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Abstract

Enhanced effect of secondary
administration of adipose-derived
stem cells concurrent with fat

grafting

Yan Huang
Interdisciplinary program in Stem Cell Biology
The Graduate School

Seoul National University

Autologous fat grafting is commonly used in plastic and aesthetic
surgery. However, because of the rapid absorption of grafted fat, predicting
its long-term effect is difficult. Therefore, cell-assisted lipotransfer, a fat graft
combined with adipose-derived stem cells, has been introduced to
overcome these disadvantages. Furthermore, the efficacy of cell-assisted

lipotransfer has been proven in preclinical and clinical studies.



In our previous study, we employed a modified -cell-assisted
lipotransfer animal model to demonstrate the effects of intravenously
injected adipose-derived stem cells in fat grafting for the first time. However,
a protocol for the intravenous administration of adipose-derived stem cells
in fat grafting has not been established. In our present work, the effects of a
secondary intravenous injection of adipose-derived stem cells on fat
grafting were investigated.

In this study, wild-type C57BL/6J (B6) mice were employed as both
donors and recipients of grafted fat. Adipose-derived stem cells were
harvested from green fluorescent protein and DsRed B6 mice. The recipient
mice were divided into three groups: S| group (single injection), RI1 group
(repeated injection with a 1-week interval), and RI2 group (repeated
injection with a 2-week interval). All groups received intravenous injections
of green fluorescent protein-adipose-derived stem cells immediately after
fat grafting. The RI1 and RI2 groups received repeated intravenous
injections of DsRed adipose-derived stem cells at 1 and 2 weeks,
respectively, after fat grafting. After final intravenous injection of adipose-
derived stem cells, the stem cells were tracked by an in vivo imaging
system. The grafted fat was observed by immunofluorescent staining at
postoperative week 3. The grafted fat volume was measured using micro-
computed tomography. Gene expression was analyzed by real-time
polymerase chain reaction.

The result showed that, in all three groups, green fluorescent protein
and DsRed adipose-derived stem cells were homing to the graft site. The

Sdf-1 gene, a stem cell homing gene, was shown to be more expressed in
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grafted fat than in other fat tissue. The Cxcr4 gene, a receptor for Sdf-1,
was shown to be more abundant in adipose-derived stem cells than in
adipose tissue. We concluded that Sdf-1 from grafted fat recruited the stem
cells expressing the Cxcr4 receptor via chemoattraction toward a gradient
of Sdf-1. The RI2 group has the highest retention of graft volume and
vascular density, followed by the RI1 and the Sl groups. Angiogenesis
genes, Vegf and Fgf2, were also expressed at the highest levels in the RI2
group, followed by the RI1 and Sl groups.

Secondarily injected DsRed adipose-derived stem cells were recruited
to the grafted fat, consequently, higher graft volume and vascular density
were retained. The grafted fat volume and vascular density of the RI2 group
were higher than those of the Sl and RI1 groups. Thus, a 2-week interval
secondary intravenous injection of adipose-derived stem cells improved the
effect of adipose-derived stem cell enrichment on fat grafting. Our findings
improve clinical practices and boost the therapeutic potential of cell-

assisted lipotransfer.

Keyword: Adipocytes; Cell-assisted lipotransfer, Adipose-derived Stem

Cells, Stem cell transplantation; Intravenous injections
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1. Introduction

Autologous fat grafting has been widely accepted as a primary
surgical procedure for soft tissue augmentation and reconstruction.
Despite various advantages of the procedure, unpredictable long-
term outcomes related to poor graft retention are critical drawbacks
and limits. Cell-assisted lipotransfer (Fig.1.) is a fat grafting technique
using adipose tissue mixed with stromal vascular fraction cells or
adipose-derived stem cells." This technique enables the conversion
of stem cell-poor aspirated fat to stem cell-rich fat prior to grafting. In
2013, a clinical trial was conducted, 13 patients were grafted fat
or fat with ASCs in the arm, after 121 days, and the MRI data
showed when only fat grafting was performed, 16.3% of fat rem
ained, whereas grafted with ASCs showed 81% of fat remaining?.
Thus, cell-assisted lipotransfer has been clinically applied and

studied for aesthetic and reconstructive reasons.



Aspirated adipose tissue Fresh SVFs CAL adipose tissue
(ASC-poor adipose tissue) or cultured ASCs (ASC-rich adipose tissue)

Fig.1. Schematic illustration of cell-assisted lipotransfer (CAL).

To elucidate the underlying mechanism of cell-assisted
lipotransfer in terms of improved retention of the grafted fat, we
previously generated an animal model of cell-assisted lipotransfer
using transgenic mice to trace the grafted fat and enriched adipose-
derived stem cells.® Tracing analyses indicated that adipose-derived
stem cell supplementation promoted angiogenesis and adipogenesis
in both donor and recipient, leading to a favorable microenvironment
for the uptake of grafted fat. Moreover, a subset of donor adipose-
derived stem cells can differentiate into blood vessels and fat,
partially contributing to grafted fat retention. In a subsequent study, in
addition to the direct delivery of adipose-derived stem cells mixed
with the fat to be grafted, adipose-derived stem cells were intra-
venously delivered concurrently with fat grafting (Fig.2.).* The
intravenous delivery of adipose-derived stem cells, like the direct

delivery of adipose-derived stem cells, also showed superior
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outcomes of fat graft retention, but there were only few blood vessels
and fat that differentiated from donor adipose-derived stem cells,
which indicates that paracrine action rather than direct differentiation

is the main mechanism of fat graft retention.

GFP mouse GFP fat

— ::;3.: =) .‘:-:f:‘ 3
IV injection of
DsRed mouse DsRed ASCs ASCs

Fig.2. Schematic illustration of our previous study. We modified introduced
animal model of CAL using two transgenic reporter mouse. GFP gat tissue
was grafted to subperiosteal plane. On the same day, DsRed adipose-
derived stem cells were injected intravenously. According to the study, we
confirmed that intravenous injection of ASCs could improve the fat graft

retention.

We have confirmed that intravenous injection of adipose-
derived stem cells has a positive effect on the survival rate of fat
grafts. The intravenous delivery of adipose-derived stem cells,
including multiple injections with various combinations of cell
numbers and intervals, has several advantages. Multiple injections of
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stem cells are clinically challenging in terms of efficacy, safety, and
cost. Nonetheless, prior research using animal models in various
diseases and settings such as diabetes mellitus,® spinal cord injury,®
ischemic cardiomyopathy,” and vascularized composite allotrans-
plantation® suggested the potential for the clinical application of
multiple injections of mesenchymal stem cells. However, the efficacy
of multiple intravenous injections of adipose-derived stem cells for fat
grafting has not yet been studied. In this study, we investigated the
effects of a secondary intravenous injection of adipose-derived stem

cells on fat grafting.



2. Materials and Methods

2.1 Animal model

The experimental procedures and animal care in this study were
approved by the Institutional Animal Care and Use Committee (No.
SNU-180611-1-3) of Seoul National University. All the mice were bred
in specific pathogen-free animal facilities at the same institute. Mice
were anesthetized with 3% isoflurane in 100% oxygen at a delivery
rate of 5 L/min for induction until loss of righting reflex.

The animal model of cell-assisted lipotransfer used in a
previous study, with two transgenic reporter mouse strains
expressing different fluorescent signals,* was modified. Green
fluorescent protein and DsRed adipose-derived stem cells were
harvested from green fluorescent protein® and DsRed C57BL/6J (B6)
mice'?, respectively. Wild-type B6 mice were used as donors for the
grafted fat and as recipients.

For a primary culture of green fluorescent protein and DsRed
adipose-derived stem cells, murine inguinal adipose tissues were
digested with 0.2% collagenase type | (Worthington Biochemical
Corp., Lakewood, N.J.) at 37°C for 30 min and then centrifuged at
1200 rpm for 3 min. The cell pellet was resuspended in Dulbecco's

modified Eagle medium/nutrient mixture F-12 (DMEM/F12; Gibco Life



Technologies, Carlsbad, Calif.) containing 10% fetal bovine serum
(FBS) and 1% penicillin-streptomycin antibiotic agent (Gibco Life
Technologies) and then seeded in cell culture dishes until passages 2
to 5.

In the graft experiments, 100 ul of wild-type fat tissue was
injected into a recipient mouse at the supraperiosteal plane of the
skull using a 16-gauge needle. Next, 1.0 x 10° resuspended and
filtered green fluorescent protein adipose-derived stem cells in 50 pli
of phosphate-buffered saline were injected by a retrobulbar approach
through the retro-orbital sinus. After that, we divided the mice into
three groups: a control group that received a single injection of green
fluorescent protein adipose-derived stem cells (S| group) (n=10), and
other groups with repeated injections of DsRed adipose-derived stem
cells (1.0 x 10°) at postoperative week 1 (RI1 group) (n=10) and 2
(RI2 group) (n=11) (Fig. 1). Grafted fat volume was measured using

micro-computed tomography at postoperative week 8.



IVIS
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Fig. 3. The timeline of the present study. Donor fat (100 ul) from wild-type

C57BL/6J mice was grafted into the supraperiosteal plane of the skull,
followed by intravenous injection of 1.0 x 10° green fluorescent protein
(GFP) adipose-derived stem cells (ASCs). S| group received single
injection of GFP adipose-derived stem cells, groups with repeated
intravenous injection of DsRed adipose-derived stem cells (1.0 x 10°) at
postoperative week 1 (RI1 group) and 2 (RI2 group). Bioluminescent
imaging was taken at one week after the last injection of adipose-derived

stem cells by in vivo imaging system (IVIS).

2.2 Histomorphometric analysis

At postoperative weeks 3 and 8, grafted fat, subcutaneous inguinal
and visceral epididymal fat were harvested. All the tissues were fixed
for 1 h with 1% paraformaldehyde in phosphate-buffered saline at
room temperature. For immunofluorescent staining of adipose
tissues, the whole-mount staining method was used."

Adipose tissues were blocked with 5% goat serum (Jackson
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ImmunoResearch, West Grove, Pa.) in phosphate-buffered saline
with 0.03% Triton X-100 for 1 h, incubated overnight at 4°C with
either a guinea pig anti-mouse perilipin antibody (20R-PP004;
Fitzgerald, Acton, Mass.) or an armenian hamster anti-mouse CD31
antibody (clone 2H8; Merck Millipore, Darmstadt, Germany), and
then washed with phosphate-buffered saline with 0.03% Triton X-100.
Next, the tissues were incubated with either a goat Cy5-conjugated
anti-guinea pig or an anti-armenian hamster antibody (Jackson
ImmunoResearch) for 2 h at room temperature. Immunofluorescent
staining images were visualized using a confocal microscope (LSM
800; Zeiss, Oberkochen, Germany). Morphometric analyses were
conducted using the Imaged (Fiji) software (National Institutes of

Health, Bethesda, Md.).

2.3 In vivo imaging study

Mice were examined 1 week after the last adipose-derived stem cell
injection in all the groups. An in vivo imaging system (VIS Lumina Il
Imaging System; PerkinElmer, Waltham, Mass.) was used according
to the manufacturer’s instructions to detect fluorescent signals from
green fluorescent protein and DsRed adipose-derived stem cells.
Images of mice were taken with a 20-cm field of view and an
exposure time of 1 s. The excitation and emission filters were set for

the green fluorescent protein signals from 480 to 520 nm and for the
. ] £l



DsRed signal from 560 to 620 nm.

2.4 Gene expression analysis

Total RNA from inguinal and grafted fat at postoperative week 3 was
extracted using a RNeasy Lipid Tissue Mini Kit (Qiagen, Hilden,
Germany). Reverse transcription was performed using TOPscript™
RT DryMIX (Enzynomics, Inc., Daejeon, Korea) and quantitative real-
time polymerase chain reaction was performed using the SYBR
Green system (Enzynomics, Inc.). Vascular endothelial growth factor
(Vegf)'? and fibroblast growth factor 2 (Fgf2)'® were used as potent
angiogenic markers. For stem cell homing, the stromal-derived
factor-1 (Sdf-1) and C-X-C chemokine receptor type 4 (Cxcr4) axis
was analysed.’™ Housekeeping gene (Gapdh) was used as an
internal reference. Primer sequences used in this study are listed in

Table 1.

2.5 Statistical analysis

All results are shown as mean * standard deviation. Statistically
significant differences in the mean values (p < 0.05) were analyzed
using the Mann-Whitney U test or one-way analysis of variance with
the Bonferroni post hoc test using IBM SPSS Version 25 (IBM Corp.,

Armonk, N.Y.).



Table 1. Primer sequences for quantitative real-time polymerase

chain reaction

Gene Sequence

Cxcrd Forward 5-TCATCAAGC AAG GGT GTG AG-3’
Reverse 5-GGC TCC AAG GAAAGC ATA GA-3’
Fgf2 Forward 5-GACCCACACGTCAAACTACA-3’

Reverse 5-GCCGTCCATCTTCCTTCATAG-3’

Gapdh Forward 5-GTCGTGGAGTCTACTGGTGTCTTCAC-3
5-GTTGTCATATTTCTCGTGGTTCACACCC-
Reverse 3
Sdf-1 Forward 5-CAGAGCCAACGTCAAGCA-3

Reverse 5-AGGTACTCTTGGATCCAC-3
Vegf Forward 5-TATTGGTGACTGAATGCGGCGGTG-3

Reverse  5-ATGTACACGATGCCATGCTGGTCAC-3’

10



3. Results

3.1 Distribution of intravenously injected green fluorescent
protein and DsRed adipose-derived stem cells

During the study period, all the mice survived without any critical
complications. We investigated the presence and distribution of
intravenously injected green fluorescent protein and DsRed adipose-

derived stem cells (Fig. 2) by using an in vivo imaging system.

GFP ASCs DsRed ASCs

Figure. 4. Fluorescence microscopic image of green fluorescent protein

and DsRed adipose-derived stem cells at passage 3.

7 . a
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In all groups, fluorescent signals from green fluorescent protein and
DsRed adipose-derived stem cells were detected mainly in the

grafted fat (Fig. 3).

Sl group RI1 group RI2 group

uonoalu] sOsvy d49

2 weeks % 3 weeks

o ¥ £

After / 1 week

uonosfu] oSV paysa

Fig. 5. Bioluminescent imaging of green fluorescent protein (GFP) and
DsRed adipose-derived stem cells with in vivo imaging system. In the SI
group, the image was taken 1 week after injection of GFP adipose-derived
stem cells. In the RI1 group, the image was taken 2 weeks and 1 week after
injections of GFP and DsRed adipose-derived stem cells, respectively. In
the RI2 group, the image was taken 3 weeks and 1 week after injections of
GFP and DsRed adipose-derived stem cells, respectively. In all groups,
GFP and DsRed adipose-derived stem cells were mainly detected on the

grafted area.
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Similar to the bioluminescent imaging results, green fluorescent
protein and DsRed adipose-derived stem cells were observed in the

grafted fat using immunofluorescent staining. (Fig. 4).

G group GR1 group GR2 group

Graft fat
uidijiied ‘peysa ‘'d4o

Fig. 6. Immunofluorescent staining of grafted fat at postoperative week 3.
Green fluorescent protein (GFP) and/or DsRed adipose-derived stem cells

were observed in the grafted fat. Scale bars = 20 um.

13



In inguinal fat and epididymal fat, neither green fluorescent protein
nor DsRed adipose-derived stem cells were detected by immunofluo-

rescent staining. (Fig. 5)

Sl group RI1 group RI2 group

Fig. 7. Inguinal fat and Epididymal fat immunofluorescent staining at week

Inguinal fat

uidijuad ‘paysa ‘d4o

Epididymal fat

3. No fluorescent signals were observed in epididymal fat and inguinal fat at

postoperative week 3. Scale bars=100 pm.

These findings indicated that not only green fluorescent protein
adipose-derived stem cells but also DsRed adipose-derived stem
cells injected at intervals of 1 or 2 weeks after fat grafting were

recruited to the graft site.
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3.2 Homing of adipose-derived stem cells via the stromal-
derived factor-1/C-X-C chemokine receptor type 4 axis

To explore the mechanism underlying adipose-derived stem cell
homing, we investigated the involvement of the Sdf-1/Cxcr4 axis in
our model. In the third week after green fluorescent protein adipose-
derived stem cell injection, we measured the expression of the Sdf-1
gene in the two types of fat. The expression of Sdf-1 gene was
significantly higher in the grafted fat than in the inguinal fat (inguinal
fat: median = 1.69, interquartile range = 1.31 to 2.08; grafted fat:
median = 18.75, interquartile range = 14.66 to 22.56; p < 0.05) (Fig.
6). This result indicated that grafted fat, rather than inguinal fat, could
be a potential source of Sdf-1. To confirm the expression of Cxcr4
gene in adipose-derived stem cells, we measured and compared the
gene expression of Cxcr4 in fat (inguinal fat) and adipose-derived
stem cells. The expression of Cxcr4 gene was significantly higher in
adipose-derived stem cells than in normal fat (fat: median = 1.70,
interquartile range = 1.00 to 2.25; adipose-derived stem cells: median
= 13.10, interquartile range = 10.81 to 17.15; p < 0.05) (Fig. 6).
Taken together, these data indicate that both green fluorescent
protein and DsRed adipose-derived stem cells can be recruited to

grafted fat and not to other adipose tissues via Sdf-1/Cxcr4 axis.

15



Fig. 8. Gene expression analyses of stromal-derived factor-1 (Sdf7)
and C-X-C chemokine receptor type 4 (Cxcr4) by quantitative real-time
polymerase chain reaction at postoperative week 3, normalized to
Gapdh expression. The expressions of Sdff gene were compared
between inguinal and grafted fat, and those of Cxcr4 gene compared

between fat (inguinal fat) and adipose-derived stem cells (ASCs). *p <

@ Sdf-1
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3.3 Quantitative analyses of fat graft retention

Next, we investigated the effect of secondary administration of
adipose-derived stem cells on fat graft retention in all groups at
postoperative week 8. Interestingly, the volume of grafted fat was
higher in the RI1 group than in the Sl group (Fig. 7). Moreover, the
volume of grafted fat in the RI2 group was higher than that in both
the Sl and RI1 groups (S| group: median = 28.8 mm?, interquartile
range = 25.3 to 34.6 mm3 RI1 group: median = 60.2 mm?3,
interquartile range = 53.1 to 63.1 mm?3; RI2 group: median = 78.9
mm?, interquartile range = 76.0 to 93.2 mm?; p < 0.05) (Fig. 7). These
data demonstrate that the groups with secondary administration of
adipose-derived stem cells had a higher volume of grafted fat than
the group with a single injection of adipose-derived stem cells. In
addition, the secondary administration of adipose-derived stem cells
at the 2-week-interval was more effective than that at the 1-week-

interval in terms of fat graft retention.
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Sl group RI1 group RI2 group
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Fig. 9. The volume of grafted fat measured by micro-computed tomography
at postoperative week 8. Grafted fat is outlined by a yellow circle. The
volume of grafted fat was greater in the RI1 group than in the Sl group.
Moreover, the volume of grafted fat in the RI2 group was greater than that
in both the SI and RI1 groups. *p < 0.05 versus the S| group. #p < 0.05

versus the RI1 group.

3.4 Quantitative analyses of angiogenesis in grafted fat

Since angiogenesis is considered one of the microenvironmental
factors that lead to a change in fat graft retention, we measured the
vascular density of the grafted fat by immunofluorescent staining of

CD31 at postoperative week 8. The vascular density of th?r_'!RH ,grouTl
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was higher than that of the SI group, and the vascular density of the
RI2 group was higher than that of the other two groups (S| group:
median = 11.0 percent, interquartile range = 6.0 to 17.5 percent; RI1
group: median = 20.8 percent, interquartile range = 18.3 to 24.8
percent; RI2 group: median = 26.9 percent, interquartile range = 19.3

to 29.7 percent; p < 0.05) (Fig. 8).

Sl group RI1 group RI2 group

8 weeks
L£do ‘paysa ‘d49

40 o #

30

2 =

10 $ O Sigroup
O RI1group

0 ‘ ‘ ‘ BE RI2group

Vessel area (%)

Fig. 10. Vascular density of the grafted fat measured by quantification of
CD31 immunofluorescent staining at postoperative week 8. The blood
vessel density of the RI1 group is higher than that of the S| group, and the
blood vessel density of the RI2 group is higher than that of the other two
groups. *p < 0.05 versus the Sl group. #p < 0.05 versus the RI1 group.

Scale bars =100 um. GFP, green fluorescent protein.
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In accordance with the results of immunofluorescent staining, the
gene expression of Vegf (S| group: median = 1.13, interquartile range
= 0.89 to 1.31; RI1 group: median = 2.21, interquartile range = 2.10
to 2.41; RI2 group: median = 4.82, interquartile range = 3.93 to 5.22;
p < 0.05) (Fig. 9) and Fgf2 (Sl group: median = 1.01, interquartile
range = 0.64 to 1.46; RI1 group: median = 2.00, interquartile range =
1.48 to 2.82; RI2 group: median = 2.33, interquartile range = 1.56 to
3.21; p < 0.05) (Fig. 9) at postoperative week 3 were highest in the
RI2 group. Taken together, the groups with secondary administration
of adipose-derived stem cells showed a higher density of blood
vessels and higher expression of angiogenic genes in the grafted fat
than the group with a single injection of adipose-derived stem cells.
Thus, these data suggest that secondary administration of adipose-
derived stem cells promotes angiogenesis in grafted fat, and a 2-

week-interval is more effective.
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Fig. 11. Gene expression analyses of Vegf and Fgf2 in the grafted fat by
quantitative real-time polymerase chain reaction at postoperative week 3.
*p < 0.05 versus the Sl group. #p < 0.05 versus the RI1 group.
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4. Discussion

In the present study, we investigated the effects of a secondary
intravenous injection of adipose-derived stem cells and the interval
between the two injections on the survival of fat grafts. Mice receiving
one more injection of adipose-derived stem cells at a 2-week interval
showed greater volume retention and vascular density of grafted fat.
To the best of our knowledge, this is the first study to investigate the
effects of repeated intravenous injections of adipose-derived stem
cells on fat grafting.

We demonstrated that both green fluorescent protein and
DsRed adipose-derived stem cells injected at different time points
were recruited into the grafted fat. The process of cell migration and
engraftment into the target tissue is called homing.'® In this study, we
noted that DsRed adipose-derived stem cells injected 1 or 2 weeks
after fat grafting also showed homing to grafted fat. In our previous
study, injury due to the fat grafting procedure at the recipient site was
considered as one of the main causes of stem cell homing.* However,
since DsRed adipose-derived stem cells injected at postoperative
week 1 or 2, which is regarded as the time point when the injury at
the recipient site is nearly resolved, were also recruited to grafted fat,
specific mechanisms resulting from injury had to be considered.

Among these, we investigated chemo-attractants related to stem cell
22 ] '



homing.

The Sdf-1/Cxcr4 axis is one of the major chemokine/receptor
pairs governing cell homing and migration. It is known to be
associated with homing of hematopoietic cells into the bone marrow
during the developmental period, and migration of lymphocytes
toward inflammation and injury sites.'® Sdf-1 is expressed from the
injured organ, leading to an elevation of Sdf-1 level and recruitment
of stem cells via chemoattraction toward a gradient of Sdf-1."” Cxcr4,
a receptor of Sdf-1, is expressed by mesenchymal stem cells (MSCs),
embryonic stem cells, and hematopoietic stem cells.''® In our model,
Sdf-1 gene was highly expressed in the grafted fat presumably due
to grafting procedure itself being performed at the recipient site.
Moreover, Cxcr4 gene was highly expressed in adipose-derived stem
cells. Intriguingly, Sdf-1 gene was still highly expressed in the grafted
fat at postoperative week 3. This means that the elevation of Sdf-1
levels after injury can last longer than expected. Thus, both DsRed
adipose-derived stem cells injected 1 and 2 weeks after fat grafting
could be recruited to the grafted fat. Further studies are needed to
define the duration of Sdf-1 elevation after injury.

Repeated injections of adipose-derived stem cells resulted in
higher graft volume and vascular density than a single injection of
adipose-derived stem cells. Consistent with the results of vascular

density at postoperative week 8, Vegf and Fgf2 genes related to
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angiogenesis were expressed at higher levels in mice with repeated
injections than in those with single injections at postoperative week 3.
In a previous study, we suggested that intravenous injection of
adipose-derived stem cells could induced angiogenesis in grafted fat
via paracrine action.* Thus, we can postulate that secondary
intravenous administration of adipose-derived stem cells also
enhances angiogenesis in the grafted fat, leading to better outcomes
in grafted fat retention.

This study still has several issues and limitations that require
further investigation. First, the optimal interval between adipose-
derived stem cell administrations was unclear. In the groups of
repeated injections of adipose-derived stem cells, the interval
between adipose-derived stem cell injections was better at 2 weeks
than at 1 week. Although there was a difference in angiogenesis
between the two groups, the detailed cellular and molecular
mechanisms related to the timing of stem cell injection and the
outcome of fat grafting have not been elucidated. In a rabbit model of
spinal cord injury, repeated intravenous injections of human umbilical
cord blood-derived MSCs were proven to be clinically effective.
However, recovery was more pronounced in the 3-day interval group
than in the 7-day interval group.® Therefore, it is assumed that there
is an appropriate timing of stem cell injection depending on the

purpose and type of cell therapy, and further studies to explain the
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underlying mechanism are needed.

Second, optimization of the injection number and cellular dose
is needed. In the present study, we performed one or two injections;
however, it is not yet clear whether more than three injections are
better. In the rat model of chronic ischemic cardiomyopathy treated
with c-kit* cardiac progenitor cells, three repeated injections at 35-
day intervals were superior to a single injection despite the fact that
the total cell number was the same.?° Considering with first issue, cell
therapy should be conducted based on various variables and
combinations including injection number, interval, and dose of stem
cells.

Third, stem cell therapy cannot rule out oncologic risks in the
long term. This study was conducted for eight weeks by modifying
the experimental design of a previous study.* Although there is a
difference in the lifespan of humans and mice, a study with a long-
term follow-up is needed to provide experimental evidence of

oncologic safety related to cell-assisted lipotransfer.
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5. Conclusion

In a modified animal model of cell-assisted lipotransfer, we
demonstrated that secondary intravenous administration of adipose-
derived stem cells improved retention of grafted fat. Regarding the
time point of the boosting effect of secondary administration, the
interval between adipose-derived stem cell administrations was
better at 2 weeks than at 1 week. Our findings refine clinical
protocols and enhance the therapeutic value of cell-assisted

lipotransfer.
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o] o]Ald}= cell-assisted lipotransfer (CAL), & Z7|A X 7)ut

30



ANES Ao Folshs Aol 4ES ok TREZ} AT =

7o) &3 so] AR gk, o AT E ARE/NNES AYor F

ot Aol Aol BB AF H5e 2] Agol Aol
Au e P vl LA FERL ol WP 1AL TR

A AT CAL vig-2 RS 383519, Fo] Az 857
o] oluk C57BL/6J (B6) w}$-29] A3 A& A&3t9ct. Fo A
BE/MEE 54 ¥Po] AAF = green fluorescent protein
(GFP) B6 wh-¢-29} 714 F33o] B = DsRed B6 wh-¢-22] A
R oA 77 7|A -3} B3I (stromal-vascular fracture,
SVF) A& FE33L ol & w3t it (o8t GFP ARE7A =

% DsRed AWE7|AE). 53 wh¢2= 49 B6 wh¢-2F A3

438 wl$-2E= SI+ (single injection), RI1¥ (repeated
injection with 1-week interval), RI2+ (repeated injection

with 2-week interval) & U¥o] Al & EF x|ulo] A3} 7+ I
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GFP ARE7INMEE A Fost9ct. RIIEF RI2TFS Aol F
z+z} 158t 2F A DsRed ABE7|AMEE 232 AW Fo3sict.
)t 2 ¥rE7|ANE FodE2RE 1FY He in vivo imaging
system2® QAU ALE7|AE FF TS SA}AIL, Aol

3FA A o] AR A Edte] HAFFHANS AWt mleja®

<
%
AFE 92&9 (micro-computed tomography, micro-CT)SE

o

149 2] FIE SN, AANY FFaLAMES (real-
time polymerase chain reaction, real-time RCR) 2. Z7|AX
9] homing?} {7 FFE FAAL] THZFS A

Al # BF A9 Foj3d GFP ¥ DsRed AWE7|AZ7} Fo A
71¢k AdQol FHE oAz ¥4 E homingd A< FZsY €
7\ Z2] homings} FAY Sdf-1 FAAZ}L AU oS Az R
t} o] Az Hte A =A TP, Sdf-19 L&A Cxcrd +
AzARGE AGE7|AZ =4 2" As #Agsidd. o=
Cxcrdd Ze AWE7|AEIL Sdf-19 5571 gz 2 o4
Ao R BB o] v, Sdf-1/Cxcr49 3+3+5+4 (chemotaxis)
o] A&7 £ homings 2% 3= 3] 7|AYS FHT Zel).
RI2FC A o)A xHe] B3z} b3 @y, e 2Er) 7P =%
o, RI1EF} SIE €22 I FF olsich. R4} 312 Vegrs}
Fgr2 §37 433 RI2ZNA /M =
1 HE <l

ABE7IAEE A2 FYsh= A

o

o| Azl A ABEVNNEE
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