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The therapeutic management of severe radiation burns remains a challenging issue.
Conventional surgical treatment (excision and skin autograft or rotation flap) often fails to
prevent unpredictable and uncontrolled extension of the radiation necrotic process. We
report here an innovative therapeutic strategy applied to the victim of a radiation accident
(December 15, 2005) with an iridium gammagraphy radioactive source (1%2Ir, 3.3 TBq). The
approach combined numerical dosimetry-guided surgery with cellular therapy using
mesenchymal stem cells. A very severe buttock radiation burn (2000 Gy at the center of the
skin surface lesion) of a 27-year-old Chilean victim was widely excised (10 cm in diameter)
using a physical and anatomical dose reconstruction in order to better define the limit of
the surgical excision in apparently healthy tissues. A secondary extension of the radiation

necrosis led to a new excision of fibronecrotic tissues associated with a local cellular
therapy using autologous expanded mesenchymal stem cells as a source of trophic factors
to promote tissue regeneration. Bone marrow-derived mesenchymal stem cells were
expanded according to a clinical-grade technique using closed culture devices and
serum-free medium enriched in human platelet lysate. The clinical evolution (radiation
pain and healing progression) was favorable and no recurrence of radiation inflammatory
waves was observed during the 11 month patient’s follow-up. This novel multidisciplinary
therapeutic approach combining physical techniques, surgical procedures and cellular
therapy with adult stem cells may be of clinical relevance for improving the medical
management of severe localized irradiations. It may open new prospects in the field of
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radiotherapy complications.

The medical management of severe radiation
burns after accidental overexposure to ionizing
radiation is still a major therapeutic challenge
unresolved with the classical therapeutic
approach derived from the management of
thermal or electrical burns [1,2).

There are marked differences between radia-
tion and thermal burns in terms of physio—patho-
logical mechanisms, clinical aspects and
evolution. The main feature of severe radiation
burns is the occurrence of unpredictable succes-
sive inflammatory waves leading to the extension,
in surface and in depth, of the necrotic process.
After an initial period marked by a clinical pic-
ture limited to a rash and itching, subsequent
ulceration and necrosis develop, which may
extend to the deep dermal and underlying muscle
structures [3. Moreover, these inflammatory
waves are associated with uncontrollable pain
highly resistant to morphinics. The patho-physi-
ological process, which implies a cascade of
inflammatory mediators and a continuous activa-
tion of target cells (endothelial cells and fibrob-
lasts) is not yet established. At very high radiation
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dose, this uncontrolled and extensive morbid
process involves several target tissues including
muscles, vessels and bones.

Presently, the classical treatment of radiation
burns has remained conservative in the case of
superficial lesions of distal extremities, with the
use of necrectomy followed by rotation flaps and,
in the case of profound and large necrosis, exci-
sion and coverage of the wound bed with a good
quality, full-thickness skin graft. When new
inflammatory waves impair this therapeutic
approach, there has been no other approach than
new extensive surgical excisions ending with suc-
cessive amputations [4]. In all cases, the healing
has been delayed, fragile and unpredictable [s,6).
As a result, severe radiation burns remain a highly
puzzling and challenging therapeutic issue.

In the framework of a recent radiation acci-
dent concerning a 27-year-old Chilean man who
had been overexposed to a gammagraphy radio-
active source, we used an innovative therapeutic
strategy combining both early dosimetry-guided
lesion excision and cellular therapy with mesen-
chymal stem cells (MSCs). The aim of the early
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dosimetry-guided surgery was to perform the
most accurate and largest excision in order to
prevent the vicious circle induced by the succes-
sive inflammatory waves reaching apparently
healthy surrounding tissues. The aim of the
MSC therapy was to deliver to the lesion site
trophic factors able to favor the healing of the
impaired tissue.

We report here on the favorable outcome of
the radiation lesions following this therapeutic
approach.

Case report & methods

Patient & irradiation accident

A 27-year-old Chilean man was overexposed, on
15 December 2005, to a gammagraphy radio-
active source (192Ir, 3.3 TBq). He picked up the

source with his left hand and put it in the back
left pocket of his trousers, where he kept it for
approximately ten minutes before the alert was
given. Following a multifocal localized irradia-
tion, he rapidly exhibited severe radiation burns
located to the hand and the buttock. The early
occurrence of skin lesions (ringed permanent ery-
thema with a central atonic area) at the buttock
level within the first days after irradiation
strongly suggested a very high-dose exposure.
Following the request of the Chilean authorities
through the International Atomic Energy Agency
(IAEA) the patient was hospitalized at the Burn
Treatment Centre (BTC) of Percy Military Hos-
pital (Paris, France) on 29 December, 2005. The
buttock skin lesion evolved into moist epidermi-
tis (4-5 cm in diameter), then quickly worsened

Figure 1. Physical and anatomical dose reconstruction for surgical excision planning.

Source  Numerical voxel phantom

CT. Computed tomography.

(A) CT scans of the patient: 163 slices from mid-abdomen to mid-thigh were used to generate a personalized numerical voxel phantom
representative of the patient. (B) View of the voxel phantom of the victim with the source. Using SESAME software, a voxel phantom with
external contours and bone structures was generated and the 192|r source was positioned at 2 mm from the center of the skin lesion
surface on the left buttock. (C) Dose distribution pattern obtained at the same level as the source plane: a map of the dose distribution on
the skin surface and underlying tissues of the buttock was obtained with numerical simulations associating a Monte Carlo code and the
personalized voxel phantom. The dose absorbed at the skin surface is very high (almost 2000 Gy). The gradient of the dose was very sharp:
the 20 Gy and 5 Gy isodoses were respectively situated at 5 cm and 10 cm from the centre of the lesion. (D) Dosimetry-guided surgery:
based on this mapping, a surgical excision measuring 10 cm diameter in surface and 5 cm in depth was performed on the left buttock.

Dosimetry-guided surgery design

2000 Gy, at the lesion center
20 Gy,5cmindepth

Isodose reconstruction
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and progressed to ulceration. In the weeks follow-
ing exposure, the left hand exhibited erythemate-
ous lesions with swollen fingers. These radiation
skin lesions were accompanied by classical intense
pain, which was only partially alleviated by mor-
phine. The early development of the buttock
lesion without any latency phase, its fast evolu-
tion toward ulceration and the uncontrolled pain
were characteristic of a very severe radiation burn
with poor prognosis.

Physical dosimetric reconstruction

The strategy adopted to reconstruct the accidental
dose distribution delivered to the patient was
based on numerical simulations. A numerical
dosimetric reconstruction of a radiation accident
needs to simulate the source, its environment and
the patient body using a numerical anthropo-
morphic phantom. The doses absorbed by the tis-
sues are then calculated using a computer code.
Such numerical methodology was recently applied
to other severe radiation accidents [7,s]

In this accident a voxel anthropomorphic phan-
tom was used and generated with the SESAME
software [9] from 163 computed tomography slices
(mid-abdomen to mid-thigh) (Figure 1A & 1B). The
simulations were carried out assuming an exposure
time of 10 min and an activity of 192Ir of 3.3 TBq.
Calculations were performed to generate a map of
the dose distribution on the skin surface and
underlying tissues of the buttock using the
MCNPX version 2.4.0 Monte Carlo code 1.
This code is widely used in dosimetry assessment
to model the transport and interaction of charged
or neutral particles in matter.

Autologous mesenchymal stem

cells production

The patient gave written consent for a new ther-
apeutic strategy combining a surgical approach
and MSC local therapy. Ethical and technical
approvals were obtained from the French health
authority (AFSSaPS). Autologous bone marrow
total cells (BMCs) were obtained from unex-
posed iliac crest aspirations. A novel clinical-
grade MSC production process using closed cul-
ture devices (Cellstack®, Corning, Macop-
harma, Tourcoing, France) was used. Cells were
expanded in a clinical grade medium containing
a-MEM  (Macopharma), 10 pg/ml cipro-
floxacin  (Ciflox® 400 mg/200 ml,  Bayer
Pharma, Puteaux, France) and 8% human plate-
let lysate (PL) as a source of growth factors
[11,12]. PL were obtained from platelet apheresis
products that were biologically qualified
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according to French legislation. The platelet
number of each product was automatically
measured (ADVIA 120, Bayer) and only sam-
ples containing approximately 1.10° plate-
lets/ml were selected and frozen at -80°C to
obtain a PL containing platelet-released growth
factors. PL products were then thawed and har-
vested to be used in culture as fetal calf serum
(FCS) substitutes. 254.5 x 108 BMCs were
plated at a density of 200 x 103 cells/cm?2 on day
75 postirradiation (P1) in 1272 cm? Cellstack®
devices containing PL medium and cultured at
37°C in 95% air and 5% CO,. After 3—4 days,
the nonadherent cells were removed and the cul-
tures were re-fed with fresh medium. On day 14
after the start of the culture, cells reached con-
fluence. One part of MSCs was harvested after a
1x  trypsin-ethylenediamine tetraacetic acid
(EDTA) (both from Sigma) application for 5
min at 37°C, conditioned in human albumin
and freshly administered. 10 x 10° of remaining
MSCs were reseeded at a density of 8 x 103
cells/cm? in two 1272 cm?2 Cellstack® and
7 days later, P2 MSCs were harvested for the
second local administration.

Quality controls were achieved on each cell
product:

e MSC phenotype characterization (CD45-
/CD105*/CD73*/CD90*) as previously
described [11].

 Colony-forming unit-fibroblast (CFU-F) fre-
quency numeration: briefly, 0.33 x 106 BMCs
were cultured in 25cm? flasks with PL
medium. The medium was replaced every
3 days and cultures were stopped on day 10.
Next, the cell layer was fixed and stained with
a Giemsa solution at pH 7 (Biolyon, Dardilly,
France). Clonogenic efficiency was calculated
as number of colonies per 10° cells seeded.

e MSC telomerase activity was performed using a
modified telomeric repeat amplification
method (TRAP assay) described by Kim NW
etal. (3. A TeloTAGGG Telomerase PCR
ELISAPLUS detection kit (Roche Applied Sci-
ence) was used to quantify telomerase activity
according the manufacturer recommendations.

« Before administration contamination control
for bacteria, fungi and mycoplasma.

Histological analysis

Histological examination of 5 um tissue section
of skin and muscle excisions was performed after
fixation in 5% formaldehyde and staining with
hematoxylin-eosin.
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Figure 2. Surgical therapy.

The wide surgical excision of the buttock radiation burn was performed on day 21 Pl according to the anatomical and physical dose
reconstruction. (A) View of the excision (10 cm diameter). (B) Excised cutaneous and subcutaneous tissues including the central radiation
burn. (C) Excised gluteal muscle in apparent healthy status. The excision was followed by a temporary wound closure with a
cryopreserved skin allograft (D) and in a second step, by a skin autograft (day 49 Pl). The clinical evolution was marked by a lysis of the
skin graft and a recurrence of a fibro-necrotic process in the bottom of the wound — day 90 PI (E). An additional surgical excision of the
muscular fibrotic tissue was applied (F) and followed by a second skin autograft at day 90 PI.

PI: Postirradiation.
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Results

Dose reconstruction of the buttock lesion
A dose reconstruction of the radiation lesion using
numerical method and taking into account the
anatomical characteristics of the patient was per-
formed in order to improve the accuracy of the
surgical excision. The dose distribution obtained
with numerical simulations associating a Monte
Carlo code and a Voxel phantom representative of
the patient anatomy is illustrated in Figure 1C. The
dose absorbed at the skin lesion center was very
high (almost 2000 Gy), but dropped rapidly due
to the combined effect of distance and tissue atten-
uation. Thus, the 20 Gy and 5 Gy isodoses were
respectively situated at 5 cm and 10 cm from the
center of the lesion.

Dosimetry-guided surgery

Based on the dose reconstruction mapping, a
wide resection in apparently healthy tissues was
performed on day 21 Pl (Figures 1D & 2A, B, C).
All tissues exposed to a dose over 20 Gy that
were situated between the center of the lesion
and the 20 Gy isodose were excised according to

Regen. Med. (2007) 2(5)

hemisphere of 10 cm in diameter and then cov-
ered with a cryopreserved allograft (Figure 2D).
Histological examination of excised cutaneous
tissues revealed characteristic histological fea-
tures of skin burns (Figures 3B, C & D). The center
of the lesion was characterized by both dermal
ulceration and marked epidermolysis (Figure 3D).
Complete disjunction of the epidermis with ger-
minal and keratinocyte interphase cell death
associated with a loss of epidermis adhesiveness
to the basal layer were observed (Figure 3C). Con-
cerning the underlying muscular structure, mor-
phology of the striated muscle was quite normal
without any sign of rhabdomyolysis, with dis-
crete fibroadipocytic intensification punctuated
with small vessels and normal morphological
nervous structure.

Following surgery, no infection or subsequent
radiation inflammatory wave was observed for
1 month. Due to this apparent normal evolu-
tion, a skin autograft was performed on day 49
PI. Rapid lysis of the skin graft occurred with the
development of a painful infected radiation
ulceration (Figure 2E).
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Figure 3. Histological characteristics of radio-induced tissue damages.

Transverse sections of skin (A-D) and muscle (E-H), 21 days (A-E) or 90 d (F-H) postirradiation in normal (A,E) or pathological (B-D;

Normal
pattern
area

Pathological area

Excised
skin

Excised
muscle

Day 21 PI

F-H) areas.

Scale bars: 100 um for A-D and H pictures (white bar) and 25 um for E-G pictures (black bar).

Day 90 PI

White arrow heads (panel C): basal layer disjunction.

d: Dermis, e: Epidermis, mf: Muscular fiber, MF: Muscular fasciculus; PI: Postirradiation.
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New therapeutic approach with

cell therapy

A new therapeutic strategy combining a classical
surgical therapy (excision plus skin autograft) and
a local MSC therapy was designed (Figure 4). For
MSC production, an autologous bone marrow
collection was performed, allowing a two-step
MSC expansion producing 182 x 106 cells at the
first passage (P1) and 227 x 106 cells at the second
passage (P2). Results of cell production are sum-
marized in Table 1. Expanded cells exhibited anti-
genic characteristics of MSCs: they did not express
CD45, but expressed CD90, CD105 and CD73
antigens (Figure 5). MISC purity was up to 97% and
their clonogenic efficiency obtained at P1 was 225.
No telomerase activity was found in the expanded
MSCs (Table 1). The pluripotentiality of expanded
MSC was controlled by in vitro osteogenic, adipo-
genic and chondrogenic assays performed on five
preclinical culture runs (data not shown).

The first step of this therapeutic approach
was the surgical excision of the muscular fibrotic
tissue, followed by a second skin autograft
(Figure 2F). Histological examination of muscle
resection revealed characteristic features of

www.futuremedicine.com

radiation burn recurrence (Figures3F G & H).
Muscular injury was very heterogeneous and
started with degeneration and retraction of mus-
cular fibers (Figure 3F). Some areas were charac-
terized by fibro-atrophic lesions  with
compression of number of muscular fasciculus
(Figure 3H) evolving sometime into rhabdomyol-
ysis  with  numerous plurinucleated cells
(Figure 3G). Fibrosis is punctuated by some
inflammatory mononucleated cells. Vascular
damages were remarkable by their poly-
morphism, their focal characteristic and the
absence of systematization. Fibrinoid necrosis of
the vascular wall was associated with perivascu-
lar inflammatory cell infiltration. Swollen endo-
thelial cells were associated with polynuclear
wall infiltration, and fibrinous thrombi
obstructing the vessel lumen were observed.
The second therapeutic step was the local
administrations of 168 x 10% MSC on day 90 PI
(Figure 4A) and 226 x 106 on day 99 PI (Figure 4D),
which were injected in circle around the lesion at
the cutaneous and muscular levels, and in the
wound bed of the lesion under the skin graft.
The lesion was further dressed with an artificial
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Figure 4. Mesenchymal stem cell therapy.

The surgical excision step and skin allograft was followed by two weekly local administrations of in vitro expanded MSC. (A) 168 x 10
MSC were injected on day 90 Pl in a circle around the lesion and into the wound bed. (B) The lesion was further dressed with an artificial
derma (Integra®). (C) View of the lesion 9 days after the first MSC administration. (D) 226 x 108 MSC were injected on day 99 Pl in a
circle around the lesion at the cutaneous and muscular levels. (E) Healing evolution on day 109 PI. (F) Final aspect of the lesion

(5.5 months PI)

MSC: Mesenchymal stem cells; PI: Postirradiation.
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derma (Integra®) (Figure 4B). Figure 6 Shows a
schematic temporal pattern of successive surgical
and cellular therapies.

Evolution
Following this therapy combining surgical exci-
sion and cell administration, no adverse reaction
to the autologous MSC administration was
observed. The day following the MSC injections,
pain disappeared and the active clinical evolution
of the radiation burn was stopped. The healing of
the lesion was ascertained by the quality of the
engraftment. Unlike the classical evolution of a
very severe radiation skin lesion, the size of the
wound progressively decreased following a cen-
tripetal process (Figures 4 & F). Almost complete
healing was achieved by 1 month post-treatment.
No recurrence of radiation burn was observed
during the follow-up of the patient. The healing
was complete without any functional impair-
ment at 5.5 months post irradiation (day 75
post-cell therapy). The only persistent sequelae
were aesthetic (Figure 4F).

Regen. Med. (2007) 2(5)

Discussion

In contrast to thermal burns, radiation burns
exhibit several clinical patterns including dry
desquamation, moist desquamation and necrosis
according to the radiation dose level [3,4].

Dry and moist desquamations are skin clinical
manifestations of the keratinocyte mitotic death
and necrosis is the consequence of the tissue radi-
ation injuries that have reached not only the skin,
but also the deep subcutaneous structures such as
muscles, vessels and sometimes even bone [s].

The surgical management of severe necrotic
radiation burns is theoretically easy to perform.
The conventional main strategy is the excision of
the necrotic tissues followed by a rotation flap or a
good quality skin autograft. In practice, the plan-
ning of such a surgical approach often encounters
insurmountable technical difficulties due to the
occurrence of successive and unpredictable inflam-
matory waves associated with a progressive exten-
sion of the necrotic process [s]. Then, the evolution
of the radiation lesion often becomes uncontrolled
and the final option is a last surgical act leading to a
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Figure 5. Mesenchymal stem cell phenotype characterization.

Gating'CD45 Neg

2
10
RD1/PE LOG

CD105-PE vs CD90-APC

Gating CD45 Neg

2
10
RD1/PE LOG

Bone marrow total cells were plated at a density of 200 x 103 cells/cm? in an expansion medium containing 8% PL. After each passage,
the cells were assessed for antigenic expression by flow cytometry. Cells were labeled with antibodies against CD45, CD90, CD105, and
CD73 or control IgGs, and analyzed by flow cytometry. Plots show specific antibody staining profiles for cells cultured in PL at passage 2

PL: Platelet lysate

(B & C) CD45 negative cells were analyzed for CD90, CD73 and CD105 expression by three-color flow cytometry.
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very high morbidity and disability [e]. Thus, in two
highly irradiated Peruvian and Georgian victims
that we previously treated in 1999 and 2002 with
the classical surgical approach combining excision
and skin graft, we were unable to control, in the
Peruvian case, even after amputation of the irradi-
ated leg, the huge extension, at the perineal level,

www.futuremedicine.com

of the radionecrotic process. Concerning the Geor-
gian case, the conventional treatment was a failure
since four successive excisions followed by skin
autografts were always inefficient 440 days post-
exposure and only an autonomous, vascularized
tissue (omentum flap) covered by skin allograft
allowed healing at 500 days PI (Table 2).
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Table 1. MSC production rates and quality controls.

Bone marrow aspiration (ml)

Input of BMMNCs and MSCs*

Total MSC production

Culture duration (days)

MSC purity (%)

CFU-F efficiency (per 108 cells seeded)
Telomerase activity

Micro-organism contamination
Number of MSCs injected (day PI)

Passages
P1 P2
25
254.5 x 108 10 x 108"
182 x 106 227 x 108
14 7
97 100
225 -
None None
Negative Negative

168 x 10 (90) 226 x 108 (99)

BMMNC: Bone marrow mononuclear cells; CFU-F: Colony-forming unit-fibroblast; MSC: Mesenchymal stem cells.

Thus, to date, the best therapeutic approach
for severe radiation burns remains unknown.

One of the unsolved issues is the size of the
excision surgery. Indeed, in a classical surgical
approach, the limits of any lesion to be removed
are well defined. By contrast, regarding radiation
burns, the actual limits of the lesion are
unknown and a tissue that may appear at first
healthy may in fact necrose more or less rapidly.
The first challenge for the surgeon is to appreci-
ate the boundaries between healthy and injured
tissues. The unique way to get reliable informa-
tion concerning this invisible limit is to know
the gradient of dose delivered to the tissues. The
necrotic process is known to occur in tissues that
received a dose greater than 25 Gy.

We took advantage in this accident of the
early recognition of the event with a clear
description of the circumstances, so that we were
able, for the first time in a radiation burn victim,
to do a physical dosimetric reconstruction to
guide the surgical excision.

In practice, physical dose reconstruction with
numerical methods requires a perfect knowledge
of key parameters such as the activity of the
source, the position of the source, the distance
between the source and the lesion, and the
duration of the exposure.

In the present case, several parameters were
crucial for assessing an accurate dose reconstruc-
tion. Indeed, the accidental scenario was very
precise, the activity of the source was well
known, the source was wedged in a rear pocket
trouser and was not moved during the exposure,
constantly almost in direct contact with the
skin. Moreover, the most subjective parameter
of a dose reconstruction, which is the time of
exposure, was pretty well quantified by the

Regen. Med. (2007) 2(5)

victim himself (10 min by watch checking) in
this case. In addition, the physical dose recon-
struction was carried out from a personalized
voxelized phantom generated from the
tomodensitometric images of the victim. The
dose reconstruction mapping confirmed the
very high severity of the local irradiation since
2000 Gy was delivered to the center of the
lesion. The main characteristic of a 1%2Ir source
irradiation is the very sharp gradient of dose
delivered inside the target tissue. The 25 Gy
necrotic boundary isodose was situated at
4.5 cm in depth from the center of the skin sur-
face lesion. The key issue of an accidental dose
reconstruction is the assessment of uncertainties
that are in practice very difficult to quantify.
Consequently, a safety factor of 20% was
applied for the dosimetry-guided surgery and
the 20 Gy isodose was defined as the limit of the
excision in surface (10 cm in diameter) and in
depth (5 cm). Postsurgical follow-up demon-
strated that this anatomical dose assessment was
effective in surface, but could have been under-
estimated in depth as suggested by the recur-
rence of the radiation muscular lesion focalized
in the wound bed. Another hypothesis could be
the technical difficulty in controlling accurately
the depth of the surgical excision. Last, a high
radiosensitivity of the patient could also be sus-
pected in view of the occurrence of the muscular
fibrotic process and the lysis of the autograft.

The present accident demonstrates one more
time that in case of a very severe radiation burn,
the classical therapeutic strategy (serial excisions
followed by skin autografts) is inappropriate.
Therefore, following this primary failure, we
decided to design an innovative therapeutic
approach with cellular therapy.
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Figure 6. Schedule of dose assessment, surgical and cellular therapeutical approaches.

1st excision
skin
allograft

Irradiation

Physical dose
reconstruction

Skin

utograf

Bone marrow
harvesting

2nd excision
skin autograft
1st MSC
local administration

2nd MSC
local administration

MSC expansion
(first passage)

MSC expansion
(second passage)

Day 0 Day 21 Day 49 Day 75

MSC: Mesenchymal stem cells.

>

Day 90 Day 99

MSCs are defined as pluripotent cells capable
of proliferating extensively and able to give rise to
skeletal tissues: bone, cartilage, tendon and mar-
row stroma [14-16]. Moreover, MSCs are able to
migrate towards injured tissular lesions where
they deliver a high number of growth factors that
are required for immunoregulation and repair
processes [17-19]. It has been demonstrated that
MSCs can be easily recovered from bone marrow
and enriched through their property of adhering
to tissue culture surfaces [20]. Several teams have
recently expanded MSCs up to a millionfold in
vitro for hematologically and orthopedically rele-
vant applications [21-24]. We have previously
shown their positive effect in promoting the heal-
ing of radiation burn lesions in a preclinical
immunodeficient nonobese diabetic/severe com-
bined immunodeficient (NOD/SCID) mouse
model: in this model, the intravenous administra-
tion of human MSCs strongly improved the heal-
ing of burn lesions of the leg induced by a 30 Gy
irradiation [25]. In this context we proposed to the

patient a new therapeutic approach where the
second surgical excision and skin graft was locally
combined with the use of MSC therapy.

Muscular fibrotic tissues were again excised,
and a new skin autograft performed. Expanded
bone marrow-derived MSC were locally injected
around and in the lesion and this was repeated a
week later. Following this combined therapy, the
healing of the lesion proceeded smoothly. There
was no side effect. Perfect healing persists 1 year
after the procedure.

We postulate that MSC favored the radiation
burn healing process through the secretion of sol-
uble mediators (cytokines) and trophic factors
that may have counteracted the local inflamma-
tory wave processes [25,26]. However, we had no
way to study the fate of the infused MSCs because
of their autologous nature and the lack of specific
markers. It has been shown recently in several
studies with MSCs that when their presence can
be detected at some tissue sites, this usually does
not last over 6-9 months [23).

Table 2. Comparative therapeutic strategies of very severe radiation burns in three historical cases.

Radiation burn  Surgical treatment strategy: excision, artificial Mesenchymal Final
localization skin graft, skin autograft, omentum flap stem cell outcome
(size) therapy
Peruvian Right thigh 2 excisions Excision + sciatic Lower limb No No healing
case (1999) (30 x 13 cm) nerve cutting amputation (extension to
perineum area)
Georgian Back Excision + 4 excisions + 4 skin  Excision + No Healing
case (2002) (26 x 19 cm) artificial skin autografts omentum flap + (16.5 months
graft skin autograft post-treatment)
Chilean Left buttock 2excisions+2  2excisions+2skin  2excisions+2skin 2 MSC local Healing
case (2005) (5cm in diameter) skin autografts autografts autografts administrations (5.5 months

post-treatment)
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In conclusion, we present this report as pos-
sibly indicating the efficacy of human MSC
therapy in the management of very severe radi-
ation burns involving cutaneous and subcuta-
neous structures. If confirmed in further
radiation accidents, which  fortunately by
nature are rare although dramatic events, it
would bring a major therapeutic improvement.
Furthermore, this novel multidisciplinary ther-
apeutic approach using physical techniques,
surgical procedures and cellular therapy with

adult stem cells may open new prospects in the
field of radiotherapy complications.
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