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Summary

The binding ability of anti-insulin-like growth factor I receptor (IGF-IR) single-chain
variable fragments (scFvs) to IGF-IR was measured in the presence of plant lectins.
Combinations of concanavalin A (Con A), wheat germ agglutinin (WGA), or peanut
agglutinin (PNA) and 1H7 or 3B7 anti-IGF-IR scFv/phage antibodies that were previously
produced and characterized were used. WGA inhibited binding of both scFvs proteins
to the receptor. PNA slightly enhanced the binding of 1H7 scFv and phage antibody to
the receptor. Con A led to enhancement of 3B7 scFv-binding but had no effect in a test of
phage antibodies and determination of kinetic parameters. The effect of lectins differed for
scFvs and phage antibodies, implying that affinity altered by lectins is dependent upon the
molecular structure of the antibodies. Results indicated that animal lectins may affect the
affinity of therapeutic antibodies targeting cell membrane receptors in vivo.
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1. Introduction

Insulin-like growth factor I receptor (IGF-IR) is
a hetero-tetrameric glycoprotein that consists of
two o subunits and two B subunits. The a subunit
is completely extracellular whereas the B subunit
is a transmembrane protein with a cytoplasmic
tyrosine kinase domain. When ligands like IGF-I
and IGF-II bind to the receptor, tyrosine kinase is
autophosphorylated and activated, leading to activation
of down-stream signaling molecules including
mitogen-activated protein kinase (MAPK) and
phosphatidylinositol 3 kinase (PI3K). This leads to
biological action like the induction of proliferation or
inhibition of apoptosis (/,2).

IGF-IR is overexpressed in various types of tumors
and is thus considered to be a target molecule for
cancer therapy (3). Several strategies targeting IGF-
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IR have been developed, including IGF-IR specific
antibodies (4,5), tyrosine kinase inhibitors (6), small
interference RNA (7), and a dominant negative type
of IGF-IR (8). Of these, anti-IGF-IR antibodies are
probably the best strategy for cancer therapy. The
current authors previously reported that a chimeric
scFv-Fc consisting of mouse anti-IGF-IR single-chain
variable fragments (scFv) and a human IgG, Fc domain
inhibits tumor growth in vivo; this tumor inhibition
was attributed to IGF-IR down-regulation (9, /0). More
recently, the current authors produced scFvs derived
from original monoclonal antibodies (mAb) that either
inhibits growth (1H7) or has a stimulatory effect
(3B7) (11,12), and determined the affinity and epitope
specificity of 1H7 and 3B7 scFvs (/3). Several other
researchers also reported on the action of anti-IGF-
IR antibodies with an eye towards the development of
anti-IGF-IR antibody therapeutics (/4-16).

A variety of proteins that recognize carbohydrate
moieties play important roles in animals. Mannan-
binding lectin (MBL), L-ficolin, M-ficolin, and
H-ficolin are all complement-activating soluble pattern
recognition molecules that play critical roles in human
innate immunity (/7). MBL and ficolins are reported
to play a role in the clearance of apoptotic cells
(18,19). Galetins are a family of proteins that bind to

www.biosciencetrends.com



94 BioScience Trends. 2011, 5(3):93-98.

the B-galactoside carbohydrate structure through their
carbohydrate recognition domains (20). These proteins
have been shown to be involved in multiple biological
functions such as cell-matrix and cell-cell interactions,
cell proliferation, cell differentiation, cellular
transformation, or apoptosis mainly through the way
in which they bind to specific ligands. Partridge et
al. reported that galectin-3 (soluble protein) can bind
to the carbohydrate structures of EGF and TGF-f
receptors that are modified by a specific Golgi enzyme
(21). The multivalence of galectin-3 can create a
lattice formation of those receptors, resulting in delays
of receptor removal by constitutive endocytosis.
Therefore, the lattice ensures up-regulation of surface
receptors and increased sensitivity to growth factors
(21). Those reports strongly suggest that circulating
carbohydrate binding molecules may modify functions
of cell surface receptors by binding to carbohydrate
moieties on the receptors.

Plant lectins are known to alter the relationship
between hormones and their receptors on cell
membranes. For example, Buxser ef al. reported that
the binding of nerve growth factor to human melanoma
cell membranes significantly increased when binding
was carried out in the presence of wheat germ
agglutinin (WGA) (22) and Masnikosa et al. reported
that binding of IGF-II to its receptor increased in the
presence of WGA (23).

Based on these studies, a hypothesis, i.e., that
animal lectins affect the dynamics of therapeutic
antibodies targeting cell membrane receptors in vivo,
was put forward. Therefore, model experiments were
performed to test whether anti-IGF-IR scFv affinity
for IGF-IR changes in the presence of plant lectins.
This study clearly demonstrated that plant lectins
significantly affect scFvs affinity in vitro. The results
of this study thus suggest that the affinity of therapeutic
antibodies targeting receptors may be modified by
circulating animal lectins. This important finding
needs to be addressed when developing therapeutic
antibodies.

2. Materials and Methods
2.1. Materials

Recombinant human extracellular domain of IGF-IR
(rhIGF-IR) and insulin receptor (rhIR) were purchased
from R&D Systems Inc. (MN, USA). Concanavalin
A (Con A), WGA, and peanut agglutinin (PNA)
labeled with biotin were obtained from Seikagaku
Biobusiness (Japan). Horse radish peroxidase (HRP)
conjugated with streptavidin, HRP-conjugated anti-E
tag, and anti-M13 antibody were obtained from GE
Healthcare (Piscataway, NJ, USA). 2,2'-Azino-bis(3-
ethylbenzthiazoline-6-sulphonic acid) (ABTS)/H,0,
was from Roche Diagnostics (Mannheim, Germany).

2.2. Selection and preparation of lectins

Three carbohydrate-binding plant lectins, Con A,
WGA, and PNA, were used in this study. Con A is a
homotetramer of 26.5 kDa-subunit with a binding site
for a-D-mannosyl and a-D-glucosyl residues (24).
WGA exists as a heterodimer with a molecular weight
of approximately 38 kDa and selectively recognizes
N-acetylglucosaminyl residues that are predominantly
found on the plasma membrane (25). PNA is a
homotetramer of approximately 27 kDa-subunit and
is galactose-specific and had strong anti-T-antigen
activity (26). Commercially available biotin-labeled
lectins were dissolved in phosphate buffer saline pH
7.4 (PBS) according to the manufacturer's instructions
to yield stock solutions with final concentrations of 1
mg/mL.

2.3. Preparation of scFvs or phage antibodies

Phage antibodies and scFvs derived were produced
from mouse monoclonal antibodies as previously
described (/3). 1H7 and 3B7 were scFvs in a VL-
VH orientation whereas 1H7R and 3B7R were scFvs
in a VH-VL orientation. For preparation of phage
antibodies, E. coli cells were cultured in 40 mL of
SBSC at room temperature for 2 h, followed by
infection with 8.8 x 10" pfu M13KO7 helper phage for
1 h at 37°C. Infected E. coli was selected by culturing
in the presence of 50 pg/mL kanamycin at 25°C for
2 d. The culture supernatants containing phages were
precipitated in 4% polyethylene glycol/0.5 M NaCl
(PEG precipitation) and resuspended in 20 mM Tris-
HCI buffer, pH 7.4, containing 0.15 M NaCl (TBS)
with 1.5% BSA and 0.2% Tween-20 followed by
treatment with benzonaze (Novagen) to digest any
unnecessary DNA. The titer (cfu) of each phage was
determined by means of infection activity against E.
coli TG1 cells. Each resulting phage was subjected to
ELISA.

For preparation of scFvs, E. coli cells were cultured
overnight in 5 mL of 2 X YT medium containing 50
pg/mL carbenicillin, 50 pg/mL spectinomycin (2 X
YTCS), and 1% glucose at 25°C. The overnight culture
was inoculated in 40 mL of freshly-prepared 2 x YTCS
and incubated for 1 h at 30°C, followed by induction
with 1 mM IPTG at 30°C for 5 h. Periplasmic fractions
that contained soluble scFvs were collected by the
osmotic shock method as described (/3).

2.4. Binding assay of lectins to rhIGF-IR or rhIR
determined by ELISA

Each well of a 96-well plate was coated with 250
ng/50 pL of rhIGF-IR or rhIR followed by incubation
for 2 h at room temperature. Antigen-coated wells and
control wells were blocked by incubation overnight
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with 150 pL of 3% BSA/TBS at 4°C. The wells were
then incubated with 50 pL of various lectins labeled
with biotin at room temperature for 2 h. The wells
were washed 3 times with 150 pL of TBS containing
0.2% Tween-20 (TBST). For detection of lectins, HRP-
conjugated streptavidin (1:1,000 dilution) was added
to the wells and incubated at room temperature for 1 h.
The wells were washed 7 times with TBST and then 3
times with TBS. Peroxidase activity was detected by
reaction with 100 pL of ABTS/H,0, for 30 min and
termination with 1% oxalic acid. The absorbance at
415 nm was measured by a plate reader (Model 680;
Bio-Rad Laboratories, Hercules, CA, USA).

2.5. Affinity of scFvs or phage antibodies binding to
rhIGF-IR altered by lectins

Antigen-coated wells were prepared and blocked by
BSA and incubated with Con A, WGA, or PNA as
described above. ScFvs or phage antibodies were then
added to the wells and incubated at room temperature
for 2 h. The wells were washed 3 times with TBST. For
detection of bound scFvs or phage antibodies, HRP-
conjugated anti-E tag antibody or anti-M13 antibody,
respectively, was added to the wells and incubated
at room temperature for 1 h. Peroxidase activity was
detected as described above.

2.6. Determination of kinetic dissociation constants

ELISA-based measurements of the dissociation
constant (K,,) were performed as described previously
(26,27). Briefly, scFvs were incubated with excess
concentrations of antigens or antigens pre-incubated
with Con A (1 pg/mL), WGA (100 pg/mL), or PNA
(100 pg/mL) at 4°C overnight. Equilibrated antibodies/
antigen complexes were transferred to wells coated
with antigens or antigens pre-incubated with WGA
that were blocked with BSA. After incubation at
room temperature for 1 h, the wells were washed and
bound antibodies were detected by adding secondary
antibodies as described above. The value of K, was
determined as previously described (26,27).

3. Results and Discussion

First, the binding of three plant lectins to IGF-IR or IR
was investigated. As shown in Figure 1, Con A (Figure
1A), WGA (Figure 1B), and PNA (Figure 1C) all bound
to thIGF-IR in a dose-dependent manner. Surprisingly,
there was significantly little binding of three lectins
to rhIR. This could be due to the recombinant IR
used, which may differ from native IR in terms of
glycosylation. Although the results of lectin binding to
IGF-IR and IR were strikingly different, the positive
results with IGF-IR were utilized to evaluate the effects
of these lectins on scFv binding to thIGF-IR.
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Figure 1. Binding assays of lectins to rhIGF-IR or rhIR as
determined by ELISA. Binding of Con A (A), WGA (B), or
PNA (C) to IGF-IR (e) or IR (o) was determined by ELISA
as described in the "Materials and Methods". The error bars
represent the standard deviation (n = 3).

Affinity of 1H7 and 3B7 scFvs in the presence of
three concentrations of lectins was then examined.
Con A did not significantly affect the affinity of scFvs
except at 1 pg/mL (Figure 2A). WGA at 100 pg/mL
significantly inhibited both 1H7 and 3B7R binding
(Figure 2B). PNA at 10 and 100 pg/mL slightly
enhanced 1H7 affinity but did not affect the binding of
3B7R scFv (Figure 2C).

To determine whether affinity altered by plant
lectins depends on the molecular structure of
antibodies, the same experiment as in Figure 2 was
performed using phage antibodies expressing scFv
proteins in two orientations — IH7R or 3B7R in VH-VL
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and 1H7 or 3B7 in VL-VH and lectin concentrations
that affected the binding of 1H7 or 3B7R scFv protein
to the receptor. With 1H7 and 1H7R phage antibodies,
enhancement by PNA and inhibition by WGA were
observed (Figures 3A and 3B) with 1H7 scFv (Figure 2).
In contrast, slight enhancement by Con A and inhibition
by WGA were observed with 3B7R phage antibody, but
neither action was observed with 3B7 phage antibody
(Figures 3C and 3D).

To further study the effects of lectins on the binding
of scFv proteins to rhIGF-IR, affinity constants for
binding of 1H7 and 3B7R scFv proteins to the receptor

were determined in the presence or absence of the three
lectins (Table 1). The control K, values of 1H7 and
3B7R scFv in the absence of lectins were 16.4 + 0.8 and
13.2 + 2.0 nM, respectively. In the presence WGA, the
K, values of 1H7 and 3B7R scFv increased to 196 +
40.0 and 41.0 = 2.2 nM, respectively, indicating lower
affinity. In the presence of PNA, the K;, value of 1H7
scFv slightly decreased to 9.31 + 0.71 nM, indicating
a slightly higher affinity. In the presence of Con A,
however, the K;, value of 3B7R changed little from the
control. These results coincide with those originally
observed (Figure 2).
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Figure 2. Alteration of anti-IGF-IR scFv protein binding to IGF-IR by lectins. Binding of 1H7 (e) or 3B7R (o) scFv
proteins to thIGF-IR in the presence of Con A (A), WGA (B), or PNA (C) at indicated concentrations was measured by ELISA as
described in the "Materials and Methods". The error bars represent the standard deviation (n = 3).
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Figure 3. Alteration of anti-IGF-IR phage antibody binding to IGF-IR by lectins. Binding of 1H7 (A), 1H7R (B), 3B7 (C),
or 3B7R (D) phage antibodies to thIGF-IR in the presence of Con A at 1 pg/mL, WGA at 100 ng/mL, or PNA at 100 pg/mL was
measured by ELISA as described in the "Materials and Methods". The error bars represent the standard deviation (n = 3).
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Table 1. Kinetic parameters of 1H7 and 3B7R scFvs in the
presence or absence of lectins

Treatment 1H7 scFv 3B7R scFv
WGA (+) 196 + 40.0 41.0+22
PNA (+) 9.31+0.71 ND

Con A (+) ND 16.6 +1.7
Control 16.4 +0.8 13.2+2.0

ND: Not determined. The dissociation constant (K, nM) was
determined by ELISA as described in the "Materials and
Methods".

This study demonstrated that plant lections that
bind carbohydrate moieties on IGF-IR alter the affinity
of anti-IGF-IR antibodies binding to the receptor. The
most significant effect observed was that when the
receptor was treated with WGA. WGA at 100 pg/mL
significantly inhibited the binding of both 1H7 and
3B7 scFvs to the receptor. The inhibitory effect of
WGA was also observed with 1H7, IH7R, and 3B7R
phage antibodies but not with 3B7 phage antibody to
the receptor. A possible conformational difference due
to the opposite orientation of VL and VH may have
resulted in this difference. The presence of PNA slightly
enhanced the binding of 1H7 scFv as well as 1H7 and
1H7R phage antibodies to the receptor. The changes in
affinity observed in the presence of lectins could be due
to changes in receptor conformation or steric hindrance.
Con A slightly stimulated 3B7R scFv-binding to the
receptor, which was confirmed by experiments with
3B7R phage antibodies and K, measurements. Although
this study used a model system, the results indicated that
binding kinetics of therapeutic anti-IGF-IR antibodies
to the receptor on cancer cells may be altered by animal
lectins.

In conclusion, this in vitro study suggests that
therapeutic antibodies targeting cell membrane receptors
may be altered in vivo in terms of their affinity or action
by circulating carbohydrate-binding proteins.
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