
Method

We used five different in vitro assays:

1. Surface plasmon resonance (SPR) assay
2. Cell adhesion bioassay
3. Whole blood impedance aggregometry (WBA) assay*
4. Flow cytometry-based platelet–leukocyte aggregate (PLA) assay†

5. Microfluidic flow adhesion bioassay‡

*This used blood samples from healthy volunteers only
†This used blood samples from both healthy volunteers and SCD patients 
‡This only used blood samples from SCD patients
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Crizanlizumab and inclacumab demonstrated
comparable levels of dose-dependent inhibition of adhesion 

of whole blood cells and isolated leukocytes to P-selectin

The microfluidic flow adhesion bioassay can be used to measure inhibition of adhesion 
of whole blood cells or isolated leukocytes to P-selectin-coated microchannels, 
under physiologically relevant flow conditions. We conducted this assay using 
blood samples from 10 patients with SCD

Either whole blood cells or isolated leukocytes flow through a microfluidic chamber 
lined with P-selectin. The number of P-selectin-adhered cells, or adhesive index (AI), 
is then calculated. Comparing the AI with and without anti-P-selectin mAb provides 
information about the potency of the mAb in terms of inhibiting P-selectin-mediated 
adherence

What did our microfluidic flow adhesion 
bioassay measure and how did it work?

Under physiologically relevant �ow conditions, 
crizanlizumab and inclacumab demonstrated comparable 
levels of inhibition of adhesion of both whole blood cells 
and isolated leukocytes to P-selectin

Characterization of two anti-P-selectin 
monoclonal antibodies (mAbs):

crizanlizumab shows comparable or 
stronger effects versus inclacumab 
across cell adhesion assays in vitro

This plain language summary is associated with Poster 2032 presented 
at the 63rd Annual Meeting and Exposition of the American Society 

of Hematology (ASH), taking place on 11–14 December 2021

The information in this summary is also published in an abstract in the 
scienti�c journal Blood (Abstract number 2032),1 which can be accessed here

We assessed P-selectin binding affinity using a surface plasmon resonance 
(SPR) assay and found that while a numerically higher P-selectin binding affinity 
was observed for inclacumab compared with crizanlizumab, the difference 
was modest 

However, in a function-related bioassay, our data reported a stronger inhibition   
of P-selectin-mediated cell adhesion for crizanlizumab compared with 
inclacumab. Similarly, crizanlizumab showed comparable or stronger inhibition 
of platelet  and platelet–leukocyte aggregation compared with inclacumab in 
two other in vitro assays

Finally, we used a microfluidic flow adhesion bioassay, which was designed to 
assess the inhibition of adhesion between whole blood cells or isolated 
leukocytes (from patients with sickle cell disease [SCD]) and P-selectin. 
Inhibition of adhesion was comparable for crizanlizumab and inclacumab

In summary, these data from blinded experiments indicate that comparable or 
stronger blockage of cell adhesion with crizanlizumab compared with 
inclacumab does not require superior P-selectin binding affinity

Ultimately, clinical data are required to evaluate potential differences in the 
profiles and efficacy of crizanlizumab and inclacumab as treatments for 
patients with SCD

WHAT WERE THE MAIN CONCLUSIONS?

Mammalian antibodies (see below) can be 
divided into different classes, or isotypes, 
depending on the type of heavy and light 
chains they contain. There are five 
different heavy chain isotypes (IgA, IgD, 
IgE, IgG and IgM). The IgG class can be 
further divided into four subclasses 
(IgG1–4) based on the structure of their 
hinge region and their ability to activate 
the immune system. In contrast, there are 
only two different light chain isotypes 
that exist in mammals: κ and λ

What is a mAb 
isotype??

Crizanlizumab and inclacumab: 
two anti-P-selectin mAbs

Crizanlizumab and inclacumab recognize 
P-selectin with similar binding af�nities

Experiments that are performed outside a living organism (eg in test tubes) are 
referred to as in vitro. Experiments that are performed within a living organism are 
referred to as in vivo, whereas ex vivo refers to experiments that occur on part of an 
organism but outside its normal environment (eg many gene therapies use an ex vivo 
approach to modify patients’ cells outside the body)

What are in vitro assays??

When certain information is withheld from the experimenters, the experiments 
are referred to as blinded. In these experiments, the identity of the two mAbs was 
withheld during the experiments so that the experimenters did not know which 
samples were crizanlizumab and which were inclacumab until after the experiments 
had been performed and the data analyzed. By using blinded experiments, 
the potential for experimental bias is reduced

What are blinded experiments??

An equilibrium dissociation constant (KD) reports how strongly one molecule interacts 
with another. This is known as a molecule’s binding affinity. The lower the KD value, 
the stronger the binding affinity

What is binding af�nity and what is an equilibrium dissociation 
constant (KD)??

ka is the rate of association ie how long it 
takes for two molecules to bind together

kd is the rate of dissociation ie how long it takes 
for the interaction between two molecules to end𝑲𝑫=𝒌𝒅

𝒌𝒂

Vaso-occlusive crises (VOCs) are acutely painful episodes that can occur 
anywhere within the vasculature of the body and are the hallmark of SCD. 
VOCs are associated with significant morbidity and mortality 

P-selectin plays a key role in VOCs     
(see box). mAbs that inhibit P-selectin 
(ie crizanlizumab and inclacumab)   
by preventing it from interacting with its 
ligands, including P-selectin glycoprotein 
ligand-1 (PSGL-1), have great 
therapeutic potential for patients   
with SCD

The role of P-selectin in SCD
P-selectin

(adhesion molecule)

Expressed on surface of activated platelets and endothelial cells

Promotes the formation of multicellular aggregates

Leads to the blockage of the vasculature, or vaso-occlusion

Can result in severely painful VOC

Crizanlizumab Inclacumab

Question

How comparable are crizanlizumab and inclacumab in terms of 
their ability to bind to P-selectin and inhibit P-selectin-mediated 
cell–cell interactions? 

Aim

To use blinded experiments to identify whether crizanlizumab and 
inclacumab can be differentiated in terms of P-selectin binding and 
inhibition of P-selectin mediated cell–cell interactions

SUMMARY

While inclacumab seemed to bind to 
P-selectin with higher affinity than 
crizanlizumab, crizanlizumab 
demonstrated comparable or stronger 
inhibition of P-selectin-mediated cell 
adhesion versus inclacumab in multiple 
function-related in vitro assays

SPR assay
P-selectin binding affinity

INHIBITION (vs crizanlizumab reference standard)

Cell adhesion bioassay
Inhibition of P-selectin-mediated 
cell adhesion*

WBA assay†

Inhibition of platelet aggregation

Microfluidic flow adhesion 
bioassay
Inhibition of P-selectin-mediated 
leukocyte adhesion

PLA assay‡ 
Inhibition of platelet–leukocyte 
aggregation

INCLACUMABCRIZANLIZUMAB

KD = 12.4 nM

98%*

IC50 = 
5.11 μg/mL†

IC50 = 
2.81 μg/mL‡ 

~60%
(with 10 μg/mL of mAb)

KD = 6.7 nM

26%*

IC50 = 
10.36 μg/mL†

IC50 = 
4.11 μg/mL‡

~60%
(with 10 μg/mL of mAb)

*Compared with a crizanlizumab reference sample
†Data from healthy volunteer blood samples only
‡The reported IC50 values are for healthy volunteer blood samples. Inhibition was comparable for crizanlizumab 
and inclacumab using blood samples from three SCD patients

Surface plasmon resonance, or SPR, uses light to determine the binding 
affinity of one immobilized molecule for another free-flowing molecule

What is SPR and how does it work?

The addition of an 
anti-P-selectin mAb blocks 

the P-selectin-mediated 
platelet aggregation. 

This results in a reduction 
in impedance

3

The impedance between 
two electrodes immersed 
in pre-incubated whole 

blood is monitored

1

Our cell adhesion bioassay was used to measure the extent to which a 
mAb inhibits adhesion of P-selectin-expressing cells to PSGL-1

Our WBA assay was used to measure the extent to which a mAb inhibits 
the aggregation of activated platelets. We used blood samples from 

12 healthy volunteers

Crizanlizumab showed significantly stronger inhibition 
of P-selectin-mediated cell adhesion than inclacumab 

The wells of a plate are coated with PSGL-11

Inhibition of P-selectin-mediated cell 
adhesion is signi�cantly stronger with 
crizanlizumab than inclacumab 

What did our WBA assay measure and how did it work?

What did our cell adhesion bioassay 
measure and how did it work?

Blocking of platelet and platelet–leukocyte 
aggregation is similar with crizanlizumab and 
inclacumab, with a trend in healthy volunteer blood 
samples towards stronger inhibition by crizanlizumab

What did our PLA assay measure and how did it work?

Our PLA assay was used to measure the extent to which a mAb 
inhibits the aggregation of activated platelets with leukocytes. 

We used blood samples from 10 healthy volunteers 

98%

26%

CRIZANLIZUMAB

INCLACUMAB

*Approved to reduce/prevent VOCs in SCD patients aged ≥16 years

Humanized mAbs are produced using 
mouse-derived protein sequences that 
have been altered to better resemble the 
corresponding human protein sequence. 
Fully human mAbs do not contain any 
mouse-derived protein sequences and 
instead are produced exclusively from 
human-derived protein sequences

What are mAbs and how 
do ‘humanized’ and ‘fully 
human’ mAbs differ?

?

Depending on how many different parent 
immune cells are involved in antibody 
production, antibodies can be described as 
polyclonal or monoclonal:

polyclonal 
(multiple different parent cells)

Polyclonal antibodies recognize different binding sites 
(or epitopes) on the same target

monoclonal 
(multiple clones of the same parent cell)

Monoclonal antibodies recognize the same epitope 

Mammalian antibodies (see structure 
below) can be divided into different 
classes, or isotypes, depending on the 
type of heavy and light chains they 
contain. There are five different heavy 
chain isotypes (IgA, IgD, IgE, IgG and 
IgM). The IgG class can be further divided 
into four subclasses (IgG1–4) based on 
the structure of their hinge region and 
their ability to activate the immune 
system. In contrast, there are only two 
different light chain isotypes that exist 
in mammals: κ and λ

What is a mAb 
isotype??
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A mAb concentration of 10 μg/mL was able to inhibit 
adhesion of isolated leukocytes by ~60%. There was no 
difference in potency seen between crizanlizumab and 
inclacumab. Concentrations above 10 μg/mL did not result 
in stronger inhibition by either mAb

Time

ka kd

INCLACUMAB

P-SELECTIN

KD = 6.7 nMKD = 12.4 nM

P-SELECTIN

CRIZANLIZUMAB

The first molecule 
of interest is 

immobilized on a 
sensor chip

1

The second molecule 
of interest flows 

across the prepared 
sensor chip

2

A binding event results 
in a modification of the 

surface resonance, which 
in turn changes the angle 

of the reflected light

3

The changes in the 
light’s refractive 

angle are then used 
to calculate binding 

affinity (KD)

4

The IC50 for inhibiting platelet aggregation was approximately 
twice as high with inclacumab as crizanlizumab

Crizanlizumab IC50 (μg/mL)
Healthy volunteers: 5.11

Inclacumab IC50 (μg/mL)
Healthy volunteers: 10.36

3 The addition of an anti-P-selectin mAb 
inhibits the binding of the cells to PSGL-1

After being spun at high speed, cells that are 
not bound to PSGL-1 collect at the bottom of 
the well. The fluorescence intensity from the 
collected cells is measured

5 The stronger the inhibition of 
P-selectin-mediated adhesion with 
the mAb, the more cells collect at 
the bottom of the well and the higher 
the fluorescence signal

PSGL-1 PS
GL-1 V-well 

plate

Cells and 
mAb

2 Fluorescently labeled cells expressing 
P-selectin on their cell membrane are 
added, and they bind to PSGL-1

Cells

Without mAb

Low signal

High signal

With mAb

Microfluidic chamber

P -selectin
Sample in Sample out

A platelet activator is added to whole 
blood that has been pre-incubated with 

anti-P-selectin mAb. This induces 
platelet–leukocyte aggregation

1
Antibodies that 

detect platelet- and 
leukocyte-specific 
antigens are added 

2
Flow cytometry 
is performed to 
detect PLAs

3

The activation of platelets 
causes them to aggregate. 
Platelet aggregates on and 

between the electrodes result 
in an increase in impedance 

2

+ platelet 
activator

+ platelet- and 
leukocyte-specific antibodies

Analyzed using 
flow cytometry
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WHAT DID WE AIM TO ACHIEVE AND HOW?

Impedance describes the level of 
opposition that exists to a change in 
electrical current or voltage. The higher 
the impedance, the larger the opposition 
to any change in current or voltage

What is impedance??
The IC50 is the concentration of a 
substance required to inhibit a biological 
process by 50%. The lower the IC50, 
the more potent the substance, because 
a lower concentration is required for 
inhibition to occur

What is the half maximal 
inhibitory concentration (IC50)??

Flow cytometry is a technique used to measure various properties of cells as they 
flow past a laser beam. Different cells scatter the laser beam in different 
characteristic ways. Often, cells are labeled with fluorescently labeled antibodies 
so that certain antigens on the cell surface can be detected

What is �ow cytometry??
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+ platelet 
activator

Electrode

Platelet
Activated
platelet

Whole blood 
pre-incubated 

with control

Whole blood 
pre-incubated with 

anti-P-selectin mAb

Crizanlizumab and inclacumab both have P-selectin binding 
affinities in the nanomolar range, with a trend towards higher 

binding affinity with inclacumab

Activated 
Platelet

PLAPlatelet
 activator

The IC50 values for inhibiting platelet–leukocyte aggregation 
were comparable for inclacumab and crizanlizumab

Crizanlizumab IC50 (μg/mL)
Healthy volunteers: 2.81

Inclacumab IC50 (μg/mL)
Healthy volunteers: 4.11

Inhibition of platelet–leukocyte aggregation was also comparable 
for inclacumab and crizanlizumab when this assay was conducted 

using blood samples from the three SCD patients


