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General characteristics 

Alpha-fetoprotein (AFP) is a single-chain 
oncofetal glycoprotein with a molecular weight 
of about 70 kDa, including something like 600 
amino acids and 4% carbohydrates. In terms of 
its structure and physicochemical properties, 
AFP is homologous to the main transport 
protein of blood serum of adults — albumin. 
AFP is synthesized by the cells of the visceral 
endoderm of the yolk sac, the embryonic liver 
and in a small amount in the gastrointestinal 
tract. Then it enters the blood of the fetus, 
amniotic fluid, and from them partially into 
the mother’s blood. Normally, AFP can be 

detected in fetal serum starting from the 4th 

week of pregnancy [1, 2]. Its concentration 
attains peaks between 12 and 16 weeks and 
then decreases gradually until nascency. Since 
AFP crosses the placenta, it can be found at 
a fairly high concentration in the maternal 
serum, reaching a maximum between 32 and 
36 weeks of gestation, with AFP levels in the 
maternal serum differing between primiparous 
and multiparous (Fig. 1) . Immediately after 
nascence, the serum AFP level decreases by 
several orders of magnitude. In the blood of 
healthy people, the normal concentration of 
AFP is 0–12 IU/mL [3].
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When studying the levels and sites of AFP 
localization, it was found that it is present 
in all organs and tissues of the human fetus, 
in the blood serum of pregnant women and 
newborns, as well as in the tissues of the 
placenta, amniotic fluid and cord blood [5, 6].

Intensive studies of the conformational states 
of AFP carried out in the early 2000s showed 
that, despite its stability in solution, AFP has 
sufficient conformational mobility and can 
form a molten globule [7]. It was shown that in 
the native AFP molecule, part of its biologically 
active sites are hidden inside the globule and 
do not participate in complexation with other 
molecules. They become available only upon 
conformational modification of AFP as a result 
of the action of various physicochemical factors, 
such as temperature, pH, and salt composition 
of the medium [7]. The study of conformational 
changes in AFP under the influence of such 
factors enables to understand the molecular 
mechanisms of its functioning, the peculiarities 
of interaction with ligands in the circulatory 
channel and intracellular metabolism.

Reception and intracellular AFP pathway 
For the first time, the assumption of the 

existence of specific receptors to AFP (receptor 
for alpha-fetoprotein, ReCAF) was made by 
R. Moro in 1981 to explain the absorption of 

AFP by growing cells under the mechanism of 
receptor-mediated endocytosis [8]. ReCAFs 
are membrane-embedded AFP-binding 
transmembrane glycoproteins. However, 
such receptors are still poorly known. The 
problem of AFP receptors seems to be key for 
understanding not only the transport, but also 
other possible functions of AFP. Currently, 
this is one of the topical points in the study 
of the AFP role in the development process. 
There are 4 types of membrane receptors for 
AFP with molecular weights of 18, 31, 60, and 
62–67 kDa [9, 10]. The first two are “scavenger 
receptors” and are located mainly on the cells 
of the vascular endothelium. Their role is to 
remove denatured and modified AFP molecules 
and albumin from the bloodstream. The third is 
also found on the surface of the endothelium. It 
is a sialoglycoprotein and its properties are close 
to the fourth, classical ReCAF, which is found 
on monocytes, lymphocytes, some cells of the 
reproductive system and a number of tumors [9].

Due to the fact that AFP belongs to the 
class of transport proteins, a significant 
proportion of it, both in serum and in tissues 
and cells, is in a bound state, i.e. in the form 
of complexes with transported ligands and/
or with receptor molecules. There are data in 
the literature on the intracellular distribution 
and state of AFP in different types of cells, in 

Fig. 1. The content of AFP in the cord and peripheral blood 
of pregnant women at the end of pregnancy [4]
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particular, in hematopoietic stem cells (HSC) 
[11]. It is reported that labeled AFP is detected 
in the cytoplasm, Golgi complex, endoplasmic 
reticulum and mitochondria, and exists in the 
cytoplasm in two forms — free and bound. 
During native electrophoresis of cytoplasmic 
protein fractions, labeled AFP was detected 
in the form of several protein bands with 
different molecular weights: 65–68 kDa (free 
AFP), 125–130, 210–220, and 255–260 kDa 
(bound AFP) (Fig. 2) [11].

This indicates that upon leaving the 
endosome into the cytoplasm, AFP interacts 
with cytoplasmic distributor proteins (p52, 
p62, p67, p182, p55, and p147, depending 
on the cell type) (Fig. 2, a, b). The authors 
emphasize the fact that this interaction is 
reversible, since during SDS electrophoresis 
of the same protein fractions of the HSC 
cytoplasm, only one fraction of labeled AFP 
was detected — free (Fig.2, c).

It has also been shown by electron 
microscopy that covalently bound AFP 
conjugates with horseradish peroxidase in 
the process of endocytosis are first found 
in clathrin vesicles, then in endosomes and 
folded membranes of the central region of 
the Golgi apparatus, while egg albumin 
after internalization (the degree of its 
internalization is very low) was found in 
lysosomes. After internalization, the main 

part of AFP is not degraded and is re-released 
into the extracellular environment, i.e, AFP is 
recirculated [3]. In addition, it is known that 
AFP is able to bind not only to cells, but also 
to structures of the extracellular matrix [12].

AFP functions 
At the level of the organism, AFP is a 

multifunctional protein with selective cellular 
stimulating and inhibitory activity. Its main 
function is transport namely transfer of low 
molecular weight substances to tissues and cells of 
the embryo. AFP binds and transfers such ligands 
as bilirubin, fatty acids, steroids, retinoids, 
flavonoids, phytoestrogens, dyes, heavy metals, 
dioxin, as well as various drugs [12] At the same 
time, some hydrophobic ligands, such as fatty 
acids or estrogens, cause conformational changes 
in the protein tertiary structure.

AFP has an exceptionally high affinity for 
polyunsaturated fatty acids (PUFA), which is 
necessary for building cell membranes and a 
special class of biologically active substances — 
eicosanoids. Due to the fact that PUFAs are 
not synthesized in the body, but are part of the 
cell membranes, they are used in the synthesis 
of prostaglandins and are especially important 
for the formation of nervous tissue, selective 
binding of PUFAs in the placenta and their 
transfer from the mother’s blood to the blood 
and embryonic cells is one of the key AFP 

Fig. 2. Interaction of 125I-labeled AFP with AFP-binding proteins/receptors 
in the cytoplasm of bone marrow HSCs [11]:

a — detection of 125I-labeled AFP in the cytoplasm of bone marrow HSCs during native electrophoresis of the 
protein fraction of the cytoplasm; b — detection of the interaction of 125I-labeled AFP with AFP-binding 

proteins/cytoplasmic receptors in vitro during native electrophoresis; c — detection of 125I-labeled AFP in 
the cytoplasm during SDS-electrophoresis of the cytoplasmic protein fraction;

M — protein markers; 1 — CD34+ 133-117-135+ HSC; 2 — CD34+ 133-117+ 135-HSC

a cb
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functions. The affinity of AFP for PUFA is 
105 times higher than that of albumin [2].

In the embryonic period, AFP plays 
obviously an important role in the regulation 
of growth and differentiation of fetal tissues, 
in protecting the fetus and mother from the 
oncoming attack of the immune systems, in 
limiting the effect of steroid hormones, in 
particular maternal estrogens, on the fetus 
[12]. Among the probable functions, AFP 
is immunosuppressive, i.e., suppression of 
immune responses to antigens in a developing 
fetus. Since new proteins (antigens) appear 
in the development process, antibodies to 
them will also arise, which will lead to a 
number of complications. Therefore, the 
embryo’s own immune system is suppressed, 
and AFP is possibly involved in providing 
this suppression [12]. This is supported 
by numerous studies confirming that AFP 
suppresses the expression of the molecules 
of the major histocompatibility complex and 
thereby prevents the presentation of antigens 
by macrophages. This is one of the main 
mechanisms responsible for the immunological 
incompetence of the developing fetus.

The effect of AFP on specific immunity has 
also been elucidated [2]: 

AFP inhibits the production of antibodies 
and the maturation of cytotoxic T-lymphocytes 
to T-dependent antigens without affecting the 
activity of mature T– and B-lymphocytes. The 
main target of the fetal protein is proliferating 
T-helpers corresponding to cytotoxic 
T-lymphocytes in the main histocompatibility 
complex. 

AFP suppresses the proliferative response 
of lymphocytes to mitogen. 

AFP increases the activity of specific 
T-suppressors. 

AFP reduces the phagocytic ability of 
macrophages. 

Depending on the experimental conditions, 
AFP can increase or decrease the production 
of prostaglandin E2 in macrophages, while 
indomethacin (an inhibitor of cyclooxygenase), 
together with AFP, loses the ability to suppress 
the synthesis of prostaglandin E2.

A consequence of the stimulating effect of 
AFP on the production of prostaglandin E2 by 
monocytes is that AFP significantly suppresses 
the synthesis of TNF- by activated monocytes 
(by 58%) and IL-1 (by 67%).

AFP reduces the activity of natural killer 
cells.

Thus, AFP has definitely multidirectional 
immunomodulatory effects. In high doses, 
comparable to the concentrations in fetal 

blood, it inhibits lymphocyte proliferation, as 
demonstrated in cell cultures [2]. At the same 
time, no interactions of AFP with IL-2 supporting 
the proliferation of T cells were revealed, which 
made it possible to draw a conclusion about the 
direct effect of AFP on T cells.

On the one hand these data is indicative of 
the mother’s immune system participation in 
pregnancy control even in the case of complete 
genetic compatibility of the mother and fetus, 
and on the other hand of AFP important role 
in this process [12]. When considering AFP 
from the standpoint of its immunosuppressive 
properties Clark et al. put forward the 
fetoembryonic hypothesis of the body’s 
defense against autoimmune influences [13]. 
The gist of the hypothesis is that developing 
humans and gametes are protected by soluble 
immunosuppressive glycoproteins found in 
amniotic fluid and ergastoplasm known as 
glycodelin-A (GdA) and glycode lin-S (GdS), 
respectively. Structural analysis of their 
nucleoligosaccharide sequences suggests that 
GdA and GdS have very unusual carbohydrate 
functional group sequences that allow them to 
exhibit immunosuppressive properties. AFP has 
similar GdA and GdS sequences in its structure.

A study was carried out aimed at 
elucidating the role of AFP in the activation 
of cytokine synthesis in vitro. The production 
of IL-1, IL-6 and TNF- in whole blood 
cell cultures of 10 healthy subjects was 
studied after polyclonal activation by 
lipopolysaccharide in the presence of AFP. 
As a result of the experiments, it turned out 
that AFP is intact in relation to the studied 
cytokines [14].

Much attention is paid to the effect 
of AFP on the mitotic cycle of cells. The 
antiproliferative effect of this protein was 
studied in the works of the 70s–80s.The authors 
note the dependence of the effect on the AFP 
dose, purification degree, type of the cells and 
medium composition [15]. In the works of the 
90s.much attention is paid to the synergistic 
(amplifying) properties of AFP. It has been 
shown that, without having a mitotic effect, 
AFP increases significantly (by 2–3 times) the 
effect of epidermal growth factor [16], insulin-
like growth factor, and TGF-[17].

Among other AFP properties, its 
regulatory role in the metabolism of steroid 
hormones and the ability to block the binding 
of antibodies to the acetylcholine receptor 
are noted [2, 16]. Thus, it was found that 
AFP negatively affects the metabolism and 
properties of estrogens. AFP isolated from 
umbilical cord blood or amniotic fluid inhibits 
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dose-dependently estradiol production in vitro. 
In this case, progesterone production was 
insensitive to the action of AFP [2, 16].

It is also known that AFP is capable to 
have an impact on cell proliferation and 
differentiation. In particular, its effect on 
the intracellular signaling pathway with the 
participation of phosphatidylinositol 3-kinase 
(PI3K)/AKT was shown, and a direct effect on 
the production of insulin-like growth factor 
was established [18, 19]. Since AFP acts as a 
transport protein, it can deliver regulatory 
molecules to the cells having receptors for AFP, 
or act as one of the independent regulators of 
signal transduction pathways. Since receptors 
for AFP are found in dividing cells (including 
tumor cells, hematopoietic cells, immunity, etc.), 
so in fact, it is able to exercise informational 
control of proliferating cells and significantly 
affect the level of their functional activity.

Isolation and purification of AFP 
Currently, there are several ways to isolate 

and purify AFP from various biological raw 
materials. Most often, material with a high 
AFP content is used for these purposes: serum 
of cord or abortive blood of the second trimester 
of pregnancy and amniotic fluid [2]. AFP is also 
obtained from fetal and tumor tissues [2]. The 
main problem that arises during the isolation 
of a highly homogeneous preparation of AFP 
is purification from serum albumin, since it is 
present in serum in high concentrations and has 
a number of properties similar to AFP (molecular 
weight, close isotopes, etc.). In addition, 
human AFP isolated by different methods 
and from various sources has significant 
microheterogeneity that revealed either by 
native electrophoresis or isofocusing, while one 
or two bands are present in electrophoresis under 
denaturing conditions [20]. Thus, isofocusing 
the protein isolated from cord blood serum at 
pH values from 4.5 to 5.2 using polyclonal and 
monoclonal antibodies, 9 AFP isoforms were 
found (Sittenfeld and Moreno, 1988). When 
isolating protein from hepatomas, the authors 
found even greater heterogeneity than when 
isolating AFP from normal tissues and fluids 
[20]. It is believed that the heterogeneity of this 
protein is associated with varying degrees of 
glycosylation and with the presence or absence 
of ligands, primarily fatty acids. Back in the 
70s and 80s. it was shown (Parmelee et al., 
1978; Kerckaert et al., 1975, 1979b; Nunez 
et al., 1976; Bayard and Kerckaert, 1977; 
McMahon et al., 1977; Nagai et al., 1982) that 
AFP delipidisalia leads to a change in its isotope, 
and unsaturation with fatty acids promotes the 

transition of the protein to another isoform. The 
possibility of linking the heterogeneity of AFP 
with the primary structure was not confirmed 
when constructing peptide maps of AFP from 
a normal source and hepatoma: electrophoresis 
of hydrolysis was identical for both proteins 
(Ruoslahti and Seppala, 1971). These data were 
also confirmed by the analysis of the primary 
structure of cDNA, mRNA and the amino 
acid sequence of AFP derived from them from 
carcinoma (Morinaga et al., 1983) and normal 
liver (Gibbs et al., 1987), as well as by comparing 
the N-terminal sequence of the protein from 
various sources. Thus, the problem of AFP 
heterogeneity during its production remains 
open.

The technology for isolation and 
purification of AFP is a complex, laborious 
and multistage process with a large amount 
of losses of the target material. The bulk of 
research in this direction was carried out in 
1980–2000. At present, either recombinant 
technologies [21] or fragmentary synthesis of 
its segments with an average of 15–40 amino 
acids [22] are used to obtain AFP.

In general, the method for AFP obtaining 
from natural sources can be divided into 
several main stages [2, 20]: 

fractionation of source material — 
separation of ballast proteins and blood cells; 

inactivation of viruses (solvent/detergent 
type TRITON-X100 or TWEEN-80);

stepwise isolation of AFP (on average 
2–4 stages) using affinity/immune-affinity/
reverse-phase chromatography on columns 
with a sorbent (Sepharose, Sephadex, agarose, 
metal chelates). In the case of immuno-affinity 
chromatography, antibodies to human AFP 
covalently immobilized in the matrix are used. 
The elution solutions vary depending on the 
type of antibodies; 

ultrafiltration of the eluate;
checking the purity of the protein by 

electrophoresis or immunochemical method; 
stabilization of the resulting AFP solution 

by freeze drying with stabilizing additives.
Depending on the method of obtaining, the 

AFP yield from different authors averages 
60–85%, but there are also indicators with 
more significant losses of AFP. For example, 
in [2] a practical example is described, in which 
2.5 liters of serum containing 250 mg of AFP 
was obtained from 3 liters of abortive blood. 
After 12 stages of the production cycle, the dry 
matter yield was 86.4 mg AFP, i. e. about 35% 
of the initial protein content in abortive blood.

One of the most highly efficient schemes 
for the isolation and purification of AFP from 
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human cord blood was proposed by the authors 
of [20]. The scheme includes sequential 
chromatography on four columns (blue 
sepharose, two metal chelates, and one reverse 
phase), which contributes to the efficient 
isolation of high-purity protein and the yield 
of the target product is about 85% [20].

Most of the AFP isolation and purification 
schemes are described in detail in [2]. Thus, 
one of the most common is the immune-
affinity method for AFP isolation using 
specific high-affinity polyclonal antibodies. 
It is optimal for isolation from a source with a 
high AFP content. In this case, the antiserum 
is pretreated with serum obtained from an 
adult organism (to get out it from antibodies to 
impurity proteins), after which it is mixed with 
the starting material to form a precipitate. 
The precipitate is dissolved in a low pH buffer. 
AFP and free antibodies are separated by gel 
filtration. Antibodies conjugated to various 
matrices (agarose, Sephadex or Sepharose) 
are also used. In this case, AFP is eluted 
with a solution with a low pH value or high 
concentrations of chaotropic agents (8 M urea).

A less common immuno-affinity method 
is an isolation scheme using monoclonal 
antibodies with low affinity and antibodies to 
impurity proteins [2, 20]. It is obvious that the 
use of low pH values   and high concentrations 
of chaotropic agents f o r elution of the 
target product, in the  case of using positive 
antibodies, can affect  the nativeness of the 
protein. The disadvantage of this scheme is the 
strong interaction between the antibody and 
the target protein, which leads to a significant 
loss of the target pro d uct. When using low 
affinity monoclonal antibodies and negative 
antisera, the problems  arise associated with 
high cost (monoclonal a ntibodies) and low 
sorbent capacity in both cases.

Other schemes for AFP p urification have 
been developed, for example, using immobilized 
concanavalin A, with which AFP bound to the 
estradiol matrix binds specifically, separation 
using a two-phase syst e m, various isolation 
schemes using high pressure chromatography 
or metal chelate sorbents [2].

All these methods make  it possible to 
obtain a substance for the manufacture of an 
injectable form of the  AFP drug. But at the 
same time, the general and main disadvantage 
of all the above schem e s for obtaining AFP 
is the heterogeneity o f  the isolated protein, 
which implies additional purification steps, the 
removal of hydrophobic ligands, and regular 
immunochemical or electrophoretic control. In 
addition, there are problems associated with 

low capacity, low degree of purification and 
large losses of the target product up to 40%.

It is interesting that  for all described 
schemes of AFP isolation from cord or abortive 
blood, it is fractionated with the removal of 
corpuscles and ballast proteins. However, as it 
was discussed above, a significant amount of 
AFP is bound to receptor complexes on cells of 
leukocyte origin, localized in the cytoplasm, 
or forms complexes wit h  other proteins and 
ligands [3, 11]. From t his point of view, it 
would be appropriate t o  introduce the stage 
of decellularization of the starting material, 
which, possibly, will significantly increase the 
final yield of the target product.

The most common methods of decellulari-
zation are destruction  by hypotonic lysis, 
heating to high temper a tures (+70–100 °C), 
destruction by ultraso u nd, as well as by 
exposure to low temper a tures. It should be 
noted that when extrac t ed at room or high 
temperature, the struc t ure of proteins is 
disrupted and, as a consequence, a significant 
decrease or complete l o ss of their biological 
activity occurs. The use of low temperatures 
will completely avoid h eating. Therefore, 
cryotechnologies are the most promising and 
prevailing in terms of a number of qualitative 
characteristics for these purposes [23–25]. The 
use of low temperatures in the preprocessing of 
biological raw materials contributes to a more 
complete destruction o f  cellular structures 
and the release of proteins into the extraction 
solution. At the same t ime, the degree of 
decellularization and d estruction of cellular 
structures can be varied using a combination 
of fast or slow freezing and thawing modes, 
which is important due  to the localization 
of AFP not only in the cytoplasm, but also in 
the Golgi complex, end o plasmic reticulum, 
and mitochondria [11].  It is known that the 
greatest destruction o f  cellular components 
occurs during slow coo l ing of biological 
material in the temper a ture range of water 
crystallization (especially at the eutectic point) 
and recrystallization [23]. Based on this, the 
study of the effective n ess of various modes 
of low-temperature des t ruction of cord or 
abortive blood for the isolation of AFP will be 
of high scientific and practical importance.

The purified AFP prepa r ation, obtained 
from aborted human tis s ues, was registered 
(Russia, USA) and was used in clinics in the 80–
90s mainly for the treatment of autoimmune 
diseases (Alfetin® 75 μg/ampoule; Profetal® 
75 μg/ampoule), but was  withdrawn in 2008 
for ethical reasons. Advances in biotechnology 
over the past decade make it possible not only to 
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improve the methods of isolation and large-scale 
purification of natural AFP, but also to produce 
a recombinant protein [ 26]. Preconceptual 
study is underway as well to create artificially 
synthesized active peptide fragments of AFP, 
consisting of an average of 30–60 amino acid 
residues, and to study  their properties and 
therapeutic efficacy [22, 27, 28].

At the same time, the clinical application 
of AFP, both natural a n d synthetic, is 
controversial [26]. On  the one hand, natural 
AFP is glycosylated (3–5%), while synthetic 
AFP is not, which can a ffect the binding 
affinity/specificity of the drug or its reception. 
On the other hand, in the case of using synthetic 
AFP, medicinal substances can be preliminarily 
bound to stabilize the  tertiary structure of 
the synthetic protein [ 29] and/or additional 
stability can be achieved due to the binding of 
metal ions at the stage of production [30, 31], 
which will eliminate the loss of pharmaceutical 
ligand, for example, by competition for binding 
to albumin. In addition to all that has been said, 
the potential risks of administering therapeutic 
doses of this oncofetal protein to adult patients 
are still actively dis c ussed in the scientific 
literature [26, 31].

Clinical application
To date, there have been many studies of 

the therapeutic efficacy of an AFP-based drug 
in laboratory and clinical practice [7, 32–35]. 
However, as it was discussed above, there is a 
latent danger of using therapeutic doses of AFP 
in adults, which consists in the abundance of 
its reversible and transitional conformational 
states depending on environmental conditions 
(pH, temperature, osmolality, excessive 
ligand concentrations, oxidation and heat/
glucose shock) [7]. Contrary to the earlier 
reports that AFP induces cancer cell apoptosis 
[36], it has also been shown that it can inhibit 
this process in several types of cancer cells, 
thereby promoting their proliferation, growth 
and progression [37–40 ]. In addition, AFP 
is able to dimerize with other proteins, such 
as nuclear receptors (eg, retinoic receptor), 
transcription factors and caspases, which, as a 
result, can also promote the growth of tumor 
cells [34, 37].

Nevertheless, the ability of AFP to bind 
and target drug delivery to target cells with 
receptors for it remains an attractive object 
for further research. The capture of the drug 
by AFP leads to a change in its conformation, 
which provides a high binding affinity, thus, it 
acts as a natural nanocontainer for the selected 
hydrophobic ligands [31]. AFP has 5 or more 

possible binding sites. Of these, the major 
hydrophobic binding pocket is of particular 
interest, since other sites cannot compete with 
albumin for ligand binding. Since albumin is 
present in the bloodstream in a huge excess, all 
non-covalently bound ligands on the surface of 
the AFP molecule will be lost [41].

Inside the cells with a low pH, AFP 
changes its conformation again and releases 
the transported substance. In a ligand-free 
conformation, AFP returns to the bloodstream 
in an intact form (AFP recirculation takes 
about 1 hour) and continues to transfer dozens 
of ligands in a shuttle manner [41].It was 
shown that AFP can bind and release the ligand 
several times with a change in pH [30, 42].

In an adult organism, AFP receptors 
are present extensively, primarily in AFP-
positive myeloid suppressor cells and cancer 
cells. Other cell populations are practically not 
affected by the AFP-ligand complex, since they 
do not have receptors or there are too few of 
them, or the cells themselves are in an inactive 
state (for example, stem cells have a set of 
receptors for AFP, but are in an inactive state 
in the bone marrow) [43]. Thus, with the help 
of AFP, it is possible to exert a targeting effect 
on myeloid suppressors and cancer cells. In this 
regard, there are 3 main directions in the use 
of drugs based on AFP:

immunotherapy (the first registered 
AFP drugs belong to the class of immuno-
modulators); 

therapy of autoimmune diseases; 
anticancer therapy.
Immunotherapy and therapy of autoimmune 

diseases. The ability of AFP with the help 
of transported ligands to activate or inhibit 
suppressor cells of myeloid origin makes it 
possible to control the intensity of immune 
responses in a targeted manner, which is used in 
the complex treatment of autoimmune diseases 
[31, 44, 45] and other immunopathological 
conditions caused by impaired synthesis 
of cytokines that regulate T-cell immunity 
(ulcerative colitis, autoimmune thyroiditis, 
etc.). In addition, as it was already discussed, 
AFP is capable of enhancing the action of 
alpha-interferon, a tumor necrosis factor, 
and modulating the activity of prostaglandins 
and leukotrienes, which are important in the 
development of the inflammation process 
[46, 47]. It has been shown that due to these 
properties, AFP is a participant in the acute 
phase of inflammation [48].

The use of synthetic AFP (MM-093) 
as monotherapy has been investigated in 
autoimmune diseases such as rheumatoid 
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arthritis, psoriasis and uveitis [49] and has 
been successful in phase I and II of clinical 
trials: the established safe doses can be used for 
several indications. In rheumatoid arthritis, 
however, MM-093 has not been shown to be 
effective in phase II of clinical trials. Perhaps 
this is due to the fact that AFP is not a drug in 
itself, and it should be used as a part of complex 
therapy, since the successful treatment of 
autoimmune diseases using AFP from natural 
sources was carried out in combination with 
other drugs (for example, in a complex with 
reduced doses of glucocorticoids) [2].

At the same time, the study of experimental 
autoimmune myasthenia in animal models 
provided clear evidence of the effectiveness of 
MM-093 monotherapy. It has been found that 
the use of MM-093 leads to a decrease in the 
complement cascade, which plays an important 
role in the onset of clinical symptoms of 
autoimmune myasthenia [50]. It is possible 
that AFP delivers local natural ligands to 
myeloid suppressors, which is sufficient 
for the positive results obtaining, or other 
mechanisms of action are involved. There were 
no safety concerns in this study.

Anticancer therapy. Another promising 
area of drugs application based on AFP is 
the delivery of cytostatics to tumor cells. 
Chemotherapy is one of the most commonly used 
methods of fighting cancer. The effectiveness 
of chemotherapy drugs is ensured by the fact 
that they are all especially effective in killing 
actively dividing and metabolizing cells. 
Unfortunately, in addition to tumor cells, the 
cells of the bone marrow, gastrointestinal tract, 
etc. normally have the same characteristics. As 
a result, the entire spectrum of side effects of 
chemotherapy is associated with the effect of 
the drug on normal actively dividing cells in the 
body. In view of this, one of the promising ways 
to increase the effectiveness of chemotherapy 
drugs is their selective delivery to tumor 
cells. The essence of the method is that the 
chemotherapy is attached to a vector molecule, 
which delivers it to a certain type of cells. 
Targeting of delivery is provided due to specific 
receptors characteristic only of target cells. AFP 
is one of the most promising proteins that can be 
used as vector molecules capable of targeting the 
delivery of chemotherapy drugs. It was shown 
that conjugates of natural AFP with cytostatics 
inhibited the growth of tumor cells in vitro and in 
vivo [51–54]. However, the use of natural AFP is 
limited by the abundance of its conformational 
states depending on the conditions of the 
microenvironment (which makes it difficult 
to predict the therapeutic effect), as well as 

technical and ethical aspects, since its only 
source is material of fetal-placental origin. For 
this reason, numerous studies are being carried 
out on the development and use of functionally 
complete recombinant AFP fragments. It is 
known that the receptor binding site is located 
in the C-terminal domain of the AFP molecule. 
Therefore, for the purpose of targeted delivery, 
it is optimal to use recombinant protein 
fragments based on the C-terminal domain 
[7, 55–57]. One of the main problems when 
using recombinant proteins is their production 
in a functional form. In most cases, when 
proteins are produced in large quantities in 
the bacterial system, they form in cells the so-
called inclusion bodies, which consist of protein 
in an aggregated state [55, 58–60]. To obtain a 
functionally active protein, it is necessary to 
carry out the procedure of its renaturation. For 
hydrophobic proteins with a large number of 
disulfide bonds, such as the C-terminal domain 
of AFP, this problem is especially difficult. 
The development of an effective renaturation 
technique is the main difficulty in obtaining 
a functional form of a recombinant AFP 
fragment. This problem solution will make it 
possible to obtain a functional fragment of AFP 
in sufficient quantities to create its conjugates 
with cytostatics.

The creation of conjugates of AFP with 
cytostatics is a method aimed at the cancer 
cells themselves. But another approach to the 
use of AFP in the framework of anticancer 
therapy is also possible — depressing effect 
on myeloid suppressors. The point is that the 
accumulation of these cells is a key process of 
immunosuppression in various types of cancer 
[61]. Myeloid suppressors and T-regulatory 
cells are the main components of the 
immunosuppressive tumor microenvironment 
[62], providing tumor-mediated evasion from 
immune control [63]. Being normal cells 
in the body, myeloid suppressors enhance 
cancer growth and inhibit the activity of 
natural killer cells and specialized T cells 
that can destroy cancer cells. Thus, in order 
to overcome the tolerance to tumor cells on 
the part of the immune system and activate 
adaptive and innate immunity to cancer, 
myeloid suppressors must be depleted [31, 64].

It has been shown that such common 
chemotherapy drugs as doxorubicin, paclitaxel, 
gemcitabine, and 5-FU can deplete myeloid 
suppressors [65]. These drugs can be used 
not only as direct toxins against cancer 
cells, but also as immunomodulators that 
can selectively reduce myeloid suppressor-
mediated immunosuppression and increase 
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the effectiveness of other therapies. Myeloid 
suppressors are more important target in 
anticancer therapy than cancer cells themselves, 
since killing one suppressor has more potent 
anticancer effect than killing a single cancer cell. 
For example, the effect of 5-FU immunotherapy 
within the framework of a complex treatment 
regimen prevailed over the effect of classical 
chemotherapy, as it is seen when comparing 
tumor growth suppression in mice [66]. Low-dose 
paclitaxel blocks myeloid suppressor-mediated 
immunosuppression in vivo, suppresses chronic 
inflammation in the tumor microenvironment, 
and can be used to increase the effectiveness of 
concomitant antitumor therapy [67]. Moreover, 
unlike 5-FU or doxorubicin, paclitaxel strongly 
binds to AFP, which ensures its targeted 
delivery to myeloid suppressors and enhances 
the antitumor effect of AFP [31]. Similar 
regimens for the combination of chemotherapy 
and immunotherapy are already used in the 
treatment of cancer [68, 69]. Chemotherapy leads 
to self-destruction of cancer cells (apoptosis, 
autophagy, etc.), while immunotherapy alters 
the tolerance of the patient’s immune system 
to cancer cells. The combination of these two 
mechanisms in many cases can provide victory 
over cancer [70]. The use of non-covalent 
AFP-chemotherapy complexes combines 
immunotherapy and targeted chemotherapy. To 
date, a large number of drugs for the treatment 
of oncological diseases containing AFP or its 
fragments are at the stage of development, 
studies of the efficacy and safety of use [71–78].

Thus, summarizing the data presented, we 
can conclude that the study of the molecular 
mechanisms of AFP functioning and the 
therapeutic potential of drugs based on it 

is a promising area of modern fundamental 
science, pharmacy and medicine. It should be 
noted that despite the huge array of works 
devoted to the study of this protein, there are 
a number of unresolved issues that require 
further research. From a fundamental point of 
view, it is important to clarify the number of 
active AFP binding sites for interaction with 
various ligands, to assess the strength of this 
interaction and the stability of the complexes 
formed. It is extremely important to establish 
the biological activity of not only the native 
protein, but also its fragments, which may 
reveal new possibilities for its therapeutic 
use. Biotechnological solutions also require 
a solution to issues related to the production 
of AFP from natural raw materials, namely, 
the search for the most effective and gentle 
ways of its isolation, including the use of 
cryotechnologies, which together will avoid 
large losses of the target product during the 
production cycle and provide a high degree 
of its purification. Questions about the 
mechanisms of AFP reception also require 
further in-depth study. It is assumed that 
solving these problems will allow the creation 
of a registered AFP drug in the consecutive 
5–10 years.

The review was prepared within the 
framework of the scientific work “Study of 
the regularities of the release of biologically 
active water-soluble substances from tissues 
of plant and animal origin when exposed to 
low temperatures” (State registration number 
0106V002165, deadline 2020–2024), which 
is funded from the budget of the National 
Academy of Sciences of Ukraine.
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СУЧАСНЕ УЯВЛЕННЯ ПРО 
СТРУКТУРНО-ФУНКЦІОНАЛЬНІ 

ВЛАСТИВОСТІ АЛЬФА-ФЕТОПРОТЕЇНУ 
ТА МОЖЛИВОСТІ ЙОГО КЛІНІЧНОГО 

ЗАСТОСУВАННЯ

О. К. Гулевський
Ю. С. Ахатова

Інститут проблем кріобіолоогії 
та кріомедицини НАН України, Харків

E-mail: Julija_Veselovskaja@meta.ua

Подано дані зарубіжної та вітчизняної лі-
тератури останніх 40 років стосовно особли-
востей молекулярної структури, функцій, 
отримання і застосування одного з найбільш 
досліджуваних та необхідних протеїнів — аль-
фа-фетопротеїну людини (АФП). Виконано 
короткий огляд фундаментальних досліджень 
із застосуванням сучасних методів, включаю-
чи різні види електрофорезу, хроматографії, 
електронної мікроскопії та імуноаналізу, що 
дало змогу охарактеризувати основні фізи-
ко-хімічні властивості та локалізацію вільних 
і зв’язаних форм АФП, а також структуру, різ-
новиди і топографію його рецепторів. Наведе-
но дані про механізми синтезу АФП, його кон-
формаційні особливості, сайти зв’язування та 
внутрішньоклітинний метаболізм. Викладено 
уявлення про фізіологічні функції й механіз-
ми транспортування АФП в організмі. Подано 
дані щодо отримання АФП з натуральної сиро-
вини, а також рекомбінантним і синтетичним 
шляхом. Узагальнено також інформацію про 
наявні на сьогодні можливості клінічного за-
стосування АФП і перспективи використання у 
протипухлинній терапії для таргетного достав-
лення хіміопрепаратів з урахуванням останніх 
досягнень в цій галузі.

Ключові слова: альфа-фетопротеїн, джерела 
отримання альфа-фетопротеїну, застосування 
альфа-фетопротеїну, таргетне доставлення 
хі міо препаратів.

СОВРЕМЕННОЕ ПРЕДСТАВЛЕНИЕ О 
СТРУКТУРНО-ФУНКЦИОНАЛЬН ЫХ 

СВОЙСТВАХ АЛЬФА-ФЕТОПРОТЕИНА И 
ВОЗМОЖНОСТЯХ ЕГО КЛИНИЧЕСКОГО 

ПРИМЕНЕНИЯ

А. К. Гулевский
Ю. С. Ахатова

Институт проблем криобиологии 
и криомедицины НАН Украины, Харьков

E-mail: Julija_Veselovskaja@meta.ua

Изложены данные зарубежной и отече-
ственной литературы последних 40 лет об осо-
бенностях молекулярной структуры, функ-
циях, получении и применении одного из 
наиболее изучаемых и востребованных проте-
инов — альфа-фетопротеина человека (АФП). 
Выполнен краткий обзор фундаментальных 
исследований с применением современных ме-
тодов, включая различные виды электрофоре-
за, хроматографии, электронной микроскопии 
и иммуноанализа, что позволило охарактери-
зовать основные физико-химические свойства 
и локализацию свободных и связанных форм 
АФП, а также структуру, разновидности и 
топографию его рецепторов. Приведены дан-
ные о механизмах синтеза АФП, его конфор-
мационных особенностях, сайтах связывания 
и внутриклеточном метаболизме. Изложены 
представления о физиологических функциях и 
механизмах транспортировки АФП в организ-
ме. Представлены данные о получении АФП из 
натурального сырья, рекомбинантным и синте-
тическим путем. Обобщена также информация 
об имеющихся на сегодняшний день возмож-
ностях его клинического применения и пер-
спективах использования в рамках противо-
опухолевой терапии для таргентной доставки 
химиопрепаратов с акцентом на описание по-
следних достижений в этой области.

Ключевые слова: альфа-фетопротеин, источ-
ники получения альфа-фетопротеина, приме-
нение альфа-фетопротеина, таргетная достав-
ка химиопрепаратов.


