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AbSTrAcT

The study included 60 patients with type 2 diabetes mellitus and 30 healthy donors. In blood 
samples taken from patients and healthy donors the content of interleukin-2 and interleukin-10 
was determined by enzyme-linked immunosorbent assay (ELISA). The study was conducted in 
two series. In the first series cytokines content was determined in the serum of patients (1st ex-
perimental group) and healthy donors (1st control group). In the second series the content of 
interleukin-2 and interleukin-10 was in vitro investigated in supernatants obtained under the 
conditions of culturing monocytes and leucocytes of patients with diabetes mellitus under admin-
istration of the Embryonal Antitumor Modulator of Mkrtchyan to the culture medium. 

In blood serum of patients with type 2 diabetes the level of pro-inflammatory cytokine inter-
leukin-2 significantly increased (1.6 times) alongside with an abrupt decrease (5.4 times) in the 
content of anti-inflammatory cytokine interleukin-10. 

Introduction of the Embryonal Antitumor Modulator to the culture medium of immunocompe-
tent blood cells of patients with type 2 diabetes mellitus was accompanied by a slightly increased 
(1.4 times) levels of interleukin-2 in the supernatants compared with a similar level of interleu-
kin-2 in the supernatants of cultured blood cells of patients with diabetes without Embryonal 
Antitumor Modulator addition. At the same time, upon introduction of Embryonal Antitumor 
Modulator into the culture medium of blood cells obtained from patients with diabetes the level 
of interleukin-10 significantly increased (2.7 times) as compared with that determined in the 
supernatants of patients blood samples without Embryonal Antitumor Modulator addition. 

Given the pleiotropic potency of interleukin-10, a significant increase in its level upon the 
Embryonal Antitumor Modulator introduction to the culture medium of monocytes and lympho-
cytes of patients with diabetes mellitus should be regarded from the standpoint of forming adap-
tive mechanisms realized in the framework of the mediator immunity link, since it is considered 
to be established that interleukin-10 coordinates balanced synthesis of immunocompetent cells of 
pro- and anti-inflammatory cytokines.
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Liu S. et al., 2007]. As noted by some authors 
[Pradhan A. et al., 2001; Doganay S. et al., 2002; 
Joshi S. et al., 2008], in 66.6% of diabetics high 
interleukin (IL)-6 level is usually recorded in 
serum that, according to mentioned authors, fa-
vors development of the inflammatory process, 
which is localized predominantly in the pancreas 
islet apparatus. Thus, according to K. Hostens and 
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introduction 

The role of pro- and anti-inflammatory cyto-
kines in the pathogenesis of diabetes is quite 
widely discussed [Glowinska B., Urban M., 2003; 
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co-workers (1999), the inflammatory process in 
the endocrine pancreas is caused by local action of 
pro-inflammatory cytokines as a result of islet in-
filtration apparatus immunocompetent cells selec-
tively produced IL-1β and γ-interferon. It is a local 
increase in the secretion of cytokines, according to 
the authors, that has selectively cytotoxic effect to 
β-cells of the islets of Langerhans. In addition, 
high levels of cytokines may lead to a dispropor-
tionate release of proinsulin. According to other 
authors [Lakey J. et al., 2002], cytokines can dam-
age islet β-cells enhancing the formation of oxy-
gen free radicals, lipid peroxides, and finally the 
formation of cytotoxic aldehydes in these cells. In 
this regard, the most informative indices of the dis-
ease clinical course severity are IL-2 and IL-10. 

Recently, the subject of comprehensive discus-
sion became the research of authors headed by the 
Honored Science Worker Professor L.N. Mkrt-
chyan aimed to reveal the pleiotropic capacity of 
Embryonal Antitumor Modulator of Mkrtchyan 
(EATM) in the aspect of its correcting influence 
towards the specific links of the immune and en-
diocrine systems [Mkrtchyan L., 2008; 2009; 
Mkrtchyan L., Zilfyan A., 2011; Vahedian V. et al., 
2011; Aghajanova Y. et al., 2012; Aghajanova Y., 
2013]. Therefore, in order to explore the EATM-
dependent mechanisms affecting cytokines ex-
change in the body of patients with type 2 diabetes, 
it was decided to first examine the impacts of 
EATM on immunocompetent blood cells responsi-
ble for the synthesis of IL-2 and IL-10. 

Material and MethodS 

The work was performed at the Clinic of Endo-
crinology (University Hospital “Muratsan”) and 
the Scientific-Research Center of the Yerevan 
State Medical University after M. Heratsi. The 
study involved 60 patients with type 2 diabetes 
mellitus and 30 healthy donors. The study adhered 
to the regulations of the local Ethics Committee of 
the Yerevan State Medical University after M. 
Heratsi. All patients and donors gave written in-
formed consent to participate in the investigation.

In blood samples taken from specified subjects 
the content of IL-2 and IL-10 was determined by 
enzyme-linked immunosorbent assay (ELISA). 
The study was conducted in two series. In the first 
series cytokines content was determined in the 

serum of patients (experimental group 1) and 
healthy donors (control group 1). In the second se-
ries, the content of IL-2 and IL-10 was in vitro in-
vestigated in supernatants obtained under the con-
ditions of culturing monocytes and leucocytes of 
patients with diabetes upon 100 pg/ml EATM ad-
ministration to the culture medium (2nd experi-
mental group) and without modulator (control 
group 2). 

Blood samples from the cubital vein of each 
subject of the 2nd experimental and 2nd control 
groups (each sample made 3 ml) were injected into 
special silicone tubes Acuspin Ficcobpeque 1077 
(“Sigma”, USA). Separation of monocytes and 
lymphocytes was performed by density gradient 
centrifugation at 1000 rev/min for 5 min. Isolated 
cells accumulated as а cloud on top of the tubes 
were separated and re-suspended in 5 ml of physi-
ological solution and then centrifuged at 500 rev/
min for 10 min. The supernatant was discarded, 
and the precipitate of monocytes and lymphocytes 
counted in a special “Kova” chamber (“Hycor Bio-
medical Inc.”, USA). 

The required number of cells (106-107 for 1 ml 
of physiological solution) was placed in culture 
medium ‒ Earle’s liquid (without phenol red), then 
placed in a CO2 incubator at 37-39oC for 4 days. 
After incubation, the medium with cells was cen-
trifuged at 1500 rev/min for 10-15 min. The con-
tent of IL-2 and IL-10 was determined in the re-
sulting supernatant by ELISA using appropriate 
kits (“DRG International Inc.”, USA – Germany). 
The content of IL-2 and IL-10 was expressed in 
pg/ml. Enzyme immunoassay was performed on an 
automated analyzer “Stat-Fax 2600” (USA) at a 
wavelength of 450 nm. Statistical analysis was per-
formed using Student’s criteria. 

reSultS 

As obvious from Table 1, in the serum of patients 
with type 2 diabetes mellitus relatively high levels 
of IL-2 and low IL-10 levels were identified. 

In particular, data obtained indicate that in 
serum of patients with type 2 diabetes mellitus 
IL-2 levels increased 1.6-fold, while levels of 
IL-10 decreased 5.4 times. 

It should be noted that the observed changes in 
the content of pro- and anti-inflammatory cyto-
kines in the blood of patients with type 2 diabetes 
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were of the same tendency and were also found by 
other reserchers in the blood of similar patients 
[Lee J.-H. et al., 2008; Kung W. et al., 2010; 
Yaghini N. et al., 2011]. All the above-mentioned 
evidenced in favor of the fact that in type 2 diabe-
tes the function of immune cells, which in normal 
conditions support a balanced synthesis of pro- 
and anti-inflammatory cytokines, is impaired. 

Table 2 presents the analysis of tendencies ob-
served for shifts in the content of IL-2 and IL-10 
observed by us in conditions of culturing lympho-
cytic and monocytic cells from the blood of pa-
tients with type 2 diabetes upon EATM addition to 
the culture medium. 

As seen from Table 2, administration of EATM 
into the culture medium of monocytes and lym-
phocytes of patients with type 2 diabetes (2nd ex-
perimental group) leads only to a slightly increased 
levels of IL-2 (1.4-fold), while the level of IL-10 
dramatically increased (2.7 times). 

diScuSSion 

Thus, in model experiments under conditions of 
culturing monocytes and lymphocytes of blood 
samples taken from patients with diabetes, EATM 
(in the amounts used) proves to display a stimulat-
ing effect on blood immunocompetent cells in 
terms of the directed synthesis of such anti-inflam-

matory cytokine as IL-10. Given the pleiotropic 
potency of IL-10 [Mocellin S. et al., 2004], its el-
evated levels in patients with type 2 diabetes in the 
presence of EATM should be considered from the 
viewpoint of formation of adaptive mechanisms 
within the mediator immunity, since it was estab-
lished that IL-10 is coordinating a balanced syn-
thesis of pro-inflammatory cytokines in immuno-
competent cells [Foss-Freitas M. et al., 2007]. The 
fact that upon EATM introduction to the culture 
medium of monocytes and lymphocytes the con-
tent of such an important cytokine as IL-2 is within 
the bounds defined in diabetic patients under con-
ditions without EATM adding to the culture me-
dium testifies in favor of the proposed statement. 

Summarizing the results of our own research 
and information available in the literature concern-
ing the content of pro- and antioxidant activity of 
immunocytokines in type 2 diabetes, we come to 
the following conclusions. 

In the serum of patients with type 2 diabetes the 
level of pro-inflammatory cytokine IL-2 signifi-
cantly increases, while the content of anti-inflam-
matory cytokine IL-10 reduces. 

Introduction of EATM to the cultured medium 
of immunocompetent blood cells of patients with 
type 2 diabetes is accompanied by slight increase 
of IL-2 in the supernatants, compared with a simi-

TAble 1.
Shifts of IL-2 and IL-10 content in patients with type 2 diabetes mellitus

Investigated Cohort 
IL-2 (pg/ml) IL-10 (pg/ml)

M m p M m p
1st control group 
(healthy donors) (n = 30) 32.99 3.24 10.13 1.13

1st experimental group (patients with 
type 2 diabetes) (n = 60) 52.44 4.43 <0.005 1.72 0.36 <0.0005

Note: p - the ratio of the experimental group indices related to the control group.

TAble 2 
Changes in the content of IL-2 and IL-10 in the supernatant of cultured monocytes and lymphocytes 

from the blood of patients with type 2 diabetes upon EATM addition to the medium

Investigated Cohort 
IL-2 (pg/ml) IL-10 (pg/ml)

M m p M m p
2nd control group (n = 40) 11.99 1.30 2.24 0.34
2nd experimental group (+ EATM) (n = 40) 16.79 1.35 <0.05 6.05 0.72 <0.0005

Note: p - the ratio of experimental group indices related to the control group.
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lar level of IL-2 in the supernatants of cultured 
blood cells of diabetes patients without EATM. At 
the same time, administration of EATM in culture 
medium of blood cells of patients with diabetes 
significantly increased the level of IL-10 as com-
pared with that determined in the supernatants of 
blood samples taken from patients without EATM 
introducing. Data are consistent with findings that 
administration of IL-10 in mice with pre-diabetes 
provides stable euglycemia and immune homeo-
stasis [Denes B. et al., 2010]. 

Our results concerning the influence of EATM 
on processes of IL-2 synthesis by immunocompe-
tent cells of blood samples drawn from patients 
with type 2 diabetes are of interest. Relative in-
crease in IL-2 under EATM introduction to the cul-
ture medium should be regarded as a very favor-
able factor, since, according to modern views 
[Grinberg-Blayer Y. et al., 2010; Hulme M. et al., 
2012], in a body IL-2 acts as a cytokine that pro-
motes survival of T-regulatory cells, followed by 
activation of their functions. The same authors 
very competently consider the regulatory T-cell 
subpopulations as a factor that plays an important 
role in the pathogenesis of the autoimmune pro-
cess in type 2 diabetes. In favor of the fact that 
EATM has a selective stimulatory effect on spe-
cific T and B lymphocyte populations responsible 
for the synthesis of IL-2 also signified the results 
of studies [Mkrtchyan L., Zilfyan A., 2011], which 

showed that EATM in the dose-dependent way 
brought to a marked increase of IL-2 in organs of 
immunogenesis of intact laboratory animals. 
Therefore, it is not excluded that EATM-dependent 
increase in IL-2 for type 2 diabetes plays a very 
positive role in the balanced synthesis of regula-
tory T cells responsible, in particular, for regula-
tory and proliferative processes in incretory appa-
ratus of the pancreas. 

Thus, in model experiments studying the clini-
cal specimens, in the culture of blood monocytes 
and lymphocytes of patients with type 2 diabetes 
upon EATM administration to the culture medium, 
this modulator exerts a directed stimulating effect 
on the immunocompetent blood cells in terms of 
selective synthesis of IL-2 and IL-10.

Given the pleiotropic potency of IL-10, a sig-
nificant increase in its levels at EATM introduc-
tion to the culture medium of monocytes and lym-
phocytes of patients with diabetes should be 
viewed from the standpoint of forming adaptive 
mechanisms implemented in the framework of me-
diator immunity, since it has been established that 
IL-10 coordinates balanced synthesis of immuno-
competent cells in pro- and anti-inflammatory cy-
tokines. In favour of the proposed statement signi-
fies the fact that upon ЕАТМ addition into the cul-
ture medium the content of such anti-inflammatory 
cytokine as IL-2 increased to a lesser extent.
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