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Effects of low-level laser therapy and adipose-derived 
stem cells on the viability of autologous fat grafts: a 
preliminary study

INTRODUCTION
Low-level laser therapy (LLLT) is a type of phototherapy that uses 
low levels of red or near-infrared lasers with a wavelength of 600–

1,100 nm and an output power of up to 500 mW. LLLT is ather-
mally and atraumatically conducted through photoactivation of 
the target tissues or cells at low levels of photon energy [1,2]. LLLT 
has various biological effects, including prevention of cell apoptosis 
and stimulation of cell growth, proliferation, and differentiation [3-
5]. Therefore, LLLT is clinically applied for wound healing, bone 
remodeling, nerve regeneration, pain attenuation, skin rejuvena-
tion, and immune system modulation [1,6,7].
 Autologous fat grafts are ideal fillers in cosmetic and reconstruc-
tive surgery. Fat grafts have many advantages in that they are easy 
to harvest, abundant, cheap, and biocompatible [8-10]. Although 
clinical results have been improved through advances in fat graft-
ing techniques, unpredictable absorption patterns remain challeng-
ing [8-12].
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Background Autologous fat grafts are commonly used in cosmetic and reconstructive 
surgery, and various methods are used to improve their viability. Low-level laser therapy 
(LLLT) can enhance the proliferation, growth, and differentiation of various cell lines, 
including stem cells. Our study investigated and compared the effects of LLLT and the 
addition of adipose-derived stem cells (ADSCs) on the viability of fat grafts. 
Methods Twenty nude mice were divided into four groups: control (group 1), LLLT irra-
diation (group 2), ADSC addition (group 3), and LLLT irradiation+ADSC addition (group 
4). ADSCs were combined with the fat tissue. LLLT irradiation was performed once dai-
ly for 1 week from the day of grafting. After 8 weeks, the weight, volume, histology, and 
Western blot findings of the grafted fat tissues were evaluated. 
Results The retention rate and volume of the fat tissue in groups 2, 3, and 4 were high-
er than that of group 1, but the difference was not statistically significant. The number 
of capillaries, histological parameters, and immunofluorescence staining analyses for 
CD68, CD31, fibroblast growth factor, and vascular endothelial growth factor (VEGF) 
showed no significant differences among the four groups. The expression level of VEGF 
was higher in group 2 than in the other groups, but not to a statistically significant level. 
Conclusions LLLT and ADSCs did not significantly improve the viability of autologous 
fat grafts. Therefore, further study is necessary to develop safe and effective methods 
to improve the viability of these grafts for clinical application. 

Keywords Low-level laser therapy / Gallium-aluminum-arsenide lasers / Stem cells / Graft 
survival

This work was supported by a National Re-
search Foundation of Korea (NRF) grant 
funded by the Korean government (MIST; 
Ministry of Science and ICT) 
(2018R1C1B504478613).

This article was presented at PRS on Novem-
ber 13-15, 2020.

Received: Nov 1, 2020 Revised: Jan 28, 2021 Accepted: Mar 19, 2021
Correspondence: Kyung Hee Min Department of Plastic and Reconstructive 
Surgery, Nowon Eulji Medical Center, Eulji University, 68 Hangeulbiseong-ro, 
Nowon-gu, Seoul 01830, Korea
Tel: +82-2-970-8255, Fax: +82-2-978-4772, E-mail: mkh797@hanmail.net 
Copyright © 2021 The Korean Society for Aesthetic Plastic Surgery. 
This is an Open Access article distributed under the terms of the Creative Commons At-
tribution Non-Commercial License (https://creativecommons.org/licenses/by-nc/4.0/) 
which permits unrestricted non-commercial use, distribution, and reproduction in any 
medium, provided the original work is properly cited. www.e-aaps.org 

https://doi.org/10.14730/aaps.2021.00080
Arch Aesthetic Plast Surg 2021;27(3):81-87
pISSN: 2234-0831 eISSN: 2288-9337

1 / 1CROSSMARK_logo_3_Test

2017-03-16https://crossmark-cdn.crossref.org/widget/v2.0/logos/CROSSMARK_Color_square.svg

http://crossmark.crossref.org/dialog/?doi=10.14730/aaps.2019.25.1.#&domain=pdf&date_stamp=2019-##-##
http://crossmark.crossref.org/dialog/?doi=10.14730/aaps.2021.00080&domain=pdf&date_stamp=2021-07-31


82

aaps Archives of
Aesthetic Plastic Surgery VOLUME 27. NUMBER 3. JULY 2021

 Several efforts have been made to enhance the survival rate of 
grafted fat tissues, including the addition of growth factors and sup-
plemental cells, such as adipose-derived stem cells (ADSCs). Cell-
assisted lipotransfer (CAL), in which a stromal vascular fraction 
(SVF) or ADSCs are added to a fat graft, is widely performed in 
clinical settings [8,9,11-13]. The effects of LLLT on adipocytes and 
ADSCs have been investigated. LLLT enhances the viability and 
proliferation of ADSCs and stimulates vascular proliferation in adi-
pose tissue [5,14]. Clinically, LLLT is used to enhance the viability 
of fat grafts [15].
 We therefore hypothesized that LLLT would enhance the survival 
rate of fat grafts and increase the effectiveness of ADSCs. There-
fore, our study sought to investigate the effects of LLLT and ADSCs 
on the viability of grafted fat tissues using a nude mouse model.

METHODS

Harvesting of ADSCs
Human fat tissue was resected from the remnant tissue of a trans-
verse rectus abdominis musculocutaneous (TRAM) flap from a 
56-year-old female patient (body mass index, 22.96 kg/m2). Approv-
al for the use of human fat tissue was granted by the Institutional 
Review Board at Seoul National University Bundang Hospital. The 
fat tissues were washed, minced, and digested with 0.5% type I col-
lagenase (Worthington, Lakewood, NJ, USA). The tissues were 
then washed with saline 5 times and centrifuged at 300 ×g for 5 
minutes. Floating mature adipocytes were discarded. SVF was ob-
tained from the precipitated pellets. ADSCs were seeded and cul-
tured in Dulbecco’s modified Eagle’s medium containing 10% fetal 
bovine serum (Invitrogen-Gibco, Grand Island, NY, USA) supple-
mented with an antibiotic/antimycotic solution (Welgene Inc., Dae-
gu, Korea) under normoxic conditions at 37°C. Cells from the third 
passage that were positive for the surface marker CD105 and nega-
tive for the surface markers CD19 and CD45 were used for experi-
ments (Fig. 1).

Harvesting and preparing fat tissue
Human fat tissue was resected from the remnant tissue of a TRAM 

flap from a 49-year-old female patient (body mass index, 22.15 kg/m2). 
The tumescent solution was infiltrated into the subcutaneous layer 
of the resected fat tissue at a ratio of 2:1. The tumescent solution 
was composed of Ringer’s lactate solution (1,000 mL), 1:1,000 epi-
nephrine (1 mL), 8.4% sodium bicarbonate (5 mL), and 1% lido-
caine (50 mL).
 The fat tissue was then aspirated using a 14-gauge blunt cannula 
connected to the 10-mL syringe. The aspirated fat tissue was cen-
trifuged at 1,800 ×g for 3 minutes. The aqueous bottom layer and 
the oily top layer were discarded. The prepared fat in the middle 
layer was transferred using a 1-mL syringe for fat grafting.

In vivo study
Six-week-old male BALB/c-nude mice (n=20) were used in this 
experiment. The mice were divided into four groups, as shown in 
Table 1. In the control group (group 1), the fat tissue was grafted 
without ADSCs and irradiation was not performed. In group 2, the 
fat tissue was grafted without ADSCs and irradiation was performed. 
In group 3, fat tissues with ADSCs were grafted and the mice were 
not subjected to irradiation. In group 4, the fat tissue was grafted 
with ADSCs and the mice were subjected to irradiation. The fat 
tissue was grafted into the posterior nuchal area as a bolus, using 
an 18-gauge needle (Fig. 2A). The ADSCs (5×106 cells/0.1 mL) 
were mixed with 0.9 mL of fat tissue. In groups 2 and 4, the mice 
were subjected to irradiation with an 830-nm Ga-Al-As laser (Healite 
II LED; Lutronic Co., Goyang, Korea) once a day for 1 week from 
the day of fat grafting (Fig. 2B). The power density of the laser was 
40 mW/cm2. The energy density of the laser was 20 J/cm2.

 Fig. 1. Immunophenotyping of human adipose-derived stem cells. These cells were positive for the surface marker CD105, but negative for 
the hematopoietic cell-specific surface markers CD19 and CD45. 
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Table 1. Experimental groups and protocols

Group Fat graft (mL) LLLT                ADSC addition

1 (control) 0.9 X X (0.1 mL DMEM)

2 (LLLT) 0.9 O X (0.1 mL DMEM)

3 (ADSCs) 0.9 X O (5×106 ADSCs/0.1 mL DMEM)

4 (LLLT+ADSCs) 0.9 O O (5×106 ADSCs/0.1 mL DMEM)

LLLT, low-level laser therapy; ADSCs, adipose-derived stem cells; DMEM, 
Dulbecco’s modified Eagle’s medium; X, not performed; O, performed. 
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Fig. 2. Animal experiment photos. (A) The fat tissue was grafted to the posterior nuchal area of the nude mouse. (B) Low-level laser therapy 
was applied using an 830 nm Ga-Al-As laser (B).

A B

Fig. 3. Animal experiment photos. (A) Eight weeks after fat grafting, the grafted fat was well maintained. (B) Grafted fat tissue was harvested.

A B

Fat graft survival
Fat graft survival was analyzed by assessing the weight and volume 
of the grafted fat tissue in the mice. The graft retention rate was cal-
culated using the following equation; graft retention rate (%)=(post-
graft weight/pre-graft weight)×100. The pre-graft weight (the net 
weight) of the grafted fat tissue was measured by subtracting the 
weight of an empty 1-mL syringe from that of a syringe containing 
the fat tissue for each fat graft.
 Eight weeks after the grafting was carried out, the mice were sac-
rificed, and the grafted fat tissue was harvested (Fig. 3). The har-
vested tissues were weighed and used to calculate the graft reten-
tion rate. To measure the volume of the harvested tissue, the liquid 
overflow method was used [16]. The tissue was placed in a 5-mL 
syringe containing 4 mL of saline, and the increase in the volume 
of the liquid was measured.

Histological analysis
The harvested fat tissues were fixed in paraformaldehyde solution 
for 2 days and then embedded in paraffin. Five-micrometer sec-
tions of the fat graft tissue were cut on a microtome (Microm, Wall-
dorf, Germany) and stained with hematoxylin and eosin. Neovas-
cularization was evaluated by counting the number of capillaries 
under ×40 magnification. The following histological parameters 
were analyzed semi-quantitatively: the presence of intact and nu-
cleated fat cells, the presence of cysts and vacuoles, inflammation 
(infiltration of lymphocytes and macrophages), and the presence 
of fibrosis. Each parameter was graded on a scale of 0–5: 0 (absence), 
1 (minimal presence), 2 (minimal to moderate presence), 3 (mod-
erate presence), 4 (moderate to extensive presence), and 5 (exten-
sive presence).
 The expression of macrophage infiltration (CD68), microvascu-
lar density (CD31), and the angiogenic factors fibroblast growth 
factor-2 (FGF-2) and vascular endothelial growth factor (VEGF) 
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Fig. 4. The graft retention rate (A), and volume of fat grafts for each group (B). First quartile, median, and third quartile are presented in the 
plot. LLLT, low-level laser therapy; ADSCs, adipose-derived stem cells.

60

50

40

30

20

10

0

 Fat + + + +
 LLLT - + - +
 ADSCs - - + +

Re
te

nt
io

n 
ra

te
 (%

)

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0

 Fat + + + +
 LLLT - + - +
 ADSCs - - + +

Vo
lu

m
e 

(m
L)

A B

Fig. 5. (A) Neovascularization was analyzed by counting the capillaries under 
×40 magnification. (B) The expression of macrophage infiltration (CD68), micro-
vascular density (CD31), and angiogenic factors (FGF-2 and VEGF) were mea-
sured using immunofluorescence staining. (C, D) The expression of the angio-
genic factor VEGF was measured using Western blotting. LLLT, low-level laser 
therapy; ADSCs, adipose-derived stem cells; FGF-2, fibroblast growth factor-2; 
VEGF, vascular endothelial growth factor. 
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were measured in the harvested tissues using immunofluorescence 
staining. All antibodies were purchased from Abcam (Cambridge, 
UK). 

Western blot analysis
The expression of the angiogenic factor VEGF was measured in the 
harvested tissues using Western blotting.

Statistical analysis
R language version 3.3.3 (R Foundation for Statistical Computing, 
Vienna, Austria) and T&F program version 3.0 (YooJin BioSoft, 
Goyang, Korea) were used for all statistical analyses. Data were ex-
pressed as median (first quartile to third quartile) for continuous 
variables, and as sample number and percentage for categorical 
variables. The Kruskal-Wallis H test was used to compare the sur-
vival rate, volume of transplanted fat tissue, and histologic parame-
ters among the four treatment groups. 

RESULTS

Fat graft survival
The graft retention rate of groups 2 (LLLT), 3 (ADSCs), and 4 (LLLT 
+ADSCs) was higher than that of group 1 (control). The retention 
rate of group 2 was higher than that of groups 3 and 4. However, 
the difference was not statistically significant (Fig. 4A). The volume 
of the fat grafts in groups 2, 3, and 4 was higher than that of group 
1, but the difference was not statistically significant (Fig. 4B).

Histological analysis
The counting of capillaries showed no significant differences among 
the groups (Fig. 5A). The histological analysis of various parame-
ters—namely, the presence of intact and nucleated fat cells, cysts 
and vacuoles, inflammation, and presence of fibrosis—showed no 
significant differences among the four groups (Table 2). Immuno-
fluorescence staining analyses of CD68 (macrophage infiltration), 
CD31 (microvascular density), and angiogenic factors (FGF-2 and 
VEGF) also did not show any significant difference among the four 
groups (Fig. 5B).

Expression of angiogenic factors
In the Western blot analysis, the expression of VEGF in group 2 
(LLLT) was higher than that in the other groups, but the difference 
was not statistically significant (Fig. 5C and D).

DISCUSSION
Various techniques have been used in attempts to overcome the 
unpredictable absorption patterns and increase the viability of au-
tologous fat grafts. Of these, CAL has been the focus of a consider-
able amount of research. CAL enhances neo-vascularization and 
prevents fat graft complications, such as absorption, cyst forma-
tion, fibrosis, and necrosis [8,9,11-13]. The mechanism of CAL is 
not well understood. There are two main hypotheses with regard 
to its mode of action. One hypothesis is that ADSCs differentiate 
directly into adipocytes or endothelial cells. The other is that AD-
SCs secrete antiapoptotic and angiogenic growth factors, which 
improve fat graft volume retention and vascularization in the hy-
poxic graft environment. The latter hypothesis is currently accept-
ed widely by researchers [11,17,18]. However, not all studies have 
reported positive effects of CAL. Peltoniemi et al. [19] reported 
that breast augmentation using CAL did not show any advantages 
in a comparative study. Conde-Green et al. [20] reported that CAL 
showed effects similar to those of other fat grafting techniques in 
an animal study. The study of ADSCs in fat grafts should take into 
account various factors including patient variability, the recipient 
site, the volume of fat aspiration, and the number of SVFs or AD-
SCs.
 CAL continues to have its limitations. The optimal dose of SVFs 
or ADSCs for CAL has not yet been determined. To obtain cells for 
CAL, patients have to sacrifice additional fat tissue. The safety of 
using SVF or ADSCs has yet to be evaluated. These cells are tumori-
genic and can induce tumor growth through paracrine effects. Par-
ticularly in fat grafts with ADSCs or SVF for breast reconstruction 
following cancer, breast cancer recurrence should be taken into 
consideration. The proliferation of remaining cancer cells may be 
induced by ASDCs [21,22]. 
 LLLT induces biophysical effects on cells through the conversion 
of photon energy to chemical energy. LLLT can prevent cell apop-
tosis and stimulate cell growth, proliferation, and differentiation  

Table 2. Histological comparison of fat grafts among the four groups

Variable Fat Fat+LLLT Fat+ADSCs Fat+LLLT+ADSCs P-value

Presence of intact and nucleated cells 3 (1.5–4.0) 3 (3.0–3.0) 2 (1.5–2.5) 3 (2.0–3.0) 0.185

Presence of cysts and vacuoles 4 (3.5–5.0) 3 (3.0–4.0) 4 (4.0–4.0) 3 (3.0–4.0) 0.106

Inflammation 3 (3.0–3.5) 3 (3.0–3.5) 3 (2.0–3.0) 3 (2.5–3.0) 0.157

Presence of fibrosis and other connective tissues 3 (3.0–3.5) 3 (3.0–4.0) 4 (3.5–4.5) 3 (2.0–3.5) 0.098

Values are presented as the median (interquartile range). 
LLLT, low-level laser therapy; ADSCs, adipose-derived stem cells.
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[2-5]. Numerous studies using various cell lines, including stem 
cells, and various parameters of LLLT have been reported [2,23]. 
Our previous study showed that LLLT enhanced the viability and 
proliferation of ADSCs both in vitro and in vivo [5]. Other studies 
have reported positive effects of LLLT on stem cells [24,25].
 In the present study, although statistically not significant, the 
LLLT-treated group showed a higher retention rate and VEGF ex-
pression than other groups. This result may reflect the photobioac-
tivation caused by LLLT. It is believed that in fat grafts, LLLT incre-
ases cell proliferation and tissue oxygenation and modulates vari-
ous cytokines and growth factors, both in adipocytes and in other 
cells, including ADSCs [14,15].
 LLLT enhances the viability and proliferation of ADSCs and stim-
ulates vascular proliferation in adipose tissue [5,14]. Clinically, LLLT 
is used to enhance the viability of fat grafts [15].
 Owing to the use of low-energy lasers, LLLT does not emit heat 
or vibration [1]. Therefore, LLLT is unlikely to cause complications 
and can be used easily and safely in patients following fat grafting. 
However, to achieve optimal results with LLLT in fat grafts, further 
study is needed to determine the optimal parameters in various 
clinical applications.
 We did not find any significant difference in fat graft viability 
among the groups we studied, potentially because our sample size 
was small. Furthermore, since the skin thickness of nude mice is 
different from that of humans, the laser permeability may differ. 
Our study revealed that LLLT might not have an adequate effect on 
grafted fat tissue. Additionally, fat necrosis was found in the central 
portion of the grafted fat tissue. This may have influenced the weight 
of the grafted fat tissue, and a possible explanation is that the vol-
ume of fat graft might have been too large for the injection. Further 
experiments are required to address the limitations of this study.
 Herein, we were unable to conclusively identify a significant pos-
itive effect of LLLT and ADSCs on fat grafts in nude mice. Further 
investigations are needed to determine the safety and optimal meth-
od of CAL for clinical applications; meanwhile, LLLT may be a saf-
er and easier method for fat grafts than CAL. However, to effective-
ly apply LLLT to fat grafts, studies are needed to determine the most 
appropriate parameters.
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