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INTRODUCTION 
Sickle cell anemia (SCA) is a monogenic genetic 

disorder characterized by sickle-shaped red 

blood cells and chronic anemia (Bhaskar and 

Patra, 2015). SCA is caused by mutations in the 

HBB gene, inherited in an autosomal recessive 

fashion. Notably, the diagnosis is made by 

hemoglobin electrophoresis or high-

performance liquid chromatography, rather 

than by genetic testing. Several lines of evidence 

report that the SCA complications and other 

clinical aspects are associated with multiple 

genetic polymorphisms. 

In contrast to polygenic influence on specific 

phenotypes, the genetics of SCA is more 

apparent and has led to effective therapy. 

Further, it has been described that the 

mutations responsible for the clinical aspects 

may interact to contribute to the phenotypic 

heterogeneity and genetic complexity of SCA. 

Furthermore, disease manifestation in the SCA 

patients in the same family may have varying 

severity due to variations in the modifying 

genes. The clinical variability reported in the 

SCA patients is due to the variation in fetal 

hemoglobin (HbF) levels. Among SCA patients, 

Senegal and Arab-Indian haplotypes have 

higher HbF levels, which is associated with XmnI 

polymorphism (rs7482144) located at 158 bp 5´ 

to the γ-globin gene HBG2 (Ballas et al., 1991, 

Nongbri et al., 2017). Further, variations in the 

HBF levels have been linked to four trans-acting 

QTLs, such as FCP locus (Xp22), HBS1L-MYB 

intergenic polymorphism (HMIP) locus (6q22.3–

24), TOX (8q), and BCL11A gene (2p16.1) 

(Cardoso et al., 2014). Recent genome-wide 

association studies (GWAS) have identified an 

association between HbF production and the 

ORF gene cluster (chromosome 11). 

Understanding the molecular mechanisms 

driving the targeted activation of HbF 

production is essential for the development of 

advanced therapeutic strategies and better 

patient outcomes.  

 

Pain is a prominent feature of SCA that starts 

early in life and increases in severity with age. 

Inter-individual variability in pain perception 

may relate to both genetic and environmental 

factors. Gene-to-gene and gene-to-

environment interactions complicate pain 

perception and response to treatment in 

humans (Lakkakula et al., 2018). The variability in 

chronic pain perception depends on the genes 

associated with pro-inflammatory cytokines. The 

rs8007267 polymorphism, in the GCH1 gene, 

encodes an enzyme called GTP cyclohydrolase 

1, which is related to sickle cell anemia pain 

crises in African SCA patients (Belfer et al., 2014). 

Polymorphic variants influencing serum MBL 

levels have been associated with vaso-occlusive 

crisis and SCD severity (Mendonca et al., 2010).  

In addition, acute chest syndrome (ACS) is 

associated with polymorphic variants in genes 

encoding members of the cell-cell adhesion 

pathways TGFBR3 and PI3K/PI4K (Torres et al., 

2013). 

Moreover, an association of NOS3 variants with 

VOC in SCA patients was reported (Tantawy et 

al., 2015). As the coagulation mechanisms play 

an important role in osteonecrosis of femoral 

head, many studies have analyzed the gene 

polymorphisms involved into hypercoagulability 

and thrombosis, such as 5,10-methylene 

tetrahydrofolate reductase (MTHFR), Factor V 

Leiden (FVL) and prothrombin mutations 

(Bhaskar, 2019; Lakkakula, 2019). The genetic 

modulation of the stroke phenotype has been 

attributed to class I and II HLA genes (Hoppe et 

al., 2003) and the TGF-β pathway genes 

(Sebastiani et al., 2005). A polymorphism in the 

promoter region of the uridine diphosphate 

glucuronosyltransferase 1A (UGT1A) gene was 

associated with gallstones in children and 

cholecystectomy in adult SCA patients (Passon 

et al., 2001). 

 

There is a strong correlation between severity 

and the number of polymorphic variants, which 

demonstrates the significance of quantifying 



 
 
 
 
 

POLYMORPHISM 37 

 

EDITORIAL 

genetic heterogeneity in SCA. It is now 

appreciated that so-called disease modifiers 

explain pharmacogenomics of pain 

management and HbF induction. For this 

reason, experts involved in the comprehensive 

care for SCA patients emphasize the 

prerequisite screening of these genetic 

predictors to assess the clinical diversity, genetic 

heterogeneity and management strategy for the 

patients. At this juncture, next-generation 

sequencing strategies and genotype-phenotype 

studies will offer improved diagnosis and 

management. 
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