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Thymalin is a polypeptide complex isolated from the thymus and regulating the functions of 
the immune system. Thymalin is effective in therapy of acute respiratory syndrome, chronic 
obstructive bronchitis, and other immunopathology. Thymalin increases functional activity of 
T lymphocytes, but the targeted molecular mechanism of its biological activity requires further 
study. We studied the influence of thymalin on differentiation of human hematopoietic stem 
cells (HSC) and expression of CD28 molecule involved in the implementation of antiviral 
immunity in COVID-19 infection. It was found that thymalin reduced the expression of CD44 
(stem cell marker) and CD117 (molecule of the intermediate stage of HSC differentiation) 
by 2-3 times and increased the expression of CD28 (marker of mature T lymphocytes) by 
6.8 times. This indirectly indicates that thymalin stimulated differentiation of CD117+ cells 
into mature CD28+T lymphocytes. It is known that in patients with severe COVID-19, the 
number of CD28+, CD4+, CD8+T lymphocytes in the blood decreased, which attested to a 
pronounced suppression of immunity. It is possible that the antiviral effect of thymalin consists 
in compensatory stimulation of HSC differentiation into CD28+T lymphocytes at the stage of 
immunity suppression in unfavorable course of viral infection. Thymalin can be considered 
as an immunoprotective peptide drug for the prevention of COVID-19.
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The search for effective and safe antiviral agents has 
now become a priority task in molecular biology and 
medicine. In March 2020, the World Health Organiza-
tion recognized COVID-19 (a disease caused by the 
SARS-CoV-2 virus, severe acute respiratory syndrome 
coronavirus 2) as a pandemic. Currently, there are no 
effective specific treatments for COVID-19. One of the 
pathogenetic factors in the development of COVID-19 
is activation of the synthesis of proinflammatory cy-
tokines by lung macrophages, which in severe cases 

leads to the development of an inflammatory reaction 
and distress syndrome. In severe form of COVID-19, 
the immune response is overactivated; it leads to a 
cytokine storm, which can be fatal [10].

Thymalin is a complex of peptides with a mo-
lecular weight of up to 10 kDa isolated from cattle 
thymus [6]. Thymalin normalizes cellular and humoral 
immunity and functions of the hemostasis system, ex-
hibits antioxidant properties, stimulates phagocytosis, 
regeneration, and hematopoiesis in case of their sup-
pression, and normalizes the function of T lympho-
cytes. Thymalin also acts as a geroprotector; it pro-
longs animal lifespan and decreases the incidence of 
tumors [1,6,15]. The use of thymalin in infectious dis-
eases (acute and chronic hepatitis A and B, meningitis, 
typhoid fever, dysentery, pseudotuberculosis, acute 
respiratory viral infection, and influenza), as well as in 
acute pneumonia, chronic obstructive bronchitis, lung 
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abscess, and bronchial asthma is accompanied by nor-
malization of the immunogram, including a decrease 
in the level of proinflammatory cytokines [7]. It should 
be emphasized that no adverse or allergic reactions 
were noted during many years of experimental study 
and clinical use of thymalin. The active components 
of thymalin are di- and tripeptides that regulate gene 
expression and synthesis of proteins of differentia-
tion, proliferation, and apoptosis of immune cells [5]. 
The molecular mechanism of the effect of thymalin on 
stem cell differentiation and its antiviral effect requires 
further study.

Human hematopoietic stem cells (HSC) originate 
from hemangioblasts and are located in the red bone 
marrow. HSC are called pluripotent because they give 
rise to myeloid and lymphoid blood cells. Myeloid 
cells differentiating from HSC include monocytes, 
macrophages, granulocytes (neutrophils, basophils, 
and eosinophils), erythrocytes, megakaryocytes, plate-
lets, and myeloid dendritic cells. The lymphoid cell 
line, which is derived from HSC, includes T and B 
lymphocytes, NK cells, and lymphoid dendritic cells. 
Thus, HSC are an important reserve for differentiation 
and maintenance of the pool of functionally active 
immune cells.

Our aim was to study the effect of thymalin on 
differentiation of human stem cells and expression of 
the CD28 molecule involved in the implementation of 
antiviral immunity in COVID-19.

MATERIALS AND METHODS
HSC were isolated from umbilical cord blood using a 
protocol for isolation of mononuclear cells developed 
by GE Healthcare Company. The blood was obtained 
during separation of the placenta during physiologi-
cal childbirth in the maternity ward of the D. O. Ott 
Research Institute of Obstetrics, Gynecology, and Re-
productology (St. Petersburg). The blood was diluted 
1:1 with Dulbecco’s PBS (DPBS) and transferred to 
a tubed with 3 ml Ficoll-Paque Plus (GE Healthcare). 
After centrifugation at 400 rpm for 30 min, the up-
per layer of plasma was discarded and the layer con-
taining mononuclear cells was carefully collected and 
transferred to another tube, mixed 1:3 with DPBS, 
and centrifuged at 400 rpm for 10 min. The superna-
tant was discarded, the cells were suspended in 5 ml 
RPMI-1640 culture medium, transferred to a vial with 
a non-adhesive surface, and incubated in a thermostat 
at 5% and 37℃. All HSC cultures were divided into 
2 groups: control (addition of nutrient medium) and 
experimental addition of thymalin in a concentration 
of 100 ng/ml (batch 70512, Samson-Med). The cells 
were cultured up to passages 2 and 7; thymalin was 
added to the HSC cultures during each passage.

The expression of signaling molecules was veri-
fied by immunofluorescence using primary monoclo-
nal antibodies to CD44 (1:50, Dako), CD28 (1:50, 
Novocastra), and CD117 (1:150, Abcam). The cells 
were fixed with 4% paraformaldehyde for 10 min. 
HSC were incubated with 0.5% Triton X-100 for 10 
min at room temperature. The cells were incubated 
with Protein Block (Dako) for 10 min to block non-
specific binding sites. HSC were incubated with pri-
mary antibodies for 60 min in a thermostat at 37°C, 
and then with secondary antibodies conjugated with 
Alexa Fluor 488 or 647 (1:1000, Abcam) for 30 min at 
room temperature in the dark. The nuclei were coun-
terstained with DAPI (Sigma). Finally, the prepara-
tions were embedded in a Dako Fluorescent Mounting 
Medium (Dako) under coverslips.

The micropreparations were examined under a 
confocal laser scanning microscope FV 1000 (Olym-
pus) at ×200 using FW10 software to obtain micro-
graphs with the results of immunocytochemical studies 
(5 fields of view in each sample). The micrographs 
were analyzed using ImageJ software by two param-
eters: relative expression area (%) and mean bright-
ness (arb. units). The relative area of expression of the 
marker was calculated as the ratio of the area of im-
munopositive cells to the total area of the preparation. 
The relative area of the expression is characte rized by 
the number of immunostained cells. The mean bright-
ness reflects marker concentration in one cell.

The results were statistically processed using the 
Statistica 10.0 software (StatSoft, Inc.). Comparison of 
the mean values of studied parameter in groups 1 and 
2 was carried out according to the Student’s t test at a 
statistical significance level of p<0.01.

RESULTS
In the presence of thymalin, the area of CD44 expres-
sion in passage 7 HSC significantly decreased by 2.76 
times in comparison with control cultures (Table 1,  
Fig. 1). Thymalin did not affect the area of CD44 ex-
pression in passage 2 HSC and the mean brightness of 
the expression of this molecule in cells of passages 2 
and 7 (Tables 1, 2). CD44 molecule is expressed on 
HSC and regulatory T lymphocytes [4,11]. CD44 on 
HSC is a ligand for E- and L-selectins that maintain sub-
population of bone marrow stem cells [2,9,11]. CD44  
is a receptor for hyaluronic acid [11] one of the main 
components of stem cell microenvironment. This dif-
ferentiation cluster is involved in activation of prolifera-
tion, increasing survival rate of HSC, and modulating 
the effects of cytokines [11]. Thus, the decrease in the 
expression of CD44 in HSC under the action of thyma-
lin can indicate its ability to stimulate cell differentia-
tion, during which this molecule is no longer expressed.
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The area of CD117 expression in passage 7 HSC 
under the influence of thymalin significantly decreased 
by 2.2 times in comparison with control cultures (Ta-
ble 1, Fig. 2). Thymalin significantly increased the 
mean brightness of CD117 expression in passage 2 
HSC by 2.16 times in comparison with the control 
(Table 2) and did not affect the area of CD117 expres-
sion in these cultures and the mean brightness of the 
expression of this molecule in passage 7 HSC (Tables 
1, 2). Tyrosine kinase CD117 is a stem cell and neu-
trophil growth factor receptor. Activation of neutro-
phil growth factor receptor signaling pathway induces 
proliferation and early stages of HSC differentiation. 
Activation of CD117 receptor by neutrophil growth 
factor potentiates a number of cytokine-dependent sig-
naling pathways, thereby promoting proliferation and 
differentiation of HSC [3,12]. The CD117 molecule 
is involved in the maintenance of HSC population 
in the blood and bone marrow. Expression of CD117 
decreases during differentiation of immune cells, re-
maining only in mature neutrophils and some CD8+ T 
lymphocytes [3]. These findings suggest that thymalin 
in the course of short-term culturing stimulates the 
expression of CD117 on HSC, which can be consid-
ered as the initial stage of cell differentiation. During 
long-term cultivation, thymalin reduces the expression 

of CD117 on HSC. It can be hypothesized that this 
is related to activation of further HSC differentiation 
following the CD117+ cell stage under the effect of the 
thymus polypeptide complex.

The area of expression of CD28 in HSC of pas-
sages 2 and 7 under the influence of thymalin signifi-
cantly increased by 2.98 and 6.93 times, respectively, 
in comparison with the control cultures (Table 1,  
Fig. 3). The mean brightness of CD28 expression in 
HSC of passages 2 and 7 under the influence of thy-
malin significantly increased by 2.03 and 2.05 times, 
respectively, in comparison with the control cultures 
(Table 2). Glycoprotein CD28 is expressed on thymo-
cytes, CD4+, CD8+ lymphocytes and is required for 
activation of mature T cells. The expression of CD28 
is increased in antigen-presenting cells upon activation 
of cell Toll-like receptors, which leads to stimulation 
of cytokine synthesis. CD28 plays an important role 
in activation of immunity during viral diseases. In pa-
tients with a mild form of COVID-19, the number of 
CD28+, CD4+, and CD8+ lymphocytes increases, which 
indicates activation of the functions of the immune 
system. In a severe course of coronavirus infection, the 
number of T helpers and cytotoxic lymphocytes de-
creases with simultaneous decrease in the expression 
of CD28 glycoprotein on their surface [14]. It should 

Fig. 1. CD44 expression in human hematopoietic stem cells, passage 7. Immunofluorescence confocal microscopy, ×200. Green 
fluorescence: expression of CD44 (Alexa Fluor 488). Blue fluorescence: cell nuclei were stained with DAPI. a) Control, b) thymalin.

TABLE 1. Effect of Thymalin on the Relative Area of Expression of Signaling Molecules in the Culture of Human Hematopoietic 
Stem Cells (%; M±SD)

Group
Passage 2 Passage 7

CD44 CD117 CD28 CD44 CD117 CD28

Control 7.55±1.04 15.25±1.68 1.24±0.19 5.47±0.45 4.33±0.41 2.01±0.16

Thymalin 8.44±1.16 13.23±1.71 3.69±0.40* 1.98±0.13* 1.97±0.11* 14.56±1.75*

Note. *p<0.01 in comparison with the control.
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be noted that similar changes are induced by human 
immunodeficiency virus. It was found that CD28 ex-
pression on the membrane of CD8+ T lymphocytes 
increases their resistance to apoptosis and antitumor 
activity [8]. Stimulation of CD28 expression on HSC 
by thymalin can reflect activation of mature T cell dif-
ferentiation and antiviral immunity.

It was found that during short-term culturing (up 
to passage 2), thymalin doubled the expression of 
the marker of early differentiation of immune cells 
CD117 on some HSC. At the same time, the number 
of HSC carrying CD117 glycoprotein on their surface 
decreased under the influence of thymalin. Thus, with 
a short-term effect on human stem cells, thymalin can 
step-by-step stimulate the initial stages of differentia-
tion of these cells. CD117+ cells under the influence of 
thymalin proceed to a later stage of differentiation and 
lose their ability to synthesize CD117. This hypothe-
sis is confirmed by the fact that the area and mean 
brightness of expression of the T lymphocyte marker 
CD28 in passage 2 HSC increase by 2-3 times under 
the action of thymalin.

During long-term culturing (up to passage 7), 
thymalin had even more pronounced effect on HSC 
differentiation towards T cells than during short-term 
culturing. Thymalin 2-3-fold reduced the expression of 

stem cell marker CD44 and molecule of the interme-
diate stage of HSC differentiation CD117 and almost 
7-fold increased the synthesis of mature T cell marker 
CD28. Probably, the ability of thymalin to stimulate 
HSC differentiation was retained during long-term cul-
turing. During short-term culturing, thymalin activated 
cell transition to the initial stage of differentiation, 
which was expressed in induction of the synthesis of 
glycoprotein CD117 on their surface. During long-term 
culturing in the presence of thymalin, CD117+ cells dif-
ferentiated into mature CD28+ T lymphocytes. These 
data are consistent with the previously obtained results 
on the ability of di- and tripeptides to stimulate differ-
entiation of immune cells in the bone marrow, thymus, 
embryonic liver, and peripheral blood of adults towards 
mature T helpers and cytotoxic T cells [5].

The obtained results are important for under-
standing of immunoprotective activity of thymalin in 
patients with acute respiratory diseases of viral etiol-
ogy. In patients with viral infections, including those 
caused by SARS-CoV-2, activation of the functions 
of the immune system is observed at the initial stages 
of the disease, which manifests in an increase in the 
number of CD28+, CD4+, and CD8+ T lymphocytes in 
the blood [14]. If the course of COVID-19 proceeds 
according to an unfavorable scenario, for example, if 

Fig. 2. CD117 expression in human hematopoietic stem cells, passage 7. Immunofluorescence confocal microscopy, ×200. Red 
fluorescence: expression of CD117 (Alexa Fluor 647). Blue fluorescence: cell nuclei were stained with DAPI. a) Control, b) thymalin.

TABLE 2. Effect of Thymalin on the Mean Brightness of the Expression of Signaling Molecules in the Culture of Human 
Hematopoietic Stem Cells (arb. units; M±SD)

Group
Passage 2 Passage 7

CD44 CD117 CD28 CD44 CD117 CD28

Control 22.15±2.85 18.32±2.01 16.49±1.70 9.46±1.22 21.89±1.14 14.5±2.03

Thymalin 24.78±2.34 39.48±5.12* 33.48±4.03* 9.02±1.10 22.88±1.12 29.73±2.85*

Note. *p<0.01 in comparison with the control.
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the patient has concomitant chronic pathology, then 
the immune response fades, which correlates with a 
decrease in the number of blood T lymphocytes and 
can lead to death [10].

It is possible that the antiviral effect of thymalin is 
expressed in compensatory stimulation of HSC differ-
entiation into CD28+ T lymphocytes at the stage of im-
munity suppression in an unfavorable course of viral 
infection. Immunomodulators are one of the possible 
ways of prevention and complex therapy of mild forms 
of COVID-19 [13]. Thus, thymalin can be considered 
as a peptide preparation for the prevention of viral in-
fections, including infection caused by SARS-CoV-2.
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