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3. Results

3.1. ES cells can be derived from CD9 knockout embryos

To understand the function of CD9 in ES cells, we investigated
the effects of the complete loss of CD9 function by gene targeting
the CD9 gene in mouse ES cells. The crucial role of CD9 in sperm-
egg fusion was demonstrated by the inability of CD9 knockout
mouse oocytes to fuse with sperm (Kaji et al.,, 2000; Le Naour
et al., 2000; Miyado et al., 2000, 2008) and by the ability of anti-
CD9 antibodies to inhibit fusion (Chen et al., 1999; Le Naour et al.,
2000: Miller et al., 2000). Therefore, CD9~/~ fertilized eggs cannot

CDo CD9*

be obtained by a cross of CD9~/~ female and male mice. To address
this issue, we used ICSI to insert CD9~/~ sperm directly into the
cytoplasm of CD9™/~ eggs and so bypass the fusion step (Miyado
et al., 2000). Each CD9~/~ egg injected with CD9/~ sperm was
activated and CD9~/~ ES cells were successfully isolated from the
blastocyst of the CD9~/~ fertilized egg, as described above. This
procedure yielded several independent clones of viable CD9~/~ ES
cells. These CD9~/~ ES cell lines were characterized in detail by
immunostaining and RT-PCR analyses, showing high expression
of ES cell markers at the same levels as wild-type ES cells, as well
as the loss of CD9 gene products (Fig. 1A and B). To further
characterize CD9™/~ ES cells, we evaluated ALP activity, which is
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Fig. 1. Expression of ES cell-markers and karyotype analysis in CD9 knockout ES cells. (A) RT-PCR analysis of ES cell-marker genes. Transcripts of Oct3/4, Sox2, Nanog and
Rex1 were detected in both CD9~/~ and CD9*/* ES cells without feeder cells. A neomycin-resistance gene was targeted to delete a part of the third exon and all of the fourth
exon of CDY. Therefore, neomycin gene was detected in CD9~/~ ES cell lines. (B) CD9~/~ and CD9*!* ES cells were fixed and stained with antibodies against Oct3/4, Nanog and
Sox2. Nuclei were counterstained with DAPL Bars = 50um. (C) Alkaline phosphatase staining shows undifferentiated D9/~ ES cells as well as CD9'"* ES cells.

Bars = 500 pm. (D) CD9~/~ ES cells maintained a normal karyotype of 40XY.
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Fig. 2. Teratomas of CD9 knockout ES cells containing all three germ layers. CD9~/~ ES cells were inoculated subcutaneously into nude mice. After 4 weeks, teratomas were
stained with antibodies of Tuj1 (ectoderm), a-SMA (mesoderm) and AFP (emgecl-n)gtale bars were shown on each panel.
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an indicator of a pluripotent and undifferentiated state. Despite
the absence of CD9, CD9~/~ ES cells stained positive for
ALP activity and retained the morphological features of
undifferentiated ES cells (Fig. 1C and Supplementary Fig. S1).
These results suggest that CD9 is not essential for the self-renewal
of ES cells in an undifferentiated state. In addition to the ability to
maintain the undifferentiated state, ES cells retain a normal
diploid karyotype. Thus, we next karyotyped all CD9~/~ ES cell
lines at passage 4-5 by standard G-banding. As a result,
chromosomal appearance was normal in all analyzed nuclei
(Fig. 1D). These results indicate that CD9 = ES cells retain
similar properties to wild-type ES cells.

3.2. CD9-deficient ES cells differentiate into three germ layers

ES cells can give rise to cells of different fates in vivo and ex
vivo. With appropriate culture conditions, ES cells form embryoid
bodies (EBs) and are capable of differentiating into a variety of
tissue types, such as tissues from extraembryonic endoderm,
ectoderm and mesoderm. To further evaluate ability of CD9~/~ ES
cells to differentiate, we then examined the pluripotency of
CD9~/~ ES cells by teratoma formation. Four weeks after
subcutaneous injection of CD9~/~ ES cells into immunodeficient
mice, tumors were obtained. Histological examination revealed
that injected CD9~/~ ES cells differentiated into all three germ
layers, including class III beta-tubulin (Tujl, ectoderm), alpha-
fetoprotein (AFP, endoderm) and alpha-smooth muscle actin
(0-SMA, mesoderm) (Fig. 2). These data demonstrate that the
CD9~/~ ES cells exhibit pluripotency in vivo. To further
characterize the pluripotency and establish developmental
normality of CD9~/~ ES, mouse chimeras were generated using
CD9~/~ ES cells. These cells we had previously labelled with EGFP
transgene (transfecting the cells with constitutive reporter vector
CAG-EGFP). After sorting for GFP-positive CD9~/~ ES cells, the
fluorescent cells were injected into blastocysts and the embryos
transplanted into uteri of pseudopregnant mice to produce
chimaeric embryos. We obtained embryos with widespread
fluorescent cells derived from the CD9~/~ ES cells, indicating
that these CD9~/~ ES cells were pluripotent (Fig. 3). These data
indicate that the CD9 function in ES cells might not be necessary
for the maintenance of pluripotency during early embryonic
development.

3.3. CD9 knockout ES cells display similar global gene-expression
profiles to wild-type ES cells

As described above, €D9~/~ ES cells exhibited the same
phenotype as wild-type ES cells. Additionally we investigated
how similar the CD9 knockout ES cells were to wild-type ES cells
in terms of their global gene expression. Cluster analysis of mouse

GFP Bright-field

Fig. 3. Chimeric embryos derived from CD9 knockout ES cells. When EGFP-positive
CD9~/~ ES cells, which were homozygotes for the partially deleted CD9 allele and
marked by the constitutively active EGFP transgene, were injected into blastocysts,
the embryos developed to chimeras at E13.5 in which widespread contributions of

Feeder Cells

NCH4.3 (CD9** ES celis)
K4 (CD9" ES cells)
NCH4.2 (CD9** ES cells)
1 K3 (CD9* ES cells)

K2 (CD9" ES cells)

10 08 0.6 0.4 0.2 0

Fig. 4. Gene-expression profile in CD9 knockout ES cells. Global gene-expression
patterns were compared between CD9~/~ ES cell lines and CD9*/* ES cell lines with
oligonucleotide DNA microarrays. The figure is a hierarchical cluster based on the
expression values for all probe sets derived from genome-wide microarray
expression data of indicated cell types using the Pearson correlation distance.
Compared with feeder cells, all CD9 knockout ES cell lines appear highly similar to
the wild-type ES cell lines.

transcriptome array (GeneChip, the Mouse Genome 430 2.0 array;
Affymetrix) emphasized that the global gene-expression patterns
are similar, but not identical, between three CD9~/~ ES cell lines
(K2, K3 and K4) and two wild-type ES cell line (NCH4.2 and
NCH4.3), as compared with feeders (Fig. 4). Subsequently, in order
to estimate the expression pattern of genes associated with CD9,
we focused on the function of CD9. CD9 has been implicated in
cellular motility and intercellular adhesion in several cellular
types (Boucheix and Rubinstein, 2001; Feigelson et al., 2003;
Hemler, 2001; Lagaudriere-Gesbert et al., 1997). Therefore, we
listed the expression profile of genes associated with extracellular
matrix and intercellular adhesion (Supplemental Tables S2
and S$3) but there was no significant difference between CD9~/~
and wild-type ES cells. Supplemental Table S4 summarizes the
expression of tetraspanin family genes that are predicted
to compensate for any function of CD9 molecule in CD9~/~ ES
cells (Boucheix and Rubinstein, 2001). However, the expression
change of other tetraspanin family genes was not caused by
absence or disruption of CD9 function. In addition, an example
of immunostaining with CD81, which is closely related to CD9
(Supplementary Fig. S2), demonstrates that CD81 does not
compensate for any function of CD9 molecules in CD9~/~ ES
cells. These findings further highlight the similarity of gene-
expression level between CD9~/~ and wild-type ES cells.

3.4. Effect of anti-CD9 monoclonal antibody on maintenance
in ES cells

As described above, CD9 may be dispensable for maintenance
in ES cells. However, it has been previously reported that CD9 can
maintain an undifferentiated state via the regulation of LIF/STAT3
pathway in ES cells, which is critical for self-renewal of these cells.
Furthermore, a blocking antibody against CD9 (KMC8) inhibited
colony formation and survival of ES cells. These results suggest
that CD9 plays a role in maintenance of ES cells in vitro (Oka et al.,
2002). The discrepancies between our findings and earlier reports
may be due to anti-CD9 monoclonal antibody (mAb) used in the
earlier study simultaneously blocking all specific and non-specific
CD9 antigens in ES cell cultures. Consequently, we tested the impact
of treatment with anti-CD9 mAb. Our CD9+/+ ES cell lines remained
normally maintained after treatment with anti-CD9 mAb (Fig. 5).
This result strongly supports our data of CD9-knockout experiments.
Taken together, these findings suggest that the differentiation of ES
cells is not caused by the loss of CD9, but its expression is down-
regulated as a consequence of differentiation.

4. Discussion

We established and maintained ES cells deficient for CD9,

GFP-positive cells were observed in fluorescent stereomicroscopic observation. 3 .l 39well—known tetraspanin membrane protein. This provides
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Fig. 5. Effect of anti-CD9 antibody on maintenance of undifferentiation and
viability of ES cells. Phase contrast images of cells are shown in top panels. Cell
viability was monitored by staining cells with SYTO10, which stains nucleic acids
of live cells with green fluorescence (middle panels). Bottom panels show ALP
staining to detect undifferentiated state in ES cells after treatment of anti-CD9
antibody. Bars = 200 pum,

evidence that CD9 is dispensable for maintenance of an
undifferentiated state and pluripotency. However, it has been
reported that CD9 is strongly expressed in mouse and human ES
cells, suggesting that CD9 may be a marker of pluripotent
stem cells (Nash et al., 2007; Oka et al., 2002). Therefore, our
CD9 knockout ES cell lines should help elucidate the role
of CD9 in the self-renewal of stem cells and their capacity to
differentiate.

The function of CD9 in ES cells may contrast the situation
involving other cell types. For example, absence of CD9 enhances
adhesion-dependent morphologic differentiation and survival in
small cell lung cancer cells (SCLC), in serum-deprived conditions,
via the activation of PI3K/AKt signaling (Saito et al., 2006). In this
event, the mechanism of which ligands contact with CD9 is not
fully understood. In addition, CD9 seems to act as a suppressor of
metastasis because its transfection into melanoma cells reduces
the metastatic potential and there is an inverse correlation
between expression of CD9 and appearance of metastasis in
melanoma, colon, lung and breast cancers (Gutierrez-Lopez et al.,
2003; Higashiyama et al., 1995; Miyake et al., 1995, 1996; Mori
et al., 1998). Therefore, ectopic expression of CD9 may exert a
negative effect on adhesion-dependent activation of some signal-
ing pathways. Despite the striking biological differences between
ES cells and cancer cells, including cancer stem cells, CD9 might
be deeply involved in cellular immortality and cell migration
capability in both cell types, suggesting the possibility that CD9
also contributes to stem cell-like phenotypes shown by many
tumors.

Although CD9 protein was expressed in endometrium epithe-
lial cells and preimplantation embryos, it played an inhibitory role
in embryo implantation. At present, the ligands or mediators for
CD9 have not been confirmed but there is evidence to suggest that
a morphological or functional alteration of the CD9 molecule by
anti-CD9 mAb can lead to significant biological changes in various
cells, such as anti-CD9 mAb activating mouse macrophages,

]774, causing hematopoietic cells to migrate (Aoyama et al,, 1999;
Forsyth, 1991; Jennings et al., 1990; Kaji et al,, 2001). Moreover,
anti-CD9 mAb plays an important role in embryo implantation by
blocking the CD9 extracellular domain (Liu et al., 2006). However,
when CD9~/~ and CD9+/+ two-cell embryos were transferred into
wild-type pseudopregnant females, the rate of embryos develop-
ing to term was not significantly different (Miyado et al.,, 2000),
suggesting that the deficiency of CD9 does not affect the
developmental processes. During the early development period,
CD9 is expressed on blastomeres of two-, four- and eight-cells and
morula embryos and on the inner cell mass (ICM) and trophoblast
cells of blastocysts (Supplementary Fig. S3) (Liu et al., 2006).
Therefore, when ES cells are isolated from the ICM, expression of
CD9 may also be maintained after a process of outgrowth behavior
of the ICM in vitro on a monolayer of mouse embryonic fibroblasts.
In our study, to verify the role of CD9 during embryo development,
we investigated the contribution of CD9-knockout ES cells during
the early development stage through generation of chimeric
embryos, in the process indicating that CD9-knockout ES cells
were pluripotent. In summary, our work demonstrates that CD9
was dispensable for both the maintenance of pluripotency in ES
cells and the development of embryos.

In conclusion, our findings demonstrate that CD9 does not
functionally contribute to maintenance of ES cells in vitro.
Nevertheless, the expression of CD9 in ES cells is decreased
during differentiation after withdrawal of LIF (Oka et al., 2002).
Therefore, we should consider that CD9 might be one of several
markers for identification of pluripotent stem cells without
functional significance, similar to Oct3/4 and Nanog. Although
CD9 is an important molecule for the regulation of some
biological functions in cells, its true function(s) is(are) not well
understood. We hope the CD9-knockout ES cells we have
established here will prove useful for further studies to provide
better understanding of the importance, functions and mode of
actions of CD9 in various life processes.
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Reduction of N-Glycolylneuraminic Acid Xenoantigen
on Human Adipose Tissue-Derived Stromal Cells/
Mesenchymal Stem Cells Leads to Safer and More

Useful Cell Sources for Various Stem Cell Therapies
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Adipose tissue is an attractive source for somatic stem cell therapy. Currently, human adipose tissue-derived
stromal cells/mesenchymal stem cells (hADSCs/MSCs) are cultured with fetal bovine serum (FBS). Recently,
however, not only human embryonic stem cell lines cultured on mouse feeder cells but also bone marrow-derived
human MSCs cultured with FBS were reported to express N-glycolylneuraminic acid (Neu5Gc) xenoantigen.
Human serum contains high titers of natural preformed antibodies against Neu5Gc. We studied the presence of
Neu5Ge on hADSCs/MSCs cultured with FBS and human immune response mediated by Neu5Gc. Our data
indicated that hADSCs/MSCs cultured with FBS expressed Neu5Ge and that human natural preformed anti-
bodies could bind to hADSCs/MSCs. However, hADSCs/MSCs express complement regulatory proteins such as
CD46, CD55, and CD59 and are largely resistant to complement-mediated cytotoxicity. hADSCs/MSCs cultured
with FBS could be injured by antibody-dependent cell-mediated cytotoxicity mechanism. Further, human
monocyte-derived macrophages could phagocytose hADSCs/MSCs cultured with FBS and this phagocytic ac-
tivity was increased in the presence of human serum. Culturing hADSCs/MSCs with heat-inactivated human
serum for a week could markedly reduce Neu5Gc on hADSCs/MSCs and prevent immune responses mediated by
Neu5Geg, such as binding of human natural preformed antibodies, antibody-dependent cell-mediated cytotoxicity,
and phagocytosis. Adipogenic and osteogenic differentiation potentials of hADSCs/MSCs cultured with heat-
inactivated human serum were not less than that of those cultured with FBS. For stem cell therapies based on
hADSCs/MSCs, hADSCs/MSCs that presented Neu5Gc on their cell surfaces after exposure to FBS should be
cleaned up to be rescued from xenogeneic rejection.

Introduction

ADIPOSE TISSUE is an attractive source for somatic cell
therapy, because it is safe and abundant and many in-
vestigators have reported that the stromal cells derived from
adipose tissue (adipose tissue-derived stromal cells [ADSCs])
could differentiate into various cell types."™ ADSCs are
also referred to as adipose tissue-derived mesenchymal

stem cells (MSCs). Human ADSCs (hADSCs)/MSCs are very
similar to bone marrow (BM)-derived human MSCs (hMSCs)
and therefore reveal differentiation potential similar to BM-
derived hMSCs.>”

For stem cell therapies based on hMSCs including
hADSCs/MSCs, it is essential that stem cells are handled and
cultured in a manner that guarantees the efficacy and safety
of the cellular therapy product. One such aspect is the choice
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of cell culture medium and supplements. In principle, most
investigators agree that all animal materials should be
avoided to maximize product safety. Currently, however,
hADSCs/MSCs are cultured with fetal bovine serum (FBS),
and the clinical efficacy of BM-derived hMSCs in human
disease has been investigated using hMSCs cultured with
FBS in a number of clinical trials.>'?

Recently, not only human embryonic stem cell (hESC)
lines cultured on mouse feeder cells but also BM-derived
hMSCs cultured with FBS were reported to express
N-glycolylneuraminic acid (Neu5Gc) xenoantigen,'®'* the
so-called Hanganutziu-Deicher antigen.”> Humans are in-
capable of synthesizing the common mammalian sialic acid,
Neu5Ge, because of an Alu transposon-mediated inactivation
of the cytidine monophosphate (CMP)-N-acetylneuraminic
acid hydroxylase gene.'®!” Despite this, both hESC lines and
BM-derived hMSCs were reported to express the Neu5Gc,
apparently originating from the mouse feeder layers, animal-
derived components, and FBS."*'* The significant levels of
Neu5Gc found on the surface of hESCs and hMSCs evidently
originate from a Trojan Horse pathway involving endocy-
tosis of extracellular glycoconjugates, delivery to the lyso-
some, release of NeuSGe by lysosomal sialidase, active
transport to the cytoplasm through the lysosomal sialic acid
transporter, activation by CMP, and addition to nascent
glycoproteins and glycolipids in the secretory pathway.® Tt
is also possible that amphipathic molecules carrying Neu5Ge
might be directly transferred into the hESC and hMSC
plasma membranes."” Human serum contains high titers
of natural preformed antibodies against Neu5Gc xenoanti-
gen.”>*? Thus, binding of these natural preformed antibodies
may lead to immune responses such as complement-mediated
cytotoxicity (CMC), antibody-dependent cell-mediated cyto-
toxicity (ADCC), and antibody-dependent cellular phago-
cytosis. However, these immune responses mediated by
natural preformed antibodies against human stem cells re-
main in controversary.'®*® This study was therefore under-
taken to study the presence of Neu5Gc on hADSCs/
MSCs cultured with FBS and the human immune responses
mediated by Neu5Gc on hADSCs/MSCs.

Materials and Methods

Cells

hADSCs/MSCs were prepared as described previously™?
with modifications.>* Adipose tissue was resected during
plastic surgery in five human subjects (four men and one
woman; age, 20-60 years) as excess discards. Ten to 50 g of
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subcutaneous adipose tissue was collected from each subject.
All subjects provided informed consent. The protocol was
approved by the Review Board for Human Research of the
Kobe University Graduate School of Medicine, Osaka Uni-
versity Graduate School of Medicine and Foundation for
Biomedical Research and Innovation. All subjects fasted for
at least 10h before surgery and none was being treated with
steroids. The resected excess adipose tissue was minced and
then digested in Hank’s balanced salt solution (Gibco Invitro-
gen, Grand Island, NY) containing 0.075% collagenase type II
(Sigma Aldrich, St. Louis, MO) at 37°C for 1 h. Digests were
filtered with a cell strainer (BD Bioscience, San Jose, CA) and
centrifuged at 800 g for 10min. Erythrocytes were excluded
using density gradient centrifugation with Lymphoprep
(d =1.077;Nycomed, Oslo,Norway). Thecellswerethen plated
using Dulbecco’s modified Eagle’s medium (DMEM; Gibco
Invitrogen) with 10% defined FBS (Hyclone, Northumber-
land, United Kingdom) and incubated for 24 h at 37°C. Fol-
lowing incubation, the adherent cells were washed extensively
and treated with 0.2 g/L ethylenediaminetetraacetate (EDTA)
solution (Nacalai Tesque, Kyoto, Japan), and the resulting sus-
pended cells were replated at a density of 10,000 cells/cm? on
human fibronectin-coated dishes (BD BioCoat, Franklin Lakes,
N]J) in a medium containing 60% DMEM-low glucose, 40%
MCDB-201 medium (Sigma Aldrich), 1xinsulin-transferrin—
selenium (Gibco Invitrogen), 1 nM dexamethasone (Sigma Al-
drich), 100uM ascorbic acid 2-phosphate (Sigma Aldrich),
10ng/mL epidermal growth factor (PeproTec, Rocky Hill, NJ),
and 5% FBS. For analysis of the effects of human serum on
Neu5Gc expression on hADSCs/MSCs, the cells were cultured
for 7 days, where FBS was replaced by 5% heat-inactivated
normal human pooled serum (NHS) from type AB blood.
As control cells, a murine pancreatic cell line, Panc02, was
cultured with RPMI 1640 medium (Gibco Invitrogen) supple-
mented with 10% FBS and 1% antibiotic/antimycotic solution.

Flow cytometry

Cells were detached from culture dishes and suspended in
Dulbecco’s phosphate-buffered saline (D-PBS; Nacalai Tes-
que). Aliquots (5 x10° cells) were incubated for 30 min at 4°C
with a chicken anti-Neu5Gc polyclonal antibody (a gift from
Prof. N. Wakamiya, Asahikawa Medical College, Hokkaido,
Japan).* Cells incubated with D-PBS alone were used as neg-
ative control. After washing with D-PBS, cells were stained
with fluorescein isothiocyanate (FITC)-conjugated rabbit anti-
chicken immunoglobulin G (IgG; Cappel, Cochranville, PA)
as a second antibody. After staining, the cells were washed

FIG. 1. Expression of Neu5Gc on hADSCs/MSCs. (A) Specificity of anti-Neu5GC antibody. Panc02, a cell line derived from
murine pancreatic carcinomas, expressed Neu5Gce. Flow cytometric analysis showed that chicken anti-Neu5Ge polyclonal
antibody bound to the surfaces of Panc02, but Neu5Ge-preadsorbed anti-Neu5Gce polyclonal antibody could not react, showing
specificity of the anti-Neu5Gc antibody. The percentage of cells that stained positive is indicated in the upper right corner of
each panel. (B) Expression of Neu5Gc xenoantigen on hADSCs/MSCs. Fresh hADSCs/MSCs did not express Neu5Gc on their
cell surface. In accordance with passage numbers, the population of Neu5Ge-positive cells increased by cultivation with FBS.
The percentage of cells that stained positive is indicated in the upper right corner of each panel. (C) Reduction of Neu5Ge
xenoantigen by chasing cultivation with human serum. After cultivation of hADSCs/MSCs with heat-inactivated NHS but not
FBS, the percentages of Neu5Gc-positive cells have decreased in accordance with culture duration. The decrement manners of
second passaged hADSCs/MSCs and fifth passaged ones have been in a similar fashion. The percentage of cells that stained
positive is indicated in the upper right corner of each panel. Data are representative of four independent experiments. Neu5Gc,
N-glycolylneuraminic acid; hADSCs/MSCs, human adipose tissue-stromal cells/mesenchymal stem cells; FBS, fetal bovine
serum; NHS, normal human pooled serum; IgG, immunoglobulin G; M1, marked positive area 1; FL1, fluorescencel.
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and resuspended in D-PBS with 150ng/mL 7-AAD (BD
Pharmingen) to eliminate dead cells. The cells were analyzed
by flow cytometry using a FACSCalibur flow cytometer and
CellQuest Pro software (BD Biosciences, Franklin Lakes, NJ).
Data shown in figures are gated for live cells by excluding
cells that stained positive for 7-AAD. Percentage of positive
cells was defined against a 99% negative control exclusion
gate. For detection of binding of human natural preformed
antibodies, the cells were exposed to 10% fresh NHS or 5mM
Neu5Ge-preadsorbed NHS in D-PBS containing 15mM
EDTA for 30 min at 4°C. After washing, the cells were stained
with FITC-conjugated goat anti-human IgG or IgM antibody
(Cappel), or control goat IgG, respectively. To examine the
blocking effects of anti-Neu5Gc antibody onto the surface of
hADSCs/MSCs, hADSCs/MSCs cultured with FBS were
precoated with anti-Neu5Gc antibody, exposed to 10% fresh
NHS containing 15mM EDTA, and then applied for flow
cytometric analysis. Stained cells were washed and re-
suspended in D-PBS with 7-AAD and analyzed by a FACS-
Calibur flow cytometer. For detection of human complement
regulatory proteins, cells were stained with FITC-conjugated
mouse monoclonal antibodies to human CD46 (membrane
cofactor protein), CD55 (decay accelerating factor), CD59, or
control IgG (all from BD Pharmingen) and analyzed by a
FACSCalibur flow cytometer as well.

Detection of complement deposition

The amounts of C4 and C3 fragments deposited on the cell
surface were also analyzed by flow cytometry. The cells were
detached by 0.25% trypsin/EDTA and subsequently incubated
with 10% fresh NHS in DMEM for 30min at 37°C. Cells
incubated with DMEM alone or 10% fresh NHS in DMEM
containing 15 mM EDTA was used as negative control. After
washing with cold D-PBS three times, the cells were stained
with FITC-conjugated rabbit anti-human C4c or C3c antibody
(Dako, Cambridgeshire, United Kingdom). After staining,
the cells were washed and resuspended in 500 uL. of D-PBS
with 7-AAD and analyzed by a FACSCalibur flow cytometer.

CMC assay

CMC was evaluated by measuring lactate dehydrogenase
(LDH) release in media, using MTX-LDH kit (Kyokuto
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Pharm, Tokyo, Japan) in accordance with the manufacturer’s
instructions. Target cells (hRADSCs/MSCs cultured with FBS,
hADSCs/MSCs cultured with heat-inactivated NHS, or
Panc02) were plated at a concentration of 1x10* cells/well in
a 96-well culture plate. Then, DMEM with 20% or 40% fresh
NHS was added. The plates were incubated for 2h at 37°C,
and LDH release was determined. All assays included
maximal release controls (1% Triton X), controls with me-
dium and target cells, with medium containing fresh NHS,
and with medium alone.

Isolation of effector cells

Peripheral blood mononuclear cells (PBMCs) were isolated
from the buffy coats from healthy volunteers using density
gradient centrifugation with Lymphoprep (Nycomed). Cell
viability was more than 98%, as determined by trypan blue
exclusion. Human monocyte-derived macrophages were
isolated and cultured as reported previously.

ADCC assay

ADCC was also determined by measuring LDH release
into medium. Target cells (hADSCs/MSCs cultured with
FBS, hADSCs/MSCs cultured with heat-inactivated NHS, or
Panc02) were plated in 96-well culture plates as described
earlier. Then, 1x10° or 2x10° PBMCs in DMEM alone or
with 10% heat-inactivated NHS were added. The plates were
incubated for 4h at 37°C, and LDH release was determined.
All assays included maximal release controls (1% Triton X),
controls with medium and target cells, with medium and
effector cells, with medium containing 10% heat-inactivated
NHS, and with medium alone.

Phagocytosis assay

Target cells (hADSCs/MSCs cultured with FBS, hADSCs/
MSCs cultured with heat-inactivated NHS, or Panc02) were
stained with PKH67 Green Fluorescent Cell Linker Mini Kit
(Sigma Aldrich) according to the manufacturer’s instruc-
tions. After labeling of target cells was terminated, the cells
were washed and resuspended in RPMI medium. Then,
2x10° PKH67-labeled target cells were added into 24-well

FIG. 2. Binding of natural preformed antibodies to hADSCs/MSCs. (A} Binding of natural preformed antibodies to Panc02
and hADSCs/MSCs. (a) Murine pancreatic carcinoma cell line Panc02 was exposed to 10% fresh NHS containing 15 mM
EDTA, then stained with secondary FITC-conjugated goat anti-human IgG or IgM antibody, and studied by flow cytometry
to demonstrate the binding of IgG and IgM. The natural performed antibodies human IgG and IgM bound onto Panc02.
Exposition of Neu5Gc-preadsorbed NHS could reduce the natural performed antibody binding (IgG binding: 99.95% to
85.09%; IgM binding: 92.8% to 44.49%). (b) hADSCs/MSCs were cultured with FBS, exposed to 10% fresh NHS containing
15mM EDTA, and then stained with secondary FITC-conjugated goat anti-human IgG or IgM antibody, or control goat IgG.
The natural performed antibodies human IgG and IgM bound onto hADSCs/MSCs, and exposition of Neu5Ge-preadsorbed
NHS could reduce IgG binding (80.01% to 2.08%). The percentage of cells that stained positive is indicated in the upper right
corner of each panel. Data are representative of four independent experiments. (B) Anti-Neu5Gc antibody pretreatment
suppressed the binding of natural preformed antibodies onto hADSCs/MSCs. hADSCs/MSCs cultured with FBS were
precoated with anti-Neu5Ge antibody and then exposed to 10% fresh NHS containing 15 mM EDTA. The natural performed
antibody human IgG bound onto hADSCs/MSCs, and exposition of anti-Neu5Gc antibody could reduce IgG binding (70.33%
to 1.74%). The percentage of cells that stained positive is indicated in the upper right corner of each panel. Data are
representative of three independent experiments. (C) Decrement of binding of natural preformed antibodies onto
hADSCs/MSCs by chase with NHS. After cultivation of hADSCs/MSCs with heat-inactivated NHS but not FBS, the per-
centages of human IgG-positive cells decreased. The percentage of cells that stained positive is indicated in the upper right
corner of each panel. Data are representative of four independent experiments. hADMSCs, adipose-tissue derived
mesenchymal stem cells; EDTA, ethylenediaminetetraacetate; FITC, fluorescein isothiocyanate.
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