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Dear Editor: 

 

It was with interest that I read the article "Update on the genetic basis and therapeutic 

perspectives in X-linked agammaglobulinemia or Bruton's disease", authored by junior 

researchers in the field of immunology. (1) 

 

The profound impact that the development of genetics and molecular biology techniques has had 

on the field of immunology is well known. In the opinion of some researchers, these tools are 

essential in the study of inborn errors of immunity.(2) 

 

The authors in their article state that "The advent of the sophisticated gene editing technology 

known as CRISPR (Clustered Regularly Interspaced Short Palindromic Repeats) provides a 

promising new approach to treat X-linked agammaglobulinemia and inborn errors of immunity 

in general, keeping transgene expression under the control of endogenous regulatory 

elements".(1)  

 

Given the dizzying development of CRISPR/Cas technology in recent years, from its discovery 

as a microbial immune system to its current evolution as a powerful tool for modifying gene 

expression, we consider it appropriate to provide some information on its discovery and its 

therapeutic potential in this primary immunodeficiency and in other genetic diseases of 

monogenic origin.  
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The discovery of these repetitive DNA sequences dates back to 1987, when Ishino and a group 

of researchers from the University of Osaka, Japan, described the discovery of five repetitions 

of 29 nucleotides spaced by 32 nucleotides in the genome of the bacterium Escherichia coli. 

Later, in 1993, Spanish microbiologist Francisco Mojica identified these repetitive sequences in 

the genome of Archea haloferax mediterranei. Interest in these bacterial sequences, whose 

function was still unknown, grew and it was in 2002 that the term CRISPR was coined to 

designate these repeated sequences, which translates into Spanish as clustered and regularly 

interspaced short palindromic repeats.  

 

In-depth study of these sequences led to a new discovery: they all had highly conserved adjacent 

sequences, which would later be called Cas genes (CRISPR-associated proteins), including the 

Cas9 and Cas12 nuclease. Thus, a CRISPR locus consists of short direct repeats separated by 

sequences called spacers and flanked by several Cas genes, as well as two types of RNA, one 

programmable (crRNA) and one transactivated (tracrRNA).(2,3) 

 

Since 2012, the CRISPR-Cas system has become the most widely used genome editing tool in 

molecular biology laboratories, which led to the award of the Nobel Prize in Chemistry in 2020 

to Enmmanuelle Charpentier and Jennifer A. Doudna for the development of this technology.  

 

The most widely used Cas protein to date for genome editing is SpCas9, which is a large 

multidomain, multifunctional endonuclease that produces two cuts in the DNA double strand that 

generate blunt ends, and is therefore interchangeably referred to as "genetic scissors, genomic 

scissors or molecular scissors".(3) 

 

The CRISPR-Cas system has the potential to be used to regulate endogenous gene expression, 

including both transcriptional and epigenetic regulation. One of the most recent uses of this 

technology is base editing, which allows programmable nucleotide substitutions and thus 

targeted manipulation of the genome, enabling its use as a new therapeutic option for genetic 

diseases caused by point mutations such as X-linked agammaglobulinemia in the BTK (Bruton 

Protein Kinase) gene.(1,3) 

 

Gene editing is a promising therapeutic approach for the treatment of monogenic hematological 

diseases as well as inborn errors of immunity. Numerous studies now combine this method of 

genome editing with induced pluripotent stem cells, the discovery of which has been enormously 

enriching for clinical research.(3,4) 

 

Gray et al.,(5) used the CRISPR/Cas platform to achieve precise integration of a complementary 

DNA (cDNA) of the BTK gene optimized with corrective codons. The cDNA was modified to include 

the terminal intron of the BTK gene, leading to a significant increase in BTK expression to 

potentially therapeutic levels in in vitro cell lines, human hematopoietic stem and progenitor 

cells.  

 

Donors containing truncated variants of the terminal intron also produced elevated protein 

expression, although to a lesser degree than the full intron. The addition of the Woodchuck 

hepatitis virus post-transcriptional regulatory element resulted in a significant increase in 

expression of the BTK transgene gene. The combination of these modifications resulted in near-

physiological levels of BTK gene expression in the cell lines, leading to potentially therapeutic 

levels in vitro.(5) 
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These findings support the conclusion of the authors of the article, who state that... "Gene editing 

is a promising approach to treat X-linked agammaglobulinemia and inborn errors of immunity in 

general".(1) Suffice it to say that, to date, it has been used to correct mutations that cause 

various genetic diseases such as cystic fibrosis, beta-thalassemia, Alpha1-antitrypsin deficiency, 

severe combined immunodeficiency, among others.(3) 

 

The revolutionary CRISPR gene editing is already part of the therapeutic arsenal for the 

treatment of sickle cell anemia and transfusion-dependent beta-thalassemia, having been 

approved by the regulatory agencies in the United Kingdom and the United States.(6)  
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