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Figure 1. The implant was inserted over the Latissimus dorsimusle of the dorsum of
the rat (A). The 1.5 X 1.5 cm implant smooth silicone implant (B). The capsule and

pericapsular tissues were harvested by En—bloc resection of the capsule and implant
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Figure 2. The examples of H&E staining of the capsule tissug: - -sw-rerrerereemeeneans 6
Figure 3 The reSUltS Of the Capsule thickness ................................................... 6

Figure 4. The immunohistochemistry results of the activity of the myofibroblasts
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Figure 5. The immunohistochemistry results of the TGF-8, TLR4, CD3, and CD68
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Background: In this study, it was hypothesized that the capsule formation
varies according to the systemic immunosuppressive drugs in contact with
the silicone implant.
Materials and Methods: This study consisted of 18 SD rats that underwent
premuscular plane implant reconstruction. They were divided into four groups:
Group 1 as the untreated control (n = 6), Group 2 with tacrolimus (n = 6), and
Group 3 with dexamethasone (n = 6), Three months after surgery, the

histology and immunochemistry of the capsule tissues were analyzed.

Results: Systemic administration of Dexamethasone and Tacrolimus
successfully reduces the capsule thickness and inflammation. Dexamethasone
and Tacrolimus reduce the aggregation of the CD3 (T lymphocytes), and

CD68 (histiocytes) positive cells around the capsule.

Conclusions: In this study, systemic use of Dexamethasone and Tacrolimus
successfully reduces capsule formation and inflammation around the implant.
Tacrolimus could be considered a potential preventive drug for capsular
contracture in breast implant surgeries. Further studies for evaluating the
effect of Tacrolimus are required through human study and local drug

delivery.



Introduction

Silicone has been used widely in medicine for the last 70 years, the most
frequent use of this material is in silicone breast implants. (1) Since 1961,
when Cronin and Gerow developed the first silicone breast implant, silicone
breast implants have been developed with various modifications. Meanwhile,
silicone breast implants have been associated with several complications and
risks. (2) Among the complications, the capsular contracture, which is the
formation of a thick fibrotic capsule around the implant with a foreign body
reaction, 1s known to have occurred up to 37.5% after breast augmentation
and reconstructive surgeries. (3-6) Although capsular contracture has been
the most common complication in breast implant surgery, surgeons continue

to debate the etiology of capsular contracture.

The formation of the capsule is a natural response to all foreign bodies
placed in the body. The capsule contains three layers: an inner cellular layer
comprised primarily of fibroblasts, T-cells, and macrophages; a vascular
middle layer of loose connective tissue; and an outer layer of dense
connective tissues. (7) The foreign body reaction, particularly the
inflammatory phase, 1s the main cause of the capsular contracture and is
exacerbated by external factors, such as biofilm, chronic implant micromotion,

or silicone particulate shedding. (8,9)



Authors have experience with several previous studies to see the various
factors of capsule formation in a rat model. (10, 11) and authors have clinical
impressions that transplant patients have a low rate of capsular contracture
or capsule formation with breast silicone implants. Accordingly, the authors
designed this study to find out the potential drugs for preventing capsular
contracture. The pilot studies were conducted and found that tacrolimus and
dexamethasone as potential effects on suppressing the capsule formation

around the silicone implant in a rat model.

This study aims to study the relationship between capsule formation and
systemic immunosuppression to determine whether various systemic
immunosuppression can prevent and/or minimize capsular contracture. This
experimental study could give us information on the etiology of capsular
contracture and may help find new potential drugs for preventing capsular

contracture.

Materials and Methods

Animal

All the animal experiments were performed by the protocol approved by the

Asan Medical Center Institutional Animal Care and Use Committee



(Animal Welfare Assurance no. A20230597). Overall, 20 8-week-old adult
Sprague Dawley (SD) male rats weighing 300 g to 350 g were included. All
the rats underwent surgery, which mimics implant-based breast
reconstruction. They were divided into three groups: Group 1 as controls that
underwent implant—based reconstruction surgery (n = 6), Group 2 underwent
implant-based reconstruction surgery with administration of tacrolimus (n =
6), and Group 3 underwent implant-based reconstruction surgery with

administration of dexamethasone (n = 6).

Surgical techniques

Anesthesia was initiated and maintained by the inhalation of isoflurane at a
concentration of 2%-3%. A 3 cm incision was made over the margin of the
Latissimus dorsi muscle. A pre—muscular dissection above the Latissimus
dorsi muscle was performed to make the implant pocket. The implant (1.5 X
1.5 c¢m smooth silicone implant, Hansbiomed, Seoul, Korea) (Figure 1B) was

inserted and securely sutured with absorbable sutures.

Administration of immunosuppressive drugs



The intraperitoneal injection was utilized as the route of administration for
immunosuppressive drugs in this study. The administered doses were as
follows: tacrolimus at a dosage of 0.5 mg/kg, and dexamethasone at a dosage
of 0.6 mg/kg Initiation of drug administration commenced on the day following
the insertion of the implant. The drug was administrated for 15 days after

surgery.

Histology

All the rats were sacrificed 3 months after surgery. (Figure 1A) The capsule
and pericapsular tissues were harvested by En-bloc resection of the capsule
and implant. (Figure 1C) The hematoxylin and eosin-stained sections were
analyzed for capsule thickness. Immunohistochemistry evaluation was
performed using the monoclonal antibody of a-smooth muscle actin (a-SMA,
a-SMA monoclonal antibody, 1:100, 1A4 (asm-1), Thermoscientific, USA),
Transforming growth factor beta (TGF-B, Anti-TGF beta 1 Antibody, 1:100,
sc-130348, , Santa Cruz Biotechnology (SCBT), USA), CD 3 (Anti-CD3
Monoclonal Antibody, 1:100, ab16669, Abcam, Cambridge, UK), CD 68 (Anti-
CD68& Monoclonal Antibody, 1:100, sc—-20060, , Santa Cruz Biotechnology
(SCBT), USA), and Toll-like Receptor 4 (TLR4, Anti-TLR4 Monoclonal

Antibody, 1:100, ab20048, Abcam, Cambridge, UK). All tissues were randomly



selected at 3 points by our researcher. The analysis was performed by the

first author. (H.B. Kim)

1) Capsule thickness

The hematoxylin and eosin-stained sections were analyzed for capsule
thickness. Capsule thickness was measured by averaging the values at the

center of three separate images (X100 magnification).

2) Immunohistochemistry

The immunohistochemistry for myofibroblasts was determined via alpha-
smooth muscle actin staining (a-SMA) (X400 magnification). The
immunohistochemistry for Inflammation was determined via TGF- and TLR4
(x400 magnification). The analysis of the a-SMA, TGF-8, and TLR4 was the
evaluation of the percentage of the stained area (% area). The segmentation
and measurement of the % area were performed using ImageJ (ImageJ 1.53e,
National Institute of Health, USA). The detailed evaluation for T-lymphocytes
and histiocytes was determined via CD3 and CD68. The counts of hot spots of

CD3 and CD68 positive cells were counted under x400 magnification.



Statistical Analysis

Statistical analysis was performed using the SPSS software (SPSS, Inc.,
Chicago, Version 21). Normality test was performed using the Shapiro-Wilk
Test and Kolmogorov-Smirnov Test. The continuous data were compared

with the Student t—test. Statistical significance was set at a p—value of <0.05.

Results

All the rats survived after irradiation, and no postoperative complications

from the implant placement and administration of the drugs were observed.

1) Capsule thickness

Through hematoxylin and eosin staining, the capsule thickness was measured
(x100 magnification) (Figure 2). The mean®SD capsule thickness was
496.4+191.3 pym in the group 1, 256.4%x73.4 pum in the group 2, and
295.4+105.7 ym 1in the group 3. Significant differences were observed
between group 1 and group 2 (p<0.001), and group 1 and group 3 (p<0.001).

(Figure 3)



2) Immunohistochemistry of a-SMA

The meantSD % area of the a—SMA stained area according to the tissues
was 35.4% *+6.3 in the group 1, 19.5%+4.9 in the group 2, and 20.9%+7.3 in
the group 3 tissue. Significant differences were observed between Group 1

and Group 2 (p<0.001), and Group 1 and Group 3 (p<0.001). (Figure 4)

3) Immunohistochemistry of TGF-8 and TLR4

The mean®zSD % area of the TGF- stained area according to the tissues
was 45.0% £12.0 in the group 1, 24.8%=*8.9 in the group 2, and 24.7%=*7.4 in
the group 3 tissue. Significant differences were observed between Group 1
and Group 2 (p<0.001), and Group 1 and Group 3 (p<0.001). (Figure 5A). The
mean*=SD % area of the TLR4 stained area according to the tissues was 24.3%
*+11.7 in the group 1, 15.9%=%5.9 in the group 2, and 14.8%=7.6 in the group
3 tissue. Significant differences were observed between Group 1 and Group 2

(p=0.012), and Group 1 and Group 3 (p=0.007). (Figure 5B)

4) Immunohistochemistry of CD3+ T lymphocyte and CD 68+ histiocyte

The hot spots of the CD3 and CD68& positive cells were measured. The CD3+
T lymphocytes were mainly observed around the loose connective tissue of

the capsule and The CD68+ histiocytes were mainly observed around the



surface of the capsule. (Figure 6) The mean®SD count of CD 3 positive cells
was 37.9£32.4 in the group 1, 10.5+6.1 in the group 2, and 16.2%+11.1 in the
group 3. Significant differences were observed between Group 1 and Group 2
(p=0.001), and Group 1 and Group 3 (p=0.014). (Figure 5C) The mean+SD
count of CD68 positive cells was 23.0£17.2 in the group 1, 12.2%+4.8 in the
group 2, and 6.8%x4.4 in the group 3. Significant differences were observed
between group 1 and group 2 (p=0.02), group 1 and group 2 (p=0.001), and

group 1 and group 3 (p<0.001). (Figure 5D) (Figure 7)

Discussion

This study described a rat model of the clinically relevant silicone implant—
based breast reconstruction with  various types of systemic
immunosuppression with dexamethasone and tacrolimus. Considering the
theory of capsule formation 1is based on inflammatory reaction,
immunosuppression theoretically has a preventive effect on capsule formation,
in addition, to potentially reducing capsular contracture. However, few
structural studies evaluated and compared the effect of various types of
systemic immunosuppression. This study was designed to evaluate the effect
of various types of systemic immunosuppression. Therefore, we could get a

better understanding of the etiology of capsule formation in silicone implants



and find another potential drug for preventing capsular contracture.

There have been several studies that reported the effect of systemic
Immunosuppression on capsular contracture. Ozlem et al examined the effect
of systemic administration of Dexamethasone in a silicone implant rat model.
They concluded that systemic administration of Dexamethasone resulted in
decreased TLR4 expression and myofibroblast differentiation. (12) The
angiotensin—converting—enzyme inhibitor Enalapril was reported to decrease
the expression of fibrotic mediators, inflammatory markers, monoclonal
antibodies (CD68&), and the periprosthetic fibrosis process. (13) However, the

use of Tacrolimus in breast implant surgery has not been introduced.

Tacrolimus is an immunosuppressive drug used for prophylaxis of organ
rejection after transplantation. The main mechanism of action i1s that
tacrolimus works by inhibiting the activity of an enzyme called calcineurin,
which i1s responsible for activating certain immune cells, particularly T
lymphocytes. (14) Tacrolimus has been used in various situations in foreign
body insertion, including Tacrolimus releasing vascular stent and Tacrolimus
coated sutures. (15-17) These uses aim to reduce the inflammatory reaction,
and intimal proliferation, and finally increase the use of the foreign body. The
results of our study could imply the potential effect of Tacrolimus to reduce
the capsule formation of the breast implant and prevent capsular contracture.

According to our results of CDS3, Tacrolimus could reduce the



activity of T-lymphocytes in the capsule, finally reducing the capsule

formation in a rat model.

Recently, Drug delivery using 3D printing i1s a rapidly growing approach in
pharmaceutical manufacturing. (18, 19) 3D printing, a promising approach for
pharmaceutical manufacturing, has gained considerable attention due to the
advantages it provides over traditional pharmaceutical processes. 3D printing
has been harnessed to develop local drug delivery systems for various
clinical areas. (20) Although our study is conducted in the systemic
administration of immunosuppressive drugs, this study could be fundamental
to the future local drug release study for preventing capsular contracture.
Local delivery of the immunosuppression may have a higher effect in local

area, and minimize the side effects of systemic immunosuppression.

However, this study has some limitations. Considering the duration of our
study is 3 months after surgery, which is a relatively short period, capsular
contracture could occur any time after the insertion of the implants. This
study was conducted with a single dose of the drugs, so further studies are
needed to find out the optimal dose to suppress the capsule formation. The
small sample size of 18 rats is also a limitation. The placement of the implant
away from the breast tissue should also be considered. However, given the
anatomical position of the rat, the placement of the implant under the chest

area 1s difficult due to the mechanical stress and small

10



volume. Furthermore, clinical studies are needed to prove the preventive
effect of the capsular contracture of these immunosuppressants. Finally, this
study evaluated the capsule formation and immunohistochemistry of

myofibroblasts and inflammatory factors, not directly the capsular contracture.

Conclusion

In this study, systemic use of dexamethasone and tacrolimus successfully
reduces capsule formation and inflammation around the implant. T
lymphocytes were successfully suppressed by both dexamethasone and
tacrolimus. Tacrolimus could be considered a potential preventive drug for
capsular contracture in breast implant surgeries. Further studies for
evaluating the effect of Tacrolimus are required through human study and

local drug delivery.

11



Figure Legends

Figure 1. The implant was inserted over the Latissimus dorsimusle of the
dorsum of the rat (A). The 1.5 X 1.5 cm implant smooth silicone implant (B).
The capsule and pericapsular tissues were harvested by En-bloc resection of

the capsule and implant (C)
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Figure 2. The examples of H&E staining of the capsule tissue.
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Figure 3. The results of the capsule thickness.
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Figure 4. The immunohistochemistry results of the activity of the

myofibroblasts (Alpha-SMA)
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Figure 5.

The immunohistochemistry results of the TGF-8, TLR4, CD3, and

CD68
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Figure 6. The counting of CD68 (A) and CD3 (B) positive cells.
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Figure 7. The examples of CD3 positive T lymphocytes in each group.
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