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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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SIRT1 CONTRIBUTES TO POLARIZATION OF PERIPHERAL BLOOD MONOCYTES 
BY INCREASING STAT6 EXPRESSION IN YOUNG PEOPLE 

WITH OVERWEIGHT AND LOW-RISK OBESITY 

Kolinko L., Shlykova O., Izmailova O., Vesnina L., Kaidashev I. 

Ukrainian Medical Stomatological Academy, Poltava, Ukraine

The paper has been written within the planned research sci-
entific work, carried out at Ukrainian Medical Stomatological 
Academy, entitled “The study of the pathogenetic role of the 
circadian molecular clock in the development of metabolic dis-
eases and systemic inflammation and the development of treat-
ment methods” State registration No. 0120U101166.

Obesity contributes to the formation of low-intensity sys-
temic inflammation with major participation of monocytes/
macrophages [4,5]. The true heterogeneity and versatility of 
these cells is manifested by rapid phenotypic and functional 
switching in response to microenvironmental signals. There 
are three ways to promote polarization: epigenetic and cellu-
lar pathways that prolong or reduce the development and via-
bility of macrophages, tissue microenvironment and external 
factors such as products of microorganisms and cytokines, 
released during inflammation [16]. 

Based on the phenotype and secreted cytokines, two main 
types of macrophages have been identified: classically activated 
M1 and alternatively activated M2. The M1 phenotype is stimu-
lated with microbial products or proinflammatory cytokines 
– interferon-γ ligands (γIFN), tumor necrosis factor (TNF) or 
Toll-like receptor (TLR) – lipopolysaccharide (LPS), γIFN. M1 
cells have a proinflammatory function mediated by the secretion 
of cytokines TNFα, IFN type I, interleukins (IL) 1β, 6, 12 and 
others, producing reactive oxygen species and nitrogen to ensure 
effective microbial destruction, expressing the surface markers 
MHC-I/II, CD80 and CD86 [8]. 

M2 is a “rest” phenotype that inhibits Th1/M1-induced in-
flammation, promotes tissue regeneration and is observed in 
cases of infection-free healing, and mediates Th2-related pathol-
ogies such as asthma and helminthiasis. The M2 fraction can be 
induced by canonical stimuli IL-4, IL-10, IL-13 and arginase-1 
(Arg-1) and transforming growth factor β (TGFβ).

M2 macrophages are characterized by a high level of secre-
tion of anti-inflammatory cytokines, such as IL-10 and a very 
low level of pro-inflammatory ones, such as IL-12 [18].

Under different pathophysiological conditions, the same sig-
naling pathway may be involved in the polarization of M1 or M2 
macrophages. Alternative macrophage activation regulates sys-
temic inflammation and plays an important role in the develop-
ment of metabolic disorders, though, the molecular mechanisms 
of regulation of macrophage phenotype switching have not been 
fully studied. 

One of the essential ways to implement epigenetic mecha-
nisms is posttranslational modification of histone and nonhis-
tone proteins by their deacetylation using the sirtuin family 
SIRT1-7 [24]. SIRT1 is the nicotinamide adenine dinucleo-
tide (NAD+)-dependent deacetylase class III, which epigenet-
ically reprograms inflammation by deacetylation of histones 
and transcription factors –  nuclear factor κB (NF-κB) and 
activator protein 1 (AP-1), leading to transcriptional repres-
sion of inflammatory-related genes [26]. SIRT1 regulates 
polarization of macrophages by controlling the inhibition of 
the M1 subpopulation and stimulating the activation of M2 
macrophages [27].

SIRT1 may be involved in alternative macrophage activa-
tion. It has been found that the expression of SIRT1 is higher 
in anti-inflammatory macrophages of the M2 phenotype, SIRT1 
deficiency coordinates the stimulating conversion of M1 macro-
phages and inhibits alternative M2 activation [27].

Therefore, the aim of our study was to determine the reg-
ulatory role of SIRT1 in M1/M2 polarization of peripheral 
blood monocytes in young people with overweight and Class 
І obesity.  

Material and methods. The study was conducted with the 
permission of the Commission on Bioethics of the Ukrainian 
Medical Stomatological Academy. Informed consent was signed 
by all subjects. 

30 subjects of both gender, aged 18-25 years have been exam-
ined. Anthropometric studies with the calculation of body mass 
index (BMI) according to the formula: BMI =body weight (kg)/
height (m)2 have been made. Groups were formed by the BMI: 
the subjects with normal body weight (n=10, BMI 18.50–24.99 
kg/m2), the subjects with overweight (n=10, BMI 25.00–29.99 
kg/m2), the subjects with Class I obesity (n=10, BMI 30.00–
34.99 kg/m2). 

Peripheral blood mononuclear suspension was isolated from 
heparinized blood according to conventional technique by den-
sity gradient centrifugation of phycol-verografin (ρ=1.077 g/
ml3, Granum, Ukraine) followed by double washing in sterile 
0.9% NaCl.

Monocytes were isolated by adhesion on the plastic plates in 
RPMI-1640 medium with L-glutamine and sodium bicarbon-
ate (Sigma-Aldrich, USA), resuspended, using, upon counting 
completion, suspension with a concentration of not less than 
3-5×106 cells/ml, which in a volume of 0.5 ml was transferred to 
the wells of the 24-well sterile plates.

E. coli lipopolysaccharide (LPS) (Sigma-Aldrich, USA) at a 
dose of 100 ng/mL and γIFN (Ingaron, Pharmaclone, Russia) at 
a dose of 100 ng/mL were used to induce polarization of mac-
rophages by the M1 phenotype [11,14].  To induce polarization 
of macrophages by the M2 phenotype, recombinant human IL-4 
(Sino Biological, Life Technolohies, USA) was added to the 
incubation medium at a dose of 20 ng/mL [14]. Unstimulated 
monocytes/macrophages were used as controls. 

Cells and supernatant were selected for the study on day 3 
and 7 of incubation at 37°C in an atmosphere with 5% CO2. Cell 
suspensions were processed under sterile conditions.

The level of the stat1, stat6 and sirt1 gene expression was 
determined by the polymerase chain reaction (PCR) in real-time 
PCR. The total RNA was isolated from a biological sample us-
ing a set of reagents for isolation and purification of RNA with a 
magnetic sorbent (UkrGenTech, Ukraine).

Determination of stat1, stat6 and sirt1 gene expression was 
performed using the DT-light detection amplifier (DNA-Tech-
nology, Russia). The sequencing primers are shown in Table 
1; the b-actin gene (Actin beta, ACTB) was used as a reference 
gene [20,21,17].

For data analysis, the relative Сt method was used, calculated 
by the formula 2-∆Сt.
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The level of IL-6 and IL-10 cytokines in the cell supernatant 
was determined on day 7 of incubation; high-sensitivity C-reac-
tive protein (hsCRP) (Vector-Best, Russia) and serum TGFβ1 
(Affimetrix, eBioscience, Austria) was determined using the sets 
of reagents for solid-phase enzyme-linked immunoabsorbent as-
say in compliance with the manufacturer’s instructions. The re-
sults were recorded using the LabLine-026 analyzer.

Statistical data processing was performed using the STA-
TISTICA 10.0 (StatSoft Inc., USA) and GraphPad Prism 8.00 
(GraphPad Software Inc., USA) software. Data are presented in 
the form of arithmetic mean (M) and its mean accuracy (m), 
the median (Me), upper and lower quartiles (Q1-Q3). The 
Shapiro-Wilk test was used to verify the normality of the data 
distribution. Statistical processing was performed using the non-
parametric even Wilcoxon test and the odd Mann-Whitney test. 
Spearman’s correlation analysis was used to determine the cor-
relation between the rates. Differences at p<0.05 were consid-
ered statistically significant. 

Results and discussion. During incubation for 3 days, a sig-
nificant increase in the level of stat1 gene expression was ob-
served in cells, stimulated with M1 and M2 phenotype, in the 
subjects of all study groups (Table 2). The most significant in-
crease was observed in LPS and γIFN-stimulated cells compared 
to the expression level in unstimulated cells. Upon stimulation 
of IL-4 monocytes, a significantly higher level of stat1 expres-
sion was determined in cells of the subjects with normal weight 
and Class I obesity, compared to unstimulated cells.

The level of stat6 gene expression was significantly higher 
in LPS and γIFN-stimulated cells in the subjects with normal 
weight and Class I obesity. A significant increase in expression 
level of IL-4-stimulated cells was found in the subjects with 
overweight and Class I obesity.

The sirt1 gene expression was significantly increased in LPS 
and γIFN-stimulated and IL-4-stimulated macrophages in cells 
of the subjects of all study groups, compared to the correspond-
ing rates of unstimulated cells.

Notably, the rates of sirt1 expression in IL-4-stimulated cells 
were higher compared to LPS and γIFN-stimulated cells. In cells 
of the group with normal body weight, this difference was sig-
nificant.

The maximum rate of the expression level was observed in the 
cells of the subjects with Class I obesity compared to unstimu-
lated cells (1.084 (0.574 – 5.650)-δСt and 0.501 (0.203 – 0.877)-

δСt, p=0.005) (Table 2).
At the next stage, the level of stat1, stat6 and sirt1 gene ex-

pression in cells incubated for 7 days was determined (Table 2). 
In LPS and γIFN-stimulated cells, the level of stat1 gene expres-
sion was significantly higher in cells of all groups compared to 
the expression level in the corresponding unstimulated cells.

The level of stat1 gene expression in IL-4-stimulated cells of 
all groups is significantly higher compared to unstimulated cells. 
The highest level of expression was determined in cells of the 
group with Class I obesity compared to the rates in unstimulated 
cells (0.206 (0.036 – 0.466)-δСt and 0.109 (0.029 – 0.217)-δСt, 
respectively, p=0.005).

The study of stat6 gene expression in LPS and γIFN- stimu-
lated macrophages has shown its significantly higher level in 
the cells of the subjects of all study groups compared to the cor-
responding rates of unstimulated cells. 

The level of stat6 gene expression in IL-4-stimulated mac-
rophages was significantly higher in the cells of subjects with 
overweight and Class I obesity compared to unstimulated cells. 
The highest expression rate was observed in IL-4-stimulated 
macrophages in the obese subjects (0.017 (0.010 - 0.072) -δСt and 
0.008 (0.006 - 0.041) -δСt, respectively, p=0.005). 

In cells of the subjects with normal body weight, the level of 
stat6 gene expression in IL-4-stimulated cells was significantly 
lower than that compared to LPS- and γIFN-stimulated mac-
rophages. The level of sirt1 gene expression was significantly 
higher in LPS and γIFN-stimilated macrophages and IL-4-stim-
ulated macrophages of cells of the subjects of all study groups 
compared to unstimulated cells.

Subsequently, we compared the levels of the stat1, stat6, and 
sirt1 gene expression between the study groups (Table 3). No 
significant difference in the level of the stat1 gene expression 
was found.

When incubated for 3 days, a significantly higher level of 
stat6 gene expression was detected in IL-4-stimulated cells in 
subjects with overweight compared to the control group (0,008 
(0,005 – 0,009)-δCt and 0,003 (0,002 – 0,005)-δCt, respectively). 

Significantly higher level of stat6 gene expression was also 
found in unstimulated cells, LPS and γIFN- stimulated mac-
rophages and IL-4- stimulated macrophages in obese subjects 
compared to the corresponding cells of the subjects with normal 
body weight.

Incubation for 7 days showed a significantly higher level of 
stat6 gene expression in the IL-4-stimulated cells of the over-
weight subjects compared to the control group. In the subjects 
with Class I obesity, the stat6 gene expression was significantly 
higher in the unstimulated cells and in IL-4-stimulated cells, 
compared to the control group.

The sirt1 gene expression during incubation for 3 days in 
overweight subjects exceeded the data of the control group in 
the unstimulated cells, LPS and γIFN-stimulated cells and IL-
4-stimulated cells. In cells of the subjects with Class I obesity 
the sirt1 gene expression exceeded the data of the control group 
in unstimulated cells, LPS and γIFN-stimulated cells and IL-
4-stimulated cells.

Table 1. Primers for determining gene expression 

Gene Sequencing primers 

stat1   F: 5’ - CCAAAGGAAGCACCAGAGCC - 3’
  R: 5’ - AGAGCCCACTATCCGAGACACC - 3’

stat6   F: 5′ - CTTTCCGGAGCCACTACAAG - 3′
  R: 5′ - AGGAAGTGGTTGGTCCCTTT - 3′

sirt1   F: 5’ - TCAGTGTCATGGTTCCTTTGC - 3’
  R: 5’ - AATCTGCTCCTTTGCCACTCT - 3’

ACTB   F: 5’ - GACAGGATGCAGAAGGAGATTACT - 3’
  R: 5’ - TGATCCACATCTGCTGGAAGGT - 3’
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Table 3. The level of the stat1, stat6, sirt1 gene expression in monocytes/macrophages of the study groups (Me (Q1-Q3)) 

Rates  Subjects with normal body 
weight  n=10

Subjects with overweight
n=10

Subjects with Class I obesity 
n=10

Stat1, 2-δСt

Unstimulated cells, 
3 days of incubation    

0,098
(0,039 - 0,177)

0,032
(0,022 - 0,102)

р=0,450

0,071
(0,017 - 0,217)

р=0,91
р1=0,821

LPS- and γIFN-
stimulated cells,

3 days of incubation    

0,199
(0,051 - 0,287)

0,046
(0,034 - 0,250)

р=0,496

0,131
(0,029 - 0,330)

р=0,821
р1=1,000

IL-4-stimulated 
cells, 3 days of 

incubation    

0,121
(0,041 - 0,267)

0,035
(0,029 - 0,154)

р=0,273

0,074
(0,027 - 0,267)

р=0,623
р1=0,623

Unstimulated cells, 
7 days of incubation    

0,092
(0,027 - 0,154)

0,032
(0,021 - 0,077)

р=0,385

0,109
(0,029 - 0,217)

р=0,623
р1=0,521

LPS- and γIFN-
stimulated cells,

7 days of incubation    

0,118
(0,047 - 0,267)

0,056
(0,036 - 0,165)

р=0,521

0,128
(0,031 - 0,250)

р=0,97
р1=1,000

IL-4-stimulated 
cells, 7 days of 

incubation    
0,189

(0,047 - 0,330)

0,08
(0,047 - 0,217)

р=0,496

0,206
(0,036 - 0,466)

р=0,678
р1=0,734

Stat6, 2-δСt

Unstimulated cells, 
3 days of incubation    

0,002
(0,002 - 0,004)

0,004
(0,002 - 0,005)

р=0,227

0,095
(0,083 - 0,117)

р=0,0002
р1=0,0002

LPS- and γIFN-
stimulated cells,

3 days of incubation    

0,005
(0,003 - 0,007)

0,005
(0,003 - 0,007)

р=1,000

0,159
(0,109 - 0,177)

р=0,0002
р1=0,0002

IL-4-stimulated 
cells, 3 days of 

incubation    
0,003

(0,002 - 0,005)

0,008
(0,005 - 0,009)

р=0,005

0,210
(0,154 - 0,354)

р=0,0002
р1=0,0002

Unstimulated cells, 
7 days of incubation    

0,003
(0,002 - 0,004)

0,005
(0,003 - 0,01)

р=0,597

0,008
(0,006 - 0,041)

р=0,013
р1=0,112

LPS- and γIFN-
stimulated cells,

7 days of incubation    

0,006
(0,005 - 0,01)

0,007
(0,005 - 0,015)

р=0,706

0,011
(0,008 - 0,072)

р=0,054
р1=0,082

IL-4-stimulated 
cells, 7 days of 

incubation    
0,004

(0,003 - 0,006)

0,009
(0,008 - 0,027)

р=0,005

0,017
(0,010 - 0,072)

р=0,002
р1=0,054
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Sirt1, 2-δСt

Unstimulated cells, 
3 days of incubation    

0,003
(0,002 - 0,005)

0,024
(0,014 - 0,051)

р=0,0002

0,501
(0,203 - 0,877)

р=0,0002
р1=0,0003

LPS- and γIFN-
stimulated cells,

3 days of incubation    

0,003
(0,002 - 0,005)

0,028
(0,019 - 0,054)

р=0,0002

0,559
(0,250 - 1,310)

р=0,0002
р1=0,0003

IL-4-stimulated 
cells, 3 days of 

incubation    
0,006

(0,006 - 0,007)

0,040
(0,024 - 0,083)

р=0,0003

1,084
(0,574 - 5,650)

р=0,0003
р1=0,0003

Unstimulated cells, 
7 days of incubation    

0,002
(0,002 - 0,003)

0,019
(0,014 - 0,047)

р=0,0002

0,483
(0,287 - 0,662)

р=0,0002
р1=0,0002

LPS- and γIFN-
stimulated cells,

7 days of incubation    

0,003
(0,002 - 0,004)

0,035
(0,021 - 0,063)

р=0,0002

0,685
(0,435 - 0,758)

р=0,0002
р1=0,0002

IL-4-stimulated 
cells, 7 days of 

incubation    
0,004

(0,003 - 0,005)

0,048
(0,025 - 0,095)

р=0,0002

0,877
(0,819 - 1,650)

р=0,0002
р1=0,0002

notes: here and thereafter in Table 4:  р – the significance of differences between the rates of groups with overweight, 
Class i obesity and subjects with normal body weight; 

р1 – the significance of differences between the rates of groups with overweight and Class i obesity

Table 4. stat1/stat6 gene expression ratio (М±m)

Rates Subjects with normal 
body weight n=10

Subjects 
with  overweight n=10

Subjects 
with class I obesity n=10

3-day long incubation  

stat1/stat6 ratio,
LPS- and γIFN-stimulated 
cells  

45,83 ± 9,28 37,76 ± 13,72 
р=0,45

1,07 ± 0,29
р=0,002

р1=0,0003

stat1/stat6 ratio,
IL-4-stimulated cells  52,67 ± 12,59 13,20 ± 3,58

р=0,045

0,51 ± 0,14
р=0,0003
р1=0,0003

7-day long incubation 

stat1/stat6 ratio,
LPS- and γIFN-stimulated 
cells  

17,15 ± 5,40 18,94 ± 6,69 
р=0,91

10,76 ± 3,81
р=0,308
р1=0,241

stat1/stat6 ratio,
IL-4-stimulated cells  37,82 ± 8,87 12,12 ± 3,71

р=0,026

14,05 ± 5,66
р=0,038
р1=0,791

7-day-long incubation of cells of the subjects with overweight 
was characterized by a significantly higher level of sirt1 gene 
expression compared to the control group in unstimulated cells, 
LPS and γIFN-stimulated cells and IL-4-stimulated cells. In 
cells of the subjects with Class I obesity the sirt1 gene expres-
sion was also significantly higher in unstimulated cells, LPS and 
γIFN-stimulated cells and IL-4-stimulated cells, compared to 
the control group.

To determine the direction of polarization of macro-
phages, the stat1 to stat6 gene expression ratio was calcu-
lated (Table 4). 

It has been established that the stat1/stat6 ratio in LPS and 
γIFN-stimulated cells, incubated for 3 days, was by 97.67% sig-
nificantly lower in the subjects with Class I obesity compared 
to the subjects with normal body weight and by 97.17% lower 
compared to the subjects with overweight.
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In the subjects with overweight, the stat1/stat6 ratio in IL-4-stim-
ulated cells was significantly lower compared to cells of the control 
group. The most significantly low stat1/stat6 ratio was found in the 
IL-4-stimulated cells of the subjects with Class I obesity (0.51 ± 
0.14 vs. 52.67 ± 12.59 in group with normal body weight and 13.20 
± 3.58 subjects with overweight, respectively). 

In cells incubated for 7 days, the difference in the ratio was small-
er (Table 4). In the subjects with overweight and obesity, the stat1/
stat6 in IL-4-stimulated cells was significantly lower by 67.95% 
and 65.50%, respectively, compared to the corresponding ratio in 
the cells of the subjects with normal body weight.

Subsequently, on day 7 of incubation, the level of cytokines in 

the cell supernatants was determined. In the subjects with Class 
I obesity, the level of IL-6 in supernatants of LPS and γIFN- 
stimulated cells was by 0.12% significantly higher compared to 
unstimulated cells. 

The level of IL-6 in the supernatants of IL-4-stimulated cells 
of the subjects with normal body weight and overweight was 
significantly lower by 0.18% and 5.5%, respectively, compared 
to LPS and γIFN-stimulated cells.

The comparison between the study groups has shown that in 
the supernatants of LPS and γIFN-stimulated cells of the obese 
subjects, the level of IL-6 was by 3.34% significantly higher 
compared to the subjects with normal body weight (Fig. 1A).  

Fig. 1. The level of cytokines and biomarkers in the biological fluids of the subjects: 
(A) il-6 in cell supernatants; (B) il-10 in cell supernatants; (C) hsCrP in serum; TGFβ1 in serum

The study of IL-10 in the overweight subjects has shown that 
in the supernatants of unstimulated cells, the determined level of 
IL-10 was by 72.13% significantly lower compared to the sub-
jects with normal body weight (Fig. 1B).

In supernatants of LPS- and γIFN-stimulated cells of the sub-
jects with Class I obesity, the level of IL-10 was by 20.67% sig-
nificantly higher compared to the corresponding rate of the group 
with normal body weight. The level of IL-10 in the supernatants of 
IL-4-stimulated cells in the overweight subjects was by 77.62% and 
60,15% significantly lower compared to the subjects with normal 
body weight and the subjects with Class I obesity, respectively.

The level of hsCRP and TGFβ1 in the blood serum of the sub-
jects was further determined. The level of hsCRP was significantly 
higher in the subjects with Class I obesity by 370.59% and 236.84% 
compared to the subjects with normal body weight and overweight, 
respectively (Fig. 1C). The concentration of TGFβ1 in the blood 
serum of the subjects with overweight and normal body weight did 
not differ significantly. In the obese subjects, the level of TGFβ1 
was significantly higher by 82.19% and 46.36% compared to the 
subjects with normal body weight and overweight, respectively 
(Fig.1D).

Subsequently, correlation between the levels of sirt1 gene ex-
pression in the dynamics of incubation in individuals with dif-

ferent body weight has been studied (Fig. 2).
Correlation analysis in the subjects with normal body weight 

revealed a positive strong correlation between sirt1 gene expres-
sion in cells stimulated with IL-4 for 3 and 7 days (r=0.751, 
p=0.023) (Fig. 2A).

In the subjects with overweight, a positive strong correlation 
between sirt1 expression in cells stimulated with LPS and γIFN 
for 3 and 7 days was determined (r=0.733, p=0.020) (Fig. 2, 
B); a moderate correlation between sirt1 expression in unstimu-
lated cells, 3 days of incubation and stimulated with IL-4 for 7 
days (r=0.652, p=0.046) (Fig. 2C) and sirt1 expression in cells 
stimulated with IL-4 for 3 and 7 days was determined (r=0.663, 
p=0.042) (Fig. 2D). The subjects with Class I obesity showed 
positive strong correlation between sirt1 expression in LPS and 
γIFN-stimulated cells for 3 and 7 days (r=0.742, p=0.018) (Fig. 
2E) and the moderate sirt1 expression in IL-4 stimulated cells 
for 3 and 7 days (r=0.669, p=0.040) (Fig. 2F). 

At the next stage the correlation between the rates of sirt1 
and stat6 gene expression have been determined. In the subjects 
with normal body weight, a positive moderate correlation be-
tween sirt1 gene expression in cells stimulated with IL-4 for 7 
days and stat6 in cells stimulated with IL-4 for 3 days was found 
(r=0.637, p=0.026) (Fig. 3A).
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Fig. 2. Correlation analysis sirt1 expression during incubation under conditions:
(A) il-4-stimulated for 3 and 7 days (normal body weight); (B) lPS- and γiFn-stimulated for 3 and 7 days (overweight);

(C) il-4-stimulated for 7 days and unstimulated cells (overweight); (d) il-4-stimulated for 3 and 7 days (overweight);
(e) lPS- and γiFn-stimulated for 3 and 7 days (class i obesity); (F) il-4-stimulated for 3 and 7 days (class i obesity)

Fig. 3. i. Correlation analysis sirt1 with stat6 expression under conditions:
(A) il-4-stimulated for 7 and 3 days (normal body weight); 

(B) il-4-stimulated for 7 and 3 days (overweight);
(C) il-4-stimulated for 7 and 3 days (class i obesity).

ii. Correlation analysis sirt1, stat1 and stat6 expression with cytokines and biomarkers under conditions:
(d) lPS- and γiFn-stimulated for 3 days (class i obesity);

(e) lPS- and γiFn-stimulated for 7 days (normal body weight);
(F) lPS- and γiFn-stimulated for 3 days (overweight);

(G) lPS- and γiFn-stimulated for 7 days (class i obesity)
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In the subjects with overweight, positive strong correlations 
were formed between the sirt1 expression in cells stimulated 
with IL-4 for 7 days and stat6 in cells stimulated with IL-4 for 3 
days (r=0.781, p=0.010) (Fig. 3B).

In the subjects with Class I obesity, positive correlations be-
tween the sirt1 expression in cells stimulated with IL-4 cells for 
7 days and stat6 in cells stimulated with IL-4 for 7 days were 
found (r=0.710, p=0.025) (Fig. 3C).

Also, in obese subjects, a negative strong correlation be-
tween the sirt1 expression in cells stimulated with LPS and 
γIFN for 3 days and IL-6 in the supernatant of cells stimu-
lated with LPS and γIFN (r=-0.838, p=0.013) was observed 
(Fig. 3 D). 

The studies of correlation between the level of expression 
and serum parameters in the subjects with normal body weight 
showed the presence of negative moderate correlation between 
stat1 expression in cells stimulated with LPS and γIFN for 7 
days and serum TGFβ1 (r=-0,640, p=0,026) (Fig. 3E). 

In the group with overweight, a positive moderate cor-
relation between stat1 expression in cells stimulated with 
LPS and γIFN for 3 days and hsCRP was observed (r=0.673, 
p=0.039) (Fig. 3F). In obese subjects, a positive moderate 
correlation between the stat6 expression in cells stimulated 
with LPS and γIFN for 7 days and serum TGFβ1 was ob-
served (r=0.685, p=0.035) (Fig. 3G).

Obesity is currently recognized as one of the major health 
problems worldwide. Obesity leads to the development of 
chronic low-intensity systemic inflammation, the main factors 
of which are an increase in the number of proinflammatory sub-
populations of macrophages in adipose tissue and deregulated 
production and functioning of adipose tissue hormones and cy-
tokines. 

Normally, in adipose tissue, macrophages are one of the main 
types of immune cells, most of them belong to the “alternatively 
activated” type 2 macrophages – M2, the M2:M1 ratio is con-
stituted approximately 4:1 [25]. In obesity, the infiltration by 
monocytes, which differentiate into macrophages, increses. This 
leads to polarization with the formation of a pro-inflammatory 
phenotype, the development of adipose tissue inflammation and 
insulin resistance [5].

SIRT1, as a key regulator of metabolism, is responsible for 
a number of important processes – regulation of inflammation 
mediated by deacetylation of NF-κB, metabolism and stress 
through Forkhead Box Protein O (FOXO) and lipid metabo-
lism mediated by Sterol Regulatory Element-Binding Protein 
(SREBP) [1,12]. SIRT1 regulates the activity of transcription 
factors that are key participants in the inflammatory processes. 
In particular, SIRT1 interacts directly with the RelA/p65 NF-κB 
subunit and deacetylates lysine 310, an important site for NF-κB 
activity [28]. 

Given the important role of SIRT1 in the regulation of 
inflammation, we investigated how SIRT1 affects the pro-
cess of M1/M2 polarization of peripheral blood monocytes 
in young people depending on the body weight. We used a 
methodological approach to determine the regulatory role 
of SIRT1 in the formation of the polarization profile of pe-
ripheral blood monocytes mediated by the major transcrip-
tion factors of the signaling cascade STAT1 and STAT6 in 
the subjects with overweight and Class I obesity. The level 
of expression of these factors under conditions of stimula-
tion of polarization on the M1 or M2 profile, the production 
of cytokines directly by cells and their level in serum have 
been studied. 

We obtained data indicating an increase in the level of the 
sirt1 gene expression with weight gain. The sirt1 expression 
was significantly higher in the cells of obese > overweight > 
healthy subjects. The highest rates of sirt1 expression have 
been found in IL-4-stimulated cells of the subjects with Class 
I obesity.

An increase in the expression level is observed in the dy-
namics of cell incubation, which is confirmed by the forma-
tion of positive strong and moderate correlation between the 
expression level during the incubation for 3 and 7 days. No-
tably, it is observed in the subjects with normal body weight 
in cells stimulated with IL-4 for 3 and 7 days, and in the sub-
jects with overweight and Class I obesity in LPS and γIFN-
stimulated cells. 

Changes in the level of sirt1 expression were identified in 
some diseases, and in obesity and diabetes a decrease in the 
sirt1 level was more common [3]. 

Given the dependence of SIRT1 activity on the nutrient sta-
tus, it has been observed that weight loss in dietary and exercise 
restriction in overweight patients is accompanied by increased 
sirt1 expression in peripheral blood mononuclear cells [7].

STAT6 is a key transcription factor for IL-4/IL-13 polariza-
tion by the M2 phenotype. According to Palma A. et al [19], 
in the presence of IL-4 there is a rapid expression of major 
regulators of M2a (STAT6, Peroxisome Proliferator-Activat-
ed Receptor γ (PPARγ) and Jumonji Jomain-Containing Pro-
tein D3 (JMJD3)), IL-10 production along with slow decline 
in IL- 12 production. 

We have found that the level of stat6 gene expression 
was maximally expressed in the subjects with normal body 
weight in stimulation with LPS and γIFN, and in the sub-
jects with overweight and obesity in stimulation with IL-4. 
The comparison between the groups showed a significantly 
higher level of stat6 expression in obese subjects in unstimu-
lated cells and in macrophages stimulated by the M1 and M2 
profile (3 days) and M2 (7 days). No significant differences 
in stat1 expression between the groups with different body 
weight were detected. 

Notably, the highest increase in both stat6 and sirt1 expres-
sion was observed in IL-4-stimulated macrophages. Positive 
strong and moderate correlations for IL-4-stimulated cells were 
identified between the sirt1 and stat6 expression, confirming the 
regulatory effect of SIRT1 and promoting polarization toward 
M2 phenotype formation by peripheral blood monocytes in the 
subjects with overweight and Class I obesity. 

Antagonism has been established between STAT6 and 
STAT1, described for polarization of Th1 and Th2 cells 
by γIFN and IL-4, respectively [23]. Mutually antago-
nistic relationships link the transcription factors NF-κB 
and STAT6 and STAT1 and STAT6 in a way that the an-
ti-inflammatory factor STAT6 helps to suppress the pro-
inflammatory transcription factor STAT1 and NF-κB [2].

Calculation of the stat1/stat6 expression ratio to assess the 
correlation between pro- and anti-inflammatory signaling 
pathways showed that even under conditions of non-critical 
weight gain, the ratio decreases, indicating redistribution of 
polarization towards the anti-inflammatory phenotype. The 
lowest rates of the stat1/stat6 ratio were determined in the 
cells of the subjects with Class I obesity, stimulated with LPS 
and γIFN and IL-4 for 3 days. Also, the rate of stat1/stat6 
in the cells of the obese subjects, stimulated with IL-4 for 7 
days, is significantly lower than in the subjects with normal 
body weight.
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Levels of pro- and anti-inflammatory cytokines were deter-
mined to confirm the formation of the corresponding polariza-
tion profile. Weight gain is accompanied by the increase in the 
size and/or number of adipocytes, which is accompanied by the 
increase in production and the appearance of higher concentra-
tions of cytokines IL-1β, IL-6, TNF-α [9].

We have found that the supernatants of LPS and γIFN-
stimulated cells of the obese subjects had significantly higher 
level of IL-6 compared to the subjects with normal body 
weight. Correlation analysis showed a negative correlation 
between IL-6 secretion and SIRT1 expression in LPS- and 
γIFN-stimulated cells. Smith T.D. et al (2016) have reported 
that LPS and γIFN-stimulated macrophages showed the high-
est secretion of inflammatory cytokines, including IL-6, com-
pared to levels in supernatants of unstimulated cells or cells 
exposed to IL-4 [22]. 

IL-10 is an important anti-inflammatory cytokine produced 
by T-cells and activated monocytes/macrophages. An increase in 
the level of IL-10 in cells stimulated with the M2 phenotype has 
been shown [22]. The findings show a significant increase in the 
level of IL-10 in the supernatants of LPS and γIFN-stimulated 
cells in the subjects with Class I obesity compared to the normal 
weight group and a decrease in the supernatants of IL-4- stimu-
lated cells in the subjects with overweight compared to the sub-
jects with normal body weight.

To identify signs of chronic systemic inflammation in the sub-
jects, we determined the level of serum hsCRP and TGFβ1. 

CRP is an acute phase protein that is involved in the immune 
response, its level increases with tissue damage, obesity, car-
diovascular disease, stroke, infections and inflammation. Serum 
CRP levels are positively correlated with BMI [15]. Mahassni 
S.H., Bashanfar N.O. [13] report about changes in CRP and 
proinflammatory adipokines in young healthy individuals with 
overweight and obesity with minimal changes in the immune 
system and blood.

We have found that the level of hsCRP in the serum of the 
subjects with Class I obesity was significantly higher compared 
to the subjects with normal body weight and overweight, which 
are in concordance with literature data.

TGFβ1 is a polypeptide with potent immunosuppressive func-
tions, a member of the cytokine family of transforming growth 
factor β. TGFβ1 elevation occurs due to infiltration and activa-
tion of macrophages in the adipose tissue. Chielle E.O. et al. [6] 
report that an increase in serum TGFβ1 is observed in the over-
weight subjects and especially in obese individuals regardless of 
the gender. TGFβ is positively correlated with body weight and 
BMI in obese women [10]. 

We obtained similar data, according to which the level of 
TGFβ1 in the serum of the subjects with Class I obesity was 
significantly higher compared to the subjects with normal body 
weight and overweight. Correlation analysis showed a positive 
correlation between TGFβ1 and stat6 expression (p=0.035) in 
contrast to a negative correlation between stat1 (p=0.026) in the 
subjects with normal body weight.

Thus, the findings show that in peripheral blood monocytes of 
the subjects with overweight and Class I obesity, SIRT1 imple-
ments a regulatory role mediated by the signaling cascade of 
the STAT6 transcription factor with the direction of polarization 
towards the anti-inflammatory phenotype. Significantly higher 
level of sirt1 gene expression in unstimulated cells, in stimu-
lation and its increase during the incubation period, indicate a 
possible preconditioning of peripheral blood monocytes, which 
counteracts the formation of the proinflammatory phenotype 

before recruiting monocytes into the adipose tissue. This effect 
occurs in people with overweight and low-risk obesity, without 
signs of metabolic pathology in the presence of minor signifi-
cant changes in markers of systemic inflammation.

Conclusions. SIRT1 promotes M2 polarization of peripheral 
blood monocytes toward the anti-inflammatory phenotype in 
young individuals with overweight and Class I obesity mediated 
by increased expression of the stat6 gene. The direction of polar-
ization toward the anti-inflammatory phenotype is indicated by a 
decrease in the stat1/stat6 ratio and the formation of correlations 
between sirt1 and stat6 expression for LPS and γIFN- stimu-
lated cells and IL-4-stimulated cells. 
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SUMMARY

SIRT1 CONTRIBUTES TO POLARIZATION OF PE-
RIPHERAL BLOOD MONOCYTES BY INCREASING 
STAT6 EXPRESSION IN YOUNG PEOPLE WITH OVER-
WEIGHT AND LOW-RISK OBESITY 

Kolinko L., Shlykova O., Izmailova O., Vesnina L., 
Kaidashev I. 

Ukrainian Medical Stomatological Academy, Poltava, Ukraine

Obesity contributes to the formation of low-intensity systemic 
inflammation with major participation of monocytes/macro-
phages. Nicotinamide adenine dinucleotide (NAD+)-dependent 
deacetylase class III SIRT1 regulates the polarization of macro-
phages, controlling the inhibition of the M1 subpopulation and 
stimulating the activation of M2 macrophages. 

The aim of our study was to determine the regulatory role of 
SIRT1 in M1/M2 polarization of peripheral blood monocytes in 
young people with overweight and Class I obesity.

30 subjects of both gender, aged 18-25 years have been ex-
amined. Groups were formed by the BMI: the subjects with nor-
mal body weight (n=10, BMI 18.50–24.99 kg/m2), the subjects 
with overweight (n=10, BMI 25.00–29.99 kg/m2), the subjects 
with Class I obesity (n=10, BMI 30.00–34.99 kg/m2). Peripheral 
blood mononuclear suspension was isolated from venous blood. 
E. coli lipopolysaccharide (LPS) at a dose of 100 ηg/mL and 
γ-interferon (γIFN) at a dose of 100 ηg/mL were used to induce 
polarization of macrophages by the M1 phenotype. Unstimu-
lated monocytes/macrophages were used as controls. The level 
of the stat1, stat6 and sirt1 gene expression was determined by 
Polymerase Chain Reaction Real-time PCR. 

The findings showed an increase in the level of the sirt1 gene 
expression with weight gain. The highest rates of sirt1 expres-
sion were found in IL-4-stimulated cells of the subjects with 
Class I obesity. It has been concluded that SIRT1 promotes M2 
polarization of peripheral blood monocytes toward the anti-
inflammatory phenotype in young people with overweight and 
Class I obesity, mediated by increased stat6 gene expression. 
The direction of polarization toward the anti-inflammatory phe-
notype is indicated by a decrease in the stat/stat6 ratio and the 
formation of correlation between the sirt1 and stat6 expression 
in LPS and γIFN-stimulated cells and IL-4-stimulated cells. 

Keywords: macrophages, macrophage polarization, SIRT1, 
STAT1, STAT6, overweight, Class I obesity.

РЕЗЮМЕ

SIRT 1 СПОСОБСТВУЕТ ПОЛЯРИЗАЦИИ МОНО-
ЦИТОВ ПЕРИФЕРИЧЕСКОЙ КРОВИ ПУТЕМ УСИ-
ЛЕНИЯ ЭКСПРЕССИИ STAT6 У МОЛОДЫХ ЛИЦ С 
ПОВЫШЕННОЙ МАССОЙ ТЕЛА И ЛЕГКИМ ОЖИ-
РЕНИЕМ

Колинько Л.М., Шлыкова О.А., Измайлова О.В., 
Веснина Л.Э., Кайдашев И.П.

украинская медицинская стоматологическая академия, 
Полтава, украина

Ожирение способствует формированию системного вос-
паления низкой интенсивности, основными участниками 
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которого становятся моноциты/макрофаги. Никотинамида-
дениндинуклеотид (NAD+)-зависимая деацетилаза III клас-
са sirt1  регулирует поляризацию макрофагов, осуществляя 
контроль за подавлением субпопуляции М1 и стимулируя 
активацию М2 макрофагов.

Целью исследования явилось определение регуляторной 
роли sirt1 в М1/М2 поляризации моноцитов перифериче-
ской крови у молодых лиц с повышенной массой тела и 
ожирением I степени.

Обследовано 30 человек обоего пола в возрасте 18-25 лет. 
По индексу массы тела (ИМТ) сформированы группы с нор-
мальной массой (n=10, ИМТ 18,50-24,99 кг/м2), с повышен-
ной (n=10, ИМТ 25,00-29,99 кг/м2), с ожирением I степени 
(n=10, ИМТ 30,00-34,99 кг/м2). Суспензию мононуклеаров 
периферической крови выделяли из венозной крови. Для 
индукции поляризации по фенотипу М1 использовали липо-
полисахарид (LPS) E. coli 100 нг/мл и γ-интерферон (γІFN) 

100 нг/мл, по фенотипу М2 - IL-4 20 нг/мл. Контролем были 
нестимулированные моноциты/макрофаги. Уровень экс-
прессии генов stat1, stat6 и sirt1 определяли методом поли-
меразной цепной реакции в режиме реального времени. 

Полученные данные свидетельствуют о росте уровня экс-
прессии гена sirt1 в соответствии с повышением массы тела. 
Наибольшие значения экспрессии sirt1 определены у лиц с 
ожирением I степени в клетках, стимулированных IL-4. 
Делается вывод, что sirt1 способствует М2 поляризации 
моноцитов периферической крови в сторону противовоспа-
лительного фенотипа у молодых лиц с повышенной массой 
тела и ожирением I степени опосредованно усилением экс-
прессии гена stat6. О направлении поляризации в сторону 
противовоспалительного фенотипа свидетельствует умень-
шение величины соотношения stat1/stat6 и формирование 
корреляционных связей между экспрессией sirt1 и stat6 для 
клеток, стимулированных LPS и γIFN и IL-4. 

reziume

SIRT 1 xels uwyobs periferiuli sisxlis monocitebis polarizacias STAT6 eqspresiis 
gaZlierebiT axalgazrdebSi sxeulis maRali woniT da simsuqniT

l.kolinko,  o.Slikova, o.izmailova, l.vesnina, i.kaidaSevi 

ukrainis samedicino stomatologiuri akademia,  poltava, ukraina

 simsuqne xels uwyobs dabali intensivobis 
sistemuri anTebis Camoyalibebas, romlis ZiriTa-
di monawileebi arian monocitebi/makrofagebi. 
nikotinamidadenindinukleotid (NAD+)-damokide-
buli III  klasis deacetilaza SIRT1 aregulirebs 
makrofagebis polarizacias, akontrolebs M1 
subpopulaciis daTrgunvas da astimulirebs M2 
makrofagebis aqtivacias.
kvlevis mizans warmoadgenda SIRT1 regula-

toruli rolis gansazRvra periferiul sis-
xlis monocitebis M1/M2 polarizaciaSi axal-
gazrdebSi sxeulis maRali woniT da I  xarisxis 
simsuqniT.
gamokvleulia orive sqesis, 18-25 wlis 30 pa-

cienti. sxeulis masis indeqsis (BMI) mixedviT 
Camoyalibda Semdegi jgufebi: normaluri woniT 
(n=10, BMI 18,50-24,99 kg/m2),  momatebuli woniT 
(n=10, BMI 25,00-29,99 kg/m2) da I  xarisxis simsuqniT 
(n=10, BMI 30,00-34,99 kg/m2). venuri sisxlidan gamo-
yofdnen periferiuli sisxlis mononuklearebis 
suspenzias. M1 fenotipis mixedviT polarizaciis 
gamowvevisaTvis iyenebdnen E. coli lipopolisaqa-

ridis (LPS) 100 ng/ml da γ-interferons (γIFN) 
100 ng/ml, M2 fenotipis mixedviT - ІL-4 20 ng/ml. 
kontrols warmoadgendnen arastimulirebuli 
monocitebi/makrofagebi. Stat1, stat6 da sirt1 genebis 
gamoxatvis done ganisazRvra polimerazuli 
jaWvuri reaqciis meTodiT realuri drois re-
JimSi. 
miRebuli monacemebi mowmobs Sirt1 genis eqspre-

siis donis zrdaze Sesabamisad sxeulis masis 
zrdisa. Sirt1 eqspresiis maCveneblebis yvelaze 
didi mniSvneloba ganisazRvra pirebSi I xarisxis 
simsuqniT. gamotanilia daskvna, rom SIRT1 xels 
uwyobs periferiuli sisxlis monocitebis M2 
polarizacias anTebissawinaaRmdego fenotipis 
mimarTulebiT axalgazrdebSi sxeulis maRali 
woniT da I  xarisxis simsuqniT, rac gaSualedebu-
lia stat6 genis eqspresiis gaZlierebiT. anTebis-
sawinaaRmdego fenotipis mimarTulebiT polari-
zaciaze mowmobs stat1/stat6 Tanafardobis Semcire-
ba da korelaciuri kavSirebis Camoyalibeba sirt1 
da stat6 eqspresiebs Soris ujredebSi, romlebic 
stimulirebulia LPS, γIFN da IL-4.


