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The aim of this work was to study the influence of treatment with alloferon (allocin) in combination with 
pyrogenal and cytokine therapy on the parameters of immunity, systemic inflammation, levels of herpesvirus 
replication and biochemical profile of patients with metabolic syndrome to search for new approaches to 
the treatment of the early stages of the disease. Markers of systemic inflammation and immunity, includ-
ing key cytokines and lymphocyte subpopulations, were investigated. It was found that 1 month after the 
start of the study in patients receiving only allokin, there were signs of activation of humoral immunity. 
In patients receiving complex therapy, there were signs of activation of the cell-mediated mechanisms of 
adaptive immunity. These changes persisted after 6 months and were not accompanied by signs of systemic 
inflammation when evaluated at 1 and 6 months. The results of further observation showed that in patients 
receiving complex therapy, there were positive changes in lipid profile, which were the most prominent at 
the end of the study. Thus, in this study it was shown that in patients with metabolic syndrome complex 
immunomodulatory therapy, including allokin, pirogenal, ingaron and Roncoleukin, led to the activation of 
the cellular link of adaptive immunity, without causing a long-term increase in the level of markers of sys-
temic inflammatory response. During long term observation the patients had positive dynamics of the main 
markers of the lipid profile, and a reduce in the level of serum markers of systemic inflammation. These 
delayed effects can apparently be associated with immunomodulatory effects of therapy, including the pos-
sible activation of regulatory CD4+CD25+Foxp+ cells, which, according to the literature, have a protective 
effect in obesity, reducing insulin resistance.
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Целью работы явилась оценка монотерапии аллофероном (аллокин) и  аллофероном в  сочетании 
с  пирогеналом и  цитокинами Тх 1 типа на адипокины, системное воспаление и  иммунитет у  боль-
ных метаболическим синдромом для поиска новых подходов к  терапии ранних стадий заболевания. 
Исследовали показатели системного воспаления и  иммунитета, включая ключевые цитокины и  суб-
популяции лимфоцитов. Было выявлено, что через 1 месяц после начала исследования у  больных, 
получавших монотерапию аллокином, отмечались признаки активации гуморального иммунитета 
и  положительное влияние на измененные показатели липидного профиля, глюкозы, показатели си-
стемного воспаления. У пациентов, получавших комплексную терапию, имели место признаки акти-
вации клеточного звена адаптивного иммунитета. Указанные изменения адаптивного иммунитета 
сохранялись через 6 месяцев и  не сопровождались признаками системного воспаления при оценке 
в  точке 1 и  6 месяцев. У пациентов, получавших комплексную терапию, отмечались положитель-
ные изменения показателей липидного профиля, достигавшие наибольшей выраженности в  конце 
исследования. При долговременном наблюдении у пациентов отмечалась положительная динамика 
основных маркеров липидного профиля, уменьшение уровня сывороточных маркеров системного 
воспаления. Указанные отсроченные эффекты можно, по-видимому, связать с иммуномодулирующим 
действием терапии, в  том числе с  возможной активацией регуляторных CD4+CD25+Foxp+ клеток, 
которые, по данным литературы, обладают защитным эффектом при ожирении, уменьшая инсули-
норезистентность.

Ключевые слова: аллокин; воспаление; иммуномодулирующая терапия; метаболический синдром. 
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Introduction. More than 700 million adults 
in the world suffer from obesity (Ob), including 
over 35% of people over 20 years of age in the 
United States of America. Ob is often accompa-
nied by arterial hypertension, dyslipidemia and 
insulin resistance, which form the metabolic syn-
drome  (MS). Inflammation is considered to be an 
important factor in the development of Ob and MS. 
The  mechanisms of this connection are not fully 
known. A chronic inflammatory process in adipose 
tissue with infiltration by macrophages and T-cells 
is revealed in adipose tissue in Ob and MS. It has 
been suggested that in adipocytes, an increase in 
free radicals, the development of oxidative stress, 
hypoxia and activation of proinflammatory signal-
ing cascades occur.

The TLR receptors (TLR2, TLR4) take part 
in inflammatory activation of adipocytes, and can 
be activated by high levels of free fatty acids and 
glucose [1]. Also, a disruption of neuroimmune in-
teractions can play a role in the local inflammation, 
due to an inhibition of activity of the vagus nerve 
that normally suppresses the synthesis of inflam-
matory mediators by adipocytes [2]. The  recruited 
macrophages also contribute to the local inflam-
mation [3].

In turn, chronic inflammation, in particular, 
increased levels of cortisol, contributes to obesity 
and insulin resistance. In Ob, there is a shift of the 
activated phenotype of monocytes towards M1-type 
(pro-inflammatory activity). There is evidence that 
the expression of IL-6 and TNFa by monocytes 
has a direct correlation with the body mass index. 
A number of studies report an increase in neutro-
phil expression of the activation marker CD66b, 
chemokine CXCL8 (IL-8), as well as an increase 
in the systemic level of myeloperoxidase and cal-
protectin secreted by activated neutrophils. It is 
believed that with Ob. and MS, Th1-link of im-
munity is activated, which supports chronic inflam-
mation and correlates with insulin resistance mark-
ers. According to modern studies, Th2 and Treg 
cells reduce insulin resistance and have a protective 

effect in MS [4]. Adipose tissue is now considered 
to be an extremely active endocrine organ that se-
cretes adipokine hormones, either Pro-or anti-in-
flammatory factors linking metabolism to the im-
mune system. Thus, leptin plays an important role 
in the central control of energy metabolism and 
regulation of the interaction of metabolism and the 
immune system. Indeed, the leptin receptor is ex-
pressed throughout the immune system, and the 
hormone itself regulates both innate and adaptive 
immune responses. A number of changes in im-
munity characteristics of Ob. and MS are associ-
ated with the action of elevated concentrations of 
leptin and a deficiency in the production of adi-
ponectin [5]. The role of chronic and latent infec-
tion in the development of MS, in particular of 
viral hepatitis B and C, of HIV infection, attracts 
great attention. Modern studies of intestinal mi-
crobiota indicate the pathogenetic role of its dis-
orders in the development of metabolic syn-
drome  [6,  7]. It remains unclear whether it is 
possible and practicable to restore the immune 
response in patients with metabolic syndrome at 
stage 1 of the disease.

The goal of this research was to evaluate the 
effect of monotherapy with alloferon (allokin-alpha) 
and alloferon in combination with pyrogenal and 
T-helper type 1 cytokines on adipokines, systemic 
inflammation and immunity in patients with meta-
bolic syndrome to develop new approaches to the 
treatment of early stages of the disease.

Materials and methods. The study included 
24  patients (mean age  — 46 ± 8 years) with MS, 
16 of them received allokin-alpha (1 mg s/c every 
other day for 21 days). Another 8 patients reseived 
allokine-alpha (the same dose) simultaneously with 
pirogenal (i/m with a gradual increase from 50 to 
250 MPD a day every other day, 6 doses), ingaron 
(500,000 units s/c for the last 8 days of therapy) 
and Roncoleukin (0.25 mg i/v a day, every other 
day, 4 doses). The control group included 10 peo-
ple with MS, comparable in age and sex and not 
receiving therapy. All patients were examined at 
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Fig. 1. Dynamics of homocysteine (µmol/l) and adiponectin (µg/ml) levels in patients with metabolic syndrome after 
immunomodulatory therapy. Levels of homocysteine significantly decreased in patients receiving complex therapy at 
8  months, while adiponectin levels significantly increased in both groups of patients at 8 months
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the initial point, after 1, 3, 6 and 8  months. 
Immunological examination included assessment of 
immunoglobulins IgA, IgM, IgG, cortisol, 
C-reactive protein (CRP) (Chema-medic), cyto-
kines IL-2, IL-4, IL-8, TNFa (Vector-best) by 
enzyme immunoassay. The levels of leptin, adipo-
nectin and homocysteine were assessed by enzyme 
immunoassay (Diagnostics Biochem Canada Inc., 
Canada; BioVendor, Czech Republic; Axis Shield, 
United Kingdom). Lymphocyte subpopulations 
(CD45+CD3+CD4+, CD45+CD3+CD8+, CD3–CD19+, 
CD3–CD16+CD56+, CD3+CD16+CD56+) were as-
sessed by multicolor flow cytometry (BD). The  le-
vels of glucose, insulin, glycosylated hemoglobin, 
total cholesterol, triglycerides, LDLP, HDLP were 
assessed as described by manufacturer in a clinical 
laboratory. Herpesvirus replication was assessed by 
quantitative PCR. For comparison of group means 
T-test was applied. Differences were considered 
significant at p < 0.05. 

Results. Patients treated with allokin in mono-
therapy were analyzed in 2 subgroups  — with the 
initial stage of MS and more developed MS and 
systemic inflammation.  After 1 month after ini-
tiation of therapy in patients with the initial stage 
of MS, there were signs of activation of humoral 
immunity within normal limits (in 7 of 8 people 
the level of IgA increased, in 6 of 8 — the level of 
IgG), the level of CD3–CD16+CD56+ NK-cells also 
increased (p < 0.05), and these changes remained 
after 6 months of treatment. Also in this subgroup, 
an increase in the content of the anti-inflammatory 
hormone adiponectin from 11.76 to 15.16 µg/ml af-
ter 6 and 8 months was found.  In patients with more 
developed MS on the background of therapy after 
1 month the initially elevated level of markers of 
systemic inflammation decreased, including CRP, 
cortisol (p < 0.05), and this effect persisted up to 
6 months. Also, on average, the levels of leptin steadi-
ly decreased (37.55 ng/ml at the beginning of obser-
vation and 24.58 ng/ml 8 months after treatment), 
and levels of adiponectin increased, as well as levels 
of monocytes, glucose and glycylated hemoglobin.

After complex therapy (allokin, pirogenal, ron-
coleukin and ingaron) in MS patients in 1 month. 

after therapy, the level of IgA (6 out of 8 people), 
CD3+CD4+T-helper cells increased within normal 
limits and the level of activated HLA-DR+ CD3+ 
T-cells increased (3.17 ± 1.16% and 5.24±1.29%, 
p < 0.005). At the same time, there were no signs 
of activation of the cellcytotoxicity system. These 
changes in adaptive immunity persisted after 
6  months and were not accompanied by signs of 
systemic inflammation. In patients receiving com-
plex therapy, there were positive changes in lipid 
profile, reaching the highest intensity at the end 
of the study: glucose, triglycerides, HOMA index 
before treatment exceeded the norm, and by the 
last point of the study they significantly decreased 
to normal levels (glucose: an average of 5.77 and 
5.2  mmol/l; triglycerides: 1.91 and 1.66 mmol/l; 
insulin resistance index HOMA: 3.28 and 2.0). 
In addition, there was a  decrease in the level of 
markers of systemic inflammation in patients of this 
group (cortisol 508.35 and 363.67 nmol/l, homo-
cysteine 20.46 and 14.61 µmol/l). In this group, the 
level of IgA and IgM also significantly decreased 
at the last point of the study, approaching normal 
values (p < 0.05) (Fig. 1).

In 2/3 of patients the source of MS showed 
signs of active herpesvirus infection (HI)  — the 
viral load exceeded the levels typical for healthy 
controls by 100 times or more. Alloferon has 
an antiviral effect. When analyzing the effect of 
monotherapy with allokin and complex therapy 
with cytokines and pyrogen, it was found that at 
3–8  months in half of the patients the viral load 
has decreased, in some cases to normal levels, or 
the virus DNA was below the threshold of detec-
tion. Also, in 7 people DNA of Candida albicans 
could no longer be determined in saliva.

Conclusion. Thus, the pilot study showed that 
monotherapy with allokin and complex immuno-
modulatory therapy, including allokin, pirogenal, 
ingaron and roncoleukin, had a positive effect on 
the altered lipid profile, glucose, systemic inflam-
mation in MS patients. Further studies are required 
to confirm the data and decipher the mechanisms 
of action of immunotropic therapy in metabolic 
syndrome.
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