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Abstract 
Pericytes and myofibroblasts are two types of connective cells that appear in large quantities in reparative processes. In order to evaluate 
their response and any relationships between them, we have inflicted third degree skin burns to seven groups of five common Wistar rats 
each from which we sampled granulation tissue at three days interval for histological and immunohistochemical studies. Alpha-SMA and 
CD34 antibodies revealed that granulation tissue myofibroblasts do not express CD34 and do not arise from pericytes. The parallel 
arrangement of myofibroblasts in relation to the burned wound surface suggests that their main function is mechanical traction on 
granulation tissue and wound edges. 
Keywords: skin burns, pericytes, myofibroblasts, alpha-SMA, fibrillogenesis, granulation tissue. 

 Introduction 

Every year, millions of cases with skin burns are 
recorded around the world, ranging from newborns to 
the third age. Depending on the extent and depth of the 
lesions, the suffering is more or less severe. Severe 
burns have a catastrophic influence on the patient, both 
by the suffering and disabilities they cause, as well as 
the unaesthetic scars. Patients that survive burns on 
large areas, heal slowly, with loss of bone and muscle 
mass, frequent infections, hormonal, liver, lung or kidney 

imbalances [1].  
The complications and consequences of burns 

represent some of the most difficult medical pathologies, 
given the vital importance of the skin as a barrier 
structure that protects the body from external aggression, 
particularly against microbial attack. 

The mortality rate by burns is highly variable, 
depending on the severity of lesions, the patient’s age, 
associated diseases, biological deficiencies, etc. It is 
estimated that worldwide, burns cause about 265 000 
deaths per year [2]. 

In response to thermal aggression, native cells of the 
tissue adjacent to the affected area initiate a cascade of 
events necessary to restore local homeostasis, namely 
the structure and main functions of the skin. The wound 
repair process is controlled biologically by a large 
number of cytokines and growth factors and is 

characterized by activation of fibroblasts and their 
differentiation into myofibroblasts leading to wound 
contraction, as well as formation, deposition and 
remodeling of the extracellular matrix (ECM) [3]. 

Recently discovered by electron microscopy and 
immunohistochemistry studies, myofibroblasts were of 
special interest after showing that these cells participate 
actively in a variety of physiological or pathological 
processes such as embryonic development, the 
development of fibrosis in some organs or stromal 
development in epithelial tumors [4]. Regarding the 
origin of these cells, most studies have shown that 
myofibrobasts derive from fibrocytes [5]. However,  
the description of epithelial-/endothelial-mesenchymal 
transition phenomena showed that myofibroblasts might 
also arise from epithelial or endothelial cells, especially 
during pulmonary and renal fibrosis [6, 7]. 

Some studies show that myofibroblasts may also 
arise from CD34+ cells derived from the bone marrow, 
but data are still contradictory. Other relatively recent 
data, suggests that a separate population of bone 
marrow-derived myofibroblasts contribute to the forma-
tion of interstitial fibroblasts of the kidney [8, 9]. 

In our study, we aimed to highlight myofibroblasts 
reaction in the healing process of skin third degree 
burns induced experimentally, their relationship with 
pericytes and CD34+ cells derived from the bone 
marrow. 
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 Materials and Methods 

The study was performed on seven groups of adult 
male Wistar rats, each of five animals, weighing 
between 290 and 340 g. The rats were kept under 
standard conditions of light, temperature, food and 
water (ad libitum), both before and after the burns, in 
the animal facility of University of Medicine and 
Pharmacy of Craiova. 

The Ethics Committee of the University of Medicine 
and Pharmacy of Craiova, in accordance with the 
European Council Directive of 11.24.1986 (86/609/EEC), 
the European Convention on the Protection of Vertebrate 
Animals (2005), and the Government Ordinance No. 
37/2.02.2002, approved the experimental protocol. 

General anesthesia was induced by intramuscular 
injection of 85 mg/kg ketamine hydrochloride (Ketalar®, 
Parke-Davis) and 6 mg/kg xylazine hydrochloride 
(Rompun®, Bayer). The hair was removed from the 
higher dorsal region of the rats. The third degree burns 
were inflicted on an area of approx. 1.5 cm2. Burns were 
generated using a special stainless steel device, cone-
shaped, weighing 350 g, with 1 cm diameter, and 
equipped with a control thermometer. The metallic 
device, heated in boiling water, to 1000C, was applied to 
each animal locally for five seconds. 

The evolution of the skin burns was monitored daily, 
for three weeks. Taking into consideration the macro-
scopic appearance of the lesions, the rats in all groups 
had third degree burns: necrosis of the epithelial and 
connective tissue underneath, until the muscle layer; 
about 4 mm perilesional edema; intense erythema. 

Histological study 
From each group of animals, under general anesthesia, 

burnt skin was later on sampled (with approx. 3 mm 
perilesional areas), at intervals of 3, 6, 9, 12, 15, 18 and 
21 days, in order to dynamically track the evolution of 
the angiogenesis process. Immediately after sampling, 
the burnt skin fragments were fixed in 10% buffered 
neutral formalin for 72 hours at room temperature (23–
280C) and included in paraffin. For comparison, normal 
skin from five rats was sampled (the control group), 
which was also processed for paraffin inclusion. For the 
histological study, 4 µm thick serial sections were cut 
using a rotary microtome (Microm HM350) equipped 
with a waterfall based section transfer system (STS, 
Microm). Sections were routinely stained with 
Hematoxylin-Eosin or Masson’s trichrome, followed by 
evaluation under a light microscope. 

Immunohistochemical study 

For the immunohistochemical study, sections were 
cut using the same equipment, but with a thickness of  
3 µm for the chemical staining, and 15 µm for the 
fluorescence study. Sections were collected on poly-L-
lysine coated slides, dried in a thermostat at 370C for  
24 hours, and then subjected to different techniques as it 
follows. For single immunohistochemistry, after antigen 
retrieval, sections were allowed to cool down to room 
temperature and were incubated for 30 minutes in a 1% 
hydrogen peroxide solution. 

The sections were next washed in PBS, followed by 
a blocking step of 30 minutes in 1% skim milk. Next, 
the slides were incubated with the primary antibodies 
overnight at 40C, and the next day, the signal was 
amplified for 30 minutes using a peroxidase polymer-
based secondary detection system (EnVision, Dako). 
Finally the signal was detected with 3,3’-diamino-
benzidine (DAB) (Dako) and the slides were cover-
slipped in DPX (Fluka) after Hematoxylin staining. 

Fluorescent double immunohistochemistry was 
performed for anti-CD34 and anti-α-SMA antibodies. 
After endogenous peroxidase blocking and skim milk 
incubation, the anti-CD34 antibody was added on the 
slides in a 1:400 concentration, overnight, at 40C. Next 
day, the signal was amplified for 30 minutes using 
another peroxidase polymer-based secondary detection 
system (N-Histofine, Nichirei) and visualized with 
fluorescein-tyramide (TSA Plus kit, Perkin Elmer), with 
a development time of one minute. After thorough 
washing in PBS, the slides were incubated with anti- 
α-SMA for another overnight incubation step. In the 
third day, an anti-mouse Alexa Fluor 596 (Invitrogen) 
was brought in the system for a 30 minutes incubation, 
after which the slides were washed and incubated for  
15 minutes in DAPI (Invitrogen). Finally, the slides 
were coverslipped with an anti-fading mounting medium 
(Dako). Each experiment included negative controls 
where the first primary antibodies were skipped. All 
intermediate washing steps were performed in 0.1 M 
PBS, pH 7.2, and all antibodies were diluted in PBS 
with 1% bovine serum albumin (Sigma-Aldrich). All 
incubation times were kept constant for each protocol. 

Microscopy and image acquisition 

The sections were imaged with a Nikon Eclipse 90i 
microscope (Apidrag, Romania) equipped with a 
QImaging Rolera cooled CCD camera and with narrow-
band fluorescent filters centered for Alexa 594, Alexa 
488 and DAPI excitation and emission wavelengths. 
Images were captured and archived using the Image 
ProPlus 7 AMS software (Media Cybernetics Inc, 
Buckinghamshire, UK). In order to resolve a narrow 
optical plane, all fluorescence images were next 
subjected to a blind deconvolution algorithm (Sharp 
Stack module, Media Cybernetics). 

 Results 

The application of the metal device heated to 1000C 
for five seconds on the skin of the experience animal 
resulted in an immediately noticeable white-gray area of 
coagulation necrosis. The macroscopic appearance of 
the wound changed in the following days, becoming 
light brown-blackish, with raised edges surrounded by a 
reddish zone of hyperemia and edema. 

The microscopic study of the histological samples 
harvested at three days after injury showed that 
coagulation necrosis affected the whole thickness of the 
skin, reaching the muscular layer. The recovery process 
of the skin tissue started relatively quickly, so that at 
three days after the burn was inflicted we noticed the 
presence of a young granulation tissue rich in cellular 
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elements, which progressed from the edge of the wound 
and from its depth towards the center of the necrotic 
area. Histological analysis with high-power objectives 
(×40, ×60) allowed us to observe that within the depth 
of the burned wound several types of cells were present, 
namely: some fibroblast-like spindle cells, with  
large, elongated, hyperchromatic nuclei, as well as 
inflammatory cells represented by polymorphonuclear 
leukocytes (PMNs), neutrophils, lymphocytes and 
macrophages. Amputated blood vessels with surrounding 
petechial hemorrhage were identified in the depth of the 
burned wound (Figure 1). Moreover, Masson’s trichrome 
staining revealed the presence of disorganized, fibrillar 
collagen debris in the lower dermis, with variable 
staining range, associated with a rich inflammatory 
infiltrate (Figure 2). 

 
Figure 1 – Microscopic image of the burned wound 
at three days: the presence of a young granulation 
tissue composed mainly of fibroblast-like cells but 
also blood cells; in the depth of the lesion, amputated 
blood vessels with surrounding petechial hemorrhage 
(HE stain, ×100). 

The immunohistochemical study with anti-CD34 
and anti-α-SMA revealed rare positive cells for these 
markers within the structure of young angiogenic 
capillaries at the edge of the burned wound. The 
analysis of the immunofluorescent slides revealed that, 
of all the cells targeted by our study, the first cells to 
appear in the granulation tissue were CD34-positive 
endothelial precursor cells that formed angiogenic 
capillaries. Around them, α-SMA-positive pericytes 
developed relatively quickly. Also, the granulation 
tissue showed rare CD34-positive cells, the so-called 
mesenchymal fibroblasts, as well as the absence of  
α-SMA-positive myofibroblasts (Figure 3); also, the 

spindle cells which were negative for both CD34 and  
α-SMA were considered to be fibroblasts. 

 
Figure 2 – Burned wound at three days: many 
disorganized fibrillar collagen debris in the depth of 
the dermis (Masson’s trichrome stain, ×100). 

 
Figure 3 – Young granulation tissue from the burned 
wound edge at three days after the injury:  
CD34-positive endothelial progenitor cells (green) 
and α-SMA-positive pericytes (red). Triple immuno-
fluorescence (CD34, α-SMA and DAPI), ×400. 

At six days after the injury, the granulation tissue 
was well represented even in the center of the burned 
area, where the thermal impact was the greatest. The 
immunohistochemical study with CD34 and α-SMA 
revealed the endothelial cells of angiogenic capillaries 
as well as the pericytes, no other cells in the granulation 
tissue showing positive staining, which signified that 
myofibroblasts were absent at this time point in the 
evolution of the healing burned wound (Figure 4). 
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Figure 4 – The edge of the wound at seven days after 
the injury: weak α-SMA-positive staining of pericytes 
from the periphery of angiogenic capillaries (LSAB 
technique, ×200). 

The immunohistochemical analysis of granulation 
tissue at nine days after the injury allowed us to 
highlight the presence of pericytes in the structure of 
neoformation vessels, and myofibroblasts, both α-SMA-
positive cells. 

Myofibroblasts were seen in the middle third of the 
burned wound, where fibroblast reaction seemed to have 
the maximum intensity. 

Their general orientation was parallel to the surface 
of the wound, which means that their essential role  
in the burned wound healing process is to contract  
the granulation tissue and to reduce the lesion area 
(Figures 5 and 6). 

It was also noted that myofibroblasts did not develop 
around pericytes, but had a rather uniform distribution 
within their area of extension, supporting the idea that 
they did not arise from pericytes. Immunohistochemistry 
and double immunofluorescence techniques on serial 
histological sections allowed the observation that  
CD34 antibody marked only angioblasts, and not 
myofibroblasts (Figure 7). 

Instead, as in the case of pericytes, myofibroblasts 
were α-SMA-positive, but the reaction was much 
weaker. 

This finding suggests that myofibroblasts develop 
from young fibroblasts in a certain stage of the burned 
wound healing process and do not express CD34, the 
specific marker for cells derived from the bone marrow, 
and that there is a lesser amount of α-SMA than in 
pericytes. 

 
Figure 5 – Skin burned wound at 10 days: α-SMA-
positive pericytes and myofibroblasts in the profound 
dermis (LSAB technique, ×100). 

 
Figure 6 – Detail of the previous figure: disposition 
of pericytes around the angiogenic vessels; myofibro-
blasts parallel to the surface of the wound (α-SMA-
positive staining, LSAB technique, ×400). 
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Figure 7 – Granulation tissue at 10 days after the 
injury: numerous angiogenic capillaries lined by 
CD34+ angioblasts (green) and α-SMA-positive 
pericytes (red). CD34 did not marked other cells in 
the granulation tissue. Triple immunofluorescence 
(CD34, α-SMA and DAPI), ×200. 

The study of pericytes and myofibroblasts in the 
granulation tissue at 12 days after the injury showed 
that these cells reached their maximum development. 

Unlike pericytes, which were highlighted in the full 
thickness of the granulation tissue, myofibroblasts 
developed mainly in its middle third and retained  
their parallel arrangement in relation to the wound 
surface. 

In the following groups, although the number of 
fibroblasts within the granulation tissue was quite high 
and collagen fibrillogenesis was well highlighted, the 
number of myofibroblasts rapidly decreased so that at 
15 days after the injury rare α-SMA-positive connective 
cells were seen (Figure 8). Instead, pericytes remained 
in large numbers around neoformation vessels. 

At 18 and 21 days after the injury, myofibroblasts 
were extremely rare or absent, unlike pericytes, which 
were present (Figure 9). 

Histological and immunohistochemical aspects of the 
granulation tissue suggested that the decreasing number 
of myofibroblasts and finally their disappearance is a 
result of apoptosis. 

The data above show that myofibroblasts are cells 
with their own dynamics within the granulation tissue, 
which develops in the healing burned wound. 

 
Figure 8 – Granulation tissue at 14 days after the 
injury: rare α-SMA-positive myofibroblasts (LSAB 
technique, ×200). 

 
Figure 9 – Rat skin at 21 days after the injury: 
absence of myofibroblasts (α-SMA staining, LSAB 
technique, ×200). 
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 Discussion 

Tissue repair process of lesions induced by thermal 
aggression is very complex, being coordinated by many 
endogenous factors and influenced by exogenous ones. 
In recent years, numerous studies have shown that in 
this process, in addition to fibroblasts, there are cells 
with new phenotypic characteristics, which are deeply 
involved in the tissue repair process. Of these, 
myofibroblasts were of particular interest. They are 
connective cells with morphological aspects similar to 
fibroblasts, from which they differ by the increased 
amounts of myofilaments in their cytoplasm, especially 
actin, which is why they are positive for anti-alpha-
smooth muscle actin antibodies (α-SMA). The presence 
of α-SMA myofilaments is generally related to the 
contractile activities of myofibroblasts, as was demons-
trated by the direct correlation between the level of 
SMA and myofibroblast contraction [3]. Initially it was 
believed that these cells arise from fibroblasts, but 
nowadays the list of cells from which myofibroblasts 
derive has grown to be impressive and includes in 
addition to fibroblasts, smooth muscle cells, pericytes, 
perisinusoidal liver cells, mesenchymal stem cells, 
epithelial cells, endothelial cells and some bone 
marrow-derived cells [4]. However, from this variety of 
cells, local fibroblasts seem to be the most common 
source of myofibroblasts [10]. 

The present study aimed for the evaluation of the 
process myofibroblast development from pericytes or 
CD34-positive cells derived from the bone marrow. 
Although pericytes are differentiated from mesenchymal 
cells of the granulation tissue and expresses a strong 
affinity for α-SMA antibody, similar to myofibroblasts, 
they develop much faster than myiofibroblasts in the 
granulation tissue and their presence lasts longer than 
the latter. Also, the microscopic appearance does not 
indicate that myofibroblasts would differentiate from 
pericytes since they do not appear around angiogenic 
vessels where pericytes are present. Regarding the 
origin of myofibroblasts from bone marrow-derived 
CD34-positive cells, our study showed that myofibro-
blasts seen in the granulation tissue of the burned 
wound did not express this marker. Therefore, we 
believe that in our experiment myofibroblasts developed 
either from fibroblasts or from local mesenchymal cells. 

Differentiation of fibroblasts into myofibroblasts is 
linked to the emergence of a local stress factor because 
under normal conditions, the amount of actin myo-
filaments in the cytoplasm of fibroblasts is very low or 
absent, and these cells have a reduced synthesis of 
extracellular matrix [11]. Thus, following tissue 
damage, fibroblasts become active, migrate into the 
damaged tissue and synthesize extracellular matrix 
(ECM) components when stimulated by cytokines 
released locally by inflammatory cells or connective 
tissue cells [12]. 

Another important stimulus for this phenotypic 
transition is the changing of the mechanical micro-
environment. Fibroblasts from intact tissues are 
generally protected from stress (stress-shielded) by the 
extra-cellular matrix (ECM) and especially by the 

reticulate arrangement of its fibrillar proteins; this 
structural protection is lost in damaged tissues where the 
ECM is altered by the aggression. In response to the 
mechanical challenge, fibroblasts acquire contractile 
stress fibers consisting of cytoplasmic actin myo-
filaments [11]. This phenotypic transformation leads to 
the development of transient intermediate forms of 
myofibroblasts called proto-myofibroblasts, character-
rized by the formation of contractile stress fibers [4]. 

In our study, thermal aggression was a major 
disruptive factor of local homeostasis of the skin, which 
resulted in the activation of a cascade of major 
biological and morphological events, which lead to 
myofibroblast development. 

TGF-β (transforming growth factor-β), a cytokine 
able to induce over-expression of α-SMA in fibroblasts, 
has a major role in the differentiation of fibroblasts into 
myofibroblasts [13, 14]. 

Myofibroblasts have long been associated with 
wound repair and fibrotic processes in certain organs in 
various pathological conditions [15]. It has been shown 
that myofibroblasts are capable to synthesize essential 
components of the extracellular matrix such as collagen 
types I, III, IV and V [10]. 

In our study, the arrangement of myofibroblasts 
parallel to the surface of the lesion suggests that they 
have a mechanical role, that of contraction, which closes 
the wound edges and promotes healing. Some authors 
have shown that in cultured cells the expression of  
α-SMA in stress fibers provides differentiated myo-
fibroblasts with a contractile activity at least twice as 
strong as the one of α-SMA-negative fibroblasts [16]. 

Other authors [17] showed that myofibroblasts 
determine wound and scar contraction by setting both 
intercellular and cell–connective matrix contacts on 
which mechanical forces act. We believe that the 
traction activity of myofibroblasts is exercised during 
the wound healing process and not after scar formation, 
since myofibroblasts disappeared from the granulation 
tissue relatively quickly, before scar formation. 

Regarding the synthesis activity of myofibroblasts, 
the present study revealed that the collagen fibrillo-
genetic activity continued after the disappearance of 
myofibroblasts from the granulation tissue, suggesting 
that these cells do not have a major role in the tropo-
collagen synthesis and the formation of collagen fibers 
in the burned wound. 

According to some authors [18, 19], myofibroblasts 
play a major role in the evolution of the local 
inflammatory process and scar development, since 
proliferation of these cells helps limit the inflammatory 
process, decrease the intensity of inflammation, reduce 
tissue damage and stimulate fibrillogenesis. We believe 
that this phenotypic variety of fibroblasts fits naturally 
in the local complex healing response of damaged 
tissues and is highly involved in both the restoration of 
tissue integrity, and the modeling of the inflammatory 
response. 

Like other authors [20], we believe that apoptosis is 
the key process that lowers the number of myo-
fibroblasts during the repair process of skin lesions.  
In addition, the restoration of ECM, reduced immune 
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response, changes in cell density and protease activity, 
loss of cytokine signaling, all reduce mechanical stress 
on fibroblasts and block myofibroblast differentiation. 

We believe that currently there are many unknown 
aspects regarding myofibroblast reaction. The exact 
understanding of cellular and molecular mechanisms 
involved in myofibroblast dynamics is essential because 
in pathological situations myofibroblasts persist and are 
responsible for some of the clinical symptoms [21]. 
Therefore, it is crucial to understand the molecular 
regulatory pathways, their evolution and functions in 
order to effectively treating the pathological states 
involving these cells. 

 Conclusions 

Pericytes and myofibroblasts arise in the granulation 
tissue of the burned wound and, even though both 
expressed α-SMA, each has its own dynamics 
(evolution). Myofibroblast disposition and orientation 
suggests that they do not arise from pericytes but 
fibroblasts, and the main function would be the 
contraction of the granulation tissue and wound size 
reduction. Myofibroblasts do not express the CD34 
antigen, therefore do not originate from bone marrow 
progenitor cells. 
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