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Enrichment isolation of adipose-derived stem/stromal cells from the
liquid portion of liposuction aspirates with the use of an adherent
column
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Abstract
Background aims. Adipose-derived stem/progenitor cells (ASCs) are typically obtained from the lipoaspirates; however, a
smaller number of ASCs can be isolated without enzymatic digestion from the infranatant liposuction aspirate fluid (LAF).
We evaluated the effectiveness of an adherent column, currently used to isolate mesenchymal stromal cells from bone
marrow, to isolate LAF cells. Methods. We applied peripheral blood (PB), PB mixed with cultured ASCs (PB-ASC), and
LAF solution to the column and divided it into two fractions, the adherent (positive) and the non-adherent (negative)
fractions. We compared this method with hypotonic hemolysis (lysis) for the red blood cell count, nucleated cells count
and cell compositions as well as functional properties of isolated mesenchymal cells. Results. The column effectively
removed red blood cells, though the removal efficiency was slightly inferior to hemolysis. After column processing of PB-
ASC, 60.5% of ASCs (53.2% by lysis) were selectively collected in the positive fraction, and the negative fraction con-
tained almost no ASCs. After processing of LAF solution, nucleated cell yields were comparable between the column and
hemolysis; however, subsequent adherent culture indicated that a higher average ASC yield was obtained from the col-
umn-positive samples than from the lysis samples, suggesting that the column method may be superior to hemolysis for
obtaining viable ASCs. Mesenchymal differentiation and network formation assays showed no statistical differences in
ASC functions between the lysis and column-positive samples. Conclusions. Our results suggest that a column with non-
woven rayon and polyethylene fabrics is useful for isolating stromal vascular fraction cells from LAF solutions for clinical
applications.
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Introduction

Subcutaneous adipose tissue is an abundant source
of mesenchymal stromal/progenitor cells and is a
promising cell source for clinical applications (1e3).
Collagenase digestion of adipose tissue yields a het-
erogeneous stromal vascular fraction (SVF) that
contains multipotent adipose-derived stem/stromal
cells (ASCs) (1). ASCs in the SVF can be purified by
cell sorting or by adherent culture, and the utility of
the resulting purified cells has been demonstrated in
numerous pre-clinical and clinical studies. Reported
clinical applications include treatment of soft tissue
and bone defects, chronic or irradiated ulcers,
Crohn’s disease, multiple sclerosis, graft-versus-host
disease and myocardial infarction (2,3).
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Although the floating adipose portion of lipo-
suction aspirates is a major contributor of ASCs, the
infranatant liquid portion (liposuction aspirate fluid:
LAF) also contains ASCs (4). The SVF cells derived
from the adipose portion are referred to as processed
lipoaspirate cells (PLA cells) (5), whereas the SVF
cells derived from the infranatant fluid are referred
to as LAF cells (4). Total nucleated cell yield was
comparative between PLA and LAF cells, but pro-
portion of ASCs in LAF is smaller (3w10%) than in
PLA (15w40%) (4). Thus, the total number of
ASCs in LAF is small but not negligible.

Collagenase digestion is required to isolate PLA
cells, and many countries regulate PLA cells because
they do not pass minimal manipulation standards;
versity of Tokyo School of Medicine, 7e3e1, Hongo, Bunkyo-Ku, Tokyo
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this restricts the clinical use of PLA cells. LAF cells,
however, are isolated without the use of enzymatic
digestion. Therefore, freshly isolated LAF cells are
considered minimally manipulated cells and are not
generally regulated. Although LAF cells are not yet
commonly used in clinical practice, establishing
an efficient and standardized method of LAF cell
isolation in a closed system (without excess manip-
ulation) is important to ensure that they can be used
clinically.

In the present study, we evaluated the effective-
ness of an adherent column, which has been used
previously to purify mesenchymal stromal cells from
bone marrow (6), to purify ASCs from the LAF. We
investigated the selectivity and efficiency of column
isolation with the use of three different solutions,
compared it with the conventional hemolysis proce-
dure and evaluated its usefulness for isolation and
purification of ASCs from LAF.
Methods

Human peripheral blood and adipose tissue samples

Human peripheral blood (PB) (1 mL) was harvested
from healthy human male donors. Ethylene di-amine
tetra-acetic acid disodium (1 mg, Wako Pure Chem-
ical Industries, Ltd, Osaka, Japan) was added as an
anticoagulant (7) and diluted to 50 mL with phos-
phate-buffered saline (PBS) to obtain a working so-
lution. Aspirated subcutaneous adipose tissue was
obtained from female patients undergoing liposuction
surgery. Informed consent was obtained from each
donor for the institutional review boardeapproved
protocol.
Separation and processing of liposuction aspirates

Human liposuction aspirates were divided into two
portions, the fatty supernatant (adipose portion, lip-
oaspirates) and the infranatant fluid (LAF), as previ-
ously described (4). The LAF is primarily composed
of (i) a saline solution pre-operatively injected into the
site to prevent nerve and blood vessel damage, (ii)
peripheral blood and (iii) cells and tissue fractions
derived from adipose tissue.

ASCs were isolated from the adipose portion of
liposuction aspirates and used to prepare a peripheral
bloodeASC mixture (PB-ASC), as described below.
The aspirated fat tissue was washed with PBS
and digested at 37�C in PBS containing 0.075%
collagenase for 30 min on a shaker. The floating
tissue (mature adipocytes and connective tissue) was
separated from the cell pellet (corresponding to SVF)
by centrifugation (800g for 10 min). The SVF cells
were resuspended, filtered through a 100-mm mesh,
plated at a density of 5 � 105 nucleated cells onto a
10-cm, non-coated tissue culture plastic dish and
cultured at 37�C at 5% CO2 humidified atmosphere.
We cultured the cells in M199 medium (Life Tech-
nologies, Carlsbad, CA, USA) containing 10% fetal
bovine serum (FBS), 100 IU penicillin, 100 mg/mL
streptomycin, 5 mg/mL heparin, and 2 mg/mL acidic
fibroblast growth factor. Media was replaced every 3
days. Primary cells were cultured for 7 days and were
defined as passage 0. Cells were passaged every week
by trypsinization. ASCs at passages 3e5 were used
for experiments. We also used the fluid portion
(LAF) as a material for cell processing; SVF cells
isolated in this manner are referred to as LAF cells.
Either column or hypotonic hemolysis was used to
isolate LAF cells from the LAF.
Preparation of the PB and ASC mixtures

Two million ASCs were mixed with 1 mL PB to
create a PB-ASC mixture. PB and ASC donors were
not matched. To evaluate the efficacy of the column
for removing contaminated red blood cells (RBCs)
and white blood cells (WBCs), we prepared the
mixture of PB and ASCs (as a simplified solution to
simulate LAF) as well as the LAF; LAF solutions
contain more materials than only PB and ASCs, such
as cells and tissue debris. The ASC proportion in the
PB-ASC mixture was increased compared with that
of LAF to enable easier ASC detection.
Cell processing by adherent column or hypotonic hemolysis

Three kinds of cell solution (PB, PB-ASC and LAF
solution) were used as a material for cell processing.
The cell solutions were processed with either a hy-
potonic lysis method or a column method, and each
solution, before processing, was called a native so-
lution (native). The LAF solution was filtered with a
100-mmmesh (BD, Franklin Lakes, NJ, USA) before
processing.

For hypotonic processing, the cell solution was
centrifuged (800g, 5 min) to pellet the cells. After
discarding the supernatant, we added 45 mL of
sterile water to the remaining cell pellet and the
mixture was manually shaken for 30 seconds, fol-
lowed by addition of 5 mL of �10 PBS to stop the
hypotonic reaction. Most of the RBCs were selec-
tively removed by hypotonic processing. The cell
fraction obtained was washed with PBS and referred
to as the hemolysis sample (lysis).

The column used was a filter constructed of
rayon-polyethylene non-woven fabrics that have af-
finity to adherent cells (Kaneka Corp, Osaka, Japan)
(Figure 1) (6). After the column was filled with PBS,
50 mL of each solution was applied to the column.
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Figure 1. Cell isolation column and sample processing. (A) Macroscopic view of the column is shown on the left; on the right, an image of
the column under a scanning electron microscope is provided. The column was made of non-woven rayon and polyethylene fabrics (*) with a
fiber size of 10e20 mm, bar ¼ 100 mm. (B) Schema of sample processing with the adherent column. First, a sample was passed through the
column and the negative fraction was obtained. Second, a washing solution was oppositely passed through the column and a positive
fraction was obtained. Third, the remaining fraction was obtained by tripsinization and washing the column (this process was performed
only for PB).
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A washing solution (50 mL PBS) was then put
through the column in the same direction. A total of
100 mL flow-through solution was collected as the
non-adherent cell fraction, which we called the col-
umn-negative fraction (negative). Next, the column
was washed by retrograde flow with 50 mL PBS. The
50-mL solution obtained (an adherent cell fraction)
was called the column-positive fraction (positive).
After column processing of the PB, 10 mL 0.25%
trypsin/ethylenediaminetetra-acetic acid solution
(Life Technologies) was applied to the used column
followed by 15-min incubation at 37�C. The column
was then washed with 40 mL PBS, and the collected
50 mL solution was named the trypsinized remaining
fraction (remaining).
Cell counting

The RBC number was manually counted with a
hemocytometer under an optical light microscope.
The nucleated cell number was counted with the
use of an automated cell counter (NucleoCounter,
Chemometec, Allerod, Denmark). Counting was
performed three times for each sample, and averages
were used as the sample value.
Flow cytometric analysis

Cell composition was examined by means of flow
cytometry. Native samples of PB, PB-ASC and the
LAF solution were processed by hypotonic hemolysis
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or by the column method. The column-processed
solutions were further processed by hypotonic he-
molysis to remove remaining RBCs before flow
cytometry was performed. The following monoclonal
antibodies conjugated to fluorochromes were used:
anti-CD90�phycoerythrin (PE), anti-cluster of
differentiation (CD)14�PE, anti-CD34ePE-Cy7,
anti-CD45efluoresceine-isothiocyanate (BD Bio-
sciences) and anti-CD31eadenomatous polyposis
coli (eBioscience, Inc, San Diego, CA, USA). The
antibodies were diluted in PBS by 1:40 ratio except
anti-CD34-PE-Cy7 were diluted by 1:80. Multi-
color flow cytometry was performed with an LSR II
(BD Biosciences), and cell percentages were calcu-
lated according to the profile of the specific surface
marker’s expression. Freshly isolated and cultured
ASCs were identified as CD45�/CD31�/CD34þ

cells and CD90þ/CD31� cells, respectively, on the
basis of our previous study (4).
Adherent culture of processed cells

After processing of PB-ASC and LAF solution, the
processed cells were cultured to evaluate viable ASC
yields. The processed cells were seeded onto 10-cm
non-coated tissue culture plastic dishes (5 � 105

cells/dish) in the culture medium used for ASC
culture described above. After culturing 7 days, the
cells were trypsinized and counted with the use of a
NucleoCounter.
Mesenchymal differentiation of cultured ASCs

LAF cells before and after either the hemolysis or
column processing were cultured on plastic plates to
purify the ASCs. ASCs at passages 3e5 were used
for comparative differentiation assays into three
mesenchymal lineages (adipogenic, chondrogenic
and osteogenic).

For adipogenic differentiation, ASCs were incu-
bated for 21 days in Dulbecco’s Modified Eagle’s
Medium (DMEM) containing 10%FBS, 0.5mmol/L
isobutyl-methyl-xanthine, 1 mol/L dexamethasone,
10 mmol/L insulin and 200 mmol/L indomethacin.
Quantification of adipogenic differentiation was per-
formed by Nile red fluorescence with the use of Adipo
red (Lonza, Walkersville, MD, USA). Fluorescence
was measured at an excitation wavelength of 485 nm
and an emission wavelength of 535 nm with the use of
a fluorescent plate reader (DTX 880 Multimode
Detector; Beckman Coulter, Fullerton, CA, USA).

For chondrogenic differentiation, we used a
micromass culture system, as previously reported (8).
ASCs were incubated in a 15-mL tube for 21 days in
DMEM containing 1% FBS supplemented with 6.25
mg/mL insulin, 10 ng/mL transforming growth factor
b-1, and 50 nmol/L of ascorbate-2-phosphate. The
diameter of the micromass was measured under an
optic microscope. Fixed micromasses were also
analyzed with Alcian blue staining. Samples were
fixed, paraffin-embedded and sectioned at 6 mm. The
sections were incubated for 30 min with 1% Alcian
blue 8GX (Sigma-AldrichCo., St. Louis,MO,USA),
3%acetic acid to visualize the extracellularmatrix.The
sections were then washed with 3% acetic acid and
counterstained with 0.1% Nuclear Fast red, 5%
Al2(SO4)3 solution.

For osteogenic differentiation, ASCs were incu-
bated for 21 days in DMEM containing 10% FBS
supplemented with 0.1 mmol/L dexamethasone,
50 mm ascorbate-2-phosphate and 10 mmol/L
glycerophosphate (Nacalai Tesque, Kyoto, Japan).
Calcium deposition was quantified by means of the
ortho-cresolphthalein complex one method with the
Calcium C-Test Wako Kit (Wako Chemicals) ac-
cording to the manufacturer’s instructions.
In vitro angiogenesis (network formation) assay

Capillary-like network formation was assessed in the
cultured ASCs.Matrigel (BDBiosciences) was poured
into 96-well plates (50 mL per well) and polymerized
(30min at 37�C). ASCs (5000 cells) were resuspended
in 50 mL endothelial growth medium-2 containing 2%
FBS, seeded into a Matrigel-coated well and cultured
for 6 h. Network-branching formation was observed by
phase microscopy, and the total length of cytoplasmic
extensions per field was measured.
Statistical methods

Results are expressed as mean � standard error of the
mean (SEM). Statistical significance was determined
by means of a Student’s t test for comparison of in-
dividual data. Multiple comparisons of three or more
variables were made with the Bonferroni correction.
Values of P < 0.05 were considered significant.
Results

Processing of PB by lysis or column

PB was processed by hypotonic lysis or column.
We then measured the numbers of RBCs and WBCs
(nucleate cells) in the processed PB. After column
processing, we obtained positive (predominately ad-
hesive cells) and negative (non-adhesive cells) frac-
tions. The column was then trypsinized and washed
to collect cells remaining in the column (remaining
fraction). Data were compared with the non-pro-
cessed solution (native) to calculate the cell number
ratios (sample/native). The number was compared as
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ratio because the absolute number was different be-
tween samples. Each sample (lysis, column-positive,
column-negative and column-remaining) contained
0.3% � 0.1%, 1.6% � 0.3%, 88.8% � 22.9% and
0.3% � 0.1% (mean � SEM; n ¼ 3) of RBCs,
respectively (Figure 2A). WBC numbers decreased
to <30% after column processing both in the positive
and negative fractions, whereas lysis left approxi-
mately 90% of the WBCs in the sample (88.5% �
9.2%, n ¼ 3) (Figure 2B). We further investigated
the remaining cells in the column after trypsinizing
the column to release trapped cells. The remaining
fraction contained only 4.1% � 0.5% of WBCs from
the native fraction.

Flow cytometry was performed to further investi-
gate the WBC composition after each type of process-
ing,with the expectation toobserve thedifference incell
composition by cell adhesiveness. Nucleate cells were
classified into three cell populations according to sur-
face marker expression profiles. The three populations
were granulocytes (CD45þ/CD31�/CD14�/SSChigh),
lymphocytes (CD45þ/CD31þ/CD14�/SSClow) and
monocytes/macrophages (CD45þ/CD31þ/CD14þ/
SSCmid) (Figure 2C) (4). Fluorescence-activated cell
sorting (FACS) analysis could not be performed for the
native sample without prior hemolysis because of too
much contamination of RBCs in native PB samples.
The WBC composition after lysis was 66.2% � 8.3%
granulocytes, 28.0%� 7.5% lymphocytes and 4.7%�
1.7% monocytes/macrophages (n ¼ 4) (Figure 2D).
The positive fraction, after column processing, con-
tained 64.3% � 2.4% granulocytes, 30.9% � 2.5%
lymphocytes and 4.0% � 1.6% monocytes/macro-
phages (n ¼ 4). Granulocytes, lymphocytes and
monocytes/macrophages constituted 79.1% � 3.1%,
17.0%� 3.3% and 2.0%� 0.8%, respectively (n¼ 4),
of the negative fraction. Although the negative fraction
contained more granulocytes and fewer lymphocytes
and monocytes than the positive fraction, the differ-
ences were not statistically significant.
Processing of the PB-ASC mixed solution by lysis or
column

To evaluate selectivity of the column to ASCs, a PB-
ASC solution was prepared by mixing 1 mL of PB
with 2.00� 106 cultured ASCs. The mixture was then
processed by hypotonic hemolysis or the column
method. Nucleate cells were clearly separated into
two main populations, WBCs (CD90�) and ASCs
(CD90þ), by means of flow cytometry (Figure 3A).
The proportion of ASCs in each sample (lysis, positive
and negative) was 29.7% � 5.1%, 37.6% � 2.1% and
0.1% � 0.0%, respectively (n ¼ 3), and the remaining
cells were WBCs. The absolute number of ASCs and
WBCs was calculated after measuring the total
nucleate cell number. There were 1.06 � 0.04 � 106,
1.21 � 0.34 � 106 and 0.00 � 0.00 � 106 ASCs in
lysis, positive and negative samples, respectively
(Figure 3B). FACS analysis could not be performed
for the native sample without prior hemolysis because
of too much contamination of RBC in native PB-ASC
samples. Because the absolute number of ASCs was
2 � 106 in PB-ASCs, the WBC number and ASC
proportion were then calculated after measuring the
total nucleate cell number. The ASC proportion in
native samples was 25.3% � 2.6%. ASC numbers
decreased after lysis and column processing; however,
the decrease was not statistically significant, and
almost no ASCs were observed in the column-negative
fraction. The total WBC number in each of the
samples (native, lysis, positive and negative) was 6.11
� 0.92 � 106, 2.73 � 0.64 � 106, 1.97 � 0.52 �
106 and 1.23 � 0.59 � 106, respectively (n ¼ 3)
(Figure 3B). The total WBC number decreased after
lysis and column processing.

We further evaluated the viability of processed
ASCs with the use of subsequent adherent culture
(Figure 3C). The yield ratio of cultured ASCs
(sample/native) in the lysis, positive and negative
samples was 81% � 11%, 88% � 11% and 0% �
0%, respectively (n ¼ 9) (Figure 3D). There were no
statistical differences between the native, lysis and
positive samples. The negative fraction did not
appear to contain viable ASCs.
Processing of LAF by lysis or column

The LAF was processed by hypotonic hemolysis or the
column method. We then counted RBCs and nucle-
ated cells. Processed samples were compared with
each native LAF solution because RBCs or nucleated
cell content in LAF solution is largely different be-
tween samples (4). Each sample (lysis, positive and
negative) contained 1.2% � 0.2%, 5.5% � 1.1% and
83.8% � 1.4% of native RBCs (n ¼ 5), respectively.
This suggests that RBCs were efficiently removed by
both the lysis and column methods (Figure 4A). The
nucleated cell ratio for each sample (lysis, positive and
negative) was 46.9% � 8.0%, 46.3% � 5.6% and
10.5% � 3.0% of native sample, respectively (n ¼ 5)
(Figure 4B). Although both lysis and positive samples
contained only half of the nucleated cells as the native
samples, the column-processed negative fraction con-
tained significantly fewer nucleated cells compared
with the positive fraction.

The processed solution was further investigated by
flow cytometric analysis to measure total ASCs, which
were identified by surface marker profile (CD45�/
CD31�/CD34þ) (Figure 4C). FACS analysis could
not be performed for the native sample without prior
hemolysis because of too much contamination of
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Figure 2. PB processing efficiency by osmic hemolysis or the column method. (A,B) The relative ratio of RBCs (A) and WBCs (B) is shown.
The native PB solution (native) was processed by hypotonic hemolysis (lysis) or by the column method (column). After column processing, the
number of RBCs and WBCs was measured in the positive and negative fractions. The column used was incubated with trypsin to collect cells
that remained in the column (remaining). RBC (or WBC) ratios were calculated by dividing each sample value by the native value. Statistical
results of processing group comparisons (native, lysis and column-positive) are shown in black with a gray background. Results of comparisons
among column fractions are in blue; *P < 0.05, **P < 0.01; error bars ¼ SEM (n ¼ 3). (C,D) Flow cytometric analysis of processed PB is
shown. Cell composition of the processed PB was analyzed by means of multi-color flow cytometry. CD45þ cells (leukocytes) were classified
into three different groups: CD14þ/CD31þ cells (monocytes), CD14�/CD31� (lymphocytes) and CD14�/CD31þ cells (granulocytes).
Representative data from each group (processed by osmotic hemolysis [lysis] or the column method) (C) and quantified proportion (D) are
shown. There was no statistical difference between the cell compositions resulting from the two methods. Error bars ¼ SEM (n ¼ 3).
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RBC in native LAF samples. ASCs constituted 2.9%
� 0.6%, 1.6% � 0.4% and 0.8% � 0.4% of the total
nucleated cells in the lysis, positive and negative
samples, respectively (n ¼ 3) (Figure 4D). The
negative samples contained fewer ASCs than did the
positive samples, although the difference was not



Figure 3. PB-ASC mixture processing efficiency by osmic hemolysis or column method. The PB-ASC (native) mixture was processed by
osmotic hemolysis (lysis) or by the column method (Column). Two fractions were obtained from the column, column-adherent (positive) and
non-trapped (negative) fractions. Cell composition of each sample was analyzed by flow cytometry, and the cells were divided into two groups,
WBCs (CD90�) and ASCs (CD90þ). (A) Representative data of the multi-color flow cytometric analysis is shown. (B) The number of ASCs
and WBCs after processing of the PB-ASC mixture was calculated. Error bars ¼ SEM (n ¼ 3). Processed cells were cultured on plastic dishes,
and ASC numbers were counted at day 7. (C) Representative photo of cultured ASCs is provided; bar¼ 150 mm. (D) Ratio of cultured ASCs is
provided; the ASC numbers in each sample were divided by those of the native sample. Error bars ¼ SEM (n ¼ 9). *P < 0.05.
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statistically significant. After adherent culture to
compare viable ASC numbers, however, a significantly
larger number of ASCs was detected in the positive
samples than in the negative samples. The cultured
ASC number in samples was compared with that of
each native sample. Cultured ASC yield for each
sample (lysis, positive and negative) was 48% � 13%,
73% � 11% and 17% � 4% of native, respectively
(n ¼ 4) (Figure 4E). Lysis samples had significantly
fewer ASCs than did native samples, suggesting sig-
nificant damage to ASCs by hypotonic processing.
Functional properties of ASCs obtained from LAF by
lysis or column processing

Each sample (native, lysis, column-positive and
negative) obtained from LAF was cultured, and their
capacities to differentiate into adipose, bone and
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Figure 4. Processing of LAF solution by osmic hemolysis or the columnmethod. LAF solution was obtained as the infranatant fluid portion after
centrifuging liposuction aspirates. The LAF solution (native) was processed by osmotic hemolysis (lysis) or by the columnmethod (column). The
column resulted in column-trapped (positive) and non-trapped (negative) fractions. Nucleated cell yield ratios of the processed cells are provided.
The number of RBCs (n¼ 5) (A) and nucleated cells (n¼ 5) (B) were counted with the use of a hemocytometer and an automated nucleocounter,
respectively. Processed LAF solutions were analyzed by multi-color flow cytometry for cell composition. CD45�/CD31�/CD34þ cells were
regarded as ASCs. (C) Representative data of multi-color flow cytometric analysis of non-hematopoietic (CD45�) populations is shown. (D) ASC
proportion in each sample (n¼ 3) is provided.Averaged valueswith error bars representing SEM(n¼ 3) are shown in addition to individual sample
values (No. 1, No. 2 andNo.3). (E) Cultured ASC numbers after 1 week in adherent culture are provided (n¼ 4). ASC yields for each sample are
provided as a ratio to the cultured native sample. Statistical results of processing group comparisons (native, lysis and Column-positive) are shown
in black with a gray background. Results of comparisons among column fractions are in blue. Error bars¼ SEM (n ¼ 5). *P < 0.05; **P< 0.01.
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cartilage were examined. The four populations of
ASCs displayed similar differentiation capacities to-
ward adipogenic, osteogenic and chondrogenic
lineages (Figure 5A). To examine differentiation
capacity into vascular endothelial cells, a capillary-
like network formation assay was performed. There
were no statistical differences between the network
formation capacities of the ASC groups (Figure 5B).
These data suggest that ASCs did not significantly
change their biological properties after hypotonic
hemolysis or column processing.
Discussion

One of the limitations for cell-based therapies is an
issue of safety of the prepared cells. For ASCs,
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Figure 5. Functional properties of ASCs obtained from LAF solution. Purified ASCs were obtained by adherent culture of non-processed or
processed samples (native, lysis, positive or negative). The differentiation capacity of the cultured ASC populations into adipose, bone,
cartilage and vascular endothelial cells was examined. (A) Lipid droplet content after adipogenic differentiation, total calcium content after
osteogenic differentiation and micromass diameter after chondrogenic differentiation were assessed. Representative images of chondrogenic
differentiation (macroscopic view and Alcian blue staining) are shown (bar ¼ 500 mm). There were no statistical differences between the
samples. Error bars ¼ SEM (n ¼ 3). (B) Representative images and data for the network formation assay are provided. There were no
statistical differences between the samples. Error bars ¼ SEM (n ¼ 3).
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collagenase digestion is the standard method for
isolating human SVF from liposuction aspirates.
Unfortunately, enzymatic digestion limits the clinical
applicability of SVF cells because of regulations in
many countries that restrict methods of processing
that could change the biological properties of the
isolated cells, even though there are Good
Manufacturing Practice grade collagenases available.
The other limitation is the manufacturing facility.
The facility for cell processing requires rigorous
standards with its construction, operation and
monitoring, which lead to substantial costs. To solve
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the problem, automated or semi-automated equip-
ment bypassing the facilities are available, but they
are still in regulatory review for distribution in many
countries (2,9,10).

Thus, many efforts have been made to isolate
ASCs without enzymatic digestion, but ASC yield is
very limited thus far in the non-enzymatic methods
(4,11). Even though nucleated cell yield is equal to
those of the collagenase-digesting method, ASCs
constitute only a small portion of the SVF isolated by
non-enzymatic methods, with a large contamination
of RBCs and WBCs. Removal of RBCs and purifi-
cation of ASCs has been performed by density
gradient centrifugation such as Ficoll, hypotonic
hemolysis and cell sorting. Unfortunately, the effi-
ciency of RBC removal and ASC collection are far
from perfect, and some difficulties remain that limit
clinical applicability.

Since 1989, filters composed of non-woven fab-
rics have been applied clinically to trap peripheral
leukocytes, to treat autoimmune diseases (12). The
filter method was modified and optimized the fabric
material to allow the columns to also isolate mesen-
chymal stromal cells (MSCs) from bone marrow (6).
The column was modified on the basis of higher
adhesiveness of MSCs compared with that of he-
matopoietic cells (13,14), and the authors confirmed
that the modified column had advantages over den-
sity gradient centrifugation. The new filter was
composed of rayon and polyethylene, both of which
were already applied clinically as dialysis membranes
(15) and total hip joint replacement material,
respectively (16). This isolation process is advanta-
geous because the process can be performed without
specialized training and in a closed system within a
relatively short time.

To determine the selective adherence of cells to
the column, we performed a comparative assessment
of osmotic hemolysis and the column method with
the use of PB and PB-ASCs. The column efficiently
removed RBCs from PB; however, the efficiency
of removal was inferior to the osmotic hemolysis
method. Unlike osmic hemolysis, though, which
does not significantly reduce WBCs, the column
method substantially reduced WBC numbers after
processing of the PB. Flow cytometric analysis of the
positive and negative fractions, however, resulted
in relatively unclear selection of WBCs by cell types.
Specifically, the positive fractions appeared to con-
tain more lymphocytes and monocytes and fewer
granulocytes than did the negative fractions, but the
differences did not reach statistical significance.
Alternatively, the column method demonstrated
clear selection of ASCs after processing the PB-ASC
mixture. With this method, the negative fraction
contained almost no ASCs; this was confirmed by
subsequent adherent culture of the fractions. The
number of cultured ASCs after hemolysis or the
column method (the positive fraction) was compa-
rable to that from native samples. This suggests that
total loss of viable ASCs by each of the processing
methods was minimal.

The LAF solution, which was the focus of this
study, contains not only PB and ASCs but also many
other types of cells and fragmented tissue debris (4).
This may interfere with the column fabric and could
affect the efficiency of the isolation. More than 90%
of nucleate cells contained in the LAF solution (LAF
cells) were WBCs; however, most of the cells that
survived for >5 days in DMEM were ASCs, which
we reported previously (4). RBC removal efficiency
from the LAF solution was similar to that of the PB.
The column method was efficient but less so than
osmotic hemolysis. Although the column clearly
isolated ASCs suspended in PB-ASC, flow cytom-
etry indicated that a relatively small number of
ASCs was present in the negative fraction after pro-
cessing of the LAF solution. Samples processed by
hemolysis showed a higher average ASC composition
than column-positive samples by flow cytometry;
however, adherent culture of the samples indicated
that there was a higher average yield of culture-
expandable cells in the column-positive samples
compared with the hemolysis samples. This suggests
that hemolysis damages ASC viability more than
column processing and that the column method may
be superior to hemolysis to obtain viable ASCs from
LAF solutions. Cell culture also showed that the
negative fraction contained significantly fewer viable
ASCs than did the positive fraction, suggesting that
dead ASCs were selectively collected in the negative
fraction.

Our results suggest that column isolation is
slightly less efficient for RBC removal compared
with hypotonic hemolysis but that it is equivalent or
superior for isolating ASCs and is less toxic to the
ASCs. The mechanism of ASC isolation by the
column is probably similar to that of bone marrowe
derived MSC column isolation because ASCs and
bone marrowederived MSCs have similar charac-
teristics (17). The column method is applicable to
ASC isolation from LAF solutions, and the SVF
isolated from the LAF solution by the column
contained a larger number of viable ASCs than did
hypotonic hemolysis. Additionally, the biological
functions (differentiation capacity into three mesen-
chymal lineages and capillary-like network forming
capacity) of the column-isolated ASCs were well
preserved.

In conclusion, our results suggest that the
adherent column with non-woven rayon and poly-
ethylene fabrics is useful for isolating SVF cells from
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LAF solutions for clinical applications. In addition,
the isolation method is more conducive to clinical use
of the SVF because Good Manufacturing Practicee
level cell processing facilities are not required.
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