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ABSTRACT: Soluble oligosaccharide mimetics of natural selectin ligands act as competitive inhibitors of
leukocyte adhesion in models of inflammation. We quantified the binding of simple oligosaccharides
based on sialyl Lewis-X (s’ and complex molecules with the core-2 structure to L- and P-selectin,
under both static and fluid flow conditions. Isolated human neutrophils were employed to mimic the
physiological valency of selectins and selectin ligands. Surface plasmon resonance studies quantified binding
kinetics. We observed the following: (i) The functional group at the anomeric position of carbohydrates
plays an important role during selectin recognition, since‘sired sialyl Lewis-a (sL® were~5—7-fold

poorer inhibitors of L-selectin mediated cell adhesion compared to their methyl glycosides. (ii) Despite
their homology to physiological glycans, the putative carbohydrate epitopes of GlyCAM-1 and PSGL-1
bound selectins with low affinity comparable to that of 3tselectin interactions. Thus, besides the
carbohydrate portion, the protein core of GlyCAM-1 or the presentation of carbohydrates in clusters on
this glycoprotein may contribute to selectin recognition. (iii) A compoungbGdlFuer1,3)GIcNAG1,6-
(GalNAcs1,3)GalNA@m-OMe was identified which blocked L- and P-selectin binding at-300-fold

lower doses than sPe (iv) Surface plasmon resonance experiments determined that &rashéogue
(TBC1269) competitively inhibited, via steric/allosteric mechanisms, the binding of two anti-P-selectin
function blocking antibodies that recognized different epitopes of P-selectin. (v) TBC1269 bound P-selectin
via both calcium-dependent and -independent mechanisms Kwithf ~111.4 M. The measured on-

and off-rates were highk{s > 3 s71, kon > 27 000 Mt s71). Similar binding kinetics are expected for
sLef—selectin interactions. Taken together, our study provides new insight into the kinetics and mechanisms
of carbohydrate interaction with selectins.

Members of the selectin family of adhesion molecules (L-, structure, GIcNAB1—-6(Gajp1—3)GalNAax (3). In support
E-, and P-selectin) mediate one of the first steps that lead toof the importance of core-2 based molecules in forming
the capture of leukocytes on vascular endothelial cells during physiologically relevant selectin-ligands, mice with targeted
normal immune response and inflammatioh). (These deletion of an enzyme core-2 GIcNAcT-B1,6-N-acetyl-
molecules also regulate lymphocyte trafficking),(and glucosaminyltransferase), which is important for the forma-
mediate the formation of heterotypic platelet-leukocyte tion of such glycans, also display reduced binding to E- and
aggregates in circulatior8y. P-selectin §—8). In the case of PSGL-1, it is suggested

All three selectins bear C-type lectin domains that tnat sialyl-Lewi& (sLe¥, NeuAar2—3Gap1—4(Fuaxl—3)-
recognize a plethora of simple and complex carbohydratesG|CNAC) may be expressed at the nonreducing terminus of
pontainin_g sialylated, sulfated, and/or fucosylated sequences,q o glycans and that these may represent physiologically
in a calcium-dependent manne&—(5). A large number of ., o ant selectin ligand9( 10. An isomer of SL&, sialyl-

selectin ligands identified to date, including P-selectin ;
27 . Lewig® (sLe®, NeuAm2—3Gafi1—3(Fuaxl—4)GIcNAc),
glycoprotein ligand-1 (PSGL!Land glycosylation dependent has aIS(() been shown to binlg seléctiﬂi (1%_ Finallya

cell adhesion molecule-1 (GlyCAM-1), express O-linked ! :

: P ., B-sulfo sialyl-Lewig (NeuA2—3Gals1—4(Fual—3)(SE-
carbohydrate structures displayed on the core-2 trlsaccharldee) GIcNAC) contained on core-2 structures has been shown
to play an important role during L-selectin mediated lym-

phocyte homing X3).
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Ficure 1: Chemical structures. (ASialyl Lewis-X. (B) TBC1269.

Soluble molecules designed to mimic the carbohydrate
structures of natural selectin ligands can act as effective,
competitive inhibitors of selectin mediated cell adhesion in
vivo. One such molecule, skghas been shown to reduce
tissue injury following ischemia reperfusiod4, 15. Mi-
metics of sL& have also been designed on the basis of
diverse approache§,(16), including multimeric displays to

enhance binding efficacies, as well as approaches involving

the replacement of glycosidic linkages with more stable
chemical bonds without reducing the mimetics’ activity.
Among these molecules, a di-sLenolecule (TBC1269 or
BIMOSIAMOSE) has been designed to utilize mannose and
carboxylic acid groups to replace the critical fucose and sialic
acid groups of sL’& respectively, and a biphenyl group to
substitute for the lactosamine core/( 1§ (Figure 1). This

molecule has been shown to bind all three selectins to varying

degrees17) and to reduce the number of neutrophils rolling
on P-selectin in vitro 19). TBC1269 is in phase 2 clinical
trials for the treatment of asthma and psoriasis. Non‘sLe

based heparin sulfates, as well as modified heparin structures

have also been shown to block selectin mediated cell
adhesion 20, 21). Finally, selectin inhibitors designed on

the basis of the core-2 structure display severalfold greater

blocking function compared to skg22).
In the current paper, we tested the possibility that synthetic

Beauharnois et al.

uM, and very rapid association and dissociation ralgg (
> 3 standky, > 27 000 Mt s7Y).

MATERIALS AND METHODS

Materials. All monoclonal antibodies (mAbs) were from
mouse hosts unless otherwise noted. Adhesion blocking
mAbs against PSGL-1 (clone PL1, IgG1) and P-selectin (G1,
lgG1) were purchased from Ancell (Bayport, MN). P-
Selectin blocking antibody humanized EP5C7 was kindly
provided by Protein Design Labs. Anti-L-selectin (DREG-
56, IgG1), anti-CD11a (clone TS1/22, IgG1), and anti-CD18
(clone IB4, IgG2a) antibodies were purified from hydridoma
cultured in serum-free media (ATCC, Manassas, VA).
Blocking mAbs were used at 1@g/mL in all runs unless
otherwise noted. All secondary antibodies were from Jackson
ImmunoResearch Labs (West Grove, PA), isotype match
control reagents for flow cytometry runs were from Becton
Dickinson (San Diego, CA), and chemicals were from Sigma
(St. Louis, MO) unless otherwise noted.

The selectin inhibitors tested during the course of this study
are listed in Table 1 along with references that describe the
synthesis scheme and characterization for each compound.
The concentration of these compounds was varied in each
assay as discussed in Results.

Most studies that assayed “L- and P-selectin chimera static
binding” (described below) used human L- and P-selectin
fusion proteins produced in Chinese hamster ovary (CHO)
cells from GlycoTech (Gaithersburg, MD). These molecules
consist of the lectin domain, the EGF domain, and most of
the short consensus repeat domains (2 for L-selectin and 9
for P-selectin) of human selectin fused to a human IgG1 tail
(24). In a few cases, the P-selectin fusion protein used was
from a baculovirus expression system that is described next.

All “surface plasmon resonance” runs employed a chimeric
P-selectin fusion protein that was produced using the Bac-
to-Bac baculovirus expression system from Invitrogen Life
Technologies (Carlsbad, CA). Briefly, recombinant DNA
encoding the fusion protein was cloned into pFASTBac-1
plasmid and transformed into DH10B&scherichia coli
cells. Recombinant bacmid DNA was purified from the
DH10Bac cells and used to transfect SF21 insect cells. After

carbohydrates based on the exact structures of natural glycangnree rounds of amplification, high titer virus was used to

expressed on PSGL-1 and GlyCAM-1 can be superior
inhibitors of selectin binding. In addition to binding studies

infect SF21 cells for protein production. The cells were
grown in EX-CELL 405 serum-free growth media (JRH

under static conditions, experiments were also conductedBiosciences, Lenexa, KS). Protein was purified from the cell

under physiologically relevant fluid flow conditions. Isolated

supernatants using protein G Sepharose (Pharmacia) in some

human neutrophils were used in many assays in order tocases. The P-selectin-IlgG chimera produced consists of the

closely mimic the natural valency of selectins and their
ligands, since this feature may affect seleetigand rec-
ognition specificity 23). Surface plasmon resonance studies
were performed to directly measure the affinities and kinetics
of selectin-carbohydrate interactions. Our studies suggest
that the protein core of GlyCAM-1 or the presentation of
carbohydrates in clusters on this glycoprotein may contribute
to selectin recognition. They identify a novel molecule/3al
4(Fuam1,3)GIcNA1,6(GalNA@L,3)GalNA&a-OMe which
blocked L- and P-selectin binding at 3Q00-fold lower
doses than sl¥e This molecule may represent a candidate
for future drug development. Finally, in the first measure-
ments of the affinity and kinetics of selectin interaction with
carbohydrates, we observed that an*sieémetic (TBC1269)
bound P-selectin with a dissociation consta&s)(of ~111.4

first 158 amino acids of the mature protein including the
lectin and EGF domains fused to a 220 amino acid sequence
that encodes the mouse IgG2a Fc portion. This selectin is
dimeric and had a molecular weight fL20 kDa when run
under nonreducing conditions, and0 kDa when run under
reducing conditions using SDSPAGE.

Neutrophil Isolation.Blood was collected from healthy,
nonsmoking volunteers by venipuncture into a sterile syringe
containing 10 units of heparin (Elkin-Sinn Inc., Cherry Hill,
NJ)/mL of blood. Polymorphonuclear cells were isolated as
previously described26). The percentage of neutrophils in
this fraction was>90%, and the viability measured by trypan
blue exclusion was>99%. Neutrophils isolated using this
protocol were kept at 4C in a C&"-free Hepes buffer until
use, typically withh 2 h ofisolation.
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Homotypic Neutrophil AggregationThe ability of our with the antagonist and secondary antibody for 10 min at
compounds to block L-selectin mediated cell adhesion under37 °C prior to addition of neutrophils. In other runs that
fluid shear conditions was studied in experiments that measured L-selectin IgG chimera dissociation from neutro-
measured neutrophil homotypic adhesion rates, (2. phils, labeled L-selectin chimera (@y/mL) was allowed to
These runs were performed using a VT550 cone-plate bind to saturating levels on human neutrophils for 40 min.
viscometer (Haake Inc., Paramus, NJ) equipped witli a 2 Cells were subsequently pelleted by centrifugation followed
cone. Briefly, 50uL samples containing 0.5 10° neutro- by resuspension in Hepes buffer that lacked soluble selectin.
phils/mL in Hepes buffer containing 1.5 mM €aand 0.1% The time of resuspension was designated 0. L-Selectin
human serum albumin (Bayer Corporation, Elkhart, IN) were dissociation from neutrophils was subsequently measured
incubated with or without the cell-adhesion blocking reagent both in the presence and in the absence of 2 mM TBC1269.
for 7 min at room temperature (RT) and 3 min at 37 Here, TBC1269 was added to prevent selectin rebinding to
prior to being placed in the gap between the cone and theneutrophils. In cases where the data are presented in
plate of the viscometer. Cells were then stimulated with 1 normalized form, the geometric mean fluorescence intensity
uM formyl peptide (fMLP), and fluid shear was immediately of a given sample is divided by the geometric mean
applied at a shear rate of 1500 40 the cell suspension by  fluorescence intensity of the positive control runs. On the
rotation of the cone. Ten microliter samples were removed basis of this normalized data, the concentration of inhibitor
from the viscometer at specific time points during the cell that blocked 50% of selectin chimera binding to neutrophils
adhesion experiment and fixed in 1Q0. of cold 2% was designated to be thedC
glutaraldehyde for subsequent flow cytometry analysis using Surface Plasmon Resonanddl surface plasmon reso-

a FACSCalibur flow cytometer (Becton Dickinson). For this  nance experiments were performed using a Biacore 3000
analysis, the neutrophil population in fixed samples was instrument (Biacore Inc., Piscataway, NJ) at 5. The
identified on the basis of its characteristic forward vs side running buffer was phosphate buffered saline (PBS; 10 mM
scatter profile, and the number of singlets and aggregates ofphosphate, 150 mM NaCl, pH 7.0, 0.005% v/v surfactant
various sizes were resolved using the autofluorescenceP-20) that was supplemented with either 1 mM calcium or
imparted by glutaraldehyde fixatior2%). The extent of 3 mM EDTA (in the absence of calcium). For all experi-
homotypic adhesion (fraction aggregation) was determined ments, a polyclonal rabbit anti-mouse Fc specific antibody
by monitoring the depletion of single neutrophils using the (Biacore Inc., Piscataway, NJ) was first immobilized onto

following equation: fraction aggregation 1 — S(S+ 2D research grade CM5 sensor chips via amine coupling using
+ 3T + 4Q + 5P+); whereSis the number of singlet®) the manufacturer’s protocol (Biacore). In typical experiments,
denotes doubletsT is for triplets, Q for quadruplets, and  a 3-fold dilution of P-selectin-IgG from insect cell-culture
P+ denotes pentuplets and larger aggregates. supernatant was injected atb/min for 8 min over a single

A previously developed mathematical mod26(27) was flow cell, designated the active flow cell. Following P-
applied to further analyze the rates of cell adhesion in terms selectin-lgG coupling to substrate, the flowpath was changed
of “adhesion efficiencies”. Adhesion efficiency is defined to include a reference flow cell containing only immobilized
as the fraction of cettcell collisions that results in aggregate rabbit anti-mouse antibody upstream of the active flow cell.
formation. It is by definition always 1. This parameter was  The flow rate was increased to aQ/min. Then, four 1-min
computed for each of the individual runs by fitting the flow injections d 1 M NaCl were performed to remove nonspe-
cytometric data above for the first 40 s of the aggregation cifically bound supernatant components from the sensor chip
experiment. These efficiency data for each treatment weresurface. Running buffer was allowed to flow through the
normalized with respect to a positive control performed with flow cells for 20 min before analyte (e.g. TBC1269)
the same donor blood. In this control, neutrophils were injections were performed. Analyte was injected using the
stimulated and sheared in the absence of any antagonist. OKKINJECT command with a 300 s dissociation time over the
the basis of this normalized data, we determined thg IC reference and active flow cells at a fixed concentration in
values, the concentration of the inhibitor that reduced running buffer for 1 min. Following analyte injection, two
neutrophil adhesion efficiency by 50%, by interpolation. ~ 1-min 20 mM HCI injections were performed to regenerate

L- and P-Selectin Chimera Static Bindinguman L- (4 the surface back to unbound rabbit anti-mouse Fc (i.e. all
ug/mL) or P-selectin (3tg/mL) IgG chimera (GlycoTech, bound P-selectin and analyte were removed). The cycle was
Gaithersburg, MD) were incubated with saturating amounts then repeated beginning with the loading of fresh P-selectin-
of goat-anti-human F(ah FITC-conjugated secondary an- 1gG. An example of the typical cycle is shown in Figure
tibody (6 «g/mL) in Hepes buffer containing 1.5 mM &a 4A. Binding of carbohydrate to selectin-bearing substrate was
and 1% goat serum (Jackson ImmunoResearch) &EC3a@r measured in response units (1 RU1 pg of protein/mr).

10 min. Isolated neutrophils were then added at a final Other variations of this experiment including controls are
concentration of 0.5¢ 1 cells/mL. The extent of chimera elaborated upon in Results.

binding to their ligands on neutrophils was determined using  For equilibrium studies, data were collected simultaneously
flow cytometry. In negative control runs, FITC-conjugated from the active and reference flow cells at 1 point.sThe
secondary antibody alone, in the absence of selectin chimeraresponse observed on the reference cell was first subtracted
bound human neutrophils at least 1 order of magnitude lower from that of the active cell to yield reference subtracted data.
than the positive controls with selectin chimera present. L-/ Reference subtracted data from a blank buffer injection were
P-Selectin binding levels in this paper were computed by then further subtracted from each of the analyte treatments
subtracting the values of negative controls from each sampleto yield double-referenced subtracted sensorgrams. The
reading. In runs that monitored the inhibitory efficacy of binding response at equilibriumR{;) for each analyte
specific carbohydrates, the selectin chimera was incubatedinjection was extracted from this sensorgram by averaging
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Ficure 2: Static and shear assays. In panets@\the ability of various doses of TBC1269 (up to 2.0 mM) to block selectin binding
function was assayed. The inset to each panel presents control experiments that confirm the specificity of the binding interaction studied.
(A) Cone-plate viscometer experiments that measure L-selectin mediated homotypic neutrophil aggregation under flujdfi8elg&in
chimera binding to isolated human neutrophils under static conditions measured using flow cytomeReggl€ctin chimera binding to
neutrophils measured using flow cytometer) (BSelectin dissociation from neutrophils. Here, L-selectin chimera was allowed to bind to
saturating levels on human neutrophils for 40 min. Cells were subsequently washed and resuspended either in the presence or in the absence
of 2 mM TBC1269 and the dissociation of selectin from neutrophils was measured using flow cytometry. The time of resuspension was
designated = 0. Data are meat: SEM for 2-5 experiments.

the binding level ovea 5 sinterval 5 to 10 s prior to the  signal drop in the active cell was either equal to or greater
end of the injection. Affinity constants were determined from than that in the reference cell. On the basis of this rationale,
a nonlinear curve fit, using the steady state affinity model the time delay used for our runs was 0.28 s. As elaborated
provided in BlAevaluation (Version 4.1). Scatchard plots in Results, while the precise measurégfcan vary slightly
were made for alternative visualization of the data. depending on the time delay employed, our experiments do
In runs performed to quantify the dissociation rate indicate differences from the nature of TBC1269 elution
constants Ky) of the molecular interaction, 1.16 mM between the active and the reference cell.
TBC1269 was injected into the flow cell and its elution from Carbohydrate Size Exclusion ChromatographBC1269
the sensor surface was quantified by comparing the changesvas perfused through a 50 cm Biogel P-2 size exclusion
in the response of the active and reference flow cells column (MW cutoff of 1800 Da; Biorad Laboratories,
following the end of the analyte injection. Data were Hercules, CA) that was equilibrated with PBS. Fractions
collected at 5 points™3 (0.2 s time resolution) as this is the (~0.26 mL) were collected until PBS equal to 4 times the
highest data acquisition rate for two cells in series. Since void volume had passed through the bed. Total carbohydrate
the reference and active flow cells are in series, there is aconcentration in each fraction was determined using an
slight delay in the precise time when elution begins in each anthrone colorimetric assay. For this assay, each sample was
of the flow cells. The magnitude of this time delay depends mixed on ice with 0.75% (w/v) anthrone solution made in
on the dead volume between the flow cells and the buffer 84% (v/v) sulfuric acid. The samples were immediately
flow rate. Additionally, there is an uncertainty as to when heated to 100C for 10 min, cooled rapidly on ice, and
the elution begins in each flow cell. The reason for this moved to—20 °C for 5 min. The absorbance of each sample
uncertainty is that while the response of each cell is observedwas then measured at 590 nm using a spectrophotometer. A
to drop abruptly from one time point when signal is at steady calibration curve was constructed with known concentrations
state to a lower value at the next data point after elution of TBC1269 to quantify the amount of the compound
begins, the precise instant when the drop begins in this 0.2appearing within the void volume and in subsequent frac-
s interval is not known. In order to compensate for this tions. The above runs were performed both in the presence
uncertainty, the data for the active and reference flow cells and in the absence of calcium.
were shifted such that the bulk refractive index decrease in  Statistical AnalysisError bars represent standard error
the reference cell was approximately first-order, and the mean (SEM) in all cases. Student$est was used to test
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Ficure 4. Surface plasmon resonance for seleetigand interac-
tions. (A) Representative experiment cycle where P-selectin-1IgG
was immobilized in the active flow cell (solid line) by injecting
diluted protein from cell culture supernatant atl5min for 8 min
over a CM5 sensor chip bearing covalently linked rabbit anti-mouse
Fc specific antibody. The reference flow cell (dashed line) was
upstream of the active flow cell. This cell was identical to the active
cell except for the absence of immobilized selectin. Selectin

oligosaccharides in shear assays. Neutrophils were incubated withimmobilization was followed by four 1 min injection$ ® M NaCl

varying concentrations of skgsLe‘-31,6Man-OMe and seOMe
(panel A), and sL®and sL&OMe (panel B) prior to fMLP

at 50uL/min, a 20 min flow of running buffer, and finalla 1 min
injection of analyte (14%M TBC1269). Two 1 min 20 mM HCI

stimulation and application of fluid shear. Fraction aggregation was injections were performed to regenerate the surface at the end of

guantified at each sampling point by flow cytometric analysis of

the cycle. The inset presents an expanded view of the net response

glutaraldehyde-fixed samples. Adhesion efficiency was determined in the active cell (solid line) and the reference flow cell (dashed

and normalized with respect to runs without any added inhibitors.
Data are mean: SEM for 2-5 experiments. (*pp < 0.05 with
respect to sL&or sLe at same dose. (#) < 0.05 with respect to
sLeX-31,6Mannose-OMe at same dose.

for statistical significance when two treatments were com-
pared. ANOVA analysis and Studeritlewman-Keuls post-
tests were performed for multiple comparisops< 0.05
was considered significant.

RESULTS

Specificity of SelectinLigand Interaction in Shear and
Static ExperimentsWe investigated the ability of the
oligosaccharides listed in Table 1 both to block neutrophil

line) to TBC1269 injection. (BIn negative control experiments,
culture supernatant from mock-infected cells and isotype matched
control antibody (clone 1B4, mouse 1gG2a) were made to flow over
the sensor instead of P-selectin chimera in some runs during
production of the active surface. TBC1269 did not bind these
surfaces. Data are reference subtracted sensorgrams for TBC1269
at 1.16 mM.

establish the specificity of the interaction studied (inset to
Figure 2A). As seen, cell adhesion was primarily L-selectin
mediated since it could be blocked by an anti-L-selectin
antibody DREG-56. It was Céa-dependent since EDTA

abrogated it. Homotypic adhesion could also be partially
blocked upon blocking PSGL-1 with mAb PL1, which is

consistent with findings that neutrophils express L-selectin

aggregation under shear and to inhibit L- and P-selectin IgG ligands that are distinct from PSGL-28).

binding to neutrophils under static conditions (Figure 2). In

Similar to the shear runs, binding of both L- (Figure 2B)

the homotypic aggregation assay (Figure 2A), we observedand P-selectin (Figure 2C) chimera to human neutrophils
a dose dependent inhibition of aggregation upon addition of could be blocked by TBC1269 in a dose dependent manner.
varying amounts of carbohydrates. Data for TBC1269 are The specificity of both selectins binding to their ligands on
presented in this figure. Various controls were performed to neutrophils was confirmed (insets to Figure 2B and 2C).
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Preincubation with an L-selectin blocking mAb DREG-56 sLe‘-OMe, sL&-OMe, and the sl’& analogue (TBC1269)
for L-selectin chimera, or P-selectin blocking mAb G1 for were comparable in their ability to block L-selectin binding
P-selectin, completely blocked specific binding of chimeric to human neutrophils and homotypic neutrophil aggregation.
molecules to neutrophils. Likewise, addition of EDTA sLe* and sLé also blocked P-selectin chimera binding to
abrogated selectin binding. Anti-PSGL-1 mAb, PL1, com- neutrophils with equal efficacy. Oligosaccharides based on
pletely blocked P-selectin binding while it blockeeB0% the exact carbohydrate structures of capping groups of
of L-selectin chimera binding to neutrophils. Since TBC1269 PSGL-1 (compound) (9) and GlyCAM-1 (compound)
blocked L-selectin mediated cell adhesion (Figure 2A) and (29) were surprisingly poor inhibitors of L-selectin mediated
L-selectin fusion protein binding (Figure 2B) over a similar binding and adhesion. They had affinities that were only
dose range, our findings suggest that neutrophil homotypic ~30—150% higher than that of sKe In studies with
adhesion rates exhibit a linear or first-order dependence onP-selectin chimera, glycans of PSGL] and GlyCAM-1
cell-surface selectin number. [2] were poorer inhibitors of selectin binding than even’sLe

The selectin chimera binding interaction described here The sulfated carbohydrate of GlyCAM{2] was better at
is multivalent in nature as indicated by the slow binding rates, blocking L-selectin binding to neutrophils and neutrophil
which approach equilibrium at10 min (Figure 2B,C), and  homotypic aggregation in comparison to soluble PSGL-1
slow dissociation kinetics, which proceeds on the order of oligosacchariddl]. In contrast, the oligosaccharide based
minutes (Figure 2D). While some of the multivalency is due on PSGL-1[1] rather than GlyCAM-1[2] was marginally
to the dimeric nature of the selectin fusion protein, there is more effective at blocking P-selectin binding to neutrophils,
also a major contribution of the secondary FITC-conjugated though this difference was not statistically significant.
antibody used for flow cytometry detection, which cross- Consistent with other published reports, sulfated oligosac-
links the soluble selectin. This last statement is supported charides (compound®—7) were superior inhibitors of
by experiments where P-selectin chimera was incubated withL-selectin rather than P-selectin mediated binding. Of all the
human neutrophils either in the presence or in the absencecompounds tested was the best inhibitor tested, and it
of unlabeled secondary antibody for 15 min at room blocked both L- and P-selectin binding in th&0uM range.
temperature, prior to washing the cells, probing the bound It was a 306-100-fold better inhibitor of selectin function
selectin with a goat anti-mouse Alexa488-conjugated second-than sLé&.
ary Ab for 5 min and detection using flow cytometry (data ~ The ability of various sulfated structures to inhibit L-
not shown). In these experiments, we observed that dimericselectin function was examined in detail since such carbo-
selectin binding to neutrophils could only be detected when hydrates have been shown to bind L-selectin. Here, we
the unlabeled secondary antibody was added during thecompared the capping group of GlyCAM{2] with 5 to
selectin incubation step. Thus, selectin cross-linking using determine if sialic acid attached to the @&l-3GalNAc
secondary antibody is necessary for subsequent cytometrychain influences selectin binding. No statistically significant
detection. difference in blocking efficacy was observed. A comparison

Chemical Composition of Aglycon Group Can Affect of compounds with 7 revealed that sulfation at the 6-position
Blocking EfficacysLe* is synthesized with various chemical of GIcNAc enhanced inhibition of L-selectin mediated
groups at the anomeric position depending on the synthesisbinding. Further, the L-selectin blocking function under static
scheme utilized. We examined the degree to which the and shear conditions occurred over a similar dose range for
chemical entity at the anomeric position affects selectin- all the oligosaccharides tested, except for the nonfucosylated
binding inhibition efficacy by performing homotypic neu- molecule (compound), which consistently exhibited weak
trophil adhesion experiments in the presence of selectedblocking under static conditions and greater inhibition under
compounds. Here, we compared the blocking efficacy of fluid shear.
sLe‘-OMe and sL&-31,6Mannose-OMe with sle(Figure Overall, the blocking ability of most of the oligosaccha-
3A), and sL&OMe with sLe (Figure 3B). These experi- rides designed based on the core-2 structure, espedially
ments were carried out with each molecule over a range of and2, was lower than we anticipated. The poor binding of
dosages using a protocol identical to that described in Figureoligosaccharides from PSGL-1 and GlyCAM-1 suggests that
2A. The 1Gy, which represents the reagent concentration that the protein portion of these molecules contributes substan-
reduced cell adhesion efficiency by 50%, was determined. tially to ligand recognition, either by displaying multiple
We observed that the Kgvalues for sL& and sLé were ligand epitopes or by directly stabilizing the interaction. A
~5- to 7-fold larger than their corresponding methyl glyco- compound with no net charge (compouBjdvas identified
sides. The inhibition efficacy of skg51,6Mannose-OMe lay  that exhibited remarkable inhibition properties compared to
between that of sleand sL&-OMe. the other molecules.

Comparison of Oligosaccharide Blocking Efficacy under  Binding Specificity in Biacore Experiment8-Selectin-
Shear and Static Condition$Ve quantified the ability of IgG was immobilized on the Biacore sensor surface at810
the panel of simple oligosaccharides and molecules contain-1020 RU as detailed in Materials and Methods (Figure 4A).
ing the core-2 structure to block selectin mediated binding An expanded view of the nonspecific and specific response
by quantifying their G in the three assays described in due to analyte injection (inset to Figure 4A) shows that the
Figure 2: (i) L-selectin mediated homotypic neutrophil binding interaction reaches saturation rapidly and returns to
aggregation, (ii) L-selectin chimera binding assay, and (iii) the baseline within seconds of the end of the analyte
P-selectin chimera binding assay (Table 1). Many of the injection.
compounds synthesized are unique since they are based on Control experiments were performed to verify the specific-
the capping groups of physiologically important glycans ity of the binding interactions (Figure 4B). Proteins from
expressed on PSGL-1 and GlyCAM-1. We observed that the P-selectin chimera cell culture supernatant were not
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Table 1: Chemical Formulas, Common Names, ang Malues for Synthetic Selectin Inhibitérs

Common Homotypic L-selectin P-selectin
Structure Name/Number Neutrophil ICs;,  Chimera ICsp  Chimera ICs, References
(mM) (mM) (mM)
R 6 0.255+
NeuAca2-3GalB1-4(Fucal-3)GIcNAcB1-OMe sLe*-OMe 0.6+0.06 0013 22+0.56 48)
(From
NeuAco2-3GalP1-4(Fucal-3)GIcNAcB1-OH sLeX 50+0.70 6.3+0.502 1.9+£0.50 Toronto Res.
Chemicals)
NeuAco2-3GalP1-4(Fucal-3)GIcNAcB1-6Man-OMe sLe*-B1,60-
Man-OMe 2.03+0.12 105+0.10  2.10+0.23 (48)
NeuAco2-3Galp1-3(Fucol-4)GleNAcB1-OMe sLe™-OMe 0.8+0.09° 123+0.09° No Data
NeuAco2-3GalP1-3(Fucol-4)GIcNAcB1-OH sLe’ 25+0.06° 3.80+0.54 2.3+0.20
NeuAco2-3GalP1-4(Fucal-3)GIcNAcP1
\
s poccan of 4884086  42+037° 27010 (49)
NeuAco2-3Galp1-3GalNAcol-OMe ’
NeuAco2-3GalP1-4(Fucol-3)(6SE)GIcNACcP1
\
6 GlGCl}:;l/Ill-(l)fZ 3.07+0.58 21013  35+030" (49)
NeuAco2-3Galp1-3GalNAcol-OMe 4 ?
GalB1-4(Fucal-3)GleNAcB1 0.053 4 0,055+
\ . .
p 3 0.0625+0.01 0.003 0.003 (50)
GalNAcB1-3GalNAcal-OMe
GalP1-4(6SE)GIcNAc 1
\
6 4 3.240.40 79£090  45+0.70
NeuAca2-3GalB1-3GalNAcal-OMe
NeuAco2-3Galp1-4(Fucal-3)(6SE)GIcNAc Bl
\
6 5 2.6+0.40 21027 O
GalB1-3GalNAcal-OMe
GalB1-4(Fucal-3)GIcNAc 1
\
s 6 334070 314068 No an
Inhibition
(6-SE)GalP1-3GalNAcal-OMe
Galp1-4(Fucal-3)(6-SE)GIcNAc Bl
\
6 7 1.9+030" 25+041  60+1.00°
(6-SE)Galp1-3GalNAca1-OMe
1,6-bis[3-(3 carboxymethylphenyl)-4-(2-a-D- TBC1269 05+005° 0.4£0.03° 0.27+0.05° (17, 18)

mannopyrano-syloxy)phenylJhexane

aln Table 1,p < 0.05 for L-selectin static experiments with respect to (1) all treatments excepOdle; (2) all other treatments; (3) all
treatments except skeDMe, GlyCAM-1,5, 7, and TBC1269; (4) all treatments except $had6; (5) all treatments except sk€OMe and sL&
OMe.p < 0.05 for L-selectin shear experiments with respect to (6) all treatments except compgundifference between ske€OMe, sL&-OMe
and TBC1269); (7Y is different from6, PSGL-1, and sLeonly; (8) all treatments except GlyCAM-4-7. p < 0.05 for P-selectin static experiments
with respect to (9) all other treatments; (10) all treatments except GlyCAM-1; (11) all treatments excefiMeecompound4, and PSGL-1.

observed to bind CM5 sensor chips in the absence ofimmobilization, the free remaining rabbit anti-mouse sites
immobilized rabbit anti-mouse antibody (data not shown). on the sensor chip were blocked by excess mouse anti-TSH
TBC1269 did not bind to sensor chip surface bearing isotype mAb (Seradyn, Indianapolis, IN) for 8 min ag&k/min. After
control mAb (clone IB4). In these experiments, IB4 was wash and equilibration, anti-P-selectin and control mAbs
immobilized at levels similar to immobilized P-selectin-lgG  were made to flow over the sensor either in the presence or
in the positive control. Supernatant from mock infected insect in the absence of 1.16 mM TBC1269. We observed that G1
cells (without P-selectin-IgG) also exhibited very little was captured at 120 RU within 1 min in the absence of
binding to the rabbit anti-mouse Fc sensor surface. Subse-TBC1269 and at a reduced level of 50 RU in the presence
quent injection of TBC1269 over these control surfaces of the sL& analogue (Figure 5A). Likewise, EP5C7 was
resulted in a low response. captured at~100 RU and 35 RU in the absence and presence

To confirm that the binding of the sEanalogue TBC1269  of TBC1269, respectively (Figure 5B). As expected, the
to P-selectin was specific, we quantified the ability of control anti-CD11a antibody TS1/22 (isotype matched to G1)
TBC1269 to inhibit the binding of P-selectin function did not bind to immobilized P-selectin (Figure 5C). These
blocking mAbs (G1 and humanized EP5C7) to immobilized results demonstrate that surface plasmon resonance experi-
P-selectin-lgG (Figure 5). Both antibodies block the interac- ments can be utilized to investigate the specificity of
tion of P-selectin with human PSGL-1 even though they bind TBC1269 binding to P-selectin, since it can prevent the
to different epitopes of P-selectin. While G1 binds the lectin binding of function blocking antibodies against various
domain of this protein, EP5C7 binds near the lectin-EGF domains of this protein. Steric or allosteric mechanisms may
junction @B0). In our studies, following P-selectin-lgG  contribute to this blocking.
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performed over a range of TBC1269 concentrations are
presented in Figure 6A,B. The observed maximum binding
levels of TBC1269 to P-selectin-IgG was9 times higher
than that theoretically expected on the basis of 1:1 stoichio-
metric binding, assuming that the refractive index increments
(an/dC) of the analyte and ligand are equal, and the ligand
activity is 100%. When these assumptions are made, the
stoichiometry of the interaction is calculated 8y= (Rna/
R)(MW_ /MW ) whereSis the number of analyte molecules
capable of binding per immobilized ligand moleculg, is

the amount of immobilized ligand~1000 RU typically),
Rmax IS the response upon saturation of the ligand binding
sites (160 in Figure 6A), and MWand MW, are the
molecular weight of the immobilized ligand (50 000 Da) and
analyte (862.94 Da). This observation suggests that TBC1269,
under our experimental conditions, may agglomerate to form
a complex with itself.

To determine if TBC1269 forms aggregates, we perfused
this reagent through a Biogel P-2 size exclusion column (MW
cutoff of 1800 Da) under conditions identical to those used
in the Biacore experiments, and assayed the eluate using the
anthrone reaction. Both in the presence and in the absence
of calcium, ~90% of the small molecule eluted with the
column void volume, suggesting that the compound was
aggregated. Because this molecule forms multimers, we use
the term “apparentKp, instead of simplyKp, to describe
the affinity data.

The equilibrium binding levels were extracted from
sensorgrams in Figure 6A,B and plotted as a function of sLe
analogue concentration (Figure 6C,D). These plots were fit
to the steady state affinity model to determine the molecule’s
affinity. ApparentKp values in the presence and absence of
Ca" were 111.4 £15.4)uM and 94.6 {4.5) uM, respec-
tively, for four independent experiments. Even though the
affinities calculated were not significantly different, the
binding responses at equivalent TBC1269 concentrations
were consistently higher«25%) when C&" was present.
This resulted in statistically highé,.x values for the C&
data sets (Figure 6B, inset). The findings suggest that there
may be a change either in the binding mechanism (i.e.
number of binding sites available on immobilized ligand)
or in the value of the stoichiometry paramet&r(i.e. the
size of the TBC1269 complex), upon addition of calcium.

We attempted to measure the selectiarbohydrate off
rates ko) by following the elution of TBC1269 from the
immobilized P-selectin substrate. We observed that the
response of the active cell decayed at a slower rate than that

FiIGURE 5. sLe analogue inhibits anti-P-selectin mAbs from of the reference cell (Figure 7). The off rate estimated for
binding immobilized P-selectin. Sensor substrates were preparedthe active cell based on an exponential decay curve fit
identically to Figure 4A with the exception that 2@@/mL of a (method suggested in refl) was ~5 s This off rate

mouse anti-TSH mAb was made to flow over the active and lud he off f f - th l of solubl
reference cell for 8 min at HL/min after P-selectin-lgG im-  Ncludes the effect of two features: the removal of soluble,
mobilization to block unoccupied rabbit anti-mouse sites. The wait Unbound TBC1269 from close to the substrate, and the
time between the final wash and analyte injection was also reduceddissociation of TBC1269 from immobilized P-selectin.
féimthﬂi tg Sdmltrr]{ (IA 1tQ ﬂg/mL .P'Sxeggt'n 53|OLC|<'“% YSAbICk?[,“e Exponential curve fits of TBC1269 dissociation from im-
at binds the lectin domain, ug/mL anti-P-selectin " ) : -
blocking antibody clone EP5C7 that binds the junction region mobilized P-selectin after reference subtrgctlon were also
between the lectin and EGF domains, o)) (tD ug/mL isotype- performed (data not shown), and these yieldigdin the
matched control mouse mAb (anti-CD11a clone TS1/22) were maderange of 3 s The precisek,; estimated in these
to flow over the sensor chips either with or without 1.16 mM calculations depended on the value of the time-delay cor-
TBC1269. TBC1269 Cofmpete‘j with both the P-selectin blocking rection employed (see Materials and Methods). Since the
antibodies. Data are reference subtracted sensorgrams. elution of TBC1269 from the sensor surface is rapid, because
Affinity and Kinetic Analysis of SelectitCarbohydrate this molecule forms multimers in solution, and since our

Interactions. Representative sensorgrams for experiments calculations approach the detection limit of the Biacore
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Ficure 6: Affinity of sLe* analogue binding to P-selectin. Representative sensorgrams of TBC1269 binding to immobilized P-selectin in
the presence of (AL mM C&" and (B 3 mM EDTA (no C&"). Here, sL& analogue concentration was varied from 1.16 mM down to
0.0045 mM by serially diluting analyte by a factor of 2. A dose-dependent binding response is noted. Binding affinity fit using the steady
state affinity model in the presence of)(C mM Ca&* or (D) 3 mM EDTA (no C&"). Scatchard plot is also shown in the inset. The
calculated affinitiesKp) of TBC1269 binding to P-selectin in the presence and absence?6fv@ae not significantly different. However,

the maximum binding responsBe in runs with 1.16 mM TBC1269) was greater in the presence &f Qaset to panel B)). (*p < 0.05

with respect to C& run.

1003 instrument, we conservatively conclude that thg for
" TBC1269 P-selectin interaction i3 s*. Thus, ko, is
80 }\‘ O Active Cell >27 000 M1 s71, Overall, the results suggest a very rapid
[y [ Reference Cell binding on and off rate for selectircarbohydrate interaction,
g 60 jo‘\ Ko =5 along with both calcium-dependent and -independent binding
& [ mechanisms.
§ a0p N
;j 0 g\\ DISCUSSSION
o b RO Omm o Adhesion an_d Binding As:_sayN.e applied_ﬂow cy_tt_)metry
| 0 | 5] o to study selectirrligand binding under static conditions and
20 cone-plate viscometry to assay inhibitor efficacy under
0 02 04 06 08 1 hydrodynamic shear. In general, we observed that the dosages
Time (s) of the small molecule required for blocking cell adhesion
FIGURE 7: Kinetics of sL& analogue dissociation from P-selectin. under hydrodynamic shear and for blocking L-selectin
TBC1269 (1.16 mM) was injected for 8 min at 3@/min over chimera binding under static conditions were comparable.

the reference (no P-selectin) and activés00 RU of immobilized  1he |G, for blocking was also comparable when TBC1269
P-selectin) flow cells that were arranged in series in a Biacore3000 d to inhibit P-selectin fusi tein bindi ¢
instrument. TBC1269 dissociation was monitored following elution Was used 1o Innibit F-selectin fusion protein binding 1o

at the same flow rate. Data (discrete points) acquired at a rate of 5isolated neutrophils in the cytometry studies, versus the
points s were offset by a time delay as described in Materials ability of this carbohydrate to inhibit P-selectin binding to
and Methods, and then normalized with respect to the maximum recombinant, immobilized PSGL-1 (19.ek.Fc, 189 in

binding signal for the reference (199 RU) and active (234 RU) flow . :
cells, respectively. Results are plotted as % response vs time for,EI‘ISA based experiments (data not shown). While the IC

the reference (squares) and active (circles) cells. Dashed linein the former experiments was measured to be 0.27 mM, it
represents exponential decay curve fit wittk,a value of 5 sZ. was 0.55 mM in the ELISA runs. Overall, these observations
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suggest a first-order/linear dependence of cell adhesion ongiven observations that activated platelets bind PNAd/
selectin number. MECA-79 (peripheral node addressin) epitopes on high
Our rationale for choosing flow cytometry based methods endothelial venules (HEVsB6). GlyCAM-1 is a component
over the more conventional ELISA-based competitive inhibi- of PNAd. In studies aimed to address the relative importance
tion assay 11) or flow chamber experiment83) is 4-fold. of a(2,3)sialic acid linkage to the Gz, 4GIcNAc versus
First, the sample volume required for each experiment is the Gabl,3GalNac arms of the core-2 moiety in contributing
relatively small ¢60 ul), yet we are able to study the to selectin recognition, we did not observe any significant
function of the synthetic molecule under both static and fluid difference in the blocking function of versus5 for
flow conditions. This allowed us to work with selectin L-selectin. Finally, sulfated glycans were observed to be more
ligand analogues that were available in scarce quantities.effective at blocking L-selectin binding function compared
Second, data obtained using these techniques are vento P-selectin.
reproducible since we are examining the average of several While the specificity of the interactions we studied is
thousand binding events or collisions for static or shear consistent with data in the literature, we observed 1ratd
experiments, respectively. Collisions observed in flow cham- 2 inhibited selectin binding in the 25 mM range. This
ber studies are limited to the field of view of the microscope. corresponds to binding affinities that were on the same order
Third, since selectinoligosaccharide binding takes place of magnitude as that of ske In comparison, we have
with rapid on and off rates, our protocol does not involve previously designed core-2 based structures that bind selec-
wash steps that may complicate data interpretation. Finally, tins with severalfold greater affinities than $L@2). Recent
while the valency of selectins can regulate the specificity of studies also report that st-¢ype carbohydrates with a core-2
protein—carbohydrate recognition in ELISA-based studies structure linked to two structurally similar N-terminal
(23), the use of human neutrophils in our studies allows us PSGL-1 glycosulfopeptides bind selectins with high affinities
to screen selectin inhibitors using the naturally occurring (Kp ~ 0.35 to 0.7&M) (35). Also, GlyCAM-1 was shown
valency of selectins and their ligands. While the flow to bind to L-selectin with a dissociation constant of 108
cytometry assays allowed us to compare the relative binding (31). The differences in our observations and those of others
efficacies of our reagents in small volumes, these measure{32) could be due to the absence of tyrosine sulfation and/
ments were a result of multivalent selectin interaction with or the peptide chain in our synthetic molecule. Besides the
their carbohydrate ligand. Therefore, to complement this importance of the peptide chain in ligand recognition, our
measurement strategy, we employed surface plasmon resostudies also indicate that the net charge of the soluble
nance to assay single molecule binding kinetics. molecules may be an important parameter regulating selectin
Oligosaccharide Blocking Efficacystudies investigating  recognition. This property controls the partitioning of the
an oligosaccharide’s blocking ability typically utilize sLe  small molecules between its free state in solution and its
as the standard for quantifying inhibition efficacy. This bound state with ligand.
standard is important for a relative comparison of results Among the molecules we tested, we observed that
between different research groups since the panel of mol-compound3 inhibited L- and P-selectin function, in the 50
ecules tested often differ, as does the experimental strategy«M range, at~30—100-fold lower doses than ske3 is
used to quantify 16 (5). In the current manuscript, we unique since the carbohydrate has no negative charge (no
demonstrate that the functional group at the anomeric positionsialic acid or sulfate group). The exact structural features
can dramatically affect sl¥e binding function. Methyl that contribute to the enhanced binding of this molecule to
glycosides of sL¥& and sLé& were observed to be superior L- and P-selectin, and the possibility that the attachment of
inhibitors of selectin binding compared to sLand sLé. sLe* to the 6-position of GalNAe will further enhance
This observation is supported by other reports which inhibition function, are currently being studied in our
demonstrate that the addition of a hydrophobic unit, such aslaboratory.
an alkyl or lipid chain, can enhance selectin antagonist Affinity and Kinetics for sL€Analogue Binding to Selectin.
function 6, 16, 34. Leppanen et al36) also show that while ~ We quantified the affinity and kinetics of sfeanalogue,
the PSGL-1 sulfopeptide with sKeat the 6-position of = TBC1269, binding to P-selectin using surface plasmon
GalNAc can bind P-selectin, an isomer where’sisdocated resonance. TBC1269 formed multimers in these experiments
on the extended core-1 chain is not active. Our observedas suggested by both surface plasmon resonance and size
difference in blocking ability may be due to several reasons exclusion chromatography measurement. It was, however,
including, but not limited to, the ability of the more difficult to estimate the exact size of these multimers and
hydrophobic methyl group to act as an “anchor” stabilizing their distribution from surface plasmon resonance runs since
the otherwise transiently bound molecule, alterations in the the refractive index incremenir§/aC) of the small molecule
molecular solubility, changes in the 3-dimensional conforma- is unknown, and it may be significantly different from that
tion of the oligosaccharide in solution, or changes in the of proteins 87). While the dimeric nature of TBC1269 and
nature of its complexation with L-selectin. the (CH), alkyl chain that space the functional units (Figure
Our inhibition studies focus on L- and P-selectin since 1) have been shown to contribute to selectin recognitla (
these selectins primarily recognize core-2 based glycansour studies suggest that carbohydrate multimerization may
while E-selectin has been shown to bind N-glycans also. Our also contribute to the measurkd. Multimeric presentation
observation that the glycan of PSGLFL] blocks L- and of inhibitors has been shown to increase molecular inhibition
P-selectin binding function is not surprising given that this ability (5, 38 by promoting molecular rebinding effects.
is its natural ligand. The carbohydrate of GlyCAMZ] is While the exact structural features contributing to multim-
also a prominent ligand for L-selectin. Finally, our observa- erization are yet undetermined, we note that specific interac-
tion that GlyCAM-1 blocks P-selectin function is reasonable tion between L& and L& determinants has been suggested
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in the literature and this feature may contribute to carbohy- P-selectin bindingKp = 111.4+ 15.4uM with Ca&?* and
drate aggregatior8@). Also, another recent report has shown 94.6 + 4.5 uM in the absence of C&) is comparable to
that some small molecules designed to target specific that of L-selectin GlyCAM-1 binding, and it is substantially
enzymes can form aggregates when applieghtconcen- lower than the affinity of P-selectin-PSGL-1 binding. Our
trations, and such aggregation can result in promiscuousestimated.s is >3 s1. We can expect that the tetrasaccha-
inhibition of unrelated enzyme activitie4@. Small-molecule ride sLe& binding to selectin will also display similar rapid
multimerization is typically not accounted for in studies that off rates.
assay selectin-inhibitor function. We now suggest that this  Studies using flow cytometry and surface plasmon reso-
may be an important feature contributing to the measured nance can be used to predict the binding affinities of selectins
ICso values reported in published literature. for sLe¢ and other scarce core-2 based synthetic compounds.
TBC1269 was shown to retard, with nearly equal efficacy, In this context, the 1§ of TBC1269 inhibition of P-selectin
the ability of two function-blocking antibodies to bind binding in the static assays was 0.27 mM, while the apparent
P-selectin. While one of the mAbs is directed against the Ky for small-molecule selectin interaction using surface
lectin domain (clone G1)4(1, 42, the second recognizes plasmon resonance was 2.5-fold lower at 11iMt Based
the lectin-EGF junction region (clone EP5C7A0). One on this, we expect that other molecules listed in Table 1
possible explanation is that TBC1269 sterically inhibits both would also have binding affinities measured using surface
mAbs from binding. Another possibility is that while plasmon resonance that are 2.5-fold lower than thg'dC
TBC1269 sterically inhibits G1 binding, it may allosterically noted in this table. Thus, we expect that Kyefor L-selectin
alter the conformation of the EP5C7 binding site and prevent binding to the carbohydrate portion of GlyCAM-1+€).84—
this antibody from binding the selectin. The later function 1.23 mM. Since this value is 10-fold higher than the
would suggest that subtle conformation changes in the lectinmeasuredKp for L-selectin binding to the GlyCAM-1
domain may propagate to other domains within the protein. glycoprotein (0.108 mM), we suggest that either the protein
Indeed, various studies have suggested that the EGF domaizore of GlyCAM-1 or the presentation of carbohydrates in
can allosterically modulate selectin binding function by clusters on this glycoprotein may contribute to L-selectin
altering selectin ligand binding specificity43, 44 or recognition.
enhancing selectin ligand recognitiofg]. Also, Sommers Overall, our investigation reveals that oligosaccharides
et al. have shown that PSGL-1 binding to P-selectin may designed on the basis of the naturally occurring glycans of
cause a structural change at the hinge region between thepsGL-1 and GlyCAM-1 were not potent selectin inhibitors.
lectin-EGF domains3?). In the same study, skavas shown  compounds, a novel molecule, was identified which blocks
not to cause a structural change in this region. The authorsselectin binding under static and shear conditions at 30
argue that this may be due to steric contacts in the preformed10o-fold lower doses than skeThe mechanism of action
P-selectin crystals3g). of this molecule is currently being investigated. Finally, we
Both calcium-dependent and -independent mechanismsprovide the first direct measurement of the affinity and kinetic
may contribute to sl’®analogue binding to P-selectin. In  jnteractions of selectin interaction with a carbohydrate using
support of the requirement of €a we observed that the  surface plasmon resonance. These measurements demonstrate
Rmax value was significantly higher in the presence ofCa  that an analogue of sKeexhibits low affinity Kp ~111.4
However, at the same time, tih& of TBC1269 binding to ;M) and rapid binding kinetics > 3 st andko, > 27 000
P-selectin was comparable both in the presence and in thgy-1 s1). The studies emphasize the role of molecular

absence of Cd. Although calcium is absolutely required  hydrophobicity and protein core in regulating binding rates
for L- and P-selectin binding to their ligands on neutrophils, in vitro and in vivo.

it does not appear to be necessary for TBC1269 recognition
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