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1  |  BACKGROUND

The formation of a capsule is a common foreign body re-
action to all implanted materials, and the degree of cap-
sule formation varies across patients, implant types, and 
procedure types. Capsules formed in response to foreign 
bodies are predominantly made up of inflammatory cells, 
fibroblasts, myofibroblasts, and collagen.1– 3 For breast 

implant capsules, in particular, contracture of the capsule 
is a clinically significant diagnosis that results in pain, 
deformation of the implant, and need for surgical reop-
eration, occurring in 8%– 20% of patients.4,5 Capsular con-
tracture is one of the most common causes of reoperation 
following implant- based breast reconstruction after can-
cer.6 Capsular contracture is classified according to Baker 
grading from I to IV, with III and IV being more severe 
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Abstract
Capsular contracture as a result of the foreign body response (FBR) is a common issue 
after implant- based breast reconstruction, affecting up to 20% of patients. New evidence 
suggests that tamoxifen may mitigate the FBR. C57BL/6 female mice were treated with 
daily tamoxifen or control injections and implanted with bilateral silicone implants in 
the submammary glandular plane. Implants were removed en bloc after 2 weeks and 
the implant capsules were evaluated histologically. Tamoxifen treatment decreased 
capsule thickness, decreased the number of αSMA+ cells (477 ± 156 cells/mm con-
trol vs 295 ± 121 cells/mm tamoxifen, p = 0.005 unpaired t test), and decreased CD31+ 
cells (173.9 ± 96.1 cells/mm2 control vs 106.3 ± 51.8 cells/mm2 tamoxifen, p = 0.043 un-
paired t test). There were similar amounts of pro-  and anti- inflammatory macrophages 
(iNOS 336.1 ± 226.3 cells/mm control vs 290.6 ± 104.2 cells/mm tamoxifen, p > 0.999 
Mann– Whitney test and CD163 136.6 ± 76.4 cells/mm control vs 94.1 ± 45.9 cells/mm 
tamoxifen, p = 0.108 unpaired t test). Tamoxifen treatment in the mouse silicone breast 
implant model decreased capsule formation through modulation of myofibroblasts, 
neovascularization, and collagen deposition. Tamoxifen may be useful for reducing or 
preventing capsule formation in clinical breast implantations.
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and clinically significant.7 Factors associated with the de-
velopment of capsular contracture are time from implan-
tation, with an increasing rate of contracture with time, 
and the thickness of the fibrous capsule that forms around 
the implant.1 Risk factors for capsular contracture include 
radiation exposure, implant contamination or infection, 
smooth- walled implants, and subglandular placement of 
the implant as opposed to subpectoral placement; how-
ever, the primary cause of capsular contracture remains 
idiopathic in nature and it is unclear why some patients, 
but not others, develop clinically significant capsular con-
tracture in comparable settings.8– 10

Options for treatment of breast implant capsular con-
tracture include surgical capsulectomy, an implant ex-
change (removal and replacement with a new implant), 
and altering the position where the implant is placed (i.e., 
from a subglandular plane to a subpectoral plane or in an 
adjacent “neopocket”).8 Emphasis is aimed at the primary 
prevention of capsular contracture through modification 
of the surgical method, implant location, strategies to re-
duce the likelihood of implant contamination, and the use 
of textured implant surfaces.8,11 Textured surfaces have 
been shown to decrease the formation of an implant cap-
sule, with a proposed mechanism of decreasing collagen 
and cellular alignment in the fibrous capsule.12 However, 
recent studies have found incidence of breast implant- 
associated lymphomas following textured surface im-
plantation through a currently unknown mechanism.13– 15 
Surface modifications and the addition of antibiotic and 
antifibrotic drugs have shown some success in preventing 
capsular contracture.6,9 Antibiotics are utilized to address 
the biofilm hypothesis of capsule formation, which posits 
that capsule formation and contracture are exacerbated 
by the presence of a bacterial biofilm around the implant, 
which leads to long- term inflammation.9,16 Additionally, 
recent research has focused on immune modulation in the 
formation of capsular contracture. TGF- β and its role in the 
development and function of myofibroblasts have been im-
plicated.17 In previous studies, knock- out of periostin, an 
integrin ligand, in mice was shown to decrease the inflam-
matory markers as well as markers of fibrosis, including 
αSMA and collagen I.18 In addition, estrogen signaling has 
been noted to play a role in capsule formation, particularly 
with higher amounts of estrogen increasing the presence 
of myofibroblasts and collagen surrounding implants.3 
Correspondingly, capsular contracture is less common in 
patients on antiestrogen therapy.17

Tamoxifen, a selective estrogen receptor modulator, is 
clinically indicated in estrogen receptor- positive breast 
cancer treatment for which it has a potent antitumor 
effect.19 However, tamoxifen has previously shown off- 
target efficacy in the reduction of fibrosis for skin scar 
formation in humans, particularly in terms of decreasing 

the formation of hypertrophic scars in vivo and decreas-
ing human fibroblast contraction of collagen matrices in 
vitro.20– 22 Tamoxifen has also been shown to reduce renal 
fibrosis after kidney injury in a rat model.23

Following the findings that estrogen modulation im-
pacts breast implant capsular contracture rates, and that 
tamoxifen has functional efficacy against fibrotic tissue 
formation, we hypothesized that tamoxifen could be used 
to deliberately mitigate capsule formation following sili-
cone breast implantation.

2  |  METHODS

2.1 | Animal care and surgical 
implantation

All procedures and experiments involving the use of 
animals in this study were done in accordance with rel-
evant guidelines and regulations with approval from the 
Abigail Wexner Research Institute (AWRI) at Nationwide 
Children’s Hospital Institutional Animal Care and Use 
Committee (IACUC) (Protocol AR12- 00075).

Eight- week- old C57BL/6 or Beige (C57BL/6J- Lystbg- J/J) 
female mice (Jackson Labs) (N = 10/group) were treated 
with daily tamoxifen or vehicle injections into the intraper-
itoneal cavity 1 week before surgery. Tamoxifen injections 
consisted of 75 mg/kg tamoxifen citrate (Sigma) in peanut 
oil (Sigma) with 10% ethanol (Sigma) to promote the dis-
solution of tamoxifen, while control injections consisted 
of only peanut oil and ethanol. Daily injections continued 
until the day of explantation, 2 weeks after implantation.

Silicone prostheses were cut from a solid sheet of med-
ical implant- grade silicone (Goodfellow) using a 6 mm bi-
opsy punch (Figure 1A). Prostheses were sterilized using 
70% ethanol. Implants were submerged in 70% ethanol for 
30 min and then allowed to air dry for 1 h within a steril-
ized cell culture hood, as previously described.24– 28

Mice were anesthetized with a standard ketamine/xyla-
zine cocktail. Fur was clipped and skin was prepped with 
betadine followed by alcohol pads. Silicone prostheses were 
implanted in the submammary plane, bilaterally, giving 
a total of 20 implants per experimental group (Figure 1B). 
Skin incisions were reapproximated with 6– 0 nylon suture 
(Figure 1C). We specifically chose the submammary plane 
on the ventral surface, rather than dorsal back skin implan-
tation, to more closely mimic the host microenvironment 
relevant to breast implantation and estrogen signaling.

After 2 weeks, mice were euthanized and the silicone 
prostheses were removed en bloc with all surrounding tis-
sue, including the overlying skin for orientation (Figure 1D). 
Two weeks was chosen as the explantation time point based 
on previous data suggesting that this is a key timepoint in 
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fibrous tissue development in mouse models.28,29 Some an-
imals accessed their incision causing implant exposure; 
however, all implant exposures occurred within 48 h after 
implantation. These samples were excluded from further 
analysis a priori owing to the potential confounding nature 
of bacterial contamination on capsule formation. After ex-
clusion of implants that were exposed after surgery, 8/20 im-
plants were available for the control group and 15/20 for the 
tamoxifen- treated group for further analysis.

2.2 | Histology

Explanted silicone pieces and surrounding capsules were 
fixed overnight in formaldehyde at 4°C and transitioned 
to 70% ethanol. Samples were then paraffin embedded 
and sectioned at 4 μm. Samples were stained with H&E 
(Figure  1E) or Picro- Sirius Red. Immunohistochemistry 
sections were deparaffinized, rehydrated, and blocked 
for endogenous peroxidase activity (3% H2O2 in H2O) and 
nonspecific background staining (3% normal goat serum 
in Background Sniper, BioCare Medical). Antigen re-
trieval was performed with citrate buffer (pH 6.0) or Tris- 
EDTA (pH 9.0) in a pressure cooker for 10 min, and slides 
were incubated for 30 min at room temperature with pri-
mary antibodies. Primary antibodies (all from Abcam) 
included α- SMA (ab124964), CD31 (ab28364), CD68 
(ab125212), iNOS (ab15323), CD163 (ab182422), Ki67 

(ab15580), ER- α (ab271827), and ER- β (ab3576). Primary 
antibody binding was detected by subsequent incuba-
tion with species- appropriate biotinylated IgG (Vector 
Laboratories), followed by streptavidin- horse radish per-
oxidase (Vector Laboratories) and chromogenic develop-
ment with 3,3- diaminobenzidine (Vector Laboratories). 
Tissue sections were counterstained with Gill’s hematox-
ylin (Vector Laboratories), slides were dehydrated, and a 
cover slip was placed. Slides were imaged on a Zeiss Axio 
Observer Z1 inverted microscope (Zeiss) and quantified 
using ImageJ (NIH).

Images were quantified by examining the area within 
the fibrous capsule on the side oriented with overlying skin 
at the midpoint of the implant to maintain consistency and 
remove potential variability from the dissection plane on 
the other side of the implant created at explan ation. Due 
to the substantial differences in total capsular area, cellular 
histological stains were quantified using two methodolo-
gies, both as a percent of total cells within the capsule to 
determine differences in the makeup of the capsular tissue 
and as cells/mm of the implant surface to determine differ-
ences in the total amount of each cell type present.

2.3 | Statistics

All statistical analysis was performed in Prism 8.0 
(GraphPad). Data were evaluated for outliers using 

F I G U R E  1  Experimental design. Six millimeters diameter silicone implants (A) were implanted under the panniculus carnosus muscle 
(B) bilaterally (C) and explanted after 2 weeks. Implants and surrounding tissue were harvested en bloc (D) and sectioned for histology (E) 
scale bar 500 μm. (F) Mouse weight in control animals and tamoxifen- treated animals over the experimentation time. Data compared with 
unpaired t tests or Mann– Whitney tests as appropriate (see text). *p < 0.05, **p < 0.01, ***p < 0.001.

(A) (B) (C)

(D) (E) (F)
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Grubb’s test. Control and tamoxifen- treated groups 
were compared with unpaired t tests, except in cases 
where the equal variance assumption was violated, 
when the nonparametric Mann– Whitney test was uti-
lized. A p- value of 0.05 was considered significant.

3  |  RESULTS

3.1 | Surgery and Follow- Up

While control and tamoxifen- treated groups had simi-
lar weights at the start of the injection period (18.2 ± 1.2 
control vs 17.6  ± 1.2 tamoxifen gram body weight, 
p  =  0.279 unpaired t test), the tamoxifen- treated ani-
mals had a lower body weight 1 week later at the date 
of surgery (18.2  ± 1.0 control vs 16.2  ± 1.6 tamoxifen 
gram body weight, p < 0.01 unpaired t test) and at the 
2- week explant date (19.4 ± 0.5 control vs 16.6 ± 1.0 ta-
moxifen gram body weight, p  < 0.001 unpaired t- test; 
Figure 1F).

3.2 | Capsule thickness and cellular 
infiltration

Capsules were identified by histology as the plane of tissue 
formed between the implant surface and the panniculus 
carnosus muscle (Figure 2A). Implant capsules were signifi-
cantly thinner in the tamoxifen- treated cohort (222 ± 89 μm 
control vs 132 ± 49 μm tamoxifen, p  =  0.0159 Mann– 
Whitney test; Figure 2B), demonstrating a 59% reduction in 
capsule thickness. Cellularity of the capsules was found to 
be similar (3634 ± 398 cells/mm2 control vs 3624 ± 608 cells/
mm2 tamoxifen, p = 0.9684 unpaired t- test; Figure 2C).

3.3 | Collagen deposition

Total collagen surrounding the implants (Figure 2D) was 
significantly lower in the tamoxifen- treated animals com-
pared with the untreated controls (79,312 ± 22,991 μm2 
control vs 43,598 ± 10,044 μm2 tamoxifen, p = 0.001 Mann– 
Whitney test; Figure 2E). However, due to the differences 

F I G U R E  2  Tamoxifen decreases capsule thickness and collagen deposition. (A) Representative H&E staining demonstrating the 
anatomical layers surrounding the implant, including the fibrous capsule, panniculus carnosus muscle (PCM), and subcutaneous fat. 
Double- sided arrow demonstrates the thickness of the capsule, (B) average thickness of the fibrous capsule at 2 weeks, (C) average total 
cellularity of the capsules, (D) representative picrosirius red images of the capsules. Total collagen (E) and area fraction of collagen (F). Scale 
bars = 100 μm. Data compared with unpaired t tests or Mann– Whitney tests as appropriate (see text). *p < 0.05, **p < 0.01, ***p < 0.001.

(A)

(D)

(B)

(C)

(E)

(F)
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in thickness between the capsules, there was a significantly 
higher area percent of collagen in the tamoxifen- treated 
group (30.4  ± 5.8% control vs 36.2  ± 3.1% tamoxifen, 
p = 0.023 Mann– Whitney test; Figure 2F).

3.4 | Estrogen receptors

Estrogen receptor- α (ER- α) and estrogen receptor- β (ER- 
β) were investigated, as tamoxifen is an estrogen analog 
that functions primarily through these targets. ER- α 
expression (Figure  3A) as a fraction of total cells was 
not affected by tamoxifen treatment (34.7  ± 5.8% con-
trol vs 31.0  ± 6.3% tamoxifen, p  =  0.184 unpaired t- test; 
Figure 3B) but was lowered as a total cells/mm of capsular 
tissue (256.5 ± 151.2 cells/mm control vs 107.0 ± 39.8 cells/
mm tamoxifen, p = 0.003 Mann– Whitney test; Figure 3C). 
ER- β expression (Figure 3D) was not affected as measured 
by cellular fraction (31.6 ± 5.0% control vs 36.8 ± 7.5% ta-
moxifen, p  =  0.092 unpaired t test; Figure  3E) nor total 

cells/mm (169.3 ± 102.9 cells/mm control vs 106.2 ± 69.2 
cells/mm tamoxifen, p = 0.094 unpaired t test; Figure 3F).

3.5 | Cellular proliferation

Ki- 67 was used as a marker of cellular proliferation 
(Figure 3G). The cellular fraction of Ki- 67+ cells was similar 
between groups (67.5 ± 9.0% control vs 62.4 ± 16.9% tamox-
ifen, p = 0.440 unpaired t test; Figure 3H); however, there 
were significantly fewer Ki- 67+ cells/mm in the tamoxifen- 
treated mice (704 ± 366 cells/mm control vs 324 ± 125 cells/
mm tamoxifen, p = 0.003 Mann– Whitney test; Figure 3I).

3.6 | Myofibroblasts

Alpha smooth muscle actin (αSMA) was utilized as a 
marker of myofibroblasts within the implant capsule 
(Figure 4A). Although a similar percentage of total cells 

F I G U R E  3  Estrogen receptors and proliferation. (A) Representative histology of estrogen receptor- α, quantified as a cellular fraction (B) 
and total positive cells per mm (C). (D) Representative histology of estrogen receptor- β, quantified as a cellular fraction (E) and total positive 
cells per mm (F). (G) Representative histology of proliferative marker Ki- 67, quantified as cellular fraction (H) and total positive cells per 
mm (I). Scale bars = 50 μm. Data compared with unpaired t tests or Mann– Whitney tests as appropriate (see text). *p < 0.05, **p < 0.01, 
***p < 0.001.

(A) (B) (C)

(D) (E) (F)

(G) (H) (I)
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αSMA+ (49.6  ± 10.6% control vs 47.9  ± 9.5% tamoxifen, 
p  =  0.690 unpaired t- test; Figure  4B), the linear density 
of αSMA+ cells was significantly reduced in tamoxifen- 
treated animals relative to controls (477 ± 156 cells/mm 
control vs 295 ± 121 cells/mm tamoxifen, p  =  0.005 un-
paired t- test; Figure 4C).

3.7 | Neovascularization

CD31, a marker of endothelial cells, was used to identify the 
formation of blood vessels within the capsule (Figure 4D). 
Tamoxifen- treated mice were found to have significantly 
fewer cells/mm2 than control animals (173.9 ± 96.1 cells/
mm2 control vs 106.3 ± 51.8 cells/mm2 tamoxifen, p = 0.043 
unpaired t- test; Figure  4E) and fewer total CD31+ cells 
(39.1  ± 26.7 cells/mm control vs 15.9  ± 9.7 cells/mm, 
p = 0.040 Mann– Whitney test; Figure 4F).

3.8 | Macrophages

Macrophage infiltration of the capsule was investi-
gated using CD68 (Figure  5A). There was no difference 
in the cellular fraction of CD68 (62.1  ± 19.1% control 
vs 55.9  ± 16.0% tamoxifen, p  =  0.419 unpaired t- test; 
Figure 5B). The linear density of CD68+ cells surround-
ing the tamoxifen implants was lower than the control 

implants (718.9 ± 391.2 cells/mm control vs 303.3 ± 136.5 
cells/mm, p = 0.011 Mann– Whitney test; Figure 5C).

Pro- inflammatory and anti- inflammatory macro-
phages were labeled with iNOS (Figure  5D) and CD163 
(Figure  5E), respectively. The cellular fractions of both 
iNOS and CD163 were higher in tamoxifen- treated ani-
mals (iNOS 31.6 ± 18.1% control vs 60.6 ± 12.6% tamox-
ifen, p  < 0.001, unpaired t- test; Figure  5F and CD163 
14.7  ± 7.2% control vs 29.1  ± 8.4% tamoxifen, p  < 0.001, 
unpaired t- test; Figure  5G). There were no differences 
seen in the total number of cells with positivity for iNOS 
or CD163 between- groups (iNOS 336.1 ± 226.3 cells/mm 
control vs 290.6  ± 104.2 cells/mm tamoxifen, p  > 0.999 
Mann– Whitney test; Figure  5H and CD163 136.6  ± 76.4 
cells/mm control vs 94.1  ± 45.9 cells/mm tamoxifen, 
p = 0.108 unpaired t test; Figure 5I).

3.9 | Effect of Beige mutation on 
capsular formation

We compared the effects of innate immunodeficiency to 
tamoxifen treatment to delineate potential contributions 
of immune modulation versus antiproliferative effects 
of tamoxifen. We utilized the beige mouse as a model of 
innate immunodeficiency.30– 32 Beige mice were simi-
larly treated with vehicle injections identical to control 
animals. Similar to the control and tamoxifen- treated 

F I G U R E  4  αSMA and CD31 expression. (A) Representative histology of myofibroblast marker αSMA, quantified as a cellular fraction 
(B) and total positive cells per mm (C). (D) Representative histology of endothelial cell marker CD31, quantified as cells per mm2 (E) and 
cells per mm (F). Scale bars = 50 μm. Data compared with unpaired t tests or Mann– Whitney tests as appropriate (see text). *p < 0.05, 
**p < 0.01, ***p < 0.001.

(A) (B) (C)

(D) (E) (F)
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groups, 10 out of 20 beige implants were removed from 
the study due to implant exposure over the first 48 h post-
implantation. Beige mice had comparable capsule thick-
ness to control mice (222 ± 95 μm control vs 190 ± 78 μm 
beige, p = 0.436 unpaired t- test). Most histological mark-
ers did not exhibit differences between control and beige 
animals; however, there was a decreased amount of col-
lagen deposition in beige animals compared with controls 
(79,312 ± 22,991 μm2 control vs 51,400 ± 16,951 μm2 beige, 
p = 0.016, Mann– Whitney test; Figure S1). Interestingly, 
there were no statistical differences between the beige 
animals and the tamoxifen- treated animals in any histo-
logic markers. Overall, the beige model appeared to have a 
minor trend toward decreasing fibrous capsule formation, 
but to a lesser extent than tamoxifen treatment.

4  |  DISCUSSION

This study demonstrates the potential utility of tamoxifen 
for reducing fibrous capsule formation in a mouse model 

of silicone breast implantation. Total fibrous capsule 
thickness and collagen deposition were significantly re-
duced in tamoxifen- treated mice relative to controls. Due 
to differences in total tissue formed around implants of 
identical size, comparison of total cells encasing the im-
plant as well as the average composition of the deposited 
tissue for each marker studied was crucial for understand-
ing the noted histological differences.

In this study, tamoxifen behaved as a potent anti-
proliferative or anticellular- infiltrative agent to reduce 
capsule formation around a foreign body, and this effect 
appeared to be more contributory than immunomodula-
tion. Tamoxifen is a known antiproliferative agent in es-
trogen receptor- positive breast cancer, in other tumors, 
such as desmoid tumors, and fibrosing conditions.22,33– 35 
In rats, tamoxifen has been shown to decrease fibroblast 
viability, proliferation, epidural fibrosis, and dural thick-
ness following laminectomy.36,37 Tamoxifen also acts as 
an antifibrotic treatment for patients with idiopathic ret-
roperitoneal fibrosis.38,39 Additionally, tamoxifen has a 
potent antiangiogenic effect, which was also validated by 

F I G U R E  5  Macrophage response. A) Representative histology of macrophage marker CD68, quantified as a cellular fraction (B) 
and total positive cells per mm (C). Representative imaging of pro- inflammatory macrophage marker iNOS (D) and anti- inflammatory 
macrophage marker CD163 (E) was also shown, with quantifications performed as a cellular fraction (F and G) and as total cells per mm (H 
and I) for iNOS and CD163, respectively. Scale bars = 50 μm. Data compared with unpaired t tests or Mann– Whitney tests as appropriate 
(see text). *p < 0.05, **p < 0.01, ***p < 0.001.

(A) (B) (C)

(D) (F) (H)

(E) (G) (I)
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our current study.40,41 These findings are relevant because 
higher Baker grades of capsular contracture are associated 
with greater levels of angiogenesis.3

Although the total numbers of CD68+ cells were de-
creased in tamoxifen- treated mice, total amounts of 
both pro- inflammatory iNOS+ and anti- inflammatory 
CD163+ macrophages were not affected. This difference 
may be explained by the promiscuity of the CD68 cellu-
lar marker, which stains not only macrophages but also 
fibroblasts.42,43 Indeed, myofibroblasts, denoted by αSMA, 
were decreased in tamoxifen treatment and may better 
explain the differences in CD68 staining. These results 
suggest that tamoxifen modulates the fibrous capsule for-
mation by directly inhibiting the infiltration of fibroblastic 
cells and total deposition of collagen, without a signifi-
cant effect on the inflammatory cell response. To further 
evaluate this possible modulation, correlations between 
α- SMA expression and capsule thickness to ER- α/β were 
performed (Figure S2). Although the statistical power of 
these regressions remains low due to sample size, regres-
sions suggest a possible interaction between the variables, 
in particular, between ER- α and αSMA expression within 
the formed capsules. This is further supported by the fact 
that we saw little modulation of capsule formation when 
the same technique was applied to a mouse model of in-
nate immunodeficiency, the beige mouse.

In this study, tamoxifen treatment was shown to have an 
effect on ER- α expression but not on ER- β expression. This 
is similar to previous studies, which have shown that tamox-
ifen's primary target is ER- α, with additional relatively low 
interaction with ER- β.44,45 Tamoxifen has known mecha-
nisms of action both directly through the hormonal estrogen 
receptors as well as nonhormonal pathways. It is important 
to recognize that the hormonal effects of estrogen, as well as 
estrogen analogs such as tamoxifen, are tissue specific. For 
example, while tamoxifen has shown utility in decreasing 
fibrosis in this study as well as in studies of retroperitoneal 
fibrosis and keloid formation, tamoxifen use has been associ-
ated with increased fibrosis in lung tissue and steatohepatitis 
in liver tissue.22,39,46,47 Nonhormonal mechanisms of action 
of tamoxifen are believed to act through the TGF- β pathway, 
although the precise mechanism is unknown.48 Tamoxifen 
has also been shown to have sex- specific effects on the wound- 
healing pathways of mice.49 These mechanisms of action are 
important considerations in the context of our findings. Since 
estrogen receptor levels and response to tamoxifen vary with 
species and sex, the external validity of the effects at tamox-
ifen at decreasing fibrosis in humans should be further eval-
uated. Clinically, tamoxifen has a potent antitumor effect in 
estrogen receptor- positive breast cancer but is carcinogenic 
to vaginal and cervical tissue.50 These known clinical com-
plications should be noted in the further development of this 
technology, as systemic application of tamoxifen opens the 

possibility for off- target systemic effects.51 To this end, sys-
temic treatment with tamoxifen and its associated side effects 
could potentially be avoided through the use of local release 
of tamoxifen’s active metabolite endoxifen, which has shown 
30-  to 100- fold greater potency than tamoxifen when deliv-
ered orally or through IV injections in mice.52 Future studies 
utilizing longer time periods of evaluation as well as large 
animal models are warranted to better evaluate the effective-
ness of the tamoxifen treatments.

The limitations of this study should be noted. Due to 
animal interference with the surgical site and exposure 
of implants, several experimental samples had to be dis-
carded, reducing the total number of included samples 
in the study and decreasing the possible statistical power. 
However, in the outcomes described, statistical power 
remained sufficient despite this limitation. In this study, 
tamoxifen treatment was associated with a decrease in 
animal weight over the total 3 weeks of tamoxifen treat-
ment. This result provides a potential confounder to ex-
perimental results, as cachexia and low weight are known 
comorbidities to surgical outcomes and have effects on 
wound- healing properties.53,54 However, we have pre-
viously reported that tamoxifen's effects on reducing 
collagen formation and cellular infiltration into a tissue- 
engineered vascular graft in a murine model were due to 
tamoxifen itself and not the associated weight loss.49 The 
contribution of bacterial biofilm to capsular formation 
and contracture is a valid phenomenon.55 This work did 
not evaluate the contribution of potential bacterial con-
tamination on individual implants; however, all surgeries 
were performed in accordance with the aseptic technique 
and utilized identical sterile implants. Future studies may 
also require the evaluation of alternative sterilization pro-
cedures, such as ethylene oxide, gas plasma, or radiation.

Last, as with all studies performed in animal mod-
els, careful critique must be employed in extrapolating 
findings to human clinical applications, as animal mod-
els have several known and unknown differences from 
human model counterparts.56

5  |  CONCLUSION

Herein we demonstrate proof of principle that tamoxifen 
or its active metabolites may be beneficial in reducing the 
development of fibrous capsule formation around breast 
implants.
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