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Cystic fibrosis (CF; OMIM #219700) is an autosomal recessive disease caused by the 
abnormal transport of ions and fluid across epithelial cell membranes. Mutations in the 
cystic fibrosis transmembrane conductance regulator (CFTR) are responsible for the disease.1 
CFTR gene consists of 27 exons (OMIM *602421) and forms 1,480 amino acids.1 Clinical 
manifestations of CF are pulmonary diseases, pancreatic insufficiency, malabsorption, 
meconium ileus, failure to thrive, infertility, and elevated chloride concentrations in sweat.2 
According to the American Cystic Fibrosis Foundation patient registry, there are more 
than 30,000 CF patients in the United States and more than 70,000 worldwide.3 It is most 
commonly found in populations with northern European ancestry where the incidence 
rate is as high as 1 in 2,000 to 3,000 live births. Their predominant mutation is Phe508del 
(F508Del). In the United States, CF occurs in approximately 1:15,000 blacks, 1:35,000 
individuals of Asian descent, and 1:10,800 Native Americans.4 Nonwhite patients with CF 
show a wider range of mutations with the F508Del mutation being much less prevalent. 
Recent advancements in understanding the CFTR gene function and mutational effect on the 
host developed CFTR gene modulator therapy.5,6 Modulating drug of Ivacaftor, lumacaftor/
ivacaftor, tezacaftor/ivacaftor, elexacaftor/tezacaftor/ivacaftor has been approved and applied 
to patients with specific type mutations.7 Therefore, mutation identification is essential not 
just for the diagnosis but for the selection of drugs and specific care.

CFTR gene mutations are classified into 6 categories according to the type of CFTR defect.1 
Class I mutations do not produce functional CFTR protein and include nonsense, frameshift, 
and canonical splicing variants such as Gly542X, Trp1282X, Arg553X, and 621+1G>T. In class 
2, CFTR shows a trafficking defect, and CFTR genes are missense and amino acid deletion 
such as F508del, Asn1303Lys Ile507del, Arg560Thr, etc. Class 3 mutations are missense and 
amino acid changes such as Gly551Asp, Gly178Arg, Gly551Ser, Ser549Asn, etc., and lead to 
defective channel regulation. In class 4 mutations, CFTR proteins do not function through 
the decreased channel conductance and include missense and amino acid changes such 
as Arg117His, Arg347Pro, Arg117Cys, Arg334Trp, etc. In class 5, CFTR protein synthesis is 
reduced, and mutations are splicing defects and missense changes like 3849+10kbC>T, 
2789_5G>A, 3120+1G>A, 5T, etc. Class 6 mutations are missense and amino acid changes 
such as 4326delTC, Gln1412X, 4279insA, etc., and result in decreased CFTR stability. The 
classification of the identified mutations is very important in every ethnic group because of 
the selection and combinations of CFTR modulator drugs.
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So far, Asian patients with CF have been reported relatively few, except Chinese patients.8-15 
Asian patients do not have a worse clinical phenotype.16 Asian patients show lower sweat 
chloride and higher pancreatic sufficiency than non-Asian patients. The reported mutations 
from Asian patients are quite different from those from Europeans. Among 140 mutations 
from Caucasians, only 21 mutations share with Chinese, who do not share another 32 
mutations. Among the mutations found in Chinese patients with CF, 60.4% {32/(21 + 32)} are 
Chinese-specific.15 The other Asian ethnic groups have not been well studied on the scale of 
population aspect.

Based on the literature, Asian ethnic groups can be divided into 2 groups: East Asians (EAS) 
including Chinese, Korean, and Japanese, and non-East Asians (ANE) including Southeast 
Asians and Middle East Asians.8-15 Reported (likely) pathogenic variants (LPV/PV) from 
literature are listed and compared between EAS and ANE. A reported number of LPV/PV 
types are 160 for EAS and 106 for ANE. Overlapped variants are 18 and account for relatively 
a small portion of each group (for EAS, 18/160 = 11%, ANE, 18/106 = 17%) (Figure A). The 
next question is how much LPV/PV appears in each ethnic group and overlaps. Recently, 
population genome sequencing databases have been established, and the gnomAD is the 
largest.17 In the gnomAD data, 34,029 genomes are represented for non-Finnish Europeans 
(NFE), 2,604 for EAS, and 2,577 for ANE (Southeast Asians, 2,419 genomes and Middle 
East Asians 158 genomes). When the variants from the CFTR2 database (www.cftr2.org) 
were applied to the gnomAD database, 401 CF-causing variants and 49 variants of varying 
clinical consequences are included as PV/LPVs. Only 10 variants appeared in EAS and 18 in 
ANE (Figure B). A relatively small number of the Asian population genome is included in 
the gnomAD compared to the European population, and this number does not reflect the 
accurate feature of the mutation spectrum among different ethnic groups. Based on gnomAD 
allele count, the LPV/PV allele frequencies can be counted in each ethnic group. For the 
NFE group, allele frequency is 0.00725 as a whole. In contrast, it is 0.00327 for EAS and 
0.01304 for ANE. Surprisingly, the ANE group shows higher allele frequency than Europeans. 
Considering the relatively small number of population (2,577 genomes), a larger population 
genome and clinical detection of patients with CF or population screening of patients 
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Figure. Comparison of CFTR LPV/PV. (A) LPV/PVs from the literature. Within the Asian area, EAS and ANE 
(Southeast Asians and Middle East Asians) share a minor portion of variants. (B) In the gnomAD database, the 
number of LPV/PVs in each ethnic group is counted according to the CFTR2 database. CF-causing and Varying 
clinical consequence variants are counted as LPV/PV. 
CFTR, cystic fibrosis transmembrane conductance regulator; LPV/PV, (likely) pathogenic variants; EAS, East Asian 
(2,604 genomes); ANE, non-East Asian (2,577 genomes) are counted as Southeast Asians (2,419 genomes) and 
Middle East Asians (158 genomes); NFE, non-Finnish European (34,029 genomes).

http://www.cftr2.org


with CF need to justify this finding. Also, the EAS and ANE groups show a broad mutation 
spectrum and heterogeneity. It implicates the detection, identification, and functional 
classification of PV/LPVs from patients with CF in the Asian ethnic group is critical.
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