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Hesca-2, a monoclonal antibody (mAb) IgM raised to the human embryonic stem cell (hESC) line BG-01v, binds
with high affinity (nM) to the disaccharide epitope (Galb1-3GlcNAc) on a glycan microarray. This epitope was
expressed on pluripotent progenitor hESCs in culture, but not in various differentiated cells derived from hESC
based on immunofluorescence microscopy. Hesca-2 stains a limited subset of cells in adult human tissues (eg,
esophagus and breast). This mAb also crossreacts in immunofluorescence microscopy studies with several
human ovarian cancer cell lines and is cytotoxic to them based on the release of cytosolic enzyme lactate
dehydrogenase into the media. Hesca-2 immunohistochemically stained tissue from a number of human tumors,
including ovary, breast, colon, and esophageal cancer. These data suggest that Hesca-2 recognizes a surface
marker found both in stem cells and certain cancer cells.

Introduction

Tracking the phenotypic changes that occur during
human embryonic stem cell (hESC) differentiation is vital

to their use in regenerative medicine. These changes include
differences in the level of expression of cell surface molecules,
which can be used as markers. Detection of hESC markers
with monoclonal antibodies (mAbs) is the most common
method used to confirm their pluripotent progenitor status.
Among the limited number of cell surface markers that are
used to demonstrate the undifferentiated, pluripotent status
of human stem cell populations are the glycoproteins TRA-1-
60, TRA-1-81, and the glycolipids SSEA-4 and SSEA-3 [1–5].
Further, other cell surface glycoconjugates are used to define
differentiated lineages. CD34 is used to identify and isolate
hematopoetic progenitor cells [6,7]. CD133 and polysialylated
neural cell adhesion molecule are used to delineate neural
stem cells. In addition, CD133 is a stem cell surface glyco-
protein that has been shown to be cancer stem cell marker
[8–10]. Polysialylated neural cell adhesion molecule is a cell-
surface glycan marker that is developmentally regulated
containing a linear homopolymer composed of a2-8-linked
sialic acids. The glycan polysialic acid has a functional role in
axonal growth and synaptogenesis and has been shown to act
as a repulsive signal on immature neurons [11,12].

Although antibodies against cell surface glycoconjucates
have proven valuable for studies on hESC, new antibodies

for tracking changes during hESC differentiation are needed.
One of the primary challenges for obtaining new hESC an-
tibodies is the lack of molecularly defined target antigens. An
alternative approach we have taken involves immunization
with whole hESCs, followed by screening of the resulting
hybridomas to identify mAbs with the appropriate charac-
teristics. Using this strategy, antigen targets do not need to
be known beforehand to obtain useful antibodies and one
can potentially identify novel hESC antigens. In addition, the
whole-cell immunization strategy results in an enrichment of
antibodies to cell surface antigens.

In a collaborative project with Viacyte (formerly, Bresa-
gen) we have generated a number of anti-hESC mAbs to the
hESC line BG-01v (NIH registry) [13]. In this study, we de-
scribe the characterization of one of these mAbs, Hesca-2,
which stains novel cell surface antigen(s) on undifferentiated
progenitor cells. We demonstrate with immunofluorescent
staining that Hesca-2 selectively stains hESCs but not mouse
ESCs (mESCs) or differentiated feeder cells. We also show
that Hesca-2 binds to human ovarian cancer cell lines and is
cytotoxic to them. In addition, immunohistochemistry with
the antibody shows staining of various common tumor types
on tissue microarrays (TMAs) from patient samples, includ-
ing esophageal, breast, colon, and ovarian carcinomas. Fi-
nally, using a glycan microarray, we report that Hesca-2
recognizes, with high apparent affinity, glycan epitopes
containing the Lewis C (LeC; also referred to as the type 1
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precursor) disaccharide, Galb1-3GlcNAc. Thus, this study
demonstrates that this disaccharide, observed on a number
of carcinomas, is also present on the cell surface of hESCs
and on limited set of adult tissues. Therefore, Hesca-2 rec-
ognizes a glycan that may be a novel cancer stem cell surface
marker.

Materials and Methods

Chemicals and reagents

Unless otherwise noted all chemicals were purchased from
Sigma and were reagent grade. Hesca-2 mAb was purified at
Abeome with a combination of ammonium sulfate precipi-
tation, ceramic hydroxyapatite (type II; BioRad) chromatog-
raphy, and cation exchange chromatography on HiTrap SP
FF (GE Healthcare) cartridges. Hesca-2 was also obtained
from Millipore Corporation.

Cell lines

The following cell line were used in this study: BG-01v,
BG02, mESCs, and murine embryonic fibroblasts were pro-
vided by Viacyte; OVCAR3, CaOV3, SKOV3, and HS-27
were purchased from ATCC; BG-1 was obtained from the D.
Puett Laboratory (University of Georgia, Athens, GA). The
Hesca-2 hybridoma cell line was isolated and characterized
at Abeome Corporation as described below. All cells were
maintained in defined media in humidified incubators at
378C. Formation of teratomas from embryonic cells for use in
this study was made as previously described [14].

Generation of antibodies

Cultured BG-01v cells were verified for expression of
Oct-4 and SSEA-3, -4 (not shown), and harvested using en-
zyme-free cell dissociation buffer (Invitrogen). All studies
involving animals obtained IACUC approval from the
University of Georgia, School of Veterinary Medicine, where
the work was done. Mice were immunized intraperitoneally
with *108 fixed cells in phosphate-buffered saline (PBS),
boosts of *107 cells=per mouse at 30-day intervals, and
*106 cells given 3–4 days before harvest. Mice that dem-
onstrated serum antibody titers of �1:3,000 in whole-cell
ELISAs were sacrificed and splenectomized. Splenocytes
were fused with Abeome’s SP2ab myeloma cells (described
below) using polyethylene glycol and cultured in Iscove’s
modified Dulbecco’s media containing 20% fetal bovine
serum under hypoxanthine, aminopterin, and thymidine
(Sigma-Aldrich) [15] selection.

Antibody secreting hybridoma cell lines were isolated by
fluorescent-activated cell sorting (FACS) based on expression
of the membrane isovariant of that antibody in the B cell
antigen receptor (BCR) complex on the cell surface using a
proprietary process described previously [16]. Briefly, this
process relies on fusing splenocytes with a myeloma (SP2ab)
that has been genetically engineered to constitutively express
the Iga and Igb (CD79a and CD79b) components of the BCR.
Hybridomas generated with SP2ab demonstrate consistent
expression of the BCR on their cell surface in addition to
secreting antibody. Thus, hybridomas can be rapidly selected
with fluorescently labeled antigens, and, using FACS, de-
posited singly into wells of a 96-well culture plate.

Plasma membrane antigen (PMA) fractions were prepared
for labeling by conjugating live, un-fixed, intact BG-01v cells
with biotin, followed by 10 min fixation in 0.4% paraformal-
dehyde, and ultrasonic disruption. Hybridomas were removed
from culture, washed, labeled with biotin-conjugated PMA
fractions, and counterstained with streptavidin-conjugated
r-phycoerythrin (BD Biosciences) and allophycocyanin-
conjugated goat anti-mouse Ig (Invitrogen). Sorting was done
using a FACS Aria� Flow Cytometer (BD Biosciences) as
described previously [16]. Cells positive for both Ig expression
and PMA reactivity were deposited singly into 96-well culture
plates containing Iscove’s modified Dulbecco’s media supple-
mented with 20% fetal bovine serum, hypoxanthine, and
thymidine (Sigma-Aldrich). The isotype of each clone was
determined by ELISA using the Zymed MonoAb isotyping kit
(Invitrogen).

Immunofluorescence microscopy

Immunofluorescent staining of BG-01v and other cells
with Hesca-2 was performed using standard immunofluo-
rescence microscopy (IFM) techniques as described previ-
ously. Briefly, 1� 105 cells were cultured in 4-well chamber
slide cultures (Lab-Tek Permanox Chamber slides; Nalge
Nunc Int.) for 48 h. Cells were then fixed for 10 min with 4%
paraformaldehyde, blocked with 10% goat serum in PBS,
and probed with culture supernatants diluted 1:10 in 1%
goat serum or when using purified antibody diluted to
10 mg=mL in PBS. Cells were stained with FITC-conjugated
goat anti-mouse IgGþIgM (Sigma) diluted 1:50 in 1% goat
serum in PBS, and counterstained with DAPI. Images were
observed and photographed on a Leica DM RXA fluores-
cence microscope.

Effect of Hesca-2 on cells in culture

Cytotoxicity of Hesca-2 toward the ovarian cancer cell
lines SKOV3 and OVCAR3 in culture was assayed by mea-
suring the release of the lactate dehydrogenase (LDH) into
the culture media from dead or dying cells. After incubation
of the mAb at a concentration of 0.02, 0.2, 2, and=or
20 mg=mL on the cells for 48 h, we measured the level of LDH
enzyme in culture supernatants. For these enzyme assays we
utilized a colorimetric kit from BioVision which yields a
product detected at 450 nm following the manufacturer’s
protocol. Enzyme assays were done in triplicate and values
averaged. To assess whether the cytotoxicity observed with
Hesca-2 could be due to induction of apoptosis in the ovarian
cancer cells, we utilized an M30-Apoptosense ELISA (Peviva
AB), which measures a neoepitope generated following
cleavage of cytokeratin-18 by activated caspases.

For the hESC line BG-02 cell growth=death in the presence
of Hesca-2 was monitored using both LDH release and a
xCELLigence real-time cell analyzer (Roche). This instrument
measures impedance across the bottom of a specialized mi-
crotiter plate which is affected by cell number, morphology,
adherence, and viability. BG02 cells were plated in StemPro
hESC SFM media (Invitrogen; Cat. No. A1000701) at a den-
sity of 20� 103 cells per well in microelectronic sensor array
integrated-96-well plates coated with Matrigel (BD Bios-
ciences; Cat. No. 356231) and allowed to adhere for 25 h.
After 25 h, the medium was removed and replaced with
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medium containing 0.02, 2.0, 10, or 20 mg=mL of anti-hESC
mAb Hesca-2. The negative control was media alone.
Treatments were applied in quadruplicate and monitored in
real time. Impedance was measured from the time of seeding
to 72 h after Hesca-2 treatment. LDH assays were performed
as described above on conditioned medium aliquots taken at
24 and 48 h after antibody addition and the results averaged
after subtracting the absorbance due to media alone.

Immunohistochemistry

Using standard immunohistochemical methodology, pa-
tient TMAs prepared at the Fox Chase Cancer Center Bio-
sample repository were stained with Hesca-2. Briefly, fixed
paraffin-embedded tissue sections were immunoperoxidase
labeled after antigen retrieval. Deparaffinization of the
slides was done using an automated DAKO instrument.
Endogenous peroxidase activity was inactivated by a
5–10 min incubation in 3% H2O2 in distilled water. Antigen
retrieval, which is antigen-dependent process, was accom-
plished with a 10 min incubation at 1208C in a DAKO cy-
tomation pressure cooker. After rinsing the array slides in
PBS for 5 min, they were blocked with normal goat serum
for 20 min at room temperature (RT). We then applied the
primary antibody, at a 1:500 dilution (of a 0.9 mg=mL stock)
for an hour at RT. After again rinsing the array slides in PBS
for 5 min, we incubated the slides with a biotin-conjugated
anti-mouse secondary antibody at 208C–378C for 20 min.
The SABC reagent (Vector Labs) is added to the slides at
378C for 20 min. After rinsing the array slides several times
chromogen development with diaminobenzidine (DAB)
proceeded until the desired degree of staining was
achieved. Finally, the slides were stained with hematoxylin
(Gil II, SurgiPath) and mounted (Cytoseal).

SDS-PAGE and western blot analysis

Electrophoresis was performed in a discontinuous buffer
system on precast 10% (w=v) polyacrylamide gels (BioRad;
Cat. No. 161-1101). BG-01v cell pellet was mixed with
2� sample buffer (4% SDS, 0.2% bromphenol blue, 100 mM
dithiothreitol, and 20% glycerol in 100 mM Tris-buffered
saline), boiled for 5 min, and electrophoresed. Separated
proteins were electroblotted onto polyvinylidene difluoride
membranes (Immobilon P) using a semidry blot apparatus
(Biorad) set at 11 mAmp for 80 min using transfer buffer
[20% (v=v) methanol, 48 mM Tris, 39 mM glycine (pH 9.2),
0.04% SDS]. Before transfer, the membrane was soaked in
methanol for 1 min, and the membrane and the gel were
incubated in transfer buffer for 10 min. After transfer, the
membrane was blocked for overnight at 48C in 3% bovine
serum albumin [BSA] in TBST buffer [20 mM Tris-HCl (pH
7.6), 140 mM NaCl, and 0.1% Tween 20]. Before addition of
the primary antibody, the blot was rinsed briefly with TBST
buffer and incubated with Hesca-2 antibody (1 mg=mL) for
1 h at RT. After 3 washes with TBST the blot was incubated
for 30 min with a polyclonal rabbit anti-mouse antibody
conjugated to HRP diluted 1:2,000 (DakoCytomation). The
membrane was then washed 3 times with TBST buffer and
incubated with ECL substrate (Pierce; product 32106) fol-
lowing manufacturer’s instructions and exposed to film
(Biomax MR; Kodak).

Glycan microarray

Carbohydrate microarrays were fabricated as reported
previously [17–19]. Briefly, each array component was printed
in duplicate within a 20� 20 grid of 110mm diameter spots.
Each slide was printed with 16 complete grids=arrays. A de-
scription of the 204 array components is given in Supple-
mentary Table S1 (Supplementary Data are available online at
www.liebertonline.com=scd). Printed slides were stored at
�208C until used. The 16-well slide modules=holders (Grace
Bio-Labs) were then assembled on the printed slides and wells
were blocked with 3% BSA (w=v) in PBS for 2 h at RT. Purified
Hesca-2 was diluted to various concentrations ranging from
0.01 to 29mg=mL in 3% BSA in PBS to produce a dilution
series. Each dilution was incubated in a separate well on the
slide (75mL=well) for 2 h at RT. Each concentration=dilution
was analyzed in quadruplicate. After washing with PBS,
bound antibody was detected by incubating with Cy3-
conjugated goat anti-mouse Ig ( Jackson ImmunoResearch)
diluted to 2 mg=mL in 3% BSA=PBS for 1 h at RT. Wells were
washed with PBS 4 times, and then the 16 well module was
removed. Slides were immersed in PBS buffer 3 times for
2 min, and then centrifuged at 453 g for 5 min. Slides were
scanned at 10mm resolution with a Genepix 4000B microarray
scanner (Molecular Devices Corporation) with a photo-
multiplier tube (PMT) setting such that no saturated pixels
were obtained. Images were analyzed with Genepix Pro 6.0
analysis software (Molecular Devices Corporation). Spots
were defined as circular features with a maximum diameter of
100mm. Features were allowed to be resized down to 70 mm as
needed. Local background subtraction (median background)
was performed. Initial data processing was performed with
Microsoft Excel. To obtain a single relative fluorescence units
(RFU) value for each array component at a given Hesca-2
concentration, the mean of the 8 spots (4 wells� 2 replicate
spots) was used. Apparent dissociation constants (Kds) were
determined using Origin 8 software (OriginLab).

Results

Immunofluorescence on hESCs, mESCs,
and differentiated cells

IFM was used to discern the staining pattern of Hesca-2 on
hESCs, mESCs, and the various feeder cells used in culturing
embryonic stem cells. Figure 1 shows the global pattern of
cell staining obtained with Hesca-2 on hESC line BG-02. The
strong wide-spread staining suggests an abundance of the
antigen(s) on nearly all cells, the high affinity of the mAb to
its target antigen, or some combination of both factors. By
contrast, there was little staining to mESCs and no staining to
Hs-27 or murine embryonic fibroblasts, which are commonly
used as feeder cells for stem cell culture (not shown) by
Hesca-2. Teratomas derived from BG02 hESCs displayed
rare positive staining (not shown).

Hesca-2 stains and is cytotoxic to OC cells

In addition to staining of stem cell lines, we assayed, by
IFM, for the presence of Hesca-2 reactive antigen(s) on the
human epithelial ovarian cancer lines BG-1, OVCAR3,
SKOV3, and CaOV3. There was weak staining on these cells
by Hesca-2 (not shown). When SKOV3 cells were cultured
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in the presence of the 0.02–20 mg=mL of antibody for 48 h,
cytotoxicity of up to 20% was detected as measured by
LDH release as shown in Fig. 2. Unexpectedly, cell killing
was maximal at 2 mg=mL and less at the higher concentra-
tion (20 mg=mL) of antibody. Cytotoxicity was much less
evident in OVCAR3 cells treated over the same range of
Hesca-2.

By contrast to the cytotoxicity observed with intact anti-
body, Fab fragment generated from Hesca-2 had no signifi-
cant effect at 0.4 and 40 mg=mL. The cytotoxic effect was not
complement-dependent lysis in that the cells were cultured
in heat-inactivated serum. To define the mechanism of this
observed cytotoxicity, we tested whether Hesca-2 triggered
apoptosis in OVCAR3 and SKOV3 cells. The results showed
that apoptosis was not caused by exposure to 20mg=mL of
Hesca-2 over a 48-h incubation.

We also examined the effect of Hesca-2 on hESCs in cul-
ture. Those experiments show a small but reproducible cy-
totoxic effect at low concentration (0.02 mg=mL) and a more
significant cytoprotective=proliferative effect at higher con-
centrations (>10 mg=mL) as measured by LDH release as
shown in Fig. 2. Cell growth was also monitored by a
xCELLigence system, which measures electrical impedance
across interdigitated microelectrodes integrated into spe-
cialized 96-well plates. The cell index (a dimensionless pa-
rameter proportional to cell density, viability, and
morphology=adhesion) monitored in real time over a 72-h
period and depicted in Fig. 3 corroborates the LDH data. As
shown in Fig. 3, the untreated and treated cells are indis-
tinguishable until antibody addition at about 25 h. There-
after, the cells treated with Hesca-2 diverge from untreated
cells and demonstrate a dramatic dose-dependent increase in
impedance with 10 and 20 mg=mL of Hesca-2 after 24 h of
incubation with antibody when compared to media alone.
Treatment with 0.2 and 20mg=mL Fab had no significant
effect on hESCs (not shown). Similar but not identical trends
were seen for the effect of Hesca-2 on BG-02 cells that were

seeded at 1� 104 and 3� 104 cells per well densities over the
course of 72 h.

Staining on carcinomas versus limited staining
of subsets of cells on normal tissues

We examined the immunohistochemical staining of pa-
tient tumor tissue on TMAs with Hesca-2. We observed
staining on a number of common tumor types as shown in
Fig. 4. By contrast, we found limited staining of subsets of
cells within normal breast and esophagus but not in normal
colon as shown below. The staining, where it was present,
was not widespread. A single specimen of each type of tissue
was examined except for ovarian cancer where 12 out of 27
samples of serous carcinoma stained with Hesca-2. In most
cases the staining displayed an apical pattern or was limited
to epithelial cells.

Recognition of high molecular weight species
on western blots

The staining of stem cells, ovarian cancer cell lines, and on
carcinomas from patient tissue by Hesca-2 heightened our
interest in the identity of epitope=antigen(s) targeted by this
mAb. Western blot analysis on cell lysate of BG-01v cells,
shown below in Fig. 5, revealed a major species migrating at
an apparent molecular weight of 250 kDa with a diffuse
pattern of staining suggestive of a mucin. Mucins are heavily
glycosylated proteins and many antibodies that recognize
mucins bind to their carbohydrate moieties. Several less in-
tense bands of lower molecular weights were also observed.

Glycan screening

To ascertain if the antigen recognized by Hesca-2 was a
glycan, we screened the antibody on a glycan array. Glycan
arrays are analogous to DNA and protein arrays but contain
many different oligosaccharides immobilized on a glass mi-
croarray slide (for recent reviews, see [20–22]). The glycan
array contained a diverse set of 204 carbohydrates and gly-
coproteins printed on a glass microscope slide using a ro-
botic microarrayer (for a full list of glycans on the array, see
supplementary Table S1). This screen demonstrated specific
binding to a number of oligosaccharides containing the type 1
chain as seen in Fig. 6, including blood group H1 (BG-H1),
lacto-N-tetraose (LNT), lacto-N-hexaose (LNH), and LeC (also
referred to as the type 1 precursor) presented as neoglyco-
proteins of varying ligand densities. By contrast to the specific
binding to these reactive glycans, whose structures are de-
picted in Fig. 7, >90% of the glycans on the array were non-
reactive displaying background RFU values that were
between 3 and 4 orders of magnitude lower in intensity (see
Supplementary Table S2 for the complete list). On the basis of
the binding profile, the minimum glycan epitope is the di-
saccharide, Galb1-3GlcNAc. Several closely related structures,
including Galb1-3GalNAc and Galb1-4GlcNAc, were not
recognized by the antibody. Some modifications of the core
disaccharide were tolerated. For example, Hesca-2 bound well
to BG-H1, which contains a fucose residue alpha linked to the
2 position of the galactose, and LSTc, which contains a sialic
acid residue alpha linked to the 6 position of the GlcNAc
residue. Other modifications, however, were not tolerated.
For example, LSTa (Siaa2-3Galb1-3GlcNAcb1-3Galb), LSTc

FIG. 1. Immunofluorescent staining by Hesca-2 on BG-02
hESCs cultured in LabTek chamber slides. Slides were
stained with Hesca-2 and counterstained with goat anti-
mouse Ig conjugated to FITC (green). Nuclear staining
appears blue (DAPI); 20�magnification. hESCs, human
embryonic stem cells.
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FIG. 2. Effect of Hesca-2
on release of the LDH en-
zyme on hESCs (A), SKOV-3
(B), or OVCAR-3 (C) cells in
culture. Cells were treated
for 48 h with increasing con-
centrations (0.02–20mg=mL)
of Hesca-2 or with media
alone. LDH activity was
measured using an assay kit
that yields a colorimetric
product that is detected at
OD450 nm. Tests were done
in at least triplicate and the
results averaged. Standard
deviations were computed
and are shown as error bars.
Comparable results were
obtained in 2 independent
experiments. *A concentra-
tion not tested in the respec-
tive experiment. LDH,
lactate dehydrogenase.

FIG. 3. Impedance analysis, in real-time, of BG02 cells treated with increasing concentrations (0.02–20mg=mL) of Hesca-2.
Data were collected using an xCELLigence analyzer. About 2� 104 cells were seeded into each well of a microelectronic
sensor array integrated-96-well plate. Antibody addition begins at 25 h and fresh media and antibody are added every 24 h
thereafter. Arrows indicate time points when the plate was disconnected from the analyzer for cell feeding and to collect
aliquots for LDH release analysis. These data are the average of quadruplicate treatments and standard deviations were
<0.35, 0.20, 0.37, 1.02, and 1.40 for the 0, 0.02, 0.2, 10, and 20mg=mL concentrations of Hesca-2, respectively. Similar but not
identical trends were seen for the effect of Hesca-2 on cells of 1� 104 and 3� 104 seeding densities over the course of 72 h.
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(Siaa2-6Galb1-3GlcNAcb1-3Galb), and Lewis A [LeA; Galb1-
3[Fuca1-4)GlcNAc] were not bound by the antibody.

Determination of apparent affinity for glycans

Apparent dissociation constants were determined in par-
allel on the glycan array by measuring antibody binding at a
range of antibody concentrations following the method of
MacBeath [23]. The apparent dissociation constants and
maximum signals are listed in Table 1. Hesca-2 bound all 8
oligosaccharides with fairly similar affinity and binding was
not substantially affected by variations in carbohydrate

density (eg, LNT-05 vs. LNT-20 and pLNH-07 vs. pLNH-21).
Apparent Kds ranged from 0.30 to 1.86 mg=mL (0.33–2.07
nM), corresponding to high avidity binding relative to many
other carbohydrate binding antibodies.

Discussion

Hesca-2 recognizes the glycan
epitope Galb1-3GlcNAc

We have demonstrated that Hesca-2 binds to a number of
related glycans on a glycan microarray sharing the common

FIG. 4. Immunohistochemical staining of common tumor types and normal tissues. Serous carcinoma, colon carcinoma,
breast invasive lobular carcinoma, esophagus squamous cell carcinoma, normal breast, normal colon, and normal esophagus;
20�magnification.
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epitope of [Galb1-3GlcNAc]. This glycan epitope is found on
glycoproteins, glycolipids, and free oligosaccharides in milk
[24–26]. It is the precursor sequence for the biosynthesis
of type 1 Lewis and blood group antigens, such as BG-A1,
BG-B1, BG-H1, LeA, LeB, and SLeA, and it has been referred
to as the type 1 precursor and as the LeC antigen.

This glycan epitope is also associated with several human
carcinomas, including pancreatic, stomach, colorectal, and
ovarian. In fact, a humanized IgG mAb, RAV12, which has
similar glycan specificity, has demonstrated in vivo antitu-
mor activity against gastrointestinal adenocarcinoma in a
mouse xenograft model [27]. RAV12 is also being tested in
human clinical trials [28]. In addition to RAV12, there are
multiple antibodies with similar specificity as Hesca-2, in-
cluding K21 [29], LU-BCRU-G7, FC10.2 [30,31], and F48-60
[32], which are known to bind the type 1 precursor sequence.

Several type 1 precursor-binding mAbs have been isolated
from humans, including IgMWOO [33] and HMST-1 [34].
Expression of the glycan epitope has been evaluated using
these antibodies in various tissues. As noted above, high
levels of expression have been observed with these anti-
bodies on human carcinomas.

Similar to the RAV12 mAb, it is possible that Hesca-2 is
directly cytotoxic to carcinoma-derived cancer cell lines in
culture by a dose-dependent mechanism termed oncosis [27].
Oncosis leads to cell death by disruption of cell membranes,
ion fluxes, and thereby homeostatsis. For both of these an-
tibodies, cytotoxicity requires a multimeric interaction with
their glycan ligand as Fab fragments of either mAb are not
cytotoxic. This dependence on multimeric binding perhaps
accounts for the plateau in cell killing at a 2 mg=mL con-
centration of Hesca-2 seen against SKOV3 cells in Fig. 2. We
speculate that higher antibody concentration favors more
monomeric interactions and therefore the observed reduced
cytotoxicity.

We also examined the effect of Hesca-2 on hESCs in
culture. Those experiments show a negligible activity at low
concentrations and a dramatic effect on the cells that may be
due to cytoprotection or proliferation at higher concentra-
tions of Hesca-2. The mechanism of this activity clearly
requires multimeric binding in that Fab fragments do not
show a comparable effect. It is conceivable that Hesca-2
could be binding 1 glycan (such as LeC) on hESCs and a
different glycan (such as BG-H1) on tumor cells, leading to
cell type-specific effects. Therefore, identifying the native
glycoconjugates recognized on each cell type is important to
explore the precise basis of the different cell responses. For
example, one could investigate what effect the soluble
glycan ligands (recognized by Hesca-2) have on the prolif-
eration, adhesion, and so forth, of different cell types, in-
cluding hESCs. On the basis of the western blot data, it is
possible that the different cell types share at least 1 common
polypeptide backbone, a high molecular weight species,
likely a mucin.

FIG. 5. Western blot on BG-01v cell lysate probed with
Hesca-2 (1:1,000 dilution). Arrow denotes migration of mo-
lecular weight marker at 250 kDa.

FIG. 6. Glycan array binding results by Hesca-2.
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Glyconjugate epitopes shared by stem cells
and cancer cells

Other glycan markers have also been used to identify
embryonic as wells as mesenchymal (adult) stem cells,
such as high-mannose type N-glycans, linear poly-N-
acetyllactosamine chains, alpha2-3-sialylation, and sialyl
Lewis x epitopes [35–37]. Many of these are also cancer-
associated antigens. It is increasingly recognized that stem
cells and cancer tissues share common epitopes regardless of
the origin of cancer cells [38–42]. CD133 is generally accepted
as a marker for mesenchymal progenitor cells. It has been
found to be expressed in populations of brain tumor cells,
retinoblastomas, ependymoma, prostate cancer, colon cancer,
lung cancer, hepatocellular carcinoma, laryngeal carcinoma,

melanoma, ovarian cancer, and pancreatic cancer [41,43,44].
Other markers of stemness, such as CD44þ CD24�, have
been found in cells of highly proliferative breast cancer tumors
associated with poor prognosis [42,45]. The data presented in
this study suggest that the glycan epitope recognized by
Hesca-2 may be another surface marker for cancer stem cells.

Functional role of these glycan epitopes
on stem cells—galectins?

The biological roles of the glycans recognized by Hesca-2
on stem cells, adult cells, or cancer cells are not known. There
are a variety of endogenous proteins that could potentially
interact with these glycans, and a family of particular interest
are galectins. Galectins are carbohydrate-binding proteins
that typically recognize galactose containing glycans [46,47],
and a number have been shown to bind glycans containing
the Galb1-3GlcNAc sequence (see Consortium for Functional
Glycomics [CFG] website) [48].

The binding properties of galectins have been studied
extensively in vitro, and human galectin 7 (hGal7) has the
most similar binding to Hesca-2 [49] (CFG website). It binds
well to BG-H1, LeC, LNT, and pLNH; it also binds well to a
structure similar to LSTb (but LSTb and LNH were not
tested). However, hGal7 also binds LacNAc structures, so it
has broader specificity and the glycans responsible for rec-
ognition in vivo are not known.

Galectins have been implicated in a wide range of bio-
logical processes during development and in adult tissues,
including induction of differentiation [50], cell proliferation
[51,52], apoptosis [53], cell signaling [54], and adhesion
[55,56]. In tumors, galectins have been shown to be involved
in cell migration, triggering T-cell apoptosis, adhesion to
integrins, and growth promotion [57]. Like other galectins,
hGal7 is associated with differentiation and development. It

FIG. 7. Glycan structures specifically bound by Hesca-2.

Table 1. Maximal Binding and Apparent Kd

to Various Glycans by Hesca-2

Namea
Max.

(RFU)
Apparent

Kd (mg=mL)
Apparent
Kd (nM)

BG-H1 49,519 0.30 0.33
LNH-13 39,033 0.39 0.43
LNT-20 46,735 0.41 0.46
LNT-05 33,653 0.45 0.50
pLNH-21 49,175 0.50 0.56
LSTb 31,306 0.61 0.68
LeC 21,225 1.11 1.23
pLNH-07 19,239 1.86 2.07

aThe number after the abbreviation refers to the average number
of oligosaccharide chains per molecule of BSA (eg, LNT-20 contains
an average of 20 LNT trisaccharide units per BSA).

BSA, bovine serum albumin; LeC, Lewis C; LNH, lacto-N-hexaose;
LNT, lacto-N-tetraose.
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is involved in the development of pluristratified epithelia
and with epithelial cell migration [58]. In addition, in certain
tumors it is a regulator of apoptosis.

The mechanism underlying the proliferative and cell sig-
naling effects attributed to galectins has been shown to relate
to their clustering of cell surface receptors and the formation
of supramolecular lattices [54,59]. It is hypothesized that by
binding and crosslinking on the cell surface, in a multivalent
fashion, either glycoprotein receptors or transporters, ga-
lectins can modulate the signal transduction properties or
turnover of these molecules. Whether the disaccharide epi-
tope recognized by Hesca-2 interacts with any of the ga-
lectins in vivo or plays a functional role on the cells where it
is found remains to be elucidated.

In conclusion, Hesca-2, which stains hESc and numerous
carcinomas, binds with high affinity to the disaccharide
epitope Galb1-3GlcNAc. This glycan can be recognized by a
number of human galectins particularly galectin-7. It is
highly speculative what the biological function of these
glycans may be and the nature of any potential binding
partners. There is an intriguing possibility that the glycan
ligands recognized by Hesca-2 and galectin-7 (or another
galectin) could be involved in processes critical for both stem
cell and cancer cell survival or proliferation.
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