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Introduction. The diversity of clinical manifestations of radiation sickness creates significant difficulties in the development of a versatile
means for the prevention and treatment of radiation injuries.

Objective. Assessment of the prospects for using alpha-2-macroglobulin («2M) as a radioprotective agent.

Discussion. The existing agents were established to be incapable of simultaneous implementation of multiple mechanisms of radiopro-
tective action, rendering the development of complex formulations the primary research direction. However, the toxicity, side effects, and
multidirectional nature of many radioprotectors hinders their combined application. Along with inhibiting proteinases, alpha-2-macroglobulin
(«2M) is involved in lipid metabolism and regulation of the antioxidant system. It influences enzyme activity, binds and transports numerous
cytokines, affects the functions of immunocompetent cells, and controls the development of the inflammatory response and tissue remodel-
ing processes. A number of published studies confirm a2M to be a promising radioprotector and a key component of innate radioprotection.
Conclusions. Preparations based on human blood polyfunctional proteins can serve as a basis for the development of means for preventing
and treating radiation injuries. The a2M administration into the body reduces lethality, protects DNA from damage, lowers the oxidative stress
level, mitigates the severity of leukopenia and thrombocytopenia, and reduces the number of necrosis foci. Further research into the radio-
protective properties of this protein and the optimization of methods for its isolation from blood for industrial-scale production are required.
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MEPCMEKTUBbI NCIMOJIb3OBAHUA AJTb®A-2-MAKPOITIOBYJIMHA KAK NMPOTUBOJTYHEBOIO
CPEACTBA

B.H. BopuHa™, E.A. EBOok1moBa

Hay4HO-KNMHNYECKIMI LIEHTP TOKCUKOOrn M. akagemurka C.H. lonvkosa ®egepanbHOro Meamko-o1onorm4eckoro areHTcTea,
CankT-leTtepbypr, Poccus

BeepneHune. MHoroobpasane KNMHNHeCcKuX NposiBNeHU ny4eBoi 60one3Hn co3gaeT 3Ha4MTeNbHbIe CIIOXHOCTY B padpaboTke yHMBepcarnb-
HOro CpeacTBa NPOMUNAKTVKL 1 Tepanumn pagnaLoHHbIX MOpaXKeHNI.

Llenb. OueHka nepCcneKTrB CNOoNb30BaHMS anbda-2-MakpornodynnHa (e2-MIM) kak IpOTUBOYHEBOro CPEACTBA.

O6cyxaeHne. YCTaHOBIEHO, YTO CYLLECTBYIOLLME CPEACTBA He MO3BOMSHOT OAHOBPEMEHHO peann3oBaTb HECKOSIbKO MEXaHM3MOB Mpo-
TUBOJTYHEBOIrO AEVCTBUS, OCHOBHBIM HampaB/ieHneM ABNSeTCs paspaboTka KOMMIEKCHbIX peuenTyp. OgHako MHorme paavonpoTeKTOpbI
TOKCWYHBI U UMEIOT NOBOYHbIE 3(PdEKTbI, PA3HOHANPABIEHHOCTb X BO3AEUCTBUSA NPENATCTBYET KOMMIEKCHOMY MpuMeHeHwto. [13BecT-
HO, 4TO o2-MI, NMOMUMO NHIMBMPOBaHWSA NPOTEMHA3, 3a4eICTBOBaH B 0OMEHe NUMAOB 1 Perynsauu aHTMOKCUAAHTHOW CUCTEMDI, BAUSET
Ha aKTUBHOCTb (DEPMEHTOB, CBS3bIBAET U TPAHCMOPTUPYET MHOMME LIMTOKMHbI, BO3AENCTBYET Ha YHKLMN MMMYHOKOMMETEHTHBIX KNETOK,
KOHTPOMPYET Pas3BUTUE BOCMANUTENBHON PeakLmmn 1 MPOLLECChl PEMOAENMPOBaHNs TkaHe. OnybnmkoBaH pag padoT, NMOATBEPXKAAIOLLMX,
410 a2-MI" IBNsieTCs NepcneKkTVBHbIM PaMONPOTEKTOPOM M OCHOBHBIM KOMMOHEHTOM BPOXXAEHHOW paamo3allmThl.

BbiBoAbl. [Mpenapatsl NonndyHKUMOHaIbHbIX OETKOB KPOBW YenoBeKa MOryT CIy>KWUTb OCHOBOW A5 pa3paboTky cpeacTs NpodunakTukm
1 NIeHeHVa paanaLlroHHbIX NopaxkeHnn. Beenerve o2-MIT B OpraHnaM CHKaeT neTanbHOCTb, 3awmaeT JHK oT noBpexxaeHnst, CHkaeT
YPOBEHb OKUCIINTENBHOrO CTPECCa, YMEHbLLIAET BbIPa>KEHHOCTb NIENKOMNEHMN 1 TPOMOOLIMTOMEHMI, KONIMHYECTBO 04aroB Hekposa. TpebytoT-
Cs1 AOMNONHUTENBHbIE UCCNEAOBaHMS PaaMO3aLUTHBIX CBOMCTB AaHHOMO H6enka 1 ONTUMU3aLms METOAOB BblAENEHWS 13 KPOBW Mof, Mpoun3-
BOLCTBEHHbIE HY>XXApl.

KnioueBble cnoea: anbha-2-MakpornobyivH; paanonpoTeKTOPbI; fy4esas 60M1e3HbL; Teparns PaAVaLMOHHbIX MOPaYKEHUI; MPOTUBOSTYYEeBbIe
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INTRODUCTION

The current stage of technological development is as-
sociated with aggravation of radiation hazards to the
level of public discussions around the possibility of
using tactical nuclear weapons. At the same time, the
delayed effects of radiation sickness are generally ig-
nored, ranging from acute leukemia, which developed
en masse 9-10 days after the bombings of Hiroshima
and Nagasaki [1], to teratogenic effects observed in ci-
vilians living for many years in areas adjacent to territo-
ries contaminated with depleted uranium (Irag, Serbia,
Libya, Somalia, Haiti, etc.) [2]. It should be noted that
the existing technologies aimed at ecosystem restora-
tion and human safety, including biorevitalization and
biomineralization methods, demonstrate insufficient ef-
ficiency [3]. Undoubtedly, the tragedy of Hiroshima and
Nagasaki was a harsh lesson to learn for contemporar-
ies, intensifying experimental studies of radiation sick-
ness in laboratory animals, as well as the development
of personal protective equipment and medical means
of radiological protection.

Today, the biological effects of ionizing radiation
are viewed as a combination of molecular, biochemi-
cal, morphological, physiological, and genetic changes.
Numerous deterministic and stochastic (dose-inde-
pendent) effects have been described and studied [4].
Overall, radiation pathology is characterized by a diver-
sity of clinical forms, hindering the creation of a unified
classification of radiation injuries. In addition to the dura-
tion of exposure and dose, the routes of radionuclide
intake into the body, distribution features, tropism to
organs and tissues, and the ability to adapt and regen-
erate at the individual level are of great importance for
pathogenesis. With an increase in the absorbed dose,
the bone marrow and intestines are sequentially affect-
ed, vascular-toxemic, cardiovascular, and cerebral forms
of acute radiation sickness develop, with a correspond-
ing reduction in the time to lethal outcome (a dose of up
to 10 Gray is considered treatable) [4]. The diversity of
clinical manifestations of radiation sickness creates sig-
nificant barriers to the development of versatile preven-
tion and treatment means.

The aim of this work is to assess the prospects for
using alpha-2-macroglobulin as a radioprotective agent.

MATERIALS AND METHODS

The literature search was carried out in electron-
ic bibliographic databases in the Russian (E-library,
CyberLeninka) and English (PubMed) languages and
patent sources (FIPS, EspaceNet). Search queries in-
cluded the following keywords: alpha-2-macroglobu-
lin, radioprotector, radioprotection, anti-radiation. The
search depth for the combination of keywords “alpha-
2-macroglobulin” and others was not specified, and the
search depth for the remaining keywords was 10 years.
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RESULTS AND DISCUSSION
Existing and novel radioprotective agents

Medicinal products used for the prevention and treat-
ment of radiation injuries lack a unified classification;
however, they can be conventionally divided into radio-
protectors, agents for long-term enhancement of body
resistance, and means for injury prevention. Based on
the scenarios of exposure, they are distinguished as
radioprotectors (providing short-term effects), radi-
omitigators (long-term exposure, stimulation of repair),
radiomodifiers (non-specific enhancement of body re-
sistance), agents preventing incorporation and promot-
ing the elimination of radionuclides from the body, and
means for suppressing undesirable body reactions to
irradiation. Medical means are also conventionally sub-
divided into preventive (radioprotectors, stimulators of
body radioresistance), therapeutic-prophylactic (radi-
omitigators, agents for alleviating the primary body reac-
tion and means for preventing effects from incorporated
nucleotides), and therapeutic agents (treatment of acute
bone marrow syndrome, skin and mucous membrane
injuries). Additionally, classifications based on the bio-
logical activity of the agents and other criteria exist [4, 5].

It is important to note that none of the hypotheses
regarding the radioprotective action of pharmacological
compounds allow for a unified theoretical generalization
of the mechanism of their action, as none of the recom-
mended or developed agents enable the simultaneous
implementation of multiple mechanisms of radioprotec-
tive action [6]. In Russia, indralin (B-190) [4, 6], a bio-
genic amine, is recommended as a radioprotector. The
high protective efficacy of indralin is primarily associated
with its vasoconstrictor activity, leading to regional im-
pairment of blood supply, including in radio-sensitive
tissues. It has been suggested that B-190 provokes tis-
sue hypoxia by activating tissue respiration through al-
adrenergic receptors. A radiomitigating effect has also
been assumed; thus, indralin indirectly releases sero-
tonin from bone marrow tissues, and serotonin, in turn,
stimulates the proliferation of hematopoietic stem cells.
However, the radiomitigating properties of indralin, while
contributing to increased radioresistance, are still not
comparable to its radioprotective effect [6].

Along with B-190, naphthyzin, a common alpha-adre-
nomimetic with vasoconstrictive action, is also used as a
radioprotector. Recommended as a means for prevent-
ing and alleviating the primary radiation reaction, ondan-
setron hydrochloride dihydrate (Latran®, granisetron) is
essentially an antiemetic drug [5, 6]. Enterosorbents and
other means for preventing injuries from incorporated
radionuclides, including potassium iodide, potassium-
iron hexacyanoferrate (Ferrocyn®), calcium-trisodium salt
of diethylenetriaminepentaacetic acid (Pentacin), and
2,3-dimercaptopropanesulfonate (Unithiol) [5, 6], protect
only specific organs and have application limitations,

517




OB30P | PAOMOBUOJIOINUA

with many enterosorbents developed in the USSR long
being discontinued.

The attempts to develop and test novel means of ra-
diation protection are ongoing. Some previously devel-
oped anti-radiation agents (cystamine, Mexamine®) have
been surpassed in terms of tolerability and protective
properties by modern radioprotectors and are seeking
new medical applications [6]. Efforts are being made to
reduce the side effects of amifostine (WR-2721 is the pri-
mary radioprotector in the USA and Western Europe) by
modifying the active component. Thus, a new polycyste-
ine peptide with three thiol groups has been synthesized
to reduce toxicity, demonstrating efficacy comparable to
that of amifostine and a better safety profile [7].

Among original innovations, the proposal to use
molecular hydrogen for radioprotection (as an anti-
oxidant, anti-inflammatory, anti-apoptotic agent, and a
factor influencing gene expression) can be mentioned.
Protective effects on cognitive functions, the immune
system, lungs, heart, digestive organs, hematopoietic
organs, testes, skin, and cartilage tissues have been re-
ported when administering hydrogen-enriched water to
small laboratory animals. In patients undergoing radia-
tion therapy for therapeutic purposes, the intake of such
enriched water reduced side effects without affecting
the primary treatment outcome. Inhalation of gaseous
H, in terminal-stage cancer patients improved hemato-
poietic function [8].

Among substances of plant origin, celastrol (tripterin)
has been described. This is a pentacyclic triterpenoid
from the quinone methide family, derived from the roots
of Chinese medicinal plants (Tripterygium wilfordii or
Celastrus regelii). According to the authors, this sub-
stance is capable of inhibiting NF-xB pathways, exhib-
iting antioxidant activity, suppressing lipid peroxidation
and oxidative DNA damage, and increasing animal sur-
vival in experiments [9].

As a separate research direction, the administration
of bacterial strains to enhance survival has been de-
scribed. In particular, data were published showing that
the introduction of a radioresistant variant of St. aureus
followed by irradiation of animals at the LD100/30 level
increased survival by 77.7% [10]. It is assumed that the
modified strains actively synthesize antioxidant factors
affecting various organs and systems, which collectively
enhance the body’s resistance.

Since the creation of an original low-molecular-
weight chemical compound with multi-targeted ac-
tions and diverse biological activities presents a sig-
nificant challenge, research groups have long adopted
the strategy of utilizing natural creations. In this regard,
cytokines, hormones, and vitamins have been studied
as a means for the prevention and early therapy of ra-
diation injuries [5]. Over a decade ago, the U.S. Food
and Drug Administration (US FDA) approved a num-
ber of radioprotective agents (radiomitigators), includ-
ing 5-androstenediol (neumune), genistein (BIO 300),
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protein kinase ON01210 (Ex-RAD), Toll-like receptor 5
agonist CBLB502 (entolimod), the corticosteroid be-
clomethasone (OrbeShield®), recombinant human inter-
leukin-12 (HemaMax®), and recombinant growth factor
G-CSF (Neupogen®) [5]. An analogue of the latter agent
(filgrastim) is also positioned as a means for the patho-
genetic therapy of acute radiation sickness [6], although
it is essentially a genetically engineered granulocyte
colony-stimulating factor that stimulates leukopoiesis.
Beta-leukin, which is no longer produced but was rec-
ommended as an effective radiomitigator for early use
after accidental irradiation [5, 6], is a recombinant ana-
logue of human pro-inflammatory interleukin-1p. While
the aforementioned natural compounds and their re-
combinant analogues demonstrate certain levels of ra-
dioprotective activity — either directly or indirectly (e.g.,
by stimulating an inflammatory response that counter-
acts processes developing during radiation sickness) —
and protect specific organs and systems from the pro-
gression of radiation sickness, they still fail to provide a
comprehensive protection for the entire organism.

According to a number of radiology specialists, the
primary direction in the development of approaches to
pharmacological correction of the initial response to ir-
radiation is the creation of complex formulations. Their
components should effectively target various organs
and systems, and accordingly, different links in the
pathogenesis of early disorders [5]. A consequence of
this approach has been a striking diversity of means for
preventing and treating individual manifestations of ra-
diation sickness, albeit with questionable acceptability
of the results from their combined use.

This diversity is exemplified by Chinese authors [11],
who illustrated all radioprotective means mentioned in
scientific publications (Fig. 1). Among the listed agents,
along with “classical” amifostine, are the non-steroidal
anti-inflammatory benzydamine for treating oral muco-
sitis, glutamine for mucosal restoration, pentoxifylline
with statins to reduce inflammation and prevent fibrosis,
meloxicam as an anti-proliferative agent, and superoxide
dismutase for protection against free radical damage.
The authors also mentioned Toll-like receptor agonists,
low-molecular nitroxide compounds, and sphingosine-
1-phosphate.

The natural radioprotective agents described so far
include plant extracts (flavonoids, etc.), vitamins (A, C, E),
trace elements (selenium), and components of bacterial
lysates (flagellin). Cytokines (including a number of pro-
inflammatory cytokines and growth factors) and some
immunomodulators (B-glucan and others) are separate-
ly listed, with stem cell therapy and gene therapy also
mentioned [11].

It becomes absolutely evident that employing such a
complex therapy with substances of multidirectional bio-
logical action is hazardous to health, even in the event
of a direct threat to human life, as the cumulative side
effects may well surpass the consequences of radiation
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Fig. 1. Main radioprotective agents: GM-CSF, granulocyte-macrophage colony stimulating factor; G-CSF, granulocyte
colony stimulating factor; M-CSF, macrophage colony stimulating factor; IL, interleukin; TPO, thrombopoietin; M-GDF,
megakaryocyte growth development factor; F L, FIt-3 ligand; TSLP, thymic stromal lymphopoietin; KGF, keratinocyte
growth factor; HAPO, hemangiopoietin; LIF, leukemia inhibitor y factor; PF4, platelet factor 4; EPO, erythropoietin; SCF,
stem cell factor; SDF-1, stromal cell-derived factor-1; MSC, mesenchymal stem cell; AED, 5-androstenone
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exposure. This justifies the necessity of searching for
more versatile medicinal methods of protection.

Properties of alpha-2-macroglobulin and prospects
for its use as a means for prevention and treatment
of radiation injuries

The trend toward using natural molecules with a medium
or high molecular weight, which allow for a more diverse
impact on the organism compared to low-molecular-
weight chemical compounds, is evident. However, it has
not reached its logical conclusion as high-molecular-
weight blood plasma components with radioprotective
properties are now rarely discussed in the scientific lit-
erature.

Meanwhile, for over half a billion years, a family of
proteins that exerts a complex effect on the body’s or-
gans and systems and possesses, among other things,
pronounced radioprotective properties has existed. In
humans, the main representative of this family is alpha-
2-macroglobulin (@2M); its concentration in blood serum
is about 2-3 g/L. In humans, this family also includes
pregnancy-associated alpha-2-glycoprotein and plasma
protein-A (their blood levels increase during pregnancy
and in estrogen-dependent tumors, but even then, they
are significantly lower than the concentration of a2M).
In rodents, this family additionally includes murinoglobu-
lins. Some authors also classify the complement com-
ponents C3 and C4 as part of this superfamily.

Possessing a significant molecular weight (720 kDa),
a2M can perform regulatory and transport functions in
the intercellular environment. This protein is known to be
biologically active; however, low-molecular-weight com-
pounds diffuse rather slowly in the absence of fluid flow.
This glycoprotein has four subunits in its structure, each
containing a masked thiol ester that specifically binds a
wide spectrum of proteinases while partially preserving
their activity. Furthermore, the subunits have a fairly ex-
tensive hydrophobic region, which is also a binding site.

A unique property of a2M, along with its ability to
form covalent and non-covalent bonds with a wide va-
riety of compounds, consists in its capacity to change
the conformation and accessibility of binding sites on
its surface. A number of functions are triggered only af-
ter interaction with proteinases (an example of the «a2M
structure based on cryo-electron microscopy data is
shown in Fig. 2). Such features determine the variability
of its properties, even regarding its clearance rate from
circulation; thus, the a2M complex with some cytokines
can circulate in the body for a long time, while after in-
teraction with a proteinase, the half-life of the complex
is no more than 1.5 min. In general, the structure and
functions of a2M, including those mentioned above,
have been described in sufficient detail in the scientific
literature from the 1980s to the present day [12-17].

Among the properties of this protein directly or indi-
rectly involved in radioprotection mechanisms is the fact
that a«2M subunits are paired by two zinc atoms and can
interact with various metals via a competitive mecha-
nism [18]. This protein is capable of performing its func-
tions through different types of receptors expressed by
various cell types, including endocytosis receptors (the
low-density lipoprotein receptor family, or so-called LRP
receptors) and signaling receptors (including GRP-78,
classified as a heat shock protein). It has been previously
established that «2M is involved in lipid metabolism, tis-
sue remodeling, regulation of enzymatic and antioxidant
system functions, while controlling the development of
an inflammatory response. The fact that a2M binds and
transports many cytokines, and its synthesis is regulated
by cytokines and growth factors (IL-6 stimulates synthe-
sis, while TGF-B inhibits), as well as the circumstance
that a2M influences the functions of leukocytes (primar-
ily neutrophils), lymphocytes, and macrophages, and is
actively involved in inflammatory, autoimmune, and pro-
liferative processes [12-16], indicates that many effects
of currently used radioprotectors are realized with the
direct participation of this protein. Among other things,
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Figure prepared by the authors based on data from [17], CC BY license

Fig. 2. Structure of the native and transformed (after interaction with a proteinase) alpha-2-macroglobulin

molecule according to cryo-electron microscopy data
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a2M can induce the activation of NF-kB signaling path-
ways [19] and is capable of interacting with histones [20].
Despite these promising observations, only a few pub-
lications have addressed the radioprotective properties
of a2M.

The first attempts found in the scientific literature to
use a2M as a radioprotective agent date back to the
1960s. In 1967, the research team [21] showed that
alpha-macroglobulin fractions (19S), isolated by zonal
ultracentrifugation from the blood serum of rats and
mice and administered both separately and in a mixture,
increased the survival of mice irradiated at a dose of
750 roentgen. It was shown that the «murine» a2M frac-
tion stimulates hematopoiesis; thus, differences in hema-
topoietic activity in irradiated (400 roentgen) mice receiv-
ing the macroglobulin fraction compared to the control
averaged 3-5 times in the bone marrow and 9-10 times
in the spleen. At the same time, the administration of
a fraction of isologous proteins with a lower molecular
weight did not produce a similar effect, underscoring the
importance of using precisely native, undamaged prep-
arations of high-molecular-weight proteins.

In 1974, British researchers also reported on the abil-
ity of a2M to provide radioprotection, including as part
of fractions or preparations containing IgA impurities.
Mice were irradiated at a sublethal dose of 500 rad and
administered a2M or its containing protein fraction con-
taining 4 h after whole-body irradiation, with a second
administration 4 days later. Human albumin was used
as a reference protein. It was found that the adminis-
tration of a2M contributed to an increase in the total
number of leukocytes. Since an unphysiologically high
dose (20 mg), on the contrary, had a suppressive ef-
fect, a dose of 5 mg was considered promising. It was
suggested that earlier administration (less than 4 h after
radiation exposure) would be more effective [22].

Attempts to use a2M as a radioprotective agent were
also made in Russia. In particular, in 1995, a patent was
registered for an invention of a method for obtaining a
blood plasma fraction containing a2M and intended,
among other things, for the treatment of radiation in-
juries [23]. Despite a rather primitive and controversial
production method (the fraction is essentially a mixture
of a2M and IgM), the effectiveness of the development
was demonstrated in clinical studies involving cancer
patients undergoing chemo- and radiotherapy. The
obtained preparation was administered intramuscu-
larly multiple times. In patients additionally receiving the
preparation alongside their treatment, the frequency of
leukopenia and thrombocytopenia decreased, general
well-being improved, the number of inflammatory infil-
trates decreased, and in some cases, a regression of
metastases was observed [23].

Serbian scientists published a series of works on the
radioprotective properties of a2M in 2003, 2009, and
2011. The initial experiments were conducted on rats ir-
radiated at a dose of 6.7 Gy. Amifostine was used as a
reference drug. The a2M purification method included
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chromatography on DEAE-cellulose and gel filtration. It
was demonstrated that the prophylactic administration
of a2M provided 100% protection against lethal out-
come at the specified radiation dose, as well as ami-
fostine. In that experiment, a mixture of amifostine and
a2M best preserved the total number of leukocytes and
platelets [24].

In another study, the same research group admin-
istered a2M in physiological saline at a dose of 4.5 mg
per rat weighing 200-250 g, 30 min after irradiation at
6.7 Gy. In the untreated group, about 50% of the animals
died within the 4-week observation period, while in the
groups receiving amifostine or a2M, all animals survived
and showed weight gain. In irradiated animals without
treatment, the relative liver weight (calculated as the ra-
tio of the organ’s absolute weight to the animal’s body
weight) decreased. Conversely, the administration of
a2M and amifostine increased the relative weight, peak-
ing in differences at 14 days. When studying morpholog-
ical changes in the liver tissues of irradiated animals, the
administration of a2M and amifostine minimized dam-
age and prevented the formation of necrotic foci [25].

It was experimentally established that both «2M and
amifostine significantly reduced the number of DNA
damages in irradiated animals (although not fully nor-
malizing this indicator). A comparable influence in the
direction and magnitude of amifostine and «a2M action
on superoxide dismutase activity, the expression of the
universal transcription factor NF-xB, and changes in se-
rum IL-6 concentration in rats upon irradiation was ob-
served. On this basis, the authors concluded that the
radioprotective efficacy of a2M results from a combina-
tion of several mechanisms of action, each with its own
effectiveness. It is possible that a number of the protec-
tive effects of amifostine are due to its ability to stimulate
the synthesis of «a2M. Thus, a2M is a central effector of
natural radioprotection, at least in rats [26, 27].

These findings are of particular interest given the tox-
icity of amifostine, while a number of its radioprotective
effects are mediated by the activity of a non-toxic protein
(x2M), whose synthesis it stimulates.

In 2018, Liu et al. conducted experiments on cell
cultures to demonstrate that a2M has a beneficial ef-
fect on the differentiation and proliferation of irradiated
bone tissue cells, reduced autophagy, lowered oxidative
stress levels, and decreased apoptosis activity, exhib-
iting pronounced radioprotective effects [28]. In 2022,
other Chinese researchers, Huangfu et al., published
data confirming the restoration of functions and main-
tenance of viability in irradiated fibroblasts, as well as a
reduction in oxidative stress levels under the influence of
a2M. Mitochondrial damage caused by irradiation was
reduced with a2M, presumably by inhibiting the loss of
mitochondrial membrane potential, calcium expression,
and TRPM2 [29].

The significance of «2M and its receptor LRP1 (CD91)
in the progression of malignant neoplasms has been re-
peatedly confirmed. It is suggested that restoring a2M
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homeostasis in tumors to levels characteristic of healthy
tissues may suppress the tumor’s ability to evade im-
mune surveillance and promote cancer cell death [30].
Since a2M levels and the activity of LRP receptor ex-
pression are directly interrelated with the growth activity
of a number of malignant tumors, organismal aging, and
a general decrease in resistance to external influences, it
is evident that a number of teratogenic effects observed
in radiation injuries may also be regulated by influencing
the content of this protein in the body.

It is noteworthy that available literature contains al-
most no publications from Western European and North
American scientists dedicated to studying the radiopro-
tective properties of a2M. We found only one study by
US researchers, who demonstrated that individuals with
high levels of a2M in their blood tolerate therapeutically
prescribed irradiation more easily [31].

Among the literature reviews summarizing informa-
tion on the radioprotective properties of a2M, an article
by Chinese specialists described its possible mecha-
nisms of action, including the ability to stimulate anti-
oxidant enzyme activity, prevent the development of
fibrosis, maintain homeostasis and hemodynamic equi-
librium, and improve DNA repair and cell recovery pro-
cesses [32].

It is important to note that one of the possible rea-
sons for the scarcity of scientific studies on the radio-
protective properties of a2M relates to the difficulty in
isolating highly purified preparations of «2M from blood
with preserved structure and activity. Since aggressive
solvents (e.g., acetonitrile) and elution buffers with acid-
ic pH destroy the protein’s structure, chromatography
methods using HPLC are hardly applicable, as well as
the attempts to obtain recombinant proteins enabling
the purification of «a2M via affinity chromatography [33].
The most acceptable methods are gentle, multi-step
preparative low-pressure chromatography techniques.

Danish specialists made a significant contribution
to the study and development of methods for the pre-
parative isolation of a2M. Between 1970 and 1990, re-
sults obtained via an extensive series of studies dedi-
cated to this protein and other members of its family
were published, including descriptions of its structure,
mechanisms of interaction with receptors and ligands
[34-36]. The primary method proposed for isolating
a2M from blood involved the removal of plasminogen
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