
The Effect of the Soluble Erythropoietin Receptor on EPO ELISA and ECL Assays 
for Antibody Screening and Blood Level Determinations

BACKGROUND
The biological effects of erythropoietin (EPO), a glycoprotein hormone and a cytokine 
for the erythrocyte precursors in the bone marrow, are mediated by the soluble human 
erythropoietin receptor (EPOsR)1. The in vitro behavior of EPOsR has been studied using 
ligand-binding models and in vivo studies were conducted to determine the biological 
action of EPOsR. A ligand-binding study 2���Z�O�V�^�L�K���[�O�L���Z�W�L�J�P�Ä�J�P�[�`���V�M���,�7�6�Z�9���M�V�Y���,�7�6�����0�U���H�U�� 
in vivo���Ä�I�Y�P�U���P�U�K�\�J�L�K���^�V�\�U�K���O�L�H�S�P�U�N���T�V�K�L�S�����[�O�L���L�M�M�L�J�[�Z���V�M���,�7�6���^�L�Y�L���[�L�Z�[�L�K���P�U���[�O�L���W�Y�L�Z�L�U�J�L��
of EPOsR and monoclonal antibodies (MAbs) to EPO3. The study showed that the EPOsR 
and the MAbs blocked the physiological effect of EPO in this wound-healing model. Another 
study4 showed that EPOsR increased upon exposure to EPO therapy and diminished once 
the EPO therapy was stopped. The results from these studies demonstrate the active role 
that EPOsR plays in vivo and suggest that EPOsR may have the potential to interact during 
EPO therapy and also interfere in analytical methods that are based on ligand binding. The 
possible interference from EPOsR in anti-EPO antibody screening assays was evaluated 
�\�Z�P�U�N���T�L�Z�V�Z�J�H�S�L���[�L�J�O�U�V�S�V�N�`�����4�:�+�������;�O�L���P�U�Å�\�L�U�J�L���V�M���,�7�6�Z�9���^�H�Z���H�S�Z�V���[�L�Z�[�L�K���P�U���[�O�L���9�
�+��
�:�`�Z�[�L�T�Z���8�\�H�U�[�P�R�P�U�L���,�3�0�:�(���M�V�Y���[�O�L���K�L�[�L�Y�T�P�U�H�[�P�V�U���V�M���,�7�6���P�U���O�\�T�H�U���Z�L�Y�\�T��
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Figure 1. Bridging Assay Procedure
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�‹���;�O�L���Z�H�T�W�S�L���P�Z���W�Y�L���P�U�J�\�I�H�[�L�K���^�P�[�O���[�O�L���I�P�V�[�P�U�`�S�H�[�L�K���H�U�K���Z�\�S�M�V���[�H�N�N�L�K�� 
   rhEPO to enable any anti-rhEPO antibodies to bind to the tagged  
   rhEPO reagents
�‹���(�M�[�L�Y���[�O�L���W�Y�L���P�U�J�\�I�H�[�P�V�U���[�O�L���Z�H�T�W�S�L�Z���H�Y�L���[�Y�H�U�Z�M�L�Y�Y�L�K���[�V���[�O�L�� 
   MSD streptavidin plates
�‹���;�O�L���Z�[�Y�L�W�[�H�]�P�K�P�U���J�H�W�[�\�Y�L�Z���[�O�L���I�P�V�[�P�U�`�S�H�[�L�K���K�Y�\�N���I�V�\�U�K���[�V���H�U�`�� 
   anti-rhEPO antibodies that may be present in the samples
�‹���;�O�L���Z�\�S�M�V���[�H�N�N�L�K���Y�O�,�7�6���L�U�H�I�S�L�Z���[�O�L���K�L�[�L�J�[�P�V�U���V�M���[�O�L���H�U�[�P�I�V�K�`�� 
   bound to the biotinylated rhEPO and the streptavidin on the plate

�‹���:�[�H�U�K�H�Y�K���4�:�+���W�S�H�[�L�Z���H�Y�L���J�V�H�[�L�K���^�P�[�O���������\�N���T�3���Y�O�,�7�6���P�U�� 
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   diluted in assay buffer
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Figure 2. Direct Assay Procedure
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ABSTRACT 
Purpose: This study was conducted to determine potential 
interference by soluble erythropoietin receptor (EPOsR) in ( i ) ECL 
assays used to screen for anti-erythropoietin antibodies and ( ii ) ELISA  
assays used for evaluation of serum levels of recombinant human 
erythropoietin (rhEPO) in pharmacokinetic experiments.

Methods: Mesoscale technology was used to develop a double 
antigen bridging assay and a direct antibody screening assay for a 
recombinant human erythropoietin therapeutic drug. Two commercially 
available antibodies were used to provide an assessment of how the 
EPOsR may in�uence antibody results: a mouse monoclonal IgG anti-
rhEPO which recognizes a single epitope on the EPO polypeptide 
and a neutralizing rabbit polyclonal antibody, which contains multiple 
populations of anti-drug antibodies and models antibodies found in 
preclinical and clinical study samples.

To determine the effect of EPOsR on an ELISA method for the 
quantitation of rhEPO in human serum, we adapted the R&D Systems 
EPO ELISA kit using calibration curves from rhEPO spiked into human 
serum pools. The analytical recovery of rhEPO was determined in the 
presence and absence of EPOsR.

Results: The results of this study showed that in a double-antigen 
bridging format the EPOsR can mimic anti EPO antibody, increasing 
the response in antibody screening assays (~50%) whereas, in a direct 
assay format, there was minimal effect (~15%) of the EPOsR upon the 
polyclonal antibody controls. 

The addition of EPOsR (5 ug/mL) to rhEPO spiked human serum 
interferes with the determination of rhEPO, yielding an under recovery 
(~50%) in ELISA format. The EPOsR spiked into human serum 
diminishes background of native human EPO (hEPO) values (~50%).  

Conclusions: The added EPOsR diminishes EPO recovery, probably 
due to competitive binding for rhEPO or hEPO. These data are 
consistent with our �ndings using the MSD antibody screening 
formats where the EPOsR was mimicking an anti EPO antibody.
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Quantitative Assay for the Determination of rhEPO in Human Serum
�;�O�L���9�
�+���:�`�Z�[�L�T�Z���8�\�H�U�[�P�R�P�U�L���0�=�+����In Vitro���+�P�H�N�U�V�Z�[�P�J���,�Y�`�[�O�Y�V�W�V�P�L�[�P�U���,�3�0�:�(�����J�H�[�H�S�V�N���U�V�����+�,�7��������
�Y�L�H�N�L�U�[�Z���^�L�Y�L���\�Z�L�K���^�P�[�O���Y�O�,�7�6���H�Z���[�O�L���Z�[�H�U�K�H�Y�K���H�U�K���J�V�U�[�Y�V�S�Z���^�L�Y�L���W�Y�L�W�H�Y�L�K���H�[���[�^�V���8�*���S�L�]�L�S�Z���V�M��
�Y�O�,�7�6���H�S�V�U�N���^�P�[�O���I�S�H�U�R���W�V�V�S�L�K���Z�L�Y�\�T�����;�O�L���[�H�Y�N�L�[���J�V�U�J�L�U�[�Y�H�[�P�V�U���M�V�Y���[�O�L���8�*���Z�H�T�W�S�L�Z���P�U�J�S�\�K�L�K���[�O�L��
�I�H�J�R�N�Y�V�\�U�K���S�L�]�L�S�Z���V�M���[�O�L���O�\�T�H�U���Z�L�Y�\�T���W�V�V�S�������������W�N���T�3�����W�S�\�Z���������W�N���T�3�����H�J�[�\�H�S���J�V�U�J�L�U�[�Y�H�[�P�V�U���V�M��
���������W�N���T�3�����V�Y�����������W�N���T�3�����H�J�[�\�H�S���J�V�U�J�L�U�[�Y�H�[�P�V�U���V�M��� �������W�N���T�3�����M�V�Y���[�O�L���H�K�K�P�[�P�V�U���V�M���S�V�^���H�U�K���O�P�N�O��
rhEPO levels respectively. The standard curves were prepared in specimen diluent provided by  
�[�O�L���R�P�[���\�Z�P�U�N���H���Y�H�U�N�L���M�Y�V�T�������������������������W�N���T�3�����;�O�P�Z���P�Z���H���K�V�\�I�S�L���H�U�[�P�I�V�K�`���Z�H�U�K�^�P�J�O���M�V�Y�T�H�[���\�Z�P�U�N�� 
a monoclonal capture antibody and a rabbit polyclonal horseradish peroxidase conjugate  
for detection.

�,�7�6�Z�9���^�H�Z���[�P�[�Y�H�[�L�K���P�U�[�V���Y�O�,�7�6���O�P�N�O����� �������W�N���T�3�����H�U�K���S�V�^�����������������W�N���T�3�����J�V�U�[�Y�V�S�Z�����;�O�L���,�7�6�Z�9��
�^�H�Z���Z�W�P�R�L�K���H�[����������������������������������������������������� �������H�U�K��� �������U�N���T�3���P�U�[�V���L�H�J�O���V�M���[�O�L���O�P�N�O���H�U�K���S�V�^���J�V�U�[�Y�V�S�Z����
�;�O�L���,�7�6�Z�9���Z�W�P�R�L�K���J�V�U�[�Y�V�S�Z���^�L�Y�L���P�U�J�\�I�H�[�L�K���H�[���9�;�����e�������T�P�U�����I�L�M�V�Y�L���[�L�Z�[�P�U�N�������9�L�J�V�T�I�P�U�H�U�[���O�\�T�H�U��
erythropoietin soluble receptor (EPOsR) was obtained from Sigma.

RESULTS

EPOsR 
added 

(ng/mL)

rhEPO Concentration  
(pg/ml)

Low Control in 
Human Serum

Low Control 
with EPOsR

%  
Difference

High Control in 
Human Serum

High Control 
with EPOsR

%  
Difference

5000 *316.4 ���������� �������� **986.3 434.5 ������� 

1250 ��������� 44.1 618.1 ��������

314 223.1 ��� ���� 788.2 ��������

78.0 ���������� ��� ���� 828.2 ��������

19.5 ���������� 22.4 872.8 ��������

9.8 ���������� 12.1 889.9 � ����

Pooled Human Serum unspiked baseline = 210 pg/mL rhEPO
* Target 285 pg/mL rhEPO (baseline plus 75 pg/mL rhEPO Spike)
** Target 960 pg/mL rhEPO (baseline plus 750 pg/mL rhEPO Spike)

Effect of EPOsR upon rhEPO Spiked into Human Serum
Table 1.
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Figure 3. 

The addition of EPOsR to rhEPO-spiked human serum interferes with the determination of rhEPO.  
The EPOsR diminishes the recovery, and it appears that the EPOsR may be binding rhEPO. These 
�K�H�[�H���H�Y�L���J�V�U�Z�P�Z�[�L�U�[���^�P�[�O���V�\�Y���Ä�U�K�P�U�N�Z���\�Z�P�U�N���[�O�L���4�:�+���H�U�[�P�I�V�K�`���Z�J�Y�L�L�U�P�U�N���M�V�Y�T�H�[�Z���^�O�L�Y�L���[�O�L���,�7�6�Z�9��
was mimicking an anti-EPO antibody.

�6�]�L�Y�H�S�S�����[�O�L�Y�L���^�H�Z���U�V�[���T�\�J�O���L�M�M�L�J�[���\�W�V�U���[�O�L���O�P�N�O���W�V�S�`�J�S�V�U�H�S���J�V�U�[�Y�V�S�Z�����^�O�P�J�O���^�H�Z���e���������P�U�J�Y�L�H�Z�L���� 
�;�O�L���S�V�^���W�V�S�`�J�S�V�U�H�S���J�V�U�[�Y�V�S�Z���Z�O�V�^�L�K���H���T�H�_�P�T�\�T���P�U�J�Y�L�H�Z�L���V�M���e�����������^�P�[�O���,�7�6�Z�9���S�L�]�L�S�Z���V�M�������������›�N���T�3��
or greater as shown in Figure 4. Similar observations occurred for the monoclonal control.
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Figure 4. 
EPO Direct Format: Effect of EPOsR upon Polyclonal and Monoclonal Anti-EPO Controls
Table 2.

Direct Assay Polyclonal Ab Controls Monoclonal Ab Controls

EPOsR ug/mL �����\�N���T�3 ���\�N���T�3 �������\�N���T�3 ���������\�N���T�3

�������� 1.11 �������� 1.13 1.16

�������� 1.14 �������� ����� �� ��������

�������� �������� 1.24 �������� 1.23

�������� �������� ����� �� �������� ������� 

Ab Controls: Ratio ECL units with EPOsR to  
ECL units without EPOsR

QUANTITATIVE ASSAY

Antibody Screening Assays 
�;�O�L���H�U�[�P���L�Y�`�[�O�Y�V�W�V�P�L�[�P�U���H�U�[�P�I�V�K�`���J�V�U�[�Y�V�S�Z�����*�O�L�T�P�J�V�U�����T�V�U�V�J�S�V�U�H�S�����H�U�K���9�
�+���:�`�Z�[�L�T�Z�����Y�H�I�I�P�[��
�W�V�S�`�J�S�V�U�H�S�������^�L�Y�L���Z�W�P�R�L�K���P�U�[�V���O�\�T�H�U���Z�L�Y�\�T�������������������;�O�L���*�O�L�T�P�J�V�U���J�V�U�[�Y�V�S���^�H�Z���Z�W�P�R�L�K���H�[��
���������H�U�K�������������\�N���T�3�����;�O�L���9�
�+���:�`�Z�[�L�T�Z���O�P�N�O���H�U�K���S�V�^���J�V�U�[�Y�V�S�Z���^�L�Y�L���Z�W�P�R�L�K���H�[���������H�U�K�������\�N���T�3���� 
�0�U���H�K�K�P�[�P�V�U�����[�O�L���,�7�6�Z�9���^�H�Z���Z�W�P�R�L�K���P�U�[�V���H�S�P�X�\�V�[�Z���V�M���[�O�L���[�O�Y�L�L���J�V�U�[�Y�V�S�Z���[�V���J�V�U�[�H�P�U�����\�N���T�3��
EPOsR. The EPOsR containing positive controls were serially diluted (x2) giving a range of 
�,�7�6�Z�9���J�V�U�J�L�U�[�Y�H�[�P�V�U�Z���V�M���������������[�V�������\�N���T�3�����^�O�P�S�L���[�O�L���H�U�[�P�I�V�K�`���S�L�]�L�S�Z���Y�L�T�H�P�U�L�K���J�V�U�Z�[�H�U�[������
�;�O�L���O�\�T�H�U���Z�L�Y�\�T���T�H�[�Y�P�_���^�H�Z���O�L�S�K���H�[���J�V�U�Z�[�H�U�[���H�[��������������

DIRECT ASSAY 

EPO Bridge Format: Effect of EPOsR upon Polyclonal and Monoclonal Anti-EPO Controls
Table 3. 

Bridging  
Assay

Polyclonal  
Ab Control

Monoclonal  
Ab Controls

EPOsR ug/mL �����\�N���T�3 �������\�N���T�3 ���������\�N���T�3

�������� �������� �������� ��������

�������� �������� �������� ��������

�������� �������� �������� ��������

�������� �������� �������� ��������

Ab Controls:  
Ratio ECL units with EPOsR to  

ECL units without EPOsR

0.0

1.0

2.0

0.1 1.0 10.0

0.5

1.5

R
at

io
: 

Log EPOsR (ug/mL)

E
C

L 
un

its
 w

ith
 E

P
O

sR
/

E
C

L 
un

its
 w

ith
ou

t E
P

O
sR

Mono Hi Control

Mono Lo Control

Poly Hi Control

Figure 5. 

Quantitative Determination of Serum EPO Levels
The addition of EPOsR to rhEPO-spiked human serum interferes with the determination rhEPO.  
The EPOsR diminishes the recovery, and it appears that the EPOsR may be binding rhEPO.  
�;�O�L�Z�L���K�H�[�H���H�Y�L���J�V�U�Z�P�Z�[�L�U�[���^�P�[�O���V�\�Y���Ä�U�K�P�U�N�Z���\�Z�P�U�N���[�O�L���4�:�+���H�U�[�P�I�V�K�`���Z�J�Y�L�L�U�P�U�N���M�V�Y�T�H�[�Z���^�O�L�Y�L�� 
the EPOsR was mimicking an anti-EPO antibody.  

Antibody Screening Assays
The soluble receptor for erythropoietin, EPOsR, can mimic an anti-rhEPO antibody in antibody  
�Z�J�Y�L�L�U�P�U�N���H�Z�Z�H�`�Z���P�U���H���K�V�\�I�S�L���H�U�[�P�N�L�U���I�Y�P�K�N�L���M�V�Y�T�H�[�����0�U���K�V�\�I�S�L���H�U�[�P�N�L�U���I�Y�P�K�N�P�U�N���H�Z�Z�H�`�Z���[�O�L���L�M�M�L�J�[��
�P�U�J�Y�L�H�Z�L�Z���[�O�L���W�V�S�`�J�S�V�U�H�S���H�U�[�P�I�V�K�`���Y�L�Z�W�V�U�Z�L�����0�U���H���K�P�Y�L�J�[���H�Z�Z�H�`���M�V�Y�T�H�[���[�O�L�Y�L���^�H�Z���T�P�U�P�T�H�S���L�M�M�L�J�[���V�M���[�O�L��
EPOsR upon the polycolonal antibody controls. Therefore, EPOsR may interfere in screening assays  
for immunogenicity testing.

CONCLUSIONS

Polyclonal Antibody Control:
�>�O�L�U���H�K�K�L�K���[�V���[�O�L���W�V�S�`�J�S�V�U�H�S���H�U�[�P�I�V�K�`���J�V�U�[�Y�V�S�����H���W�Y�V�W�V�Y�[�P�V�U�H�S���P�U�J�Y�L�H�Z�L���P�U���Z�P�N�U�H�S���P�Z���V�I�Z�L�Y�]�L�K���^�P�[�O��
�P�U�J�Y�L�H�Z�P�U�N���,�7�6�Z�9���J�V�U�J�L�U�[�Y�H�[�P�V�U�����;�O�P�Z���T�H�`���I�L���H�[�[�Y�P�I�\�[�L�K���[�V���[�O�L���M�V�Y�T�H�[�P�V�U���V�M���,�7�6�Z�9���9�O�,�7�6���(�I��
complexes and therefore enhancing the signal.

Monoclonal Antibody Control:
The results for the monoclonal antibody controls (Table 3) show that the presence of the EPOsR at 
�������������[�V�������›�N���T�3���K�L�J�Y�L�H�Z�L�Z���[�O�L���H�U�[�P���,�7�6���H�U�[�P�I�V�K�`���Y�L�Z�W�V�U�Z�L���W�Y�V�W�V�Y�[�P�V�U�H�S�S�`���I�`���H�I�V�\�[���������[�V�������������0�U��
�H�K�K�P�[�P�V�U�����-�P�N�\�Y�L�������P�S�S�\�Z�[�Y�H�[�L�Z���[�O�H�[���[�O�L���J�V�Y�Y�L�S�H�[�P�V�U���P�U���J�O�H�U�N�L�Z���V�M���[�O�L���Y�H�[�P�V���V�M���,�*�3���\�U�P�[�Z���^�P�[�O���,�7�6�Z�9���[�V���,�*�3��
units without EPOsR for each control seems parallel. The effect appears to titrate and is proportional 
to the EPOsR concentration, which is characteristic of ligand-binding curves, again mimicking anti-
drug antibody behavior. These data are consistent with a model where EPOsR may be blocking or 
competing with the anti-EPO antibodies for the tagged EPO capture and detection antigens.  
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