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The importance of the M470V polymorphism
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ABSTRACT

Objective: Several hundreds of cystic fibrosis transmembrane conductance regulator
(CFTR) variants have been reported, however it is not known whether which one of
them was causing the disease of cystic fibrosis (CF) or not. Information about CFTR
genes carrying the M470 or the V470 allele are interesting. In this study, we aimed to
investigate the clinical importance of M470V mutation in Antiochia region.

Methods: A case- control study consisted of 145 children from whom CF gene study
was requested because of recurrent respiratory tract infections, growth failure, chro-
nic diarrhea and constipation. The parameters of patients with positive mutation were
compared with negative ones as for gender, age, height, weight, annual number of
upper and lower respiratory tract infections, parental consanguinity, sibling death,
clinical and laboratory parametres.

Results: In 63 of 145 patients (43.4%), heterozygous mutation, in 16 (11%) of them
homozygous mutation was detected. All of the patients with mutation group had
M470V mutation. The sweat test results of all patients were within normal limits.
Mean age of those patients were 41.21+39.8 (min: 6 max: 192) months and 30 (38%)
of them were girls. Thirty percent of the patients with mutation (n=17.7) had a fami-
lial history of cystic fibrosis, 2 a history of sibling death . In the mutation group, only
annual number of infections, skin dryness, loss of weight, level of IgG and IgM were
significantly higher (p<0.05).

Conclusion: It was concluded that in M470V positive cases, the disease may cause
clinical symptoms without affecting sweat test results, with less gastrointestinal but
more respiratory symptoms, causing a more prominent loss of weight.

Keywords: Child, cystic fibrosis, M470V
0z

Amacg: Kistik fibroz transmembran regulatér (CFTR) geni ile ilgili yiizlerce varyant
bildirilmesine kargin, hangisinin kistik fibrozis (CF) hastaligia yol a¢tigi bilinmemek-
tedir. CFTR geninin M470 ve V470 alelleri ile ilgili bilgiler ilgi ¢ekicidir. Bu ¢alismada,
Antakya bolgesinde M470V mutasyonunun klinik 6nemi arastirilmstir.

Yontem: Cahgmaya, yineleyen solunum yolu enfeksiyonlari, biiyiime geriligi, kronik
diare ya da konstipasyon nedeniyle CF genetik analizi istenen 145 ¢ocuk alinmistir.
Genetik mutasyonu pozitif ve negatif hastalar cins, boy, kilo, yilhk iist ve alt solunum
yolu enfeksiyon sayisi, akraba evliligi, kardes 6liimii, klinik ve laboratuvar paramet-
releri yoniinden karsilagtirilmigtir.

Bulgular: Yiiz kirk bes hastanin 63’iinde (%43 ,4) heterozigot, 16’sinda (%11) homo-
zigot mutasyon saptanmugtir. Mutasyon saptanan hastalarin tiimiinde M470V mutas-
yonu vardir. Tiim hastalarin ter testleri normal simirlarda bulunmustur. Hastalarin
ortalama yas1 41,21+£39,8 (min: 6 max: 192) ay olup, 30’u (%38) kizdir. Mutasyon
saptanan hastalarin 17,7’sinde (%32) ailede CF o6ykiisii, 2’sinde kardes 6liimii 6ykiisii 51 tarih.

vardir. Yillik enfeksiyon sayisi, deri kurulugu, kilo kaybi, IgG ve IgM diizeyleri %233;%;3;:112270222(2)?;7
anlamh olarak yiiksek bulunmustur (p<0,05).

Sonu¢: M470V mutasyonunun ter testi sonuglarmi etkilemeden daha sik solunum
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INTRODUCTION

Cystic fibrosis (CS) is a terminal disease charac-
terized with dark, sticky mucus secretion from the
exocrine glands showing autosomal recessive inheri-
tance (. The gene causing the disease is localized on
the 7th chromosome. The spread mutation detected in
CF is AF508 and over 1500 mutations have been
determined **.

Several hundreds of cystic fibrosis transmembra-
ne conductance regulator (CFTR) variants have been
reported, it is not known whether they are causing CF
or not. One of “CFTR mutations which were associ-
ated with polymorphisms” is M470. The most inte-
resting finding about the different patterns was CFTR
genes carrying the M470 or the V470 allele. M470
and the combined V frequency are seen in the sub-
Saharan Africa. Although there was polymorphism,
M470V may cause clinical issues, such as congenital
bilateral absence of the vas deferens in Chinese males
(2,4,5)'

The carrier rate of CF in the white race is stated as
1/25 and the incidence of live birth as 1/2500-3000.
The frequency of the disease show significant diffe-
rences between ethnical groups and countries due to
the autosomal recessive inheritance because of con-
sanguineous marriage, '°7. In this study, we aimed
to investigate the clinical importance of M470V
mutation in the Antiochia region (ancient commercial
center and capital of Syria; an early center of
Christianity) a region with frequent consanguineous
marriages due to ethnical reasons.

MATERIALS and METHODS

The study was designed as a case-control study.
The study group (mutation positive group) consisted
of 79 children with mutations out of 145 children
who had undergone CF gene study because of recur-
rent respiratory tract infections, growth failure, chro-
nic diarrhea and constipation.

Genetic analysis

DNA was isolated from whole blood samples in
EDTA using a commercially available DNA extracti-
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on kit (RTA Lab, Ltd., Sti, Turkey). PCR amplificati-
on of exons 7, 10 and 11 in the cystic fibrosis conduc-
tance transmembrane regulator (CFTR) gene was
performed using gene specific primers. Each primer
was used to perform both genomic DNA amplificati-
on and sequencing reactions. PCR was performed
using a total volume of 25 pl, containing 100 ng of
genomic DNA, 12.5 ul of 2x reaction buffer (GML
SeqFinder Sequencing System, Switzerland), 5 pmol
of each primer. After an initial denaturation step at
95°C for 10 mins, samples were subjected to 35
cycles of PCR at 95°C for 30secs at 59°C for 90secs,
and at 72°C for 60secs with a final extension step at
72°C for 7 mins. Amplified products were verified by
electrophoresis using 2% agarose gel and also cycle-
sequencing reactions were performed in both forward
and reverse directions in terminator ready reaction
mixture containing Big Dye Terminator v3.1 Cycle
Sequencing Kit (Applied Biosystems, USA) and sub-
mitted to 25 cycles at 96°C for 10secs, 50°C for
Ssecs, 60°C for 4 mins. After the purification of cycle
sequencing products, 5 ul of marked and purified
DNA were analysed by capillary electrophoresis on
an ABI PRISM 3130 Genetic Analyser (Applied
Biosystems, Forster city, CA, USA). The mutation
was confirmed via sequencing of the anti-sense DNA
strand, which was performed twice.

Study design

The cases were separated into 2 groups as mutati-
on negative and mutation positive according to their
gene mutation results. The admission complaints of
the cases were evaluated based on physical examina-
tion and laboratory findings.

Gender, age, height, weight, history of meconium
ileus, prolonged neonatal jaundice, skin findings,
annual number of upper and lower respiratory tract
infections, parental consanguinity, sibling death, sib-
ling with cystic fibrosis, family history of chronic
constipation, acute pancreatitis were recorded.
Physical examination findings such as nasal polyps,
chronic sinusitis, complete blood count, routine bioc-
hemistry, serum levels of immunoglobulins, sweat
test results, fecal fat, chest X ray and sinus radiology
findings were recorded.
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Statistical analyses

Mean, median, standard deviation (SD) and range
were computed for each domain of the CF in this refe-
rence population. Kolmogorov-Smirnov tests were
used to test whether the CF domain scores showed a
normal distribution. Analyses were separately perfor-
med for mutation groups. The Mann-Whitney test,
chi-square tests, logistic regressions were used to
assess potential differences between genders, analyses
and different age-groups. Data were analyzed with
SPSS version 15.0.

RESULTS

In 63 of 145 patients (%43.4), heterozygous, and
in 16 (%11) cases homozygous mutations were
detected. A total of 79 patients had M470V mutati-
ons. Mean age of those patients was 41.21+39.8
(min: 6 max: 192) months and 30 (%38) were girls
and 49 (%62) were boys. Seventeen (32.7%) patients
with mutation, and 5 (18.5%) with negative mutation
had a familial history of cystic fibrosis. There is no
statistically significant difference between them
(p<0.05). Siblings of 2 patients with mutation were
dead.

The recurrent respiratory tract infections (adenoi-
ditis, tonsillitis, sinusitis, bronchitis and bronchopne-
umonia) of the cases were questioned. In the mutati-
on group, only annual number of infections were
significantly higher (p<0.01). There were respiratory
tract complaints in 56 (70.9%), gastrointestinal in 11
(13.9%) and both respiratory and gastrointestinal
system complaints and findings in 12 (15.2%) cases.

When evaluated according to the gastrointestinal
symptoms, past history of meconium ileus and neo-
natal jaundice stories was not significant in both
groups. None of the cases were receiving pancreatic
enzyme and enteric nutrition support. There was no
significant difference between the two groups as for
past history of chronic constipation and diarrhea.

When the cases were separated into groups accor-
ding to their height percentiles, the patients were
under 3. percentile (n=17, 21.5%) or within 3. and
10. percentiles (n=28; 35.4%), and short stature was
detected in a total of 45 cases (57%). Besides body

weights of the patients were under 3. percentile
(n=13; 16.5%) or within 3. and 10. percentiles (n=26;
32.9%) and a total of 39 (49.4%) cases were detected.
The patients with mutation had significantly low
weight percentiles. Even though their height percen-
tiles were lower , intergroup differences were statisti-
cally significant (p>0.05). Skin dryness was statisti-
cally significantly more frequent in mutation positive
cases (p<0.01).

The sweat test results of all patients were within
the normal limits. Chlorine levels in both groups
were detected to be less than 60 mmol/L.

Hemoglobin values of the whole group was detec-
ted as 11.43+1.1 (min: 8,6 max:14) mg/dl, white
blood cell count as 11+£3.9 x 103/u1 (min: 5.1 103/ul,
and max: 25.2 103/ul ), platelet count as 400+116.4x
103/ul (min: 198x103/u1 max: 726x103/ul ).

When we compared groups according to age, gen-
der, white blood, hemoglobin, platelet, level of serum
Ig E and Ig A results, there were no significant diffe-
rences amongh groups.. In mutation group, level of
serum IgG and IgM were significantly higher (p<0.05)
(Table 1). In the mutation group the number of child-
ren with low weight, IgA deficiency and IgE excess
was statistically significantly lower when compared
with those without mutation (p<0.05), (p<0.01)
(Table 2).

Table 1. The clinical and laboratory characteristics of cases
with respect to mutation groups.

Mutation (+)
Group (n:52)

Mutation (-) p value
Group (n:27)

Mean=SD Mean+=SD

Male 23 7 0.09
Female 29 20

Age (months) 38+36 45445 04
Hemoglobin 10.3+1 11.5+1 04
WBC 10.9+3.9 11£3.7 09
PLT 400+13 396+86 0.8
IgA 105+67 8047 0.058
IgG 884+27 698+27 0.04
IegM 103+33 88+26 0.02
IgE 179425 174+28 09

Average serum glucose values in the cases with
low height and weight percentiles were detected to be
significantly low in both groups (p<0.05). However,
hypoglycemia or hyperglycemia was not detected.
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Table 1. The clinical and laboratory characteristics of cases
with respect to mutation groups.

Properties Mutation (+) Mutation (-) Total P value
Group Group n
n (%) n (%)
Short stature 33 (73.3) 12 (26.7) 45 0.08
Low weight 30 (76.9) 9(23.1) 39 0.03
Ig A deficiency 33 (58.9) 23 (41.1) 56 0.04
Ig G deficiency 0 (0) 1 (100) 1 0.3
IgM deficiency 0 (0) 1 (100) 1 0.3
High IgE values 30 (85.7) 4(14.3) 35 0.001

The glucose, SGPT, SGPT, BUN, creatinine, GGT,
protein, albumin, sodium, potassium, chlorine, calci-
um, phosphorus, alkaline phosphatase, total bilirubin
and direct bilirubin values checked in all of the cases
were detected to be within the normal reference valu-
es in both groups.

Fecal fat was checked in the stool of all patients
and fat in the stool of 5 (9.6%) mutation positive
cases were detected.

Abdominal USG was done on all patients, fullness
and gall sludge in gall bladder was detected in 2
mutation positive cases.

DISCUSSION

Cystic fibrosis is caused by mutations in the
CFTR (ABCC7) gene. The most common mutation is
AF508del, which accounts for approximately two
thirds of all CFTR alleles in patients with CF, with a
decreasing prevalence from Northwest to Southeast
Europe. The remaining third of alleles are substanti-
ally heterogeneous, with fewer than 20 mutations
occurring at a worldwide frequency of more than
0.1%. Some mutations can reach a higher frequency
in certain populations, due to a founder effect in reli-
gious, ethnic or geographical isolates &,

In a study carried out in the European community,
1700 gene mutations were checked and a total of 80
different variations, 61 of which were previously
detected. Three important CFTR haplotypes were
known as poly-T, TG-repeats and the M470V poly-
morphisms. M470V polymorphism was studied in
the sub-Saharan region and very high incidence rates
were detected. It was stated that V allele may be sour-
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ced outside of Africa and may be from Europe or
Asia @19, M470 genes are the ancestral genes !, In
our study, no mutations other than M470V gene
mutations were detected. M470 gene mutation may
be frequently detected because our region was known
as Mesopotamia in the ancient times and was a part
of the old world. Our region including Antioch
(Antakya) which was the capital of Syrian province
of Eastern Roman Empire may be effective in detec-
tion of the V allele which is known to be sourced
from Europe or Asia.

CFTR mutations vary in their frequency and dist-
ribution in different populations. Very few mutations
have a worldwide frequency above 0.1%, but some
can reach high prevalence in selected populations .
Thus Antioch region which is a region with frequent
consanguineous marriages due to ethnical reasons
was chosen.

Sweat chlorine test is still the golden standard in
diagnosis of cystic fibrosis. Typical clinical findings
and sweat test results support the diagnosis in the
cases with cystic fibrosis. Genetic mutation detection
is an important method which may affect the future
life of the patient. Furthermore, polymorphism adds
to the severity of the disease *!. In our study, poly-
morphism was detected in 54.4% of the patients
while no patient had positive sweat test.

Mutation analysis may be used for making a diag-
nosis of CF in individuals with a consistent clinical
picture. CFTR mutations may: A. cause CF; B. be
associated with CFTR-related disorders; C. have no
clinical consequences; D. have unknown or uncertain
clinical relevance.

M470V mutations were also added to the group
without clinical symptoms. However, it is stated that
pathogenic potentials of most mutations are not
determined, mutation analysis will not end the cont-
radiction and the clinician should act according to the
clinical findings of the patient ©'®'". The children
with M470V mutation detected in our study having
clinical findings related to the disease support this
view.

CF phenotype is affected from environmental fac-
tors and other genetic factors besides genotype.
When homozygote and heterozygote classification of
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the patients was performed, a picture that changes
from light lung diseases to serious severe lung disea-
ses can be seen because the same classification can
include different mutations. Similarly, it may come
with chronic pancreatitis or repeating acute pancrea-
titis, sclerosing cholangitis or it may not give any
symptoms (819,

If there is 0-1 gene mutation positivity was detec-
ted at the time of diagnosis and during follow up of
CF, there should be clinical and laboratory informati-
on exchange and their results should be especially
considered together with the family characteristics of
the patient, ethnical characteristics, frequency and
test results shall be evaluated and followed as a
whole. If there is suspicion, rare mutations shall be
scanned in terms of carriership 9. Case-control
group with 0-1 gene mutation cases were included in
this study. Even though definite limits cannot be
shown, a patient profile with normal sweat test, cha-
racterized with frequently repeating infections and
respiratory system involvement being in the forefront
appeared.

The studies carried out have stated that the
M470V mutation usually doesn’t cause clinical fin-
dings ®°2Y. However, M470V may cause clinical
issues, such as congenital bilateral absence of the
vas deferens in Asian males “*?. Also Kutuk et al.
23 reported a case with jejunoileal atresia which is
an intestinal sign of CF from Kayseri, Turkey. In our
study, we would like to emphasize that especially
the upper respiratory tract infections are seen more
commonly in these cases. Another study (Algerian
cystic fibrosis families) detected 1609delCA and the
M470V polymorphisms in a child with severe CF
findings @¥.

A study conducted in England and Wales regions
retrospectively examined the records of the patients
who died because of CF between the years of 1959
and 2008. It was stated that the male patients and the
patients with high socio-economic level die sooner
29, Due to the fact that pediatric cases were included
in this study and that there were no severe cases, we
didn’t have any exigted cases during the 1 year of
observation period.

CONCLUSION

M470V positive cases were detected as a result of
the genetic analysis carried out with CF suspicion in
an ethnical region. The disease may cause clinical
symptoms without affecting sweat test results, with
less gastrointestinal but more respiratory symptoms,
causing a more prominent loss of weight, and higher
levels of immunoglobulin due to more frequent infec-
tions. As a result, this study which was performed in
a closed society implicated the importance of M470V
polymorphism in CF.
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