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a b s t r a c t

Background: Breast reconstruction is crucial for patients who have undergone mastectomy for breast
cancer. Our bioabsorbable implants comprising an outer poly-L-lactic acid mesh and an inner component
filled with collagen sponge promote and retain adipogenesis in vivo without the addition of exogenous
cells or growth factors. In this study, we evaluated adipogenesis over time histologically and at the gene
expression level using this implant in a rodent model.
Methods: The implants were inserted in the inguinal and dorsal regions of the animals. At 1, 3, 6, and 12
months post-operation, the weight, volume, and histological assessment of all newly formed tissue were
performed. We analyzed the formation of new adipose tissue using multiphoton microscopy and RNA
sequencing.
Results: Both in the inguinal and dorsal regions, adipose tissue began to form 1 month post-operation in
the peripheral area. Angiogenesis into implants was observed until 3 months. At 6 months, microvessels
matured and the amount of newly generated adipose tissue peaked and was uniformly distributed inside
implants. The amount of newly generated adipose tissue decreased from 6 to 12 months but at 12
months, adipose tissue was equivalent to the native tissue histologically and in terms of gene expression.
Conclusions: Our bioabsorbable implants could induce normal adipogenesis into the implants after
subcutaneous implantation. Our implants can serve as a novel and safe material for breast reconstruction
without requiring exogenous cells or growth factors.
© 2023, The Japanese Society for Regenerative Medicine. Production and hosting by Elsevier B.V. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
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In recent years, the number of patients with breast cancer has
increased. Standard treatments include autologous composite tis-
sue reconstruction, silicone implants, and autologous fat grafting.
However, these methods pose several issues, including surgical
invasion, scar, necrosis, infection, capsular contracture [1,2],
implant rapture [1,2], breast implant-associated anaplastic large
cell lymphoma [3,4], and the low survival rate of grafted fat [5,6].
Therefore, there is an urgent need to develop and implement new
treatments to solve these issues and preserve the quality of life of
patients with breast cancer.

Tissue engineering aims at regenerating tissues and organs in
combination with scaffolds [7,8], growth factors [9,10], and cells
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[11,12]. Adipose tissue-derived stem cells (ASCs), with self-renewal
and pluripotent differentiation potential, are a major source of cells
for tissue engineering and regenerative medicine. Adipose tissue is
a major source of ASCs and mature adipocytes [13e17]. In clinical
application, the addition of ASCs to fat grafts improves the survival
rate [18,19]. However, there is no clear consensus on the effects of
ASCs on tumor growth or the safety of these therapies in patients
with cancer [20].

Regarding the clinical formation of adipose tissue, fat degener-
ation of the muscle and bone marrow, as well as ectopic fat accu-
mulation, are commonly encountered. In plastic and reconstructive
surgery, infantile hemangiomas grow throughout the first year of
life and then disappear, sometimes replaced by adipose tissue
during degeneration or regression [21,22]. However, the mecha-
nism underlying fat degeneration has not yet been clarified. We
hypothesized that the maintenance of internal space is the main
factor for adipose tissue regeneration in vivo.

In our previous study [23], we found that adipose tissue was
formed in a cage made of polypropylene mesh filled with collagen
sponge (CS) without growth factors or ASCs. Next, we developed
novel implants that combined a poly-L-lactic acid (PLLA) mesh with
CS, which were bioabsorbable in a few years and did not require
removal. We have already shown that this implant can generate
autologous adipose tissue without the addition of cells or growth
factors one year after implantation [24]. However, the adipogenesis
over time after implantation has not yet been elucidated.

In this study, we inserted our implants subcutaneously into the
inguinal region, where there was a lot of native adipose tissue, and
the dorsal region, where there was little or no adipose tissue, and
compared the adipogenesis into implants over time within one
year. In addition, we evaluated the newly formed adipose tissue
morphologically using multiphoton microscopy and evaluated
adipogenesis- and angiogenesis-related gene expression using RNA
sequencing (RNA-seq).

2. Material and methods

2.1. Preparation of the bioabsorbable implants

In this study, we prepared 80 implants made of PLLA containing
CS (CS; PELNAC®, Gunze Ltd., Tokyo, Japan), as previously reported
[24]. First, a 2-0 PLLA thread was woven into a columnar mesh.
Next, after stuffing with 40 mm � 20 mm � 3 mm CS with a
porosity of 80e95 %, the top and bottom of themeshwere closed by
suturing with purse strings. The maximum diameter of the short
axis, the equatorial diameter of the sphere, was approximately
7.5 mm, and the maximum length of the long axis, which is the
distance between the poles of the symmetry axis, was approxi-
mately 18 mm. On the implant surface, the gaps between the mesh
were squares measuring approximately 1.5 � 1.5 mm (Fig. 1a).

2.2. Animal experiments

2.2.1. Experimental design and operative procedures
Male F344/Jcl rats (10 weeks old, n ¼ 20) were purchased from

CLEA Japan Inc. (Osaka, Japan). These animals were used because
they are inbred, thus eliminating individual differences, and their
physiological cycles are unaffected. The sample size was determined
following our previous studies using the rat model [24]. The im-
plants were inserted subcutaneously on both sides of the inguinal
(n ¼ 40) and dorsal (n ¼ 40) regions. For the inguinal model, the
following procedure was performed: after shaving and depilating
the inguinal region, a 2 cm long skin incisionwasmade at the cranial
part of the inguinal ligament. The inguinal fat pad was incised and a
pocket was prepared to accommodate the implant underneath the
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fat pad. The implant was subsequently placed in the pocket above
the femoral vessels and fixed to the fat pad using 4-0 nylon sutures
(Diadem: Wonderworks Inc., Tokyo, Japan). Finally, the fat pad and
skin were closed with 4-0 nylon sutures. The left and right sides
were treated similarly, and thus a total of two implants were
inserted for each animal. In the dorsal model, we performed the
following steps: a skin incision of 3 cm was made in the middle of
the back, located 2 cm caudal to the axilla and 5 cm cranial to the
iliac crest. After the pocket was made under fascia, the implant was
inserted into the pocket and fixed to the muscle with 4-0 nylon
sutures. The facia and skin were closed with 4-0 nylon sutures. The
left and right sides were treated similarly, with two implants
inserted in each animal.

2.2.2. Evaluation of weight and volume of all newly formed tissues
For histological tissue evaluation, three rats were euthanized by

carbon dioxide inhalation at 1, 3, 6, and 12 months after the oper-
ation, and both the inguinal and dorsal samples were evaluated
(n ¼ 6). Rats to be sacrificed were decided randomly, and not
arbitrarily. In the inguinal model, all newly formed tissues,
including implants, were harvested from the iliac crest to the
midline above the muscle layer in the abdominal region and the
section above the muscle layer in the femoral region. In the dorsal
model, all newly formed tissues, including the implant, were har-
vested above the fascia located 2 cm caudal to the axilla, 5 cm
cephalad to the iliac crest, and bounded by the lateral midline and
the midline. The harvested specimens were weighed on an elec-
tronic balance (PM4600, Mettler-Toledo International Inc., Tokyo,
Japan), and the sample volume was measured using a standard
water displacement technique [25].

2.2.3. Histological assessment of the newly generated tissue inside
the implants

Harvested specimens were fixed in a 10 % formalin neutral
buffer solution (FUJIFILM Wako Pure Chemical Industries, Corpo-
ration, Osaka, Japan). In the inguinal model, the implant from each
specimen was divided into four equal parts along the long axis
(Fig. 1b). The second block from the medial side was embedded in
the optimum cutting temperature (OCT) compound (Sakura Fine
Technical Co. Ltd, Tokyo, Japan) and frozen in ethanol at �30 �C for
multiphoton imaging. The other three blocks were paraffin-
embedded. In the dorsal model, the implant from each specimen
was divided into four equal parts along the long axis (Fig. 1c). The
second block from the upper side was embedded in an OCT com-
pound and frozen in ethanol at �30 �C for multiphoton imaging.
The remaining three blocks were embedded in paraffin. The 3 mm
paraffin sections were prepared for hematoxylin and eosin (H and
E) and immunohistochemical staining. All images were captured at
40x magnification using Keyence BZ-X810 (KEYENCE Co., Tokyo,
Japan). Experimental data were analyzed by blinded researchers
who did not know the details of the implants. With the hypothesis
if the number of samples is 10, there is a significant difference,
n ¼ 10 (n ¼ 6 for histological evaluation, n ¼ 4 for RNAseq) both for
the inguinal and dorsal region for each period.

2.2.4. Immunohistochemistry
Immunohistochemical staining of perilipin (Perilipin-1 [D1D8]

XP® Rabbit mAb #9349; Cell Signaling Technology, Danvers, Mas-
sachusetts) was performed to evaluate the newly generated tissues
and adipose tissues inside the implant. The sections were imaged
using a Keyence BZ-X810 at 40x magnification. The area of the
newly generated tissue within each implant and the newly gener-
ated adipose tissue within each implant were evaluated using Fiji
[26] (Fig. 2). The average area of the three sections was used for the
statistical evaluation.



Fig. 1. (a) Gross appearance of the implant. The implant consisted of a PLLA mesh with a CS. The dashed black arrow indicates the greatest diameter of the short axis of the implant,
and the solid black arrow indicates the greatest length of the long axis of the implant. (b) Histological assessment of newly generated tissue in the inguinal model. (c) Histological
assessment of newly generated tissue in the dorsal model. The area circled by the red dotted line represents the implant shape. The implant was divided into four equal parts along
the long axis, as shown by the straight black line. The black arrowhead indicates the frozen specimen. Scale bar ¼ 1 cm.

Fig. 2. Evaluation of the area of newly generated tissue and adipose tissue inside the
implants. The red dotted line shows the implant area, and the yellow dotted line shows
the area of new adipose tissue inside the implants.
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Immunohistochemical staining with anti-CD31 antibody (Anti-
CD31 [EPR17259] Rabbit Monoclonal Antibody ab182981; Abcam
plc, Cambridge, UK) was performed to evaluate angiogenesis inside
the implants. The sections were imaged using the Keyence BZ-X810
at 40x magnification.

2.2.5. Multiphoton imagining of the newly generated adipose tissue
The surface of the central cross-section of the implant was

evaluated 6 and 12 months after the operation. The inguinal sub-
cutaneous adipose tissue and a sample of thenative adipose tissue of
a 6-month-old male F344/Jcl rat were harvested. Frozen specimens
were thawed at room temperature to remove OCT compounds and
washed with PBS. They were then stained with the three dyes. The
nuclei were stained with Hoechst33342 (cat. No. H3570, Invitrogen,
Waltham, Massachusetts); the blood vessels with isolectin GS-IB4
from Griffonia simplicifolia, Alexa Fluor™ 488 conjugate (cat. No.
121411, Invitrogen, Waltham, MA, USA); and the adipose tissue was
treatedwith Nile Red (cat. No. N1142, FUJIFILMWako Pure Chemical
Corporation, Osaka, Japan). Finally, after washing with PBS, the
stained specimens were observed using an Olympus FVMPE-RS
multiphoton microscope equipped with a Spectra-Physics Ti:Sap-
phire laser (Mai Tai® DeepSee; Spectra-Physics, Santa Clara, CA,
USA). Multiphoton images were acquired using 10x (UPLXAP010X,
NA 0.4�; Olympus, Tokyo, Japan) and 30� silicon oil-immersion
objectives (UPLSAPO30XSIR, NA 1.05; Olympus, Tokyo, Japan). The
laser power was kept constant at 2 mW, and two excitation wave-
lengths, 860 nm and 760 nm, were used. At 860 nm, SHG images
arising from the collagen fibers were detected through a 420e460-
nm filter (FV30-FVG; Olympus), the blood vessel images through a
495e540-nm filter (FV30-FGR; Olympus), and the adipose tissue
images through a 575e630-nm filter (FV30-FCY; Olympus). The
same areas were imaged at 760 nm, with the nuclear images
collected at 420e460 nm, the blood vessels at 495e540 nm, and the
adipose tissue at 575e630 nm.

2.2.6. RNA-seq
For RNA-seq evaluation, the dorsal samples of two rats (n ¼ 4)

were evaluated at 1, 3, 6, and 12months after the implant operation.
Total RNA was extracted using the RNeasy Plus Universal Mini Kit
(QIAGEN Inc., Valencia, CA, USA). RNA integrity number was
measured using the Agilent 4200 TapeStation (Agilent, Santa Clara,
USA) to assess the quality of isolated total RNA from each implant.
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mRNA sequencing (mRNA-seq) libraries from high-quality total
RNA were prepared using the TruSeq stranded mRNA library prep
kit (Illumina, San Diego, USA). After evaluation of library quality,
sequencing was performed with 75 bp singe-end reads using
NextSeq 500 High Output kit (Illumina). The acquired sequence
data was aligned to rat rn6 built, annotated rat RefSeq transcripts,
and analyzed using Strand NGS software (Agilent Technologies).
2.3. Statistical analysis

Differences between samples were examined for statistical
significance by analysis of variance and the TukeyeKramer test. All



Fig. 3. Weight and volume of all the newly formed tissues. (a) Gross appearance of all newly formed tissues. At the time of the operation, there was little adipose tissue in the dorsal
region. As the rats grew, the subcutaneous area became entirely covered with adipose tissue. Upper row: inguinal model; lower row: dorsal model. Scale bar ¼ 1 cm. (b) Time course
of the weight and volume of all newly formed tissues in the inguinal model. In both the inguinal model and the dorsal model, the weight at 12 months was the heaviest and largest.
Left graph: shows the time course of weight trend; right graph: the time course of the volume trend. Data are presented as the mean ± standard deviation. *p < 0.05, **p < 0.01. (c)
Time course of the weight and volume of all newly formed tissues in the dorsal model. In both the inguinal model and the dorsal model, the volume at 12 months was the heaviest
and largest. Left graph: the time course of weight; right graph: the time course of the volume. Data are presented as the mean ± standard deviation. *p < 0.05, **p < 0.01.

Fig. 4. Light micrographs of H and E-stained sections of the newly regenerated tissue. In both the inguinal and dorsal models, the implant shape could be maintained for up to 6
months after the operation. Upper row: light micrographs in the inguinal model; lower row: light micrographs in the dorsal model. Scale bar ¼ 1 cm.
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Fig. 5. Light micrographs of perilipin-stained sections of the newly generated tissue. In both the inguinal and dorsal models, the adipose tissue gradually increased from the edge of
the implant after the operation. Upper row: light micrographs in the inguinal model. (a) 1 month, (b) 3 months, (c) 6 months, (d) 12 months after the operation. Lower row: light
micrographs in the dorsal model. (e) 1 month, (f) 3 months, (g) 6 months, (h) 12 months after the operation. Scale bar ¼ 1 cm.
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data are expressed as the mean ± standard deviation, and p-values
<0.05 were considered statistically significant. Microsoft Excel
along with Statcel3 add-in (Oms Publishing Inc., Tokyo, Japan) was
used for all statistical analyses.

3. Results

3.1. Evaluation of weight and volume of all newly formed tissues

During the postsurgical follow-up period, infection, hematoma,
and tumor formation were not observed. Representative images of
Fig. 6. Light micrographs of CD31-stained sections of the newly generated tissue. Many blo
Upper row: light micrographs in the inguinal model; lower row: light micrographs in the d
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newly formed tissues at 1, 3, 6, and 12 months after the operation
are shown in Fig. 3a. All newly formed tissues became larger over
time. At the time of the operation, there was little adipose tissue in
the dorsal region; however, as the rats grew, the subcutaneous area
became entirely covered with adipose tissue. The PLLA threads
were microscopically visible in all samples up to 12 months after
the operation. The time courses of weight and volume for all newly
formed tissues in the inguinal and dorsal models are shown in
Fig. 3b and c, respectively. In both the inguinal model and the dorsal
model, the weight and volume at 12 months were heaviest and
largest.
od vessels were identified in adipose and non-adipose tissue areas inside the implant.
orsal model. Scale bar ¼ 1 cm.



Fig. 7. Evaluation of the area of the newly generated and adipose tissues, as well as the percentage of adipose tissue inside the implants. (a) Area of the newly generated tissue inside
the implant. In both inguinal and dorsal models, the area at 12 months after the operation was smaller than that at 1, 3, and 6 months. (b) Area of the newly generated adipose tissue
inside the implant. In both the inguinal and dorsal models, the area peaked at 6 months for all observation points. (c) Percentage of adipose tissue in the newly generated tissue inside
the implant. The percentage was maximum at 6 months in the inguinal model and increased till 12 months in the dorsal model. The upper p-values represent the inguinal model, and
the lower p-values represent the dorsal model. Data are presented as the mean ± standard deviation. *p < 0.05, **p < 0.01. 〇 ¼ inguinal model;, C ¼ dorsal model.

Fig. 8. Multiphoton images of newly generated tissue 6 and 12 months after the operation were collected at 860 nm. At 12 months, the size of the adipocytes was uniform and
almost the same as the native adipocytes. Upper row: inguinal model (a) 6 months, (b) 12 months after operation. Lower row: dorsal model. (c) 6 months, (d) 12 months after
operation. In each set: 30x image. The specimens were stained with NileRed (adipocytes; yellow), Isolectin GS-IB4 from Griffonia simplicifolia, Alexa Fluor™ 488 Conjugate (blood
vessels; red), and green shows SHG emission from collagen. Scale bars ¼ 100 mm.
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3.2. Histological assessment of the newly generated tissue and
adipose tissue inside the implants

Micrographs of the H and E-stained sections of the newly
generated tissue are shown in Fig. 4. In both the inguinal and dorsal
models, the implant shape could be maintained for up to 6 months
after the operation, but the implants were flattened 12 months
after the operation. Micrographs of perilipin-stained sections of the
newly generated tissue are shown in Fig. 5. In both the inguinal and
dorsal models, the adipose tissue gradually increased from the edge
of the implant after the operation. Micrographs of the CD31-stained
sections of the newly generated tissue are shown in Fig. 6. Many
blood vessels were identified in adipose and non-adipose tissue
areas inside the implant.

3.3. Evaluation of the area of the newly generated tissue and
adipose tissue inside the implant

The area of the newly generated tissue inside the implant is
shown in Fig. 7a. In both inguinal and dorsal models, the area of
Fig. 9. Multiphoton images of native adipose tissue and newly generated tissue cross-section
vessels surrounded the adipocytes, running in the tufts of adipose tissue with branches. Up
dorsal model (c) 6 months, (d) 12 months after the operation. In each set: 30x image. The sp
simplicifolia, Alexa Fluor™ 488 Conjugate (blood vessels; red), and Hoechst33342 (nuclei).
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newly generated tissue inside the implant at 12 months after the
operation was smaller than that at 1, 3, and 6 months. The area of
newly generated adipose tissue inside the implant is shown in
Fig. 7b. In both the inguinal and dorsal models, the area of newly
generated adipose tissue inside the implant peaked at 6 months for
all observation points. The percentage of adipose tissue within the
newly generated tissue inside the implant is shown in Fig. 7c. The
percentage of adipose tissue was maximum at 6 months in the
inguinal model and increased till 12 months in the dorsal model.
There were no significant differences between the inguinal and
dorsal models at any point in the areas and percentage.

3.4. Evaluation of the structure of the newly generated tissue using
multiphoton excitation fluorescence microscopy

The cross-sections of newly generated tissue inside the implants
are shown in Figs. 8 and 9. In Fig. 8, adipocytes were stained with
Nile Red (yellow color), blood vessels were stained with isolectin
(red color), and collagen was observed in the Second Harmonic
Generation (green color). At 6 months after the operation, the size
s at 6 and 12 months after the operationwere collected at 760 nm. At 12 months, blood
per row: inguinal model (a) 6 months, (b) 12 months after the operation. Lower row:
ecimens were stained with NileRed (adipocytes; yellow), Isolectin GS-IB4 from Griffonia
Scale bars ¼ 100 mm.



Fig. 10. RNA sequencing. (a) Adipogenic differentiation (GO term: Fat cell differentiation, gene number: 123). The expression of factors related to adipogenic differentiation was
similar to that of normal adipose tissue from 6 months to 12 months after the operation, with a relatively low expression pattern at 12 months compared to that at 6 months after
the operation. (b) Regulation of angiogenesis (GO term: Regulation of angiogenesis, gene number: 226). For genes involved in angiogenesis, high expression was observed from 1 to
3 months after the operation, but thereafter, as with normal adipose tissue, no significant expression was observed until 12 months after the operation. (c) Cell death (GO term: Cell
death, gene number: 746). The gene expression was no increase related to apoptosis or necrosis at 6 and 12 months after the operation.
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of the adipocytes was not uniform. Collagen quantity increased
surrounding the PLLA and blood vessels. At 12 months, the size of
the adipocytes was uniform and almost the same as the native
adipocytes. Moreover, formed clusters like a mass resembling a
bunch of grapes, surrounded by collagen in a net-like structure.

In Fig. 9, adipocytes were stained with Nile Red (yellow color),
blood vessels were stained with isolectin (red color), and nuclei
were stained with Hoechst33342 (blue color). Nuclei were located
along the blood vessels, and the red and blue colors overlapped,
causing them to appear purple color. At 12 months, blood vessels
surrounded the adipocytes, running in the tufts of adipose tissue
with branches.

3.5. RNA-seq

Adipogenesis-related gene expression was similar to that of
normal adipose tissue from 6 months to 12 months, with a rela-
tively low expression pattern at 12 months compared to that at 6
months (Fig. 10a). Angiogenesis-related gene expression was
observed from 1 to 3 months after the operation, but thereafter, as
with normal adipose tissue, no significant expressionwas observed
until 12 months after the operation (Fig. 10b). This result was
consistent with the histological findings that the implants flattened
at 12 months. No significant expression in cell death-related gene
expression was observed at 6 and 12 months (Fig. 10c).

4. Discussion

In this study, we evaluated adipogenesis over time in our im-
plants both histologically and in terms of gene expression related to
adipogenesis, angiogenesis, and cell death. In the peripheral area,
newly generated adipose tissue began to be observed at 1 month,
increased gradually, and was uniformly distributed inside implants
at 6 months (Fig. 5). However, the amount of adipose tissue
decreased from 6 months until 12 months. As for the angiogenesis,
the expression of genes related to angiogenesis was observed until
3 months. These suggest that angiogenesis inside implants devel-
oped within the first 3 months, and adipose tissue differentiated at
6 months. The amount of adipose tissue began to decrease after 6
months; however, mature adipose tissue remained after 12
months, and cell death-related gene expressionwas not elevated at
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12 months. Multiphoton imaging showed that at 12 months, both
adipose tissue and blood vessels matured the same as the native
adipose tissue (Figs. 8 and 9), suggesting consistency in the results
obtained from RNA-seq and multiphoton imaging for adipogenesis
and angiogenesis analyses.

As for the decrease in the amount of newly generated adipose
tissue, the area of the newly generated tissue decreased signifi-
cantly from 6 to 12 months. On the other hand, the percentage of
adipose tissue in implants did not decrease from 6 to 12 months,
likely because implants collapsed after 6 months and no longer
maintained their internal structure. Therefore, we must reinforce
the structure of implants to sustain the newly generated adipose
tissue.

We confirmed that our bioabsorbable implants could induce
adipogenesis into themselves both in the inguinal and the dorsal
regions without significant difference just after implantation until
one year. We could not anticipate this result, because subcutaneous
tissue in the dorsal region was membranous, with only a little ad-
ipose tissue. This result indicated that the adipose tissue could be
formed inside the implants even if a small amount of adipocytes
was present in the surrounding area. Therefore, this implant might
be used in the sites after total mastectomy or under the pectoralis
major muscle.

The regeneration of adipose tissue using bioabsorbable mate-
rials is reported using polycaprolactone-based scaffolds in a porcine
model [27] or poly-4-hydroxybutyrate mesh scaffolds in a clinical
trial [28] by combining with autologous fat transfer. Our implants,
without the addition of growth factors or cells, pose no risk of
recurrence andmetastasis. Furthermore, for the absorbance of PLLA
threads within a few years, our PLLA implants are less likely to
induce BIA-ALCL and can be a novel and safe material for breast
reconstruction after mastectomy. However, in the future, we need
to confirm the safety of our implants in detail.

The limitation of this study is that in our previous work, the
shape of the implant was maintained for up to 12 months after the
operation. However, the shape of the implant was only maintained
for 6 months in this study. This might have occurred because of
concurrent inguinal and dorsal implantation operations. Thus, the
decrease in regenerated adipose tissue at 12 months may be due to
the failure of the implant to maintain its shape rather than cell
death, and the newly generated tissue inside the implant might
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deviate from the implant. We plan to investigate the difference in
circumstances such as tissue pressure, between rat models and in
clinical application after mastectomy. The ultimate aim is to
develop a new implant that can maintain its structure for a longer
period while fostering adipogenesis. In the future, we will inves-
tigate adipogenesis of our implants using animals with longer
lifespans for a long-term observation period.

5. Conclusions

Our bioabsorbable implant is a novel bioabsorbable that is
replaced by adipose tissue after the operation, regardless of the
presence of a small amount of adipocytes in the surrounding area.
We showed that the newly generated adipose tissue had the same
morphology as native adipose tissues. Our implants can be a novel
method for breast reconstruction and to improve patients’ quality
of life.
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