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CYBKJIETOYHAA IOKAJINSAUUA TPAHCKPUITUWNOHHOIO
®AKTOPA FoxP3 Y MALUMEHTOB C OCTPbIM KOPOHAPHbIM
CUHAPOMOM: CPABHUTEJIbHbIN AHAJTU3

U NPOCMNEKTUBHOE HABJIIOAEHUE
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Pe3iome. KimtoueBble KJI€TOUHBIE M MOJIEKYJISIpDHBIE (DAKTOPBI, BOBJIEUEHHBIE B pa3pellieHre BOCTIaICHUS
TocJie OCTPOro MHpapKTa MUOKapAa, OCTAIOTCS N3YIeHHBIMHU HemocTaTouHo. T-perynsaropHsblie (Treg) mmm-
(OLUTHI XapaKTePU3YIOTCS 3HAUYUTEIbHBIM MOTCHIINAIOM K PETYJISIIUU CUJIbI U HaIlPaBJICHUSI UMMYHHBIX
OTBETOB P MOBPEXIeHUM MUOKapaa. @yHKIIMOHATbHAsl aKTUBHOCTh Treg-TMM@OIIMTOB 3aBUCUT OT TPaHC-
kpuriimoHHoro (akropa forkhead box protein P3 (FoxP3). OH Tak:ke MOXET 9KCITPeCCUPOBATHCSI B KOHBEH-
nroHHBIX T-muMdonnTax Ha sTane ux akTuBauu. SAnepHas Jokanusauusg FoxP3 aBisgeTcs 06s3aTeIbHBIM
YCJIOBHEM, OMNpeaessIoInM cITocoOHOCTh FoxP3 BHOCUTH BKJIaa B Peryssilidio CyIIPeCcCOPHON aKTUBHOCTHU
Treg-1umMboUIUTOB.

Llenbio naHHOIT pabOTHI cTaja CpaBHUTEJbHASI OlLIEHKA YaCTOThl U abCOJIOTHOIO KojnyectBa FoxP3*T-
JTUMGOIINTOB, B COUYETAaHUM C OIIPeIcICHUEM CYOKIIeTOUHOM ToKann3anun FoxP3, y maieHToB ¢ OCTpBhIM
nH(bAPKTOM MUOKapAa U XPOHUYECKUM KOPOHAPHBIM CUHAPOMOM, a TAKXKE UCCIeA0BaHUE UBMEHEHUI 3TUX
napaMeTpoB B KPaTKOCPOYHbBIN TTepro/1 HaOIIOAeHUS TTallMeHTOB ¢ MH(apKToM MUoKapnaa. McciaenoBanue
BKJIIOYAJIO 14 MALIMEHTOB C XPOHUYECKUM KOPOHAPHBIM CUHAPOMOM (8 MY>KYMH; 6 KEHILWH; CPEIHUI BO3-
pact 63,2%9,0 j1eT) 1 5 MaLMEHTOB C OCTPBIM II€peAHUM MHMAPKTOM MUOKapaa ¢ mogbeMoM cermeHTa ST
(4 my>xuuHbl; 1 XeHIIMHA; cpenHuii Bo3pacT 61,4%11,2 ner), o6ciaeaoBaHHbIX Ha 1-€, 3-1 1 7-e CyTKU MocJie
coobiTusl. Yactota FOXP3" KOHBEHIIMOHHBIX U PEryJsiTOPHBIX T-TUM@POILIMTOB OlleHUBaIach BO (hpakiiuu
MOHOHYKJIEAPHBIX JIEUKOIIUTOB MepudeprniecKoil KpoBU, HAPSITY C OIpeae/ieHueM YPOBHS sIIepHOI JToKa-
mm3aunu FoxP3, MeTonoM mpoTOYHOM IIMTOMETPUHU C BU3yaJIn3allieid.

[MaumeHTHl ¢ MHMAPKTOM XapaKTepU30BaJUCh CHIMKEHHEM alcoitoTHOro kojudecrBa FoxP3*Treg-
JIMM@OILIUTOB, MO CPAaBHEHUIO C MALMEHTAMU C XPOHUYECKUM KOPOHAPHBIM CUHIPOMOM, W J€MOHCTPUPO-
BaJu ellle 6osiee BhIpaXkeHHOE CHUXEHUE abcomtoTHOTO KondecTtBa FoxP3*Treg-kieTok K 7-My JHIO TTOCie
nH(papKTa, B TO BpeMsI KaK OTHOCUTEJIbHOS KOJIMYECTBO Treg M KOHBEHIIMOHHBIX T-TMM(OIUTOB 3HAYMMO
He pa3Inyalioch. YpoBeHb siaepHoii Jokanu3aunuu FoxP3 Obu1 Huske Kak B Treg, Tak 1 B KOHBEHIIMOHHBIX
T-muMm@onuTax MalMeHTOB ¢ MH(PAPKTOM B ITEPBBI IeHB, MO CPABHEHMIO C MAlIMEHTaAMH C XPOHUYECKUM
KOPOHAapHBIM CUHIAPOMOM. AbcomtoTHoe KosimyecTBo FoxP3*Treg ¢ smepHoli Jiokanu3alyeid oCcTaBaloCh
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3HAYMMO CHMIKEHHBIM Ha 1-e 1 7-e CyTKU I10ocje MH(apKTa IT0 CPaBHEHUIO ¢ MAIlMEHTAMU ¢ XPOHUYCCKIM
KOPOHAPHBLIM CUHIPOMOM.

Takum oOpa3om, B HallleM UCCIEAOBAHMU MBI TTOKa3ajiu, uyTo saepHas jJokanusauus FoxP3 cHukaercs
IIPpY OCTPOM MH(paPKTE MUOKapaa U MOXET SIBJISITbCSI 00Jiee YYBCTBUTEILHBIM MapKepoM M3MeHeHUs PYHK-
OUOHUPOBaHUS Treg, IT0 CpaBHEHUIO C OOBIYHOM OIIEHKON X OTHOCHUTEIIBHOTO KOJTMYCSCTBA.

Knroueswie cnosa: FoxP3, T-peeyasmophbie aumgoyumut, T-KoH8eHYUHHbIE AUMPOUUMDBL, CYOKACMOUHAS NOKAAU3AYUS, OCMPbLI
KOPOHAPHYLIL CUHOPOM, XPOHUHECK UL KOPOHAPHBLU CUHOPOM

SUBCELLULAR LOCALIZATION OF FoxP3 TRANSCRIPTION
FACTOR IN PATIENTS WITH ACUTE CORONARY SYNDROME:
COMPARATIVE ANALYSIS AND PROSPECTIVE OBSERVATION

Kologrivova L.V.2 Suslova T.E.? Ryabov V.V.2P Shtatolkina M.A.?,
Koshelskaya O.A.2, Trubacheva O.A.% Kravchenko E.S.?

@ Cardiology Research Institute, Tomsk National Research Medical Centre, Russian Academy of Sciences, Tomsk,
Russian Federation
b Siberian State Medical University, Tomsk, Russian Federation

Abstract. The key cellular and molecular factors being involved in the resolution of inflammation following
acute myocardial infarction remain poorly understood. T-regulatory (Treg) lymphocytes are characterized by
the extreme potential to regulate the strength and direction of immune responses during the myocardial injury.
The functional activity of Treg-lymphocytes depends upon the transcription factor forkhead box protein P3
(FoxP3). It may be also expressed in conventional T-lymphocytes at the stage of their activation. Nuclear
localization of FoxP3 is a prerequisite factor determining its ability to impact the suppressive functions of Treg-
lymphocytes.

The aim of the present study was comparative evaluation of FoxP3*T-lymphocytes frequency and counts,
combined with estimation of FoxP3 subcellular localization, in patients with acute myocardial infarction and
chronic coronary syndrome and examination of changes of these parameters in the short-term follow-up of
patients with myocardial infarction. The study included 14 patients with chronic coronary syndrome (8 males;
6 females; 63.2£9.0 y.0.) and 5 patients with acute anterior ST-segment elevation myocardial infarction (4
males; 1 female; 61.4%£11.2 y.0.) at days 1, 3 and 7 after the event. The frequency of FoxP3* conventional and
regulatory T-lymphocytes was evaluated in peripheral blood mononuclear cells together with estimation of the
level of FoxP3 nuclear localization by imaging flow cytometry.

Patients with infarction were characterized by the decreased counts of FoxP3*Treg-lymphocytes compared
to patients with chronic coronary syndrome, and exhibited even further decrease in the counts of FoxP3*Treg-
cells at day 7 after infarction, while frequency of Treg and conventional T-lymphocytes did not differ signifi-
cantly. The level of FoxP3 nuclear translocation was lower both in Treg and conventional T-lymphocytes in
patients at day 1 post-infarction compared to patients with chronic coronary syndrome. Absolute counts of
FoxP3*Tregs with nuclear FoxP3 localization remained significantly lower both at days 1 and 7 post-infarction
compared to patients with chronic coronary syndrome.

Thus, here we demonstrated that FoxP3 nuclear localization experiences decrease in the course of acute
myocardial infarction and may serve as a more sensitive marker of changes in Treg-lymphocyte functioning
than simple evaluation of their frequency.

Keywords: FoxP3, T-regulatory lymphocytes, T-conventional lymphocytes, subcellular localization, acute coronary syndrome,
chronic coronary syndrome

This work was conducted within the framework farction (AMI), the burden of heart failure (HF)
of the fundamental research No. AAAA-Al5- developing further still poses the major problem

115123110026-3. worldwide. It is associated with unfavorable left
\ ventricle remodeling following improper resolution
IntrOdUCt|0n of the post-infarct inflammation. In the course of

Even though the current therapeutic approaches myocardial injury the reparative phase is expected
allowed to make a prominent breakthrough in ma- to be initiated after the day 4 post-MI. However, the
nagement of patients with acute myocardial in- key cellular and molecular factors being involved
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in the regulation of shift between development of
inflammation and its resolution remain obscure.
T regulatory (Treg) lymphocytes represent the most
perspective cellular population to impact the heart
healing after AMI [7].

Treg-lymphocytes are characterized by the im-
mense potential to regulate the magnitude and
modality of immune responses during the acute
myocardial injury able to suppress the activity of
T-conventional (Tconv) cells, govern differentiation
of macrophages towards M2 phenotype and limit
recruitment of pro-inflammatory leukocytes to-
wards the site of infarction [9, 10, 11]. A whole bo-
dy of surface markers have been evaluated to distin-
guish Tregs among remaining CD4*T-lymphocytes.
Unfortunately, the majority of them have been
confirmed to be unspecific. Until recently, trans-
cription factor forkhead box protein P3 (FoxP3)
was considered as a unique marker and master
regulator of the Treg subset program. Later, an evi-
dence emerged that FoxP3 may also be expressed by
the Tconv-lymphocytes upon activation. However,
FoxP3 in Tconv-cells was primarily confined to the
cytoplasm [6].

The subcellular localization of FoxP3 holds a
great importance in functioning of Treg-lymphocytes.
Only upon nuclear translocation, FoxP3 is able to
stabilize the transcription of the Treg-associated genes
(Ctla4, IL2ra) and suppress transcription of the genes
specific to Tconv-lymphocytes (/FNy, IL2 etc.). The
process of nuclear translocation is rather complex,
and depends on cell functional status [8]. The data on
the FoxP3 subcellular localization in Treg and Tconv-
lymphocytes in patients with chronic and acute coro-
nary syndromes are unexplored.

The aim of the present study was to compare
percentage and number of FoxP3*T-lymphocytes
along with estimation of FoxP3 subcellular loca-
lization, in patients with acute myocardial infarction
and chronic coronary syndrome and examine their
changes in the short-term follow-up of patients with
myocardial infarction.

Materials and methods

The study was conducted at the Cardiology
Research Institute of the Federal State Budgetary
Institution “Tomsk National Research Medical
Center of the Russian Academy of Sciences”. The
protocol was approved by the local ethics committee
and designed according to the principals of the
Helsinki Declaration. There were enrolled 14 patients
with chronic coronary syndrome (CCS) (8 males;
6 females; 63.2%9.0 y.0.) and 5 patients with acute
anterior ST-segment elevation myocardial infarction
(STEMI) (4 males; 1 female; 61.4+11.2 y.0.) at days
1, 3 and 7 after the onset. All the patients signed an
informed consent to participate in the study.

All patients underwent selective coronary an-
giography on an Artis one angiographic complex and

Digitron-3NAC computer system (Siemens Shen-
zhen Magnetic Resonance Ltd., Shenzhen, China).
The severity of the atherosclerosis was assessed by
calculating the Gensini Score, that, on average,
was 27.5 (16.0-44.0) [3]. All CCS patients received
optimal therapy. Reperfusion of the infarct-related
artery (IRA) has been achieved in all STEMI patients
(the mean time of recanalization constituted 5
hours), and coronary angioplasty and IRA stenting
were performed. Health status was evaluated and
functional class of chronic heart failure was assessed
according to the 6-minute walk test. Exclusion
criteria were as follows: acute coronary events earlier
than 6 months before the study (transitory ischemic
attack, acute coronary syndrome, acute myocardial
infarction); coronary artery bypass graft earlier
than 6 months prior the study; obesity class III and
higher (BMI > 40); confirmed symptomatic forms of
arterial hypertension; severe comorbidity (hepatic,
kidney failure, oncological diseases); refusal from
participation in the study.

The peripheral blood mononuclear cells (PBMCs)
were obtained from the fasting heparinized blood
via centrifugation on density gradient (Histopaque
1077, Sigma Aldrich, USA). FoxP3*T-regulatory
lymphocytes were identified among CD4*-cells by
high CD25 expression and detected intracellular
transcription factor FoxP3. FoxP3*T-conventional
lymphocytes were identified among CD4"-cells by
low CD25 expression and detected intracellular
transcription factor FoxP3. Monoclonal antibodies
used were as follows: FITC-anti-CD4, APC-anti-
CD25, PE-anti-FoxP3 (BD eBiosciences, USA).

After the surface staining cells were fixed and
permeabilized with specific buffer solutions for
detection of FoxP3 (BD eBiosciences, USA). Next,
cells were incubated with PE-anti-FoxP3 antibodies.
After the final wash and fixation cells were incubated
with 7-Amino-Actinomycin D (7-AAD) for nuclear
staining. Samples were analyzed on imaging flow
cytometer AMNIS FlowSight using INSPIRE
software (M D Millipore, Seattle, USA). The Nuclear
Localization Wizzard was used for CD4+*CD25hieh
and CD4"CD25" subsets to calculate Similarity
Morphology between PE-anti-FoxP3 and 7-AAD
which corresponded to the frequency of Treg and
Tconv-lymphocytes with nuclear FoxP3 localization.
The absolute count of FoxP3*-cells was calculated by
using the hemocytometer data.

Statistical analysis was performed by using
Statistica 10 (“StatSoft” Inc., USA) software. The
Mann—Witney U-test was used to estimate the dif-
ferences between independent groups. Wilcoxon mat-
ched pairs signed rank test was used to evaluate the
differences between dependent groups. Spearman’s
rank correlation coefficient (r) was used to estimate
statistical significance between variables. Difference
between groups were considered significant at level of
p value below 0.05.
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Results and discussion

STEMI patients on day 1 post-MI were cha-
racterized by insignificantly decreased frequency
of Treg-lymphocytes and insignificantly elevated
frequency of Tconv-lymphocytes compared to CCS
patients (Table 1). Meanwhile, the level of FoxP3
nuclear translocation was lower both in Treg and
Tconv-lymphocytes in STEMI patients on day 1 post-
MI compared to CCS patients (Table 1).

We performed consecutive comparisons between
the STEMI and CCS patients regarding the FoxP3*-
lymphocytes’ frequency and the level of FoxP3
nuclear translocation during the patient follow-up.
Frequency of Treg-cells insignificantly increased
on day 3, while frequency of Tconv-lymphocytes
insignificantly decreased (Table 1). The difference
of FoxP3 nuclear translocation between STEMI and

CCS patients remained on day 3, but disappeared on
day 7 (Table 1).

In STEMI patients we revealed neither differences
in FoxP3*-cells frequency nor at the level of FoxP3
nuclear translocation at different time points which
might be due to insufficient number of patients in
STEMI group.

We calculated an absolute number of FoxP3*T-
lymphocytes and T-lymphocytes with FoxP3* nuclear
translocation by using hemocytometer data. STEMI
patients were characterized by decreased count of
FoxP3*Treg-lymphocytes compared to CCS patients,
continued to further decrease on day 7 after infarction
(Table 2). FoxP3*Tconv-lymphocytes’ counts also
tended to insignificantly decrease (Table 2). The
absolute count of cells with FoxP3 nuclear localization
insignificantly increased by day 7 after STEMI. But

TABLE 1. SUBSETS OF FoxP3'T-LYMPHOCYTES AND FoxP3 NUCLEAR TRANSLOCATION IN PATIENTS WITH CHRONIC

AND ACUTE CORONARY SYNDROMES

Patients with Patients with acute coronary syndrome (n = 5)
Parameters chronic coronary
syndrome (n = 14) day 1 day 3 day 7
. 6.7 7.7 7.0
Eﬁ‘:ﬁ;;‘:g::‘#‘;g o © ’2 " (3.8-7.0) (5.3-7.8) (4.9-7.4)
’ i p =0.297 p=0.687 p = 0.444
. 2.1 2.6 15
FoxP3* T-conventional 1.6
(1.0-2.8) (1.7-2.8) (1.4-2.3)
0, -
lymphocytes (Tconv),% (1.3-1.8) b = 0.754 b =0.186 b = 0893
. 74.8 82.3 92.9
E’sg""z":t'i‘o?‘“f/'ea' FoxP3 (9692;38 7 (64.9-92.9) (54.7-95.2) (92.6-95.7)
' 0 e p =0.026 p = 0.007 p = 0.056
. 58.7 63.6 72.2
E’:a"l;’z;";::)hn"};c'ea’ FoxP3 (738?;36 ) (33.9-67.7) (17.4-77.3) (67.5-79.4)
70 e p = 0.034 p = 0.026 p = 0.087

Note. The frequency of Treg and Tconv-lymphocytes is represented as percentage of all CD4*-lymphocytes; the frequency of
lymphocytes with FoxP3 nuclear localization is represented as percentage of all FoxP3*-lymphocytes; p indicates the level of
significance compared to the group of patients with chronic coronary syndrome.

TABLE 2. ABSOLUTE COUNTS OF FoxP3*T-LYMPHOCYTES AND T LYMPHOCYTES WITH FoxP3* NUCLEAR
TRANSLOCATION IN STEMI PATIENTS AT DIFFERENT TIME POINTS

Parameters CCS patients day 1STEMI patients day 7 P
FoxP3*T-regulatory p, = 0.056
lymphocytes 5 3157;948) @ 432483) 2 2?%165) P, = 0.007
(Treg), x 107/I ) ) ) ) ) ' p.;=0.043
FoxP3*T-conventional 150 146 1.01 p, = 0.687
lymphocytes ' ' ’ p; =0.156
(Tconv), x 107/l (0.74-2.54) (1.02-1.76) (0.72-1.07) b, = 0.225
Treg with nuclear FoxP3 7.35 1.00 3.12 P : 88%
localization, x 107/l (5.29-9.41) (0.07-3.47) (1.71-3.38) pp7 _ 0.893

17~ -
Tconv with nuclear FoxP3 0.98 0.28 0.60 P : 8;5?
localization, x 107/l (0.57-2.46) (0.03-0.99) (0.52-0.73) pp7 _ 0'225
1.7 — Y.

Note. p, indicates the level of significance between CCS patients and STEMI patients at day 1; p, indicates the level of
significance between CCS patients and STEMI patients at day 7; p,; indicates the level of significance between ATEMI

patients at day 1 and day 7.
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absolute counts of FoxP3*Tregs with nuclear FoxP3
localization remained significantly lowered both on
day 1 and day 7 post-STEMI compared to patients
with CCS (Table 2).

According to the data of the correlation analysis,
absolute count of the FoxP3*Treg-lymphocytes on
day 1 post-infarction inversely correlated with the
end-systolic and end-diastolic volumes of the left
ventricle both on days 3 and 7 of patient follow-up
(r,=-0.900; p = 0.037 for each correlation).

In our study we have revealed decreased absolute
count of Tregs on day 1 post-STEMI compared to
the CCS patients, which decreased even further on
day 7, without significant change in their frequencies.
Earlier, it was shown that Tregs are recruited into
the heart as early as within the first day following the
onset, and persist for up to 2 weeks [1]. We suppose
that such changes in the absolute Treg numbers in
our study are associated with their redistribution from
the periphery to myocardial tissue, which leads to no
changes in Treg frequencies. However, Banasal S.S.
et al. (2019) found expression of pro-inflammatory
cytokines and dysfunctional characteristics in
expanded Tregs after AMI. Of note, FoxP3*Tconv-
cells and FoxP3 subcellular localization were not
examined in this study [1]. It is possible that increased
proinflammatory Tregs in the abovementioned study
may be due to expansion of activated FoxP3*Tconv-
lymphocytes. The fact that echocardiographic features
of the unfavorable left ventricle remodeling inversely
correlated with absolute count of Treg-lymphocytes
supports an existence of pro-resolving protective
functions for genuine FoxP3*Treg subpopulation.

To our knowledge, our study is the first to evaluate
the level of FoxP3 nuclear translocation both in Treg
and Tconv-lymphocytes in patients after STEMI
compared to CCS patients and during the 7-day
follow-up. We found decreased FoxP3 nuclear trans-
location on day 1 after STEMI compared to CCS
patients that disappeared by day 7 after the onset.
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Thus, in the present study we demonstrated that
FoxP3 nuclear localization dampens in the course of
STEMI and may be a more sensitive marker of altered
Treg-lymphocyte functioning compared to assessing
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