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Mutations in the genes encoding four of the phagocyte NADPH oxidase components, p22-

phox, p47-phox, p67-phox and 40-phox, cause the autosomal recessive forms of chronic 

granulomatous disease (CGD). These four forms of the disease collectively account for 

approximately one-third of all CGD cases. Many new mutations have been identified in 

these four genes since publication of the first updated version of the tables with these 

mutations (1). The remaining two-thirds of cases are caused by mutations in the X-linked 

gene for gp91-phox, CYBB; these mutations have been tabulated previously in this journal 

(2). The incidence of CGD as a whole is between 1 in 200,000 and 1 in 250,000 individuals.

Correspondence: Dr. Dirk Roos, Sanquin Research, Plesmanlaan 125, 1066 CX Amsterdam, The Netherlands. Tel. 
00-31-20-5123317; fax 00-31-20-5123310, d.roos@sanquin.nl. 

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of 
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be 
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

HHS Public Access
Author manuscript
Blood Cells Mol Dis. Author manuscript; available in PMC 2015 September 13.

Published in final edited form as:
Blood Cells Mol Dis. 2010 April 15; 44(4): 291–299. doi:10.1016/j.bcmd.2010.01.009.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



The protein p22-phox is one of two membrane-bound subunits of cytochrome b558 (the other 

is gp91-phox), and mutations in the p22-phox gene (CYBA, located at 16q24, OMIM 

*608508) account for about 6% of CGD (Table 1). Also about 6% of CGD cases are caused 

by mutations in the gene for p67-phox (NCF2, 1q25, OMIM *608515), a cytosolic 

component of the superoxide-generating NADPH oxidase system (Table 2). The most 

common form of autosomal recessive CGD (about 20% of all cases) is caused by mutations 

in the gene for p47-phox (NCF1, 7q11.23, OMIM *608512), a second cytosolic component 

of the enzyme (Table 3). Only one patient has been described with mutations in NCF4 

(22q13.1, OMIM *601488), the gene encoding p40-phox, the third cytosolic NADPH 

oxidase component (Table 4). The type, position and number of the mutations in these four 

genes is depicted in figure 1. Tables 5-8 list apparently benign polymorphisms that have 

been identified in the CYBA, NCF2, NCF1 and NCF4 genes, respectively. It is important to 

realize that SNPs and other sequence variants available on the internet are not necessarily 

functionally neutral.

Unlike the other autosomal recessive and X-linked forms of the disease, in which there is a 

large heterogeneity among mutations, a single defect accounts for the vast majority of cases 

of p47-phox-deficiency. Of ∼250 patients investigated worldwide at the DNA level, all but 

53 patients in 42 families appear to be homozygous for a dinucleotide (GT) deletion (ΔGT) 

at the start of exon 2 (3-19). Of the 42 families with exceptions, 20 had patients who were 

compound heterozygotes for the GT deletion and one additional mutation, and the others 

had patients with mutations other than ΔGT on both alleles of NCF1 (20 homozygous, 2 

compound heterozygous). The ΔGT-bearing allele of NCF1 is therefore the most common 

CGD-causing allele in the population, carried by approximately 1 in 250 individuals. The 

reason for this predominance is that most normal individuals have two p47-phox 

pseudogenes, each of which co-localizes with the functional gene to 7q11.23 and carries 

ΔGT. Recombination events between NCF1 and these highly homologous pseudogenes lead 

to the incorporation of ΔGT into NCF1 (7, 20).

Additional information about the tabulated mutations and about CGD in general can be 

found in recent reviews (21-25) and in the cited literature. In the following tables we have 

used the standard notation for differentiating the various phenotypes of CGD (e.g., A22°, 

A22+, A67°, A67+, A67 −, A47°, A40° and A40+). In this nomenclature the first letter refers 

to the mode of inheritance (autosomal recessive), the numeral indicates the phox component 

affected, and the superscript symbol indicates whether the protein is absent (°), diminished 

(−) or normal (+), based on immunoblot analysis. When this information is unavailable, that 

has been indicated as (?). The respective proteins can be non-functional, exert residual 

activity, or in case of (−) be fully functional. Online Mendelian Inheritance in Man (OMIM) 

numbers for A22, A67, A47 CGD are #233690, #233710, and #233700, respectively. 

Mutations added since the last updated versions of Tables 1-3 were published (1) are marked 

with an asterisk in the right hand column. The nucleotide numbering system we have used is 

based on the cDNA sequence and follows the convention that +1 is the A of the ATG 

initiator codon. This differs from the numbering of the GenBank sequences; for p22-phox 

(GenBank accession nos. M21186 and J03774) subtract 28 from the GenBank sequence 

number to make the initiator A +1; for p67-phox (accession no. M32011) subtract 67 from 
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the GenBank numbering; for p47-phox (GenBank accession nos. M25665 and M26193) 

subtract 12 from the GenBank numbering, and for p40-phox (accession no. NM_000631) 

subtract 184 from the GenBank numbering. The notation of the mutations and 

polymorphisms follows the recommendations of the Human Genome Variation Society (26) 

(see also www.hgvs.org/mutnomen). Where possible we have cross-referenced the 

mutations listed here with those in three CGD databases that list CGD patients by accession 

number. These databases contain additional biochemical, genetic and clinical information 

and are available at http://www.uta.fi/imt/bioinfo/CYBAbase/ (or NCF1base/, or 

NCF2base/). In addition, information can also be found in the HGMD database at http://

www.hgdm.cf.ac.uk/ac.search.php. The consequences of the mutations for protein 

composition have been checked with the Mutalyzer program (www.lovd.nl/mutalyzer) (27).
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Figure 1. Schematic overview of mutations in NCF2, CYBA, NCF4 and NCF1
For each cDNA, the exon positions and the corresponding protein domains have been 

depicted. For some of the protein domains, their interaction with other proteins has been 

indicated. The PX domains interact with phosphatidyl-inositol-phosphates. The type of 

mutations (explained in the right hand corner), their position and number of mutated alleles 

are indicated. Splice site mutations are given at the exon borders.
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Table 5

Polymorphisms in the p22-phox gene CYBA.

Polymorphic nucleotide Amino acid change Reference

c.59–37A/G NA [30]

c.36A/G p.Glu12Glu [60]

c.179A/C p.Lys60Thr [30]

c.214C/T p.His72Tyr [28,60]

c.288–138ins50 NA [13]

c.381T/C p.Arg127Arg [60]

c.403G/A p.Glu135Lys [30]

c.480G/A p.Pro160Pro [30,37,60]

c.512A/G p.Glu171Gly [60]

c.521C/T p.Ala174Val [28,30,31,60]

c.579G/T p.Glu193Asp [60]

c.612A/G (+24 of 3′ UT region) NA [37,60]
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Table 6

Polymorphisms in the p67-phox gene NCF2.

Polymorphic nucleotide Amino acid change Reference

c.–185G/A NA [41,42]

c.–181G/A NA [41,42]

c.–24C/T NA [41,42]

c.235A/G p.Met79Val [41]

c.542A/G p.Lys181Arg [41,42,51]

c.606G/A p.Ala202Ala [42]

c.895C/T p.Leu299Leu [41,47,51]

c.925–21G/A NA [41]

c.983G/A p.Arg328Lys [41,47,51]

c.1105G/A p.Gly369Arg [42]

c.1167C/A p.His389Gln [41,42]

c.1183C/T p.Arg395Trp [41–43]
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Table 7

Polymorphisms in the p47-phox gene NCF1.

Polymorphic nucleotidea Amino acid change Reference

c.66G/C p.Glu22His Unpubl.

c.73G/A p.Val25Met Unpubl.

c.345C/T p.Leu115Leu [8]

c.468C/T p.Ile156Ile Unpubl.

c.558A/G p.Val186Val Unpubl.

c.621G/A p.Ala206Ala Unpubl.

c.825C/T p.Phe275Phe Unpubl.

c.849A/G p.Ser283Ser Unpubl.

c.936C/T p.His312His Unpubl.

a
Identification of polymorphic sites in NCF1 is complicated by the p47-phox pseudogenes, which contain several differences from the functional 

gene; the referenced polymorphism was identified after amplification of NCF1 with primers that do not bind to the pseudogenes [8]. More 
synonymous polymorphisms can be expected to be introduced into NCF1 by recombination with the pseudogenes [20].
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Table 8

Polymorphisms in the p40-phox gene NCF4.

Polymorphic nucleotidea Amino acid change Reference

c.32+1258G/T N.A. [61]

c.33–1101T/C N.A. [61]

c.33–728T/C N.A. [61]

c.118–360G/A N.A. [61]

c.342+202G/C N.A. [61]

c.342+342G/T N.A. [61]

c.342+1326G/A N.A. [61]

c.343–1378A/G N.A. [61]

c.343–339A/G N.A. [61]

c.528+16G/A N.A. [61]

c.627+711G/A N.A. [61]

c.627+1040G/T N.A. [61]

c.628–1193G/A N.A. [61]

c.758+57A/T N.A. [61]

a
Positions of introns in NCF4: intron 1 c.32_33; intron 2 c.117_118; intron 3 c.271_272; intron 4 c.342_343; intron 5 c.470_471; intron 6 c.

528_529; intron 7 c.627_628; intron 8 c.758_759; intron 9 c.824_825.

Blood Cells Mol Dis. Author manuscript; available in PMC 2015 September 13.


