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Abstract—The polypeptide drug thymalin is used for various diseases associated with immune dysfunction,
viral and bacterial infections, regeneration normalization, immunodepression, and the depression of hema-
togenesis after chemical and radiotherapy. The molecular mechanism of the action of thymalin and its com-
ponents, EW dipeptide (the drug thymogen), the dipeptide KE, and the tripeptide EDP, are analyzed. These
short peptides regulate gene expression and the synthesis of heat-shock protein, cytokines, fibrinolysis,
gerontogenes, and the differentiation, proliferation, apoptosis of cells. Thymalin and thymogen have practi-
cally no side effects and are used for various viral infections. These peptide drugs can likely be effective in the
complex therapy for the coronavirus infection COVID-19.
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The creation of effective and safe drugs that can
increase the protective functions of the body is a high-
priority area of molecular medicine and immunology.
The peptides formed via limited proteolysis are endo-
crine and autocrine carriers of information about the
local state of the functions of an organ or tissue. Low
molecular weight short peptides containing up to ten
amino acid residues have a wide spectrum of activity
and coordinate the biological functions of various
organs and tissues (Ryzhak et al., 2015; Khavinson and
Popovich, 2017). There are a large number of peptides
that are known that regulate the differentiation, prolif-
eration, and apoptosis of cells in normal conditions
with pathology and aging of the body (Khavinson
et al., 2020).

A technology has been developed for the isolation
of polypeptide complexes from various organs and tis-
sues of young animals. The first peptide drug created
with this technology was a polypeptide complex iso-
lated from the thymus of calves, thymalin (Morozov
and Khavinson, 1981; Morozov et al., 1982; Khavin-
son and Morozov, 1982). This drug normalizes the
functions of the immune system and stimulates the
processes of regeneration and hematopoiesis if they
are suppressed. The immunoprotective effect of thy-

malin is expressed in the restoration of the number and
ratio of T and B lymphocytes, their subpopulations, an
increase in their functional activity, and increased
phagocytosis (Morozov et al., 2000; Anisimov and
Khavinson, 2010). Timalin is used in the treatment of
various diseases associated with dysfunction of the
immune system in children and adults (acute and
chronic viral and bacterial infections, infectious puru-
lent and septic processes, impaired regeneration pro-
cesses, suppression of immunity and hematopoiesis
after chemotherapy or radiation therapy) (Khavinson
et al., 1991, 2013, 2014a; Khavinson and Morozov,
2002; Kuznik et al., 2002; Khlystova et al., 2003). The
use of thymalin helped to reduce the incidence of
acute respiratory diseases in elderly and senile people
by 2.0–2.4 times (Khavinson and Morozov, 2002). It
was found that thymalin accumulates in epithelial cells
of the human respiratory tract during early embryo-
genesis (Khlystova et al., 2003). The use of thymalin in
the treatment of patients with acute lung abscesses led
to a decrease in the systemic inflammatory response
syndrome, a decrease in plasma fibrinolytic activity,
and the cessation of hypercoagulation (Kuznik et al.,
2002). Timalin has shown geroprotective properties in
animal experiments and in clinical studies. The drug
contributed to the restoration of functions of the
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immune system and reduced mortality in elderly
patients (Korkushko et al., 2002; Anisimov and
Khavinson, 2010). Thus, thymalin normalizes the
functions of the immune and respiratory systems, and,
in addition, has a geroprotective effect. The use of thy-
malin in the experiment and in patients with pneumo-
nia of various etiologies, viral infectious diseases was
accompanied by the normalization of blood coagula-
tion and fibrinolytic activity (Kuznik et al., 2011, 2013;
Khavinson et al., 2012b, 2013).

Immunomodulatory therapy and drugs that nor-
malize the hemostasis system are currently a promis-
ing approach to the complex treatment of the viral dis-
ease COVID-19, the severe form of which is accompa-
nied by pneumonia, thrombus formation, and an
imbalance in the cytokine status. Given that the risk
group for COVID-19 is mainly elderly and senile peo-
ple, thymalin can be considered a drug for the complex
therapy of infection caused by SARS-CoV-2 (severe
acute respiratory syndrome coronavirus 2) (Tang
et al., 2020; Wang et al., 2020; Zhang et al., 2020).

Thus, it is important to study the molecular aspects
of the mechanism of action of thymalin. It should be
noted that the active components of a polypeptide
preparation contain short peptides (Khavinson et al.,
2017). Earlier, the dipeptide EW was isolated from thy-
malin via reversed-phase high-performance liquid
chromatography (RP-HPLC); it was later synthesized
and named “thymogen.” Further experimental and
clinical studies have shown that thymogen is a highly
effective immunomodulator (Morozov et al., 2000).
The short peptides in thymalin were identified via
mass spectrometry and HPLC (Zhurkovich et al.,
2020). The dipeptide KE (vilon) and the tripeptide
EDP (crystagen), which have high biological activity,
were identified in the study.

The areas of the application of the drugs thymalin
and thymogen are in many ways similar. The use of
thymogen is indicated for the prevention and complex
treatment of acute and chronic viral and bacterial dis-
eases of the upper respiratory tract and the prevention
of the suppression of immunity, hematopoiesis, and
regeneration processes in the posttraumatic and post-
operative periods. A double-blind, randomized, pla-
cebo-controlled study of the efficacy of thymogen in
elderly patients after the removal of solid tumors in the
abdominal cavity and retroperitoneal space was car-
ried out. The preoperative use of thymogen restored
the structural and functional parameters of immunity
and led to a statistically significant decrease in the
number and range of postoperative complications and
a reduction in the postoperative period (Smirnov
et al., 2011). Thymogen, like thymalin, demonstrated
geroprotective properties in animal experiments. Like
thymalin, the use of thymogen in experiment and in
BIO
patients with pneumonia of various etiologies and viral
infectious diseases was accompanied by normalization
of the coagulation and fibrinolytic activity of blood
plasma proteins (Kuznik et al., 2011; Khavinson et al.,
2013). It should be noted that thymogen administra-
tion in rats led to an increase in survival and a 1.5-fold
decrease in the number of tumors (Anisimov et al.,
2000).

It was found that the short peptides thymogen,
vilon, and crystagen activate the differentiation,
increase the viability and proliferation, and reduce the
apoptosis of various subpopulations of immune cells.

It was found that the use of the KE peptide stimu-
lates cellular immunity and nonspecific resistance of
the organism and has an activating effect on macro-
phages, blood lymphocytes, thymocytes, and neutro-
phils (Shcherbak et al., 2004; Sevostyanova et al.,
2012). Vilon induces the expression of CD4 and CD5
molecules on thymus cells, stimulating their differen-
tiation in the direction of T helpers (Sevostyanova
et al., 2012). The KE peptide, when introduced into
the body of transgenic mice, suppresses the expression
of the oncogene HER-2/neu by two times (Khavinson,
2009). Vilon promotes an increase in the proportion of
transcribed euchromatin and a decrease in the amount
of heterochromatin in the blood lymphocytes of
elderly people (Khavinson et al., 2004). The KE pep-
tide normalizes the telomere length of PHA-stimu-
lated blood lymphocytes in people of different ages
(Khavinson et al., 2019). Vilon also regulates the gene
expression of IGF1, FOXO1, TERT, TNKS2, and
NFκB in human embryonic mesenchymal stem cells
of the FetMSC line during their replicative and sta-
tionary aging (Ashapkin et al., 2020). The KE peptide
was found to be one of the 57 dipeptides capable of
selective binding to double-stranded DNA. When
studying the effect of peptides on the expression of
15247 genes with microchip technology, it was found
that the KE peptide regulates the gene expression of
EPS15, MCM10 homolog, Culline 5, APG5L, FUSED,
ZNF01, FLJ12848 fis, ITPK1, SLC7A6, FLJ22439 fis,
KIAA0029, FLJ13697 fis, KIAA0699, FLJ10914,
Gdap1, MSTP028, MLLT3, and PEP, as well as the
synthesis of cytoskeleton proteins and the proliferation
and metabolism of cells, which explains its high bio-
logical activity (Khavinson and Malinin, 2005). It was
found in the experiment the KE peptide demonstrates
pronounced selective binding to the TCGA DNA
sequence, which is part of these genes. It is assumed
that the KE peptide can regulate gene expression and
the synthesis of heat-shock proteins (HSPs), cyto-
kines (IL-3, IL-4, IL-5, IL-6, IL-10, IL-17A,
TNFα), tissue factor, proteins of the fibrinolysis sys-
tem (plasminogen, tissue and urokinase plasminogen
activators, antithrombin III), and proteins of “youth”
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and “old age” (GDF11, FNDC5, betatrophin,
FGF19, FGF21, FGF23, HMGB1, MIC1/GDF15,
JAM-A) (Khavinson et al., 2011a, 2014b, 2015a,
2015b, 2018; Kuznik et al., 2014, 2017). It was found
that the KE motif is found in the amino-acid
sequences of some cytokines and peptide hormones
that are similar in function to the KE peptide. In the
human proteome, nuclear proteins contain the largest
number of KE motifs, while cytoplasmic and all other
proteins have the minimal KE content. During limited
proteolysis, the KE-peptide molecules released from
nuclear proteins can bind to DNA and regulate gene
expression (Terekhov et al., 2019). The KE peptide
reduces the expression of matrix metalloproteinase-9
(MMP-9) and increases the expression of Ki-67 and
CD98hc molecules, the synthesis of which is impaired
with the aging of skin fibroblasts (Linkova et al., 2016).

The EDP peptide promotes heterochromatiniza-
tion of the chromatin in blood lymphocytes in the
elderly (Khavinson et al., 2006). The effectiveness of
the oral administration of crystagen was evaluated in
elderly and senile people with impaired immunity.
Crystagen, in combination with standard treatment,
contributed to the normalization of the immunogram
in 82% of patients, while the normalization of the
immunogram was observed in 56% of patients in the
control group (standard treatment only). Crystagen
had a greater effect on the T-cell element of immunity
(an increase in the number of CD3+-, CD4+-cells,
normalization of the CD4+/CD8+ ratio) and had a less
pronounced effect on B lymphocytes. In all patients
taking crystagen, there was a decrease in the severity of
asthenic syndrome, which accompanies secondary
immunodeficiencies (Khavinson et al., 2006). The
immunogeroprotective effect of crystagen on thymic
cells of rats exposed to gamma irradiation (accelerated
aging model) was established. After the introduction
of crystagen, the animals retained the cortex–medulla
division in the thymus (its absence is a sign of aging),
and there were increases in the number of macro-
phages and mast cells and the proliferation of thymo-
cytes, which was assessed based on the expression of
proliferating cell nuclear antigen (PCNA) (Khavinson
et al., 2006). The EDP peptide wash shown to have a
stimulating effect on the ability of peritoneal macro-
phages of young and old mice to secrete the cytokines
IL-1, IL-6, TNFα. In addition, the EDP peptide acti-
vates the proliferation of VTEC2.H/S human thymic
epithelial cells (Khavinson et al., 2006). The EDP
peptide inhibits the proliferation of human erythro-
myelosis tumor K-562 cells. The inhibition of prolifer-
ation under the action of crystagen, which is directed
at immortalized cells, may indicate its antitumor
activity. The EDP peptide enhances the spontaneous
proliferative activity of normal lymphocytes; this
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shows that it has a stimulating effect on nontumor
human immune cells (Khavinson et al., 2011b). The
oral administration of crystagen in combination with
other short peptides increases stress resistance and
normalizes immunity in athletes. Peptides doubled the
expression of the HSP gene HSPA1A and normalized
IL-6 expression. After the administration of peptide
bioregulators, the incidence of acute respiratory viral
infections in athletes decreased (Khavinson et al.,
2012a).

Studies involving a comparative study of thymalin
and the short peptides EW, KE, and EDP for immu-
nogenesis were carried out. In organotypic cultures of
spleen tissue of young and old rats, the effect of pep-
tides on the processes of cell proliferation and apopto-
sis (lymphoblasts, lymphocytes, macrophages) was
studied. Timalin and the peptides EW, KE, and EDP
increased the index of the growth zone of the animal
spleen explants by 20–50%, stimulated proliferation,
and reduced cell apoptosis by 29–42% as compared to
the control. The effect of thymalin was more pro-
nounced than that of short peptides (Zakutskii et al.,
2006; Chalisova et al., 2008, 2011, 2015; Chervyakova
et al., 2014; Ryzhak et al., 2017). The obtained data
can be explained by the fact that thymalin contains all
three studied short peptides, as well as a large number
of other peptides that may have immunoprotective
properties.

The effect of the EW, KE, and EDP peptides on
the expression of markers of receptor (proteins p16,
p21, p53, Caspase-8, -9) and mitochondrial (AIF,
prohibitin) apoptosis in cultures of human blood lym-
phocytes was studied. It was found that these peptides
reduce the level of receptor and mitochondrial apop-
tosis in blood lymphocytes during their replicative
aging. The EW and KE peptides have a more pro-
nounced antiapoptotic effect in “young” and “old”
cultures of blood lymphocytes than the EDP peptide
(Dudkov, 2019). It is assumed that the antiapoptotic
effect of peptides may be associated not only with their
ability to epigenetically regulate gene expression but
also with another mechanism. The antiapoptotic and
geroprotective effect of peptides can be realized via
activation of the transcription of apoptosis genes when
the conformation of histones changes under the influ-
ence of short peptides. It was established via molecular
modeling that peptides bind most preferentially to his-
tones H1/1, H1/3, H1/6, H2b, H3, H4 at sites that
interact with DNA. The most energetically favorable
interaction with histone H1/3 occurs with the EW
peptide.

The information entering a living organism is con-
trolled by regulatory systems, which work to maintain
a high degree of stability of genome functioning. Con-
sequently, the main task of the bioregulation system is
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Fig. 1. Proposed scheme for the implementation of the molecular-biological effects of thymalin and its constituent short peptides.
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to control gene expression, protein-synthesis pro-
cesses, and protective functions of the body. Informa-
tion on changes in the external and internal environ-
ment serves as a factor that induces transformation in
the bioregulation system, which is necessary to main-
tain the functional activity of cells. Therefore, the
interaction of information molecules, in particular,
regulatory peptides, with the genome plays an import-
ant role in the maintenance of cellular homeostasis.

The immune and geroprotective effects of thyma-
lin, which normalizes differentiation and proliferation
and reduces apoptosis of lymphoid cells and activates
cellular immunity reactions and regeneration pro-
cesses, are due to the effects of its short peptides EW,
KE, and EDP. The EW, KE, and EDP peptides in the
composition of the thymalin drug are able to comple-
mentarily bind to certain DNA sequences or histone
proteins. As a result of this binding, there is a change
in the gene expression and synthesis of HSPs, cyto-
kines, the fibrinolysis system, gerontogens, and pro-
teins involved in the differentiation, proliferation, and
apoptosis of immune cells. Normalization of the syn-
thesis of proteins that activate functions of the
immune and antioxidant systems, the processes of
regeneration, and hemostasis is manifested by resto-
ration of the functions of the regulatory systems of the
body and explains the high efficiency of thymalin in
the treatment of a wide range of diseases (Fig. 1).
Since thymalin and its constituent thymogen are used
for viral infections and for bronchoprotection, it can
be assumed that these drugs will be effective in the
complex therapy of coronavirus infection. All of this
indicates the relevance of further studies of thymalin
and its constituent short peptides.
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