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ABSTRACT

PURPOSE: To assess the evolution profile of the immunohistochemical expression of stromal constituents over the time-course of
wound healing in a murine model.

METHODS: Surgical wounds were performed in the back of 24 Wistar rats. After three, seven, 14 and 21 days, six rats were euthanized and
the wounded histologically processed to assess the immunohistochemical expression of CD3, CD20, CD31, a-SMA and type-I collagen.
Non-injured skin samples (NSS) were used as control. Data were subjected to statistical analysis using ANOVA and Tukey test.
RESULTS: The mean of CD3 and CD20 positive cells in the wounds was significantly higher than in NSS at seven and 14 days
(p<0.001). The blood vessels content was significantly lower than in NSS (p<0.05) at three days, but increased at seven and 14 days
(p<0.01). The mean of a-SMA positive cells at seven, 14 and 21 days was higher than in NSS (p<0.05). The relative content of type I
collagen increased from three to 21 days, but remained lower than in NSS (p<0.05).

CONCLUSIONS: Lymphoid cells, myofibroblasts and microvessels contents varied over the time-course of wound healing, with peak
at seven days and progressive reduction until 21 days. The type I collagen content increased over time.
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Introduction

The major function of skin is to provide a protective
barrier against the environment. The loss of integrity due to
surgery, trauma, ischemia, burns, long-term high pressure or any
other sort of external aggression can alter the morphological and
functional skin conditions resulting in tissue injury or wound'.

It has been reported that partial thickness wounds
are supposed to heal by mere epithelialization, whereas the
healing of full thickness wound involves more complex well-
regulated biological events, including the inflammatory response,
granulation tissue formation, myofibroblastic differentiation and
collagenization?3. This process is directly or indirectly responsible
or eliminating the bacterial load, removing necrotic debris,
inducing wound contraction and stimulating the scar formation.
The use of simple and reproducible models is a fundamental
requirement for objective assessment of the effects of a wide range
of external factors on the different steps of wound healing, i.e.
inflammation, proliferation, and remodeling phases*.

Several studies have been performed in order to search
for new therapeutic approaches to improve wound healing®. Such
studies have used histochemical and/or immunohistochemical
methods to investigate the morphological changes that occur during
the healing process of injured dermal tissues. However, there are
only some few papers looking at the assessment and analysis of
the histological features of stromal and inflammatory profile over
the time-course of the spontaneous scar tissue formation®.

Thus, the of this
immunohistochemical profile of stromal constituents and lymphoid

goal study was to assess
cells over the time-course of wound healing in a murine model.
With this study, we aim to provide more objective data about the
relations between the histological changes and the evolution stage

of wound healing.

Methods

All the procedures for animal research were performed in
accordance with the guideline of the Brazilian Council for Animal
Experimentation and followed a protocol approved by the Animal
Ethics Committee of Tiradentes University (approval subscription
n° 101112).

Twenty-four male Rattus norvegicus albinus, Wistar
lineage, (300+20g weight) were obtained from Animal Facility
of Tiradentes University (Sergipe, Brazil). The rats were housed
in clear plastic cages with solid floors and loose hardwood
chip bedding, and supplied with food and water ad /libitum and

maintained under controlled temperature (25+2°C) and relative
humidity (50+5%), with a 12 h light/dark cycle.

Biological assay

The rats were anesthetized with intraperitoneal ketamine-
xylazine (100 mg/kg - Smg/kg) and one full-thickness round-shaped
wound was performed on the back (in the middle, on the spine, 1 cm
under the interescapular area) of each animal using an § mm biopsy
punch. The animals were assigned into four groups (n=6), according
to the time of euthanize, which was carried out three, seven, 14 and
21 days after the surgical procedures. The euthanize was performed
in CO, chamber (EB 248, 400 x 320 x 350 mm, Insight, Sao Paulo,
Brazil) with 100% carbon dioxide continuous flux for 5 min. After
death certification, the wounded areas were removed, formalin-fixed
and paraffin-embedded. Histological sections, serial, of 5 pm thick,

were obtained and stained by immunohistochemical techniques.
Immunohistochemical assay

Immunohistochemical staining was performed through the
indirect biotin streptoavidin method using the DAB Detection Kit
(Ventana Medical Systems, Tucson, AZ, USA). The sections were
deparaffinized in xylene and were sequentially washed twice in
100% alcohol and in 95%, 90%, 80%, and 70% alcohol for 2 min. To
increase the antigen detection, the slides were immersed in a citrate
acid solution and were heated in a microwave for 20 min. The cells/
collagen-specific antigens staining were performed with primary
antibodies as described in Table 1. After the slides were incubated
with streptavidin-biotin-peroxidase complex (Dako, K069011-2, Sao
Paulo, Brazil) for 30 min. at room temperature. Subsequently, the slides
were exposed to Diaminobenzidine (DAB, Ventana Medical Systems,
Tucson, AZ, USA) for four minutes and were counterstained with
Mayer’s Hematoxylene for four minutes. For a negative control, non-

immune mouse serum IgG was used instead of primary antibodies.

TABLE 1 - Primary antibodies used in the

immunohistochemical assay.

Antibody Clone  Company Dilution Specificity

Anti-typel  AB34710 Abcam 1:100  Type I collagen

collagen

Anti-a-SMA 1A4 Dako 1:20  Myofibroblasts

Anti-CD31 JC/70 Dako 1:20  Endothelial cells

AntiCD3 UCHT Dako 1:100 T cells
(lymphocytes)

Anti-CD20 L26 Dako 1:150 B cells
(lymphocytes)
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Immunohistochemical analysis

Ten histological sections (x40, 10 ocular, 0.739 mm? per
field) were randomly selected and the mean of immunostained
cells (positive for anti-a-SMA, CD3 and CD20 antibodies)
was assessed with an image analysis system Imagelab® (Sof-
tium, Sao Paulo-SP, Brasil). To assess the mean number of
microvessels, the same procedure was carried out counting the
capillary vessels formed by CD31-positive endothelial cells. The
quantitative analysis of the content of Type-I collagen fibers in
the healing area was determined by optical density in the image
analysis system in different randomly selected fields. The system
used consists of a CCD Sony DXC-101 camera, applied to an
Olympus CX31 microscope, from which the images were sent to
a monitor (Trinitron Sony). Using a digitizing system (Olympus
C-7070 WIDEZOOM) the images were inserted into a computer
(Pentium 133 MHz), and processed by a software (ImageLab, Sao
Paulo, Brazil). A total of ten fields per case were analyzed at a
magnification of x100. The thresholds for collagen fibers were
established for each slide, after enhancing the contrast up to a
point at which the fibers were easily identified as stained collagen
bands. The area occupied by the fibers was determined by digital
densitometric recognition, by adjusting the threshold level of
measurement up to the different color densities of the collagen
fibers. The area occupied by the fibers was divided by the total
area of the field. The results were expressed in percentage of the

skin area fraction occupied by the collagen fibers
Statistical analysis

Statistical significance of the quantitative measurement
was assessed by analysis of variance (one-way ANOVA) and
Tukey test. Two-tailed a-levels of p<0.05 were regarded as

significant difference.
Results

As demonstrated in Figure la and 2a, CD3 and CD20
antigens were found to be positive in uniform populations of small
cells, round in shape with scant but well-defined cytoplasm and
dark centrally placed nuclei, consistent with lymphocytes. At three
days, the small amount of both CD3 and CD20 positive cells were

concentrated in the bottom and edges of the wounds. The content
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of CD3 and CD20 positive cells is shown in Figure 1b and 2b,
and presented a similar behavior. It was still inconspicuous and
statistically similar to the NSS (p>0.05) at three days. The mean
of both cell subsets increased significantly and reached the peak
at seven days, and then decreased progressively untill 21 days.
Only at seven and 14 days the lymphoid infiltrate was significantly
higher than in NSS (p<0.001). The content of CD3 positive cells
was significantly higher than the CD20 positive cells at both seven
(p<0.001) and 14 days (p<0.001) (Figure 2).
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FIGURE 1 - (a) CD3 positive lymphoid cells showing cytoplasmic
immunostaining pattern and (b) quantitative analysis of CD3 positive
cells per histological field (x400 magnification) over the time course of
the experiment. Data were expressed as mean = SEM. (*** p<0.001 —
statistically different from NSS — Non-injured Skin Sample, according to
ANOVA and Tukey test).
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FIGURE 2 - (a) CD20 positive lymphoid cells showing cytoplasmic
immunostaining pattern and (b) quantitative analysis of CD20 positive
cells per histological field (x400 magnification) over the time course of
the experiment. Data were expressed as mean + SEM. (*** p<0.001;
++p<0.01 — statistically different from NSS — Non-injured Skin Sample,
according to ANOVA and Tukey test).

Positivity for CD31 antigen was observed in the
cytoplasm of spindle-shaped cells either forming small vascular
spaces or proliferating in the connective tissue, which was
compatible with endothelial cells (Figure 3a). As shown in Figure
3b, at three days, the content of blood vessels (0.40+0.22) was
significantly lower than in NSS (1.60+0.22) (p<0.05) and then
increased significantly, reaching the peak of neovascularization
at seven days (20.70£1.35) (p<0.001). At 14 days, the mean of
blood vessels decreased in relation to seven days (9.50%1.04)
(p<0.01), but remained significantly higher than NSS (p<0.001).
At 21 days, the content of blood vessels counted in the scarring
area (2.40+0.71) was similar to that observed in NSS (p>0.05).
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FIGURE 3 - (a) CD3 positive endothelial cells showing cytoplasmic
immunostaining pattern in spindle-shaped cells either forming small
vascular spaces or spread throughout the connective tissue and (b)
quantitative analysis of CD31 positive cells per histological field (x400
magnification) over the time course of the experiment. Data were
expressed as mean = SEM. (¥** p<0.001 — statistically different from
NSS — Non-injured Skin Sample, according to ANOVA and Tukey test).

The o-SMA antigen was also positive in spindle-
shaped cells scattered in the wounded area, following the
orientation of collagen bundles, interpreted as myofibroblasts. The
immunoexpression of a-SMA in cells surrounding capillary vessels
was regarded as pericytes rather than myofibroblasts (Figure
4a). The Immunohistochemical expression of myofibroblasts
(a-SMA positive cells) in NSS (0.91£0.33) was similar to that
observed at three days (1.0£0.32) (p>0.05). At seven days, the
myofibroblasts differentiation increased significantly (31.78+4.75)
and then decreased progressively at 14 (15.50+1.39) and 21 days
(4.83+0.88). The mean of myofibroblasts at seven, 14 and 21 days
was significantly higher than NSS (p<0.001, p<0.001 and p<0.05,
respectively). In addition, the highest peak of myofibroblast was
observed at seven days, and it was significantly higher than at all

the experimental times (p<0.001) (Figure 4b).
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FIGURE 4 - (a) o-SMA positive cells showing cytoplasmic
immunostaining pattern in spindle-shaped myofibroblastic cells and
(b) quantitative analysis of a-SMA positive cells per histological field
(x400 magnification) over the time course of the experiment. Data were
expressed as mean £ SEM. (¥** p<0.001; *p<0.05 — statistically different
from NSS — Non-injured Skin Sample, according to ANOVA and Tukey
test).

Type 1 collagen immunostaining was light and sparse,
with an uneven distribution, at the first phases of wound healing,
but thick and heavy, with a widely distributed staining pattern,
at the final phases (Figure 5a). The relative content of type I
collagen in NSS (88.67£1.53) was significantly higher than the
ones observed in the scarring area at three (8.35+0.95) (p<0.001),
seven (23.32+1.91) (p<0.001), 14 (42.88+2.74) (p<0.001) and 21
days (78.81+2.71) (p<0.05). The lowest relative content of type I
collagen was observed at three days, which increased progressively
until 21 days (Figure 5b).
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FIGURE 5 - (a) Immunostaining pattern of type I collagen fibers in the
connective tissue and (b) quantitative analysis of the collagen density rate
per histological field (x400 magnification) over the time course of the
experiment. Data were expressed as mean = SEM. (¥** p<0.001; *p<0.05
— statistically different from NSS — Non-injured Skin Sample, according
to ANOVA and Tukey test).

Discussion

The inflammatory response is regarded as one of the
major physiopathologic events associated wuth the wound
healing dynamics. At early stages, such biological process
is characterized by intense influx of polymorphonuclear
neutrophils, which are subsequently replaced by macrophages
and lymphocytes (chronic inflammation) and newly formed
capillary blood vesses, representing the granulation tissue. At
latter stages of wound healing, this vessels-rich tissue is replaced
by a collagenous connective tissue, representing the fibrous scar’.
It has been reported that the immunohistochemical analysis of the
inflammatory profile, particularly the lymphoid cells, might be
useful to evaluate the evolutive dynamic of wound healing™®.

CD3 antigen is a transmembrane protein complex widely
expressed in T cells. Previous studies have demonstrated the
identification of T cells in samples of mouse skin in wound healing
experiments using the immunohistochemical detection of CD3

antigen’. On the other hand, CD20 antigen is an activated-glycosylated
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phosphoprotein express in the membrane surface of B cells®. In this
study, the behavior presented by T and B cells over the course of
wound healing was similar to those reported by Ribeiro ef al.’. The
lack of substantial lymphocyte infiltrate at three days is likely related
to the acute phase of the inflammatory response, maunly composed
of polymorphonuclear neutrophils®. The peak of lymphocytes
infiltrate observed in seven days might have occurred as a response
to active antigens presentation in peripheral lymphoid tissues, leading
to consequent proliferation, migration and accumulation of these
cell subsets at the injury site. The relevance of this finding lies in
the fact that lymphocytes, particularly T cells, are one of the major
sources of cytokines widely required to the progression of the healing
process, such as interleukin-2 (IL-2) and insulin-like growth factor
(IGFY, as well as macrophage activator factor (MAF), chemokines
and endothelial proliferation stimulator cytokines!'®. However, the
function of B cells in wound healing is still unclear, but a possible
role in the production of growth factors, e.g. fibroblast growth factor
(FGF), platelet-derived growth factor (PDGF) and transforming
growth factor-p (TGF- B), has been postulated'!. Subsequent gradual
decrease in the lymphocyte content appears to be related to the
progressive elimination of phlogistic bacterial-derived products and
necrotic debris, thus reducing the antigen presentation and lymphocyte
activation'?. Furthermore, the reduction of lymphocyte content at 21
days to the same levels observed in non-injured skin samples suggests
that the healing process advanced to the fibrous remodeling phase,
where the chronic phase of the inflammatory response has already
been dissipated®.

CD31 is a 130 kDa transmembrane glycoprotein found in
intercellular junctions of endothelial cells and the immunodetection
of this antigen has been used to identify endothelial cells in
experimental models'®. Angiogenesis displays an essential role
in wound healing, since the blood vessels content is the major
component of the granulation tissue, which grants the nutrients and
oxygen supply required to the reconstitution of the injured tissue’.
In this study, The pattern of immunohistochemical expression
of CD31 observed in this study, with a peak at seven days and
gradual decrease until 21 days. Thus, the increased number of
CD31-positive endothelial cells is related to the development of
the granulation tissue, and its decrease of the time course of the
experiment is likely associated with the progressive replacement
of the granulation tissue by the fibrous scar. The precise
mechanisms underlying such increase in endothelial cells and
capillary blood vessels remains unclear, but it has been suggested
that the accumulation of pro-angiogenesis growth factors derived
from lymphoid and stromal cells, such as FGFf3, TGFf, PDGF e
VEGF, might be responsible for this biological effect'. In fact,

the Immunolabeling patterns of lymphoid cells observed in this
study appears to support this theory. Furthermore, the long-term
persistence of a relatively high content of blood vessels until 21
days seems to suggest that, although it is advanced, the healing
process is still ongoing and not fully established.

Myofibroblasts are an intermediate cell type between
fibroblasts and smooth muscle cells responsible for meeting the
temporarily high demand for contractile cells in wound repair®.
Myofibroblasts express a-SMA, an early differentiation marker of
vascular smooth muscle cells, that confers to them a twofold stronger
contractile activity compared with o-SMA-negative fibroblasts
in culture'®. The major source of myofibroblasts in skin wounds
is the fibroblasts recruited from dermis and subcutaneous tissues
surrounding the wound, but pericytes and vascular smooth muscle
cells are also potential able to differentiate into myofibroblasts'>!¢. In
this study, the immunohistochemical expression of a-SMA in stromal
cells permeating collagen fibers was interpreted as positive markers
of myofibroblasts, whereas stained cells surround blood vessels was
considered consist with pericytes and then discarded. We found a
peak of myofibroblast differentiation at seven days, with progressive
decrease over 14 and 21 days, and a similar pattern was also reported
in many other previous studies*’. It has been reported that the
higher rate of fibroblasts differentiation into myofibroblasts at this
experimental time is likely related to at least three biological events
that typically occurs during the granulation tissue phase of wound
healing are required to promote the differentiation of fibroblasts into
myofibroblasts: accumulation of transforming growth factor 1 (TGF—
1), the presence of specialized extracellular matrix (ECM) proteins,
such as the ED-A splice variant of fibronectin; and high extracellular
mechanical stress of the ECM and cell remodeling activity'®. On the
other hand, further reduction of myofibroblasts number seems to occur
in response to apoptosis mediated by progressive decrease in local
levels of TGF—3¢. Studies have demonstrated that myofibroblasts are
essential to wound healing since there is a direct correlation between
the wound tension strength, as well as wound contraction rates, and
myofibroblasts differentiation'*.

Type I collagen is the major extracellular matrix compound
of the dermal and mucosal connective tissues and it is fundamental
to ensure the optimal mechanical properties of the healing scar.
Such biological activity depends on the optimal organization and
interaction between collagen fibrils as well as between fibers!”. In the
current studym the quantitative analysis of the immunohistochemical
expression of type I collagen, over the time-course of wound healing
showed progressive collagenization occurring from three to 21 days,
but even at the end of the experimental period, it remained lower in

comparison with the non-injured dermal tissues. In accordance with
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our data, several studies have also reported the same collagenization
profile in wound healing experimental models*'®. At earlier phases,
type I collagen fibers are scanty, thin, delicate and parallel-arranged,
but as long as the healing process evolutes, the fibers become gross,
thick, and display an interlaced arrangement. Such changes in the
density and architectural organization of the collagen fibers likely
occur to provide improvement of the tensile strength of the wounds.
Supporting this theory, it has been previously reported that about 3%
of the intact skin resistance is restored at the end of the first week
after the tissue injury, increasing to 30% at the third week and 90%
after three months®. In approximately one year, the type I collagen
content is quite close to that observed in non-injured skin, but the
wound will never reach 100% of their physiological resistance of

the normal dermal tissues®.

Conclusion

Lymphoid cells, myofibroblasts and microvessels

contents varied over the time-course of wound healing, with peak
at seven days and progressive reduction until 21 days. The type |

collagen content increased over time.
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