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Cryopreservation of adipose tissue-derived
mesenchymal stem cells: An alternative to serial fat
grafting in breast reconstruction
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= ABSTRACT

Introduction: Fat grafting is an autologous graft of cells from subcutaneous tissue, which
can be used as a complementary technique in breast reconstruction. Given this, the
cryopreservation of adipose tissue-derived mesenchymal stem cells (ADMSCs) could be a
way to collect them in one surgical procedure and after performing fractional fat grafting.
Dimethyl sulfoxide (DMSO) is a cryopreservative used in cell research, but it is potentially
toxic, which would make it impossible to use cryopreserved ADMSCs in clinical practice.
New cellular cryopreservatives, without toxicity, have been described in the experimental
scientific literature, such as the substances L-proline and trehalose. Therefore, this work
aimed to evaluate the viability of ADMSCs cryopreserved with the combination of L-proline
and trehalose over up to 90 days. Method: Experimental study in which lipoaspirate
samples were obtained from 9 patients. The cellular fraction was processed and frozen with
L-proline (1.5M) + trehalose (0.2M) or with DMSO + fetal bovine serum (FBS) as control.
After 30 and 90 days, the samples were thawed, and cell viability was assessed using the
MTT technique. Results: The analysis of ADMSCs, after 1 and 3 months of freezing,
indicated that samples treated with Li-proline + trehalose showed similar viability to those
preserved with DMSO and SFB (p=0.444). Conclusion: The association of L-proline and
trehalose kept ADMSC viable for 30 and 90 days of freezing, and could be an alternative
as a cellular cryopreservative without toxicity and enabling the use of serial fat grafting.

Keywords: Trehalose; Lipectomy; Breast neoplasms; Mesenchymal stem cells;
Adipocytes. Proline.

=m RESUMO

Introducao: A lipoenxertia é um enxerto autélogo de células do tecido celular subcutéineo,
que pode ser utilizada como técnica complementar na reconstru¢do mamaéria. Diante
disso, a criopreservacio de células-tronco mesenquimais provenientes de tecido
adiposo (CTDAs) poderia ser uma maneira de realizar a coleta em um tempo cirirgico
e apos realizar a lipoenxertia de forma fracionada. O dimetilsulf6xido (DMSO) é um
criopreservante utilizado em pesquisas com células, porém é potencialmente téxico, o
que impossibilitaria a utilizacao de CTDAs criopreservadas na pratica clinica. Novos
criopreservantes celulares, sem toxicidade, vém sendo descritos na literatura cientifica
experimental, como as substancias L-prolina e trealose. Com isso, esse trabalho teve
como objetivo avaliar a viabilidade de CTDAs criopreservadas com a combinacio de
L-prolina e trealose, em um periodo de até 90 dias. Método: Estudo experimental, no
qual foram obtidas amostras de lipoaspirado provenientes de 9 pacientes. A fragio
celular foi processada e congelada com L-prolina (1,5M) + trealose (0,2M), ou com
DMSO + soro fetal bovino (SFB), como controle. Apés 30 e 90 dias, as amostras foram
descongeladas e a viabilidade celular foi avaliada pela técnica de MTT. Resultados: A
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anélise das CTDAsS, ap6s 1 e 3 meses de congelamento, indicou que as amostras tratadas
com L-prolina + trealose apresentaram viabilidade semelhante aquelas preservadas
com DMSO e SFB (p=0,444). Conclusao: A associacio de L-prolina e trealose manteve
CTDA viaveis por 30 e 90 dias de congelamento, podendo ser uma alternativa como
criopreservante celular sem toxicidade e viabilizando o uso de lipoenxertia seriada.

Descritores: Trealose; Lipectomia; Neoplasias da mama; Células-tronco
mesenquimais; Adipécitos. Prolina.

INTRODUCTION

Surgical breast reconstruction, after locoregional
cancer treatment, is related to patients’ quality of lifel.
However, in a country like Brazil, access to this type
of procedure for the vast majority of women affected
by breast cancer is very limited, considering that more
than one intervention is often necessary to achieve the
expected aesthetic result.

Thinking about the accessibility of breast repair
surgery in the Brazilian public health system, Law No.
9,797, of May 6, 1999, defined the obligation of this type
of procedure by the network of units that are part of
the Unified Health System (SUS) in cases of mutilation
resulting from cancer treatment? This legislation was
modified in 2013 (by Law No. 12,802), establishing
that aesthetic repair should be performed at the same
surgical time as cancer treatment, and when this was
impossible, breast reconstruction would be guaranteed
in a second stage?®; and by ordinance GM/MS n° 127, of
February 2023, which decided to install an exceptional
strategy to expand access to breast reconstruction®.

There are numerous surgical treatment options
for breast cancer, and the technique used depends
on several factors, which include the biological
characteristics of the breast neoplasm, the volume of
the breast, the dimensions of the primary lesion, the
response to neoadjuvant systemic treatment and the
stage of the disease at the time of diagnosis, among
others®. Also, with greater access to genetic tests to
check the presence of pathogenic variants of genes
related to a greater predisposition to breast cancer, such
as BRCA1 and BRCA2, the indication for prophylactic
adenomastectomies has increased®.

Fat grafting (or lipofilling) is an autologous graft
of adipose tissue cells, widely used as an adjuvant
method in breast reconstruction after oncological
surgery and/or radiotherapy to correct volume and
irregularities’. Recently, it was demonstrated that the
use of fat grafting is safe, including in conservative
surgeries for the treatment of breast cancer, and can
be used at the same surgical time as the excision of
breast neoplasia®®. Associated with the indications
for this technique in the oncology area, it is also used
in numerous aesthetic procedures in the face and

breast region, in remodeling contours in different
anatomical sites, in addition to being used to alleviate
scar contractures in large burns!®,

This type of graft is a complementary method
that allows obtaining large quantities of mesenchymal
stem cells derived from subcutaneous adipose tissue
(ADMSCs), which are the cells responsible for
colonization and tissue formation in the recipient
area'®>®®. Currently, ADMSCs are the most used as a cell
renewal strategy, as they have a similar capacity to stem
cells originating from the bone marrow, in addition to
being obtained through a less traumatic and invasive
technique. However, the procedure has limitations,
as part of the volume of fat applied is reabsorbed,
compromising the result!‘.

In breast reconstruction, fat grafting is performed
immediately after liposuction of small volumes of
cellular fraction, with no preservation of material
for subsequent grafts, with the surplus discarded. In
situations where there is a need for larger volumes of
fat grafting, several sequential fat grafting procedures
are performed until the expected aesthetic result is
achieved?®. This increases operating costs, in addition
to generating greater surgical risks for the patient.

The possibility of using cell cryopreservation
techniques could help in this process, as the ADMSCs
would be preserved at low temperatures, for an
indefinite period and be thawed in fractions depending
on the surgical planning?!¢. Cell cryopreservation seeks
to ensure adequate cell viability rates while maintaining
their biological potential. To achieve this, it is necessary
to use cryopreservatives during freezing techniques,
with dimethyl sulfoxide (DMSO) being the substance
most used in conventional protocols in experimental
studies, as it provides good cell viability after thawing?!".
However, the use of cryopreservation of ADMSCs with
DMSO in clinical practice is limited, as this solvent is
toxic to human cells®®.

Considering the importance of ADMSCs in
post-mastectomy breast reconstruction, among other
indications in aesthetic surgery, the search for non-
toxic and effective cryopreservatives would allow
the conservation of ADMSCs and, consequently, the
planning of serial fat grafts.
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OBJECTIVE

Verify the cell viability of ADMSCs after
cryopreservation of lipoaspirates with the combination
of L-proline and trehalose, substances that have no
documented cellular toxicity, in addition to having a
low operational cost.

METHOD

Experimental cross-sectional descriptive study
in which lipoaspirated tissue samples were collected
from female patients over 18 years of age who signed the
Free and Informed Consent Form (FICF) and chose to
donate part of the lipoaspirate that would be discarded
after the aesthetic liposuction procedure; carried out by
4 plastic surgeons in hospitals in the city of Chapecé-
SC, between June 2021 and March 2022.

Seeking to compare the effectiveness of
cryopreservatives against different freezing times,
90mL of lipoaspirated material was collected from
each patient, which was then allocated into 6 15mL
Falcon® tubes. The material was centrifuged at 3000
rpm for 3 minutes, washed with 0.9% saline solution,
and centrifuged again with the same parameters.
Successively, collagenase IA (C2674 — Sigma®) was
added at a concentration of 0.075% in a proportion of
1:100, followed by incubation in a water bath at 37°C
for 30 minutes, with homogenization every 10 minutes.

Collagenase inactivation was carried out with
the addition of DMEM (Dulbecco’s Modified Eagle’s
Medium) + 10% fetal bovine serum (FBS) in a 1:1 ratio,
and the content was then centrifuged at 1600rpm for 10
minutes. The supernatant was discarded, and the cell
pellet was transferred to a new tube and resuspended
in 2mL of phosphate buffered saline (PBS- Phosphate
Buffered Saline) for subsequent cell counting in a
Neubauer chamber. The cell set was divided into 6
tubes, and DMSO was added to 3 of them for a final
concentration of 10% + 10% FBS. In the remaining
tubes, 1.5M L-proline and 0.2M trehalose dissolved in
PBS buffer were added. The samples were then frozen
at -80°C (Figure 1).

The sample thawing process in a water bath
at 37°C took place after 30 and 90 days. In samples
containing DMSO, removal was performed by dilution
and washing with PBS buffer. L-proline and trehalose
did not require removal. The samples were cultured in
triplicate in sterile 12-well plates at a concentration of
106 cells per well. 2mL of DMEM containing 10% FBS
and 1% penicillin + 1% streptomycin were added to
each well. The samples were incubated in a CO2-free
oven at 37°C for 24 hours.

Cell viability was performed using the 3-(4,5 -
dimethylthiazol-2yl)-2,5 diphenyltetrazolium bromide

Figure 1. Steps of the methodology for cryopreservation of lipoaspirates
containing mesenchymal stem cells derived from subcutaneous adipose tissue.

(MTT) assay. The content contained in the wells
was transferred to 1.5mL microtubes, which were
centrifuged at 3000rpm for 15 minutes. The supernatant
portion was discarded, and 300uL. of PBS + 20uL
of MTT were added to the cell pellet and incubated
again at 37°C for 1 hour. Subsequently, the samples
were centrifuged with the same parameters as in the
previous step, then 75uLL of each sample was discarded,
and the same volume of DMSO was added. The samples
were homogenized and transferred to a 96-well plate
for absorbance evaluation by spectrophotometry at
560nm (Figure 2).

The cell viability data generated were tabulated
in a Microsoft® Office Excel spreadsheet, and a two-
way ANOVA test was then performed using GraphPad
Prism 6.0, considering the results significant when
p<0.05.

The initial research project was approved by the
Unochapecé Research Ethics Committee, under CAAE
23243519.7.0000.0116, and opinion number 4,822,999,
and by the institutions involved.

RESULTS

Samples were processed and frozen from 9
female patients, self-declared as white, and who
underwent a third generation ultrasonic assisted
liposuction procedure (Vaser). The lipoaspirates were
cryopreserved and analyzed in two moments, after
30 and 90 days of freezing. The average age of the
liposuction donor patients was 35.7 years, while the
average body mass index (BMI) was 25kg/m?.

The main collection site was in the abdominal
region and the cannula number most used was
3.7mm. The assessment of cell viability after one
and three months of freezing indicated that samples

3
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Figure 2. Steps of the methodology for thawing material cryopreserved with
L-proline associated with trehalose and evaluating cell viability. Step carried
out at 30 days and 90 days of cryopreservation.

cryopreserved with L-proline + trehalose showed
cell viability similar to those containing DMSO +
SBF (p=0.4442) (Figure 3). Furthermore, in relation
to freezing time, samples that were frozen for 90 days
maintained viable ADMSCs when compared to samples
thawed in the first month (p=0.5301), noting that, in
addition to the type of cryopreservative, the freezing
time also did not seem to interfere with cell viability.
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Figure 3. Comparison of cell viability obtained after freezing with DMSO/SFB
and with L-proline associated with trehalose.

DISCUSSION

Several factors can influence the viability
of ADMSCs, including lipoaspirate extraction and
injection methodologies, centrifugation speed, use
of anesthetic and/or saline solutions, the volume of
aspirated content, location and biological characteristics
of the adipose tissue in the donor area, among others!>1.
Furthermore, there is no consensus on the best way to
process fat for later use as a graft!»!".

Clinical and phenotypic characteristics of
patients can influence the quality of the adipose
material aspirated. As in BMI, where, in patients

with values greater than 25kg/m?, there is an indirect
relationship with the capacity for cell proliferation
and differentiation; that is, the patient’s excess weight
can contribute to unsatisfactory results when using
ADMSCs in reconstructive surgeries®.

The patient’s age is also a relevant factor due
to the changes caused by aging in ADMSCs. This is
due to several cellular events, such as the shortening
of telomeres and weakening of the antioxidant
protection system associated with oxidative stress and
accumulated damage to the DNA repair system?-22,

In the present study, these factors probably did
not interfere in the assessment of cell viability, as the
average values found for these two variables in the
group of patients studied were within the range of
results described in the reviewed literature!®2,

Another aspect verified in the literature that
could interfere with cell viability would be the diameter
of the cannula used both in collecting the lipoaspirate in
the donor area and in injecting the fraction containing
the ADMSCs in the recipient area®. In a review article,
it was shown that most authors use cannulas ranging
from 2mm to 6mm?!, but cell viability is greater when
liposuction is performed with cannulas with diameters
greater than 3mm?. These results can be explained by
obtaining aspirates with a large number of cells from
the stromal vascular fraction, compared to the use of
cannulas with smaller diameters®?,

Most authors use cannulas with a diameter
smaller than 2mm to inject the intermediate fraction of
the lipoaspirate, as this reduces the chance of material
extravasation, in addition to minimizing the possibility
of injecting the content intravascularly?’. In the present
study, samples obtained with 3mm, 3.7mm, 4mm, and
Smm cannulas were used, with the 3.7mm being the
most prevalent. Fat grafting was not performed in any
of the procedures.

The way the lipoaspirate components are
separated can be via decantation or centrifugation.
The centrifugation technique allows you to concentrate
fat and increase the number of cells per milliliter
while separating the liquefied fat and blood cell
components?. Studies indicate that the ADMSCs
present in the sediment, obtained after washing the
centrifuged material, have greater viability since they
are not contaminated with blood cell residues, which
is common in samples treated only by decantation,
in addition to there being greater disruption of the
adipocyte walls and a greater number of ADMSCs!%2%30,

In the publication in which we compared
different centrifugation speeds, we documented the
methodology described by Coleman (3000rpm for
three minutes) and found greater maintenance of the
biological characteristics of ADMSCs necessary for
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cell colonization in graft recipient areas!®?. This is
because centrifuging the samples makes the fat cells
more concentrated, in addition to separating them from
the blood cells®.

Likewise, in the present study, the samples were
centrifuged to separate the tissue fractions into three
well-defined portions: a lower layer of blood cells, an
intermediate layer containing stromal cells and adipose
tissue, and a superficial layer of liquefied fat. As a result,
there was no interference from blood cell debris and
liquefied fat in the cultivation and cryopreservation of
ADMSCs.

Cell viability after a period of cryopreservation
may also vary depending on the number of cells
stored in each microtube®!. Goh et al.!é used four cell
concentrations and noted that the concentration of
5x10° cells/mL presented a viability rate of 81.10%,
while at a concentration of 1x10¢ cells/mL, the viability
was 77.9%. Few studies described in the literature have
documented the viability of ADMSCs as significant as
the one published by De Rosa et al.??, in which a rate
0f 92.5% of viable cells was described; however, the cell
concentration was 6x10°% cells/mL.

For this research, the concentration of cells used
in each microtube was 5x10° cells/mL, and the viability
rates in cells frozen with both L-proline and trehalose
and the DMSO control were close to 60%. Comparing
these results, it is possible to infer that a smaller
number of cells stored in each microtube is related to a
higher viability rate, probably due to the more adequate
space for the physiological maintenance of ADMSCs.

Considering the temperature used to freeze the
samples, we kept the cells frozen at -80°C, using the
rapid cooling technique, which was also used by Ray et
al.®, However, currently, the most frequently described
temperature for cell storage would be -196°C (via liquid
nitrogen), as the use of a -80°C freezer would be related
to the greater formation of ice crystals, which could
cause damage to the cryopreserved material. However,
the use of liquid nitrogen is a technique that requires
high maintenance costs®".

In relation to cryopreservatives, DMSO is
the substance most used in various protocols for
cell preservation, as it is related to maintaining the
viability of CTAS!. However, it is a toxic substance
causing negative changes in cellular processes
such as metabolism, citric acid cycle pathways,
respiratory electron transport, glucose, lipid, and
lipoprotein metabolism. It is also related to changes
in mitochondrial pathways, the production of reactive
oxygen species, and the generation of cellular ATP.

In the present research, we chose to use two low-
cost natural cryopreservatives, which are alternatives
to DMSO. Trehalose is a non-reducing disaccharide

made up of two glucose units, while L-proline is a
natural amino acid formed through biosynthesis from
L-glutamate. Both do not cause toxicity in the cell
and are a source of studies in the search for a suitable
cryopreservative®,

In a study carried out with red blood cells
cryopreserved with different concentrations of
L-proline and trehalose, maintenance of cellular
structure was observed, in addition to not having
altered the activity of the Na +/K +-ATPase pumps,
whose function is to maintain the concentrations of
intracellular ions, very relevant for signal transduction
and cellular metabolism, in addition to DNA methylation
not being altered®**". Furthermore, because L-proline
and trehalose are not toxic to cells, there is no need to
remove cryoprotectants, reducing cell loss, as is done
when DMSO023 is used.

According to studies by Dovgan et al.®, which
used a cryopreservation protocol with only trehalose
(0.25M), there was comparable cell viability of the
non-toxic agent in relation to DMSO; it was also
observed that trehalose concentrations have a positive
correlation in relation to cell viability. In another study,
it was demonstrated that ADMSCs from lipoaspirate,
when cryopreserved for 6 months with trehalose at a
concentration of 0.35M, are able to maintain biological
activity, almost at the same rate as fresh tissue®. In the
present study, the association of L-proline and trehalose
showed cell vitality levels comparable to the use of
DMSO in the cryopreservation of ADMSCs.

Cell cryopreservation time has also been
studied®*+4, De Rosa et al.*? kept the cells frozen for
up to 12 months, using trehalose, DM SO, and SBF, and
found significant cell viability data, with more than 80%
of cells recovered. Also, it has already been documented
that, when leaving the cells cryopreserved for 6 months,
the cell proliferation and differentiation potential was
similar to the group of non-cryopreserved cells®*.
In the present study, it was possible to demonstrate
that ADMSC samples frozen for 90 days showed cell
viability similar to those frozen for 30 days. In other
words, cryopreservation for long periods can be a
feasible methodology, for the fractional use of ADMSCs
in multiple surgical times with the use of sufficient
volumes for surgical corrections, whether aesthetic
or repair.

CONCLUSION

Cryopreservation of ADMSCs with the combined
use of Li-proline and trehalose resulted in cell viability
equivalent to the use of DMSO. Furthermore, cells
frozen for 90 days maintained viability rates similar
to those stored for a shorter period. Considering the
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data found and those reviewed in the literature, the
use of the combination of L-proline and trehalose may
be an option for DMSO, avoiding cellular toxicity. This
methodology can be an alternative to avoid multiple
liposuction collections in surgical procedures that
require several fat grafting sessions, especially in breast
reconstruction after surgical treatment of breast cancer.
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