
Introduction
Hemoglobinopathies,Hemoglobinopathies, including β-thalassemias (β-thal) 
and sickle cell disease (SCD), are a group of inherited 
blood disorders, most of which arise from mutations in the 
β-globin gene (HBB) cluster on chromosome 11 that 
encodes the β-subunit of hemoglobin (Hb)1. β-thal is 
characterized by a reduction in the production of adult Hb 
(HbA)2, whereas in SCD, the HbA produced is abnormal, 
causingcausing the red blood cells (RBCs) to stiffen and adopt the 
“sickle” morphology3. The result in many cases is severe 
anemia (very low RBC counts) and/or changes in the 
structure of the RBC, both of which compromise the ability 
of the hemoglobin to transport oxygen (O2) throughout the 
body. Symptoms of the diseases include pain, swelling, 
bacterial infections, and risk of stroke. Iron toxicity is also a 
problemproblem when repeated blood transfusions are part of the 
treatment regimen. 
The only approved curative option is allogeneic 
hematopoietic stem cell transplantation (HSCT)4, but 
success is limited by the need to have human leukocyte 
antigen matched sibling donors. Similarly, gene therapy5 
with HSCT using corrected autologous HSCs is expected to 
be an alternative curative approach and is currently in 
clinical trials. Realistically, both of these options will likely 
remainremain available only in developed countries due to the 
associated costs, logistics, and feasibility of treatment. It 
should also be noted that these therapies can pose 
significant risk of transplant and treatment-associated side 
effects, including death. However, clinical severity of these 
diseases can be reduced by enhancing expression of the 
γ-globin gene (HBG) that encodes the γ-subunit of fetal 
hemoglobin (HbF), which is the main Ohemoglobin (HbF), which is the main O2 transport protein  

in the fetus, and has a higher affinity for O2 than HbA. 
TheThe approved drug, hydroxyurea (HU), is believed to 
increase HbF levels and is the current standard of care 
drug for the treatment of SCD, but has had very limited 
success in treating β-thal, with only minor elevations in HbF 
achieved. Coupled with 30-50% of SCD patients being 
unresponsive to HU, the need for other good drug 
candidates remains high1. Therefore, to date, numerous 
compoundcompound classes, including short chain fatty acid 
derivatives6, histone deacetylase inhibitors7, DNA 
methyltransferases8, and other drug candidates such as 
pomalidomide9, have been evaluated. Multiple screening 
approaches, including molecular modeling10, evaluation 
of increased HBG expression11,12,13, and the ability to 
promote proliferation and survival of RBC precursors14, 
havehave been utilized to discover new therapies. Here we 
describe the development of a serum-free assay platform 
where unaffected primary human bone marrow cells can 
be expanded in the presence of various cytokines in a 
two-step culture system. The purpose of the initial stage of 
the culture is to synchronize the cells, and the second 
stage, with media change, aims to induce significant 
differentiationdifferentiation along the erythroid (RBC) lineage. The 
addition of HU to this assay consistently induced HbF. This 
platform offers the ability to screen multiple compounds 
and provides two distinct, but associated, readouts of HbF 
induction. Screening of new potential drug candidates 
may be performed alone or in combination with HU, which 
may have efficacy clinically in those with poor responses 
to HU. to HU. 
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Conclusion
ThisThis serum-free assay platform offers a direct measurement of the HbF protein, using two methods in response to treatment 
with HU as shown, and additionally with other HbF inducers (data not shown).  This differs from other approaches looking at 
increases in transcript numbers or other indirect measurements.  This in vitro assay will facilitate the ability to examine new 
potential drug therapies, both alone and in combination with HU, on HbF induction.  Although affected donor samples were 
not available in the current study, this assay may be used to assess HU responsiveness in some SCD patients and to identify 
other patient-specific drug options. 
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