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A solid-phase lectin-binding assay for the characterization
of glycan terminator on cell surface

Cell surface proteins in mammals are typically elaborated with a complex array of glycans. N-acetyl neuraminic
acids (abbreviated as Sialic acids), are usually found at the non-reducing terminal position of these glycans. This terminal
glycan sialylation imparts a negative charge at physiological pH values and mediates many biological functions. Here,
we utilize two human mammary epithelial cell lines, MCF10A (breast normal cells) and MCF7 (breast cancer cells)
as a model system to show differential glycan terminator when treated with sialic acid under nutrient deprivation.
Under starved condition, sialic acid treatment of both cells resulted increased activities of 02—3/6 sialyltransferases
as demonstrated by lectin solid phase assay. The presence of increased sialyltransferase expression is corroborated by
stronger binding with sialic acid-specific lectins such as (Sambucus nigra agglutinin, SNA) and (Maackia amurensis
agglutinin I, MAL-I). However, MAL-I binding discriminates malignant cells from normal cells suggesting a preferential
increase of NeuSAco2—3Gal on the SA-treated malignant cell surface.

Keywords: cancer biomarkers, sialyltransferases, glycan terminator, lectins, starvation.

banp Xaiicam A., Jxancyryposa Jleitna b., Xapusz Axmen
Tsepnoda3ublii aHa U3 CBA3bIBAHHS JIEKTHHOB VISl XapaKTEPHCTHKH TEPMHHAJIbHBIX ININKAHOB
HA KJIETOYHOM IOBEPXHOCTH

Y MIIEKOUTAIOMNX OENKH KIETOYHOIH MOBEPXHOCTH, KaK MPABHIIO, COIEPKaT MACCHBHBIE KOMITIEKCHI TIIMKAHOB.
N-ametun HelfpaMHHOBBIE KUCTOTHI (CHAIOBBIE KHCIOTHI) OOBIYHO HAXOAATCS HAa KOHLEBBIX MO3UIUAX IMHKaHOB. CHa-
JMINPOBAHKE TIIMKAHOB NPHAACT KIETOYHOH MOBEPXHOCTU OTPHULATENbHBIN 3apsaj IpU (HU3HOIOTHYECKUX 3HAYEHUAX
pH u omocpenyer MHorue Guonornueckue Qynkiuu. B nanHON paboTe MbI HCMONb3yeM 2 KyIbTYpbI KIETOK, Mpe-
crapisome HopmanbHele (MCF10A) u pakoBsle (MCF7) snurenuanbHble KISTKH MOJOYHOM JKeJe3bl YeloBeKa, B
KaueCTBE MOJEJIBHOM CHCTEMBI JJIsI JEMOHCTPAIMN PA3IMIUi [0 CHANMIINPOBAHUIO KOHIIEBBIX MTO3UIUI TIIMKAHOB I10-
cite 00pabOTKH KIETOK CHAaJIOBOM KUCIIOTOH B YCIIOBHSAX Toona. Takas 00paOoTka mpuBesa K yBEIMIECHHIO aKTUBHOCTH
02—3/6 cuanmuitpaHcdepas, YTO MOKA3aHO AHAIM30M JICKTHHOB B TBEpIOU (ase. YcuieHue cuanuntpanchepasHoi
AKTUBHOCTH TIOATBEPIKICHO TTOBBIIICHHEM YPOBHS CBA3BIBAHUS C KJICTOYHOH IIOBEPXHOCTBIO CICHU(DUYHBIX K CHATIOBOMI
KHCIIOTEe JICKTHHOB, TaKMX, kak Sambucus nigra agglutinin (SNA) u Maackia amurensis agglutinin I (MAL-I). Otme-
YEHO, YTO CBSI3bIBAHUE 00pabOTaHHBIX CHAIIOBOW KUCIOTOH KiIeTok ¢ MAL-I cuibHee yBeIMUNBACT Pa3IHUHs MEXKILY
HOPMAaJIbHBIMH M PAaKOBBIMU KJIIETKAMHU OJaromaps NpeArOYTHTEILHOMY YCHICHHIO aKTHBHOCTH CHAIIIITpaHCchepas
Neu5Aco2 — 3Gal Ha TOBEPXHOCTH 3I0KAYE€CTBEHHBIX KIIETOK.

KoroueBsie ciioBa: GoMapkepsl paka, CHUIHHTpaHC(epasbl, NIMKAaHOBBIH TEPMUHATOP, JICKTHHBIL, TOJIOIAHNE.
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Kierka derinaeri TepMHHAIBABI NIMKAHAAP/ABI CUIIATTAY YIIiH
JIeKTHHAEPi KaTThida3zana Tanaay

CyTKopekTisiepsie KJIeTKa YCTi OeJOKTapBhIHBIH KypaMbIHIa IIMKaHIAp KOMIDIEKCI eTe Kem Oomambl. N-ameTwt
HeHpaMHH KbIIIKbUIB! (CHAl KbIIIKBUIBI) HEri3iHEH IIIHMKaHIap/AbIH COHFbI XKaraaibiHaa Typaasl. CHaaniaeHreH k-
KaH/ap KJIeTKa yCTiHe Tepic 3apsn Oepeli jkoHe KeNnTereH OMOJIOTHSIIBIK MpolecTepre Karbicaabl. by xKyMbIcTa CYT
6e3nepinin Kansintel (MCF10A) xone icik (MCF7) snurenuanbapl KIeTKalapblHAa MIMKaHIAPAbIH CHAMIICHYIH
CHall KbIIIKBUTBIMEH OHJICYJICH KeHIHT1 allThIK *KaFaaiblHIa KapacTeIpbuiabl. MyHaail exuey 02—3/6 cuamuiaTpaHc-
(epaza (epMeHTIHIH aKTHBTUIIHIH ecyiHe okenni. Cuammnrpancdepasa (epMEHTIHIH aKTHBTUIMIHIH ecyi cuai
KBIIIKBUTBIHA Ce3IMTall KJIeTKA YCTi JIEKTHHJACPIHIH, OHBIH imiHge Sambucus nigra agglutinin (SNA) sxone Maackia
amurensis agglutinin [ (MAL-I) nonennenni. MAL-I armmroTHHHHIH cHaN KBIIIKBUIBIMEH OHIETECHIE KaJbINTHI KOHE
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ICIK KJIETKaJIapbIH/1a alTapIIbIKTal allbIpMaIIbUIBIK Maiia 60Jpl. SIFHU OJT iCiK KiIeTKaJIapbiHbIH YCeTiHae NeuSAca2 —
3Gal cuanunrpanchepasa GepMeHTIHIH aKTUBTIIIT KOFapbl 0OTybIHA OAUTAHBICTHI ICTT KOPBITYFa OOJIaIbI.
Tyiiin ce3nep: icik aypyaapabiH GnomMapkepiepi, cHalnHTpancdepasaap, IMKaH/bl TSPMUHATOP, JICKTUHEP, AILTHIK.

It has long been known that cancer cells often
express more heavily sialylated glycans on their sur-
face and that this feature sometimes correlates with
invasion. It is now well established that specific si-
alylated structures, such as the Thomsen-Frieden-
reich-related antigens, the sialyl Lewis antigens, the
sialyl alpha2-6 lactosaminyl structure, the polysialic
acid or some gangliosides, can mediate cellular in-
teractions and are altered in cancer cells [1]. Chang-
es in glycan terminator, including increases in level
of sialylation and changes to the sialic acid modifi-
cations have been identified in cancer cells [2]. The
increase in sialylation in cancer may be due to over-
expression of sialyltransferases [3]. Studies showed
that sialylation changes resulted from deregulation
in sialyltransferases enzymatic activity involved in
their biosynthesis, but the precise molecular mecha-
nisms remain unknown [4]. Usually, sialic acid resi-
dues are linked to the inner sugar residue galactose
(Gal) via 02,6 or a2,3-linkage or linked to galactos-
amine or Nacetylgalactosamine (GalNAc) via 02,6-
linkage. Altered sialylation is very common and im-
portant in cancers, including cancer transformation
and cancer metastasis. More understandings of the
role in glycosylation, especially sialylation, for can-
cers will offer a new vision in managing cancers in
the near future [5]. The goal of the present work was
to develop a lectin solid phase assay for studying
glycan terminator on the cell membrane as reliable
biomarkers in women with breast cancer. We ex-
pected that the sialic acid treatment would result in
enhanced glycan sialylation, which can be attractive
targets in the search for novel cancer biomarkers.
We used the following plant lectins and their speci-
ficity for particular sugars for the characterization
of the glycan terminator: Sambucus nigra aggluti-
nin (SNA) binding a2,6-Sia residues; and Maackia
amurensis agglutinin 1 (MAL-I) binding to Sias
linked to galactose (Gal) with an a2,3-linkage [6].

Materials and Methods

Cell lines and culture conditions. Human
normal mammary epithelial cell line MCF10A and
breast cancer cell line MCF7 (American Type Culture
Collection, USA) were cultured in RPMI1640

medium (without add antibiotics to avoid its inhibition
to the activity of sialyltransferases), supplemented
with 1% FBS (to minimize the interference degree of
BSA sialylation) at 37 °C under 5% CO2. For normal
cells, the medium also contained 10 pg/ml insulin
and 5 pg/ml hydrocortisone. For all experiments,
MCF10A and MCF7 cells were used within the first
three passages and cells were harvested by treatment
with 5 ml of buffer containing 0.54 mM EDTA, 154
mM NaCl and 10 mM N-2-Hydroxyethylpiperazine-
N-2-Ethane Sulfonic acid (HEPES), pH 7.4 for 5
min at 37 °C.

Sialic acid metabolic assay. Cells were cultured
in 175 cm2 flasks and incubated 48 h to reach
mid-exponential growth phase, harvested in the
indicated conditions, then resuspended in serum-
free RPMI1640 medium. After washing 3 times with
warm (37 °C) PBS, 20-mL of cell suspension were
starved in PBS supplemented with 10 mM sialic
acid for 2 hours in shake flasks in a 37 °C incubator
under 5% CO,. Control cells included only PBS. The
cells were plated at a density of 3 x 105 cells mL—1.
After washing, the cells were fixed in 75% ice-cold
ethanol for 15 minutes and maintained at 4°C for
experiments. For negative controls, cells were also
treated with sialic acid in serum containing medium
and harvested as described above.

Detection of sialyltransferase activity. The ac-
tivity of a2—3-sialyltransferase (02—3-ST) and
a2—o6-sialyltransferase (0a2—6-ST) to galactose was
determined by solid phase assay using asialofetuin
precoated plates as previously described [7]. Briefly,
various cell lysates containing equal amount of pro-
tein were taken into the wells and CMP-Neu5Ac was
then added to initiate the reaction. After washing and
blocking, the sialylated fetuin was allowed to inter-
act with either biotinylated lectin (MAL-I or SNA)
followed by binding with streptavidin-horseradish
peroxidase. The negative control includes only lectin
binding to asialofetuin. After binding and washing,
the reaction was developed with 100 pl of substrate
(0.03% H202, 2 mg/ml o-phenylenediamine in 0.1
mM citrate buffer, pH 5.5) for ~10 min and termi-
nated with 1 M H2SO4. The absorbance at 492 nm
was measured using an automatic multi-well spectro-
photometer (Bio-Rad, USA).
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Western blot of sialyltransferase. Cells were
lysed in Triton X-100 lysis buffer (10 mM Tris—HCI
[pH 8.0], 5 mM EDTA, 320 mM sucrose, 1% Triton
X-100, 1 mM PMSF, 2 mM DTT, 1 pg/mL leupeptin,
1 pg/mL aprotinin) and then incubated on ice for 15
min. Following centrifugation, the supernatant was
collected and protein concentrations were determined
by BCA protein assay kit (Pierce). For each sample,
50 pg total lysate was separated by SDS-PAGE and
transferred onto PVDF membranes (Pierce) follow-
ing standard procedures. After incubation with pri-
mary antibodies [specific for ST3Gal-I (Abnova),
ST6Gal-1 (Abnova), and B-actin (Santa Cruz)], the
blots were incubated with corresponding secondary
antibody-horseradish peroxidase (HRP) conjugate
(Santa Cruz) and signals were detected by ECL sys-
tem (Pierce).

Statistical analysis. The statistical analyses
were performed using one-way analysis of variance
(ANOVA) followed by Turkey-Kramer multiple
comparisons (Graphpad Instat, version 3). The dif-
ferences were considered significant when p<0.05.

MCF10A MCF7
- + - +

Equal amount (100 pg) of each cell extract
was subjected to immuno-precipitation with anti-
ST3Gal-I and anti-ST6Gal-I antibodies and the
precipitated proteins were subjected to Western blot
and immuno-detection.

(+) Sialic acid treated cells and (-) Sialic acid
untreated cells.

Figure 1 — Investigation of sialyltransferase on
MCF10A normal and MCF7 malignant cells after
sialic acid treatment under nutrient deprivation.

As shown in (Fig. 1), anti-sialyltransferases an-
tibodies immuno-precipitated increased amounts of
ST3Gal-I (02—3-ST) and ST6Gal-I (a2—6-ST)
from MCF7 malignant cell lysates compared to the
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Results

Sialic acid treatment under nutrient
deprivation increases sialyltransferase expres-
sion. Aberrant glycosylation is a common feature
of malignant change. Overexpression of sialy-
lated antigens, including sialyl-Tn, sialyl-T,
sialyl-Le?, and sialyl-Le*, at the surface of cancer
cells has been widely reported [8]. This has
been shown, in part, to be due to changes in the
expression of glycosyltransferases, including the
up-regulation of some sialyltransferases (STs) [9].
Sialyltransferases can be classified into four families
according to the glycan linkage they synthesize:
the ST3Gal (02,3-ST), ST6Gal (02,6-ST),
ST6GalNAc, and ST8Sia (a2,8-ST) families [10].
To verify if sialyltransferases were over-expressed
after sialic acid treatment, sialyltransferases were
immuno-precipitated from same amount of MCF10A
and MCF7 cell extract followed by Western blot
analyses.

Anti-ST3Gal-1

Anti-ST6Gal-1

MCF10A normal cell lysates. Higher expression of
these sialyltransferases is more evident in the sialic
acid treated MCF7 malignant cells. Sialyltransferases
from the sialic acid treated malignant cells appeared
to be over-expressed as they moved slower on SDS-
PAGE compared to those from the untreated cells.
Sialic acid treatment under nutrient depri-
vation promotes sialyltransferase activity and
glycan terminator. To further investigate if sialic
acid treatment under nutrient deprived condition in-
fluences sialyltransferase activity and subsequently
glycan terminator, cell extract was incubated with
asialofetuin (acts as acceptor) and the resultant si-
alo-fetuin was allowed to bind with linkage specific
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Figure 2 — Detection of ST3Gal-I and ST6Gal-I activities.

lectins as described in the experimental procedures.
Both 02—3-ST and a2—6-ST activities in all cells
tested were increased by 29-79% (Fig. 2).

Cells were lysed and the same amounts of proteins
were used on solid phase assays. The a-2,3 and a-2,6
sialylated glycans of resultant fetuin was detected
with biotinylated MAL-I and biotinylated SNA,
respectively. The data are representative of four
independent experiments with S.D. indicated by error
bars. P values are determined by two-tailed student
t-test and [10.05, <0.01 and <0.001 are indicated by
one, two and three asterisks, respectively.

Overall, data demonstrated that sialic acid treat-
ment of nutrient deprived malignant cells could
differentially decorate cell surface with a2—3(6)
sialylation.

Discussion

The oligosaccharide chains of glycoproteins and
glycolipids are often decorated by sialic acids, a
family ofnine carbon sugars derived from neuraminic
acid. In humans, sialylation of glycoconjugates is
mediated by different sialyltransferase enzymes
which, depending on their nature, may establish
different types of linkages [linkage through an o2-
3- or an a2-6-bond to galactose (Gal); through an
a2-6-bond to N-acetylgalactosamine (GalNAc) or
N-acetylglucosamine (GIcNAc); or through an a2-
8-bond to another sialic acid, forming polysialic
acids [11]. During neoplastic transformation, the

activity of sialyltransferases may be altered and, as
a consequence, cancer cells express more heavily
sialylated glycans at the surface [12]. This aberrant
sialylation may mediate key pathophysiological
events during the various steps of tumor progression,
including invasion and metastasis formation. This is
due to the fact that sialylated structures can prevent
cell-cell interactions through non-specific charge
repulsion, but they can be specifically bound by
cell adhesion molecules, such as selectins [13].
On the other hand, the addition of sialic acids may
mask the underlying sugar structure, thus avoiding
recognition by other specific glycan binding
molecules, such as galectins [14]. The metabolism
of cancer cells differs from that of normal cells
and opportunities to specifically target these
differences have been accelerated in recent years
[15]. However, there is no early sensing method
that can be ubiquitously applied to detect glycan
sialylation in diverse clinical samples with high
selectivity and sensitivity [16] and perhaps occurs
when malignant cells are deprived from nutrient.
Increased sialylation on the cell surface promote cell
detachment from primary tumors through charge
repulsion, thereby inducing tumor proliferation and
migration [17]. Previous studies have been reported
that MAL-I and SNA recognize sialic acid on the
terminal branches. In particular, MAL-I detects
glycans containing Neu5Ac-Gal-GIcNAc with sialic
acid at the 3 position of galactose, while SNA binds
preferentially to sialic acid attached to terminal
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galactose in an (0a2—6) and an (a2—3) linkage
to a lesser degree [18]. This is consistent with the
observation that sialyltransferases of both untreated
cells normally show abundant a2—6 linked sialic
acid, whereas terminal a2—3 linked sialic acid
residues are highly restricted. More importantly,
comparison of the sialyltransferases from sialic acid
treated cells profiles revealed that sialyltransferases
of MCF7 cells enforced a much broader range of
(a2—3) and (02—06) sialylated glycans compared
with those in MCF10A cells which expressed high

level of (02—6) sialylated glycans, and retained
restrictions of (a2—3) sialylated glycans. Thus, the
results of the current study suggest that NeuSAc
treatment reflect the variations in renewal of the
(a2—3) sialylated glycans structures on cancer cells
rather than normal cells. To our knowledge, this is
the first report showing that lectins, in particular
MAL-I, can be used in a metabolic-specific manner
to discriminate between normal and cancer glycan
terminator positioning this approach for rapid
translation to clinical settings.
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