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Abstract
Background: Wound healing problems can arise in donor wounds after harvesting a full-thickness graft. Returning 

Mesenchymal Stem Cells (MSCs) on the wounds may accelerate wound healing. The aim of this study is to analyse 
the effect of MSCs in the epithelialization process and collagen density on full-thickness wound healing.

Methods: The pilot study included 10 patients undergoing excision of a full-thickness skin graft on the groin. 
Patients were randomly divided into two groups: Mesenchymal Stem Cells (MSCs) and Non-Mesenchymal Stem Cells 
(Non-MSCs). The MSCs group had previously undergone fat harvesting which was processed into mesenchymal 
stem cells. Biopsies were taken from both groups on days 14 (proliferative phase) and 45 (maturation phase), and 
were compared with normal skin (NS; n=5). Epithelial layers of the epidermis were assessed with hematoxylin eosin 
staining. Collagen density was evaluated with MT staining, and analysed using a light microscope. 

Result: In the MSCs group and the Non-MSCs group, the number of epithelial layers were significantly higher 
compared to the NS-group on day 45 (14.7 ± 0.70 and 8.24 ± 0.76 vs 5.43 ± 0.60 respectively; p<0.001 and p<0.001). 
The collagen density in the MSCs group on day 14 was 33.3 ± 2.46% in the MSCs group and 45.7 ± 5.84% in the 
non-MSCs group, compared to 54.3 ± 3.71% in the NS-group (p<0.001 and p=0.012 resp.). These values increased 
on day 45 to 49.2 ± 3.28% in the MSCs group, and 73.4 ± 1.63% in the non-MSCs group.

Conclusion: Mesenchymal stem cells increased the number of epithelial layers in the full-thickness wound 
healing process compared to normal skin. A higher increase was seen in the MSCs-group. On day 45, an increase in 
collagen density was observed in the MSCs group and Non-MSCs group. Adipose-derived mesenchymal stem cells 
can be used in the process of full-thickness wound healing. Future randomized controlled trials are needed to confirm 
these findings.
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Background
Full-Thickness Skin Grafts (FTGs) are often used in reconstructive 

burn surgery, because they provide a better aesthetic result and less 
contracture compared to Split Thickness Skin Grafts (SSGs) [1]. 
However, full-thickness donor wounds can cause problems in wound 
healing or during closure. The groin area is frequently used as donor 
site of FTG, although it is an area of motion. This can result in extensive 
tension on the wound edges which causes dehiscence or necrosis. The 
final result of the full-thickness wound is a scar, with sometimes the 
formation of a hypertrophic scar. 

It is well known that human Mesenchymal Stem Cells (MSCs) can 
accelerate the wound healing process by their self-renewing ability. 
Mesenchymal stem cells have been used in several studies, which 
showed that regeneration of full-thickness wounds can be enhanced 
by application of MSCs [1-4]. For example, Bone Marrow derived 
Mesenchymal Stem Cells (bMSCs) have the potential to differentiate 
into osteoblasts, chondrocytes, myocytes[5-8], and adipocytes [2,5,7].

Fu et al. reported that bMSCs cells improved the quality of wound 
healing [3]. Furthermore, in vivo and animal grafting experiments 
with MSCs showed that several aspects of wound regeneration were 
increased, such as the reepithelialization process, the regeneration of 
the epidermis, and the amount of microvasculature, fibroblasts and 
collagen. The conclusion of this study was that perfect skin regeneration 
was achieved with MSCs after full-thickness wounds [3]. Also, the 
outcomes of Deng et al. were promising, with the application of MSCs 

in mice transplanted into other irradiated mice [2]. They reported that 
bMSCs can contribute to skin functional cells and regeneration. 

Mesenchymal Stem Cells Derived from Adipose Tissue (ADSCs) 
can also increase the wound healing process and inhibit hyperplastic 
scar formation by down-regulation of TGF-β1, collagen type I and 
III [9]. Some advantages have been described for ADSCs compared 
to bMSCs, such as the relatively easy harvesting of a large amounts 
of adipose tissue, less pain during harvesting, and the multi-lineage 
capacity of differentiating into several cell types. Lo Furno et al. 
described the potential therapeutic applications of these cells which can 
differentiate into adipogenic, osteogenic, chondrogenic, and neurogenic 
cells. Besides that, they also reported the possibility of differentiating 
into muscle, epithelial, pancreatic, and hepatic cells [10].

There is a high interest in using stem cells for wound healing, since 
they can migrate to the wound site, and become part of the micro-
environment. Besides that, stem cells can increase growth factors [11], 
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Statistical Analysis
Data are tested for normal distribution and equal variances. The 

values are expressed as means with standard deviation, unless otherwise 
stated. Data were analysed using one-way ANOVA. Statistical analysis 
was accepted when p<0.05. The data were analysed by statistical software 
(SPSS 22.0; SPSS; Chicago; IL). 

Results
Clinical appearance

In the MSCs group, the wound surface slightly raised, no dehiscence 
was obtained, and the colour of the skin was comparable with the 
surrounding tissues on day 14. However, in the Non-MSCs group, 
surgical wound surface was irregular, dehiscence was seen, and 
hyperaemia was observed at the edge of the stitches on day 14. On day 
45, the MSCs group showed that the surface of the scar was at the same 
level with the surrounding tissues, and the colour was more pale. In the 
Non-MSCs group, there was scarring along the stitches, with a mean 
scar width of 3-4 mm. Besides that, the surrounding skin was darker and 
more elevated (Figure 2).

Epithelial layers

The mean number of epithelial layers on day 14 in the MSCs 
group was 10.28 ± 1.36, compared to 8.50 ± 1.19 in the Non-MSCs 
group (p=0.031). In the NS-group, the number of epithelial layers was 
only 5.43 ± 0.60. This was significantly different from the MSC group 
(p<0.001), and the non-MSCs group (p=0.002). On day 45, the mean 
number of epithelial layers in the MSCs group was 14.7 ± 0.70, thus 
increased double compared to the number of layers of the epithelium in 
the group of NS (5.43 ± 0.60). For the Non-MSCs group, this number 
was 8.24 ± 0.76 on day 45, 1.5 times higher than the NS-group. The 
outcomes further show that the number of epithelial layers for the MSCs 

reduce inflammation, and inhibit hypertrophic scar formation [3,11]. 
MSCs accelerate the epithelialization process, and thus the wound 
closure. Furthermore, MSCs improve the quality of tissue tension, help 
chronic wound healing and minimize scarring. Therefore, mesenchymal 
stem cells are expected to become helpful in accelerating healing of 
full-thickness wounds. However, the underlying mechanism is still not 
fully understood. Therefore, the aim of this study is to analyse the effect 
of MSCs in the epithelialization process and collagen density on full-
thickness wound healing.

Materials and Methods
Ten patients undergoing surgical excision of a FTG on the groin 

were included in this pilot study. The full-thickness graft wound 
was primary closed. These patients were randomly divided into two 
groups: Mesenchymal Stem Cells (MSCs; n=5) and Non-Mesenchymal 
Stem Cells or control group (Non-MSCs; n=5). The MSCs group had 
previously undergone surgical removal of abdominal fat blocks of 2 
× 2 cm size which were processed into mesenchymal stem cells in the 
laboratory of the Dr. Soetomo Hospital Tissue Bank for 14 days. These 
mesenchymal stem cells were administered intra-dermally to the wound 
in the groin in the MSCs group. Biopsies were taken from both groups 
on days 14 (proliferative phase) and day 45 (maturation phase). These 
outcomes were compared with normal skin biopsies (NS; n=5). NS 
biopsies were prepared from the Anatomical Pathology Laboratory of 
the University of Airlangga, Surabaya. The assessment and comparison of 
the epithelial layers of the epidermis were performed with haematoxylin 
eosin staining. Collagen density was evaluated with Masson trichrome 
staining and then analysed using a light microscope type CX 21. Photos 
were made on day 14 and 45 to compare visual outcomes. A flowchart of 
the research protocol is shown in Figure 1. There were no patients with 
diabetes or obesity. This study was approved by the institutional review 
board of the University of Airlangga, Surabaya. 

Figure 1: A flowchart of the research protocol.
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and Non-MSCs group on day 14 and 45 are significantly higher than the 
NS-group (p<0.001). The results are described in Table 1. Histological 
appearance with HE staining of epithelial layers on NS-group compared 
to the Non-MSCs group and MSCs group are shown in Figure 3. 

Collagen density 

On day 14, collagen density was 33.3 ± 2.46% in the MSCs group. 

Figure 2: Histological appearance of Non-MSCs group and MSCs group.

Figure 3: Histological appearance with HE staining of epithelial layers on NS-group compared to the Non-MSCs group and MSCs group.

Table 1: Results of HE staining of epithelial layers on NS-group compared to the Non-MSCs group and MSCs group.

Amount Epithelial Layers Normal Skin MSCs Non-MSCs P-value (NS vs MSCs) P-value (NS vs Non-MSCs)
Day 14 5.43 ± 0.60 10.28 ± 1.36 8.50 ± 1.19 <0.001 0.002
Day 45 5.43 ± 0.60 14.7 ± 0.70 8.24 ± 0.76 <0.001 <0.001

For the Non-MSCs group, collagen density was 45.7 ± 5.84% on day 14, 
which is both lower than the collagen density in the NS-group (54.3 ± 
3.71%). On day 45, the collagen density increased to 49.2 ± 3.28% in the 
MSCs group, and to 73.4 ± 1.63% in the non-MSC group. Both groups 
were significantly different from the NS-group (54.3 ± 3.71%; p=0.026 
and p<0.001 respectively). Results are shown in Table 2 and Figure 4.
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Discussion
Wounds that exist after harvesting a full thickness graft in the donor 

area can cause wound healing problems. This results in bad scars, which 
can even become hypertrophic in patients with a high Fitzpatrick scale, 
as mainly seen in Indonesian patients. This will lead to less aesthetic 
outcomes. 

Some studies reported the effect of mesenchymal stem cells in 
wound healing, and demonstrated that mesenchymal stem cells 
stimulate re-epithelialization, suppress the inflammatory process, and 
has an anti–scarring effect [11-14]. However, the mechanism involved 
is still not elucidated. Several important factors are responsible for the 
alteration in wound healing function. Multifactorial processes take 
place in the proliferation phase of wound healing, such as angiogenesis, 
epithelialization, collagen deposition, and wound contraction. Chen et 
al. observed the epithelialization time of wounds and the hyperplastic 
scar formation time in New Zealand rabbits in which a ADSCs group 
was compared with a control group (n=36 per group) [9]. ADSCs were 
injected in a wound on the left ear, while the wound on the right ear 
was injected with phosphate buffer solution. In the ADSCs group, 
hyperplastic scars were smaller, more flat, and soft. Epithelial cell layers 
were increased in comparison to the control group, a similar finding 
as in our study. However, they reported that the collagen density of 
hyperplastic scars was significantly decreased and arranged regularly in 
the ADSCs group. We could not confirm this result in our preliminary 
study. Furthermore, they showed a lower collage type I and III, and 
TGF-β1 in the ADSCs group [9]. Lee et al. reported that the proliferation 
of ADSCs were increased by hypoxia, and improved the wound-
healing function by secretion of Vascular Endothelial Growth Factor 
(VEGF) and basic fibroblast growth factor (bFGF) [11]. VEGF induces 

angiogenesis and fibroblasts are necessary to close the wound [15,16]. 
Also Jackson et al. described the role of VEGF and FGF in proliferation, 
migration and differentiation of microvascular endothelial cells [12]. 
Excessive fibrosis is seen in hypertrophic scars and is caused by an 
unusual proliferation of fibroblasts [17]. Keratinocytes in hypertrophic 
scars instruct fibroblasts to produce growth factors as Keratinocyte 
Growth Factor (KGF)/Fibroblast Growth Factor-7 (FGF7), interleukin-6 
(IL-6), Hepatocyte Growth Factor (HGF) and (GM-CSF) which follow 
the same paracrine pattern [18-21]. Paracrine activities are important 
for wound healing. Some reports described the paracrine role of MSCs 
in wound healing [22,23]. Stem cells can be obtained easily from fat 
tissue, better than stem cells harvested from bone marrow. 

In this preliminary study, administration of mesenchymal stem 
cells in the donor wound area, after excision of a full-thickness graft, 
can regulate the number of layers of epithelial. In the group of MSCs 
and Non-MSCs significantly differences were found in number of 
epithelial layers compared to the Normal Skin (NS). The number 
of epithelial layers in the MSCs group exceeded even two times the 
number of epithelial layers in the structure of the NS-group (p=<0.001). 
A study of Sugiyama et al. also harvested mesenchymal stem cells 
from adipose tissue [24]. Their analyses revealed that several factors 
supported various epithelial cell markers (like p63, K15, K14) and thus 
cell growth, a similar finding as in our study. 

This study showed that mesenchymal stem cells are capable 
of controlling the density of collagen in the maturation phase. On 
microscopic evaluation in the MSCs group, relatively stable collagen 
density was seen on day 14 (proliferative phase) with a density of 
33.3% compared to the surrounding connective tissue. Progression of 
wound healing was observed in the dermis structure by administering 

Amount Epithelial Layers Normal Skin MSCs Non-MSCst P-value (NS vs MSCs) P-value (NS vs Non-MSCs)
Day 14 5.43 ± 0.60 10.28 ± 1.36 8.50 ± 1.19 <0.001 0.002
Day 45 5.43 ± 0.60 14.7 ± 0.70 8.24 ± 0.76 <0.001 <0.001

Table 2: Results of collagen density on NS-group compared to the Non-MSCs group and MSCs group.

Figure 4: Histological appearance with Collagen Density on NS-group compared to the Non-MSCs group and MSCs group.
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mesenchymal stem cells in the MSCs group, which reached a density of 
49.2% in the maturation phase, not far from the density of the dermis 
structure of the normal skin group (54.3%). The density of collagen in 
the group of Non-MSCs seemed 45.7% on day 14, however, more solid 
and irregular on day 45, with rates up to 73.4%. In the non-MSCs group 
collagen density exceeded the density of collagen in the NS-group. 
Maharlooei et al. evaluated the volume density of collagen fibres in 
a control group and treatment group in a diabetic rat model where a 
full-thickness wound was made on the dorsum of the rat (n=26) [25]. 
No significant differences were found between both groups in volume 
density of collagen fibres, however, they showed a higher wound 
healing rate in rats with diabetes. Their conclusion was in accordance 
with our results, believing that adipose-derived mesenchymal stem 
cells promote the process of full-thickness wound healing.

Mesenchymal stem cells can help diminishing wound tension. In 
our pilot study, the donor wound in the groin area showed loose stitches 
on day 14, however, there was no dehiscence. On day 45, during the 
maturation phase, hypopigmentation was observed and scar colour was 
similar to the surrounding healthy skin. 

Our study suffers from some limitations. The number of 
patients was small, so the results should be interpreted with caution. 
Larger prospective follow-up studies are crucial to determine if the 
epithelialization process and collagen density still increase in full-
thickness wounds. Besides that, we only analysed the effect of MSCs 
in the epithelialization process and collagen density on full-thickness 
wound healing, although several other processes are described 
influencing the process of wound healing, such as angiogenesis, growth 
factors, and the inflammatory response. 

Specific cell subpopulations of human MSCs have a stronger 
therapeutic efficacy than others, such as the vascular cell adhesion 
molecule-1 (VCAM-1+) and CD105+CD34− cells. VCAM-1, 
also known as CD106, is a cytokine regulated effector molecule 
which plays an important role in inflammation. This molecule is 
expressed by various types of cells, including mesenchymal cells. Du 
et al. isolated MSCs from placenta chorionic villi, and these were 
intramuscularly injected into a BALB/c nude mice model of vascular 
ischemic disease [26]. This study showed that there was a functional 
improvement compared with mice that were not transplantated with 
VCAM-1+. Thus, VCAM-1+ cells exert angiogenic activities. Another 
study of Czapla et al. investigated the potential effect of MSCs with 
CD105+CD34− phenotype in a mouse model of limb ischaemia and 
myocardial infarction [27]. MSCs were isolated from human hearts 
and transplanted into mice. They concluded that 14 days post-injury 
the capillary density was increased. Besides that, faster wound healing 
was seen in ischemic muscles that were administered with MSCs [27]. 
These outcomes suggest that isolation of cell subpopulations of MSCs 
can have therapeutic clinical potential. 

In conclusion, mesenchymal stem cells increased the structure of 
epithelial in wound healing process of full-thickness donor wounds 
during the observation period day 14th to day 45th in the MSC 
group in our study, compared to the non-MSCs group and NS group. 
The mesenchymal stem cells regulate the density of collagen in the 
proliferative phase and the initial phase of maturation in full-thickness 
wounds donor. Therefore, adipose-derived mesenchymal stem cells 
can be used in the process of full-thickness wound healing. However, 
randomized controlled trials with a larger group of patients are needed 
in the future to confirm these findings.
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