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Characterization of two 
anti-P-selectin monoclonal 
antibodies (mAbs): crizanlizumab 
shows comparable or stronger 
effects versus inclacumab across 
cell adhesion assays in vitro
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Introduction
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SCD, sickle cell disease; VOC, vaso-occlusive crisis

1. Powars DR et al. Medicine (Baltimore) 2005;84:363–76; 2. Shankar SM et al. Am J Hematol 2005;80:262–7; 3. Novartis. ADAKVEO® prescribing information, 2021. Available at: 

https://www.accessdata.fda.gov/drugsatfda_docs/label/2021/761128s001lbl.pdf Accessed October 2021; 4. Geng X et al. Blood 2020;136(suppl 1):10–11 

VOCs are the hallmark 

of SCD and are 

associated with 

significant morbidity 

and mortality1,2

Crizanlizumab is a 

first-in-class 

humanized 

anti-P-selectin IgG2 

mAb, and is 

authorized in 

>40 countries to 

reduce/prevent VOCs 

in SCD patients aged 

≥16 years3

Inclacumab is a fully 

human anti-P-selectin 

IgG4 mAb, and is 

currently being 

investigated in clinical 

trials for SCD 

(NCT04935879 and 

NCT04927247)

Prior in vitro data 

suggest that 

inclacumab may show 

stronger affinity to 

P-selectin and greater 

maximal inhibition of 

cell–cell interactions 

versus crizanlizumab4

We compared crizanlizumab and inclacumab in blinded experiments using five different in vitro assays, 

to assess whether they could be differentiated in terms of P-selectin binding affinity and 

ability to inhibit P-selectin-mediated cell–cell interactions

https://www.accessdata.fda.gov/drugsatfda_docs/label/2021/761128s001lbl.pdf
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Methods 

4
PLA, platelet–leukocyte aggregate; PSGL-1, P-selectin glycoprotein ligand-1; SPR, surface plasmon resonance; WBA, whole blood impedance aggregometry

Properties of crizanlizumab versus inclacumab were evaluated using five in vitro assays in a blinded fashion

3 4 521

SPR/Biacore assay Cell adhesion bioassay WBA assay PLA assay Microfluidic flow 

adhesion bioassay

Assesses P-selectin 

binding affinity 

Assesses inhibition of 

adhesion of 

P-selectin-expressing cells 

to PSGL-1

Assesses inhibition of 

platelet aggregation in 

native blood

Assesses inhibition of 

platelet–leukocyte aggregation 

in native blood

10 healthy 

volunteers

Three patients 

with SCD

Assesses inhibition of 

adhesion of whole blood 

cells or isolated leukocytes 

to P-selectin-coated 

microchannels under 

physiologically 

relevant shear rates

10 patients 

with SCD

In the supplementary slides, accessible via the QR code, are:

• Details about each assay (Supplementary Figures S1‒S5)

• Details of the SCD patients who donated blood for the PLA 

and microfluidic flow adhesion bioassays 

(Supplementary Tables S1‒S2)
12 healthy 

volunteers
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Results
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P-selectin binding affinity 

(SPR/Biacore assay)

• Both mAbs recognized P-selectin 
with binding affinities of the same 
order of magnitude (nM range)

– There was a clear trend toward 
higher binding affinity with 
inclacumab

– The state of equilibrium was 
reached more quickly and ended 
more quickly with crizanlizumab

• Additional factors will influence 
target binding in vivo, such as mAb
subclass (eg IgG2 [crizanlizumab] 
vs IgG4 [inclacumab]), hence 
relative responses for the two mAbs
were not directly compared

*Average kinetic parameters calculated from four measurements (two independent experiments) are shown 

ka, association constant; kd, dissociation constant; KD, equilibrium dissociation constant (KD = kd/ka); nM, nanomolar; RU, response units; s, seconds; SD, standard deviation

Figure 1. P-selectin binding affinities and kinetics for crizanlizumab and inclacumab

Sample ka ± SD* (105 M-1s-1) kd ± SD* (10-3 s-1) KD ± SD* (nM)

Crizanlizumab 10.7 ± 1.1 13.2 ± 0.3 12.4 ± 1.0

Inclacumab 4.7 ± 0.3 3.1 ± 0.1 6.7 ± 0.7
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Results
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Inhibition of adhesion of P-selectin-expressing cells to PSGL-1 (cell adhesion bioassay)

• In a function-related bioassay, crizanlizumab demonstrated significantly stronger inhibition of adhesion of fluorescently 

labeled P-selectin-expressing cells to PSGL-1, versus inclacumab

CI, confidence interval

Figure 2. Inhibition of adhesion of fluorescently labeled P-selectin-expressing cells to PSGL-1 by crizanlizumab and inclacumab, 

relative to a crizanlizumab reference standard

Potency of each 

mAb versus a 

crizanlizumab 

reference standard 

was:

Crizanlizumab: 

98.0% (95% CI 

85.2‒112.7%)

Inclacumab: 

26.2% (95% CI 

20.7%‒32.6%)
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Results
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Inhibition of platelet aggregation 

(WBA assay)

• Blocking of platelet aggregation in 

native whole blood from healthy 

volunteers was comparable for 

crizanlizumab and inclacumab

– There was a clear trend 

toward stronger inhibition 

by crizanlizumab

• IC50 was approximately twice as 

high with inclacumab (10.36 μg/mL) 

than crizanlizumab (5.11 μg/mL)

One-way ANOVA versus vehicle control: *P≤0.05; **P≤0.01; ***P≤0.001; ****P≤0.0001. Error bars show the SD

ANOVA, analysis of variance; IC50, concentration required to achieve 50% of the maximum inhibitory effect; PBS, phosphate-buffered saline; TRAP-6, thrombin receptor-activating peptide type 6

Figure 3. Inhibition of TRAP-6-induced platelet aggregation with crizanlizumab 

and inclacumab in native blood from healthy volunteers
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Results
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Inhibition of platelet‒leukocyte aggregation (PLA assay)

• In native whole blood from healthy volunteers, blocking of platelet‒leukocyte aggregation was comparable for crizanlizumab and inclacumab, 

with a clear trend toward stronger inhibition by crizanlizumab. IC50 was higher with inclacumab versus crizanlizumab (4.11 versus 2.81 μg/mL)

• In native whole blood from SCD patients, blocking of platelet‒leukocyte aggregation was comparable for crizanlizumab and inclacumab, with 

stronger inhibition by crizanlizumab at the lowest concentrations tested

Paired Student’s T-test for healthy volunteer samples versus TRAP-only condition (vehicle): *P≤0.05; **P≤0.01; ***P≤0.001; ****P≤0.0001 

Figure 4. Inhibition of TRAP-6-induced platelet‒leukocyte aggregation with crizanlizumab and inclacumab in native blood from healthy volunteers 

and SCD patients 
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Results
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Inhibition of microfluidic flow adhesion 

of whole blood cells and isolated 

leukocytes to P-selectin and VCAM-1 

(microfluidic flow adhesion bioassay)

• For crizanlizumab and inclacumab, 

dose-dependent inhibition of adhesion of 

isolated leukocytes (and whole blood cells, 

see Supplementary Figure S6, accessible 

via the QR code) from SCD patients to 

P-selectin was observed, with no significant 

difference between the two mAbs

• A mAb concentration of 10 μg/mL resulted in 

statistically significant inhibition of adhesion 

by ~60%; further increasing the mAb

concentration did not result in stronger 

inhibition of adhesion beyond this threshold

• Whole blood cell adhesion assay with 

VCAM-1 (control) showed no decrease in 

adhesion with either mAb (Supplementary 

Figure S7)

Relative fold change in AI from baseline was calculated from the average and SD for each concentration tested between all 10 patients. Baseline adhesion = baseline leukocyte 

adhesion on P-selectin across the 10 patients. Shear stress used was 1 dyne/cm2 with a pulsatility of 1.67 Hz

AI, adhesion index; Cmax, maximum plasma concentration; Ctrough, trough plasma concentration; VCAM-1, vascular cell adhesion molecule 1 

Figure 5. Relative fold change from baseline in microfluidic flow 

adhesion of isolated leukocytes (from 10 patients with SCD) 
to P-selectin, with crizanlizumab and inclacumab

In relation to the clinically approved crizanlizumab dose (5.0 mg/kg), 

a concentration of 100 μg/mL corresponds with Cmax and 

~10‒15 μg/mL corresponds with Ctrough
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Using blood samples from patients 

with SCD, crizanlizumab and 

inclacumab demonstrated comparable 

blocking of platelet‒leukocyte 

aggregation in the PLA assay, and 

comparable blockage of adhesion of 

leukocytes/whole blood to P-selectin in 

the microfluidic flow adhesion 

bioassays

Ultimately, clinical data are needed 

to assess potential differences in 

the efficacy of crizanlizumab 

and inclacumab as treatments 

for patients living with SCD

These in vitro data indicate comparable 

or stronger blockage of cell adhesion

by crizanlizumab versus inclacumab, 

which does not correlate with the 

stronger P-selectin binding affinity

determined for inclacumab

While the SPR/Biacore data suggest 

that inclacumab has higher P-selectin 

binding affinity than crizanlizumab, 

there was a stronger inhibition of 

P-selectin-mediated cell adhesion 

with crizanlizumab versus inclacumab

in the cell adhesion bioassay and in 

the healthy volunteer WBA/PLA 

assays

1 2

3 4
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