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Background: Capsular contracture remains a common complication after implant-
based breast reconstruction. Previous work has suggested that the use of acellular
dermal matrix (ADM) reduces the rate of capsular contracture, though little is
understood about the underlying mechanism. As myofibroblasts are believed to
be the key cells implicated in contracture formation, we hypothesized that ADM
would result in a reduction in periprosthetic myofibroblast concentration.
Methods: Five patients who underwent immediate prepectoral tissue expander
placement with anterior ADM coverage and an inferior cuff were included. At the
second stage, tissue samples were obtained of both ADM and capsule from each
reconstructed breast. Samples were then prepared for hematoxylin and eosin stain-
ing and immunohistochemistry for myofibroblast identification (alpha smooth
muscle actin and vimentin positive and desmin negative) and analysis. Experimen-
tal values are presented as mean * SD unless otherwise stated. Statistical signifi-
cance was determined using unpaired ¢ test.

Results: Successful incorporation of ADM was noted in all cases. A significant re-
duction in myofibroblast concentration was noted in the ADM versus the capsule
(P = 0.0018). This was paralleled by significantly thicker periprosthetic capsule
formation overlying the formerly raw pectoralis major muscle, that is, not covered
by ADM (P< 0.0001).

Conclusions: In the presence of ADM, there are significantly fewer myofibroblasts
in breast capsules and thinner capsules on histology. Given the central role of myo-
fibroblasts in the development of clinically significant capsular contracture, this
study unmasks a possible mechanism for the protective effect of ADM with respect
to capsular contracture development. (Plast Reconstr Surg Glob Open 2019;7:¢2213;
doi: 10.1097/GOX.0000000000002213; Published online 17 May 2019.)

INTRODUCTION
Implant-based breast reconstruction is the most com-
mon reconstructive modality after mastectomy in the Unit-

erative pain, minimal morbidity, and prevention of anima-
tion deformity.” However, critics comment on the fact that
“prepectoral” reconstruction (ie, subcutaneous implant

ed States. However, the heterogeneity of outcomes within
this group is quite substantial and is related to the timing
of reconstruction (staged reconstruction versus direct-to-
implant reconstruction), plane of implant placement, and
use of acellular dermal matrices (ADM)."® In recent years,
prepectoral breast reconstruction has become increasingly
popular due to the ease of technique, decreased postop-
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placement) was performed in the 1970s and eventually
abandoned due to high complication rates.*'* A main
reason for the transition from prepectoral to submuscular
device placement was the high incidence of capsular con-
tracture associated with subcutaneous device placement.®
Substantial advances have been made since, with one of the
most important being the introduction of acellular dermal
matrices in breast reconstruction.!

A particularly challenging problem in implant-based
reconstruction is the development of capsular contrac-
ture.?>'21 Its clinical manifestation ranges from a palpable
to a visible and painful deformity, with a reported inci-
dence of >10%.2%121% In fact, it remains one of the most
commonly reported complications in implant-based breast
surgery.>'? All surgical implants undergo some degree of
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encapsulation due to a natural foreign body reaction by the
surrounding native tissues. Clinically significant breast cap-
sular contracture, however, results in discomfort, cosmetic
deformity, and need for revision surgery.2*'2!13

The exact mechanism for this troubling complication
is not yet completely understood. It has been suggested
that the hypertrophic, circumferential scar is driven by the
stimulation of myofibroblasts that are known to be present
within the periprosthetic capsule."*'® Various strategies
have been used to attempt to reduce the risk of capsular
contracture. There is an increasing body of evidence that
supports a multimodal therapy of site change, implant
change, and the use of ADM to reduce the reoccurrence
of capsular contracture.®>!31416-18

ADM was first introduced by Breuing and Warren'
as an adjunct to improve outcomes after implant-based
breast reconstruction. Subsequent clinical studies demon-
strated that ADM was associated with a decrease in the rate
of postoperative capsular contracture.”? The integration
of ADM into host tissue has been demonstrated histologi-
cally and, thus, has further supported its preventative ef-
fect on capsular contracture development.®!%1620:21

Here, we investigate the periprosthetic microenvi-
ronment to better understand the effect of ADM on the
microenvironment cellular activity, specifically on the
key cell implicated in capsular contracture—the myofi-
broblast. The interplay of dermal presence and second-
ary contracture is well known. In the 1970s, Rudolph®
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demonstrated that wounds covered with full-thickness
skin grafts resulted in reduced myofibroblast activity in
comparison to wounds covered with split-thickness skin
grafts or those that healed by secondary intention. Apply-
ing these observations to breast reconstruction, we thus
hypothesized that the presence of acellular dermis reduc-
es the myofibroblast concentration in the periprosthetic
microenvironment, thus, contributing to a decreased cap-
sular contracture rate after ADM use. We also questioned
whether the presence of acellular dermal matrix increased
angiogenesis relative to the periprosthetic capsule alone.
Our primary aim was to determine if the presence of ADM
resulted in a reduced periprosthetic myofibroblast con-
centration in patients undergoing breast reconstruction.

METHODS

Institutional Review Board approval was obtained be-
fore conducting the study. Samples were obtained from
patients who had undergone prepectoral tissue expander
placement using a technique of anterior ADM coverage
with an inferior cuff. Thus, at the time of tissue expander
removal and secondary reconstruction, the surgical field
provided for a unique opportunity to investigate the ef-
fect of ADM on the underlying wound bed as ADM cov-
ered pectoralis major muscle was located side-by-side
with prepectoral capsule (distinct from ADM) formation
(Fig. 1). Between August and October 2017, we obtained

Fig. 1. Intraoperative tissue sampling technique. Note that the inferior-cuff technique of ADM inser-
tion allows for an intraindividual side-by-side analysis of ADM-covered pectoralis major muscle and
formerly raw surface that has formed a prepectoral capsule.
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tissue samples from both (1) the periprosthetic capsule
disparate from the ADM (denoted as “capsule” hereafter)
and (2) the incorporated ADM itself (denoted as “ADM”
hereafter) from each breast in 5 consecutive patients un-
dergoing tissue expander removal and secondary breast
reconstruction (Table 1). After excision of the respective
specimen, samples were kept on ice and transported to
the laboratory.

Hematoxylin and Eosin Histology

Portions of capsule and ADM were designated for
hematoxylin and eosin (H&E) staining. Specimens were
fixed in 10% neutral buffered formalin for 16 hours at
4°C. They were then washed with phosphate-buffered sa-
line (PBS), embedded in paraffin, and sectioned. Sections
were stained with H&E and imaged using a Leica DM5000
B Light microscope (Leica Microsystems; Buffalo Grove,
IL) at the 10x objective.

Immunofluorescent Histology

A portion of each sample was designated for immu-
nofluorescent staining. The specimens were fixed in 10%
neutral buffered formalin for 16 hours at 4°C. They were
then washed 5 times in PBS over 5 hours before being
placed into 30% sucrose in PBS. Specimens were soaked
in the 30% sucrose for 7 days. They were then embedded
in cryoembedding medium (OCT, Sakura Finetek, Alphen
aan der Rijn, Netherlands). The 6-pm-thick sections were
cut and placed on glass slides. The slides were soaked in
PBS for 5 minutes to remove OCT. Hydrophobic squares
were drawn around the sections (PAP pen; Abcam, Cam-
bridge, UK), and the sections were permeabilized in 0.2%
Triton X-100 (Sigma Aldrich, St Louis, MO) and then
washed 3 times with 0.05% Tween-20 (Sigma Aldrich) in
PBS (PBST). Blocking solution (Power Block; BioGenex,
Fremont, CA) was placed over the sections for 1 hour. Sec-
tions were then incubated with primary antibodies against
alpha smooth muscle actin (a-SMA) (goat anti-0-SMA
antibody, cat Ab21027, 1:20; Abcam), desmin (mouse

Table 1. Patient Demographics

antidesmin antibody, cat Ab8470, 1:20; Abcam), and vi-
mentin (rabbit antivimentin antibody; cat Ab137321,
1:20; Abcam) dissolved in blocking solution overnight at
4°C. The next morning, the sections were washed 3 times
with PBST. The sections were then incubated with second-
ary antibodies (donkey anti-goat IgG Alexa Fluor 647, cat
150131, 1:400; Abcam; donkey anti-rabbit IgG Alexa Fluor
488, cat 150073, 1:400; Abcam; goat anti-chicken IgY H&L
Alexa Fluor 555, cat Ab150170, 1:400; Abcam), washed 3
times with PBST, and mounted with 4”,6-diamidino-2-phe-
nylindole (DAPI)-containing aqueous mounting medium
(Fluoroshield with DAPI; Abcam).

A subset of slides from each sample was stained with
the primary antibody anti-human CD31 (or PECAM, cat
Ab28364, 1:30; Abcam), which labels endothelial cells,
and the secondary antibody donkey anti-rabbit (IgG Al-
exa Fluor 488, cat 150073, 1:400). Immunofluorescent
images were obtained using the Zeiss LSM700 confocal
microscope. Three random images were taken per section
at 20x magnification, with 3 slides per sample and patient.

Morphometric and Densitometric Analysis

The samples were then analyzed using Image] (NIH,
Bethesda, MD) for the presence of myofibroblasts. Here,
we used the DAPI stain to represent all cells. Myofibroblasts
were detected by noting the presence of staining for vimen-
tin and a-SMA and the absence of desmin. Two authors
(MRB and DI), blinded to the sample type, counted by hand
the number of cells (identified by the presence of a nucleus)
positive for both vimentin and 0-SMA and negative for des-
min. Ten representative samples of each specimen at 20x
magnification were included for analysis. Samples were also
analyzed for the degree of vascularization, indicated by posi-
tive staining for CD31. The area in pixels of fluorescence-
positive area per total scanned area at 20x magnification
(750 pm x 750 pm) was quantified using Image] and com-
pared between ADM and periprosthetic capsule specimens.
This analysis was conducted in 10 representative samples of
each specimen at 20x magnification.

Interval from

Index Surgery Previous
Patient Age BMI (Months) XRT Diagnosis Procedure
1 44 24.8 6 + Recurrent right breast (1) Right prepectoral TE + ADM — (2)
cancer h/o R BCT right delayed immediate-free abdomi-

nal flap reconstruction

2 70 34.3 5 - Left IDC (1) Bilateral prepectoral TE + ADM
— (2) bilateral expander—implant
exchange

3 52 29.2 5 - Right ILC (1) Right prepectoral TE + ADM — (2)
right delayed immediate-free abdomi-
nal flap reconstruction

4 40 31.7 6 - Right IDC (1) Bilateral prepectoral TE + ADM —
(2) bilateral delayed immediate-
free abdominal flap reconstruction +
implant placement

5 57 35.3 4 - Left LCIS + (1) Bilateral prepectoral TE + ADM —

microinvasion (2) bilateral delayed immediate-
free abdominal flap reconstruction +

implant placement

BCT, breast-conserving therapy; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; LCIS, lobular carcinoma in situ; TE, tissue expander, h/o R,

history of right.



Regarding H&E staining and quantification, the cap-
sule edge of each specimen was marked and actual cap-
sular thickness was measured in pixels for each image
and converted to millimeters. Three serial microscopic
images at 10x magnification were captured for each
patient, and average score per patient was then deter-
mined.

Statistical Analyses

Continuous parametric experimental data were pre-
sented using the mean = SD unless otherwise stated. For
each patient, the (1) periprosthetic capsule disparate
from the ADM and (2) ADM itself were analyzed; thus,
each patient acted as their own internal control. Paired
¢ tests were used to compare means between groups. A P
value of <0.05 was considered statistically significant, and
all statistical analyses were conducted on the GraphPad
Prism software (San Diego, CA).

RESULTS

Patient Characteristics

Specimen of 5 patients with a mean age of 52.6
years (range 40-70 years) and a mean BMI of 31.1kg/
m? (range 24.8-35.3kg/m?) was collected. Four pa-
tients had primary breast cancer. One patient presented
with recurrent disease after breast-conserving therapy
and, thus, was the only patient with a history of radia-
tion therapy (XRT). Three patients underwent bilateral
mastectomy with reconstruction, whereas 2 patients un-
derwent unilateral reconstruction. The mean interval

A ADM capsule

Prepectoral capsule
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between the reconstructive procedures was 5.2 months
(range 4-6 months) (Table 1). After tissue expander
removal and ADM/capsule collection, 1 patient under-
went silicone implant placement, 2 patients underwent
delayed immediate-free abdominal flap transfer, and 2
patients underwent hybrid breast reconstruction with
free abdominal flap transfer and simultaneous implant
insertion. Of note, incorporation of the ADM was noted
in all cases.

Capsule Thickness

Prepectoral capsules and ADM specimens were harvest-
ed in the study patients during the second reconstructive
stage. Here, we see that ADM capsules were significantly
thinner than their periprosthetic counterparts using the
H&E analysis (P< 0.0001, Fig. 2).

Myofibroblast Presence

Myofibroblasts have been shown to be the predomi-
nant cell in breast capsule formation. To examine the
myofibroblast presence in the capsules, we analyzed the
presence of myofibroblasts using immunofluorescent
staining for a-SMA, vimentin, and desmin. Here, we
see that there are significantly lower numbers of myo-
fibroblasts present in the ADM versus the capsule (P =
0.0018) (Fig. 3). As scarring is a complex multisystemic
process, we then examined each patient’s ADM versus
capsule separately, so that there was an inherent internal
control.

Here, we found that patients numbered 1-4 had a
significantly decreased presence of myofibroblasts in the
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Fig. 2. Capsule quantification. (A) H&E staining of ADM (top left) and capsule (top right) specimens following paraffin embedding. The
capsule edge was marked and actual capsular thickness was measured in pixels for each image and converted to mm. Graph (right) dem-

onstrates a significantly thinner capsule in ADM capsule (p<0.0001).
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Fig. 3. H&E staining of capsule (A) and ADM (B) specimens after paraffin embedding. Immunohistochemical composite staining of a-SMA
(red) and vimentin (green) positive cells in capsule specimen (C) and ADM (D). The overlap of the green and red channels in this composite
image appears as yellow (myofibroblasts). Desmin (white) positive cells were not counted. E, Percentage of myofibroblast staining in the
cellular microenvironment of capsule (blue) and ADM (red). Here, we see that there was a significant myofibroblast predominance in the

capsule vs the ADM, P =0.0018.

ADM versus the capsule (P < 0.001) (Fig. 4), supporting
our hypothesis. Patient 5 also had a trend of increased
myofibroblast presence in the capsule versus the ADM;
however, this was not a significant finding (P> 0.05).

Vascularization

The vascularization of the ADM and periprosthetic
capsule specimens was assessed by CD31 staining. Our
results indicated that there was no significant difference
in vascularization between the ADM and periprosthetic
capsule specimens (0.37+0.29 versuus 0.48+0.62 fluores-
cence-positive area, P=0.82) (Fig. 5).

DISCUSSION

Capsular contracture is a common complication af-
ter implant-based breast reconstruction.*'? It can result
in cosmetic deformity, pain, patient morbidity, and addi-
tional surgical procedures. Previous studies have suggest-
ed that the use of ADM is associated with a reduced rate
of capsular contracture.”®' The mechanism, however, is
poorly understood. Here, we demonstrate that well-known

cellular mechanisms may be at play. The protective effect
of the surgical treatment of open wounds with skin grafts
with respect to subsequent scar contracture is well known.
Skin grafts have been shown to accelerate the myofibro-
blast life cycle, leading to accelerated disappearance of
the myofibroblasts from the wound bed.?? In addition,
Brown, Garner, and Young demonstrated that the capac-
ity of a skin graft to inhibit wound contraction is directly
proportional to the amount of structurally intact dermal
collagen present in the graft.”® We believe that the same
mechanism may be at play in implant-based breast surgery.

After mastectomy and tissue expander/implant inser-
tion, the tissue in contact with the device is essentially a
raw wound bed that heals by secondary intention, that is,
scar/capsule formation. Capsular contracture is believed
to be the clinical corollary of the intrinsic propensity of
the resulting capsule to contract. Incorporation of ADM
in the reconstruction, however, allows the internal breast
wound to be “grafted,” thus potentially halting the unfa-
vorable sequelae of contracture formation, analogous to
skin grafting an open wound.?
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Fig. 4. Intraindividual results of percentage of myofibroblast staining (after immunofluorescence de-
tection as shown in Fig. 3) in the cellular microenvironment of capsule (blue) and ADM (red) showing
patients 1-5. A significant reduction in myofibroblasts in the ADM vs capsule was seen in patients 1-4.

We hypothesized that the presence of acellular der-
mis reduces myofibroblast cellular predominance, as was
shown decades ago by Rudolph® in a study of wound heal-
ing. Indeed, by examining both the periprosthetic capsule
and the ADM cellular microenvironment histologically, we
found that the presence of acellular dermis resulted in a
significant reduction in myofibroblast concentration in the
periprosthetic tissues and thinner capsules. Importantly, we
were able to demonstrate the favorable effects of ADM on
myofibroblast concentration using intraindividual controls.
Interestingly, we examine the posterior capsule and per-
haps, there are different forces acting on the anterior versus
posterior capsule that may indeed alter the niche microen-
vironment and the resident cells. A further study could fo-
cus on the different cellular profiles present at the different
areas of capsule in an effort to better understand capsular
contracture formation. In addition, it would be interesting
to explore the microenvironmental changes in capsules at
different phases of development, as the capsules examined
in our study developed 4-6 months postplacement.

Our findings provide an explanation for the clinical
observations of decreased capsular contracture formation
after ADM use in implant-based breast surgery.*>!%** De-
spite these favorable observations, we wish to disclose limi-
tations of the present study. These include a small sample
size and the fact that we only examined myofibroblast
concentration. Future studies will focus on myofibroblast

6

activity and proliferation in a larger number of patients.
Another limitation is the age of the capsule. Specimens
were obtained after a mean of 5.2 months. Hence, we can-
not draw any conclusions regarding the long-term devel-
opments that occur in the periprosthetic tissues.

Despite the abundance of myofibroblasts in the peri-
prosthetic capsule specimens, we did not observe any sig-
nificant difference in vascularization between ADM and
periprosthetic capsule specimens. Activated fibroblasts,
including myofibroblasts, are a source of potent antiangio-
genic factors such as thrombospondins 1 and 2. Although
myofibroblasts are upregulated in the setting of fibrosis,
fibrosis has been associated with both an increase and a
decrease in angiogenesis.?® This is reflected in our results
where vascularization appeared more mixed in the capsule
versus ADM specimens. Furthermore, the small number
of patients and variable time since implant placement
and ADM difference between patients may mask any time-
dependent effects of fibrosis and vascularization in the
setting of breast implants and ADM. The complex relation-
ship between myofibroblasts, angiogenesis, and fibrosis re-
mains to be explored in future studies in a larger cohort.

CONCLUSIONS
The presence of ADM significantly reduces the pre-
dominance of myofibroblasts in breast capsules on
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Fig. 5. CD31 immunofluorescence staining indicating the degree of vascularization in a
representative ADM (A, top) and peri-prosthetic capsule specimen from a single patient
(A, bottom). There was no significant difference in CD31 staining between ADM and
capsule specimens (0.37 + 0.29 vs. 0.48 + 0.62 fluorescence-positive area, p = 0.82) (B).

histology. Myofibroblasts are the major cell implicated in
clinically significant capsular contracture. This study sup-
ports the clinical finding that ADM reduces capsular con-
tracture development and explains a mechanism for this
clinical finding.
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