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ABSTRACT

Research has shown that cells from adult fat
tissue can effect long-term blood reconstitution.
Fat-derived multipotentiality was ascribed to
CD34" perivascular populations from its promi-
nent microvasculature, that represent mostly
non-hemogenic, mesenchymal cells, although
this tissue contains a CD34%45" subset commit-
ted to a hemogenic fate. Here, in order to ana-
lyze cell subsets presenting hemogenic capa-
bilities within fat, CD133/1" cells and pericytes,
the latter defined by CD140b (PDGFRb, Plate-
let-Derived Growth Factor Receptor Beta) ex-
pression, were immunomagnetically selected
from stromal-vascular fractions (SVF). In vitro
Colony Forming Unit (CFU) assays were nega-
tive for CD140b* pericytes and positive for
CD133/1" cells when a prolonged CFU assay was
performed, revealing fat as another store of
primitive progenitors that retain hemogenic po-
tential.
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1. INTRODUCTION

Adult tissues aside from bone marrow (BM) figure as
aternative sources of multipotent cells, representing
complex mixtures of stem and progenitor subsets, either
committed or not to particular differentiation fates [1,2].
In this context, subcutaneous fat contains large quantities
of cells with multipotential capabilities [3], available for
numerous therapeutic purposes [4], including long-term
blood reconstitution, as was shown in mouse models [5,
6].

Fat-derived multipotentiality has been ascribed to
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CD34" pericytes [7], among a multiplicity of cell subsets
surrounding microvessels [8,9]. However, in this tissue,
only the committed CD34°45" subset presents hemo-
genic potential, the majority of the CD34" pool repre-
senting non-hemogenic mesenchymal stem cells [10],
resembling the CD34" stroma of fetal bone marrow [11].

In its glycosylated form, surface expressed CD133/1
(AC133) is considered a marker of “stemness’ [12,13].
Among progenitors from BM and umbilical cord blood
(UCB), CD133 marks a primitive hemogenic subset
[14,15], as well as microvasculature-forming endothelial
precursor cells (EPC) [16]. Bipotent hemogenic and en-
dothelial progenitors in adult tissues were reported as
“adult hemangioblasts’ [17], putatively reminiscent from
development. The vascular origin of hematogenesis in
the embryo has been shown to represent a transdifferen-
tiation event, the blood cells arising directly from endo-
thelial cells of the dorsal aorta [18]. In adults, circulating
EPC coexpress CD133, CD34 and VEGFR (Vascular En-
dothelium Growth Factor Receptor) [19]. It seemed plau-
sible that in fat, which plasticity requires constant ne-
ovasculogenesis, EPC at diverse stages would be strongly
represented, some of which are putatively CD133".

In fact, the presence of bipotent hemogenic and endo-
thelia progenitors in fat has been reported, defined by
VEGFR expression. Surprisingly, however, these did not
relate to CD34 nor CD133 expression [20]. On the other
hand, development models point to pericytes as derived
from EPC, which are committed under the control of
VEGF [21].

Taken together, these findings raise some ambiguity
among the potentialities of fat-derived adult progenitors.
Here, our group intended to search for cells presenting
hemogenic properties within fat subcutaneous tissues,
focusing on two cell subsets defined using the surface
markers CD133/1 and CD140b (PDGFRb), the latter a
marker of pericytes[7,22].
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2. METHODS
2.1. Processing Human Lipoaspirates

Human subcutaneous fat tissues were aobtained fol-
lowing informed consent, in accordance with the Ethics
Committees from both ingtitutions involved (CEP-HUPE
2311, CEP-INCA 42/09). Nonobese women (median
weight 62 kg) submitted to elective aesthetic surgeries
were donors of abdomen or hip lipoaspirates, extracted
following the injection of saline plus epinephrine
1:500,000, without local anesthetic, but under general
anesthesia or spinal block. Aspirates from 60 mL sterile
syringes were extensively washed by centrifugation with
phosphate-buffered saline (PBS), during which fat tissue
pieces floated while blood contaminants pelleted and
were discarded. Tissue was digested with collagenase
type 1A (Sigma-Aldrich, USA) at afinal concentration of
0.25 mg/mL in PBS, for 1h at 37°C, blocked with com-
plete culture medium (DMEM with 10% FBS, GIBCO,
Life Tech, USA), and centrifuged at 800 x g for 10 min,
in order to collect the pelleted stromal-vascular fraction
(SVF)

Fresh SVF cell suspensions were submitted to positive
selection through immunomagnetic columns (Miltenyi
Biotech, Germany) after incubation with the following
Miltenyi bead-conjugated antibodies (Ab): anti-human
CD133/1; anti-human CD34; anti-human CD45; goat
anti-mouse 1gG, as a secondary Ab following primary
purified anti-human CD140b (Pharmingen, BD Biosci-
ences, USA).

2.2. CFU Assays

The selected cells (10* - 10°) were suspended in Is-
cove's Medium (GIBCO) with 2% FBS (Hyclone
SH30070.03, Thermo Sci, USA), mixed with semisolid
medium with hematopoietic cytokines (Methocult GF
04434, StemCell Tech, USA) (containing Bovine Serum
Albumin, 2-Mercaptoethanol, Recombinant Human (rh)
Stem Cell Factor, rh GM-CSF, rh IL-3, and rh Erythro-
poietin), and dispensed onto 35 mm plastic culture plates
for the CFU assay. After 2 - 3 weeks colonies were
counted, and classified according to standard morphol-
ogic parameters as erythroid progenitors (BFU-E), gra-
nulocyte-macrophage progenitors (CFU-GM) and mixed
granulocyte, erythroid, macrophage and megakaryocyte
progenitors (CFU-GEMM). Positive controls for this
assay were run in paralel, using CD34" positively-se-
lected cells from UCBs, obtained following informed
consent of the parents of neonates at the Laranjeiras
Perinatal Clinic, Rio de Janeiro, after project approva by
the Board of the ingtitution, in accordance with the ethi-
cal regulations. UCB mononuclear cells were separated
by density gradient (Histopaque 1077, Hybri-Max, Sigma),
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suspended in 12.5% DMSO in complete medium and
stored in liquid nitrogen at —<196°C until use.

Colonies from each experiment were harvested as a
pool, cells washed with PBS contanining 2% FCS and
processed for cytofluorometric analysis as follows. After
incubation with FcR Blocking Reagent Human (Miltenyi)
for 15 min at 8°C, plus 20 min with the monoclonal an-
tibodies Phycoerithrin (PE)-conjugated anti-human Gly-
cophorin A, and Fluorescein Isothiocyanate (FITC)-con-
jugated anti-human CD71 (Transferrin Receptor) (BD
Biosciences, USA), cells were 2 times washed and as-
sessed for surface staining in a BD Biosciences FACScan.
Data were analyzed using the CellQuest software (BD
Biosciences).

Alternatively, they were cytospined in order to access
the morphology of individual cells following May-Grun-
wald-Giemsa staining, using an Olympus Imaging Corp.
(Japan) Bx41TF optical microscope. The images were
acquired using adigital camera, model C7070WZ, in HQ
mode and processed using the Corel Photo-Paint 9 soft-
ware to adjust brightness/contrast/intensity.

3. RESULTS AND DISCUSSION

As shown in Table 1, among fat-derived cell subsets,
only the CD133/1" selected cells were able to form colo-
nies under the influence of hematopoietic cytokines in
CFU assays. The colonies were not as abundant as those
from UCB-derived CD34" progenitors (Figure (1A)), but
showed typical myeloid morphology, comprising white
(CFU-GM), red (BFU-E) and mixed (CFU-GEMM) colo-
nies (Figure (1B)), with the rate and frequency varying
according to the sample (Table 1). The aspect of indi-
vidual cells recovered from fat-derived CFUs and stained
with May-Grunwald-Giemsa seemed compatible with
blood forming, athough, compared with those from
UCB-derived CFUs, they presented a higher frequency
of eosinophilic granulocytes and macrophage-like mor-
phologies. Also, a percentage of the cells recovered from
fat-derived CFUs reveded, under cytofluorometric analy-
Sis, a positive staining for the markers of erythroid de-
velopment Glycophorin-A and CD71 (Transferrin Re-
ceptor) (Figure 2), the first being expressed on cell sur-
face when proerythroblasts first appear [23]. The ob-
served differentiation bias toward eosinophilic granulo-
cytes and macrophage-like morphologies may reflect the
previous influence of fat microenvironment, still under
analysis.

Compared to CD34"-UCB-derived CFUs, CD133/1"-
fat-derived CFUs took longer to revea as colonies, three
weeks instead of the two required by the former. This
suggests that they represent primitive hemogenic stem
cells present in the subcutaneous fat, and that they possi-
bly share with the UCB-derived CD133/1" cells the qui-
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Table 1. Colony Forming Unit assays with cell subsets from stromal-vascular fractions (SVF) of human lipoaspirates.

Ex Crude SVF Céll Number of Selected Number of Selected Number of Selected "Observed CFU Number/Approximate
P Number CD34%45  Seeded CD140b" Seeded CD133/1" Seeded Frequency of Colonies
1 2.5x 108 1.2 x10° - - None
2 2x 10’ 2x10° - "None
3 2x 107 15x 10° - "None
4 5x 10’ 5x 10* 4 BFU-E 1/12.500
5 45x% 10" - - 10* 3 BFU-E 1/3.300
6 7.5x 10 7.5 x 10 2 BFU-E, 1 CFU-GEMM 1/25.000
7 6 x 10° - - 10° 4 BFU-E, 2 CFU-GM 1/16.600
8 5x 10° - - 10* 2CFU-GM, 2 BFU-E 1/2.500
9 5.5 x 10’ 2x10° 3CFU-GM, 4 BFU-E 1/28.500

"After 3 weeks of culture. 'Grew massively adherent under semisolid medium. BFU-E, erythroid progenitors; CFU-GM, granulocyte-macrophage progenitors;
CFU-GEMM, mixed granulocyte, erythroid, macrophage and megakaryocyte progenitors.
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Figure 1. Colony forming unit assay with fat-derived CD133/1" cells, using umbilical cord blood-derived CD34" as the positive con-
trol. (1A) CD34" cells from mononuclear fraction of umbilical cord blood, and (1B) CD133/1" cells from the stromal—vascular frac-
tion of human lipoaspirates, were positively selected and cultured in semisolid medium containing hematopoietic cytokines. After 2
(in 1A) or 3 weeks (in 1B), the colonies were harvested as pools, the cell suspensions were cytospined, and individual cell types were
observed following staining with May-Grunwald-Giemsa, using an Olympus Bx41TF optical microscope and a digital camera model
C7070WZ in High-Quality mode (original magnification x400 for individua cellsin 1A and 1B). Images were adjusted for bright-
ness/contrast/intensity using the Corel Photo-Paint 9 software. (1C) Using a NIKON TMS-F inverted phase microscope (Japan),
some fat-derived CD133/1" cells were observed adhering to the plates, under the semisolid medium, presenting aspect of mesenchy-

mal cells (original magnification x300). Shown one experiment typical of six.

escent phenotype [15], thus requiring a longer period of
incubation with the cytokines. The presently observed
fat-derived primitive progenitors would putatively take
part in the long-term hematopoietic reconstitution previ-
oudly reported in a mouse model [5], besides the com-
mitted CD34"45" progenitors to which it was ascribed.
Neither CD34°45 nor CD140b" selected cells pro-
duced colonies in response to hematopoietic cytokines
(Table 1). The latter were observed growing massively
under the semisolid medium, adherent to the plates, and
displayed typical mesenchymal morphology (not shown).
Similarly, in the CD133/1" selected pool, a few adherent
cells grew under the semisolid medium (Figure (1C)),
though their characteristics were not accessed in this
work. They could represent either mesenchymal con-
taminants in the selected suspension or true CD133/1"
cells acquiring an adherent phenotype [19,24]. In this
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respect, Pozzobon et al. [25] reported that BM-derived
CD133" cells possess the ability to adhere to plastic sur-
faces, acquiring mesenchymal differentiation potentiali-
ties, however without the loss of hemogenic or endothe-
lial potential [25]. In contrast, unselected BM-derived
mesenchymal cells expanded by adherence did not dis-
play hemogenic nor endothelial potential [25], suggest-
ing a mesenchymal commitment not yet achieved by the
CD133" poal, or ahierarchy.

Concluding, in regard to fat-derived cells under the
conditions presented, comparison between CD133/1" and
CD140b" subsets revealed segregation of the hemogenic
potential to cells in the CD133/1" subpopulation, unrav-
elling the ambiguity of potentidities, and pointing to the
presence, in adult human fat, of a hemogenic progenitor
with a more primitive character than that previously re-
ported. Considering developmental decisions, pericytes
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Figure 2. Erythroid development assessed by cytofluorometric
analysis of cell suspensions from fat-derived CFUs. Colonies
were harvested as pools and washed cell suspensions incubated
with FcR Blocking Reagent followed by fluorochrome-conju-
gated antibodies (anti-Glycophorin A-PE/Gly and anti-CD71-
FITC). High left, dot plot shows the analysis windows depict-
ing three cell subpopulations (R1, R2, R3) based on their size
(FSC) versus granulosity (SSC). R1, R2 and R3 dot plots show
the fluorescence intensity of staining in each subpopulation. R1
(small and smooth cells) comprised Gly negative (neg) cells,
either CD71 neg or intermediately (int) positive (pos). R2
(large and smooth cells) comprised mainly Gly pos, CD71 int
cdls. R3 (both small and large granular cells) comprised mainly
Gly neg, CD71 high cells, which probably precedes R2 as an
early developmental stage [23]. Shown one of two experiments.

presented commitment to a mesenchymal fate revealed
by the unresponsiveness to hemogenic cytokines and
massive adherent growth. These findings further punctu-
ate the diversity of stem/progenitor subsets present in
adult human fat, still poorly characterized.
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