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Abstract: Rationale: Burn injuries represent one of the major worldwide public health problems causing more severe
physiological stress than other traumas. Effective treatment of burn injuries is mandatory to prevent the numerous
life-threatening complications and possible disabilities. Stem cells, a population of multipotent cells retaining the
properties of self-renewal and differentiation, are the main player in tissue regeneration after major trauma. Thus,
they are thought to play a key role in wound healing inducing efficient and physiological skin regeneration. Stem
cell-based regeneration is quickly gaining scientific grounds. Objective: This study was designed as a comparative
prospective study to evaluate and compare the regenerative effect of bone marrow derived mesenchymal stem cells
(BM-MSCs) and umbilical cord blood derived mesenchymal stem cells (UC-MSCs) compared to conventional early
excision and graft (EE&G) in recent thermal full thickness burned patients. Subject & Methods: Recruited burned
patients were randomly divided into three groups (20 patients on each group) having recent thermal full thickness
percentage ranging from 10% to 25% total body surface area (TBSA). After receiving allocated treatment, they were
assessed as regards: rate of burn healing, presence of post-burn complications both early (such as loss of graft
and infections) and late (as hypertrophic scars, keloid, hypo- or hyperpigmentation or contracture of the wound),
hospitalization time and cost. Results: This study showed significantly improved rate of healing in both BM-MSC and
UC-MSC groups as compared to EE&G group with no significant difference between bone marrow and umbilical cord
groups. Comparing the incidence of early complications, partial and total loss of graft occurred in 50% patients in
(EE&G) group, while infection complication appeared in 25% of patients of (BM-MSCs) group and in 70% of patients
in (UC-MSCS) group. The late complications (hypertrophic scars) were observed in 40% of (EE&G) patients group, in
15% of (BM-MSCs) treated patients group and 20% of (UC-MSCS) patients group. Contractured scars were present
in 15% in (EE&G) group, 10% in (BM-MSCs) group, 10% in (UC-MSCS) group. Hypopigmentation occurred in 20%
of patients in (EE&G) group, 20% in (BM-MSCs) group and 10% in (UC-MSCS) group. Hyperpigmentation was pres-
ent in 20% of patient in (EE&G) group, 30% in (UC-MSCS) group but no hyperpigmentation occurred in (BM-MSCs)
group. There was no late complication in 5% of patient in (EE&G) group, 55% in (BM-MSCs) group and 30% in
(UC-MSCS) group. The results of this study revealed that the hospitalization period was significantly reduced in
both (BM-MSCs) group and (UC-MSCS) group as compared to (EE&G) group. Conclusion: this study proves that
mesenchymal stem cells, both from bone marrow and cord blood origin, can effectively improve healing of burn
injuries.
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Introduction in addition to the extracellular matrix deposition

and remodelling. The standard treatment of
Burn injury represents one of the important choice for burn wounds is autologous skin graft-
causes of morbidity and mortality all over the ing with subsequent elastic bandage. The major
world. Proper wound healing requires a com- drawback for this option is the limited donor

plex process of cell migration and proliferation sites in cases of major burns. Proper skin regen-
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Figure 1. Changes in the percent of burn extent, hos-
pitalization time and the cost of hospitalization in
the different studied group. *: Significance by LSD
by ANOVA at P < 0.05 from early excision and graft
group.

eration requires the formation of epidermal
appendages destroyed in deep burns such as
sebaceous and sweat glands and hair. Bio-
engineered skin equivalents do not replace
these lost structures. Restoration of such skin
appendages requires stem cell-based regener-
ation. Dermal stem cells have not been suc-
cessfully cultivated. Hair follicle stem cells rep-
resent a possible source of multipotent stem
cells in skin; repopulating epidermis, epider-
mis, hair follicles, and sebaceous glands [1, 2].
However, the main drawback is their scanty
number and difficult ex-vivo expansion.

Stem cell application as a treatment option in
burn wounds represents a number of repair
pathways through both tissue regeneration and
prevention of fluid loss and bacterial [3].

Mesenchymal stromal cells (MSCs) represent a
population of multipotent adult stem cells
abundant in all human tissues. MSCs can be
isolated from nearly all body tissues; however,
the most common sites are bone marrow,
umbilical cord blood and tissues and adipose
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Figure 2. Changes in the frequency of early and late
complications in the different studied group.

tissue. MSCs have considerable ability for pro-
liferation in vitro and differentiation into many
cell types [4, 5]. Bone marrow derived MSCs
are reported to play an important role in accel-
erating wound healing [6] as well improving the
quality of healing through reduction of scar for-
mation and regeneration of normal functioning
skin and appendages [3].

Bone marrow derived MSCs have been suc-
cessfully induced to trans-differentiate into a
number of cell lineages including skin [7, 8].

Umbilical cord blood and tissue contains a pop-
ulation of MSCs with the ability to differentiate
into bone, skin, endothelium, neural and carti-
lage lineages [9-11].

Using stem cells for skin regeneration in burns
offers a number of advantages. It represents
an efficient, high-quality approach for skin cov-
erage especially in deep burns through regen-
eration of skin appendages in addition to the
minimal risk of hypertrophic scarring. In addi-
tion, stem cell-mediated skin regeneration low-
ers morbidity through addressing systemic
effects of burn injury, namely hypermetabolism
and inflammation.

Stem cell application for burn wound treatment
could be performed in the operating room,
immediately after debridement. Cells can be
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Figure 3. Photos of patients with early excision and graft.

used as cellular suspension sprayed into the
wound with fibrin sealant followed by applica-
tion of cover in the form of dermal substitute,
skin graft or film, to enhance cell paracrine sig-
naling and homing of the cells, improving wound
healing [12]. Cells can also be used after seed-
ing on a scaffold or a skin graft.

In addition to their function in wound repair,
MSCs also enhance wound healing through for
their mostly paracrine anti-inflammatory prop-
erties, which can be to modulate severe burns.
Current applications of MSCs’ anti-inflammato-
ry properties in acute lung injury/respiratory
distress syndrome, shows promising results
[13].
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This study was designed as a
case-control prospective stu-
dy to compare the effect of
(BMSCs) and (UCMSCs) with
standard regimen in the form
of early excision and grafting
(EE&G) in the treatment of
recent thermal full thickness
burned patients with percent-
age ranging from 10% to
25% total body surface area
(TBSA).

Patients and methods

This prospective comparative
study was conducted in the
Plastic, Reconstructive and
Burn Surgery Department of
Al-Azhar University, El-Helmia
Military Burn Center and
Ghamra Military Hospital (Ob-
stetric Department).

Institutional Ethical commit-
tee approval was taken before
starting the study. All patients
signed informed consent.

The study included 60 pa-
tients with recent thermal full
thickness burned patients
with percentage ranging from
10% to 25% total body sur-
face area (TBSA).

Inclusion criteria

Both sexes; Age range: from

15 to 50 years; Patients with
recent thermal full thickness burns from 10%
to 25% TBSA.

Exclusion criteria

Patients with co-morbidity (chronic diseases as
heart diseases, liver or renal impairment, dia-
betes mellitus and obesity); Below the age of
15 years old and over 50 years old; Patients
had inhalation injury; Patients with superficial
burns and old burns (greater than two weeks);
Patients with other types of burn as chemical,
electric and radiation burns; Patients with
associated injury in addition to burns.

All patients were fully evaluated in Emergency
Department of El Helmia Military Burn Center

Am J Stem Cells 2017;6(3):23-35
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Postoperative Photos

Figure 4. Photos of patients with early excision and graft.

and Plastic and Burn Department in Al-Azhar
University.

Then, patients were randomly divided into the
following equal groups (20 patients in each

group).

Group | (control group): early excision and
graft-treated group (EE&G)

They were managed with daily dressing with
gentamycin ointment for three to five days to
stabilize the general condition of patient, then
early excision and graft was performed.

Group II: bone marrow derived mesenchymal
stem cells-treated group (BM-MSC)

They were treated by injection of adult stem
cells derived from bone marrow. Two days after
surgical excision of deep burned tissue, autolo-
gous BM-MSCs were injected in the burned
area (1 ml/cm? in the concentration of 100,000
MSC/ml). The injection session was repeated
after 10 days. Closed dressing with gentamicin
ointment was used every three days.

Group lll: umblical cord blood mesenchymal
stem cells-treated group (UCMSC)

They were treated by topical umbilical cord-
derived mesenchymal stem cells on burned
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area. Two days after surgical
excision of deep burned tis-
sues, UC MSCs were injected
in the same manner as in
Group Il. Closed dressing with
gentamicin  ointment was
used every three days.

Methods

Complete History Taking: in-
cluding type of burn, onset,
causes, mechanism and site
of burn, special habits of
medical importance, previous
operations and chronic di-
seases.

General examination: weight
of patients, vital signs (pulse,
blood pressure, temperature
and respiratory rate), chest ex-
amination, abdominal exami-
nation and other trauma.

Local examination: examination of the burns
including surface area (percentage) by using
Lund and Browder chart, depth and areas of
body affected.

Investigations: routine laboratory investiga-
tions were performed including complete blood
count, renal function tests, liver function tests,
blood gases and serum electrolytes assay at
enrollment and every 3 days to assess the gen-
eral condition of the patients.

Cases were photographed before the onset of
treatment, every 2 weeks from the start of
treatment and when the burns healed. Post dis-
charging, they were photographed in the follow
up at 2 weeks, one month and six months.

Group | (control group)

Early excision and autograft were performed to
20 patients by the following steps on five to
seven days after injury: anesthesia: general or
spinal; operation: by tangential excision of
burned skin with Watson knife. Split thi-
ckness skin graft was harvested from healthy
skin from either the thigh or the abdomen;
The graft was meshed to be porous to increase
its surface area to around 1:2 or 1:3 to mini-
mize the area of donor site needed and to
allow the drainage of seroma under the graft;
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Table 1. Changes in ages of patients, the extent of burn, percent of burn extent (%), hospitalization

time and the cost of hospitalization in the different studied groups

EE&G BMSCs UCBSCS
Ages of patients Mean + SD 25.3+4.38 23+1.9 229+2.73
Range 18-35 20-27 18-29
The extent of burn Mean + SD 18.15 + 2.87 17 +2.94 15.95 + 2.89
Range 15-25 12-22 10-20
Percent of Burn Extent (%) Mean = SD 18.15 17 15.95
P1 NS <0.05
P2 NS
Hospitalization Time Mean + SD 18.35 + 4.53 14.50 £ 3.5 15.6 + 3.86
Range 10-25 10-20 10-22
P1 <0.005 <0.05
P2 NS
The Cost Of Hospitalization Mean = SD 17.08 + 2.49 1725+ 1.75 17.80 + 1.93
Range 11-20.5 15-20 15-21
P1 NS NS
P2 NS

P1: Significance by LSD by ANOVA at P < 0.05 from early excision and graft group. P2: Significance by LSD by ANOVA at P <

0.05 from bone marrow stem cells group.

Table 2. Description of early complications in early excision and graft
group

Valid Cumulative

Early Complications Frequency Percent %

Percent Percent
No complication 10 50 50 50
Infection 5 25 25 75
Partial Loss of graft 2 10 10 85
Infection & Partial Loss of graft 3 15 15 100
Total 20 100 100

Table 3. Description of early complications in BM-MSC group

Early Complications Frequency Percent % Valid Percent Cumulative Percent

No complication 15 75 75 75
Infection 5 25 25 100
Total 20 100 100

Table 4. Description of early complications in UCMSC group

Early Complications Frequency Percent % Valid Percent Cumulative Percent

No complication 6 30 30 30
Infection 14 70 70 100
Total 20 100 100

the skin graft was fixed using stapler; Dre-
ssing with Vaseline gause for three or five days
Figures 3, 4.

Groups Il and Ill (mesen-

chymal stem cells

groups)

Anesthesia: general or
spinal; Excision of burn-
ed skin by tangential
excision with  Watson
knife after three or five
days from injury; Group
II: BM-MSCs were inject-
ed in two sessions: the
first was 2 days after sur-
gical excision of deep
burned tissue. Admini-
stration of already pre-
pared MSCs was done
by its injection in the bed
of the 20 cm? burned
areas (1 mL stem cells in
1 cm? of burn). The sec-
ond session was done
after 10 days. Closed
dressing with Gentamy-
cin ointment was used
every three days; Group

Ill: 2 days after surgical excision of deep burned
tissues, UC-SC administration was applied topi-
cally with gentamycin ointment coverage. The
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Table 5. Comparison of early complications in the different studied groups

Early Excision and Bone Marrow Stem

Umbilical Cord Blood Chi-square test

Graft group Cells group Stem Cells group
No. % No. No. % X2 P-value
No complication 10 50% 15 75% 6 30% 8.142 0.017
Early complication 10 50 % 5 25% 14 70%

Preoperative photos

r

7days post-injection photos

14 days post-injection photos

Figure 5. Photos of patients in the BM-MSC group.
dressing was changed every five to seven
days.

Methods of stem cells preparation

Sampling

Bone marrow stem cells: The posterior iliac
spine was sterilized, and local anesthesia, 1%
Xylocaine, was applied to the periosteum and
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the skin of that area. The
bone marrow was then aspi-
rated (100 mL), from each
side, under aseptic conditions
on preservative-free heparin.

Umbilical cord stem cells:
Cord blood was collected ex-
utero in Caesarean sections.
Cord blood was collected after
informed consent of mothers
in Ghamra Military Hospital,
and subjected to complete
infectious disease investiga-
tions.

Mesenchymal stem cells
(MSC) separation

Mesenchymal stem cells were
separated using standard
double physical separation.
Briefly, mononuclear cells
(MNC) separation was done
using density gradient (Ficoll-
Plaque 1.077 g/mL, GE Bios-
ciences, Piscataway, NJ, USA).
MNCs were washed with Dul-
becco’s low glucose modified
Eagle’'s medium (Hyclone, Lo-
gan, UT, USA) containing 1%
antibiotic-antimycotic (Gibco,
Grand Island, NY, USA), resus-
pended in complete culture
medium (Minimum Essential
Media [MEM)], Gibco/BRL, Gai-
thersburg, MD, USA); 200 ul
of the patient’s own serum, 100 units/ml of
penicillin/streptomycin, and 2 mM L-glutamine
(Gibco/BRL). Cells were plated in T25 flasks
(Falcon Plastics, Los Angeles, CA, USA) at a
density of 500,000 cells and incubated at
37°C, with 5% carbon dioxide. After 24 hours,
non-adherent cells were discarded, and the
adherent cells were morphologically evaluated
every other day with media change until

Am J Stem Cells 2017;6(3):23-35
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One month post-operative

Five months post-operative

Figure 6. Photos of patients in the BM-MSC group.
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Pre-operative photos

Figure 7. Photos of patients with bone marrow stem cells application.
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80-90% confluence is rea-
ched.

Harvest: adherent cells were
then washed with phosphate-
buffered saline (PBS) and
harvested by incubation for
4 minutes at 37°C in 4 mL
of 0.25% trypsin-EDTA. After
incubation, the trypsin was
inactivated by the addition of
5 mL of MEM. The cells were
washed twice with PBS.

Cell viability was determined
using the trypan blue exclu-
sion test. According to the
International Society for Cel-
lular Therapy position state-
ment in 2006, mesenchymal
lineage was confirmed by plas-
tic adherence, fibroblast-like
morphology, trilineage differ-
entiation potential and typical
immunophenotyping [14].

Progress assessment

General Assessment: vital
sign  (pulse, temperature,
blood pressure and urine out-
put); Laboratory data (serum
albumin level, hemoglobin
percent, renal and liver func-
tions) every three days.

Local Assessment: assess-
ment of the status of the
wound bed and granulation
tissue.

Study groups were compared
regarding: Rate of healing;
Occurrence of early complica-
tions: a. Graft loss; Infections;
Occurrence of late complica-
tions: a. Hypertrophic scars;
b. Keloid; c. Contracture; d.
Hypopigmentation or hyperpig-
mentation; Assessment of
hospital stay and cost of
treatment.

Follow up of the patients, after
discharge; two weeks, one
month, three months, and six

Am J Stem Cells 2017;6(3):23-35
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Figure 8. Photos of patients with bone marrow stem cells application.

months for studying the post burn wound
healing.

Statistical analysis

All results in the present study were expressed
as mean = SD of the mean. Statistical Pack-
age for the Social Sciences (SPSS, Inc., Chi-
cago, IL, USA) program, version 20.0 was used.
Differences were considered significant when
P < 0.05. Frequency and percentage of non-
numerical data were performed.

Results

Demographic data of the studied patient
groups are summarized in Table 1 and Fig-
ure 1.

Rate of healing

Regarding the extent of burn, initial percentage
ranged between (15-25%), (12-22%) and (10-
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20%) in the three groups
respectively. After follow-up,
the percentage of burn extent
was significantly reduced in
both UCBSC and BMSC groups
as compared to early excision
and graft group; with insig-
nificant difference between
UCBSC and BMSC groups.

Hospital stay

The period of hospitalization
was significantly reduced in
both bone marrow stem cells
group and umbilical cord bl-
ood stem cells group when
each group was compared to
early excision and graft group.
Non-significant changes were
observed when comparing
bone marrow stem cell group
to umbilical cord blood stem
cells group as shown in Table
1 and Figure 1.

Early complications

Regarding early complications
which include infection, par-
tial and total loss of graft as
shown in Tables 2-5 and
Figure 2, the control (EE&G)
group did not manifest any
early complications in 50% of cases while the
other 50% of cases in this group developed
either graft loss (alone in 10% of cases, com-
bined with infection in 15% of cases) or infec-
tion (25% cases). In BM-MSC group Figures
5-8, there was no early complication (in 75% of
cases), while infection was present as an early
complications (in 25% of cases). In UC-MSC
group Figures 9-11, 30% of cases did not
have any manifestations of early complications
while 70% of cases were complicated with
infection.

Late complications

Data represented in Table 6 showed the using
of BMSCs in treatment of patients resulting no
late complication 55% versus (5% and 30%) for
the EE&G and UCMSCs respectively. While
patients treated with UCMSCs showed hypo-
pigmentation 10% versus (20% and 20%) for
EE&G and BM-MSCs respectively. Patients

Am J Stem Cells 2017;6(3):23-35
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7 days post-stem cells application photo

Figure 9. Photos of patients in the UCMSC group
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Figure 10. Photos of patients in the UC-MSC group
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treated with BMSCs exhibit no
hyperpigmentation versus (20%
and 30%) for the group EE&G
and UCMSCs. Group treated
with  BM-MSCs and UCMSCs
exhibits 10% of contractured
scar when compared with EE&G
group. However, lower values in
groups treated with stem cells
either BM-MSCs or UCMSCs
(15% and 20%) versus 40%
for EE&G group. These differenc-
es were statistically signedas
shown in Table 6 and Figure 2.

Treatment expenses

The total cost of hospitalization
of patients admitted in El
Helmia Military Burn Center
(admission and treatment) was
estimated in Egyptian currency.
The patients in excision and
graft group costed maximum
20.500 thousand Egyptian
pounds versus 20-21 thousand
for the other groups. The cost
also ranged between (11-20.5),
(15-20) and (15-21) in the
groups respectively as shown in
Table 1 and Figure 1.

Discussion

Major burns represent a consid-
erable health problem, with dual
burden both on individuals and
on the health system. Patients
suffering from handicapping
wounds require frequent opera-
tions, prolonged hospitalization
and intense rehabilitation [15].

Standard management of major
burn patients consists of autolo-
gous skin grafting followed
by application of an elastic ban-
dage. However, donor sites are
limited especially in extensive
deep burns Lu et al. [3]. Efficient
wound healing requires full thick-
ness regeneration of the skin
and its appendages; a target
which is rarely achieved in
conventional management, and

Am J Stem Cells 2017;6(3):23-35
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Pre-operative photos

14 days post-stem cells application photos

Figure 11. Photos of patients in the UCMSC group

which the application of stem cells for burn
wound healing can achieve.

The use of stem cells in burn management
as an alternative to EE&G could be beneficial,
not only to temporarily prevent the loss of
body fluids and bacterial infection, but also
to achieve satisfactory repairing effects [16,
17]. Also, it was reported that stem cell applica-
tion in the burn either by local spray with umbili-
cal cord blood derived stem cells or by injection
of bone marrow stem cells deep the burned
area after excision were applied as a new meth-
od for regeneration of skin and decrease compli-
cation of skin graft or donor site [3, 18].
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This study recruited patients
with recent deep burn of up to
25%; randomly divided into
three groups: conventional tr-
eatment (early excision and
grafting EE&G), bone marrow
derived mesenchymal stem
cells (BM-MSC) and umbilical
cord derived mesenchymal
stem cells (UCMSC). Patients
and controls were followed-up
to evaluate wound healing,
incidence of early and late
complications as well as dura-
tion and cost of hospitaliza-
tion.

In this study, evaluation of the
rate of healing indirectly
through the duration of hospi-
tal stay showed significant
decrease in both stem cell
groups as compared to the
control group; with no signifi-
cant difference between the
bone marrow and cord blood
derived mesenchymal stem
cell groups.

In the current study, 50% of
the control group (EE&G)
developed either early compli-
cations, such as infection and
graft loss, or late complica-
tions, such as keloid, hypertro-
phic scars and limitation of
movement. On the other hand,
early complications occurred
in less incidence, in both
BM-MSC and UC-MSC groups as compared to
the conventional EE&G.

The results encountered in the present study
revealed that hypertrophic scar and limitation
of movement were observed in early excision
and graft patients, which served as a control
group because it is the usual procedure in
10-25% TBSA burn.

Mohammadi et al. [19] studied the difference
between early and late excision and graft in
50 patients suffering from deep thermal burn
30% TBSA. No statistically significant differ-
ences were found between both groups either

Am J Stem Cells 2017;6(3):23-35
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Table 6. Comparison of late complications in the different studied groups

Early Excision
and Graft group

Bone Marrow
Stem Cells group

Umbilical Cord Blood
Stem Cells group

Chi-square test

No. % No. % No. % X2 P-value
No complication 1 5% 11 55% 6 30% 17.819 0.022
Hypopigmentation 4 20% 4 20% 2 10%
Hyperpigmentation 4 20% 0 0% 6 30%
Contractured scar 3 15% 2 10% 2 10%
Hypertrophic scar 8 40% 3 15% 4 20%

in deformity, scar formation, sensation, devel-
opment of disability as well as overall satisfac-
tion. The most common site of involvement
was the metacarpophalangeal (MCP) joint with
frequency of 39% and 40% in early and late
excision groups.

As regards duration of hospitalization, there
was significant decrease in both bone marrow
stem cells group and umbilical cord blood
stem cells group when each group was com-
pared to early excision and graft group. Non-
significant changes were observed when com-
paring bone marrow stem cell group to um-
bilical cord blood stem cells group.

The explanation of the increase the time of
hospitalization in the 1% group (ES&G) is the
presence of early complication in a 50% of
patients in this group as infection and partial
loss of the graft.

Regarding the direct cost of hospitalization,
non-significant changes were observed be-
tween the three groups regarding the direct
cost of treatment. However, the overall cost
of treatment may decrease as a result of
decrease the time of hospitalization.

Zou et al. [20] found positive experience of
using topical applications of non-processed
autologous bone marrow aspirates on non-
healing chronic wounds. Similarly, the applied
autologous bone marrow aspirates to chronic
unhealed burn wounds and slow-healing
donor site wounds and there was a dramatic
healing response observed in the present
study.

Branski et al. [21] studied umbilical cord blood
stem cells application by using a fibrin matrix
after seeding stem cells, however, a Gen-
tamycine cream was used in the present study
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with Vaslin guse which was effective against
local bacterial infection.

Huang and Burd [22] suggested that stem cells
can be used even in patients scheduled for
autologous skin grafting to improve the vascu-
larity of the wound bed before operation.

Yamaguchi et al. [23] explained that MSCs have
a tremendous ability for differentiation into
both hematopoietic cells including endothe-
lial cells, osteoblasts, neural, fibroblasts and
keratinocytes. MSCs transdifferentiated in-
to endothelial progenitor cells (EPCS) play as
important role in neovascularization and wo-
und healing.

Also, Ravari et al. [24] studied the effect of
bone marrow MSCs in both acute and chr-
onic wounds including deep burns. They report-
ed that the combined therapy using topical
application and edge injection of the bone
marrow aspirates together with application of
culture-expanded BM-MSCs resulted in suc-
cessful healing of the previously non-healing
ulcers and in treating the radiation burns.
Both local (topical or subcutaneous injection)
and systemic applications have been used.
With respect to the local application, the con-
comitant use of acellular matrices or scaffolds
was shown to increase cell homing, differentia-
tion, mobilization and adhesion [17, 18]. In the
present study, in the group of umbilical cord
blood stem cells the used application of stem
cells was applied either local injection or spray
but without scaffold application.

Balaji et al. [25] explained stem cell-based
therapy for wound healing in epithelium lined
organs. Immediately after injury, there is a
surge in the inflammatory response at the
wound site to eliminate microbes and activate
the healing process. MSCs interact with adja-
cent epithelial and inflammatory cells, initiating
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a combination of cellular and paracrine effects
promoting efficient wound healing. Stem cells
applied to wounds can contribute to healing by
numersous effects, namely, direct transdiffer-
entiation into the required cell types, secretion
of growth factors and effector molecules inte-
grating the regeneration processes, stimula-
tion of proliferation of resident stem cells and
lastly stimulation of angiogenesis needed for
tissue regeneration.

In conclusion, the use of MSCs to enhance
wound regeneration in deep burns represents
a new modality offering great hope for this
patient group.
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