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Abstract

Background One of the undesirable complications that

might occur after breast augmentation with silicone

implants is capsular contracture. In its etiology, the rela-

tions between mast cells and myofibroblasts play an

important role in collagen synthesis. Mast cells are able to

activate fibroblasts into myofibroblasts, through paracrine

secretions, inducing collagen production. The objectives of

this study were to analyze the myofibroblast concentration

through the a-SMA immunomarker and evaluate the

intensity of mast cell expression against the C-Kit

immunomarker.

Material and Method Sixty-four Wistar rats were used,

divided into two groups (polyurethane foam and textured

surface) with 32 animals in each. The animals received

silicone implants on the back, below the panniculus car-

nosus, and after the determined period, they were killed

and the capsules formed around the implants were studied.

The capsules were analyzed employing the immunohisto-

chemical technique, with the a-SMA and C-Kit immuno-

markers in subgroups of 30, 50, 70 and 90 days.

Results The myofibroblast concentration was higher in the

polyurethane group when compared to the textured group

(30 days p = 0.105; 50 days p = 0.247; 70 days p = 0.014

and 90 days p = 0.536). The intensity of mast cell

expression was more pronounced in the polyurethane group

when compared to the textured group (30 days p = 0.798;

50 days p = 0.537; 70 days p = 0.094 and 90 days

p = 0.536).

Conclusions Polyurethane-coated implants induced higher

concentrations of myofibroblasts and higher expression of

mast cells, when compared to the textured surface

implants.
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Introduction

The most performed plastic surgery worldwide is breast

augmentation [1]. All material introduced into the human

body provokes a foreign body reaction with formation of a

fibrous capsule around it [2, 3]. The capsule might become

hard, causing deformity and breast pain, a condition known

as capsular contracture [4–6].

Regarding its etiopathogenesis, many studies have

already been carried out researching the variety of factors

involved: implant coating, biofilm formation, hematoma,

unsuitable surgical technique, pathological healing, among

others [3, 7–17].

Nowadays, the most used types of coating in silicone

implants are smooth, textured (nano, micro, intermediate

and macro) and polyurethane foam [1, 18–21]. From these,

the one with the lowest capsular contracture rate in breast

augmentation is polyurethane foam with a 0.4–1% rate,

followed by textured implants with 2–15% [19].

One of the reasons is the fact that polyurethane foam

biodegradation, through hydrolysis, prevents the adhesion

of fibroblasts and endothelial cells to the capsule collage-

nous layer, reducing the risk of contracture and extending

the inflammatory reaction [12, 22].

Also, during this process, new resulting vectors are

created on the surface of the silicone implant, with dif-

ferent lengths and directions, which justify the lower

incidence of capsular contracture in this type of coating

[23].

Polyurethane-coated implants, in spite of developing

thicker capsules, show an increase in non-collagenous

capsules, and, therefore, present lower amounts of type I

collagen, when compared to textured implants

[15, 22, 24, 25].

One unfavorable characteristic of the macro-textured

implants and those with polyurethane foam is that they

present a higher surface area, which makes them more

prone to biofilm formation. In their surface grooves, the

bacteria find a larger area to fix themselves. This is rele-

vant, because the risk of developing large cell anaplastic

carcinoma is 14.11 times higher with Biocell� (Allergan,

Dublin, Irlanda) implants and 10.84 times higher with

polyurethane implants [26].

As regards capsular contracture, the last publications on

the theme emphasize the cell interrelations and their rela-

tions with inflammatory mediators. In the cell environment,

studies have been developed on the factors that lead

fibroblasts to transform into myofibroblasts with a smooth

muscle alpha actin positive marker (a-SMA), and also how

this transformation is mediated by macrophages, T cells

and mast cells [3, 13, 16, 27–33].

Recently, the presence of toll-like receptor 4 in fibrob-

lasts and myofibroblasts has been reported and correlated

positively with estrogen receptors beta. These receptors,

when activated, induce a pro-fibrotic state with the trans-

formation of fibroblasts into myofibroblasts, and this pro-

cess is closely related to the female hormone estradiol [16].

Receptors (AT1R,H1RandTGF-bRl)were also identified in
fibroblasts, with expression for mediators produced by mast

cells (renin, histamine and the transform growth factor beta).

Another important connection between mast cells and fibrob-

lasts is the intercellular junctional communications, which

present six connexin proteins in their constitution, among

which connexin 42 outstands. Thus, through paracrine secre-

tions, mast cells are able to induce collagen production, acti-

vating fibroblasts and myofibroblasts [27, 28, 30, 33–35].

After activated, myofibroblasts become an important col-

lagen producing source, and this might contribute to the

development of capsular contracture [13, 16, 29, 32, 33, 36, 37].

In hypertrophic scars, there is a predominance of mast cells,

which in a normal scar do not appear in great number [29, 35].

The objective of this study was to compare the intensity

of the expression of mast cells, the myofibroblast concen-

trations, and to compare the capsules formed by poly-

urethane-coated silicone implants and those with a textured

surface.

Materials and Methods

This study was carried out at the vivarium of a State

University, after being approved by the Animal research

ethics Committee. All experimental steps were assisted by

the presence of a veterinarian.

The study comprises a double-blind randomized clinical

test, in which 64 Wistar rats (Rattus norvegicus) weighing

between 190 and 250 g, aged between 30 and 90 days,

were used. The animals were distributed in 500 cm3 acrylic

boxes with four animals in each. They received free access

to water and feed appropriate to the species, at room

temperature and 12 h circadian cycles. They were divided

into two groups with 32 animals each and called the

polyurethane group and textured group. They were then

subdivided into four subgroups according to the time when

death occurred (30, 50, 70 and 90 days).

The silicone implants used were polyurethane foam-

coated and textured surface, both donated by the company

Silimed (Maximum�, Rio de Janeiro, Brazil).

Experimental Steps

The rats were anesthetized using intraperitoneal injection

of 1% ketamine (40 mg/kg) and 2% xylazine (8 mg/kg).
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Next, they were put in the prone position and trichotomy

was performed on the back. The surgical procedure was

carried out in antiseptic conditions and with sterilized sil-

icone implants and surgical material.

The incision was performed on the back and the pocket

that housed the implants was made on the retromuscular

plane with scissors in a cranial direction, starting 5 mm

from the incision and with a square shape. The implants

were inserted and placed 5 mm from the incision. The skin

suture was performed with three simple stitches using

mononylon 5-0 (Fig. 1 and Video 1) (Mononylon Ethilon�,

Ethicon Incorporation, New Jersey, USA).

The wound was kept exposed, and postoperative anal-

gesia was applied with a single, intramuscular injection of

dipyrone (20 mg/kg) on the outside of the hind limb

[15, 38]. There were no postoperative dressings or stitch

removal.

The rats were killed according to their subgroups with

an application of ketamine and xylazine, corresponding to

four times the therapeutic dose and subsequent cervical

dislocation. Seven animals were excluded due to implant

extrusion—four from the polyurethane group (2 from the

50-day, 2 from the 70-day and 1 from the 90-day subgroup)

and three from the textured group (all of them from the

50-day subgroup).

The histological material was obtained upon bloc

resection, from the skin to the muscular plane, with the

surgical margins of the anatomical pieces 5 mm from the

edge of the discoid implants (Fig. 2 and Video 2).

Immunohistochemical Evaluation

The tissue microarray technique (TMA) was employed in

this research, which consists of a paraffin block holding

several samples of different tissues, whose relevant areas

for immunohistochemical stain were collected from several

donor blocks and rearranged on a single receiving block

[39, 40].

The immunohistochemical method was used with the

indirect technique employing the smooth muscle alpha

acting markers (a-SMA, 1:400, Dako, clone 1A4) and CD-

117 antibody (C-Kit, 1:100, Dako, clone A4502). The

pathologist did not know which animal group was being

investigated. During the result analysis, they selected the

best slides for photomicrographic documentation.

The immunomarked slides were then read, using an

optical microscope (Axio Scope.A1�, Zeiss, Oberkochen,

Germany), coupled to a digital camera (AxioCam MRc�,

Zeiss) and a computer with image analysis software (Ax-

ioVision�, Zeiss). Images were captured in a 400 9 high

power field (HPF), whose total area was 144.073,3 lm2,

with a 1024 9 768 pixel resolution, for each case of the

study.

A HPF image was chosen for the mask confection,

showing the suitable positivity for the biomarker chosen.

An image of the rats in the experiment was used rather than

one from the reaction control (Fig. 3).

The mask was then overlapped to the digital images of

the cases. Based on its ideal immunopositivity, the image

analysis software (Image Pro-Plus�, Media Cybernetics,

Fig. 1 a Pocked creation in the panniculus carnosus to house the implant; b introduction of polyurethane-coated implant; c introduction of the

textured surface implant; d implant positioned 5 mm from the incision; e final aspect in the immediate postoperative
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Rockville, USA) found the immunopositive areas in the

samples and transformed this data into immunopositive

area per square micrometer (lm2) (Fig. 4).

The area in lm2 generated by this method was then

divided by the constant 144.073,3 lm2, which is the total

area of the field under evaluation, generating a percentage

of immunopositive area through HPF. The mean percent-

age of area in HPF was calculated for each case.

Statistical Analysis

For the analysis presented below, the percentage of

expression of the a-SMA and C-Kit immunomarkers was

considered. From the results of the slide reading, data were

obtained as: 100 9 positive area/(positive area ? negative

area). This indicates that the variables under analysis (a-
SMA and C-Kit) correspond to the ‘positive’ area mean in

relation to the total ‘positive’ and ‘negative’ areas. The

statistical analysis was assisted by the software IBM SPSS

Statistics v.20� (International Business Machines, North

Castle, USA).

Results

Immunohistochemical Markers

Smooth Muscle Alpha Actin Marker (a-SMA)

In all groups analyzed (30, 50, 70 and 90 days), the mean

of the positive area percentage for the a-SMA immuno-

marker was higher in the polyurethane group, and in the

subgroup 70 days, it was statistically significant (Table 1

and Fig. 5).

Figure 6 illustrates the differences of positive area per-

centages for the a-SMA immunomarker between each of

the groups in the different subgroups under analysis.

Table 2 shows the ‘‘p’’ values of the results of a-SMA

positivity percentages in each group, comparing all the

subgroups, to verify whether a statistical difference would

be found between the groups.

CD-117 Antibody Marker (C-Kit)

In all subgroups under analysis (30, 50, 70 and 90 days),

the mean of positive area percentage of the C-kit

immunomarker was higher in the polyurethane group,

however, without statistical significance (Table 3 and

Fig. 7).

Figure 8 illustrates the differences of positive area per-

centages for the C-Kit immunomarker between each group

in the different subgroups under analysis.

Fig. 2 Bloc resection of the piece for histological study

Fig. 3 Photomicrograph showing smooth muscle alpha actin

immunomarked myofibroblasts, in the absence of polarized light

and myofibroblasts stained in brown (9 400)

Fig. 4 The same previous photomicrograph after the application of

the mask by the software Image Pro-Plus in the absence of polarized

light and positive expression of the immunomarker in red (9 400)
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Table 1 Comparison of the a-SMA percentage in both groups and in each subgroup

Subgroup Group a-SMA—positive area percentage p* value (P 9 T)

n Mean Median Minimum Maximum Standard deviation

30 P 8 30.7 31.9 20.3 37.8 6.0

T 8 20.7 23.6 3.4 34.1 12.7 0.105

50 P 6 21.9 21.0 12.2 35.9 8.1

T 5 17.7 10.8 2.4 53.6 20.9 0.247

70 P 7 30.2 26.6 22.2 44.1 8.8

T 8 16.5 16.2 5.4 30.7 8.0 0.014

90 P 7 31.5 32.1 12.7 48.0 14.1

T 8 26.6 16.4 10.9 69.7 22.8 0.536

*Mann–Whitney nonparametric test, p\ 0.05

Fig. 5 Photomicrograph of the polyurethane foam-coated silicone

implants and those with textured surface showing the myofibroblasts

in each group and in the different subgroups in the absence of

polarized light and myofibroblasts stained in brown (9 400). a, c, e,
g Polyurethane; b, d, f, h textured surface

Fig. 6 Percentages of smooth

muscle alpha actin between

each group in the subgroups

under analysis
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Table 4 presents ‘‘p’’ values of the results of the C-Kit

positivity percentages in each group, comparing all sub-

groups, to verify whether a statistical difference would be

found between the groups.

A significant difference was found in the textured group,

between the subgroups 30, 50, 70 and 90 days, in relation

to the C-Kit positive area percentage (p = 0.017). Thus, the

groups were compared in pairs, to see which groups pre-

sented statistical significance (Table 5).

As explained above, in the textured group, when the

different subgroups were compared one to the other, sta-

tistical significance was observed between the subgroups

30 and 70 days (p = 0.004) and between the 30 and

90 days (p = 0,003).

Discussion

The rat (Rattus novergicus albinus, Roentia mammalia),

chosen by the author, is the most used in capsular con-

tracture studies for presenting easy reproducibility of

results, resistance to surgical intervention, high availability

in vivarium, and the capsules formed around the silicone

Table 2 Comparison of a-SMA percentage values in each group

between the subgroups

Group p* value (30 9 50 9 70 9 90)

P 0.249

T 0.690

*Kruskal–Wallis nonparametric test, p\ 0.05

Table 3 Comparison of the C-Kit percentages in both groups and in each subgroup

Subgroup Group C-Kit—positive area percentage p* value (P 9 T)

n Mean Median Minimum Maximum Standard deviation

30 P 8 19.1 20.4 6.8 31.2 8.7

T 8 18.0 17.4 12.5 24.2 4.0 0.798

50 P 6 17.7 15.4 9.2 27.1 7.6

T 5 13.7 11.1 3.7 31.9 11.5 0.537

70 P 7 14.6 13.6 5.5 25.5 6.6

T 8 8.8 6.5 4.7 18.5 5.0 0.094

90 P 7 10.1 8.1 1.9 18.2 6.4

T 8 8.3 7.2 1.7 16.0 4.9 0.536

*Mann–Whitney nonparametric test, p\ 0.05

Fig. 7 Photomicrograph of the polyurethane foam-coated silicone

implants and those with textured surface, evidencing mast cells in

each group and in the different subgroups, in the absence of polarized

light and mast cells stained in brown (9 400). a c, e, g Polyurethane;

b, d, f, h textured surface
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implants can be studied in these animals after a 30-day

period [2, 12, 15, 22, 41–49].

The reason that polyurethane foam-coated implants and

those with a textured surface were chosen is that both

implants present the lowest rates of capsular contracture,

which were 0.4–1% and 2–15%, respectively [19].

A close relation between fibroblasts and mast cells was

seen which might lead to the pro-fibrotic condition. From

the evidence that supports this fact, we highlight the

identification of receivers in fibroblasts (AT1R, H1R and

TGF-bRl) with expression for the mediators produced by

the mast cells (renin, histamine and TGF-b), and the

existence of intercellular junctional communications,

mainly connexin 43 [35].

Recent studies involving in vitro cell culture have

demonstrated that through intercellular junctional com-

munications the mast cells influence the proliferation of

fibroblasts, the contraction of the fibroblast populated

collagen net, a greater transformation of fibroblasts to

myofibroblasts and reduced migration of fibroblasts and

that degranulated mast cells present similar behavior, due

to the maintenance of these intercellular communications

[27, 28].

Regarding the intercellular relation, mast cells were seen

to prevent dexamethasone-induced cell death in fibroblasts

cultivated in vitro. Junctional communications between the

mast cells and fibroblasts prevent the apoptosis of these

cells, resulting in a greater number of fibroblasts and

myofibroblasts, which might be related to hypertrophic scar

genesis [29].

Thus, through paracrine secretions, the mast cells are

able to induce collagen production through fibroblasts [30].

The mast cell released chymase results in an increase in the

TGF-b1/ SMAD intracellular signaling, resulting in pro-

liferation of fibroblasts in hypertrophic scars and in colla-

gen synthesis [33].

An interesting fact is that a small number of mast cells

can activate a great number of fibroblasts into myofibrob-

lasts, in a 1:10 ratio, to obtain maximum collagen synthesis

[28], while in situations where inactive mast cells are

activated, it results in the normalization of the number of

myofibroblasts and collagen [51].

Another way of activating mast cells is through the

bacteria Staphylococcus aureus. In an in vitro study, they

Fig. 8 Positive area percentage

for the CD-117 antibody (C-Kit)

between each group and in the

subgroups under analysis

Table 4 Comparison of C-Kit percentage values in each group and

between the subgroups

Group p* value (30 9 50 9 70 9 90)

P 0.149

T 0.017

*Kruskal–Wallis nonparametric test, p\ 0.05

Table 5 Comparison of the C-Kit positive area percentages in two

subgroups within the textured group, evaluating statistical

significance

Subgroups compared p* value

30 9 50 0.060

30 3 70 0.004

30 3 90 0.003

50 9 70 0.411

50 9 90 0.347

70 9 90 0.891

*Fisher’s exact test, p\ 0.008 (Bonferroni correction)
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were incubated with cytochalasin D or with anti-receptor

antibodies toll 2 or anti-CD 48, and their cell invasion

ability and that of initiating an inflammatory response were

inhibited [53].

In a study on capsular contracture in humans, the pres-

ence of mast cells around the capsules formed on silicone

implants was analyzed, and a greater number of mast cells

were found in the posterior capsular portion rather than in

the anterior one. Baker IV capsules showed greater num-

bers of fibroblasts when compared to Baker I capsules [30].

An attempt to reduce collagen production upon the

inhibition of mast cells has been the use of off-label anti-

leukotrienes. In a study with rats with textured silicone

implants which received a 5 mg/kg/day zafirlukast dose,

lower numbers of mast cells were found when compared to

the control group, which did not receive this medication

[43].

The present study is the first in the literature to evaluate

the presence of mast cells quantitatively. In both groups, in

all subgroups under evaluation, myofibroblasts were evi-

denced by a-SMA, always concomitantly to mast cells,

visualized by the use of the C-Kit immunomarker.

With results slightly different than the ones in this study,

Bui et al. [50] reported the absence of positive a-SMA

immunoreactivity in all capsules formed around textured

implants. However, it seems relevant to emphasize that

those authors researched humans, and this research was

developed with rats.

In a recent publication, Silva et al. [15] compared his-

tologically the capsules formed by polyurethane foam

implants and those with textured surface. They found a

result similar to the result of this study, with the poly-

urethane group, in all subgroups under evaluation, pre-

senting higher numbers of myofibroblasts, when compared

to the textured group.

Similarly to Vieira et al. [22], the animals in the poly-

urethane group showed more pronounced expression of the

a-SMA marker in all subgroups under evaluation when

compared to the textured group. The difference between

the studies is the fact those authors obtained statistical

significance in the subgroup 30 days, whereas in this study,

the results were statistically significant in the subgroup

70 days.

Unlike Hwang et al. [52], who stated that there was no

influence of the implant coating in the number of myofi-

broblasts, in this study, the polyurethane foam implants

presented higher numbers of fibroblasts. However, those

authors compared textured and smooth implants, in

humans, while in this study, polyurethane and textured

surface implants in rats were compared.

The results of this study do not agree with those found

by Younan et al. [9], who reported higher collagen matu-

ration upon activation of mast cells through

microdeformational wound therapy (vacuum assisted clo-

sure); in this study in both groups in all subgroups under

evaluation, mast cells were found in an inversely propor-

tional relation with the period of analysis. That is, the later

the period under analysis was, the lower the number of

mast cells was.

These data are also in agreement with Silva et al. [15],

who found in the relation time dependence, higher amounts

of mature collagen (type I) and lower amounts of immature

collagen (Type III), in groups with polyurethane and tex-

tured implants, in all subgroups.

Conclusion

Polyurethane foam-coated silicone implants induced higher

concentrations of fibroblasts and a higher intensity of mast

cell expression, when compared to textured surface

implants. In relation to the area percentage expressed by

mast cells, statistical difference was found in the textured

group between the different subgroups under analysis, and

when the groups were compared one to another, there was

statistical significance between 30 and 70 days and 30 and

90 days.
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