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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Aim: The current study was aimed to evaluate the 

immune response of monocytes/macrophages derived from 
atherosclerotic patients receiving hydrophilic and lipophilic statins 
and without lipid-lowering therapy, in order to evaluate the effect 
of statins on the inflammatory status of circulating monocytes. 

Materials and methods: Three groups of 20 patients with 
atherosclerosis of the coronary arteries were included in the 
study: patients receiving atorvastatin or rosuvastatin therapy for 
at least 12 months before inclusion in the study and participants 
without statin therapy within a year before the inclusion in the 
study. CD14+ monocytes were derived from the whole blood of 
study participants by immunomagnetic separation. The isolated 
cells were cultured for 7 days under inflammatory stimulation 
with LPS and without stimulation. The level of basal, LPS-
stimulated and re-stimulated secretion of inflammatory 
cytokines TNF-α and IL-1β was determined by ELISA.

Results: The significantly lower basal secretion of TNF-α was 
revealed in atorvastatin and rosuvastatin groups in comparison 
with statin-free group (p=0.003; p<0.001); the basal secretion of 
IL-1β was lower only in rosuvastatin recipients (p=0.020). LPS-
stimulated secretion of TNF-α wasn't significantly different in 
all groups while secretion of IL-1β was significantly reduced in 
both atorvastatin and rosuvastatin groups (p=0.002; p=0.001). 
The re-stimulated secretion of TNF-α was significantly lower 
in rosuvastatin recipients (p=0.031); the effect of statins on 
re-stimulated secretion IL-1β wasn't revealed. The correlation 
analysis revealed the association of total cholesterol and LDL 
serum levels with basal secretion of TNF-α and IL-1β.

Conclusions: Thus, the study demonstrated the significant 
decrease of inflammatory cytokines secretion by cultured 
monocytes of patients with coronary atherosclerosis receiving 
statin therapy. The most prominent effect was observed in 
rosuvastatin recipients. The reduction of the TNF-α and IL-
1β secretion by monocytes correlated with low levels of total 
cholesterol and LDL.

Key words. Atherosclerosis, statins, monocytes, macrophages, 
inflammation, cytokines.
Introduction.

Numerous studies have proven the important role of innate 
immune cells in the control of inflammation and abnormal 
lipid metabolism which are the key events in atherosclerosis 
development, the primary basis of cardiovascular disease 
due to their interaction with pattern-recognition receptors 
and production of various inflammatory mediators [1]. Innate 
immune cells express Toll-like receptors that recognize 
molecules released by damaged/necrotic cells, that stimulate 

the activation of the canonical nuclear factor kappa-B (NF-
κB) pathway and therefore the induction of pro-inflammatory 
mediator secretion and production of reactive oxygen species. 
This leads to expression of adhesion molecules, accumulation 
of circulating monocytes in arterial wall and their differentiation 
into macrophages which are the major cells in atherogenesis 
[2]. The relationship between macrophage polarization and 
the progression of atherosclerosis have been demonstrated in a 
number of studies. It was established that atherosclerotic plaques 
contain both M1 and M2 macrophages, and pro-inflammatory 
M1 macrophages predominate in progressing atherosclerotic 
lesions while anti-inflammatory M2 macrophages are the most 
common during atherosclerosis regression [3]. Pro-inflammatory 
activation of circulating monocytes that differentiate into 
macrophages in the area of atherosclerotic lesions may be 
an important mechanism for the development of chronic 
inflammation in the pathogenesis of atherosclerosis. At the 
same time, it's known that the mechanisms of immune tolerance 
protect tissues from damage by high cytokine concentrations, 
which develops in response to pathogen-associated molecular 
patterns such as lipopolysaccharide (LPS). Endotoxin tolerance 
represents the response of immune cells to repeated pathogen 
exposure associated with a decreased cytokine secretion [4]. In 
this regard, the impaired endotoxin tolerance is considered as 
a mechanism of chronic inflammation development [5]. It has 
been shown that macrophages obtained from LPS-stimulated 
monocytes in patients with subclinical atherosclerosis 
demonstrate increased secretion of pro-inflammatory 
cytokines associated with atherosclerosis in carotid arteries 
[6]. Preparations of the 3-hydroxy3-methyl-glutaryl-CoA 
reductase inhibitor group (statins) are the most widely used anti-
atherosclerotic therapeutics and possess a number of pleiotropic 
effects that slow the progression of atherosclerotic lesions in 
arterial wall in addition to their lipid-lowering effectiveness 
[7,8]. In particular, experimental and clinical studies have 
demonstrated the improvement of endothelial function, 
immunomodulatory, antithrombotic antioxidant, and anticancer 
effects of statins [9,10]. It was shown in several studies that 
statin therapy led to a decrease in the number of macrophages 
differentiated into the inflammatory phenotype [11]. Despite 
the fact that the pleiotropic effect of statins is widely discussed 
in modern literature, the mechanisms of the anti-inflammatory 
effects of statins in terms of innate immune cells still need to be 
studied in more depth. The aim of this research was to investigate 
the immune response of monocytes/macrophages in patients 
with atherosclerosis of coronary arteries receiving therapy with 
lipophilic and hydrophilic statins, as well as in patients with 
atherosclerosis not receiving lipid-lowering therapy.
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Materials and Methods.
The study included three groups of study participants with 

atherosclerosis of coronary arteries confirmed by the results of 
coronary angiography:

group 1: patients receiving atorvastatin therapy for at least 12 
months prior to inclusion in the study, n=20.

group 2: patients receiving rosuvastatin therapy for at least 12 
months prior to inclusion in the study, n=20.

group 3: patients not receiving statin therapy for a year prior to 
inclusion in the study, n=20.

Exclusion criteria were type 2 diabetes mellitus, cancer, 
uncontrolled hypertension, decompensated renal or hepatic 
insufficiency, chronic heart failure. The study was conducted 
in accordance with the 1975 Helsinki Declaration and its 
revised version of 2013. The study protocol was approved 
by the Local Ethics Committee of the E.I. Chazov National 
Medical Research Center of Cardiology, Ministry of Health 
of the Russian Federation on February 28, 2022, protocol No. 
277. All participants provided written informed consent prior to 
inclusion in the study. The following cardiovascular risk factors 
were assessed: arterial hypertension, smoking, hyperlipidemia, 
body mass index (BMI), and the presence of CVD in close 
relatives under the age of 60. Blood lipid profile parameters 
(total cholesterol, high-density lipoprotein cholesterol (HDL, 
LDL), and triglycerides) were determined by standard laboratory 
methods. Ultrasound duplex scanning of the carotid arteries was 
performed to determine carotid atherosclerosis. The SYNTAX 
score was calculated based on the results of the coronary 
angiography according to the generally accepted method, and 
the scores were reviewed by at least two expert physicians [12].

Circulating monocytes were obtained from whole blood of the 
study participants by gradient centrifugation in a Ficoll gradient 
followed by immunomagnetic separation of CD14+ monocytes 
with columns and paramagnetic nanoparticles (Miltenyi Biotec 
Inc., USA). The isolated cells were cultured in two wells of 
a culture plate at a rate of 500,000 cells per well in X-VIVO 
medium (Lonza Inc., Germany). In well 1, no proinflammatory 
stimulation was performed; the basal non-stimulated secretion 
of inflammatory cytokines tumor necrosis factor-α (TNF-α) and 

interleukin (IL)-1β was assessed in 24 hours of incubation. In 
well 2, proinflammatory stimulation of cells was performed with 
lipopolysaccharide (LPS) at a concentration of 1 μg/ml for 24 h 
to assess LPS-stimulated secretion, then the cells were cultured 
for 5 days without inflammatory stimulation and the second 
stimulation with LPS at a concentration of 1 μg/ml for 24 h 
was performed to assess the immune response of macrophages 
to repeated stimulation. The concentration of proinflammatory 
cytokines TNF-α and IL-1β in the samples of culture fluid was 
determined by enzyme immunoassay using commercial kits 
(R&D Systems Inc., USA).

The SPSS 27.0 software package (SPSS, USA) was used 
for statistical analysis of the obtained results. To test the 
type of distribution, the Shapiro-Wilk's W test was used. 
The Mann-Whitney U-test was used to assess differences in 
clinical and laboratory characteristics between the groups of 
study participants and to compare the levels of inflammatory 
cytokines secretion. The data are presented as the mean value 
and standard deviation, Mean (SD). Pearson correlation 
analysis was performed to assess the association between 
the inflammatory response of monocytes/macrophages and 
traditional cardiovascular risk factors in study participants. 
Significance was defined at the 0.05 level of confidence.
Results.

Clinical and laboratory characteristics of study participants 
are presented in Table 1. The conventional cardiovascular risk 
factors such as age and male gender, BMI, blood pressure, 
family history of CHD, smoking, and blood lipids levels didn’t 
differ significantly between the groups of the study participants 
receiving atorvastatin and rosuvastatin during a year before 
the inclusion in the study. The group of patients receiving 
atorvastatin differed significantly from the statin-free group in 
terms of total cholesterol serum level, p=0.001. The group of 
patients receiving rosuvastatin differed significantly from the 
statin-free group in terms of the number of male participants, 
p=0.001. The patients in all groups had low or intermediate 
severity of coronary artery disease according to SYNTAX 
score and increased BMI indicating the overweight of study 
participants.

Group without statins Atorvastatin group Rosuvastatin group
Age, years 63.1 (7.8) 60.1 (6.2) 62.6 (4.5)
Male gender 9 (45%) 10 (50%) 16 (80%)*
Body mass index, kg/м2 26.8 (3.9) 28.0 (2.2) 25.2 (2.0)
Blood pressure, mmHg 126(31)/80(11) 129(15)/80(11) 116(23)/76(7)
Smoking 6 (30%) 5 (25%) 4 (20%)
Family history of CHD 9 (45%) 8 (40%) 9 (45%)
Syntax score 22.2 (2.3) 22.4 (2.4) 21.3 (2.2)
cIMT, mm 0.825 (0.157) 0.799 (0.179) 0.809 (0.161)
Total cholesterol, mmol/l 5.6 (0.7) 4.0 (0.7)* 4.7 (1.1)
Triglycerides, mmol/l 1.3 (0.9) 1.1 (0.6) 1.4 (0.5)
LDL, mmol/l 3.6 (0.7) 2.8 (0.7)* 3.1 (0.9)
HDL, mmol/l 1.4 (0.3) 1.5 (0.4) 1.3 (0.4)

Table 1. Clinical and laboratory characteristics of study participants.

Data presented as mean value and standard deviation (Mean (SD)). 
*, significant difference in comparison with control group without statin therapy, p<0.05
CHD: coronary heart disease; cIMT: carotid intima-media thickness; HDL: high density lipoproteins; LDL: low density lipoproteins.
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Basal, LPS-stimulated and re-stimulated secretion of pro-
inflammatory cytokines TNF-α and IL-1β was measured to 
analyse the pro-inflammatory activation and immune memory 
of circulating monocytes. Figure 1 demonstrates the levels of 
TNF-α secretion by cultured monocytes/macrophages of study 
participants receiving atorvastatin and rosuvastatin therapy and 
without lipid-lowering treatment. The basal secretion of TNF-α 
was 220 (95) pg/ml in the group without statins, 128 (86) pg/ml 
in atorvastatin group, and 64 (32) pg/ml in rosuvastatin group. 
It was shown that non-stimulated basal secretion of TNF-α was 
significantly higher in the group without statins in comparison 
with groups of atorvastatin and rosuvastatin (p=0.003 and 
p<0.001, respectively). The secretion of TNF-α in primary 
culture of monocytes under LPS-stimulated conditions increased 
significantly in all groups and was 4861 (2560) pg/ml in the 
group without statins, 3939 (1717) pg/ml in atorvastatin group, 
and 3680 (2002) pg/ml in rosuvastatin group, the difference 
between groups wasn’t significant. Re-stimulated secretion of 
TNF-α was 117 (56) pg/ml in the group without statins, 113 (52) 
pg/ml in atorvastatin group, and 82 (42) pg/ml in rosuvastatin 
group, the significant difference between statin-free group and 
rosuvastatin group was revealed (p=0.0031).

Figure 2 demonstrates the levels of IL-1β secretion by cultured 
monocytes/macrophages of study participants. The basal 
secretion of IL-1β was 136 (108) pg/ml in stat ins-free group, 

that was significantly higher than in rosuvastatin group 72 (37) 
pg/ml (p=0.020), in atorvastatin group the basal secretion of 
IL-1β was 107 (55) pg/ml that wasn’t significantly different in 
comparison with statin-free group. LPS-stimulated secretion 
of IL-1β in primary culture of monocytes was significantly 
reduced in atorvastatin and rosuvastatin groups, 1061 (736) pg/
ml (p=0.002) and 1004 (743) pg/ml (p=0.001), respectively, in 
comparison with IL-1β secretion value 1841 (720) pg/ml in the 
group without statins. The value of re-stimulated IL-1β secretion 
was 99 (112) pg/ml in the group without statins, 113 (58) pg/ml 
in atorvastatin group, and 81 (21) pg/ml in rosuvastatin group, 
the difference between study groups wasn’t significant.

Correlation analysis was performed to evaluate the association 
of immune response of monocytes with conventional 
cardiovascular risk factors. The relationship of blood lipids 
levels with basal secretion of studied inflammatory cytokines 
was observed. Figures 3 and 4 demonstrate the correlation of 
TNF-α and IL-1β by cultured monocytes with total cholesterol 
and LDL levels in blood in total group of study participants.

The secretion of TNF-α correlated significantly with total 
cholesterol serum level, r=0.433, p=0.001, and LDL serum 
level, r=0.367, p=0.005, respectively. The secretion of IL-
1β correlated significantly with total cholesterol serum level, 
r=0.304, p=0.018, and LDL serum level, r=0.422, p=0.001, 
respectively. However, when studying the association of 

Figure 1. TNF-α secretion by cultured monocytes/macrophages of study participants. LPS – lipopolysaccharide, р – significance value of difference 
in comparison with statin-free group.

Figure 2. IL-1β secretion by cultured monocytes/macrophages of study participants. LPS – lipopolysaccharide, р – significance value of difference 
in comparison with statin-free group.
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the monocyte immune response with clinical and laboratory 
characteristics of study participants in separate groups receiving 
atorvastatin, rosuvastatin, and not receiving statins, the 
correlation did not reach statistical significance. No association 
of pro-inflammatory secretion levels with other clinical and 
laboratory parameters of study participants was revealed.
Discussion.

The results of the present study demonstrate the anti-
inflammatory efficacy of statins, which is expressed in the 
statistically significant suppression of the secretion of pro-
inflammatory cytokines by cultured monocytes/macrophages 
in patients with coronary atherosclerosis which was the most 
effective in the rosuvastatin group. Another study demonstrated 
that rosuvastatin administration led to significant increase 
of the anti-inflammatory mediators IL-10 and chemokine 
(C-C motif) ligand 18 secretion by cultured human peripheral 
blood mononuclear cells (PBMCs). It was also shown that 

M1 macrophages cultured using supernatant that was used to 
culture M2 macrophages could significantly inhibit TNF-α and 
MCP-1 secretion [13]. The comparison of the effectiveness of 
lipophilic and hydrophilic statins in terms of the inflammatory 
cytokines secretion in in vitro model revealed that atorvastatin 
suppressed the immune response of cultured monocytes more 
effectively than rosuvastatin. However, the study was conducted 
on the primary culture of monocytes-macrophages obtained 
from healthy donors and cytokine secretion was assessed 
after incubation of cells with statins, that is, this method does 
not allow analysing inflammatory activation of monocytes in 
patients with atherosclerosis [14].

Numerous studies are devoted to investigating the pathogenetic 
mechanisms of anti-inflammatory effects of statins in cell and 
animal models. In particular, rosuvastatin inhibited LPS-induced 
production of proinflammatory cytokines TNF-α, IL-6, IL-1β in 
RAW 264.7 macrophages by preventing the activation of NF-
κB [15]. Anti-inflammatory effect of rosuvastatin may be related 

Figure 3. The correlation of total cholesterol level in blood serum with basal secretion of TNF-α and IL-1β by cultured monocytes of study 
participants.

Figure 4. The correlation of LDL level in blood serum with basal secretion of TNF-α and IL-1β by cultured monocytes of study participants. LDL, 
low-density lipoproteins.
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to reactivation of AMP-activated protein kinase α (AMPKα) 
pathway, a significant signalling pathway related to cellular 
energy balance, that was observed to be a major regulator of 
physiological processes such as inflammation, since rosuvastatin 
administration was resulted in increased ratio of phosphorylated 
AMPK to total AMPKα as well as decreased the inflammatory 
cytokines production [16]. One of the possible mechanisms of 
the anti-inflammatory action of statins is the inhibition of the 
NOD-like receptor protein 3 (NLRP3) inflammasome, a key 
source of cytokines of IL-1 family. It was shown that treatment 
with atorvastatin led to a decrease of the NLRP3 expression in 
mice [17]. In another study atorvastatin treatment resulted in 
reduction of inflammatory cytokines IL-1β, IL-18, IL-6, and 
TNF-α secretion along with suppression of TLR4/NF-κB and 
NLRP3 inflammasome pathways in cell culture model [18]. 
Rosuvastatin was also shown to downregulate the NLRP3 
inflammasome expression and its downstream mediators IL 
1β and IL 18 in PBMCs ytes of patients with stable angina 
pectoris and acute myocardial infarction [19]. However, another 
comparative study has shown that atorvastatin was more effective 
in terms of NLRP3 inflammasome inhibition while rosuvastatin 
had no impact on the levels of NLRP3 inflammasome, IL-1β 
and IL-18 production by PBMCs of patients with coronary 
artery disease [20].

This study indicates that rosuvastatin exhibits superior 
anti-inflammatory effects compared to atorvastatin. The 
differences in the metabolic effects of these preparations may be 
explained by the structural changes which cause the hydro- or 
liposolubility. The solubility of statins depends on the presence/
absence of polar moieties on the largely hydrophobic backbones 
[21]. Rosuvastatin is a hydrophilic statin that restrict its ability 
to cross the phospholipid bilayer of the cell membranes. 
At the same time, hydrophilic preparations can be excreted 
without undergoing any transformation but possess higher 
hepatoselectivity and characterized by faster renal excretion.

Numerous studies demonstrate the ameliorating effect of statins 
on the progression of carotid and coronary atherosclerosis [22]. 
Statin therapy is associated with decreased mortality as well as 
improved outcomes after carotid and coronary revascularization 
[14]. In this study, the groups of study participants receiving 
atorvastatin and rosuvastatin didn’t have significant difference 
with control group in terms of indicators of carotid and coronary 
atherosclerosis presented in Table 1 such as cIMT and Syntax 
score. The current study was cross-sectional, so the association 
of atherosclerosis development and immune status of monocytes 
under statin administration condition wasn’t assessed. The 
study had some other limitations. Firstly, the immune response 
of cultured monocytes was investigated in terms of only two 
pro-inflammatory cytokines while a wider range of studied 
cytokines would allow characterizing the immune response of 
circulating monocytes in patients with atherosclerosis in more 
details. In addition, a larger sample size would allow a more 
reliable evaluation of cytokines secretion levels since in some 
points the results do not reach statistical significance. Finally, 
the study didn't examine the possible mechanisms of the effect 
of statins on the immune status of monocytes.

Conclusion.
The results of the present study demonstrate the anti-

inflammatory efficacy of statins, expressed in decreased 
secretion of pro-inflammatory cytokines TNF-α and IL-1β by 
cultured monocytes/macrophages of patients with coronary 
atherosclerosis receiving atorvastatin and rosuvastatin therapy, 
compared with patients without statin therapy. Moreover, 
the reduction of pro-inflammatory cytokines secretion was 
associated with lower levels of blood lipids, in particular, total 
cholesterol and LDL. The most pronounced and statistically 
significant decrease in the secretion of TNF-α and IL-1β was 
observed in the group of patients receiving rosuvastatin. Thus, 
rosuvastatin can be considered as the most preferred preparation 
for pathogenetic therapy and prevention of atherosclerosis, 
however, additional studies with a larger number of participants 
and a wider range of cytokines are required.
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