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ABSTRACT

Fat grafts are valuable for soft-tissue regeneration and augmentation. However, fat graft systems require further im-
provement for the prediction of graft retention. The concentration of adipose-derived stromal/stem cells (ASCs) is one
of the most important factors that affect graft retention; however, current cell quantification techniques have not been
applied to adipose tissue. Here we developed a method for the selective quantification of ASCs in tissue (SQAT). We
identified a characteristic methylated site in the CD31 promoter after searching for specific markers of ASCs. This DNA
methylation was not detected in any cell type other than ASCs in adipose tissue. Therefore, analyzing this methylation
may be a suitable approach for quantifying ASCs in tissues because DNA is readily extracted from tissues. SQAT is
based on quantifying this methylation by quantitative polymerase chain reaction using methylation-sensitive Hapll-treated
DNA as the template. SQAT was validated based on the numbers of ASCs determined by CD31-/CD34*-based flow
cytometry. The results obtained by both methods were perfectly correlated, thereby demonstrating that SQAT is a useful
tool for quantifying ASCs. SQAT analysis using ASCs isolated from suctioned fat according to the standard protocol
(i.e., collagenase treatment) showed that the yield of ASCs was 59% * 21%, which suggests that the ASC isolation
technique requires further improvement. Furthermore, SQAT is an excellent method for quantifying ASCs in arbitrary
samples (particularly tissue), which could dramatically improve ASC isolation technologies and fat graft systems, thereby
facilitating the prediction of graft retention.
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INTRODUCTION

Autologous fat grafts have attracted increasing attention in the field
of soft-tissue regeneration and augmentation because fat grafts have
advantages such as simple operation, low costs, low rejection rate, soft
feel, and a natural look [1,2]. However, the fat graft system requires
further improvement for the prediction of graft retention. It has been
reported that fat graft retention rates considerably vary from 20% to
80%, resulting in unpredictable outcomes [3-5].

Adipose-derived stromal/stem cells (ASCs) comprise one of the
most important factors associated with graft retention. Several studies
suggested that ASCs function during the healing and remodeling of
transplanted fat by secretion of growth factors (e.g., human growth
factor, transforming growth factor 3, and vascular endothelial growth

factor) and differentiation [6-8]. Yoshimura ez al. [9,10] reported that the
cotransplantation of isolated ASCs can result in long-term retention of the
graft, which is termed cell-assisted lipotransfer. Philips ez al. [11] found
that the number of ASCs isolated from adipose tissue by collagenase
treatment was highly proportional to graft retention, suggesting that the
concentration of ASCs in transplant fat is one of the biological factors
that can predict fat graft retention. However, predictions of retention
have been impractical because the current ASC quantitative techniques
have not been directly applied to adipose tissue.

Currently, the quantification of ASCs is based on the analysis of
characteristic protein expression profiles, such as CD317/CD34* [11-13].
Flow cytometry (FCM) is the most common method for quantification;
however, it has been applied only to cell suspensions and not tissues.
Although imaging analysis based on microscopy is a possible approach,
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this form of visual analysis lacks objectivity and cannot be quantitative.

CD31 (platelet endothelial cell adhesion molecule-1) is found on the
surfaces of endothelial cells where it exhibits adhesive properties [14],
and ASCs are well known to possess the CD31— immunophenotype
[11-13]. The CD31 promoter contains no TATA or CAAT elements,
but it has an initial element that is commonly found in TATA-less pro-
moters [15], which indicates that DNA methylation is associated with
the inhibition of CD31 expression [16,17]. Philippe et al. [18,19] found
that ASCs have a highly methylated CD31 promoter.

Here we developed a method for the selective quantification of ASCs
in tissue (SQAT), which is based on the quantification of the methylation
site of interest in the CD3 1 promoter by quantitative polymerase chain
reaction (qQPCR). To the best of our knowledge, this is the first study
reporting direct/selective quantitative analysis of ASCs in tissues, and
it may facilitate the prediction of graft retention.

MATERIALS AND METHODS

Ethics statement and human tissue sampling

This study was approved by the ethics committees at Kaneka Cor-
poration (No. 2015-03) and Cellport Clinic Yokohama (15" Ethics
Committee). Human subcutaneous lipoaspirates were collected as waste
materials from five donors following elective surgery at Cellport Clinic
Yokohama after obtaining their informed consent. The characteristics
of the donors are shown in Table S1. The mean age was 40.6 years
(range, 28-60 years), and the mean body mass index was 19.5 kg/m?
(range, 15.8-21.2 kg/m?).

Human umbilical vein endothelial cells (HUVECs) (P1), human
pericytes from placenta (hPC-PLs) (P2), and human mononuclear cells
from peripheral blood ((MNC-PBs) were purchased from PromoCell
(Heidelberg, Germany).

Stromal vascular fraction preparation

The stromal vascular fraction (SVF) was prepared from human
subcutaneous lipoaspirate according to previously described methods
with some modifications [20,21]. The processed lipoaspirate was di-
gested with shaking at 37°C for 30 min using an equal volume of 0.1%
collagenase (Cell Dispersion, Wako, Osaka, Japan) in Hanks’ Balanced
Salt solution (Sigma, St Louis, MO, USA). Subsequently, the suspen-
sion was centrifuged to collect the SVF pellet. SVF was washed three
times and passed through a 100-um mesh filter (Corning, NY, USA).

Preparation of adipose-derived stromal/stem cells and
adipocytes

To purify ASCs, SVF (1.5-2.0 x 107 cells) was plated onto a 150-
mm culture dish and cultivated in minimum essential medium alpha
(containing nucleosides) supplemented with 10% fetal bovine serum
(HyClone, USA)/antibiotic-antimycotic (Gibco, Massachusetts, USA)
at 37°C and 5% CO, under humid conditions. After culture for 72 h,
the nonadherent cells in the dish were completely removed with phos-
phate-buffered saline (Gibco), and the adherent cells were cultured
to subconfluence. Concentrated ASCs (adherent cells) were collected
using TrypLE Select (Gibco).

To prepare adipocytes, ASCs were induced to adipogenic differen-
tiation using a StemPro Adipogenesis Differentiation Kit (Gibco). The
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confluent culture of ASCs was incubated under adipogenic conditions
for 14 d. After detachment by TrypLE Select (Gibco), floating cells
(adipocytes) were separated from the precipitate (immature cells) by
centrifugation, and the adipocytes were collected using micropipettes.

DNA extraction

DNA was extracted from each sample using a NucleoSpin Tissue kit
(Macherey-Nagel, Diiren, Germany), according to the manufacturer’s
instruction. Adipose tissues were homogenized with a BioMasher II
(Nippi, Tokyo, Japan) and used as samples.

Bisulfite sequencing analysis

Bisulfite modification of the purified DNA was performed using a
MethylEasy Xceed Rapid DNA Bisulphite Modification Kit (Human
Genetic Signatures, North Ryde NSW, Australia) according to the
manufacturer’s instructions. The converted DNA was amplified by
polymerase chain reaction (PCR) with TaKaRa EpiTaq HS (Takarabio,
Shiga, Japan), Bisulfite PCR Fw, and Bisulfite PCR Rv. The following
PCR protocol was used: 98°C for 3 min and 35 cycles each at 98°C
for 10 s, 55°C for 15 s, and 72°C for 1 min. The PCR products were
purified with NucleoSpin Gel and a PCR Clean-up kit (Takara) and
sequenced using Bisulfite sequence Rv. The primers used in this study
are listed in Table S2.

Hapll digestion

The purified DNA was fragmented by passing it through a 27-gauge
needle and digested with 5 units/ml HaplI (Takara) at 37°C. After 2 h,
the enzyme reaction was terminated by heating at 80°C for 20 min.

Quantitative polymerase chain reaction

PCR was performed with the StepOnePlus Real-Time PCR System
(Applied Biosystems, Massachusetts, USA). The total volume in each
reaction was 20 pl, which comprised 10 ul of twofold SYBR Premix
Ex Taq GC, 5 pl of Hapll-treated DNA, and 0.5 uM of each primer (C,,
Fw and C,, Rv, as shown in Table S2). The following PCR protocol
was used: 95°C for 30 s followed by 40 cycles each at 95°C for 15 s
and 60°C for 30 s, and then one cycle at 95°C for 15 s, 60°C for 30 s,
and 95°C for 15 s. All samples were analyzed in triplicate.

Percentage DNA methylation

Ctvalues obtained for the HaplI-treated template were individually
subtracted from the Ct values for the untreated template (reference) to
obtain the ACt value. The methylation percentage was calculated as
follows: methylation percentage (%) = 100 x 274,

Flow cytometry analysis of the ASC count in SVFs

The total cell numbers were determined using a NucleoCounter
NC-100 (Chemometec, Allerad, Denmark). SVF was analyzed by FCM
to determine the ratio of ASCs to SVF. Cells in SVF were incubated
with FITC-conjugated CD31 (BD Biosciences, New Jersey, USA) and
PE-conjugated CD34 (BD Biosciences). The labeled cells were washed
with phosphate-buffered saline and analyzed using a FACSCalibur flow
cytometer (CellQuest software, BD Biosciences). ASCs were defined
as the CD317/CD34" subpopulation [11-13]. ASCs in SVF were calcu-
lated as follows: ASCs in SVF (cells) = total cell number x ASC:SVF.
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RESULTS

Development of selective quantification of ASCs in tissue

To determine whether CpG methylation in the CD31 promoter is a
marker of ASCs, we analyzed the CpG methylation levels in the CD31
promoter in ASCs (5 donors) by bisulfite sequencing. The CD31 pro-
moter includes 10 potentially methylated sites in CpGs from —100 to
+100 of the transcription start site [ 18] (Fig. 1A). As demonstrated in
previous studies [18,19], the CD31 promoter was found to be highly
methylated in ASCs (Fig. 1B).

In particular, we found that the C, , C, , C, ,and C, sites were stably
methylated in all donors, which indicates that methylation of these sites
could be a valuable marker for the identification of ASCs. Hence, we
tested whether the methylation of C_, specifically occurs only in ASCs
using gPCR because adipose tissue comprises various cell types, including
mostly ASCs, endothelial cells, pericytes, adipocytes, and blood cells [22].
Each PCR product was analyzed using gel electrophoresis to confirm
the specific amplification of the samples (Fig. 2). Under the condition
with no enzyme, PCR products were detected from all samples. Under
the conditions with Hapll enzyme treatment, the amplification prod-
uct was clearly detected in ASCs, whereas the amplification products
were not detected in any other cell types except for ASCs. Therefore,
we measured the methylation percentage for the C_, site in each cell
type (Table 1). As shown in Figure 2, ASCs had a high methylation
level (almost 100%), whereas the other cell types had low methylation
levels (< 4%). These results strongly suggested that methylated C,,
is a valuable marker of ASCs and that ASCs can be quantified using
methylated C as an index.

We developed the SQAT method, which comprises DNA extraction,
methylation-sensitive restriction enzyme-Hapll digestion, and gPCR
(Fig. 3), to ensure simplicity and sensitivity. HaplI specifically recognizes
and cleaves the DNA sequence CCGG, which is present around C,, (as
shown in Fig. 1A) and its activity is clearly blocked by methylation.
When the C_, site is methylated (in case of ASC), Hapll digestion is
blocked, resulting in PCR amplification. In contrast, when the C site
is unmethylated (in all cell types except for ASCs), Hapll digestion
occurs, resulting in no PCR amplification.

To determine the sensitivity of SQAT, we generated a standard curve
using serial dilutions (10°-107) of ASCs (Fig. S1). Similar profiles were
obtained with artificial samples containing HUVECs, hPC-PLs, and
hMNC-PBs (ASCs:HUVECs:hPC-PLs:hMNC-PBs = 1:1:1:1) (data
not shown). The standard curve obtained using SQAT indicated linear
amplification and high sensitivity. To validate the SQAT method, we
quantified ASCs in SVF using both SQAT and FCM (Fig. S2, Table 2).
Results obtained using both methods were highly correlated; therefore,
SQAT may be useful for quantifying ASCs.

Quantification of ASCs in suctioned fat using selective
quantification of ASCs in tissue

Limited information is available regarding the yield of ASCs from
suctioned fat using the standard protocol (collagenase treatment). Here
we determined the yield of ASCs from suctioned fat using the standard
protocol with SQAT (Table 3). It was surprising that low yields of
ASCs were obtained (59% + 21%) and that the variation in the yield
was high, which indicates that the ASC isolation technique can be
improved further.
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Table 1. Percentage of methylation at 6" CpG (C,, ) site in each cell type.

Cell type Methylation (%) of the C site®
ASC 100 + 1

Endothelial cell 31

Pericyte 2+1

Blood cell 4+3

Adipocyte 4+5

aThe values represent the means and standard deviations based on at least
three independent experiments.

Table 2. Comparison of SQAT and flow cytometry for quantifying ASCs
in SVF2.

Donor SQAT FCM SQAT/FCM
( x 1051 ml PLAP)  ( x 10%1 ml PLAP)

#1 1.9 2.3 0.8

#2 1.5 1.3 1.2

#3 3.8 3.6 1.1

#4 1.7 1.9 0.9

#5 27 2.0 1.4
Mean+S.D. - - 1.1+£02

aThe cell numbers represent averages based on three replicates. °PLA,
processed lipoaspirate.

(A)
TTGTTTTTTCCCTAAAGAAACTAAACAAAGCGGCCGCGTTCGGT
1 2 3 4
GGCCCCTCAGGAAGGCCGGTCATTTCCTGAGGAGATATCAGGC
1SS 5
CAGCCCAGGCCCCATTGTTCCCGGTTTCCAGCCATGGCTGCCAT
6

TACCTGACCAGCGCCACAGCCGGTCTCTCTGCAGGCGCCGGGA
7 8 9 10

GAAGTGACCAGAGCAATTTCTGCTTT

(B) CpG

©® Methylated
e 2 oo oese™ ;Unmethylated
U#Z.O.Q....@.®N'D'
g#3000..0000®
O(#ieo o o @000 C 00
#50e @ O e 6 6 © 6 00O

Figure 1. CpG methylation in the CD31 promoter in ASCs. A. Distribution
of CpGs in the CD31 promoter. CpG sites are underlined and numbered
from the 5'-most CpG starting with 1. B. Bisulfite analysis of the CD31
promoter in ASCs. Methylated CpGs, unmethylated CpG and ND are
indicated by closed circles, open circles, and dotted circles, respectively.
TSS, transcription start site; ND, not determined.
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Table 3. Yield of ASCs from suctioned fat using the standard protocol
(collagenase treatment)?.

Table 4. Comparison of quantitative methods for ASC.

Method Sample Quantita-  Applicability Life and
Donor Suctioned fat SVF Yield limit tive to tissue death
( x 10%/1 ml PLA®) ( x 1051 ml PLAY) (%) (cells) samples decision
#1 2.1 1.9 90 SQAT <10%to 10° + + -
#2 4.3 1.5 35 Flow cytometry < 10°to 10° + - +
#3 6.5 3.8 58 )
Image analysis < 102to 10° - + +
#4 3.7 1.7 46
#5 4.1 2.7 66
Mean + S.D. - - 59 + 21
Cells or Tissue |(A) ASCs (target cells)| (B) Non-target cells
M
l . ¢ CD31 ~ CD31
aThe cell numbers represent averages based on three replicates. °PLA, gDNA extraction c c
. . 6th | +Hapll 6th | + Hapll
processed lipoaspirate. ! Me Q
3 CD31
Hapll digestion “—@ —O1
| Me | |
gPCR —— CD31 _C - CD31
N_—
primer primer
gPCR amplification No gqPCR amplification

Figure 2. Selective PCR amplification from ASCs with methylated C .
Genomic DNA extracted from each cell type was treated with either Hapll
(indicated by E) or no enzyme (indicated by R) and then used for PCR (25
cycles). HUVECs and hPC-PLs were used as surrogates for endothelial
cells and pericytes, respectively. M, marker. NL, no load.

DISCUSSION

ASCs are well known to be of value in various clinical procedures,
such as fat grafting, cartilage regeneration, and growth factor delivery
[23]. Thus, there is a major demand for a procedure that enables the
simple, selective, and sensitive quantification of ASCs in samples,
including tissue samples. Several methods can be used for the quanti-
fication of ASCs (Table 4), which are based on analyzing characteristic
protein expression profiles using FCM or image analysis. FCM has a
high capacity for quantification; however, it has low sensitivity (> 2-3
g of adipose tissue required), and it cannot be applied to tissue samples.
In contrast, imaging analysis involving microscopy can be applied to
tissue samples; however, this method based on visual determination
has a low capacity for quantification. Here we identified an epigenetic
biomarker for ASC and developed SQAT, which has a high capacity
for quantification, high sensitivity (10-20 pg as adipose tissue), and
applicability to tissue samples. Our method can predict all cell types
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Figure 3. Principle of the selective quantification of ASCs in tissue
(SQAT) method. Genomic DNA from samples is treated by Hapll (a meth-
ylation-sensitive restriction enzyme) and then used as the template for the
gPCR reaction. A. In ASCs, the sixth CpG (C6th) (see Fig. 1) in the CD31
promoter is methylated and thus Hapll-digestion is blocked completely,
thereby allowing gPCR amplification. B. In non-target cells (e.g., endothelial
cells, pericytes, blood cells, and adipocytes), the unmethylated 6" CpG
(C,,,) in the CD31 promoter in non-target cells is digested fully by Hapll,
thereby preventing gPCR amplification.

with the type-specific epigenetic DNA status, and quantitative methods
involving epigenetic biomarkers are expected to be widely used in the
near future.

SQAT has a disadvantage because it cannot determine the cell viability
because the DNA extraction process kills all cells, whereas FCM and im-
age analysis can readily determine the cell viability. Ethidium monoazide
(EMA) may overcome this limitation because EMA is a photoactivated
molecule that covalently binds to DNA under light conditions, and it
can only enter dead cells with damaged cell membranes [24]. DNA that
covalently binds to EMA cannot be amplified by PCR [25]. Therefore,
after pretreatment using EMA before DNA extraction, dead cells can
be excluded and only live cells will be detected by SQAT. Currently,
we are attempting to determine suitable conditions for pretreatment of
samples with EMA, particularly tissue samples.

Fat grafts are valuable for soft-tissue regeneration and augmentation;
however, to date, graft retention cannot be predicted. However, previ-
ous studies have indicated that fat graft retention may be predicted by
quantifying the abundance of ASCs in transplant fat [9-11]. SQAT can
quantify ASCs in transplant fat, which may facilitate the prediction of
graft retention. Thus, we propose a future system for fat grafting, as
follows. First, a standard curve must be prepared based on the correla-
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tion between graft retention and the number of ASCs in transplant fat
quantified by SQAT. Further, ASCs in a small amount of fat obtained
by presuction can be quantified by SQAT and the fat graft retention
probability in each patient may be predicted from the standard curve
before an operation. Based on the predicted retention, the doctor and
patient will select an appropriate volume of transplant fat to improve
the expected outcomes.

The results of the present study indicate that the conventional iso-
lation technique for ASCs based on collagenase is inefficient and that
uncollected ASCs have been discarded (Table 3). This is disadvanta-
geous because ASCs are useful tools for regenerative therapy, similar
to mesenchymal stem cells obtained from alternative sources [26-28].
Our unpublished results show that uncollected ASCs are present in
the undigested residue after collagenase treatment. Currently, we are
aiming to improve the isolation technique for ASCs using additional
enzymes and chemicals.

In conclusion, we reported that SQAT has a high capacity for quantifi-
cation and is applicable to tissue samples. Therefore, SQAT can improve
the fat graft system and help to predict graft retention in the future.

Acknowledgment

We thank N. Tsuji (Cellport Clinic Yokohama) for providing human
subcutaneous lipoaspirates. The authors would like to thank Enago
(www.enago.jp) for the English language review.

References

1. Coleman SR, Katzel EB (2015) Fat Grafting for Facial Filling and Regeneration.
Clin Plast Surg 42: 289-300. doi: 10.1016/j.cps.2015.04.001. PMID: 26116934

2. Hsu VM, Stransky CA, Bucky LP, Percec I (2012) Fat grafting's past,
present, and future: why adipose tissue is emerging as a critical link to the
advancement of regenerative medicine. Aesthet Surg J 32: 892-899. doi:
10.1177/1090820X12455658. PMID: 22942117

3. Choi M, Small K, Levovitz C, Lee C, Fadl A, et al. (2013) The volumetric
analysis of fat graft survival in breast reconstruction. Plast Reconstr Surg 131:
185-191. doi: 10.1097/PRS.0b013e3182789b13. PMID: 23076412

4.  Gause 2nd TM, Kling RE, Sivak WN, Marra KG, Rubin JP, et al. (2014)
Particle size in fat graft retention: A review on the impact of harvesting
technique in lipofilling surgical outcomes. Adipocyte 3: 273-279. doi:
10.4161/21623945.2014.957987. PMID: 26317051

5. Ersek RA (1991) Transplantation of purified autologous fat: a 3-year follow-up
is disappointing. Plast Reconstr Surg 87: 219-227. PMID: 1750860

6. Trojahn Kelle S, Oliveri RS, Glovinski PV, Elberg JJ, Fischer-Nielsen A, et
al. (2012) Importance of mesenchymal stem cells in autologous fat grafting: a
systematic review of existing studies. J Plast Surg Hand Surg 46: 59-68. doi:
10.3109/2000656X.2012.668326. PMID: 22471250

7.  Feisst V, Meidinger S, Locke MB (2015) From bench to bedside: use of human
adipose-derived stem cells. Stem Cells Cloning 8: 149-162. doi: 10.2147/
SCCAA.S64373. PMID: 26586955

8. Yoshimura K, Suga H, Eto H (2009) Adipose-derived stem/progenitor cells:
roles in adipose tissue remodeling and potential use for soft tissue augmentation.
Regen Med 4: 265-273. doi: 10.2217/17460751.4.2.265. PMID: 19317645

9. Matsumoto D, Sato K, Gonda K, Takaki Y, Shigeura T, et al. (2006) Cell-
assisted lipotransfer: supportive use of human adipose-derived cells for soft
tissue augmentation with lipoinjection. Tissue Eng 12: 3375-3382. doi: 10.1089/
ten.2006.12.3375. PMID: 17518674

10. Yoshimura K, Sato K, Aoi N, Kurita M, Hirohi T, et al. (2007) Cell-assisted
lipotransfer for cosmetic breast augmentation: supportive use of adipose-derived
stem/stromal cells. Aesthetic Plast Surg 32: 48-55. doi: 10.1007/s00266-007-
9019-4. PMID: 17763894

11. Philips BJ, Grahovac TL, Valentin JE, Chung CW, Bliley JM, et al. (2013)
Prevalence of endogenous CD34+ adipose stem cells predicts human fat graft
retention in a xenograft model. Plast Reconstr Surg 132: 845-858. doi: 10.1097/

J Biol Methods | 2016 | Vol. 3(4) | e58

PRS.0b013e31829fe5bl. PMID: 23783061

12. LiH, Zimmerlin L, Marra KG, Donnenberg VS, Donnenberg AD, et al. (2011)
Adipogenic potential of adipose stem cell subpopulations. Plast Reconstr Surg
128: 663-672. doi: 10.1097/PRS.0b013e318221db33. PMID: 21572381

13. Yoshimura K, Shigeura T, Matsumoto D, Sato T, Takaki Y, et al. (2006)
Characterization of freshly isolated and cultured cells derived from the fatty
and fluid portions of liposuction aspirates. J Cell Physiol 208: 64-76. doi:
10.1002/jcp.20636. PMID: 16557516

14.  Woodfin A, Voisin M, Nourshargh S (2007) PECAM-1: a multi-functional
molecule in inflammation and vascular biology. Arterioscler Thromb Vasc
Biol 27: 2514-2523. doi: 10.1161/ATVBAHA.107.151456. PMID: 17872453

15.  GuminaRJ, Kirschbaum NE, Piotrowski K, Newman PJ (1997) Characterization
of the human platelet/endothelial cell adhesion molecule-1 promoter:
identification of a GATA-2 binding element required for optimal transcriptional
activity. Blood 89: 1260-1269. PMID: 9028949

16. Baumann M, Pontiller J, Ernst W (2010) Structure and basal transcription
complex of RNA polymerase II core promoters in the mammalian genome:
an overview. Mol Biotechnol 45: 241-247. doi: 10.1007/s12033-010-9265-6.
PMID: 20300884

17. Tao Q, Robertson KD, Manns A, Hildesheim A, Ambinder RF (1998) The Epstein-
Barr virus major latent promoter Qp is constitutively active, hypomethylated,
and methylation sensitive. J Virol 72: 7075-7083. PMID: 9696800

18. Boquest AC, Noer A, Serensen AL, Vekterud K, Collas P (2006) CpG methylation
profiles of endothelial cell-specific gene promoter regions in adipose tissue stem
cells suggest limited differentiation potential toward the endothelial cell lineage.
Stem Cells 25: 852-861. doi: 10.1634/stemcells.2006-0428. PMID: 17170064

19. NoerA, Serensen AL, Boquest AC, Collas P (2006) Stable CpG hypomethylation
of adipogenic promoters in freshly isolated, cultured, and differentiated
mesenchymal stem cells from adipose tissue. Mol Biol Cell 17: 3543-3556.
doi: 10.1091/mbc.E06-04-0322. PMID: 16760426

20. Brake DK, Smith CW (2008) Flow cytometry on the stromal-vascular fraction
of white adipose tissue. Methods Mol Biol 456: 221-229. doi: 10.1007/978-1-
59745-245-8 16. PMID: 18516564

21. Oberbauer E, Steffenhagen C, Wurzer C, Gabriel C, Redl H, et al. (2015)
Enzymatic and non-enzymatic isolation systems for adipose tissue-derived
cells: current state of the art. Cell Regen (Lond) 4: 7. doi: 10.1186/s13619-
015-0020-0. PMID: 26435835

22. Varma MJO, Breuls RGM, Schouten TE, Jurgens WJFM, Bontkes HJ, et
al. (2007) Phenotypical and functional characterization of freshly isolated
adipose tissue-derived stem cells. Stem Cells Dev 16: 91-104. doi: 10.1089/
s¢d.2006.0026. PMID: 17348807

23. Zuk P (2013) Adipose-derived stem cells in tissue Regeneration: a review.
ISRN Stem Cells 2013: 713959. doi: 10.1155/2013/713959.

24. Fittipaldi M, Nocker A, Codony F (2012) Progress in understanding preferential
detection of live cells using viability dyes in combination with DNA amplification.
J Microbiol Methods 91: 276-289. doi: 10.1016/j.mimet.2012.08.007. PMID:
22940102

25. Andorra I, Esteve-Zarzoso B, Guillamon JM, Mas A (2010) Determination of
viable wine yeast using DNA binding dyes and quantitative PCR. Int J Food
Microbiol 144: 257-262. doi: 10.1016/j.ijffoodmicro.2010.10.003. PMID:
21036413

26. Stoltz J, de Isla N, Li YP, Bensoussan D, Zhang L, et al. (2015) Stem Cells
and Regenerative Medicine: Myth or Reality of the 21th Century. Stem Cells
Int 2015: 734731. doi: 10.1155/2015/734731. PMID: 26300923

27. Minteer DM, Marra KG, Rubin JP (2015) Adipose stem cells: biology, safety,
regulation, and regenerative potential. Clin Plast Surg 42: 169-179. doi: 10.1016/j.
cps.2014.12.007. PMID: 25827561

28. Kapur SK, Dos-Anjos Vilaboa S, Llull R, Katz AJ (2015) Adipose tissue and
stem/progenitor cells: discovery and development. Clin Plast Surg 42: 155-167.
doi: 10.1016/j.cps.2014.12.010. PMID: 25827560

Supplementary information

Figure S1. Standard curve obtained for ASCs using the selective
quantification of ASCs in tissue (SQAT) method.

Figure S2. Flow cytometry analysis of the ASC count in SVF from
each donor.

Table S1. Donor characteristics.

Table S2. Primers used in this study.
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