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Purging and isolating pluripotent cells, “sweet” dreams

become true?
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The formation of an adult organ-
ism could be viewed as a hierarchical
process in which the initial totipotent
cell, the zygote, progressively loses
“potency” by differentiating into pluri-
potent, multipotent and unipotent states
until the final terminally differentiated
cells comprising tissues and organs are
derived. Such a unidirectional concept
trembled when four transcription factors
were shown to “revert” the identity of
differentiated somatic cells and repro-
gram them into induced pluripotent
stem cells (iPSCs) [1]. These findings
rapidly fed clinical expectations for re-
generative medicine purposes as well as
for disease modeling and drug discov-
ery studies [2]. Though this discovery
represented a promising breakthrough,
the technologies applied raised several
concerns, as thoroughly discussed in
other reports [3]. Importantly, and re-
gardless of the methodology used for
reprogramming, the lack of efficient
differentiation protocols opened the
possibility that mixed populations could
interfere during in vitro studies. Fur-
thermore, experimental assessment of
pluripotency involves the formation of
benign tumors, called teratomas. Thus,
residual pluripotent stem cells need to
be eliminated prior to transplantation
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in order to reduce the risk of malignant
transformations [3]. Up to date, ef-
ficient selection of residual pluripotent
stem cells (PSCs) relied on the use of
antibodies recognizing known pluripo-
tency-related surface markers as well
as tissue-specific fluorescence reporters
combined with sorting procedures [4].
Additionally, suicide gene strategies
have also been described [5]. Yet, such
methods can lead to undesired cellular
modifications due to antibody binding
and/or alteration of the host genome.
The concept that surface glycans
might represent a more convenient and
reliable method for defining cell iden-
tity has been previously suggested [6].
Indeed, a large set of glycans is strategi-
cally located on the cell surface and the
overall profile is believed to faithfully
reflect cellular alterations, such as dif-
ferentiation and even malignancy. After
all, around 50% of the total pool of eu-
karyotic proteins undergo glycosylation
to some extent [7]. Up to date, most of
the antibodies and markers used for stem
cell biology rely on the identification of
glycoproteins such as Tral-60, Tral-81
and SSEA3/4. Yet, some carbohydrate
structures have proven to be poor
antigens. Furthermore, even though
antibodies can be generated, potential
activation of downstream pathways,
crosslinking of proteins, as well as the
inherent affinity of antibody-antigen
complexes remain as some of the major

caveats for antibody-based procedures.
Considering certain living cell applica-
tions after sorting, the permanent bind-
ing of antibodies might not only disturb
experimental results but also brings
the possibility for immune reaction in
vivo. Thus, antibody-based strategies
for sorting might not be the preferred
choice for the researcher, depending on
the experiments planned after selection.
More importantly, antibodies recogniz-
ing native conformations of proteins,
specifically in stem cell research, tend
to show species-dependent specificity to
varying degrees. Thus, it is not uncom-
mon for different laboratories working
on different models to have different an-
tibodies in order to recognize the same
protein depending on the species, which
can be a concern, and an extra expense,
that could be avoided by recognition of
surface glycans.

Interestingly, a recent report from
the Loring laboratory, convincingly
established glycan profiling and lectin-
based selection procedures as a reliable
alternate method for the discrimination
of PSCs from differentiated cultures [8].
In their report, Wang et al. described
the expression levels of glycoproteins
present both on the cell surface and
in the intracellular fraction of pluripo-
tent cells and compared them to those
observed in differentiated and tumor
cells. The authors made use of an “old”
concept, the binding of specific lectins



to glycans, recently expanded into mi-
croarray technologies [6]. Indeed, lectin
microarrays allowed for the elucidation
of cell-specific glycan profiles by mul-
tiplexing lectin-glycan interactions and
thus, establishing a proteomic profile
similar to conventional microarray RNA
profiling. Two previous studies have
demonstrated the feasibility of discrimi-
nating human PSCs from differentiated
cells [9, 10]. Yet, it was not clear until
now whether the same approach would
suffice for the negative or positive selec-
tion of hPSCs in mixed populations, that
is the separation of residual pluripotent
cells from differentiated cultures. By
using lectin binding-based arrays, the
authors were able to identify a number
of consistently over- and under-repre-
sented glycoproteins defining cellular
identity. Those molecules present on
the cell surface were further studied for
their capacity to precisely distinguish
between pluripotent and non-pluripotent
cells with the goal of establishing a way
to select and isolate specific cell popula-
tions. Specifically, UEA-1 was proven
to strongly correlate with previously
established pluripotency markers and
was sufficient to allow for the simple
purification and culture of hPSCs after
magnetic bead separation. Most im-
portantly, molarity competition with
soluble carbohydrates allowed for the
elution of the biotin-lectin-bead com-
plex from the cell surface, thus allowing
for unaltered cells to be obtained and
used in subsequent experiments [8].
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In summary, lectin binding and
glycan profiling can be used for the
identification, selection and separation
of pluripotent cells that can then be
used in a variety of stem cell applica-
tions. Of importance is the suitability
of such an approach for the separation
of mixed cell populations as well as the
possibility for multi-species studies.
Furthermore, the fact that lectins can
be easily removed from the cell surface
by simple competition and elution,
make lectin-based sorting strategies
a reliable alternative for living cell
applications. Considering that lectin
profiles are able to discriminate between
metabolic cell states, cell activation and
even transformation, lectin profiling
and cell separation could be used for
the study of intermediate populations
during both, the reprogramming and
the differentiation processes [8-10].
Altogether, lectin-based profiling and
sorting brings an unmatched tool not
only for the separation of hPSCs prior
to transplantation or disease modeling
studies but also for more fundamental
studies aiming to decipher the molecular
mechanisms governing stem cell fate.
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