
340 Том 13, № 5, 2017Міжнародний ендокринологічний журнал, p-ISSN 2224-0721, e-ISSN 2307-1427

International journal of endocrinology

Практикуючому ендокринологу

/To Practicing Endocrinologists/

UDC 616.379-008.64+616.12-005.4]-002 DOI: 10.22141/2224-0721.13.5.2017.110024

K.P. Zak, V.L. Orlenko, V.V. Popova, S.V. Melnichenko, Ya.A. Saenko, 
К.M. Tronko, A.V. Kulikovskaya, К.Yu. Ivaskiva
SI “V.P. Komisarenko Institute of Endocrinology and Metabolism of Natl. Acad. Med. Sci. of Ukraine”, Kyiv, Ukraine

The role of the immune system in mechanism 
of metformin therapeutic effect in patients 

with type 2 diabetes
For cite: Mezhdunarodnyi Endokrinologicheskii Zhurnal. 2017;13:340-6. doi: 10.22141/2224-0721.13.5.2017.110024

Abstract. Background. Metformin is one of the most prescribed hypoglycemic drugs of the first line of treatment 
for patients with type 2 diabetes (T2D). However, the mechanism of its therapeutic effect has not been sufficiently 
studied. At the same time, T2D is considered a disease of an inflammatory nature, wherein different immune re-
sponses are disturbed. However, only single articles are devoted to the role of the immune system in the mecha-
nism of the therapeutic action of metformin. Purpose of the study. Elucidation of the question to what extent dif-
ferent types of leukocytes, immunophenotype of lymphocytes and some cytokines are involved in the mechanism 
of the therapeutic action of metformin. Materials and methods. A group of patients of both sexes with a newly 
diagnosed T2D with BMI of 33.1 ± 1.3 kg/m2 who had not yet taken hypoglycemic agents and a group of normo-
glycemic healthy individuals of the same age and sex were examined. The number of leukocytes in blood was 
determined using the hematological analyzers, and the leukocyte composition — in Pappenheim stained smears. 
Immunophenotype of lymphocytes (CD3+ T, CD4+ T, CD8+ T, CD56+) — by flow cytometry using the FACStar 
plus cytofluorimeter. The content of different cytokines (I-1β, TNF-α and IL-10) — with immunosorbent ELISA as-
say. Results. The metformin therapy of newly diagnosed T2D patients with obesity leads to normalization of the 
increased number of leukocytes, neutrophils and monocytes, as well as a decrease in CD4+ T cells in the blood, 
especially in patients with high BMI. A characteristic feature of the therapy is a sharp decrease in anti-inflammatory 
cytokines (IL-1β and TNF-α) that were elevated before treatment. The obtained data indicate significant disorders 
of natural and adaptive immunity in T2D and confirm the hypothesis about the inflammatory nature of this disease. 
Conclusions. The favorable therapeutic effect of metformin in T2D, especially complicated by obesity, is largely 
due to the normalization of inflammation and immunity indices.
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Introduction
Metformin (1.1 dimethylbiguanide) is currently one 

of the most prescribed oral hypoglycemic effective drugs 
of the first line treatment for patients with type 2 dia-
betes (T2D) all over the world [19, 31]. There are also 
data on its use in prediabetes to prevent the development 
of T2D [37]. Metformin has a pluripotent effect, is not 
metabolized in vivo and has a 50 % bioavailability [14]. 
A particularly beneficial therapeutic effect of metformin 
is described in obese patients with T2D [29], cardiovas-
cular complications [1, 24], and atherosclerosis [38]. 
It also has a prophylactic effect, preventing the transi-
tion of insulin resistance (IR) to clinically diagnosed 
T2D [25]. There is also evidence that metformin has an 
antitumor property [29].

Although metformin as a chemical compound was 
described about 100 years ago, its hypoglycemic prope-
rties and safety of use in humans became known only 
after 50 years, its wide use for the treatment of diabetes 
practically began only from the last decade of the last 
century [31].

Until recently, the therapeutic properties of metfor-
min were determined by its property to reduce the for-
mation of glucose by the liver, and its absorption in the 
intestinal tract, improving the utilization of glucose by 
tissues, lowering the level of total cholesterol, low-densi-
ty lipopolysaccharides and triglycerides.

However, in recent years, new unexpected data 
on the mechanism of the antihyperglycemic effect of 
metformin in T2D have been obtained, which require 
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the correction in the essential “classical” representa-
tions on this issue. Thus, in the study of patients with 
metformin-treated T2D, it was found [5, 31] that the 
initial primary hypoglycemic effect of metformin is not 
carried out in circulation (blood plasma), but in the 
duodenum and small intestine where L and K cells se-
crete the incretin hormone — glucagon-like peptide-1 
(GLP-1) [21, 28]. It should be emphasized that the ac-
cumulation of glucose in the intestine after the admin-
istration of metformin is 300 times greater than in the 
blood plasma, while the accumulation of glucose in the 
liver is only 10 times greater than in the circulating 
blood [5].

At the same time, there were reports of a favorable 
therapeutic effect of the association of metformin and 
GLP-1 preparations [26], and that of a certain role 
of microbiota (a set of microbes in the intestine) [9].

As is known, numerous diverse studies have been de-
voted to elucidating the mechanism of the therapeutic 
action of metformin in T2D, but the information of the 
immune system participation in it are extremely limited 
and are presented only in a few fragmentary ambiguous 
publications [6, 16, 22, 40]. At the same time, accor ding 
to modern ideas, T2D in humans is an inflammatory 
disease in the pathogenesis of which a key role is played 
by the natural and adaptive immune system [11]. One 
of the conclusive evidence is leukocytosis, a significant 
change in the leukocyte composition and immunologi-
cally different subpopulations of blood peripheral (BP) 
lymphocytes, and also the level of proinflammatory and 
regulatory cytokines and chemokines in BP of patients 
with prediabetes and T2D [41].

In this regard, the main purpose of this report was to 
study prospectively the leukocyte composition of BP, 
immunophenotype of lymphocytes (CD3+ T, CD4+ T, 
CD8+ T, CD20+ and CD56+ cells), the level of proin-
flammatory (IL-1β, TNF-α) and regulatory cytokine 
(CD10) in BP of newly diagnosed patients with T2D and 
signs of obesity before and after its treatment with met-
formin.

Materials and methods
Initial clinical and immunological examinations 

were performed in 29 newly diagnosed patients with 
T2D. Of these, a relatively homogeneous group of 
11 patients of both sexes aged 38 to 60 years with a 
body mass index (BMI) of 28 to 37 kg/m2 (an average 
of 33.2 ± 1.3 kg/m2) was selected for further study ac-
cording to the existing classification with “signs of obe-
sity”. The selected group of patients with T2D, who 
were subsequently prescribed metformin, did not in-
clude patients who had myocardial infarction, stroke, 
as well as malignancies, acute and chronic respiratory 
diseases, renal failure, etc. Diagnosis of T2D was es-
tablished in accordance with the recommendations of 
WHO and IDF experts. Metformin was prescribed at a 
dose of 2000 mg per day (the dose was gradually titra-
ted for 1 week). Patients were examined before and in 
3 months after taking the drug. The control group con-
sisted of 12 practically healthy normoglycemic people 
of the same age as the group of patients.

The glucose content in the blood was determined by 
the glucose oxidase method. Impaired glucose tolerance 
was diagnosed by glucose level from 7.8 to 11.1 mmol/L 
in 120 minutes after glucose loading. The level of glyca-
ted hemoglobin (HbA1c) was determined by calorimet-
ric method with thiobarbituric acid.

The total number of leukocytes was counted using 
a hematological analyzer. Identification and number of 
different types of leukocytes (leukocyte formula) were 
carried out in BP smears stained by Pappenheim using 
phosphate or cacodylate buffer (pH 6.85) per 200 cells. 
In some cases, large granulosa-containing lymphocytes 
(LGL), which are considered to be the morphological 
homolog of natural killer cells (NK cells), were isolated 
into a separate group.

The lymphocyte content of different immunophe-
notypes was determined by flow cytometer using the 
FACStar plus laser cytofluorimeter “Becton Dicken-
son” (USA). Mononuclear cells were isolated from 
the heparinized BP by differential centrifugation in a 
density gradient of ficoll-isopak or ficoll-urotrast ac-
cording to A. Boyum method. In some cases, they 
were further incubated in a CO2 incubator for 1 hour 
to eliminate monocytes. The surface antigens of lym-
phocytes-expressing CD3 (all T cells), CD4 (T-in-
ducers/helpers), CD8 (T-suppressors/killers), CD20 
(B-lymphocytes) and CD56 (NK cells) were labeled 
with monoclonal antibodies, which were conjugated 
with fluorescence isothiocyanate (FITZ) or phyco-
erythrin (PE) for visualization from Becton Dickenson 
(USA), Dako Cytomation (Denmark) or RE Kavetsky 
Institute of Experimental Pathology, Oncology and Ra-
diobiology of National Academy of Sciences of Ukraine. 
25.000 cells in each sample were analyzed by the 
FACStar plus cytofluorimeter.

The number of different cytokines (IL-1β, TNF-α 
and IL-10) was determined by the ELISA immunoas-
say using StarFax 3200 spectrophotometer with vertical 
beam from Star company (USA) and reagent kit of Dia-
clone (USA) and Vector BEST (Russia).

Statistical processing of the obtained data was car-
ried out by the method of variational statistics using the 
standard statistical calculation package for the Libre Of-
fice Calc program. The significance of the differences 
in mean values was determined by paired Student’s 
t-test when comparing the group before treatment with 
the group after metformin treatment and the Student’s 
test was used for unrelated groups when compared with 
healthy subjects. Values of p < 0.05 were considered sig-
nificant.

Results
leukocyte composition of blood. A small but signifi-

cant (p < 0.05) increase in the total number of leukocytes 
was found in the hematological study of patients with 
T2D before the beginning of their treatment with met-
formin, as compared to the control group, which agrees 
with our previous data [32, 41], as well as the results of 
other authors, conducted on extensive clinical material 
as shown in Table 1. This leukocytosis is mainly due to a 
significant increase in the absolute number of segmented 
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Table 1. The leukocyte composition of BP (relative and absolute number of different types of leukocytes) 
in healthy normoglycemic individuals and patients with T2D before and after treatment with metformin

Leukocyte 
composition

Healthy individuals Patients before treatment Patients after treatment

% Аbsolute 
numbers % Аbsolute 

numbers % Аbsolute 
numbers

Leukocytes 5.87 ± 0.24 7.17 ± 0.29* 5.93 ± 0.22#

Band neutrophils 2.68 ± 0.28 0.17 ± 0.02 2.82 ± 0.44 0.20 ± 0.03 2.05 ± 0.37 0.11 ± 0.02

S/n neutrophils 56.28 ± 1.46 3.27 ± 0.22 64.55 ± 1.77* 4.63 ± 0.23* 59.00 ± 2.05# 3.17 ± 0.37#

Eosinophils 3.05 ± 0.54 0.16 ± 0.03 1.73 ± 0.36* 0.12 ± 0.02 1.75 ± 0.30 0.09 ± 0.02

Basophils 0.24 ± 0.06 0.02 ± 0.00 0.09 ± 0.06* 0.010 ± 0.004 0.10 ± 0.06 0.010 ± 0.004

Monocytes 6.42 ± 0.40 0.38 ± 0.06 9.77 ± 0.66* 0.70 ± 0.06* 6.72 ± 0.61# 0.33 ± 0.06#

Lymphocytes 32.30 ± 2.05 1.69 ± 1.00 22.23 ± 1.39* 1.61 ± 0.14 31.01 ± 1.64 1.67 ± 0.21

Note: * — p < 0.05 compared to group of T2D patients before metformin treatment with healthy persons; # — p < 0.05 
compared to group of patients before treatment with group of patients after metformin treatment.

Table 2. Immunophenotype of lymphocytes in BP of healthy normoglycemic individuals (BMI < 25 kg/m2) 
and patients with T2D before and after treatment with metformin

Leukocyte 
composition

Healthy individuals Patients before treatment Patients after treatment

% Аbsolute 
numbers % Аbsolute 

numbers % Аbsolute 
numbers

CD3+ Т cells 54.75 ± 0.86 0.87 ± 0.12 57.44 ± 1.34 0.88 ± 0.12 55.86 ± 0.85 0.82 ± 0.11

CD4+ Т cells 35.95 ± 1.12 0.58 ± 0.07 37.82 ± 1.18* 0.66 ± 0.07* 32.67 ± 1.01# 0.55 ± 0.07#

CD8+ Т cells 23.60 ± 0.63 0.37 ± 0.05 23.66 ± 0.63 0.36 ± 0.05 22.99 ± 0.44 0.38 ± 0.05

CD20+ cells 10.0 ± 0.7 0.16 ± 0.03 9.15 ± 0.76 0.14 ± 0.02 10.74 ± 0.70 0.18 ± 0.02

CD56+ cells 9.69 ± 0.58 0.14 ± 0.02 9.89 ± 0.47 0.15 ± 0.02 11.27 ± 0.69 0.18 ± 0.02#

Note: * — p < 005 compared to T2D patients untreated with metformin with healthy persons; # — p < 0,05 compared 
to patients treated with metformin with healthy persons. 

nuclei neutrophils (p < 0.05) and monocytes (p < 0.05). 
Moreover, a more significant increase in the number of 
monocytes in BP in some subjects (up to 15 %) is associ-
ated with the most elevated BMI.

As a result of metformin treatment, a significant de-
crease in the total number of leukocytes in BP (p < 0.05) 
was observed in the majority of patients with newly di-
agnosed T2D, due to the absolute number of segmented 
nuclei neutrophils (p < 0.05) and the number of mono-
cytes (p < 0.05). At the same time, a decrease in mono-
cytes was associated with a decrease in BMI, which sug-
gests that this decrease may be due in part to the weight 
loss at patients.

immunophenotype of lymphocytes. In the study of im-
munophenotype of lymphocytes in BP of patients with 
T2D before their treatment with metformin, a statisti-
cally significant increase in the absolute and relative 
number of CD4+ T cells was found, as can be seen from 
Table 2, in comparison with the control group, especially 
in individuals with elevated BMI that was close to litera-
ture data on this issue [3, 32].

As a result of metformin therapy, a significant de-
crease in the relative (p < 0.05) and absolute (p < 0.05) 
content of CD4+ T cells occurred in most of the exami-
ned patients, approaching to values close to the control 
group (Table 2). The absolute number of CD3+ T cells 
also decreases significantly. The absolute number of 
natural killer cells (CD56+ lymphocytes) in many pa-

tients treated with metformin was also increased, which 
suggests an increase in natural immunity in such pa-
tients.

The content of cytokines. The content of IL-1β and 
TNF-α in healthy individuals and patients with newly 
diagnosed T2D is completely consistent with the results 
of our previous studies [40] and literature data [10, 11, 
17]. A significant increase in the level of both IL-1β and 
TNF-α in BP was noted in the majority of patients with 
T2D compared with a group of healthy people, as can be 
seen from Fig. 1A and B. Thus, the content of IL-1β was 
increased in 8 of 11 patients (median — 1.8 pg/ml vs. 0 
in the control, p < 0.05) and TNF-α in 7 of 11 patients 
(median 2.7 pg/ml vs. 0 in the control, p < 0.05). It is 
also important to note that in patients with the highest 
TNF-α content in the BP (6.5 pg/ml), had the highest 
BMI (37 kg/m2).

After metformin therapy, the majority of examined 
patients had a marked normalization of the content of 
both IL-1β and TNF-α in BP, the median content of 
IL-1β decreased from 1.8 pg/ml to 0 (p < 0.05 ), and 
TNF-α — from 2.7 pg/ml to 0 (p < 0.05) as can seen 
from Fig. 1. In addition, a decrease in TNF-α level was 
well correlated with a decrease in HbA1c.

Significant changes in content of the immunoregu-
latory cytokine IL-10, which is considered to have a po-
tent immunosuppressive and anti-inflammatory effects, 
as can be seen from Fig. 1C, were not noted both 
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in group of healthy individuals or in patients with T2D 
before and after their treatment with metformin. At the 
same time, it should be noted that 3 out of 10 treated 
patients had a higher level of IL-10 in the blood serum, 
two of whom simultaneously had the most pronounced 
decrease in BMI.

Discussion
It is well known that metformin is one of the effec-

tive antidiabetic drugs used in the treatment of T2D, but 
the mechanism of its favorable effect remains to be studi-
ed little. This particularly applies to information about 
the role of the immune system in the mechanisms of the 
antidiabetic action of metformin in a sick person. At the 
same time, according to modern ideas, T2D refers to im-
munocompromised inflammatory diseases [11, 36]. The 
classical markers of inflammation, that is, leukocytosis 
due to neutrophilia and monocytosis, and a significant 
increase in pro-inflammatory cytokines (IL-1β, IL-6, 
IL-12, IL-17, IL-22, TNF-α, etc.) in BP [11, 30] are 
in favor of this hypothesis. There are also studies where 
has been established that an increase in the number of 
leukocytes and inflammatory cytokines in patients with 
IR and metabolic syndrome is a significant marker pre-

dicting the transition from prediabetes to clinically diag-
nosed T2D [13].

Our studies showed for the first time that after the 
course of treatment of patients with primary T2D, in 
many of them, together with the improvement of many 
clinical indices (decrease in the level of HbA1c, glucose, 
BMI, etc.), a significant normalization of a number of 
important markers of inflammation and immunity oc-
curs. That is a decrease in the content of the total number 
of leukocytes, neutrophils and monocytes, the subpopu-
lation of CD4+ T-lymphocytes, as well as a sharp de-
crease in the level of proinflammatory cytokines (IL-1β 
and especially TNF-α), indicating a pronounced anti-
inflammatory property of metformin.

However, as is known, more than 80 % of patients 
with T2D simultaneously suffer from obesity, which is 
also considered as one of the types of nonspecific (low-
grade) inflammation [14, 15, 34, 36] and is an integral 
cluster of IR and MC [35].

At the same time, in our examined patients with T2D 
BMI on the average was 33.2 ± 1.3 kg/m2, i.e. most of 
them had a “sign of obesity” and only two people had 
more than 35 kg/m2, i.e. there was “pronounced obe-
sity”. At the same time, especially pronounced leukocy-
tosis, neutrophilia and monocytosis were noted even in 
normoglycemic healthy people with obesity [2, 20, 23, 
32, 33]. Consequently, the increase in the number of 
leukocytes due to neutrophils and monocytes, which was 
observed by us, suggests that these changes in the leuko-
cyte composition in our examined patients with T2D are 
due not only to mechanisms specific for this disease, but 
also to the presence of excessive body weight. As a result 
of metformin therapy, both normalization of the leuko-
cyte formula and weight body loss are noted. However, 
a complete association between these two processes was 
not revealed, which gives reason to think that the mecha-
nism of favorable action of metformin is due to the effect 
of both factors.

A similar phenomenon was observed by us from the 
immunophenotype of lymphocytes, i.e. an increase in 
the CD4+ T cell count in BP of the examined patients 
with T2D, which is also observed in MS and IR, as well 
as in normoglycemic obese individuals [12, 36, 39]. And 
weight loss as a result of diet or surgical removal of FT ex-
cess, the content of this subpopulation of T-lymphocytes 
in BP decreases [27]. Recent immunological studies [7] 
have shown that this subpopulation of CD4+ T (Th17 and 
Th22 helper cells) consists of young and memorial CD4+ 
CD25+ FOXp3+ cells, whose number in obesity in vis-
ceral FT can be increased by almost 10 times [12, 36].

Normalization of CD4+ T cells content was revealed 
in our examined patients with T2D and excess body 
weight under metformin treatment, which also seems to 
be, to a certain extent, like the number of leukocytes, due 
to a decrease in the degree of obesity.

As a result of metformin therapy, the normalization 
of IL-1β and, especially, TNF-α in BP, which was asso-
ciated with BMI decrease, was observed in the majority 
of the subjects. 

It is also interesting to note that an increase in the 
level of TNF-α in circulation, positively correlates with 

Figure 1. Median content of cytokines IL-1β (A), 
TNF-α (B) and IL-10 (C) in BP of healthy people 

and patients with T2D before and after their 
treatment with metformin
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the absolute amount of monocytes, both before and after 
metformin therapy, i.e. the higher the BMI, the higher 
the number of BP monocytes which agrees with the fol-
lowing data [36] that, with obesity, monocytes/macro-
phages migrate strongly to the inflammatory visceral FT, 
where secrete a large amount of TNF-α.

Consequently, a high content of IL-1β and TNF-α in 
BP of obese patients with T2D can be the result of syner-
gism of overweight and specific processes characteristic 
only for the pathogenesis of T2D.

Evidence that the favorable therapeutic effect of met-
formin in T2D is largely due to its immuno-dependent 
and anti-inflammatory effects are also recent publica-
tions, showing that hypoglycemic effect and other wide-
spread oral antidiabetic drugs (pioglitazone and rosi-
glitazone) are also mediated by their effect on immune 
mechanisms [4, 8, 18].

Conclusions
The obtained data suggest that the beneficial therapeu-

tic effect of metformin in T2D is largely due to its effect 
on the functions of congenital and adaptive immunity, in 
which mechanism an essential role is played by obesity. 
At the same time, it is a good confirmation of the hypothe-
sis that T2D should be attributed to diseases of inflamma-
tory nature. Further deeper study of the role of the immune 
system in T2D is necessary to create new more effective 
drugs with anti-inflammatory and antidiabetic effects.
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Роль імунної системи у механізмі терапевтичної дії метформіну 
у хворих на цукровий діабет 2-го типу

Резюме. актуальність. Метформін — один із цукро-
знижувальних засобів першої лінії, що найчастіше при-
значається для лікування хворих на цукровий діабет 2-го 
типу (ЦД2). Однак механізм його лікувальної дії ще не-
достатньо вивчений. У той же час ЦД2 вважається захво-
рюванням запальної природи, при якому порушені різні 
імунні реакції. Однак вивченню ролі імунної системи 
в механізмі цього захворювання присвячені лише оди-
ничні роботи. Мета дослідження: висвітлення питання 
про те, якою мірою різні види лейкоцитів, імунофенотип 
лімфоцитів та низка цитокінів беруть участь у механіз-
мі терапевтичної дії метформіну. Матеріали та методи. 
Обстежені група хворих обох статей з уперше виявленим 
ЦД2 з індексом маси тіла 33,1 ± 1,3 кг/м2, яких ще не 
лікували цукрознижувальними засобами, та група нор-
моглікемічних здорових осіб того ж віку та статі. Кіль-
кість лейкоцитів у периферичній крові (ПК) визначали 
за допомогою гематологічних аналізаторів, а лейкоци-
тарний склад — у мазках, пофарбованих за Папенгеймом. 
Імунофенотип лімфоцитів (CD3+ T, CD4+ T, CD8+ T, 

CD56+) визначали методом проточної цитометрії за до-
помогою цитофлуориметра FACStar plus. Вміст різних 
цитокінів (ІЛ-1β, ФНП-α та ІЛ-10) — імунофермент-
ним методом ELISA. Результати. Терапія метформіном 
хворих з уперше виявленим ЦД2 та ознаками ожиріння 
приводить до нормалізації підвищеної кількості лей-
коцитів, нейтрофілів та моноцитів, а також зниження 
вмісту CD4+Т клітин у ПК, особливо у хворих із висо-
кими показниками індексу маси тіла. Характерною 
особ ливістю терапії є різке зниження рівня прозапаль-
них цитокінів (ІЛ-1β та ФНП-α), підвищеного до ліку-
вання. Отримані дані вказують на те, що при ЦД2 відзна-
чаються порушення природженого й адаптивного імуні-
тету, та підтверджують гіпотезу про запальну природу 
цього захворювання. Висновки. Сприятлива лікувальна 
дія метформіну при ЦД2, особливо ускладненого ожи-
рінням, багато в чому зумовлена нормалізацією показ-
ників запалення та імунітету. 
Ключові слова: імунітет; цукровий діабет 2-го типу; лі-
кування метформіном
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Роль иммунной системы в механизме терапевтического действия метформина 
у больных сахарным диабетом 2-го типа

Резюме. актуальность. Метформин является одним из 
сахароснижающих препаратов первой линии, наиболее 
часто назначаемым для лечения больным сахарных диабе-
том 2-го типа (СД2). Однако механизм его лечебного дей-
ствия еще недостаточно изучен. В то же время СД2 счита-
ется заболеванием воспалительной природы, при котором 
нарушены различные иммунные реакции. Однако роли 
иммунной системы в механизме лечебного действия мет-
формина посвящены лишь единичные работы. Цель иссле
дования: выяснение вопроса о том, в какой мере различ-
ные виды лейкоцитов, иммунофенотип лимфоцитов и ряд 
цитокинов участвуют в механизме терапевтического дей-
ствия метформина. Материалы и методы. Обследована 
группа больных обоих полов с впервые выявленным СД2 
с индексом массы тела 33,1 ± 1,3 кг/м2, еще не принимав-
ших сахароснижающих средств, и группа нормогликеми-
ческих здоровых лиц того же возраста и пола. Количество 
лейкоцитов в периферической крови (ПК) определяли 
с помощью гематологических анализаторов, а лейкоци-
тарный состав — в мазках, окрашенных по Паппенгейму. 
Иммунофенотип лимфоцитов (CD3+ T, CD4+ T, CD8+ T, 

CD56+) определялся методом проточной цитометрии 
с помощью цитофлуориметра FACStar plus. Содержание 
различных цитокинов (ИЛ-1β, ФНО-α и ИЛ-10) — им-
муноферментным методом ELISA. Результаты. Терапия 
метформином впервые выявленных больных СД2 с при-
знаками ожирения приводит к нормализации повышен-
ного количества лейкоцитов, нейтрофилов и моноцитов, 
а также к снижению содержания CD4+ Т клеток в ПК, осо-
бенно у больных с высоким показателем индекса массы 
тела. Характерной особенностью терапии является рез-
кое снижение уровня противовоспалительных цитокинов 
(ИЛ-1β и ФНО-α), повышенного до лечения. Полученные 
данные указывают на то, что при СД2 имеются значитель-
ные нарушения врожденного и адаптивного иммунитета, 
и подтверждают гипотезу о воспалительной природе этого 
заболевания. Выводы. Благоприятное лечебное действие 
метформина при СД2, особенно осложненном ожирени-
ем, во многом обусловлено нормализацией показателей 
воспаления и иммунитета. 
Ключевые слова: иммунитет; сахарный диабет 2-го типа; 
лечение метформином


