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Abstract

Purpose: To investigate the effect of bone marrow mesenchymal stem cells (BMSCs) on tissue
reconstruction and microvascular formation after fat transplantation.

Methods: Adipose tissue from male BALB/C nude mice were used to extract and culture BMSCs.
Eighty mice were assigned to control and study groups. Control mice were injected with 0.3 g adipose
tissue in normal saline, while the study group was injected with 0.3 g adipose tissue containing 5 x 10°
mouse BMSCs. Micro-vessel count was determined by CD31 antibody staining, while VEGF protein
expression was assayed by Western blotting.

Results: At each time point, the micro-vessel count of adipose tissue was significantly higher in the
study group than in controls (p < 0.05). At 12 weeks, VEGF protein in adipose tissue of mice was
significantly higher in the study mice than in control mice (p < 0.05).

Conclusion: BMSCs enhance adipose tissue reconstruction and induce adipose tissue microvascular
formation through up-regulation of the protein expression of VEGF.
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INTRODUCTION through fat aspiration, a simple process which
does not cause appreciable lesions at the donor
Tissue transplantation aimed at improving or site. However, due to liquefaction and necrosis
restoring physiological function or appearance is  after ischemia and hypoxia, autologous fat is
a popular method used for treating soft tissue easily absorbed, and it may also form cysts and
defects caused by trauma, congenital fibrosis, resulting in low survival, high degree of
malformation and  surgical excision [1]. absorption, and poor long-term effect [2,3].
Autologous fat tissue is an ideal soft tissue filling
material with the advantages of high Angiogenesis is crucial in fat transplantation
biocompatibility = and  immuno-compatibility. ~ since improved microvascular formation in
Besides, fat tissue can be easily obtained tissues with fat transplantation is key to
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enhancing success of the transplantation [4].
Bone marrow-derived mesenchymal stem cells
(BMSCs) are important in that they can
differentiate into multiple types of cells across the
dermal layer and participate in various biological
activities of cells [5]. Recently, studies have
revealed that under certain conditions, BMSCs
participate in the formation of blood vessels by
differentiating into fat cells and secreting some
cytokines, but not much is known about their
effect on transplantation [6].

In the present study, 80 healthy male BALB/C
nude mice served as animal model for
investigating the effect of BMSCs on tissue
reconstruction and microvascular formation in fat

transplantation, as well as the associated
mechanism.

EXPERIMENTAL

Animals

Eighty healthy male BALB/C nude mice [license
number: SYXK (Anhui) 2016-002)], with mean
body weight of 23 + 2 g and mean age of 8 + 1
weeks, were provided by Maanshan Fengyuan
Pharmaceutical Co. Ltd. Each mouse was raised
in a single cage at an average temperature of 23
+ 2 °C under 12-h light/12-h dark cycle, and
allowed ad libitum access to feed and water. This
research received approval from the Animal
Ethical Committee of The First Hospital of China
Medical University approval no. 20200981), and
performed according to "Principles of Laboratory
Animal Care" (NIH publication no. 85-23, revised
1985), [7].

Collection of fat tissues

Fifteen mice were selected at random and
sacrificed via cervical dislocation. Mouse
subcutaneous fat was excised under aseptic
conditions, washed with aseptic saline, and
weighed. Each fat weighed 0.3 g, and it was
stored in a separate EP tube.

Extraction and culture of BMSCs

Five BALB/C nude mice were randomly selected
and sacrificed via cervical dislocation. The mice
were fixed in 75 % ethanol for 5 min, and the
tibia and femur were removed under aseptic
conditions and immersed in PBS buffer. The
bone marrow was rinsed with low-sugar cell
culture medium (LG-DMEM) until the diaphysis
was white and slightly transparent. The cell
suspension was collected in a 15-ml centrifuge
tube and centrifuged at 100 rpm for 5 min. The
cells were re-suspended in LG-DMEM culture

medium, and cell count was adjusted to a density
of 5 x 10%/ mL. The cells were inoculated into 6-
well plates and cultured in a 5 % CO: incubator
at 37 °C. Then, P3 generation cells at logarithmic
growth phase were used for subsequent
experiments.

Grouping and establishment of tissue
reconstruction model for fat transplantation

The remaining 60 mice were randomly divided
into control group and study group. The mice
were anesthetized with intraperitoneal injection of
150 pL of 13 % barbitone sodium. Under aseptic
conditions, the right back of each mouse was
disinfected. A longitudinal incision of about 0.3
cm was made on the right back of each mouse
with ophthalmic scissors. The control group was
injected with 0.3 g fat tissue in normal saline,
while the study group was injected with 0.3 g fat
tissue containing 5 x 10% BMSCs from mouse.

Treatments and evaluation of parameters

Fat block volume was measured. Animal
sacrifice was done via cervical dislocation at 4, 8
and 2 weeks after implantation of the fat block.
Under aseptic conditions, the skin was cut open
with ophthalmic scissors, and the transplanted fat
tissue block was taken out and photographed.
The wet weight of the fat block was obtained
using a microscale, while the volume of fat block
was measured using quantitative water method.

Hematoxylin and eosin (H&E) staining

The fat blocks were subjected to fixation in 4 %
paraformaldehyde, dehydration in gradient
alcohol, clearing, wax-embedding, and slicing
into 3-um thick slices which were dried at 40 °C
and stained with conventional H & E. The
pathological morphology of fat tissues of mice in
each group was examined and recorded.

Counting and monitoring of micro-vessels

The fat blocks were fixed in 4 %
paraformaldehyde, dehydrated in gradient
ethanol, cleared, wax-embedded and cut into 3-
pm slices. The slices were dried at 60 °C and
dewaxed, followed by tissue antigen retrieval
using high-temperature and high-pressure valve.
Then, CD31 antibody was added and incubated
overnight, followed by color development using
DAB chromogenic agent, hematoxylin staining,
neutral gum sealing, and micro-vessel count
under a microscope. In this process, blood
vessel was indicated as a single endothelial cell
or endothelial cell clusters present as yellow or
brown granules.
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Evaluation of quality of fat survival

The fat blocks were processed into 3-um thick
slices as described earlier for micro-vessels. The
slices were dried at 40°C and subjected to
conventional H & E staining. Inflammatory cell
infiltration, fibrosis and vesicles were evaluated.
The degree of each parameter was divided into 6
grades i.e., from 0 to 5, where 0 meant absent,
and 5 meant large. The scores for inflammatory
cell infiltration, fibrosis and vesicles were
calculated.

Western blot assay for protein expression of
VEGF

Fat tissues in the two groups of mice were
weighed, lysed, ground and centrifuged. The
supernatant was  subjected to protein
measurement with BCA method. Then, the total
protein was resolved with SDS-polyacrylamide
gel electrophoresis and transferred to PVDF
membrane which was subjected to incubation
with  VEGF 1° antibody for 12 h at 4 °C.
Subsequently, the membrane was incubated with
HRP-linked 2° antibody at room temperature for
2 h. The blots were subjected to ECL and
imaged. Levels of VEGF protein were
determined in relation to that of beta-actin which
served as internal control.

Statistical analysis

The SPSS 20.0 software package was used for
statistical analysis. Fat block  volume,
inflammation score, fibrosis score, vesicle score,
micro-vessel count, VEGF protein and other
measurement data were in line with normal
distribution, and are presented as mean * SD.
Comparison of same index at various times was
done with appropriate  ANOVA. Difference
between the two groups at each time point was
compared with independent sample t-test, while
LSD t-test was used to compare differences at
various time points in each group. Values of p <
0.05 were taken as indicative of statistically
significant differences.

RESULTS
Fat block volume

The fat block volumes of the two groups were
reduced time-dependently. At each time point, fat
block volume was significantly higher in the study
group than in control mice. These data are
presented in Table 1.

Table 1: Comparison of fat block volume between the
two groups at each time point (mean + SD)

Group 4 weeks 8 weeks 12 weeks
(mL) (mL) (mL)

Control 0.35+0.05 0.20+0.022 0.08+0.0120

Study 0.41+0.04°  0.31+0.052¢  0.18+0.02abc

t 4.190 9.135 20.000

P <0.001 <0.001 <0.001

ap < 0.05, vs same group at 3 weeks; p < 0.05, vs
same group at 8 weeks; °p < 0.05, vs control group at
the same time point

Inflammatory, fibrotic and vesicular scores

At 12 weeks, inflammatory, fibrotic and vesicular
scores in the study group were markedly lower
than the corresponding scores in the control
group (p < 0.05; Table 2).

Table 2: Comparison of inflammation scores, fibrosis
scores and vesicle scores

Inflammation Fibrosis Vesicle
Group
score score score
Control 2.151£0.11 2.8910.24 3.19+0.69
Study 1.45+0.082 1.84+0.122  1.95+0.282
t 23.015 17.500 7.447
P-value <0.001 <0.001 <0.001

3P < 0.05, vs control group
Morphological features of fat blocks

In the control group, the size of adipose tissue
was different from that in the study group; there
were more vacuolar defects, and the morphology
and cell membranes of adipocytes was blurred.
In the study group, the morphology of adipocytes
was intact and uniformly arranged; there were
obvious angiogenesis, and the number of blood
vessels was large. Moreover, the blood vessels
were relatively uniformly distributed. These
results are shown in Figure 1.

Figure 1: Photomicrographs showing image analysis
of fat blocks in the two groups at 12 weeks. A: Fat
tissue in control mice; B: fat tissue in study mice (H &
E, x100)

Microvascular count of fat tissue

The micro-vessel counts in adipose tissue in the
two groups increased with time. At the same time
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point, the micro-vessel count in adipose tissue in
the study group was markedly higher than control
mice value (p < 0.05; Table 3).

Table 3: Comparison of microvascular count of fat
tissue between the 2 groups at each time point (mean
+ SD)

Group 4 weeks 8 weeks 12 weeks
Control 14.56+1.25 16.35£1.462  37.89+2.56%
Study 19.86+0.86° 28.79+2.56%¢ 20.46+2.162%
t 15.621 18.877 23.271
P-value <0.001 <0.001 <0.001

aP < 0.05, vs same group at 3 weeks; °p < 0.05, vs
same group at 8 weeks; °p < 0.05, vs control group at
the same time point

Protein expression of VEGF in fat tissues
At 12 weeks, VEGF protein in adipose tissue of

mice was significantly up-regulated in the study
group, relative to control, as shown in Figure 2.
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Figure 2: VEGF protein expressions in fat tissues of
the two groups

DISCUSSION

Fat transplantation has been applied for more
than one hundred years, but due to the high
degree of absorption of transplanted fat tissue,
the treatment effect of fat transplantation is
unstable, and the procedure is rarely used [7].
However, with rapid developments in liposuction
technology, fat transplantation, especially
autologous fat transplantation, has started to
attract increased attention. Fat transplantation is
often used in the treatment of congenital
malformation, skin depression, atrophy and
wrinkles. It is also used for facial rejuvenation,
breast augmentation and other cosmetic
purposes. Fat transplantation is beneficial in
treating vocal cord injury, chronic ulcers and
radiation damage, and it results in significant
improvements.  Autologous fat tissue s
convenient for sampling. It is rich in tissue
sources, and it has good histocompatibility.
However, due to the high energy consumption of
fat cells and poor resistance to ischemia and
hypoxia, the degree of survival of fat tissue after
transplantation is low (about 30 to 60 %) [8,9].
Therefore, studies related to fat transplantation

are currently focused on how to speed up blood
supply to the transplanted fat tissue and shorten
the ischemic period [10].

Mesenchymal stem cells (MSCS) are
endogenous cells of the mesoderm which are
widely found in bone marrow, umbilical cord,
peripheral blood vessels, adipose tissue,
amniotic fluid and synovium. The BMSCs have
become one of the most studied stem cells in
regenerative medicine and tissue engineering,
due to their unique characteristics of adherent
growth and multi-differentiation potential: they
can differentiate into fat, bone, muscle, cartilage
and other tissues [11,12]. Previous studies have
shown that BMSCs can be transformed into
mature adipocytes which can be used as seed
cells for the repair of tissue defects and atrophy
[13]. In this study, the fat volume of mice was
markedly raised in the study group, relative to the
control group. Inflammation score, fibrosis score
and vesicle score were significantly reduced in
study mice, when compared to control mice.
Moreover, adipose tissue size was different in
the two groups. There were higher level of
vacuolar defects in control mice, and the
morphology and cell membrane of adipocytes
were blurred. In the study group, the morphology
of adipocytes was intact and uniformly arranged;
there was obvious angiogenesis, and there were
a large number of blood vessels which were
relatively uniformly distributed. These results
suggest that BMSCs can improve adipocyte
viability and long-term survival. Recent studies
have found that BMSCs enhanced hematopoietic
function by decomposing some cytokines [14].
Demir et al [15] found that BMSCs could be
transformed into vascular smooth muscle cells
(VSMCs) under certain conditions, to participate
in vascular remodeling of tissues. It was found in
this study that the micro-vessel counts in adipose
tissue in the two groups increased with time. At
the same time point, the micro-vessel count of
adipose tissue in the study group was
significantly higher than that in the control group.
These results indicate that BMSCs promoted
microvascular formation and mitigated hypoxia
and ischemia in adipose tissue after fat
transplantation.

Vascular endothelial growth factor (VEGF) which
acts on vascular endothelial cells, has strong
enhancing effects on division, chemotaxis,
regeneration and repair of vascular endothelial
cells. It also induces the formation of primitive
vascular network and plays an important
regulatory role in vascular formation and
regeneration [16,17]. Kobozev et al [18] reported
that BMSCs induced neovascularization through
VEGF and other vascular growth-promoting
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factors. In the present study, it was found that
VEGEF protein level in adipose tissue of mice was
markedly up-regulated in the study mice, relative
to control mice. These results suggest that
BMSCs induced microvascular formation in
adipose tissue after transplantation by regulating
the expression of VEGF protein, thereby
enhancing the degree of success of fat
transplantation.

CONCLUSION

This study has demonstrated that BMSCs
promotes tissue reconstruction after fat
transplantation, induce microvascular formation
in fat tissue, and improves long-term survival of
fat cells after transplantation. These effects are
mediated through up-regulation of the protein
expression of VEGF.
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