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In a 2-year prospective study, prognostic significance of the blood content of IL-10-producing 
CD4+ T lymphocytes for progression of coronary artery atherosclerosis was assessed. Patients 
with verified stable angina (n=36) admitted for scheduled coronary angiography and coronary 
stenting were enrolled. The blood levels of CD4+FoxpP3+ Treg, CD4+IFNγ+ Th1, CD4+IL17+ 
Th17, CD4+IL10+ cells, sCD25, IL-10, IL-17, C-reactive protein, and lipoprotein (a) were 
assayed before endovascular interventions. The blood content of CD4+IL10+ T cells below 
3.3% was associated with progression of coronary artery atherosclerosis (OR 12.0 (2.3, 61.0), 
sensitivity 77%, specificity 78%, p=0.003). No differences in other immunological parameters 
and common atherosclerosis risk factors in the groups were revealed. We hypothesize that 
the content of CD4+IL10+ T cells can be an important predictive marker for the progression 
of coronary atherosclerosis.
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Chronic inflammation plays a leading role in the de-
velopment of atherosclerosis (AS). T lymphocytes, 
primarily T helpers, are involved in the regulation of 
inflammatory process in the atherosclerotic plaque. T 
lymphocyte subpopulations include cells with proin-
flammatory (IFNγ-producing Th1 and IL-17-producing 
Th17) and anti-inflammatory (regulatory T cells, Treg) 
properties inhibiting AS progression. Numerous clini-
cal studies have revealed changes in the blood content 
and activity of Th17 and Treg in patients with AS 
[2,7,11,15]. The role of IL-10, a cytokine with pro-
nounced anti-inflammatory properties, in deceleration 
of AS progression and inhibition of the inflammatory 
response and cell apoptosis during AS was demon-
strated in experimental models [3]. In humans, the 
main producers of IL-10 among CD4+ T lymphocytes 
are Treg and Treg1; the role of these cell populations 
in AS development is little studied.

The aim of this 2-year prospective study was to 
evaluate the prognostic significance of the blood con-
tent of IL-10-producing CD4+ T lymphocyte for coro-
nary AS progression.

MATERIALS AND METHODS

The study included 36 patients (30 males and 6 females; 
mean age 63 (55; 70) years) with verified coronary ar-
tery disease (CAD, stable angina functional class 2-3) 
admitted for scheduled coronary angiography and coro-
nary stenting. The follow-up examination in 21 (12; 29) 
months included control coronary angiography. Exclu-
sion criteria were acute coronary syndrome, stroke or 
interventions during the previous 6 months, neoplasms, 
liver or renal failure, infectious/inflammatory disease, 
decompensated diabetes mellitus, and the use of immu-
nosuppressive drugs. All patients at the enrollment and 
during the observation period received standard therapy 
recommended for CAD patients with β-blockers, acetyl-
salicylic acid/clopidogrel, ACE inhibitors/sartans, and 
statins in accordance with the level of LDL cholesterol.
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Coronary angiography was performed via transra-
dial approach using a standard technique. The pres-
ence of coronary AS was assessed with the degree of 
the stenosis of the main coronary arteries lumen. The 
appearance of new stenosis of 50% or more, or an 
increase in the degree of the preexisting stenosis of 
30% or more was considered as progression of coro-
nary AS.

Mononuclear cells were isolated by centrifuga-
tion in Ficoll—verographin density gradient (ρ=1.077) 
and activated in the presence of phorbol myristate 
acetate, ionomycin, and monensin (all reagents from 
Sigma). Surface antigens and intracellular proteins 
were identified using fluorescence-labeled antibodies 
(BD Biosciences, eBioscience, and BeckmanCoulter). 
For identification of intracellular proteins, kits for cells 
fixation and permeabilization were used (all reagents 
from eBioscience). The cell fluorescence was mea-
sured by flow cytometry (FACSCalibur, Becton Dick-
inson Immunocytometry Systems). Lymphocytes were 
gated by light scattering and CD45 expression. Treg 
were identified as CD4+FoxpP3+, and Тh1 и Th17 as 
CD4+IFNγ+ and CD4+IL17+, respectively. IL-10-pro-
ducing T helpers were identified as CD4+IL-10+ cells.

The blood content of sCD25 was assessed by che-
miluminescent method on an Immunlite 1000 analyzer 
(Siemens); IL-10 and IL-17 were assayed by ELISA 
(Bender Medsystems kits), CRP (hsCRP) were mea-
sured by nephelometry (Bering Marburg GmbH), and 
lipoprotein (a) was measured by ELISA [1].

All measurements were performed prior to endo-
vascular interventions.

The results were processed using Statistica 9.0; 
ROC analysis was performed using PRISM software. 
The Mann—Whitney U test was used for paired com-
parisons. Fisher exact p two-tailed test was used for 
paired comparisons of qualitative parameters. As the 
data distribution did not fit the normal law, the results 
were presented as the median and 25 and 75% percen-
tiles. The differences were significant at p<0.05.

RESULTS

Progression of coronary AS was observed in 13 (36%) 
patients. The initial clinical characteristics (age, body 
mass index, smoking status, history of arterial hy-
pertension and myocardial infarction) and medication 
(β-blockers, antiaggregants, ACE-inhibitors/sartans, 
and statins) did not differ in patients with and without 
progression of coronary AS (Table 1). The severity of 
coronary AS at enrollment was higher in patients who 
demonstrated AS progression after 2 years (Table 1).

The initial content of CD4+IL10+ T lymphocytes 
and IL-10 in the blood were lower in patients who de-
veloped progression of coronary AS (p=0.03, p=0.06, 

respectively, Table 1). Other subpopulations of CD4+ 
lymphocytes, concentrations of hsCRP, sCD25, IL-10, 
and IL-17 in the blood, and lipid spectrum parameters 
(total cholesterol, LDL, and lipoprotein (a)) did not 
differ in the groups of patients, which can be a result 
of small number of patients included in the study.

The blood content of CD4+IL10+ T cells below 
3.3% of all CD4+ T cells was associated with progres-
sion of coronary artery atherosclerosis (OR 12.0 (2.3, 
61.0), sensitivity 77%, specificity 78%, p=0.003). For 
evaluation of the prognostic value of the content of 
CD4+IL10+ T cells for progression of coronary AS, we 
performed ROC analysis; the area under the curve was 
0.80 (0.66, 0.95), p=0.002 (Fig. 1).

IL-10 is a cytokine with an anti-inflammatory 
properties participating in the reactions of innate and 
adaptive immunity. IL-10 is produced by B, NK cells, 
monocytes [10], and a variety of T-cell subpopula-
tions (Foxp3+Treg, Treg1, Th1, Th2, and Th17) de-
pending on stimulation and microenvironment. The 
main producers of IL-10 among T lymphocytes are 
Treg and Treg1 [14]. IL-10 inhibits effector lym-
phocytes, natural killers, macrophages, and antigen-
presenting cells, down-regulates the expression of 
MMPs and production of proinflammatory cytokines 
[14]. Suppression of the inflammatory and immune 
responses via IL-10-dependent mechanisms as well 
prevention of the formation of atherosclerotic plaque 
and stabilization of existing plaques were demon-
strated in animals [4]. IL-10 deficient mice are char-
acterized by accelerated AS development, while ex-
ogenous IL-10 suppressed plaque formation [8]. The 
data of clinical studies are contradictory. In CAD 
patients with unstable angina and multivessel CAD, 
the blood level of IL-10 was shown to be elevated 
[6,9]. The symptomatic and progressive CAD is also 

Fig. 1. ROC curve for evaluation of diagnostic value of the blood 
content of IL-10-producing CD4+ T lymphocytes for coronary AS 
progression.
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associated with elevated IL-10 content. In patients 
with acute coronary syndrome, the concentration of 
IL-10 and blood contents of CD8+IL10+ T cells were 
significantly higher than in healthy volunteers [13]. 
However, serum concentration of IL-10 in patients 
with unstable angina was lower than in patients with 
stable CAD course [12]. In patients with stable CAD 
and a history of at least two myocardial infarctions, 
the values of Treg and IL-10 in the blood were lower 
than in patients without myocardial infarctions de-
spite of comparable risk of cardiovascular compli-
cations and CAD severity [5]. We hypothesize that 
these contradictory data can be explained by different 
time form the onset of CAD destabilization to blood 
assays, effects of medication, and the influence of 
stress factors on cell immunity.

Thus, the baseline low content of IL-10-producing 
CD4+ lymphocytes and low IL-10 level in blood were 
associated with the progression of coronary AS in 
stable CAD patients. The amount of IL-10 producing 
T cells was more sensitive and specific parameter than 
blood concentration of IL-10.

The work was supported by the Russian Founda-
tion for Basic Research (grant No. 17-04-00127).
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Bulletin  of  Experimental  Biology  and  Medicine,  Vol.  166,  No.  3,  January,  2019 GENERAL PATHOLOGY AND PATHOPHYSIOLOGY



333

	 5.	George J, Schwartzenberg S, Medvedovsky D, Jonas M, 
Charach G, Afek A, Shamiss A. Regulatory T cells and IL-
10 levels are reduced in patients with vulnerable coronary 
plaques. Atherosclerosis. 2012;222(2):519-523.

	 6.	Gurbel PA, Kreutz RP, Bliden KP, DiChiara J, Tantry US. 
Biomarker analysis by fluorokine multianalyte profiling distin-
guishes patients requiring intervention from patients with long-
term quiescent coronary artery disease: a potential approach 
to identify atherosclerotic disease progression. Am. Heart. J. 
2008;155(1):56-61.

	 7.	Liu ZD, Wang L, Lu FH, Pan H, Zhao YX, Wang SJ, Sun SW, 
Li CL, Hu XL. Increased Th17 cell frequency concomitant 
with decreased Foxp3+ Treg cell frequency in the peripheral 
circulation of patients with carotid artery plaques. Inflamm. 
Res. 2012;61(10):1155-1165.

	 8.	Mallat Z, Besnard S, Duriez M, Deleuze V, Emmanuel F, 
Bueau MF, Soubrier F, Esposito B, Duez H, Fievet C, Staels 
B, Duverger N, Scherman D, Tedgui A. Protective role of 
interleukin-10 in atherosclerosis. Circ. Res. 1999;85(8):17-
24.

	 9.	Mizia-Stec K, Mandecki T, Zahorska-Markiewicz B, Janowska 
J, Szulc A, Jastrzebska-Maj E, Szymanski L, Majewski T. 
Selected cytokines and soluble forms of cytokine receptors in 
coronary artery disease. Eur. J. Intern. Med. 2002;13(2):115-
122.

10.	Moore KW, de Waal Malefyt R, Coffman RL, O’Garra A. 
Interleukin-10 and the interleukin-10 receptor. Annu. Rev. 
Immunol. 2001;19:683-765.

11.	Potekhina AV, Pylaeva E, Provatorov S, Ruleva N, Masenko 
V, Noeva E, Krasnikova T, Arefieva T. Treg/Th17 balance in 
stable CAD patients with different stages of coronary athero-
sclerosis. Atherosclerosis. 2015;238(1):17-21.

12.	Smith DA, Irving SD, Sheldon J, Cole D, Kaski JC. Se-
rum levels of the antiinflammatory cytokine interleukin-10 
are decreased in patients with unstable angina. Circulation. 
2001;104(7):746-749.

13.	Szodoray P, Timar O, Veres K, Der H, Szomjak E, Lakos G, 
Aleksza M, Nakken B, Szegedi G, Soltesz P. TH1/TH2 im
balance, measuredbycirculating and intracytoplasmic inflam-
matory cytokines — immunological alterations in acute coro-
nary syndrome and stable coronary artery disease. Scand. J. 
Immunol. 2006;64(3):336-344.

14.	Trinchieri G. Interleukin-10 production by effector T cells: Th1 
cells show self control. J. Exp. Med;204(2):239-243.

15.	Wigren M, Björkbacka H, Andersson L, Ljungcrantz I, Fred
rikson GN, Persson M, Bryngelsson C, Hedblad B, Nilsson 
J. Low levels of circulating CD4+Foxp3+ T cells are associ-
ated with an increased risk for development of myocardial 
infarction but not for stroke. Arterioscler. Thromb. Vasc. Biol. 
2012;32(8):2000-2004.

A. Yu. Filatova, E. A. Pylaeva, et al.


	ABSTRACT

	MATERIALS AND METHODS
	RESULTS
	REFERENCES



