMe LIUTOKMHA B CbIBOPOTKE KPOBU 60/1bHbIX ¢ OUM oKazanock 6onee BbICOKUM Y MKEHLLMH,
Yem y MyKUMH. TAXecTb MHCybTa B paboTe onpesensnach Ha ocHoBaHWU wkanbl NIHSS, koTopas cTpatuduLmpoBana rpynnbl NaLUEHTOB C MATKOM/
YMepEeHHOM cTeneHbto TaxecTH (<8 no NIHSS) 1 ymepeHHOI/TAXENO cTeneHbto TaxecTn (>8 no NIHSS). IFN-y He nokasan cebs B KauecTse LIMTOKMHA,
cnocobHoro onpeaenunTs Taxects OUWN. OfHaKo, B rpynne NaLuyueHToB C YMEePEHHOW/TAKENOMN CTeNeHbIO TAXKECTU UHCYNbTa HAaBA04AN0Ch CHUKeHWE
YPOBHS LUTOKMHA B AMHAMUKe. KpaTKoCpouHbIi dyHKLMOHaNbHbIN ncxog OMW onpesensnca no wkane mRS, cOrnacHoO KOTOPOK MauueHTbl bbian
paszeneHbl Ha NoArpynny ¢ xopowwnm ncxogom (0-2 6anna, mRS1) u nogrpynny ¢ NIOXMM Ucxogom (23 6annos, mRS2). Ha 0CHOBaHWM NONyYEHHbIX
ZaHHbIX, IFN-y He nposBun cebs B KayecTBe MHAMKATOPA, CNTOCOBHOMO MPOrHO3MPOBaThb KPATKOCPOUHbIN GYHKLMOHABHbIN ucxos OUN.
3aknloueHue: nccneosaHne nokasano, Yto IFN-y moxeT ABAATbCA AONOAHUTENbHbIM Mapképom OUM, HO He MOXeT MCNoab30BaThbCA B KayecTse
WHAMKATOPA ero TAXECTU U NPOrHO3MPOBaTh KPAaTKOCPOUHbINM QYHKLMOHaNbHBI UCX0A, Y nauueHToB ¢ OUN.

KnioueBble cnoBa: uwemuyeckuli UHCYa6M, MAXECMb UHCY/AbMA, Ucxo0 uHcyaema, IFN-y.
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THE ROLE OF SERUM IFN-y LEVEL AS A MARKER OF ISCHEMIC STROKE, ITS
SEVERITY, AND SHORT-TERM FUNCTIONAL OUTCOME

R.S. GORBARENKO, E.V. MARKELOVA, V... ROZUMEYKO, YU.I. MOISEEVA

Pacific State Medical University, Vladivostok, Russian Federation

Objective: To evaluate IFN-y as a marker of acute ischemic stroke (AIS), as well as its association with stroke severity and short-term functional outcome.
Methods: Changes in serum IFN-y levels were analyzed in 30 patients with AIS and compared with those in healthy individuals. IFN-y levels were measured
by enzyme-linked immunosorbent assay (ELISA) using reagents from R&D Diagnostic Inc. (USA).

Results: The study demonstrated a statistically significantincrease in IFN-y levels in patients with AIS. Moreover, during the first 10-12 days of hospitalization,
serum IFN-y levels in the AIS group remained significantly higher than those in healthy participants. Serum cytokine levels were also higher in women with
AIS than in men. Stroke severity was assessed using the National Institutes of Health Stroke Scale (NIHSS), which stratified patients into mild/moderate
stroke (NIHSS<8) and moderate/severe stroke (NIHSS>8) groups. IFN-y did not distinguish stroke severity. However, in patients with moderate/severe
stroke, cytokine levels decreased over time. Short-term functional outcome in AIS was assessed using the modified Rankin Scale (mRS), according to which
patients were divided into a good-outcome subgroup (mRS 0-2; mRS1) and a poor-outcome subgroup (mRS23; mRS2). Based on the obtained data, IFN-y
did not demonstrate prognostic value for short-term functional outcome in AlS.

Conclusion: The study showed that IFN-y may serve as an additional marker of AIS; however, it cannot be used as an indicator of stroke severity or as a
predictor of short-term functional outcome in patients with AlS.
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BBEAEHMUE

MHCynbT — 0fiHa W3 BeAyLLMX NPUYUH CMEPTU U A/IUTENbHOW He-
TpyAocnocobHocTM Bo BCEM mupe [1]. Mo faHHbIM BcemmpHoit opra-
HM3aLmK No 6opbbe € MHCYNBTOM, KaxKAbIv ros BO3HUKaeT bonee 12,2
MW/IJIMOHA HOBbIX C/Ty4aeB UHCYNbTOB. [peobnagatoLeit dopmoii MH-
CYNbTa CYATAETCA ULIEMUYECKUIA BAPUAHT, [0S KOTOPOTO, MO AaHHbIM
JUTepaTypbl, cocTasaseT nopsaaka 80% ciyyaes [2]. B cBoto ouepeap,
OH TaK)Ke ABNAETCA OLHOM U3 OCHOBHOM NPUYUH NIETANbHOCTU U Heae-
ecrnocobHocTn Hacenenua mupa [3]. B Poccuiickoit Gesepaumm cuty-
aluWA NO UHCYNbTY ABNAETCA He MeHee BaXKHON MeAMKO-COoLManbHOM
npobnemoit. Mo AaHHbIM PoccTaTa, NeTasbHOCTb OT MHCY/IbTA Bbille
TaKoBOI OT MHdapKTa MMOKapaa bonee, yem B ABa pasa, YTo Aenaer
MHCYNbT OAHOW M3 BefyLMX NPUYMH CMEPTHOCTU Cpeau HaceneHus
[4].

B naToreHese oCTPOro Uwemnyeckoro nHcynsta (OMU), nommmo
HenocpeacTBeHHOW rMbenn HePBHOW TKaHU B pPe3ynbTaTe OKKAO3UK
MUTAIOLLLETO COCYAa, PAaCcCMATPUBAIOTCA HECKO/IbKO MOBPEXAAOLLMX
MEXaHWU3MOB: 3KCANTOTOKCUUYHOCTb, OKUCIUTE/bHBIN CTPecC U Bocna-
nenve [3, 5]. Mo mepe rmbenu KNETOK U NOBPEXAEHNUA TKAHU Mo3ra
BbicBoOOXAaeTcA 60/bLIOe KOMMYECTBO LIMTOKMHOB C NMPOBOCMaNu-
TebHbIM AeiicTBrem [3]. B To ke Bpems, MOCTUHCY/ILTHOE BOCMane-
HWe UrpaeT ABOMHYIO POJIb: C OAHOM CTOPOHbI, OKa3bIBAaET NOBPEKAA-
lolee AeiicTBue, C APYroit CTOPOHbI MONEKY/bI BOCMANEHWUA U KNETKU
ABNAIOTCA BAa¥KHbIMU MeAMATOpamMu PernapaTuBHbIX NPOLECCoB B ro-
NoBHOM mo3re [6, 7].

MoHMMaHWe POIM MMMYHHOW cucTembl B natoreHese OMU no-
3BO/IUT B MEPCMEKTUBE BANATb Ha CHUKEHUE eé [eCTPYKTUBHOIO BK-
AHMA Ha MO3T U U3DEeXKaTb TaKOTrO CEPbEIHOMO OCNIOKHEHMA penepdy-
31OHHOW Tepanuu, Kak BHYTPMMO3rOBOE KPOBOW3/IMAHME, @ TaKkKe
YNIYULWMUTb penapaumio NOCTUHCYNbTHLIX NOBPeXxKAeHWi [8, 9].

LLENb UCCNEAOBAHMUA

MNpoBecTu oueHKy ypoBHs IFN-y (MHTepdepoH ramma) B Kposwm,
KaK Mapképa OUW, ero TAXKeCTM 1 KPaTKOCPOUHOTO QYHKLMOHAbHOTO
ncxopa.

MATEPUAN U METOADbI

B nccnepoBaHue BKAoYeHbl 30 MaUMEHTOB: CpPeaHWUI BO3pacT
64,016,9 (47-73) net, 06owmx NonoB: 23% MeHWmH (n=7) co cpeaHUm
BO3pacTom 65,7+6,1 (58-73) net v 77% myuuH (n=23) co cpeaHUm
Bo3pactom 63,5t7,2 (47-72) net ¢ amarHozom OWUU, npoxoamsLUMX
NleyeHue B YCCYypUIMCKOM LieHTPabHOW Topoackoii 6obHuue 1 Mpu-
MOPCKOM KpaeBoi KAMHMYecKoi 6osbHMue No 1 r. BnagmeocTok c
Mas 2023 no noHb 2024 1. B KauecTBe KOHTPO/IbHOM rpynnbl 6bian 06-
CNnefloBaHbl YCIOBHO 3[10p0Bble B KonmnuecTBe 12 Yenosek: cpesHUi
Bo3pacT 61,5+4,0 (55-68): 42% (N=5) *KEHLLMH CO CPEAHMM BO3PaCTOM
62,0+3,9 (59-67) net n 58% (nN=7) My}KUMH CO CPEAHMM BO3PACTOM
61,1+4,1 net (55-68) ner.

Kputepuamun uckntouenns 6binn: bepemeHHble, NauueHTbl ¢
OHKOMATONOTMEN, ayTOUMMYHHbIMU 33601EBaHUAMM, OCTPbIMU WH-
beKUMOHHBbIMK 33601eBaHNAMM, XPOHUYECKUMMU BOCMANUTENbHBIMM
3a60/1€BaHUAMM U C TEMOPPATUYECKUM UHCY/ITOM.

[lna nccnepoBaHna MapKEpa BPOXKAEHHOTO MMMyHUTeTa — IFN-y
—Y MaLMeHTOB Ha MOMEHT NOCTYM/IEHWSA B CTaUMoHap (24-48 yacos no-
C/le HacTynaeHWs KAnHWUkM OVIN) BbinonHANCA NepBblid 3a60p KpoBM,
yepes CyTKM Moc/ie NOCTYN/IeHNUs — BTOPOM 1 Ha 10-12-e cyTku — Tpe-
il 3a6op. Mocne LeHTPUYrMPOBaHWUA BEHO3HOM KPOBW NOJTyYEHHAR
CbIBOPOTKA NoABepraaach 3aMoparkvMBaHUIO, @ 3aTeM BbIMOHANIOCH
uccneposatme IFN-y metogom ummyHodepmeHTHOro aHanmusa (MPA)
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INTRODUCTION

Stroke is one of the leading causes of death and long-term
disability worldwide [1]. According to the World Stroke Organiza-
tion, more than 12.2 million new cases of stroke occur each year.
Ischemic stroke is considered the predominant type, accounting
for approximately 80% of cases according to the literature [2]. It
is also one of the major causes of mortality and disability world-
wide [3]. In the Russian Federation, stroke represents an equally
important medical and social problem. According to Rosstat data,
mortality from stroke is more than twice as high as mortality from
myocardial infarction, making stroke one of the leading causes of
death in the population [4].

In the pathogenesis of acute ischemic stroke (AIS), in addi-
tion to direct neuronal tissue death resulting from occlusion of
the supplying vessel, several damaging mechanisms are involved,
including excitotoxicity, oxidative stress, and inflammation [3, 5].
As cells die and brain tissue is damaged, large amounts of pro-in-
flammatory cytokines are released [3]. At the same time, post-
stroke inflammation plays a dual role: it exerts damaging effects,
but inflammatory molecules and cells also mediate reparative
processes in the brain [6, 7].

A better understanding of the role of the immune system
in the pathogenesis of AIS may make it possible in the future to
reduce its destructive effects on the brain, prevent such a serious
complication of reperfusion therapy as intracerebral hemorrhage,
and improve the repair of post-stroke brain injury [8, 9].

PURPOSE OF THE STUDY

To assess blood IFN-y (interferon gamma) levels as a marker
of AlS, its severity, and short-term functional outcome.

METHODS

The study included 30 patients of both sexes with a diagno-
sis of acute ischemic stroke (AIS), who were treated at Ussuriysk
Central City Hospital and Primorsky Regional Clinical Hospital No.
1 in Vladivostok from May 2023 to June 2024. The mean age was
64.0+6.9 years (range, 47-73 years). Women accounted for 23%
of the sample (n=7), with a mean age of 65.7+6.1 years (58-73
years), while men accounted for 77% (n=23), with a mean age
of 63.5+7.2 years (47-72 years). The control group consisted of
12 apparently healthy individuals with a mean age of 61.5+4.0
years (55-68 years): 42% were women (n=5), with a mean age
of 62.0+3.9 years (59-67 years), and 58% were men (n=7), with a
mean age of 61.1+4.1 years (55-68 years).

The exclusion criteria were pregnancy, oncological diseases,
autoimmune diseases, acute infectious diseases, chronic inflam-
matory diseases, and hemorrhagic stroke.

To assess IFN-y as a marker of innate immunity, blood sam-
ples were collected from patients at three time points. The first
sample was obtained upon hospital admission, 24-48 hours after
the onset of clinical manifestations of AlS; the second sample was
collected 24 hours after admission; and the third sample was ob-
tained on days 10-12. After centrifugation of venous blood, the
resulting serum was frozen and subsequently analyzed for IFN-y
using an enzyme-linked immunosorbent assay (ELISA) with re-
agents from R&D Diagnostic Inc. (USA). All analyses were per-
formed by certified laboratory technicians who were blinded to
patients’ clinical diagnoses.



T'opbapetrixo PC c coasm. IFN-y Kak MapKép UIIIeMIIecKOro MHCYAbTa

BECTHMK ABMILIEHHEBI
Tom 28 * No 3 * 2026

¢ ucnonb3osaHnem peaktueos R&D Diagnostic Inc. (USA). Bce aHanw-
3bl NPOBOANANCH CEPTUPULIMPOBAHHBIMU NabopaHTaMK, KOTopble He
6b12IM 0CBEAOM/IEHBI O KNIMHUYECKOM AMarHo3e NauueHTa.

Taxecte OUMU n3mepanacb Npu NOCTYNAEHUW B CTALMOHAP U
Ha 10-12-e cyTKM Npu nomoLuy 6annbHOM OLLEHKM HEBPOIOrMYECKO-
ro cTaTyca Ha ocHoBaHuu LLIKanbl TAXXeCTM MHCynbTa HaumoHanbHbIX
MHCTUTYTOB 340p0BbA CLUA (NIHSS) [10]. B coOoTBETCTBMM CO LWKaNoM
NIHSS TaxecTb cTpaTMdUUMpOBaHa Kak MsArkas/ymepeHHas (<8 —
NIHSS1), ymepeHHas/Taxénasn (>8 — NIHSS2) [11].

®yHKLMOHaNbHbIN KpaTKOCPOUHbIY ucxoa OUKM onpeaenanca Ha
10-12-e cyTKM OT MOMEHTa rocnuTaaun3aLmmn naLmMeHTa Ha OCHOBaHUK
MmoauduumpoBaHHo LWKkanbl PaHkMHa — modified Rankin Scale (mRS).
LLIkana 6bina pasaeneHa Ha gge nogrpynnsi: 0-2 6anna (Xopowuii nc-
xoa) (mRS1) n >3 6annos (nnoxoi ncxoa) (mRS2) [12].

3Tuueckoe 3anBneHue. PaboTa nposeseHa B pamKax Hay4HOro
nccneposaHna «CocTofHWe BPOXAEHHOTO MMMyHMUTETA MpW naTo-
reHeTUYeCKMX MOATUMAX WLLEMUYECKOr0 WHCYAbTa», 0f0bpeHHOro
3TUYecKo Komuccueit TUXOOKeaHCKOro rocyAapCTBEHHOMO MeAULMH-
cKoro yHuBepcuTeTa (npotokon Ne 4 ot 19 aekabpsa 2022 roga). Y na-
LMeHToB 6panock MHOPMMPOBAHHOE MUCbMEHHOE COIIacue Ha Npo-
BeJeHWe UCCNeA0BaHMsA, a Y NALMEHTOB, He CNOCOBHbIX noanucath
cornacue, opopmnanacb popma «bes cornacva naumeHTa» Ha ocHoBe
KOHCU/IMYMa Bpayeit.

CTaTucTMUecKuid aHanus. B cTatuctmuyeckoit 06paboTtke nony-
YEHHbIX AaHHbIX NPUMEHANNCH Nporpammbl StatTech v. 4.8.0 n «IBM®
SPSS® Statistics», Bepcua 23. KonnuecTBeHHble AaHHble BbIpaXKasuch
C NpUMeHeHnem meamaHbl (Me), HUKHUX 1 BEpPXHUX KBapTuaen [Ql;
Q3]. [pu cpaBHEHUM ABYX HE3aBMCHMMbIX FPYMM MO KOAWUYECTBEH-
HOMY NpUW3HaKy ucnonb3oBanca U-Kputepuit MaHHA-YUTHM, a s
3aBMCUMbIX FPynn — KpuUTepuid BunkoHcoHa. [na cpaBHeHWA TPEX U
6onee 3aBUCMMbIX BbIOOPOK NPUMeEHEH KpuTepuit PpuamaHa. Mpum
pacnpezeneHuu rpynn no nosay UCnonb3oBaH ¢ X TecT MupcoHa. [na
OLLEHKN AUCKPUMMHALMOHHOWM CNOCOBHOCTM MPU NPOrHO3MPOBaHWUM
onpefenéHHOro ucxoda NpuUmeHanca metog aHanmnsa ROC-KpusbIX.
PasgenstoLLiee 3HaUEHME KOIMYECTBEHHOTO NpM3HaKa B Touke cut-off
onpeaenanocb NoO HauBbICLIEMY 3HaYeHUo MHAeKca tO0aeHa. Pasau-
YMA CYUTANIUCH CTATUCTUYECKM 3HAUMMbIMUM Npu p<0,05.

PE3YNILTATbI

AHanwu3 BbIABWA, YTO NO FeHAEPHOMY COCTaBY rpynmbl HE UMe-
v pasanumin (p>0,05). BbinosHeHHbIN t-Tect CTblogeHTa s Hesa-
BUCMMBbIX BbIDOPOK MOKa3as OTCYTCTBME CTAaTUCTUMYECKM 3HAYMMbIX
pa3nnMuMii No BO3PacTy Kak Mexay rpynnamu B uenom (p>0,05), Tak
W BHYTPU Ka¥ZO0W NOArpynnbl Mo Nosy: *eHWwuHbl (p>0,05) 1 myxRun-
Hbl (p>0,05). Takum obpasom, rpynnbl 6onbHbIX ¢ OUU 1 300p0OBbIX
YYaCTHUKOB CTaTUCTUYECKM BblM conocTaBUMbl MO NOAY U BO3PACTY,
4To obecneyrBaeT KOPPEKTHOCTb UX MOCNEAYHOLLErO CPABHUTENIBHOTO
aHanusa.

Bb110 NpoBeaeHo cpaBHeHWe YpoBHA codepxanuna IFN-y B cbi-
BOPOTKE KPOBW MeXy rpynnoi yCA0BHO 30pOBbIX M FPynnoi nauu-
eHToB ¢ O/ B nepBoM, BTOPOM U TPeTbeM 3ab0opax KpoBU, KOTOPOE,
cornacHo U-kputeputo MaHHa-YWUTHM, BbIABUAO CTaTUCTUYECKM 3HAUU-
Moe pasnunyme (p<0,05) (tabn. 1).

OpHaKko npw cpaBHeHuu ypoBHel IFN-y KpoBu mMexay naumeH-
TaMM B AMHAMUKE — CTaTUCTUYECKM 3HAUMMBbIX U3MEHEHUI MApKEpa B
TeyeHue neprosa HaboaeHVA He Bbiio BbisBAEHO (Taba. 2).

Mpun aHanuze yposHA IFN-y B KPOBM y NaLMeHTOB, B 3aBUCUMO-
CTW OT NONIOBOV MPUHAANEKHOCTM, BO BTOPOM 3abope KpoBM Haiae-
HO CTaTUCTUYECKM 3HAUMMO DoNee BbICOKOE COAEpNKaHUe LUTOKMHA
Y KEHLWMH, yemM y myxuuH (p=0,009) (Tabn. 3). OgHaKo AMHaMMKa

AlIS severity was assessed at hospital admission and on days
10-12 using the National Institutes of Health Stroke Scale (NIHSS)
[10]. According to the NIHSS score, stroke severity was stratified
as mild/moderate (<8 points; NIHSS1) and moderate/severe (>8
points; NIHSS2) [11].

Short-term functional outcome of AlIS was assessed on days
10-12 after hospitalization using the modified Rankin Scale (mRS).
Patients were divided into two subgroups: 0-2 points, indicating a
good outcome (mRS1), and 23 points, indicating a poor outcome
(mRS2) [12].

Ethics statement. The study was conducted as part of the
research project “State of Innate Immunity in Pathogenetic Sub-
types of Ischemic Stroke”, which was approved by the Ethics
Committee of Pacific State Medical University (Protocol No. 4 dat-
ed December 19, 2022). Written informed consent was obtained
from all patients capable of providing it. For patients unable to
sign the consent form, a “Without Patient Consent” form was
completed based on the decision of a medical consultation panel.

Statistical analysis. Statistical analysis was performed using
StatTech v. 4.8.0 and IBM® SPSS® Statistics, version 23. Quanti-
tative data were expressed as the median (Me) and lower and
upper quartiles [Q1; Q3]. The Mann-Whitney U test was used
to compare two independent groups for quantitative variables,
and the Wilcoxon signed-rank test was used for paired samples.
The Friedman test was applied to compare three or more related
samples. Pearson’s x* test was used to compare groups by sex.
Receiver operating characteristic (ROC) curve analysis was per-
formed to assess discriminatory ability for predicting a specified
outcome. The cut-off value of a quantitative variable was deter-
mined using the maximum Youden index. Differences were con-
sidered statistically significant at p<0.05.

RESULTS

The analysis showed no significant differences in sex distri-
bution between groups (p>0.05). An independent-samples Stu-
dent’s t-test revealed no statistically significant differences in age
either between the groups overall (p>0.05) or within the sex sub-
groups: women (p>0.05) and men (p>0.05). Thus, patients with
AIS and healthy participants were statistically comparable in sex
and age, supporting the validity of the subsequent comparative
analysis.

Serum IFN-y levels were compared between the healthy
control group and patients with AlS at the first, second, and third
blood sampling time points. The Mann-Whitney U test showed
statistically significant differences (p<0.05) (Table 1).

However, comparison of IFN-y levels over time within the
patient group revealed no statistically significant changes in the
marker during the observation period (Table 2).

Analysis of serum IFN-y levels according to sex showed that
at the second blood sampling time point, cytokine levels were
statistically significantly higher in women than in men (p=0.009)
(Table 3). However, changes in IFN-y levels over time within the
sex groups were not statistically significant.

Next, IFN-y levels at all three blood sampling time points
were compared according to AIS severity based on the NIHSS
and its stratification into the NIHSS1 and NIHSS2 subgroups. No
statistically significant differences in cytokine levels were found
between these subgroups over time (Table 4).

We also compared IFN-y levels at admission with IFN-y lev-
els at the third blood sampling in patients classified as NIHSS1 or
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Tabnuya 1 YposeHs IFN-y (n2/ms1) 8 CbiBOPOMKeE Kposu y NauueHmMos
¢ OMW u 'y nrodeli KoHMpPosnbHoU 2pynnsi

Table 1 Serum IFN-y levels (pg/mL) in patients with
AIS and healthy controls

Q1; a3 g P
] 3poposble 5.30 4.12;6.34 12
IFN-y, 1-# 3a60p Healthy controls =0.001
IFN-y, 1% samplin B
v pling MaunenTs! 9.47 7.47;19.72 30
Patients
3noposble 5.30 4.12;6.34 12
IFN-y, 2-4 3a60p Healthy controls =0.001
IFN-y, 2" samplin h
v pling NaumeHTo! 14.49 9.32; 21.69 30
Patients
’ 3ﬁsposb'te | 5.30 4.12;6.34 12
IFN-y, 3-14 3a6op ealthy controls =0.001
IFN-y, 3" sampli h
v pling R 13.26 10.16; 18.54 20
Patients

NpyMeyaHue: p — CTaTUCTUYECKAA 3HAUUMOCTb Pa3/INYMIA NOKa3aTeNel MeX .y 30,0p0BbIMM U NaLmeHTamu (no U-kputeputo MaHHa-YUTHM)
Note: p — statistical significance of differences between healthy controls and patients according to the Mann-Whitney U test

Tabnuya 2 [JuHamuka meduaH codepxcanus IFN-y (ne/mn) e
CbIBOPOMKeE Kposu nayueHmos ¢ OMU (n=20)

dranbl 3a60p0oB KPOBU

Table 2 Changes in median serum IFN-y levels (pg/mL)
in patients with AIS (n=20)

p
Blood sampling time points (df=2)
IFN-y, 1-11 3a6op IFN-y, 2-11 3a6op IFN-y, 3-11 3a6op
IFN-y, 1%t sampling IFN-y, 2" sampling IFN-y, 3¢ sampling
2.08 1.80 2.13 >0.05

NpumeyaHue: p — CTaTUCTUYECKAA 3HAUUMOCTb Pa3INYMIA MOKa3aTe el Ha pasHbIx 3Tanax 3abopa KPoBM naumeHTos (no Kputepuio Ppuamara)
Note: p — statistical significance of differences between blood sampling time points according to the Friedman test

Tabnuya 3 YposeHs IFN-y (ne/msn) ceisopomxku Kposu y
nayueHmos ¢ OMW u 2eHOepHaA NPUHAOAEHHOCMb

Table 3 Serum IFN-y levels (pg/mL) in patients with AlS by sex

dtanbl 3a60poB KPOBU
Blood sampling time points

IFN-y, 1-i1 3a6op IFN-y, 2-i1 3a6op IFN-y, 3-14 3a6op (d?—lz)
IFN-y, 1* sampling IFN-y, 2™ sampling IFN-y, 3" sampling a
Me Q1; Q3 Me Q1; Q3 Me Q1; Q3

KeHLWwuHbI 14.98 22.68 15.08

. . . >
Women (n=7) 5.93; 69.06 (n=7) 14.86; 44.75 (n=5) 11.51; 63.92 0.05
My>KUYnHbI 8.79 12.88 12.50

. . . >
Men (n=23) 7.45; 20.00 (n=23) 6.33; 16.44 (n=15) 9.32;17.93 0.05
P, >0.05 =0.009 >0.05

NpyMeyaHua: pr — CTATUCTUYECKAA 3HAUMMOCTb Pa3/IMYMIA NOKasaTenelt Ha pasHbix 3Tanax 3abopa Kposw (no Kputepuo puamaHa); p2 — CTaTUCTUYECKAA 3HAYMMOCTb
PasnnumMii NoKasaTenen Mexay MyKYMHaMM U KeHLmHamm (no U-kputepuio MaHHa-YUTHK)
Notes: p: — statistical significance of differences between blood sampling time points according to the Friedman test; p. — statistical significance of differences between men

and women according to the Mann-Whitney U test

ypoBHaA IFN-y BHYTpY reHAepHbIX rpynn, He nokKasana CTaTUCTUYECKU
3HAYUMbIX U3MEHEHWA.

[anee, Mmbl cpaBHWAM NOKa3aTenun yposHA IFN-y y naumeHTOB BO
Bcex Tpéx 3abopax KpoBM B 3aBUCMMOCTM OT Taxect OUW cornacHo
wKane NIHSS v eé ctpatuduraumm no noarpynnam NIHSS1 n NIHSS2.
Mbl He HaLLAW CTAaTUCTUYECKM 3HAYMMOW PAsHULLbI B YPOBHAX LIUTOKM-
Ha MeXAy 3TUMM NOArpynNnamu B AuHamuke (1abn. 4).

Mbl TakKe cpaBHUAM coaeprkaHue IFN-y nogrpynn naumeHToB ¢
NIHSS1 1 NIHSS2 Ha momeHT nocTynnenus, ¢ coaepxannem IFN-y npu
TpeTbeM 3abope, onpeaenéHHoe y noarpynn naumeHtos ¢ NIHSS1 u
NIHSS2 Ha 10-12-e cyTku. B rpynne naumeHToB NIHSS1 ypoBeHb uuTo-
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NIHSS2 on days 10-12. In the NIHSS1 group, cytokine levels did
not change significantly (p>0.05), whereas in the NIHSS2 group,
a statistically significant decrease was observed on days 10-12
(p=0.028) (Table 5).

The association between serum IFN-y levels over time and
short-term functional outcome, assessed using the mRS, was
also analyzed. No statistically significant differences between the
mRS1 and mRS2 subgroups were found at any of the blood sam-
pling time points (Table 6).

Next, changes in IFN-y levels over the monitoring peri-
od were compared within homogeneous subgroups defined by
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Tabnuya 4 3agucumocms maxcecmu OWU (NIHSS1, NIHSS2 npu nocmynneHuu)

om ypoeHs codepxcaHus IFN-y (ne/ms) 8 cbisopomke Kposu,
onpedenéHHo20 8 AUHaMUKe MPEX CPOKO8 MOHUMOPUH2a

Mokasarenb
Parameter

Karteropum
Category

NIHSS1 (noctynnexue)
NIHSS1 (admission)
NIHSS2 (noctynneHue)
NIHSS2 (admission)
NIHSS1 (noctynneHue)
NIHSS1 (admission)
NIHSS2 (noctynneHue)
NIHSS2 (admission)
NIHSS1 (noctynnexue)
NIHSS1 (admission)
NIHSS2 (noctynneHue)
NIHSS2 (admission)

IFN-y, 1-11 3abop
IFN-y, 1% sampling

IFN-y, 2-11 3a6op
IFN-y, 2" sampling

IFN-y, 3-11 3a6op
IFN-y, 3" sampling

Table 4 Association between AlS severity
(NIHSS1 and NIHSS2 at admission) and serum IFN-y levels (pg/mL)
measured at three monitoring time points

IFN-y, 1-i1 3a60p

IFN-y, 1 sampling p
Me Q1; Q3 n
10.11 6.96; 19.17 18
>0.05
8.81 8.05; 20.95 12
15.65 10.55; 22.27 18
>0.05
13.49 4.50; 15.78 12
13.74 10.20; 18.54 12
>0.05
11.87 5.05; 50.17 8

MprmeyaHue: p — CTaTUCTUYECKAsA 3HAUMMOCTb PasNuUMiA nokasatenei mexay rpynnamu NIHSS1 n NIHSS2 npum noctynaenum (no U-kputepumio MaHHa-YuUTHK)
Note: p — statistical significance of differences between the NIHSS1 and NIHSS2 groups at admission according to the Mann-Whitney U test

KuHa He namenunca (p>0.05), Toraa Kak B rpynne naumeHTos NIHSS2
Oblf1a CTAaTUCTUYECKM 3HAYMMARA Pa3HULA CO CHUXKEHWEM MOKasaTens
Ha 10-12-e cyTkm (p=0,028) (Tabn. 5).

BbINONHEH aHanM3 Ha/MuMA B3aMMOCBA3M MeXAY YPOBHEM
IFN-y CbIBOPOTKM KPOBYM B AMHAMUKE Y MOATPYNM NaLMeHTOB, PaHKK-
POBaHHbIX MO KPAaTKOCPOYHOMY YHKLIMOHANIbHOMY UCXOAY, OLeHMBa-
emomy no wkane mRS. Hu 8 ogHOM 13 3a60pOB KPOBM Mbl HE HaLL/M
CTaTUCTUYECKON 3HAUYMMOW PA3HMLLbI MeXAy NauyMeHTaMu noarpynn
mRS1 1 mRS2 (tabn. 6).

[anee, mbl cpaBHWAM ypoBHU IFN-y B AUHAMWUKE MOHUTOPUHTA
Y OZHOPOZAHbBIX NOATPYNN N0 KPaTKOBPEMEeHHOMY YHKLMOHANbHOMY
nexogy. Y naumeHtos ¢ mRS1 (n=4) yposHu IFN-y nepsoro, BTOpPOro u
TpeTbero 3a60poB Npu cpaBHEHUU Mexay coboM, He NOKa3anu cTaTu-
CTUYECKM 3HauYMMoW pasHuubl (p>0.05). Y naumeHToB ¢ mRS2 (n=16)
yposHu IFN-y nepsoro, BToporo v TpeTbero 3a60pos Npu cpaBHeHUU
MeKay CODOM TaKKe He NOKa3anm CTaTUCTUYECKM 3HAYMMOW PasHULbI
(p>0.05) (Tabn. 7).

Mpu oueHke conpaxénHoctn OUU ¢ yposHem IFN-y npu nepsom
3abope Kposw ¢ nomoLpto ROC-aHanm3a bbina nonyyeHa cnepyoLan
KpuBas (puc.).

YcTaHOBNEHO, YTO NOBblWeHMe codepaHua IFN-y B cbiBOpPOT-
Ke KpoBwW Mpwv nepBom 3abope ABMAETCA CTAaTUCTUYECKM 3HAYVMMbIM
npeaukTopom Hannuma OMU (AUC=0,944; 95% [AMW: 0,878-1,000,

Tabauya 5 Codepxarue IFN-y (ne/mn) 8 cblsopomxe Kposu nepeozo u
mpembe20 CpOKO8 MOHUMOPUH2a 8 00HOPOOHbIX N0O2pyNNax
nauyueHmos no maxcecmu OVU

NIHSS1 (noctynneHue) 1-11 3abop
NIHSS1 (admission) 15t sampling
NIHSS1 (10-12-e cyTKK) 3-11 3abop
NIHSS1 (days 10-12) 3" sampling
NIHSS2 (noctynneHnue) 1-# 3abop
NIHSS2 (admission) 1%t sampling
NIHSS2 (10-12-e cyTKM) 3-11 3abop
NIHSS2 (days 10-12) 3" sampling

short-term functional outcome. In patients with mRS1 (n=4),
IFN-y levels at the first, second, and third blood sampling time
points did not differ significantly (p>0.05). Similarly, in patients
with mRS2 (n=16), IFN-y levels across the three sampling time
points showed no statistically significant differences (p>0.05) (Ta-
ble 7).

When the association between AIS and IFN-y levels at the
first blood sampling was evaluated using ROC analysis, the follow-
ing curve was obtained (Fig.).

An increased serum IFN-y level at the first blood sam-
pling was found to be a statistically significant predictor of AIS
(AUC=0.944; 95% Cl: 0.878-1.000; p<0.001). The cut-off value of
IFN-y at admission corresponding to the highest Youden index
was 6.901 pg/mL. AlS was predicted when the IFN-y level at ad-
mission (first blood sampling) was greater than or equal to this
value. The resulting predictive model had a sensitivity of 90.0%
and a specificity of 91.7% (Table 8).

DiscuUsSION

Cytokines are known to play an important role in the devel-
opment of AIS [13, 14]. IFN-y is currently recognized as a pleiotro-
pic cytokine, a type Il interferon, and one of the major regulators

Table 5 Serum IFN-y levels (pg/mL) at the first and third monitoring
time points in homogeneous subgroups of patients
according to AlS severity

Me Q1; Q3 n p
10.11 6.96; 19.17
11 >0.05
13.41 10.39; 18.34
8.81 8.05; 20.95
7 =0.028
13.10 3.12;62.31

MprmeyaHue: p — CTaTUCTUYECKANA 3HAUMMOCTb Pa3NNUMIA NoKasaTenei mexay 1-bim 1 3-um 3abopamu KposK (Mo Kputeputo BuakokcoHa)
Note: p — statistical significance of differences between the first and third blood sampling time points according to the Wilcoxon signed-rank test
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Tabauya 6 CpasHeHue yposHs IFN-y (ne/mn) 6 celeopomke Kposu,
onpedenéHHo20 8 MPEX CPOKAX MOHUMOPUHaA, y nod2pynn
NayueHmMos ¢ pasau4yHbIM KpamKospemeHHbIM hyHKUUOHAbHbIM

Table 6 Comparison of serum IFN-y levels (pg/mL) measured
at three monitoring time points in patient subgroups with
different short-term functional outcomes by the mRS

ucxodom no wkane mRS

Mokasarten Kareropum

P'::zlr:?r’:eteerb Categ:ry Me a1 a3 n P
IFN-y, 1-i1 3a60p mRS1 10.33 8.79; 15.25 7 e
IFN-y, 1* sampling mRS2 8.57 7.30; 21.01 23
IFN-y, 2-i1 3a60p mRS1 16.88 10.29; 22.68 7 .
IFN-y, 2" sampling mRS2 14.11 6.42; 19.52 23
IFN-y, 3-i1 3a6op mRS1 13.08 9.36;17.21 4 ~0.05
IFN-y, 3" sampling mRS2 13.25 10.16; 19.12 16

MpyMeyaHwe: p — CTaTUCTUYECKAs 3HAUMMOCTb Pa3/INYMiA NoKasatenen mexay rpynnamm mRS1 v mRS2 (no U-kputeputo MaHHa-YUTHM)

Note: p — statistical significance of differences between the mRS1 and mRS2 groups according to the Mann-Whitney U test

Tabauya 7 [JuHamMuKa usmeHeHul meoduaH yposHs IFN-y (na/ms)
8 CbIBOPOMKeE KPo8U 8 00OHOPOOHbIX NOO2PYNNAX NAYUEHMO8 C
KPAMKOCPOYHbLIM (YHKUUOHAsbHLIM ucxodom OMM no wikane mRS

Table 7 Changes in median serum IFN-y levels (pg/mL) in
homogeneous subgroups of patients according to short-term
functional outcome of AlS assessed by the mRS

ranbl 3a60poB KPoBU p
Blood sampling time points (df=2)
IFN-y, 1-i1 3a6op IFN-y, 2-i1 3a6op IFN-y, 3-11 3a6op
IFN-y, 1%t sampling IFN-y, 2" sampling IFN-y, 3™ sampling
mRs1 1.38 2.25 2.38 >0.05
mRs2 2.25 1.69 2.06 >0.05

NpumeyaHue: p — CTaTUCTUYECKAA 3HAUUMOCTb Pa3INYMIA MOKa3aTe el Ha pasHbIx 3Tanax 3abopa Kposu (no kputeputo Gpuamara)
Note: p — statistical significance of differences between blood sampling time points according to the Friedman test

p<0,001). Moporosoe 3HaueHue IFN-y npy NocTynaeHUn B TOUKe cut-
off, KoTopomy coOTBETCTBOBANIO HaMBbICLLEE 3HAYEHME UHAEKCa Oae-
Ha, coctasano 6,901 nr/mn. OMM NporHo3mMpoBanca Npu 3Ha4YeHUn
IFN-y npu noctynaeHunn naumeHta (nepsom 3abope) Bbille AaHHOW
BE/IMYMHDBI UM PAaBHOM eil. YyBCTBUTENBHOCTb U cneunduyHocTb no-
Jly4eHHOM NporHocTUYecKkom mogenm coctasuam 90,0% n 91,7%, coot-
BETCTBEHHO (Tabn. 8).

OBCYXAEHUE

M3BECTHO, YTO LLUTOKMHbI UIPAOT OZHY M3 BaXKHbIX PO/iel B pas-
BuTMM OUW [13, 14]. Ha ceropHs IFN-y aBnseTcA NAeOTPONHbIM Ly-
TOKMHOM, MHTepbepoHOM Il TUMA U CYUTAETCA OAHUM U3 BaKHEMNLLINX
PEerynAaTopoB UMMYHHBbIX peakumii. MiccnenosaTenn Haxo4AT ero BamA-

1,00

|

0,75 -

0,50

UyBCTBUTENBHOCT
Sensitivity

0,25

0,00

0,00 0,25 0,50

of immune responses. Its involvement has been demonstrated in
infectious diseases and oncological conditions [15, 16]. Since the
early 2000s, researchers have shown growing interest in the role
of IFN-y in AIS pathogenesis. Many studies have focused on its
pro-inflammatory effects in AIS [17-19].

In our study, we found a statistically significant increase in
blood IFN-y levels in patients with AIS, with a median value of
9.47 at hospital admission compared with 5.30 in healthy volun-
teers. Elevated cytokine levels persisted at the second and third
blood sampling time points, with median values of 14.48 and
13.25, respectively. At all three sampling time points, IFN-y levels
in patients remained statistically significantly different from those
in the healthy control group (p=0.001). However, immunosup-
pression accompanied by decreased IFN-y levels may also occur
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Fig. ROC curve
characterizing the
ability of serum IFN-y
level (pg/mL) at the
first blood sampling to
predict AlS

0,75 1,00

CrneuudguyHocTh

Specificity

690



Topbaperiko PC c coasm. IFN-y Kak MapKép UIIeMI4ecKoro MHCyAbTa

BECTHMK ABMILIEHHEBI
Tom 28 * No 3 * 2026

Tabauya 8 AHanu3 OUCKPUMUHAUUOHHOU cnocobHocmu
IFN-y (ne/msn) npu nocmynneHuu

Table 8 Analysis of the discriminatory ability of IFN-y (pg/mL) at admission

Mopor YyecTBUTENbLHOCTD (S€), % CneuuduuHocTb (Sp), % PPV NPV
Cut-off Sensitivity (Se), % Specificity (Sp), %
7.30 80.0 100.0 100.0 66.7
7.20 80.0 91.7 96.0 64.7
6.90 90.0 91.7 96.4 78.6
6.02 90.0 58.3 84.4 70.0
5.54 96.7 58.3 85.3 87.5

HWe Npu MHPEKLMOHHbIX 3a60n1eBaHUAX M oHKonaTonoruu [15, 16]. C
Havana 2000-x ro40B OTMEYA/ICA MHTEPEC UCCaeaoBaTeNeN K y4acTMio
IFN-y B natoreHese OMW. 3HaunTeIbHOE KOAMYECTBO PaboT, NocBsLLe-
HO ero nposocnanuTenbHomy aeictauio npu OMK [17-19].

B Halweit paboTe mMbl NOAYYMAN LOCTOBEPHbIN POCT ypoBHA IFN-y
KpoBu y naumneHtos ¢ OMW ¢ meamnaHoit 9,47 npu NOCTyNAEHUN B CTa-
LMOHap NPOTMB TaKOBOM Y 340PpOBbIX BONOHTEPOB — 5,30. MoBbILLIEH-
HbIi YPOBEHb LIUTOKMHA COXPAHMACA Y NALMEHTOB U BO BTOPOM, U B
TpeTbem 3abopax KpoBu ¢ MegmnaHamu 14,48 1 13,25 cooTBETCTBEHHO.
Bo Bcex Tpéx 3abopax KpoBwW Yy MaLMEHTOB COXPAHANIUCH CTAaTUCTUYE-
CKM 3HauMMble pasnnuma (p=0,001) B ypOBHAX LMTOKMHA B CpaBHe-
HUW C YCNOBHO 340pOBbIM KOHTUHreHToM. Cnegyet OTMETWUTb, YTO
MOXET MMETb MEeCTO M MMMYHOCYNpeccua ¢ nageHuem yposHsa IFN-y
B OCTPOM Nepuoze uwemmyeckoro uHcynbsta [20]. B ogHoM 13 pabot
TaKKe OblN BblABNEH 60/1ee HU3KMI YPOBEHb LMTOKMHA Ha 1-e, 3-1 1
7-€ CyTKM NOC/e UHCY/bTa B CPABHEHWM CO 340POBOM rpynnoii [21].

Kpome Toro, Bo BTopom 3abope KpoBM OblI0 BbISBAEHO CTaTyh-
CTMYECKM 3HaUMMO B0o/1ee BbICOKOE COAEPKAHME LIUTOKMHA Y KEHLUMH
(Me=22,68), yem y mykunH (Me=12,88), p=0,007. Pag aBTOpOB, W3-
y4yas reHAepHbIM NPU3HAK, Kak GaKTop, BAUAIOWMIA HA UHCYALT, bpa-
/1N 33 OCHOBY MYMCKOI non. TaKk, COOBLLAETCs, YTO MyMKCKOI Mon He
ABNAETCA CTATUCTUYECKM 3HAUYMMbIM AKTOPOM MpPK ABYX MOATMMAX
MHCYNbTa (KPUNTOFEHHbIW M MHCYNLT C aTEPOCKNEPO30M H6ONbLLIOK ap-
Tepuw) [22]. B opyrom uccnegoBaHUm usydanca daktop nona (Myx-
CKOrO) B KayecTse NpeanKTopa UHOEKLMM NMPY ULLEMUYECKOM UHCYb-
Te, OAHAKO CTAaTUCTUYECKM 3HAYMMON Pa3HULLbI MPY STOM BbIABNEHO
He 6bino [21].

B paHHOM mccnefoBaHWM CTaTUCTMYECKM 3HAUMMOTO pas3anyma
B YPOBHAX COAEPMKAHMSA LMTOKMHA Y NALLMEHTOB MeXay Tpems 3abo-
pPaMu KpoBW, TO €CTb B IUHAMMKeE, He Bbl10 BblsBIEHO. TeM He MeHee,
MOMHO OTMETUTb TEHAEHLMIO pocTa meaunaHbl IFN-y B abcontoTHbIX
3HaYeHWAX BO BTOPOM 3abope v COXpaHeHWM eé NoBbILWEHHOTO 3HaYe-
HWS B TPETbEM 3ab0pe B CPaBHEHUW C MeAMAHOMN YPOBHSA LUMTOKMHA B
nepsom 3abope. MaKkcManbHO BbICOKUI YPOBEHb LIMTOKMHA B abco-
NIOTHOM 3HayeHUn Bbln BbISBAEH NPU BTOPOM 3abope KpoBM, TO eCTb
yepes CyTKM nocie NocTynieHna naumenta ¢ OMU B ctaupmoHap.

HecmoTpa Ha TOT daKT, YTO B Hallem MCCneaoBaHUM NOMyYeH
CTaTUCTUYECKM 3HAYMMO Go/lee BbICOKMIA YPOBEHb LUTOKMHA Y 60/1b-
HbIX OUU B cCpaBHEHWM CO 340POBbIMM NOABMM, Mbl HE MOXEM yTBEpP-
AaTb 06 ero HeraTMBHOM 3pdeKTe Ha TeueHue BonesHu. Mbl cpas-
HUAM ypoBHM IFN-y y ABYX rpynn naumveHToB, pacnpenenéHHbIX no
CTENEHM TAXKECTU UHCYNbTA, cornacHo Wwkane NIHSS, npu noctynnexnmm
B CTaLMOHap. AHA/IU3 He BbIABM/ CTAaTUCTUYECKM 3HAYMMbIX Pa3INUnNi
B YPOBHAX LMTOKMHA MexKAay naumeHTamum B rpynnax NIHSS1 n NIHSS2
BO BCEX TPEX 3ab0pax KpoBsw.

OaHaKko, Npu cpaBHeHWUM ypoBHA IFN-y mexay ero 3abopom
npu noctynnednn n 10-12-bim AHAMM B rpynne ¢ YyMepeHHOMR/Tameé-
NOW cTeneHblo TaxKecTn nHeynbTa (NIHSS2) oTMeueHo CcTaTUCTUYECKM
3HAUYMMOE CHUKEHME YPOBHS LMTOKMHA, B TO BPEMSA KaK Npu MArkoit/
YMEPEHHOM CTEMEHWU TANKECTU WHCYAbTA CTAaTUCTUYECKM 3HAYMMOMN

during the acute phase of ischemic stroke [20]. One study also re-
ported lower cytokine levels on days 1, 3, and 7 after stroke than
in healthy controls [21].

In addition, at the second blood sampling, cytokine levels
were statistically significantly higher in women (Me=22.68) than
in men (Me=12.88), p=0.007. Several authors investigating sex
as a factor influencing stroke have focused primarily on male
sex. For example, male sex was reported not to be a statistically
significant factor in two stroke subtypes: cryptogenic stroke and
large-artery atherosclerotic stroke [22]. In another study, male
sex was investigated as a predictor of infection in ischemic stroke,
but no statistically significant association was identified [21].

In the present study, we found no statistically significant
differences in cytokine levels between the three blood sampling
time points. Nevertheless, the absolute median IFN-y level tend-
ed to increase at the second sampling, with an elevated level per-
sisting at the third sampling compared with the first. The high-
est cytokine level in absolute terms was observed at the second
blood sampling, i.e., one day after admission of the patient with
AlS.

Although our study showed statistically significantly higher
cytokine levels in patients with AIS than in healthy individuals,
we cannot conclude that IFN-y has a detrimental effect on the
course of the disease. We compared IFN-y levels in two groups
of patients stratified according to stroke severity based on NIHSS
scores at hospital admission. The analysis revealed no statistically
significant differences in cytokine levels between patients in the
NIHSS1 and NIHSS2 groups at any of the three blood sampling
time points.

However, IFN-y levels at admission were significantly high-
er than on days 10-12 in patients with moderate/severe stroke
(NIHSS2). In contrast, IFN-y levels did not change significantly
over time in patients with mild/moderate stroke. At the same
time, no statistically significant differences in cytokine levels were
found between patient subgroups differing in stroke severity at
admission and on days 10-12. Thus, a decrease in IFN-y levels in
patients with severe AIS (NIHSS2) may be associated with per-
sistence of severe stroke during the short-term period of 10-12
days.

In one study involving 210 patients with AlS, no correlation
was found between baseline blood IFN-y levels and early neuro-
logical deterioration, defined as an increase in NIHSS score of >4
points within 24 hours after endovascular treatment [23]. Similar
results were reported in another study evaluating two ischemic
stroke subtypes according to the TOAST classification — crypto-
genic stroke and large-artery atherosclerotic stroke — in which no
association was found between blood IFN-y levels and stroke se-
verity [22].

Nevertheless, in absolute terms, median IFN-y values in
patients with NIHSS1 were 10.11 at the first sampling, 15.65 at
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pasHuULbl B AHAMWUKe n3meHeHuA ypoBHA IFN-y He BbiaBneHo. B To
e Bpems, CTaTUCTUYECKM 3HAUMMbIX Pa3NNYMiA B YPOBHE LIMTOKMHA
MEXy HeOAHOPOAHbLIMM MO TAXKECTU MHCY/bTA NOArPYNnNam nauueH-
TOB, ONpeAeNnéHHbIX Npu noctynaeHnn n Ha 10-12-e cyTku, He BbiAB-
NeHo. Takum 06pa3om, MOXKHO FOBOPUTH O TOM, YTO CHUXKEHME YPOBHA
IFN-y y naumeHToB ¢ Taxénbim OMU (NIHSS2) moskeT nporHo3npoBaTb
COXpaHeHWe 3TOW TAMECTU MHCYNbTA B KpaTKocpouHom nepuoge (10-
12 cyToK).

B ogHOM M3 uccnesoBaHuiA, BKAtoYaBlwem 210 nauMeHToB C
OWW, He BbINO HAWAEHO HUKAKOW KOPPENALMN MEXAY WMCXOAHbBIM
yposHem |FN-y KpoBM M paHHMM HEBPONOTMYECKUM YXYALIEHUEM,
KoTopoe onpeaensnoch Kak ysenmdeHune 6annos no NIHSS>4 B Teye-
Hue 24 YacoB noc/ne NPOBEAEHUA SHAOBACKYNAPHOrO feyeHns [23].
Cxoxkue pe3ynbTaTbl OTPAXKEHbI M B PYFOM UCCNE0BaHWUM, Tae Bbln
M3y4yeHbl ABa NOATUMNA MLemMuyeckoro nHcynsta no TOAST: Kpunto-
TEHHbIN M UHCYNBT C aTepPOCKIEP030M BONbLLOW apTepuu; Npu 3ToMm,
B3anMocBA3n Mexay IFN-y KpOBM U TAXKECTbIO UHCY/bTa He BblNo Bbl-
AsneHo [22].

Tem He MeHee, MOXKHO OTMETUTb, YTO B aBCONIOTHBIX NMOKa3aTe-
NAX MeamaHbl 3HaveHui IFN-y y naumenTtoBs ¢ NIHSS1 coctasuam 10,11
(1-1 3abop), 15,65 (2-1 3a60p) 1 13,74 (3-11 3a60p), COOTBETCTBEHHO.
M 3T1 abcontoTHbIe NMOKasaTenu Obiin Bbile TaKOBbIX Y NALMEHTOB C
NIHSS2: 8,81 (1-/3abop), 13,49 (2-11 3abop) 1 11,87 (3-i1 3ab0op), cooT-
BETCTBEHHO. TaKoM TpeHZ, NoTpebyeT AanbHENLWNX UCCNe0BAHUN 1, B
CNy4ae NOATBEPKAEHMUA CTAaTUCTUYECKON 3HAUMMOW PA3HMLLbI, MOXKHO
6yzeT roBopuTb 0 TAXKENOM TedeHun OUU npu pgeduumTe IFN-y. Takune
BEPOATHbIE AaHHble MOTYT COBNAZaTb C MHEHMEM PAJa aBTOPOB O UM-
MYHOMOZAY/MPYIOLLEM BAUAHWUMN AAHHOTO LIUTOKMHA.

B ofHOM W3 MccnenoBaHUiA OblaM U3yYeHbl NEPCNeKTUBbLI Ne-
YyeHna OUN ¢ nomoLLpbto TPAHCNIAHTALMK CTBOIOBbIX KAETOK U, Npu
3TOM, 6blNI0 BbIAB/EHO, YTO COBMECTHOE BBEAEHWE HEMPOHasIbHbIX
CTBONIOBbIX KNeToK M IFN-y yBennunmsano HerporeHes in vivo n oka-
3bIBaNI0 AOMNO/HUTE/IbHbIE HEBPONOrMYECKME NpenmyLlecTsa [24]. B
apyrov pabote onmcaHo, uto IFN-y yepes akTMBaLMIO acTPOLMTOB Bbl-
3blBaeT BbleNEHNE HENTPOTPODUUECKOro haKkTopa, TakKMmM 0bpasom,
OKa3blIBas HeliponpoTeKTOpHOE AelicTaue [25].

Hamu TaKKe bb1/10 M3y4eHo BANAHME cogepkaHms IFN-y B Kposu
Ha KPaTKOCPOUHbIA QYHKLMOHANbHBIA UCXOA, COMMAcHO LWwKane mRs.
MbI He HaLW CTaTUCTUYECKM 3HAYMMBbIX PAsNUUUil MeXAY rpynnamu
naumeHToB ¢ xopownm (MRS1) u naoxum (MRS2) KpaTKOCPOYHbIM
(bYHKLMOHaNbHBIM UCXOA0M B COOTBETCTBMM CO LWKanoi MRS, He3aBu-
CMMO OT CPOKOB 3abopa KpoBsw. MonyyeHHble Hamu JaHHble COBNaAa-
0T C MHEHMEM APYrUX UCCef0BaTeNEeN, KOTOPbIE U3yYasn B3aMMOC-
BA3b MeX Ay ypoBHeM IFN-y 1 cTeneHbio KAMHUYECKUX Pe3ynbTaTos no
WKane MRS, Ho B bonee OTAANEHHOM Nepuoae BPeEMeHU — Yepes Tpu
MmecsALa. ABTOpbI PaboTbl TaKKe He BbIABU/N CTaTUCTUMECKM 3HAUMMO-
ro BAIMAHMA YPOBHA LMTOKMHA Ha GYHKLMOHaNbHbIN Ucxos, [23].

Takum 06pas3om, UCXOAA U3 NONYYEHHbIX JAHHbIX, MOXHO roBO-
puTb, uto IFN-y ABNAeTca mapképom OUN. MNMoporosoe 3HaveHue IFN-y
N4 NPOrHO3MPOBAaHMA UHCY/IbTa ABAAETCA PaBHbIM MK Bbiwe 6,90
C BbICOKMMM MOKa3aTeNAMMU YyBCTBUTENbHOCTU U creumduyHocTn —
90,0 n 91,7 cooTBeTcTBEHHO. CnesyeT OTMETUTb HAaUYMe rTeHAePHbIX
pasnnumnii B cogepaHuu IFN-y: Ans eHLWWH XxapakTepHo bonee Bbl-
COKOE CoAepsKaHMe LIMTOKMHA Ha 2-€ CYTKM, Yem Y MyK4uH (p=0,007).
BmecTe ¢ Tem, ypoBeHb IFN-y CbIBOPOTKM KPOBM B HalLem UccnefoBa-
HUM He MoKa3an cebn B KaYecTBE MapKEpa CTpaTUdUKALMMN TAKECTH
MHCY/IbTa U KPATKOCPOYHOTO GyHKLIMOHANIbHOMO UCXOAa.

OrpaHuyeHna uccneposaHua. ViccnefosaHne umeet pag, orpa-
HUYeHUI. HecmoTpsa Ha OTCYTCTBME CTaTUCTUYECKM 3HAYUMbIX Pa3nu-
YMiA NO BO3PACTY ¥ MOy MEXAY rPynnamu, HepaBHOMEPHOCTb pacnpe-
[eneHna NaLMeHToB No Nosy He N03BOAAET NOHOCTLIO NoNaraTbCA Ha
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the second sampling, and 13.74 at the third sampling. These ab-
solute values were higher than those observed in patients with
NIHSS2: 8.81, 13.49, and 11.87, respectively. This trend requires
further investigation, and if a statistically significant difference is
confirmed, IFN-y deficiency may potentially be associated with a
more severe course of AlS. These findings could align with several
authors' views on the immunomodulatory effects of this cytokine.

One study investigated the potential use of stem cell trans-
plantation for AIS treatment and found that combined adminis-
tration of neural stem cells and IFN-y enhanced neurogenesis in
vivo and provided additional neurological benefits [24]. Another
study reported that IFN-y induces astrocyte activation and stimu-
lates the release of neurotrophic factors, thereby exerting a neu-
roprotective effect [25].

We also investigated the effect of blood IFN-y levels on
short-term functional outcome according to the mRS. No statis-
tically significant differences were found between patients with
good (mRS1) and poor (mRS2) short-term functional outcomes,
regardless of the blood sampling time point. Our findings are con-
sistent with those of other researchers who examined the rela-
tionship between IFN-y levels and clinical outcome according to
the mRS at a later time point, three months after stroke. Those
authors likewise found no statistically significant effect of cyto-
kine levels on functional outcome [23].

Thus, based on the obtained data, IFN-y may be considered
a marker of AIS. The threshold IFN-y level for predicting stroke
was 6.90 pg/mL or higher, with high sensitivity and specificity of
90.0% and 91.7%, respectively. Sex-related differences in IFN-y
levels should also be noted: women had higher cytokine levels
on the second day than men (p=0.007). At the same time, in our
study, serum IFN-y level did not demonstrate utility as a marker
for stratifying stroke severity or predicting short-term functional
outcome.

Study limitations. This study has several limitations. Al-
though the groups did not differ significantly in age or sex, the
uneven sex distribution among patients limits the conclusiveness
of the findings. The small overall sample size and the limited size
of individual subgroups, together with partial loss to follow-up by
the third blood sampling, reduced the analysis's statistical power.
These limitations indicate the need to confirm the findings in larg-
er samples with adequate balancing for sex and age.

CONCLUSION

This study focused on a single cytokine, IFN-y, to assess its
potential role in AlS, stroke severity, and short-term functional
outcome. We demonstrated a statistically significant difference
in serum IFN-y levels between healthy volunteers and patients
during the acute phase of ischemic stroke. Thus, IFN-y may serve
as a marker of acute ischemic stroke. ROC analysis also allowed
us to determine a threshold level of the cytokine with high sen-
sitivity and specificity, at or above which the presence of stroke
may be predicted. Sex-related differences were also identified,
with higher IFN-y levels observed in women with AlS.

Our study showed that IFN-y cannot serve as a marker for
assessing short-term functional outcomes according to the mRS.
The study also did not show that IFN-y can be used to stratify
stroke severity according to the NIHSS. However, the observed
trend in differences in median IFN-y levels across groups with
different stroke severity, as well as the statistically significant de-
crease in cytokine levels over time in patients with severe stroke
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MoNyYeHHbIV pe3ynbTaT. HebonbLuoli pasmep BbIGOPKM M OTAEbHbIX
MOAFPYNM, @ TaK¥Ke YaCTUYHaA yTpaTa HabnoaeHUi K TpeTbemy 3a60-
PY KPOBM CHUKAIOT CTATUCTUYECKYIO MOLLHOCTb aHaNM3a. YKasaHHble
06cToATENBCTBA TPEDYIOT NOATBEPKAEHNA MOMYYEHHBIX PE3YNLTATOB
Ha bonee macluTabHolt BbIbOpKe C cobatogeHnem 6anaHCMpPOBKM No
nosy v BO3pacTy.

3AKNIOYEHUE

[laHHOe nccnefoBaHMe CKOHLEHTPMPOBANOCh HA OTAENbHO B3A-
TOM umTOKMHe IFN-y ana oueHkn OUWN, ero TAXKECTU M KPAaTKOCPOUYHOTO
bYHKUMOHanbHOro ncxoaa. Mbl Nokasanu, 4to yposeHb IFN-y B cbiBo-
POTKe KPOBM MMEET CTAaTUCTUYECKM 3HAYMMYIO Pa3HULY MeXAy 340-
POBbLIMU BONOHTEPAMM U BO/IbHBIMU C MHCY/IBTOM B OCTPOM Nepuose.
Takum o6pa3zom, IFN-y MOXKeT BbICTynaTb B Ka4ecTBe MapKépa ocTpom

MWEeMMYecKon Mo3roBoi Katactpodsl. CornacHo ROC aHanusy, mbl
TaKXe onpeAenvan NnoporoBoe 3HavyeHue YPOBHA aHaNU3MPYeMoro
LIMTOKMHA C BbICOKUMM YPOBHAMM YYBCTBUTENbHOCTU U crieumduy-
HOCTMW, NPW PaBHOM WM Bbllle KOTOPOrO, MOXHO CYAWUTb O HaAuuum
MHcynbTa. TakKe BblABAEHbI reHAepHble 0cobeHHOCTU B BUAEe bonee
BbICOKOro ypoBHsA IFN-y y xeHwwmH npn OUN.

Hawe nccnegosaHne nokasano, 4to IFN-y He MOXeT cnyxuTb
MapKEPOM B OLiEHKe KPaTKOCPOUHbIX PpYHKLIMOHAIbHbIX UCXOA0B NO
wkane mRS. MNposeaéHHOe nccnefoBaHME TaKXKe He MOKasano, YTo
IFN-y MOXKET CAYKUTb MapKEPOM CTPATUOMKALUM TAMKECTU UHCYNLTA
no wkane NIHSS. OaHaKo, 0TMeYaemMblii TPEHS, B PA3HOCTU MeAMaH Y
rpynn NauyeHTOB C Pa3NINYHOM TAXKECTbIO TEYEHWUA MHCYNLTA, @ TaKKe
CTaTUCTUYECKMN 3HAYMMOE CHUXKEHWE YPOBHSA LUTOKMHA B AUHAMUKE Y
NaLMEHTOB C TAXENOW cTeneHblo MHcynbTa (NIHSS2) TpebytoT B byay-
Lem fanbHEeMLWero uccneoBaHums.
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