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Direct oral anticoagulants (DOACs) are indicated for
thromboembolism prevention and treatment1. Dabigatran is a
thrombin inhibitor while apixaban, betrixaban, edoxaban and
rivaroxaban are factor Xa (FXa) inhibitors2. Novel clinical research
tools are required to better understand the mechanisms of action
of this new generation of therapeutical molecules.
The challenge was to generate high specificity and affinity
monoclonal antibodies (MAbs) against a non-immunogen hapten
such as the apixaban molecule.

Introduction

Our work provides evidence that these new MAbs:

 are the first MAbs able to recognize the apixaban with a high
specificity (no cross-reactivity with other FXa inhibitors) and
high affinity (10-6M<KD<10-9M).

 are able to neutralize the in vitro apixaban anticoagulant
effect on FXa activity and on thrombin generation assays in
apixaban spiked plasma and in plasma from EliquisTM treated
patients.

 could be applied to diagnostic procedure and to develop
therapeutic recombinant antibody as potential antidote.

Conclusions

Results

1. Generation of mouse MAbs 2. Characterization study

Material and Methods

MAbs were specific for apixaban, and presented no cross-
reactivity with betrixaban, edoxaban or rivaroxaban. 

1. Mice were immunized with bioconjugated-apixaban to carrier protein 1. Eighteen weeks after immunization spleen cells from mice presenting
with the highest specific serum titers were isolated for fusion with murine myeloma cells.

2. Specific binding of purified MAbs to apixaban were analyzed in a competition ELISA where antibodies were pre-incubated with apixaban,
betrixaban, edoxaban or rivaroxaban respectively before being added to apixaban-carrier protein 2 immobilized on 96 wells plate.

3. Isotypes and affinity were also determined, respectively by ELISA and by surface plasmon resonance (SPR) by using a kinetic analysis with a
concentration series on a Biacore® 3000.

4. FXa activity (STA®-Liquid FXa Stago) and Thrombin Generation (Stago & Synapse BV) were performed in the presence and in the absence of the
selected MAbs on human citrated plasmas (PPP) spiked with apixaban (concentration at IC50) or on EliquisTM treated patient plasmas.

Hybridomas obtained, after fusion of spleen cells with murine myeloma, were screened for 
their ability to recognize apixaban: 32 clones were obtained of which 9 were characterized. 
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3. Neutralizing ability of anti-apixaban MAbs

Apixaban coupled to a 
carrier protein 2

Signal/ DO

6/9 clones anti-apixaban MAbs were able in vitro to neutralize the anticoagulant effect of the apixaban in different coagulation tests (FXa
activity and thrombin generation) in a MAb / apixaban molecular ratio range between 1:1 and 2:1.

Curves of FXa activity or thrombin generation obtained for the clone 
9D9/C4/E12 anti-apixaban MAb in PPP samples spiked with apixaban at a final 

concentration of 100 ng/mL (IC50)
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Sensogram obtained for clone 
9D9/C4/E12 anti-apixaban MAb
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4. Summary table of selected clones

FXa activity

Plasma/Apixaban + Mab ratio 1 : 1

a Stago Group Company
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KD (M) KA (M-1) Ratio MAb/Apixaban

9D9/C4/E12 2.0 10-8 5.0 107 54.7 IgG1 k 1:1 1:1

3C1/D9 1.4 10-7 6.9 106 69.6 IgG1 k 1:1 1:1

8C9/A5 2.0 10-9 5.0 108 78.0 IgG1 k 1:1 1 to 2:1

3C1/A12 2.7 10-7 3.8 106 38.0 IgG1 k 1:1 1 to 2:1

9D9/F2 7.9 10-7 5.0 106 35.1 IgG1 k 1:1 1:1

9D9/G2 8.2 10-8 1.2 107 33.1 IgG1 k 1:1 1:1


