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ystic fibrosis (CF) is an autosomal recessive disease, most commonly
encountered in Caucasian populations. CF prevalence is 1/2500-3000
in Caucasians and according to a limited number of studies 1/3000 in

our population.1 It is clinically characterized by obstructive lung disease,
exocrine pancreatic insufficiency, elevated sweat electrolytes and male in-
fertility.2 CF is caused by mutations in both copies of the CF transmembra-
ne conductance regulator (CFTR), a 230-kb gene located at chromosome
7q31.3 CFTR encodes a 1,480-amino acid protein that acts as a cyclic adeno-
sine monophosphate dependent chloride channel in the apical membrane of
cells lining the lungs, sinuses, pancreas, intestines, vas deferens and sweat
ducts.4 Mutations in the CFTR gene can result in defects in synthesis, traf-
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AABBSS  TTRRAACCTT  Cystic fibrosis is an autosomal recessive disease caused by mutations in the cystic 
fibrosis transmembrane conductance regulator gene that results in abnormal viscous mucoid se-
cretions in multiple organs. It mainly occurs in European derived populations. The main clinical fea-
tures of the disease are pancreatic insufficiency and chronic endobronchial infection. There are
currently more than 1500 mutations, of which F508del is the most common. Here we reported
three Turkish children who were diagnosed with cystic fibrosis based on characteristic manifesta-
tions of the disease and pathological sweat test results. Genetic analysis revealed three novel mu-
tations, p.Leu812X, 3608insG ve p.Ile853Cys in the children, which have not been reported yet in
cystic fibrosis patients. In the first case, a missense mutation R347P was identified in a compound
heterozygote state with p.Leu812X. 
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ÖÖZZEETT  Kistik fibrozis, kistik fibrozis transmembran iletim regülatör genindeki mutasyonlara bağlı
gelişen ve çok sayıda organda anormal visköz mukoid sekresyonlara neden olan otozomal resesif bir
hastalıktır. Özellikle Avrupa toplumlarında görülür. Hastalığın başlıca klinik özellikleri pankreas
yetmezliği ve kronik endobronşiyal enfeksiyondur. Günümüzde hastalığa ait 1500'den fazla
mutasyon bildirilmiştir. En sık görüleni F508del mutasyonudur. Bu çalışmada, patolojik ter testi
sonuçları ve kistik fibrozise ait karakteristik bulguları ile kistik fibrozis tanısı alan üç Türk çocuğunu
sunduk. Genetik analiz sonucu çocuklarda, daha önce kistik fibrozis olgularında bildirilmemiş olan
p.Leu812X, 3608insG ve p.Ile853Cys mutasyonları saptandı. İlk olguda missense mutasyon R347P
ile p.Leu812X kompound heterozigot olarak saptandı. 
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fic king, sta bi lity, func ti on, and/or ac ti va ti on or re -
gu la ti on of the CFTR pro te in.5 The re are mo re than
1500 mu ta ti ons lis ted on CFTR mu ta ti on da ta ba se.6

The known (or pre dic ted) func ti o nal con se qu -
en ces of the va ri o us mu ta ti ons in CFTR ha ve be en
ca te go ri zed in six clas ses.7

Class I inc lu des mostly non sen se, fra mes hift or
mis sen se mu ta ti ons that re sult in de fec ti ve pro te in
bi osyn the sis. Class II mu ta ti ons pro du ce a mis fol -
ded func ti o nal CFTR pro te in, pre ven ting traf fic -
king to the api cal sur fa ce of the cell. Class II I
mu ta ti ons af fect chan nel ac ti va ti on by pre ven ting
bin ding and hydroly sis of ade no si ne trip hosp ha te
at one of the two nuc le o ti de bin ding do ma ins. Class
IV mu ta ti ons pro du ce a pro te in with im pa i red
func ti on be ca u se of ab nor mal ani on con duc ti on.
Class V mu ta ti ons re sult in a re du ced num ber of
nor mally func ti o ning CFTR mo le cu les on the api-
cal sur fa ce. Class VI mu ta ti ons re sult from trun ca -
ti on of the C-ter mi nus of CFTR and pro du ce a
func ti o nal pro te in, which is uns tab le at the api cal
mem bra ne sur fa ce.8,9

The most com mon mu ta ti on, a ba se-pa ir de -
le ti on in exon 10, which en co des the first nuc le -
o ti de bin ding do ma in of the CFTR pro te in, re sults
in a de le ti on of pheny la la ni ne at po si ti on 508.10

F508del is the most com mon mu ta ti on, with a fre-
qu ency of 66% worl dwi de.6 The R347P (exon 7) is
a com mon mis sen se mu ta ti on lo ca ted wit hin the
first mem bra ne span ning do ma in of the CFTR
pro te in. This mu ta ti on oc curs with an ove rall
worl dwi de fre qu ency of abo ut 0.2%. p.Le u812X
(exon 13), 3608insG (exon19) and p.Ile853Cys
(exon14) mu ta ti ons ha ve not be en re por ted yet in
pa ti ents with CF. 

He re in we re por ted thre e Tur kish chil dren
with no vel mu ta ti ons who re ce i ved CF di ag no sis
ba sed on cha rac te ris tic ma ni fes ta ti ons and pat ho -
lo gi cal swe at test re sults. 

CA SE RE PORTS
CA SE 1

A Tur kish girl, who was born to non-con san gu i ne -
o us pa rents, pre sen ted with pne u mo ni a at the age
of 3 months. She was first hos pi ta li zed at thre e ye -

ars of age be ca u se of dehy dra ta ti on, me ta bo lic al ka-
lo sis, hypo nat ra e mi a, and hypoch lo ra e mi a. At that
ti me, the di ag no sis of CF was ve ri fi ed by two pat -
ho lo gi cal swe at test re sults (122-121 meq/L). De-
ox yri bo nuc le ic acid mu ta ti on analy sis was ne ga ti ve
for F508del. Pan cre a tic suf fi ci ency was evi den ced
by nor mal we ight and bo wel ha bits, and ne ga ti ve
analy sis of fe cal fat ex cre ti on. Pul mo nary co lo ni -
za ti on with Pse u do mo nas ae ru gi no sa was ob ser ved
at fi ve ye ars of age. The se cond and fi nal pne u mo -
ni a de ve lo ped at the sa me age. At the age of ten,
pul mo nary func ti on tests inc lu ded FVC 83% pre-
dic ted, FEV1 80% pre dic ted, FEV1/FVC 97%, PEF
55%, and FEF25-75 60% pre dic ted. Two are as of
bronc hi ec ta sis we re de mons tra ted in the midd le
and the lo wer lo be of the right lung on high-re so -
lu ti on com pu ted to mog raphy (HRCT). A re cent ge-
ne tic analy sis re ve a led R347P mu ta ti on in a
com po und he te rozy go te sta te with a no vel mu ta ti -
on, p.Le u812X, which has not be en re por ted el se-
w he re be fo re. Af ter the ge noty pe of our pa ti ent
was de ter mi ned, the mot her had a se cond preg-
nancy. The fe tus was al so com po und he te rozy go te
for the sa me CFTR mu ta ti on ge noty pe and the pa-
ti ent un der went the ra pe u tic abor ti on. La ter the pa-
ti ent had a he althy 2-ye ar-old brot her who was
born af ter pre na tal eva lu a ti on. The cha rac te ris tic
fe a tu res of the thre e pa ti ents inc lu ding Ca se 1 we -
re gi ven in Tab le 1. 

CA SE 2

An 8-month-old Tur kish boy, who was born to
con san gu i ne o us pa rents, pre sen ted with fa i lu re to
thri ve, vo mi ting, ste a torr he a, and re cur rent se ve -
re lo wer res pi ra tory tract in fec ti ons. The di se a se
had had its on set at two months of age. CF was di-
ag no sed at eight months ba sed on cli ni cal ma ni -
fes ta ti ons and po si ti ve swe at tests (111-116
meq/L). Chest ra di og raph re ve a led pul mo nary in-
fil tra ti ons du ring the in fec ti on pe ri ods; ho we ver
tho rax com pu te ri zed to mog raphy (CT) co uld not
be ava i lab le. Pul mo nary func ti on tests co uld not
be per for med be ca u se of lack of co o pe ra ti on. He
was gi ven pan cre a tic enz yme supp le men ta ti on be-
ca u se of high fe cal fat ex cre ti on. The pa ti ent was
lost to fol low-up af ter the thre e months vi sit. The
pa ti ent was iden ti fi ed with 3608insG/unk nown
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mu ta ti on. The new mu ta ti on was de tec ted in he t-
e rozy go us form. Thus, the pa ti ent was con si de red
com po und he te rozy go te sta te as he had CF-re la -
ted phe noty pe. 

CA SE 3

An 8 ye ar-old boy, who was born to non-con san -
gu i ne o us pa rents, was ad mit ted to our hos pi tal be-
ca u se of re cur rent bronc hi o li tis star ting from fo ur
months of age. He al so had pne u mo ni a that did
not re qu i re hos pi ta li za ti on at fo ur ye ars of age. CF
was ve ri fi ed with two pat ho lo gi cal swe at test re-
sults (105-110 meq/L) in in fancy. Ot her con di ti -
ons with high va lu es of swe at test re sults such as
ad re nal gland prob lems, hypoth yro i dism and kid-
ney fa i lu re we re exc lu ded. No ab nor ma lity was
se en on chest ra di og raph and CT of tho rax. Pul-
mo nary func ti on tests inc lu ded FVC 90% pre dic -
ted, FEV1 95% pre dic ted, PEF 92%, and FEF25–75

80% pre dic ted. The res pi ra tory symptoms al le vi -
a ted with in cre a sing age and he be ca me symptom
fre e af ter 6 ye ars old. He did not show gas tro in -
tes ti nal ma ni fes ta ti ons of CF and had nor mal we -
ight and he ight me a su re ments. Pan cre a tic
suf fi ci ency was evi den ced by ne ga ti ve fe cal fat ex-
cre ti on. Ge ne tic analy sis re ve a led p.Ile853Cys
mu ta ti on in he te rozy go us form (p.Ile853Cys/ un-
k nown). The pa ti ent was con si de red com po und
he te rozy go te sta te as he had two po si ti ve swe at
test re sults.   

DIS CUS SI ON
Pre vi o us stu di es ha ve re por ted a low fre qu ency of
F508del in Tur key, in di ca ting a high ge ne tic he te -
ro ge nity of the di se a se in this po pu la ti on.11,12 In a
study re por ted by Onay et al13 from Tur key, 122
un re la ted chro mo so mes from 73 Tur kish CF fa mi -
li es we re analy zed for the en ti re co ding se qu en ce of

the CFTR ge ne. This ex ten si ve scre e ning study re-
ve a led that 18 mu ta ti ons ac co un ted for 52.5% of
the di se a se ge nes in the Tur kish CF po pu la ti on. The
fre qu ency of the most com mon mu ta ti on, F508del,
was 18.8% in that study po pu la ti on which con fir -
med the con si de rab le mo le cu lar he te ro ge ne ity of
CF among Turks. Onay et al14 re cently pre sen ted
an up da ted re port of mu ta ti ons fo und in the Tur k-
ish po pu la ti on, which re ve a led 27 dif fe rent mu ta -
ti ons ac co un ting for 60% of the di se a se ge nes in the
Tur kish po pu la ti on. Da yan gaç et al15 in ves ti ga ted
con ge ni tal bi la te ral ab sen ce of the vas de fe rens as a
pri ma rily ge ni tal form of CF in 52 Tur kish ma les
and iden ti fi ed 27 dif fe rent mu ta ti ons on 72.5% of
the in ves ti ga ted al le les. Kı lınç et al16 analy zed the
CFTR lo cus in 83 Tur kish CF pa ti ents to iden tify
mu ta ti ons, hap loty pes and the car ri er fre qu ency in
the po pu la ti on. They de tec ted 36 dif fe rent mu ta ti -
ons in 125 (75%) of the to tal 166 CF chro mo so mes
and sug ges ted that the Tur kish po pu la ti on had the
hig hest ge ne tic he te ro ge ne ity at the CFTR lo cus re-
por ted so far.  

De an et al17 first des cri bed R347P mu ta ti on
with a mild pul mo nary ma ni fes ta ti on of CF and
pan cre a tic suf fi ci ency as in Ca se 1. The pa ti ents ori -
gi nally des cri bed with this mu ta ti on we re com po -
und he te rozy go tes with the F508del mu ta ti on and
had a very mild co ur se of CF, sug ges ting that
R347P, si mi lar to ot her mis sen se mu ta ti ons af fec -
ting the MSD1 do ma in, ca u sed a mild phe noty pe.
The phe noty pe for R347P has be en as so ci a ted with
mild di se a se in ot her re ports to o.18,19 In con trast,
Va ron et al20 re por ted a gro up of 19 CF pa ti ents
with the R347P mu ta ti on of Ger man, Bul ga ri an,
Czech, and Slo vak ori gin, inc lu ding two ho mozy -
go tes. Most pa ti ents in the men ti o ned study pre-
sen ted with early di se a se on set, pan cre as
in suf fi ci ency and early pul mo nary in vol ve ment,

Sweat test Pulmonary symptoms Pancreatic insufficiency Mutations

Case 1 121-122 meq/L Moderate No   R347P/p.Leu812X

Case 2 111-116 meq/L Severe Yes 3608insG/unknown

Case 3 105-110 meq/L Mild No p.Ile853Cys/unknown

TABLE 1: Characteristic features of the patients.
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sug ges ting that this mu ta ti on can le ad to a se ve re
co ur se of CF. The pos si bi lity of re cur rent mu ta ti on
at co don 347 may exp la in the di ver sity of the di se -
a se se ve rity. The re are se ve ral nuc le o ti de po si ti ons
that are sus cep tib le to mu ta ti on. Mu ta ti ons af fec -
ting the se po si ti ons might be as so ci a ted with mo re
than one hap loty pe. Mu ta ti on R347P re sults from
a G ® C chan ge in a CpG di nuc le ti de.21 The analy-
sis with mar kers flan king this mu ta ti on sug gests
that it has ari sen mo re than on ce.22 The analy sis has
in di ca ted that dif fe rent hap loty pes are un li kely to
ha ve ari sen by do ub le re com bi na ti on, re com bi na -
ti on and slip pa ge, or do ub le slip pa ge events. The re-
fo re, re cur ren ce of this mu ta ti on se ems to be the
most pla u sib le exp la na ti on.21

In Ca se 1, the se cond child of the fa mily was
com po und he te rozy go te for the sa me CFTR mu ta -
ti on that our pa ti ent had, thus the ra pe u tic abor ti -
on was per for med. In Fran ce, physi ci ans had
dif fi culty ma na ging de tec ted com po und he te rozy -
go tes with CFTR va ri ant (R117H), who se imp li ca -
ti on in CF re ma i ned unc le ar. Thus, R117H was
with drawn from the pa nels of CFTR mu ta ti ons
used in CF new born scre e ning be ca u se pre na tal di-
ag no sis of this va ri ant was very com mon le a ding to
fre qu ent the ra pe u tic abor ti on in that spe ci fic are a.23

In our Ca se 1, alt ho ugh the the ra pe u tic abor ti on
might not be re com men ded, the pa rents co uld not
ta ke the risk of a child with CF.

The 3608insG is a fra mes hift mu ta ti on le a ding
to a trun ca ted pro te in, cle arly de le te ri o us. It is pro -
bably cor rect to sta te that 3608insG is pro bably a
Class 1 mu ta ti on. Ho we ver, the mu ta ti on
p.Ile853Cys is lo ca ted bet we en the R-do ma in and
MSD2. This ami no a cid subs ti tu ti on may be a be-
nign se qu en ce va ri ant or a di se a se-ca u sing mis sen -
se mu tant. Thus, the re is in suf fi ci ent evi den ce to
sup port p.Ile853Cys be ing a Class 2 mu ta ti on, es-
pe ci ally in the ab sen ce of se qu en ce da ta to cor ro -
bo ra te the fin dings. 

In conc lu si on, we re por ted thre e chil dren di-
ag no sed with CF with thre e no vel mu ta ti ons,
which ha ve not be en re por ted el sew he re be fo re. In
Ca se 1, we pre sen ted a pa ti ent who had
R347P/p.Le u812X ge noty pe. The com bi na ti on of
p.Le u812X on one chro mo so me and R347P on the
ot her re sul ted in a mild phe noty pe in our ca se. As
long as the se cond mu ta ti on is unk nown, a no vel
CFTR se qu en ce va ri ant can not be clas si fi ed as a di s-
e a se-ca u sing le si on. Ho we ver, 3608insG mu ta ti on
may be a se ve re one as in Ca se 2, le a ding to early
di se a se on set, fa i lu re to thri ve, pan cre a tic in suf fi -
ci ency and se ve re pul mo nary in vol ve ment. Ca se 3
pre sen ted with mild pul mo nary symptoms and
pan cre a tic suf fi ci ency sug ges ting that p.Ile853Cys
mu ta ti on may le ad to a mild co ur se of CF. Ex ten si -
ve mu ta ti on scan ning is re qu i red to iden tify the se -
cond mu ta ti ons in our ca ses.
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