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Abstract: Objective — This study was designed to analyze the genetic pattern of cystic fibrosis and effects on age, sex and mortality in the
Azeri Turkish population in Iran.

Material and Methods — This study was a descriptive study that was conducted for cystic fibrosis patients in Azeri Turkish population in
Iran from 2001 to 2014. Of 331 patients, the spectrum of cystic fibrosis transmembrane conductance regulator (CFTR) mutations in 263
patients was reviewed. Demographic and genetic data of patients were summarized by descriptive analysis as frequency, percentage,
mean and median.

Results — The frequency consanguineous marriages was 196 (59.2%) positive and 135 (40.8%) negative with a significant difference
(P=0.001). We identified 32 known mutations and 74 kinds of genotypes. The most common mutation and genotype were AF508 138
(26.2%) and AF508/ AF508 41 (15.5%), respectively. The most mortality rate had observed in AF508 genotypes.

Conclusion — These findings indicate high frequency of consanguinity marriage in this area. A low frequency of the AF508 mutation and
detection 32 mutations reflect a heterogeneous spectrum of the mutations in this ethnic group. Further examinations are necessary on

CFTR gene and affect these items on on age, sex and mortality.
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Introduction

Cystic fibrosis (CF; OMIM 219700) is the most common lethal
autosomal recessive disorder that involving some organs as the
bronco pulmonary, gastrointestinal reproductive systems, and
sweat glands [1-3]. Mutations on the cystic fibrosis
transmembrane conductance regulator (CFTR) gene on
chromosome 7g31.2 result in this disease [4]. The incidence of CF
in Middle East is unidentified, but it is probable to be 1 in 7,000-
10,000 compared with 2,000-3,000 live births in Europe [5-6].

More than 1,500 mutations and 300 polymorphisms have been
reported for CF with the high prevalence of F508 mutation that
3bp deletion in exon 10, leading to the loss of the amino acid
phenylalanine at position 508 [7-9].

The frequency of this mutationvaries in different regions and
Ethnicities [10-12], with the highest rate in Denmark (90%) and
lowest in Tanzania (17.9%), when the frequency of this mutation
reduces from northwestern Europe to South East Europe and West
Asia. It is estimated that the frequency of this mutation was 13-
44% in the countries of Western Europe and Asia [13-15]. G542X,
N1303K, G551D and W1282X mutations form almost 1% of all
mutations of CF among whites [16-17].

The retrospective researches, despite some disadvantages,

have an essential role in depicting the disease and assessment
impacts [18-19]. Sufficient knowledge of genetic pattern in a

specific ethnic gives beneficial information about a specific
disease. According to this information, the programmers of
screening, phenotype—genotype correlation evaluation, and
prenatal diagnosis would be designed for this disease.

This study reviewed genetic pattern in CF patients and effects
on age, sex and mortality in the Azeri Turkish population in Iran.

Material and Methods

This was a cross sectional study performed on on 331 patients
admitted to the Children's Educational and Treatment Hospital of
the Tabriz University of Medical Sciences (Tabriz, Iran) and Medical
Genetic Laboratory (Tabriz, Iran) from March 2001 to February
2015. This study was done on Azeri Turks who are one the largest
ethnic groups in Iran [4], and Tabriz is the second biggest city in
Iran. Data was acquired from medical records by censes method.

The diagnosis of CF was based on the typical clinical
presentations and the identification of mutations in CFTR gene
known to cause CF or abnormal sweat chloride values (>60 mEq/L)
according to the method of Gibson and Cooke [20].

Deoxyribonucleic acid (DNA) of patients after extracting from
peripheral blood leukocytes according to standard protocols [21]
were amplified by polymerase chain reaction (PCR) and products
were screened using single-stranded conformational polymorphism
/ heteroduplex analysis (SSCP/HD) or Sanger sequencing.
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Table 1. The most common of Genotype distribution in patients with
cystic fibrosis

Genotype Frequency, no. (%)
F508/ AF508A 41 (15.5)
F508/unidentifiedA 33(12.5)
1540G-A/unidentified 33(12.5)
1540G-A/ 1540G-A 10 (3.8)
F508/1540G-AA 9(3.4)
M470V/unidentified 9(3.4)
M470V/M470V 8(3.0)
1677delTA/ unidentified 7(2.7)
1525-61A-G/1540G-A 7(2.7)
2183AA-G/unidentified 7(2.7)
1677delTA/1677delTA 7(2.7)
2789G-A/2789G-A 5(1.9)
1525-61A-G/M470V 5(1.9)
A120T/unidentified 4(1.5)
G542X/unidentified 4(1.5)
2183AA-G/2183AA-G 3(1.1)
3849+5G-A/unidentified 3(1.1)
2043delG/2043delG 3(1.1)
2789G-A /2789G-A 2(0.8)
K1302X /K1302X 2(0.8)
406-6T-C/unidentified 2(0.8)
2043delG/unidentified 2(0.8)
G542X/ G542X 2(0.8)
F508/2789+5G-AA 2(0.8)
2184insA/unidentified 2(0.8)
2184insA/2184insA 2(0.8)
S466X/unidentified 2(0.8)
S466X/S466X 2(0.8)

The rest genotypes had frequency under 1

The genetic results of patients were separately reviewed by two
authors. Kappa agreement rate was higher than 85%. Data was
calculated by descriptive analyses including mean (M), standard
deviation (SD), frequency, percentage, median (Me), maximum
(Max), and minimum (Min) using SPSS 18. P<0.05 was considered
significant difference.

Results
Demographic data

A total of 331 patients, 191 patients (57.7%) were males and
140 patients (42.3%) — females that this difference was statistically
significant (P<0.001). There were 85 (25.7%) dead patients and 246
(74.3%) alive patients at the time of the study and median age was
considered for alive patients that was 4.76 years (0.42-43.41
years). The variable of consanguineous marriages had been
reviewed among patients that 196 (59.2%) were positive for
consanguineous marriages and 135 (40.8%) negative with a
significant difference (P=0.001).

Genetic results

At genetic results, 263 patients of 331 were enrolled into our
study during the 14-year period. Sixty eight records were included
because of incomplete data. There were 526 alleles and 32
variants (45.5% CF-causing, 31.5% polymorphisms, 15.5%
missense, and 7.5% splicing). Of 526 mutant alleles, 16 variants
(almost half) had a frequency of less than 1%. The AF508 with
frequency 138 (26.3%) was the most commonmutation that was

followed by 1677delTA 23 (4.3%) in our population. The
distribution of CFTR mutations is shown in Table 2.

The genotype was survived among patients. There were 74
kinds of genotypes with the highest frequency of AF508/ AF508 41
(15.5%) genotype. More genotypes were heterozygote (62.4%) in
compassion with homozygote genotypes (37.6%). The distribution
of the most common CFTR genotypes is shown in Table 1.

Assessment the effect of age, gender and mortality rate on
genetic pattern

At this part, DF508, 1677delT, G542X, 2183AA-G, 2043delG,
1540G-A, M470V, and 1525-61A-G mutations reviwed and the
rest mutations were ignored because of less number. The results
of effects age, gender and mortality rate on genetic pattern are
shown in Table 3.

Discussion

CF is an autosomal recessive disease that numerous mutations
in the CFTR gene have been reported as a primary cause. The aim
of this study was to evaluate the molecular defects in CF alleles in
the Azeri Turkish population in Iran.

When we evaluated the demographic results of this study, a
significant difference observed between males and females. Core
et al. had reported the male to female ratio approximately 1.2/1.0
with no significant difference in Boston and Toronto [22]. In
addition, other studies as Jackson et al. [23] showed this gender
gap in CF patients with no a difference significant. Therefore, this
gender gap in our population may be related to cultural subjects
[24], religious issues [25] or an intrinsic ethnic difference [23].

In this study, the mean age of was lower in comparison with
other studies. For instance, in the study which Core et al. had
conducted the mean ages were 15.2+8.3 years and 15.9+9.6 years
in Toronto and Boston, respectively [22].

The rate of consanguinity marriage has been reported to 56%
in Middle East with the highest rate in Saudi Arabia. Therefore
genetic disease observed more commonly in these countries [26-
28]. In our population, the rate of consanguinity marriage was
approximately to 41%.

The Middle East has the highest CFTR heterogeneity, that
analysis and diagnosis can be difficult [4].

Singh and colleagues carried out a review about genetic status
CF in Asia in 2015 [29]. For Pakistani population with CF, over 340
mutant alleles, 4 mutation types with 17% for AF508, for the
Lebanese patients, among 84 mutant alleles, 13 mutation types
with 36.3% for AF508, and for Turkish patients, among 423 mutant
alleles, 29 mutation types with 22.46% for AF508 have been
reported [29].

In one studyof Xavier Estivill et al., 272 CF patients from 29
European countries and 3 North African countries have been
investigated that the most mutations associated with AF508
(66.8%), G542X (2.6%), N1303K (1.6%), G551D (1.5%) and W1282X
(1%). The highest frequency of AF508 mutation related to
Denmark country with 87.2% and the lowest in Algeria with 26.3%
[30].

In 2015, Shen et al. have conducted a study on 21 Chinese CF-
patients. In this study, M470V polymorphism has been observed
with a high rate [31].
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Table 2. Mutations and the frequency of alleles in patients with cystic fibrosis

cDNA Name Protein Name Legacy Name Description Alleles-Frequency, no. (%)
¢.1521-1523delCTT p.Phe508del Delta AF508 Deletion 3 bp between 1652 and 1655 138(26.2)
¢.1540G>A p.Glu514Lys - - 90 (17.1)
c.1408A>G p.Met470Val M470v Aor Gat 1540 42 (8.0)
c.1545-546delTA p.Tyr515X 1677delTA Deletion TA from 1677 23 (4.3)
¢.1393-61A>G - 1525-61A/G Aor Gat61-1525 22 (4.2)
¢.2051-2052delAAinsG p.Lys684SerfsX38 2183AA>G (2184delA) Aor G at 2183, Deletion A at 2184 14 (2.7)
€.2789G>A p.Gly930Glu - - 11(2.1)
€.1624G>T p.Gly542X G542X GtoTat1756 10 (1.9)
C.2657+5G>A - 2789+ 5G>A Gto Aat5+2789 7(1.3)
€.1397C>G p.Ser466X S466X(TAG) Cto G at 1529 7(1.3)
€.3905A>G p.Lys1302Arg K1302R Ato G at 4037 (AAA >AGA) 7(1.3)
c.1911delG p.GIn637HisfsX26 2043delG Deletion G at 2043 7(1.3)
€.2052-2053insA p.GIn685ThrfsX4 2184insA Adding A after 6(1.1)
€.3469-65C>A - 3601- 65C/A Cto Aat65-3601 6(1.1)
€.1000C>T p.Arg334Trp R334W CtoTat 1132 6(1.1)
c.358G>A p.Alal20Thr A120T GtoAat490 5(0.9)
C.274G>A Glu92Lys E92k - 4(0.8)
c.3717+5G>A - 3849+ 5G >A Gto A at5+3849 3(0.6)
€.3964-283T>C - 4096-283T/C Tor Cat 283-4069 3(0.6)
c.1116+1G>A - 1248+ 1G >A GtoAat1+1248 2(0.4)
c.1584+1G>A - 1716+ 1G >A GtoAatl+1716 2(0.4)
c.1393-1G>A - 1525-1G>A Gto Aat1-1525 2(0.4)
274-6T>C - 406-6T>C - 2(0.4)
€.328G>C p.Asp110His D110H G to C at 460 2(0.4)
¢.1585-2A>G - 1717-2A>G AtoGat2-1717 2(0.4)
c.3529A>T p.Lys1177X K1177X AtoT at 3661 2(0.4)
c.2998delA p.lle1000LeufsX2 3130delA Deletion A at 3130 1(0.2)
c.3472C>T p.Arg1158X R1158X CtoTat 3604 1(0.2)
c.332C>T p.ProllllLeu P111L CtoTat464 1(0.2)
c.3154T>G p.Phel052Val F1052V TtoG at 3286 1(0.2)
c.4437>C p.11e148Thr 1148T TtoCat575 1(0.2)
€.254G>A p.Gly85Glu G85E GtoAat 386 1(0.2)
Unknown polymorphisms - - - 7(1.3)
Unidentified - - - 88 (16.7)
Total - - - 526 (100)

Table 3. The effects of age, gender and mortality rate on genetic pattern

Ne Mutations Total, no. (%) Male, no. (%)

Deceased pat., no. (%)

Living pat., no. (%) Age at death Age for living CF pat.

1 DF508 91 (43.3) 39 (42.9) 15 (16.5)

2 1677delT 15 (7.1) 9 (60) 0

3 G542X 8(3.8) 5(62.5) 2(25)

4 2183AA-G 10 (4.8) 7 (70) 0

5 2043delG 5(2.4) 2 (40) 0

6 1540G-A 46 (21.9) 33(71.7) 8(17.4)

7 M470V 18 (8.6) 13 (72.2) 1(5.6)

8  1525-61A-G 17 (8.1) 6(35.3) 0
Total 210 114 26

76 (83.5) 3.0(0, 30.1) 6.8 (1.4, 16.0)
15 (100) - 3.8(0,5.4)
6 (75.0) 2.5(0, 30.2) 6.9 (0, 25.1)
10 (100) - 1.0 (0, 20.0)
5(100) - 0.4 (0, 30.0)
38(82.6) 2.7(0, 32.0) 6.9 (0, 25.1)
17 (94.4) 0.4 (0, 30.0) 1.1(0, 23.5)
17 (100) - 3.6(0,11.5)

184 - -

pat., patients. Quantitative data are presented as Me (Min, Max).

When the genetic pattern was compared with others, the
frequency of the AF508 mutation was lower than Northern and
Western European countries, although this mutation was the most
common mutations in this population.

CF is a monogenic disease inherited as autosomal-recessive
disorder [32]. The majority of CF patients was classified as classical
CF and usually has two mutations on each allele. These mutations
usually are disease-causing gene mutations. Therefore, the
identification of CFTR genotype, an analysis of diagnostic testing is
necessary [32-34].

Rodman et al. have been reportedthe distribution of CFTR
genotypes between 1992 and 2004 at Colorado. In this study,
AF508 (20%) and AF508/AF508 (36.3%) were the common
mutation and genotype, respectively [32].

In another study, Gokdemir et al. have been investigated on
200 CF patients that the most common genotype was
AF508/AF508 or AF508/other mutations. In  heterozygote
individuals, AF508 has been observed with L571, 2789+5G>A,
2183AA-G, 1262insG, 1507del, and N1303K mutations [35].

Pandith et al. carried out a study on 150 CF patients who plays
consanguinity an important role in the pathogenesis of this
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disease. So that consanguinity rate was 53.4% and more the kind
of First Cousin [36].

Lucarelli et al have found valuable results in Italy. They have
enrolled approximately 600 patients with various forms of CF.
Generally, 125 different mutated alleles and 225 genotypes have been
observed, that illustrates a high degree of heterogeneity in the
spectrum of mutations and genotypes CFTR with predominancethe
DF508 mutation. The consanguineous marriage is not mentioned that
this is probably because of the low levels of this subject. Complex
genotypes have been seen accompanied by DF508 mutation in most
cases. However, because of progress on molecular diagnostic
techniques, the frequency of unknown alleles was very low [37].

DF508, 1677delT, M470V, and 1525-61A-G mutations had
been observed further in female patients, in cotrast G542X,
2183AA-G, 2043delG, and 1540G-A mutations in male patients. At
1677delT, 2183AA-G, 2043delG, and 1525-61A-G mutations had
not been observed any mortality and more deaths related to
DF508, and G542X mutations. AF508 and G542X mutations happen
in exon 11 and 12 that encode NBD1 in CFTR Protein. These
mutations, a variety of CF-Causing, were classified as class Il and
class | (severe form), respectively with sever clinical presentations
[38].

In a study have performed by McKone et al. about effect of
genotype on phenotype in cystic fibrosis from 1991 to 1999, there
were 1547 deaths over the 9 years. In this study, classes IV and V
had milder clinical manifestations and lower mortality rate than
classes | and Il. The most deaths associated with genotype for
AF508 [39].

In current study, the least mortality age had been obsorved in
M470V mutation. Since, the number of undetected mutations was
high quantity in our study, it is likely that have not been detected
the mutations of severe forms concomitance M470V mutation.

In study McKone et al. association of CFTR genotype with
mortality in CF-patients was investigated. Sweat chloride
concentration impact on death age, howerver CFTR genotype had
considered as independently factor on survival [40].

It is necessary that more studies carried out on correlation
genotype with phenotype, mortality and survival, in the future.

Conclusion

We found that this disease was more common in younger
males. Consanguineous marriage still continues in this area in spite
of problems. A large variety of mutations was observed for CF with
priority pathogenic variants, although was observed genetic
polymorphism and splicing types. The AF508 mutation and AF508/
AF508 genotype had the most frequency in this region. We had
several unknown variants among samples that it looks the
extensive review of CFTR gene and the utilization of advanced
molecular testings is nessasery. Genetic pattern effects on course
of disease.

Limitations and Strength Points

There were some limitations in current study. This was a
retrospective study and was performed in a specialist group. Data
was limited to Children's Hospital of the University of Medical
Sciences and Medical Genetic Laboratory in Tabriz. It may be that
CF patients were diagnosed without recording or not referred to
these centers. In addition, this search has been limited between
2001 and 2015.

The strength of this study was the proper sample size
considering the low incidence of CF in this area. Data approved by
two appraisal persons, was gathered from educational,
therapeutic and referral centers over a long period of time.
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