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Acute radiation syndrome (ARS) is an acute illness caused by exposure to a high dose of ionizing radiation. ARS is the
deterministic effect of radiation exposure of the whole body or a significant body volume (partial body irradiation)
above a threshold dose of about 1 Gy (gray). Radiation accidents, such as those in Chernobyl (1986) and Fukushima
(2011), or the possible use of nuclear weapons during the hostilities or terrorist attacks, can lead to the massive
development of ARS in humans. The aim of the work is to introduce a new method of post-radiation treatment — the
use of allogeneic mesenchymal stem cells (MSCs). Materials and methods. The information contained in specialized
scientific journals that are freely available and accessible through the global Internet was studied. Discussion of the
results. In the scenario of mass exposure of the population, when from several tens (hundreds) to millions of people can
be irradiated, the transfusion of hematopoietic stem cells traditionally used in such cases would be impossible. MSCs
can possibly differentiate into specialized cells, that is, turn into cells of various organs and tissues or induce such kind
of regeneration. For practical use, there are two main sources of their isolation and reproduction ex vivo -bone marrow
and adipose tissue. To date, it has been shown that MSCs derived from adipose tissue can be effective in mitigating
the effects of acute radiation illness. Intravenously applied MSCs are migrating mainly to the bone marrow and are
partially restoring its function. Deep anatomical structures are also involved in local radiation injuries: bone, muscles,
nerves, blood and lymphatic vessels and skin. There is a strong body of evidence suggesting the «repair effect» of
MSCs when used to treat such lesions. This is because MSCs can induce the repair and regeneration of the anatomical
structures which they are locally applied, possibly by the paracrine effect. The main advantage of allogeneic MSCs over
autologous ones is their logistical accessibility. They can be produced in advance in quantities and stored frozen. After
thawing, the cells must be cultured for at least 48 hours in humidified incubators with the addition of 5% CO,. Findings.
Treatment of MSCs should be started as soon as possible after radiation exposure. Rescue of damaged hematopoiesis
in the bone marrow can be achieved by multiple intravenous administration of up to 1 million (10°) freshly prepared
allogeneic MSCs/kg body weight. Locally (around and in the irradiation area), the dose of MSCs may be lower - 20
million cells. Repeated topical application should be carried out at intervals of two to four weeks. Subsequent surgical
reconstruction should be performed by an experienced surgeon and in a specialized center with concomitant topical
application of MSCs.
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Introduction

In the book «A slow death: 83 days of radiation
sickness» one, even a non-specialist can find
the description of the effect of radiation on the
human body. The incident happened on September
30, 1999, in a nuclear fuel processing facility
in Tokaimura, Japan. Two men (Hisashi Ouchi
and Masato Shinohara) were exposed to gamma

and neutron beam radiation. According to the
model, Ouchi has been exposed to a radiation
level around 20 Sv (sievert). The lethal dose is an
exposure 8 Sv. (1 Sv (sievert) = 1 joule/kilogram —
a biological effect. The sievert represents the
equivalent biological effect of the deposit of a joule
of radiation energy in a kilogram of human tissue.
The ratio to absorbed dose is denoted by Q. 1 Gy

! A Slow Death 83 Days Of Radiation. https://archive.org/details/ASlowDeath83DaysOfRadiation/page/n115/mode/2up

(date: 20.02.2023).
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(gray) = 1 joule/kilogram - a physical quantity.
1 Gy is the deposit of a joule of radiation energy per
kilogram of matter or tissue [1]). It should be noted,
that according to the nurse medical personnel his
admission to the hospital was only temporally and
he «would not be hospitalized» for a long time.
Judging from his outward appearance it was hard
to tell what was wrong with him and impossible to
believe that he had received a supralethal dose of
radiation. The biggest concern of the personnel was
(possible) secondary radiation which finally was not
justified. On day +1 his lymphocytes in peripheral
blood decreased almost to zero values. On day +5
all chromosomes of the bone marrow were found to
be destroyed into pieces. On day +6 Ouchi received
peripheral blood stem cell transplant from his HLA
identical sister as a donor. On day +9 was entirely
forbidden to use tape on Ouchi’s skin because the
skin underneath started coming off with the tape.
Like after burn blisters appeared on his right hand
(the site of his body closest to the radiation). On
day +10 he was intubated and put on mechanical
(artificial) ventilation. On day +16 he his bone
marrow showed a full chimerism. All examined
cells were XX (female) positive. However, in 3 out
of examined 30 cells chromosomal breaks were
present. This chromosomal damage was a surprise.
One theory was that the neutron beams hit atoms
in the body, such as sodium (Na), phosphorus
(P) and potassium (K) and these atoms become
radioactive themselves. The isotope **Na has a half
time of approximately 15 hours. This means that
the 1/1000 (1/1024) of its radioactivity is achieved
in 150 hours i.e., 6.25 days. Ouchi received the
transplant on day +6 (he was irradiated on day 0)
and the radiation could still be effective to cause
at least some chromosomal breaks. On the other
hand, another explanation comes from a so-called
«bystander effect», an effect unique to neutron
beam irradiation. The cells irradiated by neutron
beams emitted reactive oxygen (oxygen radicals or
free radicals), damaging nearby cells that had not
been irradiated. On day +26 the intense diarrhea
was observed. The damage of all gastrointestinal
(GIT) membranes has been confirmed. Moreover,
30 times higher than the norm a level of myoglobin
in Ouchi’s blood serum has been detected. This was
a sign of muscle necrosis. Remarkably, no sign of
heart damage had been observed. On day +49 the
skin of his front almost completely «disappeared».
The team grew artificial pieces of skin in vitro
(donor Ouchi’s sister) and finally transplanted up
to 70 pieces of them. No one regenerated, due to
fluid leak all had fallen off. On day +82 Oguchi
died. The autopsy of Ouchi’s body showed the

following results. His body was bright red, as he had
been scalded. It was different as in thermally burnt
corpses whose bodies were pitch black. No skin
remained at the front site of his body. There were
severe organ alternations. Every mucus membrane
in the body had disappeared (GIT, trachea). The
hematopoietic cells disappeared too. The bone
marrow was «empty». Ouchi’s muscle cells had
lost most of their fiber and only the cell membrane
remained. In contrast to «ordinary» muscles the
vivid red muscle cells remained intact in the heart.
In other words, only the muscle cells in the heart
had not been destroyed by the radiation. The heart
was the one internal organ in Ouchi’s body which
remained intact.

Main

At the beginning of this section the author
would like to point out that the following material
(Radiation, Radiation Injuries, Acute radiation
syndrome) has been taken from the website’.

Radiation. Radioactivity is the phenomenon
whereby atoms undergo spontaneous disintegration,
usually accompanied by the emission of radiation.
Radiation is the transmission of energy through
space and is of two types: ionizing and non-ionizing.
Depending on the range in the electromagnetic
energy spectrum, it is possible to characterize non-
ionizing radiation such as heat, microwaves, visible
light or others, and ionizing radiation such as X rays
and gamma rays. These waves are characterized
essentially by their energy, which varies inversely to
the wavelength. Ionizing radiation may be emitted
in the process of decay of unstable nuclei or by de-
excitation of atoms and their nuclei from natural
sources like the sun, the stars or cosmic radiation.
It may also be produced by X ray machines, nuclear
reactors, cyclotrons, and other devices. During
radioactive decay, gamma (y) rays are often produced
alongside other types of radiation, such as alpha (o) or
beta () particles. When a nucleus emits an alpha or
beta particle, the daughter nucleus is sometimes left
in an excited state which, after de-excitation, returns
to a lower energy level by emitting a gamma ray in
much the same way that an atomic electron can, in
most cases, jump to a lower energy level by emitting
visible light. Ionizing radiation can strip electrons
from atoms and break the bonds between the atoms
of a molecule. Ionizing radiation can be divided
into low and high linear energy transfer radiation
(as a guide to its relative biological effectiveness),
or into strongly penetrating radiation and weakly
penetrating radiation (as an indication of its ability
to penetrate shielding or human body tissues).

The characteristics of the four major types of
radiation emitted by radioactive material, namely,

*INTERNATIONAL ATOMIC ENERGY AGENCY, Medical Management of Radiation Injuries, Safety Reports Series
No. 101, IAEA, Vienna. 2020. URL: https://www.iaea.org/publications/12370/medical-management-of-radiation-

injuries (date: 25.12.2022).
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alpha, beta, gamma, and neutron radiation, are as
follows:

- Alpha radiation has a relatively short range,
travelling only a few centimeters in air. It can be
stopped by a sheet of paper and cannot penetrate
the outer layers of intact human skin. For this
reason, alpha radiation becomes a hazard only
if an alpha-emitter radionuclide is taken into
the body. Examples of alpha particle emitters are
americium-241 (*** Am) and polonium-210 (*°Po).

- Beta radiation can travel several meters in
air and can penetrate inadequately protected skin.
Beta radiation emitters are considered primarily an
internal hazard, but the deposition on the skin of
radionuclides emitting beta particles of sufficient
energy (such as caesium-137 (**’Cs)) can give rise to
«skin burns».

- Gamma radiation is highly penetrating and
can pass through most materials, including the
human body. For this reason, gamma radiation is
considered an external hazard as well as an internal
hazard. Examples of gamma radiation emitters are
iridium-192 (**Ir) and cobalt-60 (*°Co).

- Neutrons are emitted in the processes
of nuclear fission and reaction, or when some
radioactive material undergoes spontaneous decay.

When ionizing radiation interacts with the
human body, it deposits its energy in organs and
tissues. The amount of energy absorbed per unit
weight of the organ or tissue is called ‘absorbed
dose’ and is expressed in units of gray (Gy). One

Gy of absorbed dose is equivalent to one joule of
radiation energy absorbed per kilogram of organ
or tissue mass. Equal absorbed doses from different
types of ionizing radiation are not equally harmful.
Alpha particles produce greater harm than do
beta particles, gamma rays and X rays for a given
absorbed dose. To account for this difference,
radiation dose is expressed as equivalent dose in
units of sieverts (Sv). The equivalent dose in Sv is
equal to absorbed dose multiplied by a so-called
radiation weighting factor.

Radiation injuries. A nuclear or radiological
emergency is defined as: An emergency in which
there s, or is perceived to be, a hazard due to: (a) The
energy resulting from a nuclear chain reaction or
from the decay of the products of a chain reaction;
(b) Radiation exposure. The hazard involves a
sealed or unsealed radioactive source and may lead
to an uncontrolled release of ionizing radiation
or radioactive material into the environment or
to individuals. Such radioactive sources include
sealed sources of radioactive isotopes such as
%Co, “Cs, or "Ir irradiators, used mostly in
medicine and industry, and unsealed sources
used in nuclear medicine and scientific research.
Less frequently, X ray equipment, linear particle
accelerators and other equipment have also been
involved in the uncontrolled exposure of people. The
second step is to identify those individuals possibly
exposed or contaminated. The severity of radiation
injuries depends on the radiation dose incurred, the

Table 1 - Initial decision making for managing radiation injuries based on vomiting and erythema [5]

Clinical manifestations Estimated dose
Initial decision
WBE LE WBE LE
. Outpatient with five week
No vomiting No erythema <1Gy <3Gy surveillance (blood, skin).
Primary(early)
Vomiting 2-3 h erythema _ e .
after exposure 12-24 h after 1-2 Gy >3~8 Gy Monitoring in a general hospital.
exposure
Hospitalization in
haematological or surgical
(burn) department or
. ~ Primary erythema specialized surgical
Vomiting 1-2 h 8-15 h after 2-4 Gy >15 Gy department (ideally in a
after exposure <25 Gy . . .
exposure room with laminar air flow
and air filtering, and with a
plastic surgery team trained
in radiation injuries).
Hospitalization in a
haematological or
Primary erythema speaahzed.surglca_xl
-, . L department (ideally in a
Vomiting earlier within 3-6 h (or room with laminar air flow
than 1 h after less) associated >4 Gy >25 Gy PR .
MRS and air filtering, and with a
exposure with itching, . .
. plastic surgery team trained
oedema and pain . oo T T
in radiation injuries).
Specialized counselling is
necessary.

Journal of NBC Protection Corps. 2023.V.7.No 1
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Table 2 - Methods for the early diagnosis of radiation injuries. The table presents the main methods for early
diagnosis of whole body or partial body irradiation, including the procedures, manifestations, expected time of
onset and minimum doses necessary for the appearance of the early symptoms and signs of radiation exposure

(threshold)’
Procedure Manifestation Time of onset* ]
exposure (Gy)
Nausea, vomiting Within 48 h ~1
Clinical observations o
Erythema Within hours to days ~3
Epilation Within 2-3 weeks ~3
Laboratory examinations: Absolute
lymphocyte count Within 2-72 h ~0.5
Blood cell count <1x107 /L**
Dicentrics/rings, ~0.1
Cytogenetics*** micronuclei, Within hours (detection
translocations level)

Note. WBE - whole body exposure, LE - local exposure.

* The latency time is inversely dependent on radiation dose.

the counting be repeated every 4 h on the rst day and then daily.

** The lymphocyte count may decrease within hours. Experts recommend that a baseline

*** Results can be available in three to five days depending on the technique used.

T INTERNATIONAL ATOMIC ENERGY AGENCY, Cytogenetic Dosimetry: Applications in Preparedness for and Response to Radiation
Emergencies, EPR-Biodosimetry, IAEA, Vienna. 2011 (date: 22.12.2022).

count be obtained as soon as possible and

dose rate, the radiosensitivity of affected tissues and
organs, and the area and extent to which the body
has been exposed. For the same absorbed dose, the
health consequences of a partial body exposure are
less severe than those of a whole-body exposure. A
single absorbed dose of about 3.5 Gy to the whole
body is generally expected to result in the death of
50% of the exposed population group within two
months if there is no medical treatment (LDSO/GO,
meaning a lethal dose for 50% of the population in
60 days). The LD, . can be increased to about 5.0~
6.0 Gy with advanced mitigative treatment (e.g.,
bone marrow transplants, hematopoietic growth
factors) or supportive treatment, as well as when the
exposure is prolonged or fractionated. The survival
probability of patients exposed to significantly
higher doses is very limited. These patients require
standard (best) supportive care.

Acute radiation syndrome

Acute radiation syndrome (ARS) is the acute
illness caused by exposure to a high dose of ionizing
radiation to the body. ARS is a deterministic effect of
radiation exposure to the whole body or to a significant
volume of the body (partial body irradiation) above a
dose threshold of about 1 Gy. This deterministic effect
induces a set of clinical and biological manifestations
in the organs and tissues affected. To facilitate the
understanding of clinical manifestations and how they
overlap, ARS has typically been subdivided into three
groups depending on the absorbed dose and the organs
primarily involved (hematopoietic, gastrointestinal,

and neurovascular types). However, the overlapping of
these clinical manifestations reflects the expression of
an inflammatory body response affecting all the organs
and tissues, which in severe cases may lead to multiple
organ failure. The hypothesis is that the organ system
involvement is due not only to the radiation induced
depletion of proliferating cells of rapid turnover tissues,
but also to radiation induced changes in the vascular
system, and specifically in the endothelial cells and
the immune system, leading to the development of an
uncontrolled systemic inflammatory response [2]. It
appears that cytokines play a central role in mediating
central nervous system response following irradiation.
It has been shown that the radiation response of
the central nervous system is characterized by local
production of pro-inflammatory cytokines in different
brain structures, causing a stimulation of inflammatory
cascade, interaction with other inflammatory
mediators and up-regulation of the inflammatory
process that leads to neurotoxicity [3]. In the same way;,
radiation induced endothelial dysfunction can cause
increased permeability, endothelial cell apoptosis,
coagulation disorders, the expression of adhesion
molecules, production of inflammatory cytokines and
chemokines with transmigration of leukocytes and the
release of proteases and reactive oxygen species that
can contribute to tissue injury [2, 4].

An initial (rather orientational) judgment
according vomiting and primary («early») erythema
of a patient after radiation injury is shown in Table 1.
A more advanced schedule is shown in Table 2. The
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Table 3 - Threshold doses and time of onset for different manifestations of local radiation injuries '

Manifestation Threshold dose, Gy Time of onset*, days
Second phase erythema** 14-21
Temporary epilation 14-18
Definitive epilation 7 25-30
Dry desquamation (dry epithelitis) 10 20-28
Moist desquamation (exudative epithelitis) 15 15-25
Necrosis 25 >21

radiation injury.

* Time of onset is a reference; it is influenced by actors such as the dose rate, duration o the exposure and individual radiosensitivity.

** Second phase erythema is a deterministic effect referring to an erythema that develops during the manifestation phase of a local

IINTERNATIONAL ATOMIC ENERGY AGENCY, Medical Management of Radiation Injuries, Safety Reports Series No. 101, IAEA, Vienna.
2020. URL: https://www.iaea.org/publications/12370/medical-management-of-radiation-injuries (date: 23.12.2022).

diagnosis is more profound and is based on some
laboratory tests. We are not planning to focus on the
treatment of radiation injuries with «conventional»
methods (growth factors, hematopoietic cell
transplantation, supportive care, plastic surgery,
etc.) Our aim is to introduce a new modality in
the postradiation treatment - mesenchymal stem
cells (MSC). These cells can be used in a systemic or
local approach. The local injuries are in more detail
characterized in Table 3. A damage of all deeper
anatomical structures (bones, muscles, nerves,
vessels) is earlier or later observed after high dose
local irradiation. Here we would like to focus the
reader’s attention to an interesting fact. As shown
in the Introduction the single organ which was
not destroyed by the radiation (gamma rays and
neutrons) was the heart. It was the one internal
organ in Ouchi’s body which remained intact. This
«experimental fact» remains a mystery and is open
for further laboratory studies.

Ai Ty MOFIWARRERT 2, RN TOR YR,

ATy U bi, BNKZGL TS,
#% 1 19994E 1052518

2 0 19999101 7H (MBS LD

An example of the skin changes after irradiation
is shown in Figure 1.

Mesenchymal stem cells. In the text we will
(mainly) use the original text of the author [6].
Mesenchymal stem cells (MSCs) can be isolated
from almost all organs and tissues in the human
body. For practical purposes, there are two main
sources for their isolation and ex vivo expansion —
the bone marrow and fat tissue. Based on their
inherent plastic adherence properties, the ex vivo
expansion of MSCs is a rather simple process.
Nevertheless, the biological features (gained from
decades of tissue culture experience) are contrary
to bureaucratic rules, which govern the good
laboratory practice. MSCs cannot be successfully
used in the treatment of human diseases if they
are not handled optimally akin to the conditions
in their natural habitat. Moreover, extrapolation
of the data obtained from animal studies (mainly

(YAY261 1)

Figure 1 - The right hand of the patient mentioned in the part Introduction. Left: day +7, Right: day +25 after the radiation
accident (URL: https://archive.org/details/ASlowDeath83DaysOfRadiation/page/n95/mode/2up, p. 96; date: 23.12.2022)
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rodents) to humans is rather unfounded and with
little relevance. The paper of Kog [7] symbolically
«opened the door» for the mesenchymal stem cells
(MSCs) in the third millennium. Here, the authors
reported about the autologous blood stem cells and
in tissue culture (in vitro or ex vivo) expanded bone
marrow-derived MSCs in advanced breast cancer
patients receiving high-dose chemotherapy. Since
then, an enormous amount of material has been
published [9]. Coming down to the molecular level,
our knowledge each day is growing exponentially.
Nevertheless, the primary question remains: What
is the «therapeutic mechanism» of the applied
MSCs? We call this effect as «posthypnagogic
command». After the treatment with MSCs, the
effect of healing is present for months, without the
proven presence of MSCs. We are not coming in
detail here; the reader could educate himself in the
enormous amount of literature. In our opinion, it
is useful to repeat the whole procedure of ex vivo
expansion in detail as it has been described in
part «Ex Vivo MSCs Culture» [8]: «Mononuclear
cells (from bone marrow) were resuspended at
10° cells/mL in Dulbecco’s modified Eagle medium,
low glucose (DMEM-LG) with 10% fetal bovine
serum and 30 mL of cell suspension was plated in
a 175 cm” flask. MSCs were cultured in humidified
incubators with 5% CO, and initially allowed to
adhere for 72 h, followed by media change every
3-4 days. When cultures reached more than 90%
confluence, adherent cells were detached with 0.05%
trypsin-EDTA.» Later, additional characterizations
and refinement added some regulatory rules.
This ex vivo expanded MSCs fulfilled the criteria
provided (later) by the International Society for
Cellular Therapy [9]. Briefly, MSCs are defined by
their plastic-adherent properties under standard
culture conditions, by their ability to differentiate
into osteocytes, adipocytes, and chondrocytes
in vitro under a specific stimulus and by positive
(CD105, CD73, and CD90) or negative (CD45,
CD34, CD14, and HLA-DR) expression of specific
surface markers. There are two main sources for
their isolation and ex vivo expansion for practical
purposes — the bone marrow and the fat tissue.
This ex vivo expansion of MSCs is a rather simple
process based on their inherent plastic adherence
properties. The pilot paper [10] described the use
of «third party» (here - haploidentical) MSCs for
transplantation in a patient with severe treatment-
resistant grade IV acute graft versus host disease
(GVHD) of the gut and liver after allogeneic stem
cell transplantation. For decades, two organs (or
tissues), i.e., bone marrow and fatty tissue, were
the primary sources for the isolation and ex vivo
expansion of MSCs. MSCs cannot be successfully
used to treat human diseases if they are not handled
optimally akin to the conditions in their natural
habitat. Let us discuss this in depth. As an example,

we will consider the following research paper [11].
The authors claimed that «among patients with
advanced heart failure, intramyocardial injection
of mesenchymal precursor cells, as compared with
the injections of a cryoprotective medium as sham
treatment, did not improve successful temporary
weaning from left ventricular assist device (LVAD)
support at 6 months. These findings do not support
the use of intramyocardial MSCs to promote cardiac
recovery as measured by temporary weaning from
device support» According to the authors, the
patients were randomly assigned to cell therapy
group who received intramyocardial injection of
150 million MSCs and a cryoprotective medium
treatment group without cells for comparison.
The allogeneic MSCs were obtained from healthy
donors and expanded in a Good Manufacturing
Practices (GMP) certified laboratory. It is evident
that the cells were thawed directly before use
(«injections of mesenchymal precursor cells,
compared to injections of a cryoprotective medium
as sham treatment»). The cells were neither washed
nor cultivated further for expansion before use. In
the opinion of the authors that it is mandatory to
use the MSCs that have been freshly prepared and
not frozen or thawed immediately before use.

After decades of expanding the MSCs (and
other cells) ex vivo (in vitro), we firmly stand
behind this point of view. After thawing, the cells
need to be cultured at least for 48 h in humidified
incubators supplemented with 5% CO,. Only after
this wait period, one should start to consider further
experimental (or therapeutic) work using these cells.
On the other hand, one can consider growing the
cells ex vivo, detaching them when 80% confluent and
applying them to the patient in a short time (up to 3
h at room temperature). The practice to use freshly
thawed cells (MSCs) makes the abovementioned
study (and others in this fashion designed trials)
from the biological point of view rather dubious
and medically useless. In our opinion, it is necessary
to return to the laboratory and to give the MSCs a
«second chance» by consequently following the
Good Biological Practice (GBP) developed during
the decades of cell tissue culturing in vitro. We
recommend returning to the praxis of small tissue
culture centers associated with (or localized within)
the hospitals. In coordination with the hospital
departments, they could prepare fresh MSCs,
which would be «on demand» prepared for use and
treat the patients. Logistically, to prepare a total of
20-50 x 10° cells is not a difficult task. One skilled
technician could obtain this amount under sterile
conditions in 1-2 h. What about the tests for the
differentiation and of sterility? Well, yes, one can ask
a heretical, unorthodox question: Did anybody ever
observe that the MSCs in vitro did not differentiate
to osteoclasts, adipocytes, and chondrocytes during
appropriate treatment?
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Figure 2 - Allogeneic adipose-derived stem cells rescue irradiation bone marrow cells via secretion of pro-survival and
hematopoietic factors. (URL: https:/scitechdaily.com/in-case-of-nuclear-disaster-stem-cells-derived-from-fat-show-
promise-as-a-treatment-for-mass-radiation-exposure/; date: 23.12.2022)

Data emanating from the clinical studies
have shown the safety and efficacy of allogeneic
MSCs in adult and pediatric patients [12, 13].
Recent clinical application of allogeneic MSCs
in ischemic cardiomyopathy patients vindicated
these data and reported that allogeneic MSCs were
as good as autologous MSCs in their functionality
and eflicacy, favorably affecting LV end-diastolic
volumes, LVEF, and ventricular remodeling
leading to improved quality of life [14, 15]. More
importantly, these studies did not report any
severe adverse reactions associated with the cell-
based therapy with allogeneic cells, including
immunologic responses. The safety profile of
allogenic MSCs has also been substantiated
during a systematic review and meta-analysis of 36
clinical studies, including 1012 participants [16].
Experimental studies assessing immunological
profiling of MSCs have shown that although they
are not immunopriviledged, allogeneic MSCs are
weakly immunogenic, because they lack MHC
class IT and co-stimulatory molecules, i.e., CD40,
CD80, and CD86, while they have weak MHC
class I expression [17, 18]. Moreover, they do show
immunomodulation by suppressing the activation
and proliferation of immune cells [19, 20]. Their

Journal of NBC Protection Corps. 2023.V.7.No 1

interesting immune profile tips them as a good
candidate for cell-based therapy without the need
for immunosuppression therapy and takes care
of them not being «self» for the recipient [21].
These data about the allogeneic MSCs are a step
forward towards the ongoing quest for «Universal
donor cells,» which should be available off-the-
shelf as a ready-to-use cell preparation [22]. One
of the primary advantages of allogenic MSCs is
their logistic superiority over autologous cells
[23]. Unlike autologous MSCs, which need to be
isolated, purified, and expanded in culture before
use for each patient, allogenic cells are logistically
feasible as they may be readily available off-the-
shelf. This ready availability makes possible their
use in urgent clinical situations, which is not
possible with the autologous cells as it may take
3-4 weeks of isolation, purification, and expansion
before they could be used for delivery. For any cell-
based therapy to be of routine clinical significance
as a therapeutic modality, it is imperative that
the cells must be available off-the-shelf akin to
any other conventional pharmacological agent.
Additionally, allogeneic MSCs may allow repeated
doses of the cells which may be more beneficial
than one-time treatment [24].
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Figure 3 - Organ tissue-specific beneficial effects of MSC treatment
(the whole figure has been taken from [31])

Treatment of radiation injuries. First, we will
focus on the treatment of ARS. Events leading
to the development of ARS can be a radiation
accident like in Chernobyl (1986) or Fukushima
(2011), a therapeutic misadventure, or nuclear
weapon detonation during war or in a terroristic
attack [25]. At present, few treatment options
are available. Matched hematopoietic stem cell
transplant is the therapy of choice. Although bone
marrow/ peripheral blood stem cell transplantation
is beneficial, maintenance of hematopoietic stem
cells, radiation dose determination, and the
lack of matched stem cell donor for allogeneic
therapy applications are limiting factors. In a
mass population exposure scenario, several tens
(hundred) to millions of individuals can be exposed;
from a practical standpoint, hematopoietic stem cell
transfusion is an impossible way forward. In case
such a scenario develops, it will be difficult to treat
all individuals at the same time, and treatment will
be delayed for many affected individuals, which may
lead to an increased mortality rate. Other possible
treatment options include administration of
prohematopoietic cytokines, such as granulocyte-
macrophage colony-stimulating factor (GM-CSF)
and granulocyte stimulating factor (G-CSF). In a
recent paper «Allogeneic adipose-derived stem cells
mitigate acute radiation syndrome by the rescue of
damaged bone marrow cells from apoptosis» [26]
the authors have shown that adipose tissue derived
mesenchymal stem cells (ASC) could be effective

in mitigating total body irradiation (TBI) induced
ARS in mice and may be beneficial for clinical
adaptation to treat TBI-induced toxicities. The
possible explanation of the observed effect is shown
in Figure 2.

In the author’s opinion «the requisitioned
data of the MSCs, mechanically taken from mice
and rats, could negatively influence the trends of
the research in the novel treatment(s) of human
disease» [27]. However, on the other hand the
author observed personally direct homing of iv.
applied MSC in the patient’s bone marrow [28]. This
experimental fact confirms the data obtained in
mice: After systemic (i.e. intravenous) application
the MSC in humans are (at least partially) homing
in the bone marrow of the individual. Here we
would like to suggest a possible way to treat the
patient(s) with the ARS. The suggested approach
is to apply intravenously up to 1 million (106)
freshly prepared allogeneic MSC/kg body weight
as soon as possible after the radiation injury (ARS).
In our opinion this could rescue the damaged
hematopoietic stem cells in the bone marrow. The
treatment should be applied repeatedly in a span
of few days, if possible. We understand that lack of
experience can influence the results, nevertheless
direct «trials» on a large cohort of patients are
missing and it is not imaginable to perform them.
Nevertheless, the accidental ARS could be used
as «pilot studies». Considering the availability of
allogeneic MSC, we repeat and are firmly standing

BecTHuk Bonck PXB 3awuTtbl. 2023. Tom 7. N2 1

SNOdVIM dVITONN WOY4d NOILD310dd ANV AL34dVS NOILVIAVvy

31



32

PAOVNALUNOHHAA BE3OINMACHOCTb N 3ALLUNTA OT AOEPHOIO OPY>XWA

JNakoTa AH

behind that «For any cell-based therapy, including
the ASR treatment, it is imperative that the MSC
must be available off-the-shelf akin to any other
conventional pharmacological agent.»

The second possible use of MSC is treatment of
thelocal radiation injuries. In [29] the authors present
the treatment of four patients with chronically
persistent chronic radiation injuries, who they suffer
over a few decades, with autologous MSC. It should
be noted that after local radiation (accidental) injury
the deep anatomical structures are involved too: the
bone, muscles, nerves, blood, and lymphatic vessels,
and of course the complex structure - the skin. This
makes the problem more complex.

In a publication «Cell technologies in the
treatment of radiation burns: experience Burnasyan
Federal Medical Biophysical Centre» [30] the
authors demonstrated the treatment with the MSC
of the patients with radiation burns. These patients
received radiation therapy for their oncological
diagnosis. The postradiational wounds («ulcers»)
were successfully treated with MSC in 3 patients. In
a paper «Mesenchymal stem cells — A new hope for
radiotherapy-induced tissue damage?» The authors
suggest a possible beneficial role of the MSC in
different organs of the human body (Figure 3) [31].
In other words, there is a convincing amount of data
which show the effects of MSC in the treatment of

3
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radiation injuries. Moreover, the use of MSC in a
«classical» wound healing is well documented. (For
review see ref. [32]).

So, repeatedly: First - when should we to start
the treatment? Second - should the treatment be
local or systemic? Third - how often should the
treatment be repeated? Our suggestions are as
follows. Due to beneficial effects of MSC (Figure 3)
one should apply the MSC intravenously as soon
as possible after the local radiation injury. The
recommended dose should be up to 1 million (106)
freshly prepared allogeneic MSC/kg body weight.
The other doses should be applied locally (around
and in the irradiated area) rather early. The dose
of MSC can be lower (we suggest 20 million cells).
The repeated local application should occur in the
two to four weeks interval(s). Due to the rather
unconvincing effects of the MSC application in
the radiological accident in Yanango, Peru’, we
are suggesting two points. The MSC should be
applied rather early (as suggested above), and they
must be prepared in the «spirit» of Good Biological
Practice (GBP). We believe that the early («as soon
as possible») and repeatable application of MSC
can minimize the radiation damage. Of course, the
later surgical reconstruction should be performed
by an experienced surgeon and in the specialized
center with a concomitant local MSC application.

URL: https://www.iaea.org/publications/6090/the-radiological-accident-in-yanango (date: 22.12.2022).
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Ocrpsoiit mydesoit cunapom (OJIC) — ocTpoe 3aboneBaHMye, BbISBAHHOE BO3/IEIICTBIMEM Ha OPraHM3M BBICOKOII JJO3BI
nonmsupytomero usnydenus. OJIC npepcrapisiet co6oil e TepMUHUPOBAHHBII 3P PEKT PafUAIIOHHOTO 06Ty eHNs
BCETO Te/Ia VIM 3HAYUTEIbHOTO 06beMa Tera (4acTIIHOe 0O/TydeHNe Tela) Bhlllle IOPOroBoii 03sI 0Koio 1 Ip (rpeit).
K maccoBomy passutuio OJIC y mrofieit MOTYT IpMBECTHU pafialiliOHHbIe aBapyM, TaKMe KaK Impousouuim B YepHo-
6bu1e (1986 1.) 1 Oykycume (2011 1.), 1, 9TO CETORHA yXKe HeNb3si UTHOPUPOBATh — IIpYMEHEHMe SIePHOTO OPY>KUA
B X0fie 60eBBIX JIeVICTBUIT WM B pe3ynbrate TepakTa. Llenv pabomv: — BHEAPUTh HOBBIII METOJ MOCTIY4EBOTO Jiede-
HIsI — UCIIOTIb30BaHNe a/UIOTEHHBIX Me3eHXMMAaIbHbIX CTBOOBBIX KaeToK (MCK). Mamepuanvt u memoow:. Viccre-
IoBajach MHGOPMaNV, COflepKallasicsa B CIelMaIu3MPOBaHHBIX HayYHBIX XXYPHa/IaX, HAXONALIMXCSA B CBOOOTHOM
IOCTYIIe U JOCTYIHBIX Yepes ImobanbHylo ceTb «VIHTepHeT». Obcy#denue pesynvmamos. B cueHapuy MaccoBoro
00/TydeHMsT Hace/eHIsI, KOTia OOTyYeHHBIMIU MOTYT OKa3aTbCsl OT HECKOMBKUX JIECSITKOB (COTEH) O MUITMOHOB e-
TIOBEK, TPaIMLIMOHHO MICIIONIb3yeMOe B TAKMX C/Ty4asaX IepeBaHe FeMOO3TUYECKMX CTBOIOBBIX KIETOK OKaXKeTCs
HeBo3MO>KHBIM. MCK cnoco6Hb! fuddepeHIupoBarbca B ClieliuaIN3MpOBaHHble KIEeTKY, TO €CTb IpeBpaljaThCs
B K/IE€TKM Pas/IMYHBIX OPraHOB UM TKaHeil. [IIA IpaKTM4ecKuX MIpUMEHEHNs CyLIeCTBYeT Ba OCHOBHBIX JICTOYHMKA
UX BBITIEIEHMA M PAa3SMHOXKEHMA ex Vivo — KOCTHBII MO3T M XKMpoBas TKaHb. K HacToAleMy BpeMeHM [TOKa3aHoO, 4TO
MCK, monydeHHbIe U3 XUPOBOIT TKaHU, MOTYT OBITb 9¢(EKTUBHBIMM B CMATYEHNH TIOC/IEACTBIUI OCTPOIL Ty4eBOil
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6onesrn. MCK crioco6HbI HaBOJUTBCS B KOCTHBII MO3T M YaCTMYHO BOCCTAHAB/IMBATD ero (GpyHKIMIO. B T10KambHbIE
JTy4eBble IIOPaXKEHNUS BOB/IEKAIOTCA U ITTyOOKMe aHATOMUYeCKUe CTPYKTYPbl: KOCTb, MbILIIIbI, HEPBBI, KPOBEHOCHBIE
u muMdaTHdecKe COCyIbl M Koxka. VIMeeTcs ybemuTenbHbI 06'beM HaHHBIX, CBUJIETENBCTBYIONNX 00 3¢ dexTax
MCK mpy ux mpyMeHeHMu [is JIedeHNs] TaKUX MopakeHmit. ITo o6bsacHseTcsa TeM, uyTo MCK croco6ubr audde-
PEHIVPOBAThCA B Te AHATOMIYECKIe CTPYKTYPBI, B KOTOpbIe OHY IonafialoT. OCHOBHOE IIPeMMYIIEeCTBO a//IOTeHHBIX
MCK mepen ayTOMOTMYHBIMYU — JIOTUCTUYECKas HOCTYIHOCTb VX MOXXHO HapabOoTaTh 3apaHee KOMMYECTBAX ¥ Xpa-
HNUTD B 3aMOpoKeHHOM Bupie. [loc/te oTTanBaHNA KIeTKM HeOOXOVIMO KY/IbTYBUPOBATh He MeHee 48 1 BO BIa’KHBIX
uHKy6aTopax ¢ fo6asnennem 5 % CO,. Boisoodst. Jledene MCK Heo6xopyMO Ha4MHATD KaK MOXHO paHbIIe HOC/e
Ty4eBoro BosfeiicTByA. CraceHye NOBPEXAeHHbBIX TeMOIO3TUYECKNX CTBOIOBBIX KJIETOK B KOCTHOM MO3T€ MOXET
OBITh JOCTUTHYTO MHOTOKPAaTHBIM BBefleHHEM BHYTPMBEHHO [0 1 MiH (10°) CBeXXEIPUTOTOBIEHHBIX A/IOT€HHBIX
MCK/xr maccnl Tena. JIokanbHO (BOKpYT 11 B o6macti 06mydenns) gosa MCK mMoxxet 6bITh Hike — 20 M/IH K/TETOK.
[ToBTOpHOE MeCTHOE IpUMeHeHMe CreflyeT IIPOBOJMUTD C MHTEpBaIOM OT IBYX JI0 YeThIpex Hefenb. Ilocnmenymomias
XUpypruyecKasl peKOHCTPYKIVA JO/DKHA BBIIOTHATHCA ONBITHBIM XMPYPrOM ¥ B CIELMaIM3MPOBAaHHOM LIeHTpe C
COIIy TCTBYIOIMM MeCTHbIM IpuMeHenueM MCK.

Kniouegvie cnosa: KNETKM KOCTHOTO MO3Ta; KIMHMYECKAs IPAKTUKA; IedeHMe Me3eHXMMa/IbHBIMM CTBO/IOBbI-
MM KJIeTKaMM; TydeBast 60JIe3Hb; TydeBble IIOPAXKEHMA; Me3eHXMMa/bHble CTBOIOBbIE KJIETKY; pajyallyiOHHas aBa-
pust; pasyuanoHHble 3¢ GeKThL.

Bubnuozpaguuecioe onucanue: Jlakora S1H. JledeHne Ty4eBbIX HOpaXkKeHUIT Me3eHXVMAIbHBIMYU CTBOJIOBBIMU
knetkamn // Bectuk Borick PXDB samursr. 2023. T. 7. Ne 1. C. 24-35. EDN:jrcnaj. https://doi.org/10.35825/2587-5728-
2023-7-1-24-35

HUngopmanus o kondnuxme unmepecos

51 3asIBIISA10, YTO NMOATOTOBIII CTATHIO U3 UCTOYHMKOB, HAXOMAIUXCS B CBOOOIHOM focTyme B VIHTepHeTe,
a TaKk)Ke CBOOOJHO JOCTYIHBIX IMYOMMKALNIil, PUCYHKOB U APYTUX BO3MOXKHBIX JIETa/IbHBIX MCTOYHUKOB. 5, Kak
eAMHCTBEHHBIIT aBTOP, 3asB/IAI0, YTO MCCIEJOBAHNEe IPOBOAMUIOCH PV OTCYTCTBUN KAaKMX-TMO0 KOMMEPUYECKUX
it GUHAHCOBBIX OTHOLIEHNIT, KOTOPbIE MOT/IM GBI OBITH MCTOTKOBAHBI KAK MOTEHIIMATBHBIN KOHQIUKT UHTEpe-
COB.

Ceedenust o peueH3uposanuu
Crarbs ObllIa pelieH3MpOBaHa IBYMsA 9KCIIEPTaMIU B COOTBETCTBYIOIIell 06/macTu. PerleH3uu JOCTYIIHEL B pe-
makuuu 1 B 6a3e faHHBIX POCCHIICKOTO MHEKCa HAyYHOTO LIUTYPOBAHUA.

Dunancuposanue. VICTOIHUKOB PMHAHCUPOBAHUA JJI HeK/IapUPOBAaHUA HeT.

Cnucox ucmouHuxos
Crp. 32-34.
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