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Molecular identification of lectin binding sites differentiating sialylation
of epidermal growth factor receptor

The epidermal growth factor receptor (EGFR), family of receptor tyrosine kinases, also known as ErbB1 or HER1,
plays crucial roles in the development of multicellular organisms. Mutations and over-expression of the EGF-receptors
have been implicated in a variety of diseases. The extracellular, ligand binding regions of EGFR are quite heavily
sialylated. Here we designed a lectin-metabolic assay that allows direct comparison of cell surface sialylation between
health and disease states. We utilize two human mammary epithelial cell lines, HB4A (breast normal cells) and T47D
(breast cancer cells) as a model system for the assessment of differential sialylation extracellular domain of ErbB1. Under
starved condition, sialic acid treatment of both cells resulted increased lectin fluorescence signals that indicated the
accumulation of more sialic acids in the metabolic state as demonstrated by Western blotting and immuno-precipitation.
Furthermore, lectin-precipitation showed a very strong MAL-I (Maackia amurensis agglutinin I) binding on the EGF-
receptors of sialic acid treated T47D cells suggesting an increase of NeuSAca2—3Gal on the cell surface. The MAL-I
lectin can be used for discrimination at molecular level between healthy and diseased cells.
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Banp Xaiicam A., [Ixancyryposa Jleitna b., Uen-3our Jlu
MoJiekyJisipHasi HHAeHTH(HKALMA JeKTHH-CBSA3bIBAIOIINX CANTOB
npu JuddepeHaTbLHOM CHATUINPOBAHNH 3NUAePMATBLHOI0 (haKkTOpa pocTa

CemeiicTBO perentopoB snuaepmaibHoro dgaxropa pocta (EGFR) urpaer BaxHelyo poib B pa3BUTHH MHOTO-
KJIETOYHBIX OpraHu3MoB. MyTaiuu u runepskcnpeccust EGF-penentopoB MOXeT BbI3bIBaTh pa3InyuHbIC 3a00ICBaHHA.
W3BectHO, uTo BHekIeTouHble foMeHbl EGFR, oTBeuaromue 3a cBsi3bIBaHUE € IUTaHJaMHU, OBOJIBHO CUJIBHO CHAJIMIIN-
poBaHbl. MBI IPOBEIH AN3aHH JEKTHH-METa00IMYeCKOT0 HCCIIeJOBAHNSL, TO3BOJISIOIIETO IIPOBECTH IPSIMOE CPAaBHEHUE
[0 YPOBHIO CHAIIMIIMPOBAHUS BHEKJIETOUHOTo aoMeHa penenropa ErbB1 (mmm HER1) mexny KymsTypamu smuTenu-
aJBHBIX KIETOK MOJIOYHOH JKeme3sl, mpeacraBisiomux Hopmy (HB4A) u pak (T47D). OOpaboTka KIETOUHBIX KYIb-
Typ HB4A u T47D cuanoBoii KHCIOTOH B YCIOBHSX T'0J0/1a BHI3bIBAJIA YBEIHMUCHNUE CBSI3BIBAHNS CHAJIOBOW KHCIIOTHI C
BHEKJIeTOUHbIM loMeHoM ErbB1, uto npogemMoHcTpupoBano BectepH-0nmoTTnHroM 1 uMMyHHoIpenunutamueii. Kpome
TOT0, UMMYHOIIPEIIMIHUTANNS 3-X JEKTHHOB BBISIBUJIA, YTO HanOOJIee CHIIBHYIO PEaKIHIO B OTHOLICHHH PAKOBBIX KIIETOK
nposiBisut tektiH MAL-I (Maackia amurensis agglutinin I). MsI ipenonaraem, 4to o6paboTaHHbIE CHATIOBOH KHCIIO-
toit T47D xneTkn yBennunBaioT akTuBHOCTh NeuSAca2 — 3Gal Ha kinertounoi mosepxuoctu. Taknm obpazom, MAL-I
JIEKTHH MO>KHO HCTIONB30BaTh JJISl BU3yAIN3alUH MOJTEKYIISIPHBIX PA3ININil MEXTY 310POBBIMU 1 OOTBHBIMH KIIETKAMH.

KonroueBsie ciioBa: GmoMapKepsl paka, perenTop UIePMAIFHOTO POCTOBOTO (paKkTopa, CHAMINPOBAHKE, JICKTH-
HBI, TOJIOJJaHNE.

Banp Xaiicam A., [)xancyryposa Jleitna b., Uen-3our Jln
SnuaepMalibabl 0cy GakTOPbIHBIH AU} depeHIUsIbAbI CHATMIAeHYiHTe
JIEKTHH-0alJIAHBICTBIPYIIBI CAHTTAPABI MOJIEKYIAJIBIK HACHTHQUKALUAIAY

Kerm kierkains! opranusMaepae snuaepmaibast ocy ¢axropsl (EGFR) penentopnapblHBIH TYKBIMIACH! YIIKEH PO
arkapazsl. Opraammae EGF-penentopiapbHBIH My TanusICHI KOHE THIICPIKCIPECCHSICHI OPTYPIIL aypyaapasl TYABIPYHI
MYMKiH. OpTYpJIi TUTaHATap/AbIH OaiilaHbICybIHA KayanTsl KineTkaapainblk EGFR momennepi cuamunieHren 60IbIm ta-
Obutanel. by skymeicta cyT Oe3nepinid KansinTel (HB4A) xone icik (T47D) snutenuanbapl KiIeTKadapsl apachblHIa
ErbB1 (nemece HER1) ieTkaapajblK JOMEH pelienTopiIapblHia CHATMIICHY JEHIeiiH TeKcepy MaKCaThIHAA JISKTHH-
MeTabonutTi 3eprreynep xyprizingi. HB4A skone T47D kieTKamapblH CHal KBIIIKBUIBIMEH OHJICY KICTKaapasbiK
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ErbB1 nomeHiHze cual KbINIKBUIBIHBIH JICHTCHiHIH YJIKEH OONAThIHBIH KopceTTi. Ol HOTHKENEp BECTEPH-OIOT KOHE
AMMYHOIPEIMITUTALNS dficTepiMeH aHbIKTanabl. OHaH 0acka, 3 TYpii JeKTHHHIH HMMYHOIIPCIUITUTAIIMSACHIHAH 1CIK
knerkaigapeiHaa MAL-I nekruninig (Maackia amurensis agglutinin I) KymTi peakuusuiblK KacHeTke e OOIaTHIHBI
aHbIKTaIbl. Cuain KelKbubIMeH oHaenred T47D knetkanapbiaga NeuSAca2 — 3Gal akTuBTiIiri eceni, SFHU OCBIFaH
kapann MAL-I nextunzi aypy jxoHe cay KiIeTKajdapAarbl MOJICKYIaJbIK ailbIpMaIlbUIBIKTApAbl aHbIKTAyFa KOJIJaHyFa

0oazpl ST TYXKBIPbIMIAyFa O0aIb.

Tyiiin ce3aep: icik aypynaapabiH GnoMapkepiepi, uaepMabl ocy GakTopablH PeLenTopbl, CHAIUIILY, JTSKTHH-

JIep, aIlThIK.

The cell surface of mammalian cells contains
a variety of glycoconjugates, which are involved
in modulating and mediating events such as cell-
cell, cell-matrix, or cell-molecule interactions that
are critical for the function of a complex organism
[1]. N-glycans are covalently attached to aspara-
gine residues within a specific consensus motif of
proteins and share a common GlcNAc2Man3 core
structure, which can be processed and/or elongated
with additional monosaccharaides such as galactose,
GlcNAc, fucose, sialic acids, and rarely by GalNAc
[2]. Well-studied members of the cell-surface sug-
ars are the N-acetyl neuraminic acids (abbreviated
as NeuSAc), also alias sialic acids (Sias), which are
ninecarbon monosaccharides, bear a negative charge
and are most commonly found at the non-reducing
terminal positions of N- and O-glycans. These
prominent positions as well as their negative charge
reveal the scope and scale of their functional roles
and their impact on cell disease [3] and various con-
stituents of the sialylated glycans are recognized by
a group of sugar-binding proteins called lectins [4].
The goal of the present work was to develop a novel
lectin-based metabolic assay for studying glycan si-
alylation changes in the extracellular, ligand binding
regions of EGF-receptors to be used in disease char-
acterization. We expected that the sialic acid treat-
ment would result in enhanced glycan sialylation al-
terations, which can be especially relevant in diseas-
es such as cancer and widen diagnostic-therapeutic
windows in cancer applications. We chose to study
these alterations by lectin characterization to termi-
nal a2,6-linked Sias (Sambucus nigra lectin, SNA)
and Sia-02,3-Gal residues (Maackia amurensis lec-
tin I, MAL-I) on the cellular surface [5].

Materials and Methods
Cell lines and culture conditions. Human normal
mammary epithelial cell line HB4A and breast cancer

cell line T47D (American Type Culture Collection,
USA) were cultured in RPMI1640 medium (without
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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 hydro-
cortisone. For all experiments, HB4A and T47D cells
were used within the first three passages and cells were
harvested by treatment with 5 ml of buffer contain-
ing 0.54 mM EDTA, 154 mM NaCl and 10 mM N-
2-Hydroxyethylpiperazine-N-2-Ethane Sulfonic acid
(HEPES), pH 7.4 for [15 min at 37 °C.

Sialic acid metabolic assay. Cells were cul-
tured in 175 cm?2 flasks and incubated 48 h to reach
mid-exponential growth phase, harvested in the in-
dicated 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.

Western blotting, immuno-precipitation and
lectin-precipitation. 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 ug/mL leupeptin, 1 ug/
mL aprotinin) and then incubated on ice for 15 min.
Following centrifugation, the supernatant was col-
lected and protein concentrations were determined
by BCA protein assay kit (Pierce). For each sample,
50 g total lysate was separated by SDS-PAGE and
transferred onto PVDF membranes (Pierce) fol-
lowing standard procedures. After incubation with
primary antibody specific for EGFR (Cell Signal-
ing), the blots were incubated with corresponding
secondary antibody-horseradish peroxidase (HRP)
conjugate (Santa Cruz) and signals were detected
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by ECL system (Pierce). For immuno-precipitation,
each cell extract (100 pg of total protein) was incu-
bated with 1 pg of anti-EGFR antibody. The pre-
cipitated protein was subjected to SDS-PAGE and
Western blotting followed by the detection with the
corresponding antibody as described above. For pre-
cipitation of a2—3/6-sialylated glycoproteins with
SNA and MAL-I, each cell extract (100 pg of total
protein) was incubated with 1 pg lectin. The precipi-
tated protein was separated on SDS-PAGE followed
by Western blot detection with anti-EGFR antibody
as described above. Precipitation experiments were
also performed with the desialylated protein extract
and similar blots were prepared. For desialylation,
the cell extract was incubated with neuraminidase
(100 mU/ml) for 1 h at 37 °C.

Results

Sialic acid treatment under nutrientdeprivation
increases sialylation of EGF-receptors. It has been
reported that glycosylation regulates the function of
glycoproteins by inducing conformational changes
or by affecting intramolecular interactions [6].
Many membrane-bound proteins, such as receptors,

A) HB4A T47D

are glycosylated, and it has been reported that
glycosylation status is crucial for their function [7].
All the members of ErbB family are glycoproteins.
For example, EGF-receptor contains 11 potential
N-glycosylation sites in its extracellular domain,
and glycosylation is essential for its function [8].
Sialylation is required for the proper sorting of EGF-
receptor to the membrane as well as for ligand binding.
To verify if EGF-receptors were over-expressed
or over-sialylated after sialic acid treatment, EGF-
receptors were immuno-precipitated from same
amount of each cell extract followed by Western
blot analyses. As shown in Figure [1a], anti-EGFR
antibody immuno-precipitated increased amounts of
EGFR from T47D malignant cell lysates compared
to the HB4A normal cell lysate. Higher expression
of these glycoproteins is more evident in the sialic
acid treated T47D malignant cells. EGF-receptors
from the sialic acid treated malignant cells appeared
to be over-sialylated as they moved slower on
SDS-PAGE compared to those from the untreated
cells. Over sialylation of EGF-receptors was
confirmed as sialidase treated EGF-receptors shifted
down to the same level as those from the untreated
normal cells.

Sialidase treated immuno-precipitated EGFR

Immuno-precipitated EGFR

B) —

- — SNA-precipitated EGFR

MAL-I-precipitated EGFR

A. Equal amount (100 pg) of each cell extract was subjected to immuno-precipitation with anti-EGFR antibody and the
precipitated proteins were subjected to Western blot and immuno-detection. In parallel, equal amount of each crude
protein extract was desialylated and similar precipitation was carried out.

B. Equal amount (100 pg) of immuno-precipitated proteins (Mucl and EGFR) as described above was subjected to
lectin (SNA and MAL-I) precipitation and detected on W. blot as described above. (+) Sialic acid treated cells and (-)
Sialic acid untreated cells.

Figure 1 — Examination of sialylation of EGFR on HB4A normal and T47D malignant cells
after sialic acid treatment under nutrient deprivation.
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Sialic acid treatment under nutrient depriva-
tion promotes differential sialylation of EGF-re-
ceptor. Equal amount of immunoprecipitated EGF-
receptors were allowed to precipitate with SNA and
MAL-I and subjected to Western blot followed by
immunodetectection. Similar to immunoprecipi-
tated EGF-receptors, lectin-precipitated EGF-recep-
tors from sialic acid treated malignant cells moved
slower on SDS-PAGE due to over sialylation (Fig.
1b). Moreover, over sialylation of EGF-receptors
appeared to be linked via a2—3 and a2—6 as these
immunoprecipitated glycoproteins were further pre-
cipitated by MAL-I and SNA.

Overall, data demonstrated that sialic acid treat-
ment of nutrient deprived malignant cells could dif-
ferentially decorate cell surface EGF-receptors with
02— 3(6) sialylation.

Discussion

The formation of complexes between proteins
and ligands is fundamental to biological processes
at the molecular level. Manipulation of molecular
recognition between ligands and proteins is
therefore important for basic biological studies and
has many biotechnological applications, including
the construction of enzymes, biosensors, genetic
circuits, signal transduction pathways and chiral
separations. The systematic manipulation of binding
sites remains a major challenge [9]. The metabolic
derangements in cancer cells known arise either
from the selection of cells that have adapted to
the tumor microenvironment or from aberrant
signaling due to oncogene activation. Accordingly,
the metabolism of cancer cells differs from that of
normal cells and opportunities to specifically target
these differences have been accelerated in recent
years. Of particular interest the epidermal growth
factor receptor family which belongs to subclass I
RTKSs and consists of four members; EGFR (also
known as ErbB1 or HER1), ErbB2 (Neu or HER2),
ErbB3 (HER3) and ErbB4 (HER4). The ErbB
receptor contains an extracellular ligand-binding
domain, a single-pass transmembrane a-helix and an
intracellular domain that encodes a tyrosine kinase
followed by a regulatory region. The glycosylation

plays critical role in the four ErbB family members
which recognize at least 11 different but structurally
related growth factors including epidermal growth
factor (EGF), transforming growth factor a (TGF-a)
and neuregulins (NRGs) [10]. Our approach is
useful and logical when seeking to differential
sialylation that is quantitative or linkage-specific
as sialylation differences on tumor cells may arise
from altered metabolism. Differential cell surface
sialylation during cancer transformation and
progression is known [11, 12] 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 [13]. Previous studies have been reported
that MAL-I, SNA, and WGA 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
galactose in an (02—06) and an (02—3) linkage to a
lesser degree. WGA binds to almost all the isomers
of sialylated glycans where its signal translates into
a general level of sialylation [14]. This is consistent
with the observation that EGF-receptors of both
untreated cells normally show abundant a2—6
linked sialic acid, whereas terminal 0a2—3 linked
sialic acid residues are highly restricted. More
importantly, comparison of the EGF-receptors from
sialic acid treated cells profiles revealed that EGF-
receptors of T47D cells enforced a much broader
range of (a2—3) and (a2—6) sialylated glycans
compared with those in HB4A cells which expressed
high level of (a2—06) 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 the
EGF-receptors of 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 glycans at a molecular
level positioning this approach for rapid translation
to clinical settings.
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