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Immature mast cells predominate in skin wound repair in senescent mice
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Role of mast cells in various phases of skin wound healing is well reported in literature. However, there is much
controversy about the importance of mast cells in skin wound repair. Few studies have demonstrated the presence of mast
cells in skin wound repair in middle-aged and senescent individuals. The mast cells are resident cells in the skin and
participate in the inflammatory process and wound repair response. It is known that there are major changes in the immune
system with aging, including in the skin. In this work, we evaluated the density and maturation of mast cells (mature,
intermediate and immature) at the edges of skin wounds in young, middle-aged and senescent mice by toluidine blue and
alcianine-safranin blue staining. We found that there is a significant decrease in mast cells in senescent mice. There is a
predominance of immature mast cells at all ages 5 days after injury. But the data are intriguing, as in senescent mice there
are fewer mature mast cells. Further studies should be carried out to understand the role of mast cells during aging.
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Mast cells (MCs) are cells of the immune system,
derived from pluripotent bone marrow cells that
participate in processes such as acute and chronic
inflammation, tissue repair, pathogens removal,
maintenance of tissue homeostasis, allergies and some
autoimmune diseases'. MCs are distinguished by
protease compounds, having predominantly tryptases,
chymases or both®’. In connective tissue MCs are
present that have both proteases with a granular
heparin-rich profile, whereas MCs present in the
mucosa have a predominance of chymases’. MCs
considered mature have granules with a higher
amount of proteases and those with a higher amount
of proteoglycans are immature’. In addition, they
express different patterns of tissue-specific cytokines
and receptors that provide functions related to the cell
context, being the immune system cell with the
highest transcriptional activity®. These cells are
resident in the skin and are found near blood vessels,
lymphatic vessels, glands, smooth muscle, and nerves
ensuring homeostasis’®. When have an injury to the
skin there are phases of repair that are coordinated
and overlapping: hemostasis, inflammation, tissue
formation and remodeling’.

After injury, MCs release pro-inflammatory and

immunomodulatory mediators, such as histamine and
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TNF-0, responsible for inducing blood clotting,
preventing exacerbated blood extravasation'®''. In
addition, keratinocytes and macrophages release
monocyte chemoattractant protein-1 (MCP-1), which
is responsible for recruiting mast cells from the
peripheral blood. In the inflammatory phase they
increase vascular permeability and allow recruitment
of neutrophils and monocytes (which differentiate
into macrophages) that produce pro-inflammatory
cytokines (such as IL-1a and TNF-a) for activation
and proliferation of keratinocytes and fibroblasts and
increasing angiogenesis'”'>. Resident MCs, along
with recruited mast cells, secrete factors that mediate
reepithelialization and angiogenesis of the injured
site, among these factors are secreted vascular
endothelial growth factor (VEGF), epidermal growth
factor (EGF) and fibroblast growth fator (FGF)"*'*. In
the final stage of repair, recruited MCs through the
secretion of mediators indirectly stimulate fibroblasts
by acting on their proliferation, synthesis of
extracellular matrix, and differentiation of fibroblasts
into myofibroblasts'>"".

Depletion of mast cells does not interfere with
wound repairm’”. However, other studies demonstrate
that their absence is also unrelated to bleomycin-
induced decrease in fibrosis'’. Skin wound models in
diabetic mice have increased degranulation of these
types of cells when compared to non-diabetic
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animals'®>. However, it is believed that the
discrepancies found in these studies are due to the
different mice models used, which consequently show

some alteration in the immune system'”.

With skin aging there are also several changes,
such as an excess of senescent cells, decreased cell
proliferation/tissue recovery, decreased reepithelialization
rate, alteration of the extracellular matrix with
decreased collagen production and increased collagen
degradation, pro-inflammatory environment that
provides undesirable situations such as the appearance
of pathologies and scars, resulting in decreased skin
elasticity””*. Role of mast cells various phases of
wound healing, particularly in the repair of skin
wounds in middle-aged and senescent individuals has
been reported already. In view of the great changes
that occur in the immune system with aging, including
in the skin, in this work, we evaluated the quantity
and maturation of mast cells at the edges of skin
wounds of young, middle-aged and senescent mice.

Material and Methods

Animals

For the experiment, male Swiss mice with 8, 40
and 67 weeks of age, identified as young, middle-
aged and senescent, respectively, were used. The
animals were kept in a breeding unit of the Natural
Sciences Department, UFSJ, Brazil. After weaning
they remained in the Experimental Animal Laboratory
with standard mouse chow and water, according to the
recommendations of the Ethics Committee on Animal
Experimentation of UFSJ (Comité de ética em
experimentagdo animal- CEUA-UFSJ). Each group
contained six mice per point time.

Wounding

Mice were anesthetized with i.p. 0.10 mL of a
solution of Ketamine hydrochloride (97 mg/kg)
(Dopalen injectable Vetbrands) and xylazine
(16.5 mg/kg) (Dopaser solution for injection) diluted
to a concentration of 1:3 in physiological saline.
Afterward, the dorsal thoracic skin on the right side
was shaved and wounded. A sagittal, lcm long, full-
thickness linear incisional lesion was made with a
razor blade and immediately closed with a micropore
tape. Animals were euthanized with lethal anesthesia
within 5 days after injury, shaved when necessary,
and the skin around the lesion was dissected. The
sample was cut in half perpendicular to the lesion
and the separate pieces were then fixed for histology.

Histology

For histology, skin was fixed immediately in
Carlson formalin in Milloning bufter (pH=7.0 for 24 h)
and embedded in paraffin. Serial 5 pm transverse
sections from the middle of the wound. Toluidine blue
stains were performed to identify mast cells and
alcian blue-safranin to assess mast cell maturation.
Digital images of tissues were obtained using a BX50
Olympus microscope (Olympus, Tokyo, Japan) and
an Olympus Q colour 3 camera, which was connected
to a computer running the Q-capture pro software
program (Q Imaging, Surrey, BC, Canada).

Morphometric analysis in light microscopy

The photographs were acquired with an optical
microscope (Olympus BX51) coupled to the
MOTICAM 3000 image acquisition system (2.0 M
pixel) and evaluated using ImageJ software version
1.44 (Research Service Branch, US National Institutes
of Health, Bethesda, MD, USA).

Five fields per slide were obtained for toluidine
blue staining and for Blue-Safranin staining at 400X
magnification at five days after the lesion was made.
Subsequently, a semi-randomization method was used
to exclude altered areas (eg. accumulation of
materials, blank spaces, and areas containing large
structures such as sebaceous glands and pilosebaceous
follicles) and ensure the representativeness of the
photographs.

Statistical analysis

Statistical analyses were performed using the
GraphPad Prism 7 software (GraphPad, USA) and the
statistical significance of differences between groups
for mast cells density or to identify mast cell
maturation stages was determined by one-way
ANOVA followed by the Student-Newman-Keuls
test. Values of P <0.05 were considered significant.
Data are reported as mean + SD.

Results

To calculate the density of the number of mast
cells, toluidine blue dye (Fig. 1) was used by counting
the cells at the wound edge of each mouse, as
described by Marcos Garcés et al*', obtaining the
average number of mast cells per experimental group
by the area in square micrometers.

On slides stained with Alcian Blue-Safranin
(Fig. 2), mast cells were classified according to their
maturation. This staining can distinguish between
mast cell granules containing weakly sulfated
mucopolysaccharides with affinity for Alcian Blue
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and strongly sulfated ones with affinity for Safranin
by a colour change. First, mast cell granules are
formed by a large synthesis and accumulation of a
heparin precursor, which has a strong affinity for
Alcian Blue, followed by synthesis and accumulation
of heparin N-sulfated with chymases.

Finally, histamines that are part of the granules are
synthesized, with affinity for safranin®. Based on this
colour change, we have identified and distinguished,
three stages of mast cell maturity in this study. These
stages include immature mast cells, strongly stained
blue with Alcian Blue, intermediate mast cells,

and safranin (purple), and mature mast cells stained
red with safranin (Fig. 2 A-C).

When we evaluated the maturation of these mast
cells with the alcian blue-safranin dye, it was
observed that the decrease in mast cell density at
senescence reflects in different maturation stages,
such as: immature, intermediate and mature, with a
predominance of immature mast cells at all ages
(Figs 2C, 3C and 4).

Young mice have more mast cells than senescente
animals, with a predominance of immature and mature
mast cells (Figs 2C, 3% and 4). On the other hand,

stained blue and red with the mixture of alcian blue = middle-aged mice have a similar number of mast cells
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Fig. 1 — The total density of mast cells in mouse skin wounds decreases with aging. Mast cell count was performed at the edge of the
incisional wound bed. Mast cells were identified as shown (black arrow) in (A) young mice; (B) middle-aged mice; and (C) senescent
mice. (D) The total mast cell density per um? was calculated from the number of total mast cells in five randomly selected fields, close to
the wound, totaling an area of 50,000 um? at 400X magnification. Young mice are represented by the dark gray bar, middle-aged mice are
represented by the light gray bar, and senescent mice are represented by the white bar. Slides were stained with Toluidine Blue (A, B, C).
A-C: 400X. Data represent + SEM, *P <0.05 and ***P <0.0001 indicates statistical differences in relation to the group of young mice,
and **P <0.005 indicates the statistical difference in relation to the group of middle-age mice, n=5.
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Fig. 2 — Mast cell maturation is different in aging mice skin wounds. Cells were classified as (A) immature; (B) intermediate; (C) mature
stained, respectively, in blue, and purple (blue and red) and red. Scale bar: 20 um, A-C: 400X; and (D) The density of immature,
intermediate and mature mast cells was calculated in five randomly selected fields, close to the wound, totaling an area of 50,000 pm? at
400X magnification. Immature mast cell counts are represented by dark gray bars, intermediate mast cell counts were represented by light
gray bars and mature mast cells are represented by white bars. Counting was performed on biopsies from the three experimental groups,
young, middle-aged and senescent mice. Slides were stained with Alcian-Blue and Safranina. Data represent + SEM, * P <0.05 indicates
the statistical differences between the senescent animals and the group of young mice, n=5.
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Fig. 3 — Mast cell kinetics in the skin wound of aging mice. Differences between the number of immature, intermediate and mature mast
cells in (A) young mice; (B) middle-aged mice; and (C) senescent mice. *P <0.05, **P <0.005 and ***P <0.0001.
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Fig. 4 — Schematic representation of the maturation of the most
representative mast cells present on the edges of skin wounds in
mice at different ages. Young mice have a greater number of
mature mast cells, middle-aged mice have a greater number of
intermediate mast cells, while senescent mice have a greater
number of immature mast cells. Mast cell granules are formed by
major synthesis and accumulation of a heparin precursor,
followed by synthesis and accumulation of N-sulfated heparin
with chymases, and finally, histamines are synthesized. The cells
in the schematic drawing represent: red, mature mast cells; light
red, intermediate mast cells; and blue, immature mast cells.

as young and senescent mice (Figs 2C and 3). In
middle-aged mice, there is no statistically significant
difference in intermediate or mature mast cells (Figs
3B and 4). Senescent animals have fewer mast cells
compared to young mice (Figs 2D, 3 and 4). A
decrease in mast cells is generally observed during
aging in immature, intermediate and mature cells. As
shown in figures 3 and 4, senescent animals have
fewer immature and mature mast cells when
compared to young animals. In addition, it is observed
that there is a predominance of intermediate and
immature mast cells in senescent animals (Figs 2C
and 4).

Discussion

Resident mast cells rapidly degranulate after skin
injury, releasing their preformed immunomodulatory
mediators''. By locating mast cells, commonly found
close to blood vessels, lymphatic vessels and nerves**
at the edges of wounds. It is important to highlight
that the different ways of identifying mast cells in the
wound bed can bring different interpretations, because
several types of dyes are used to identify mast cells,
such as toluidine blue, which is a metachromatic dye
that binds in mast cell granules. There are works that
mark chimases or tryptases present in the granules of
mast cells”. Another factor that differs is the age of
the animals or humans, which is not the same in most

papers®. Furthermore, some studies show that there
are differences in the number of mast cells according
to the age of the surgical or pathological scar, with an
increase between 3 and 12 months after surgery”®*’.
There is consensus that there are mast cells in all
phases of skin wound repair, having in the
inflammatory  phase, granulation tissue and
remodeling’ The study of mast cells in aging skin is

still little explored and also controversial.

In this work we used toluidine blue dye that stains
all mast cell granules and Alcian blue Toluidine to
verify mast cell maturation”’. Our results showed that
there was a decrease in the number of these cells
following aging. Corroborating our results, other
studies have already shown that there is a decrease in
mast cells in aged skin®*’. In a study with rat skin,
the mast cell count was higher in the intrauterine
group and gradually decreased with age®. Hart and
colleagues suggest that as they age, BALB/c mice
decrease the prevalence of dermal mast cells®.

In addition, we observed a decrease in the
maturation of mast cells at the edges of wounds with
aging, indicating a decrease in cell activation and
differences in the content of their granules. Some
works indicate that changing the cellular context is
possible to influence the expression of receptors®®',
cytokines and the dominant content of mast cell
granules’. In this way, it becomes possible for mast
cells to be at different stages of maturation in the
same tissue at different periods of life.

Mast cells have a role in the activation of
fibroblasts leading to proliferation, activation and
production of collagen, differentiation into
myofibroblasts that is important in wound contraction
with action, mainly, of chemases, histamines and
some cytokines such as TGF-B1, TNF***. In this
study we showed no evidence of impairment in
wound closure compared to young and middle-aged
animals (data not shown), but it is important that
further studies are done to understand the activation
of fibroblasts in general and by mast cells in senescent
skin.

Several works highlight the changes in the skin that
accompany aging. Among these changes are changes
in the extracellular matrix such as the narrowing of
the epidermis and dermis, increased water loss, and

collagen and elastin fragmentation™** .

Changes in immune composition such as reduced
Langerhans cells, decreased antigen-specific immunity,
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and increased regulatory populations such as Foxp3+
regulatory T cells”’. Finally, changes in the
biomechanical properties of skin cells, such as
fibroblasts in the dermis’® and defects in the renewal
and differentiation of epidermal keratinocytes, related
to the abnormal expression of microRNAs that
regulate cell death and autophagy™. These
modifications change the cellular context and may
favor undesirable conditions, including the difficulty
of repairing lesions™’. Yamashita et al. showed that
Klotho mice, which have premature aging, had a
slower rate of skin wound closure compared to
control mice®’.

Studies have shown a positive correlation between
the prevalence of mast cells and the expression of the
receptor for the stem cell factor, c-Kit in these cells,
suggesting a loss of mast cell function in the skin with
aging”. Pilkington and colleagues also showed that
there is a change in the phenotype of mast cells in
human skin biopsies with aging, suggesting that these
cells have altered functionality and distribution.
Although mast cells are more numerous in the
papillary dermis, they appear to have a lower
incidence of degranulation in aged skin biopsies than
in young skin biopsies™. Dileepan et al.’ suggest that
mature mast cells express higher amounts of proteases
and immature proteoglycans. However, there is
evidence that B-1 tryptase is present in granules of
immature, intermediate and mature mast cells, in
addition, histamine at higher levels in mature mast
cells, but without statistically significant difference.
However, VEGF levels were higher in intermediate
and mature mast cell granules®”.

Some works indicate that tryptase has chemotactic
and mitogenic effects on dermal fibroblasts, it also
stimulates the synthesis, contraction and differentiation
of procollagen mRNA in myofibroblasts**%. Furthermore,
studies suggest that histamine may increase collagen
production by fibroblastos’*** and VEGF may
promote scarring in fetal wounds early in
pregnancy”*°. Our results suggest that over time, the
changes that occur in the tissue niche may result in a
decrease in the participation of mast cells in the repair
process. Despite this, given that repair still takes place
in aged skin and that cellular and molecular plasticity
in the skin is a characteristic observed by many
authors, the data from this work encourage us to
suggest that there is a more active participation of
other cell types, than mast cells, in the skin healing
process in the elderly.

Conclusion

These data suggest that mast cell participates in the
skin repair process in young and middle-aged mice.
However, this activity appears to decline with aging.
We also believe that other cell types must be
participating more actively in the wound repair
process in the aged skin, as the repair process
continue to occur.
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