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In normal adults, the major Hb is HbA (α2β2), with 2·5–3·5% HbA2 
(α2δ2) and, usually, <1% HbF (α2γ2). Interestingly, this residual HbF 

Hemoglobin structure
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The use of fetal hemoglobin (HbF) inducer drugs is considered as a 
novel approach in treatment of β-hemoglobinopathies, especially β-
thalassemia and sickle cell disease.

HbF inducers including 

1-hydroxyurea,

2-histone deacetylase (HDAC) inhibitor agents such as sodium butyrate, 
azacitidine, decitabine 

3- new immunomodulator drugs like pomalidomide, lenalidomide and 
thalidomide can reduce α-globin chain production in erythroid 
progenitors and improve α: β chain imbalance, the most crucial 
complication of βthalassemia. 





β-globin like gene family is located on chromosome 11, and includes 
five coding regions from 5' to 3’ comprising ε, γG, γA, δ and β genes, 
respectively. The placement of genes from 5' to 3’ direction is based on 
the evolution of gene expression in fetus with predominant expression 
of ε gene in yolk sac blood islands, γG and γA genes during embryonic 
period in the liver as well as δ and β genes in the bone marrow in 
postnatal period. Following switching of γ-globin gene expression to β-
globin after birth, complications of β-thalassemia and SCD are 
manifested. Thus, the use of drugs affecting the silencing of γ-globin 
gene or preventing it can be regarded as an effective therapeutic 
approach.





THALASSEMIA

• Alpha thalassemia
◦ Gene deletion

◦ Cis or trans?

• Beta thalassemia
◦ Point mutation 

and frameshift



β- hemoglobinopathies

β- thalassemia

Sickle cell



Gene 
express

ion

Nucleotides:
….CTCACT CCT GAG GAG AAG TCT….

Nucleotides:
…..CTCACT CCT GTG GAG AAG TCT….

….LeuThrProGluGlulysSer….

….LeuThrProValGlulysSer….



In fact, lack of balance between α- globin and β-globin chains is the 
major factor in the pathology of β- thalassemia

,, 



Old fashioned therapy!
Currently, the main focal point of therapy in βthalassemia patients is

1. a regular blood transfusion schedule and 

2. use of iron chelating agents.

the only basic therapy: Allogeneic transplantation of hematopoietic 
stem cell: donor with compatible HLA can cure patients under 17

Problems?

finding the donor with compatible HLA

requiring long-term use of immunosuppressive drugs



Epigenetic and expression pattern 
can be a target for therapy

The change in methylation pattern in DNA level can be therapeutic 
target:

CpG islands lysine residue acetylation in N-terminal Histone 

Medications

1. decrease the methylation in DNA level and increase Histone 
acetylation in γ- globin gene especially in promoter region 

2. induce γ- globin gene expression 

3. increase HbF level in patients with β thalassemia and 
SCD. 



A gift called hemoglobin!
HbF expression in βthalassemia  →  decrease the accumulation and 
precipitation of α-globin chains  →  reduces the ineffective 
erythropoiesis. 

HbF is not the full blooded hemoglobin

But!

Reduces the clinical morbidity and mortality in patients with 
βthalassemia and SCD



Fetal Hemoglobin Gene 
Inducing Agents 
Hydroxyurea (HU) is considered as an inducer of HbF production:

reduces the number of white blood cells and prevents their activation 
inhibits vascular occlusion in e patients. 

Disappointment

The effect of HU in treating patients with β-thalassemia major and 
intermedia has been very disappointing why?

requirement for much more HbF to achieve globin chain balance in this 
disease and to the inability to escalate hydroxyurea dosing as a result of 
cytopenias and it has not made any significant improvement in the 
anemia either. 



In fact, this drug results in regeneration of erythroid series through its 
cytotoxic effects, and releases nitric oxide (NO) through metabolic 
effects.

The NO induced HbF via recruitment of P38 Mitogen-activated protein 
kinase (p38 MAPK) pathway.



Histone deacetylase (HDAC) 
inhibitors

•butyrate derivatives

•Azacitidine

• decitabine (5-aza 2-deoxycytidine)

• trichostatin-A 

Change the epigenetic patterns of β-globin cluster such as increasing 
histone H3 acetylation and decreasing methylation in γ- globin gene 
promoter. 



Azacitidine is considered an inducer drug with a high potential to 
increase production of fetal hemoglobin. Azacitidine and decitabine act 
as HDAC and DNA methyl transferase (DNMT) inhibitors that result in 
increased HbF.22-27 Decitabine, the analogous drug of azacitidine, has a 
higher potential in DNMT enzyme inhibition compared with azacytidine, 
as well as in activation of tumor suppressor genes. 

This drug has had proper therapeutic effects in patients with sickle cell 
anemia, even in patients resistant to HU.



HU has the potential of γ-globin gene induction as well as reduction of 
the expression of β- globin gene and has anti-sickling effects, but it is 
effective in approximately 50% of SCD, and is less effective in increasing 
HbF for β-thalassemia patients. 



butyrate derivative
•sodium butyrate 

•arginine butyrate 

low risk and highly effective in treatment of sickle cell anemia and 
thalassemia. 

Continuous or intermittent 

The studies have shown that the level of HbF is increased by the same 
rate following intermittent and continuous administration of butyrate.



Butyrate is somehow solution  
induce γ-gene expression 

Increase the expression of β-globin gene, while azacitidine has no effect 
on β-globin gene expression.

increase histone acetylation in ε gene, but there is no increase in 
expression of ε gene following this phenomenon. This is due to other 
factors such as specific transcription factors and epigenetic changes in 
LCR.



hemin
has a similar function as butyrate in changing the pattern of gene 
expression but in a lower extent. 

This compound is an inducer of erythropoiesis with contradictory 
effects on α- globin gene expression

these two compounds increase the level of α- globin gene mRNA in β-
thalassemia patients while reducing its level in SCD patients.



Nicotinic acid
HbF inducers

1. stimulate erythroid differentiation in K562 cell line 

2. reduce glycophorin A (GphA) expression



Pomalidomide
acetylation of H3K9 and H3K14 at LCR region of γglobin gene.

this epigenetic pattern is locus specific without any global changes in H3 
acetylation pattern. 

synergistic effect with HU in the induction of HbF. 

In this drug family, thalidomide used for multiple myeloma treatment 
has appropriate effects in HbF induction with similar mechanism of 
action with other immunomodulatory agents. 

The exact mechanism of the therapeutic effect of this factor is still 
unknown. 



Thalidomide and teratogen
the effects of thalidomide may be due to suppression of NF-KB 
induction by inflammatory cytokines such as Tumor Necrosis Factor 
(TNF- α), Vascular Endothelial Growth Factor (VEGF) and prostaglandin 
E2 synthesis (PG-E2) associated with increased release of reactive 
oxygen species (ROS). ROS can launch P38 MAPK, which results in 
increased HbF levels but has teratogenic effects.



recent studies indicate a synergistic effect of different concentrations of 
sodium butyrate and thalidomide in induction of β- and γ-globin genes 
in erythroid cells derived from CD133+ cells in cord blood. Other 
findings also indicate a high potential of this drug combination in 
inducing the production of erythroid precursors compared with single-
drug treatments. Comparison of the effects of sodium butyrate and 
thalidomide in gene expression induction suggests higher capacity of 
the latter in increasing production of β- and γ-globin genes



In other studies, cytokines like stem cell factor (SCF) and transforming 
growth factor-beta (TGF-β) have been shown to have HbF induction 
potential. It is seen that MAPK signaling pathway is associated with fetal 
hemoglobin induction using SCF. This signaling pathway affects the 
regulatory region in βglobin gene cluster through increased expression 
of NF-E2 transcription factor. TGF-β also induces the expression of this 
gene through activation of fetal Krüppel-like transcription factor (FKLF) 
through recognition of its direct effect in γ-globin gene expression. 
Another study reports the synergistic effect of SCF, TGF-β and 
erythropoietin (EPO) in fetal hemoglobin expression induction in 
erythroid progenitor cells in vitro.



DNMT inhibitors such as azacitidine and decitabine  are potent HbF 
inducers and are used in SCD patients resistant to HU.

These drugs are useful for patient with severe SCD and β-thalassemia. 
DNMTs have been administered to these patients with good results, but 
their use is limited because of concerns about potential carcinogenic 
effects.



All these HbF inducers have mutagenic and carcinogenic effects and 
cause clinical toxicity, among which only HU has been useful for long 
term clinical treatment. In a prospective view, recent studies suggest 
new approaches for HbF induction such as targeting BCL11A and ELKF 
(transcription factors involved in Hb switching). Other researches focus 
on miRNAs (for example, miR that targets α-globin to prevent its 
precipitation) as therapeutic goals with less side effects.
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