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Introduction

Cystic fibrosis is one of the most common life-
threatening autosomal recessive disorders that is usu-
ally estimated to affect 1 in 2000–3000 Caucasian
newborns, with a carrier frequency of 1 in 26 individu-
als (1). In its classic and most common form, cystic
fibrosis manifests with chronic obstructive lung dis-
ease, exocrine pancreatic insufficiency, elevated sweat
chloride concentration and in males infertility due to
obstructive azoospermia (2).

Cystic fibrosis is caused by mutations in the Cy-
stic Fibrosis Transmembrane Conductance Regulator
(CFTR) gene, spanning 250kb at chromosomal region
7q31.3 and consisting of 27 exons. The gene was dis-
covered in 1989, and it encodes a protein expressed at
the apical membrane of exocrine epithelial cells (3).

CFTR protein functions principally as a cAMP-induced
chloride channel and appears capable of regulating
other ion channels.

The most common mutation in the CFTR gene
is F508del located in exon 10, and it is present on
approximately two-thirds (66%) of all cystic fibrosis
chromosomes. However, there is great mutational he-
terogeneity in the remaining one-third of all alleles.
Nearly 1300 mutations within CFTR have been identi-
fied to date, and reported to Cystic Fibrosis Genetic
Analysis Consortium (4). Although these mutations
vary greatly in their frequency and distribution, the vast
majority are present in either single individual or small
number of individuals.

Mutations affect CFTR through a variety of mole-
cular mechanisms which can produce little or no func-
tional CFTR at the apical membrane. The phenotypic
spectrum associated with mutations in the CFTR gene
extends beyond the classically defined cystic fibrosis.
Besides patients with atypical cystic fibrosis, there are
large numbers of so-called monosymptomatic disea-
ses, such as various forms of obstructive azoospermia,
idiopathic pancreatitis or disseminated bronchiectasis
associated with CFTR mutations uncharacteristic for
cystic fibrosis (5).
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Summary: This paper reports a case of a patient presenting with atypical cystic fibrosis whose sweat test
showes borderline values. In vast majority of cases the sweat test is essential diagnostic tool for establishing the
diagnosis of cystic fibrosis, but only after the molecular genetic testing the diagnosis can be confirmed. The
patient was found to be compound heterozygote for two CFTR mutations, F508del and D1152H. The presence
of F508del mutation was analyzed by PSM method, while the screening for the second mutation was performed
using DGGE. The strategy of mutation detection in cystic fibrosis patients, especially those with atypical presen-
tations who carry less frequent mutations, should include both direct and indirect methods of molecular diag-
nostics.
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This paper reports a case of atypical cystic fibro-
sis that was diagnosed by the combination of direct
and indirect mutation detection methods. It is shown
that the patient is a compound heterozygote for two
CFTR mutations.

Materials and Methods

Case history

Patient is a 38 year-old woman presented with a
diagnosis of bronchiectasis. Her past medical history
was noteworthy for the onset of respiratory symptoms
such as: recurrent pneumonia and periods of cough
and haemoptysis. Sweat test performed at the age of
6 showed borderline values. At the age of 33, com-
puted tomography (CT) has shown the presence of
bronchiectasis. At the age of 38, she presented with
lung disease progression, which was observed by CT,
and was referred for molecular testing for cystic fibro-
sis.

Methods

DNA was extracted from peripheral blood using
GFXTM Genomic Blood DNA Purification Kit (Amer-
sham Biosciences).

The presence of the most frequent CFTR muta-
tion – F508del was detected by PCR-Mediated Site-
Directed Mutagenesis (PSM) method (6). The 219bp
long fragment was amplified with the following pri-
mers: 5'-GCACCATTAAAGAAAATATGAT-3' and 5'-
CATTCACAGTAGCTTACCCA-3', and digested with
MboI. Products were analyzed on 10% polyacrilamide
gel. 

The screening for the presence of variations in
CFTR exons was performed by Denaturing Gradient
Gel Electrophoresis (DGGE) method, as previously
described (7). Exon 18 was amplified with the follow-
ing primers: 5'-GTAGATGCTGTGATGAACTG-3' and
5'-GTGGCTATCTATGAGAAGGA-3' and sequenced
with the primer 5'-TGCCCTAGGAGAAGTGTG-3'
using Thermo Sequenase CyTM5 Dye Terminator Kit
(Amersham Pharmacia Biotech).

Results and Discussion

The presence of CFTR F508del mutation was
analyzed by PSM method. After digestion with MboI
normal allele is digested giving fragments 202bp and
17bp long, while mutant allele remains undigested.
This analysis has shown that the patient is heterozy-
gous for F508del mutation (Figure 1).

The screening for the second mutation was per-
formed using DGGE. After DGGE analysis was per-
formed for several CFTR exons, altered band pattern
was seen in exon 18. Mixing of the patient sample with

control samples heterozygous for two mutations in
exon 18, has shown that the mutation present in
patient's sample is D1152H. Mixing with M1137V/N
control gives extra heteroduplex bands, while no extra
bands are seen after mixing with D1152H/N control
(Figure 2).

The presence of D1152H mutation was confir-
med by direct DNA sequencing (Figure 3).

Figure 1.   PSM analysis of patient's CFTR gene
for the presence of F508del mutation:

1. Heterozygote for F508del
2. Homozygote for normal allele

3. Patient (heterozygote for F508del)   
4. Homozygote for F508del

1              2               3              4 

heteroduplex →
219bp →
202bp →

Figure 3.   The part of the patient's CFTR gene exon 
18 sequence containing D1152H mutation 

in heterozygous state (S=C/G)

120 125 130 135          140

A C T C C A G C A T A S A T G T G G A T A G C

Figure 2.   DGGE analysis of patient's CFTR gene
for the presence of variations in exon 18:

1. patient's sample
2. control D1152H/N (heterozygote for D1152H)
3. control M1137V/N (heterozygote for M1137V)
4. mixed patient's sample and control D1152H/N
5. mixed patient's sample and control M1137V/N

1            2           3           4           5

heteroduplexes
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The described patient, presenting with atypical
cystic fibrosis, was found to be compound heterozy-
gote for two CFTR mutations, F508del and D1152H.
It has been previously reported that the F508del/
D1152H genotype is associated with mild CF pheno-
type (8).

The CFTR mutation D1152H is caused by point
mutation G to C at position 3586. Patients carrying
D1152H mutation are usually diagnosed at advanced
age, present mild pulmonary disease and pancreatic
sufficiency. The mutation D1152H was found to be
associated with normal sweat chloride values (9). Cha-
racterization at the protein and at the electrophysio-
logical level has shown that this mutation does not
alter the permeability sequence of the CFTR channels
(10). However, it significantly reduces the whole cell
cAMP activated chloride currents, indicating that this
mutation interferes with the proper gating of the chlo-
ride channels.

In vast majority of cases, the sweat test remains
the essential diagnostic tool for establishing the diag-
nosis of CF. Although the threshold of 60 mmol/L for

the sweat chloride concentration has proven to be dis-
criminating and useful in clinical practice, in described
patient a borderline value was observed. Only after the
molecular genetic testing, the diagnosis of cystic fibro-
sis was confirmed. In our opinion in borderline sweat
chloride results, clinician should consider molecular
genetics testing for cystic fibrosis. Further exhaustive
genetic analysis is justified in patients with symptoms
suggestive of CF and borderline sweat chloride con-
centration.

Although methods for direct detection of the
most frequent CFTR mutations remain essential, met-
hods for the screening of the whole gene are increa-
singly used for the purposes of cystic fibrosis molecu-
lar diagnostics. In our experience, the denaturing gra-
dient gel electrophoresis is a method of choice, due to
its reliability and sensitivity. It is followed by direct DNA
sequencing, used for characterization of the detected
aberrant pattern. The strategy of mutation detection in
analysis of CF patients, especially those with atypical
presentations who carry less frequent mutations, sho-
uld include both direct and indirect methods of mole-
cular diagnostics.

ANALIZA CFTR GENA KOD PACIJENTA SA ATIPI^NOM CISTI^NOM FIBROZOM

Aleksandra Nikoli}1, Aleksandra Divac1, Nada Bogdanovi}2, Marija Miti}-Miliki}2, Dragica Radojkovi}1

1Institut za molekularnu genetiku i geneti~ko in`enjerstvo, Beograd
2Institut za plu}ne bolesti i tuberkulozu, Klini~ki centar Srbije, Beograd

Kratak sadr`aj: U ovom radu je prikazan slu~aj atipi~ne cisti~ne fibroze sa grani~nom vredno{}u znojnog
testa. U ve}ini slu~ajeva znojni test je glavni dijagnosti~ki parametar za dijagnostikovanje cisti~ne fibroze, ali se
dijagnoza mo`e potvrditi samo na osnovu rezultata molekularno-geneti~kog testiranja. Utvr|eno je da je pacijent
slo`eni heterozigot za dve CFTR mutacije, F508del i D1152H. Prisustvo mutacije F508del detektovano je PSM
metodom, dok je za analizu prisustva druge mutacije kori{}ena DGGE metoda. Strategija detekcije mutacija kod
pacijenata sa cisti~nom fibrozom, naro~ito onih sa atipi~nim prezentacijama bolesti koji nose re|e mutacije, tre-
balo bi da uklju~uje i direktne i indirektne metode molekularne dijagnostike.

Klju~ne re~i: atipi~na cisti~na fibroza, CFTR gen, DGGE, molekularna dijagnostika
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1. Tekst rada
^itav rad, uklju~uju}i sve priloge treba poslati u dup-
likatu i to original i odgovaraju}u fotokopiju rada.
Original mora da sadr`i sve priloge izra|ene na
na~in opisan pod 2. Rad treba da bude otkucan sa
dvostrukim proredom, tako da na jednoj stranici bude
najvi{e 30 redova; s leve strane treba ostaviti beli rub
{irok oko 4 cm. Pregledni ~lanci i originalni radovi
mogu da imaju do 15 kucanih strana, a ostali do
osam strana sa svim prilozima. Radovi moraju da ima-
ju slede}i sadr`aj:

1.1. Naslov rada treba da bude jasan i {to kra}i,
otkucan na posebnom listu papira s imenima autora
koji se navode prvo punim imenom, zatim prezime-
nom. Ispod toga treba navesti ta~an naziv ustanove
u kojoj je rad ura|en. Na dnu stranice treba napisati
adresu autora sa kojim }e se vr{iti korespodencija.

1.2. Na posebnoj stranici se prila`e kratak sadr`aj,
koji ne sme da bude du`i od 120 re~i. Ne sme biti
opisan, ve} mora da sadr`i sve bitne ~injenice iznete
u radu: kratak i precizan prikaz problema, metode ra-
da, bitne rezultate i osnovne zaklju~ke.

1.3. Kratak sadr`aj na engleskom jeziku se tako|e
prila`e na posebnoj stranici papira. Treba da sadr`i i
naslov rada na engleskom jeziku.

1.4. Klju~ne re~i se navode ispod teksta kratkog
sadr`aja bilo da je na srpskom ili engleskom jeziku.
Treba navesti od 2–5 klju~nih re~i koje su zna~ajne
za brzu identifikaciju i klasifikaciju sadr`aja rada.

1.5. Uvod rada treba pisati jasnim jezikom uz na-
vo|enje su{tine problema i svrhe istra`ivanja. U uvo-
du se navode poznati radovi koji su u vezi sa opi-
sanom problematikom.

1.6. U eksperimentalnom delu treba detaljno opi-
sati kori{}ene materijale i matode. Ako su primenjene
metode poznate u literaturi nije ih potrebno detaljno
opisivati, ve} navesti izvorni literaturni podatak. Ako se
u radu prikazuje nova metoda ili modifikacija po-
znate metode potrebno ih je detaljno opisivati. Ako je
u radu primenjena statisti~ka analiza rezultata potre-
bno je navesti koje su metode primenjene.

1.7. Rezultate treba jasno i precizno prikazati.
Zna~ajnost rezultata treba obraditi statisti~ki. Rezulta-
te treba izra`avati u skladu sa me|unarodnim mernim
sistemom (SI).

1.8. U diskusiji treba interpretirati dobijene rezultate
i njihovo pore|enje sa postoje}im rezultatima prema na-
vedenoj literaturi. Na osnovu ovako upore|enih rezulta-
ta treba iskazati zaklju~ke do kojih se u radu do{lo.

1.9. U celini rad treba pisati u tre}em licu i izbe-
gavati pasivne glagolske oblike.

2. Tabele i slike

Rad treba da sadr`i razuman broj slika i tabela.
2.1. Tabele se pi{u na posebnom listu papira.

Ozna~avaju se rimskim brojevima. U zaglavlju tabele
treba napisati kratak informativan opis (legendu). U
tabelama ne treba koristiti skra}enice, osim uobi~aje-
no usvojenih prema nomenklaturi i  SI sistemu.  U
tekstu treba nazna~iti mesto gde dolazi odgovaraju}a
tabela.

2.2. Ilustracije (slike, crte`i) se ozna~avaju arap-
skim brojevima prema redosledu kako se u tekstu
pojavljuju (u tekstu treba nazna~iti mesto ilustracije).
Na posebnom listu papira redom treba navesti sve
legende (opise) prilo`enih ilustracija.
Prila`u se crno-bele fotografije na sjajnom, kvalitet-
nom papiru. Na pole|ini slike treba mekom olovkom
napisati broj slike i naslov rada i ime autora. Crte`i se
izra|uju tu{em na paus papiru i prila`u se originalu.
Slova i znakovi moraju da budu jasni, jednake veli-
~ine i odgovaraju}ih proporcija za {tampu. Na vrhu
crte`a treba napisati ime prvog autora i pomo}u
strelice ozna~iti vrh slike ili crte`a.

3. Podaci o literaturi

Popis literature se pi{e na posebnom papiru prema
redosledu javljanja u tekstu.
Literatura se u tekstu ozna~ava arapskim brojevima u
zagradi, prema redosledu pojavljivanja. U popisu ci-
tirane literature podatke pore|ati po redosledu po
kojem se prvi put pojavljuje u tekstu. Za naslove ~a-
sopisa koristiti skra}enice prema Index Medicusu (List
of Journals Indexed). Jugoslovenski ~asopisi koji se ne
indeksiraju u ovoj publikaciji skra}uju se na osnovu
Liste skra}enih naslova jugoslovenskih serijskih publi-
kacija. Vankuverska pravila precizno odre|uju redo-
sled podataka i znake interpunkcije kojima se oni
odvajaju, kako je u nastavku dato u pojedinim pri-
merima. Navode se svi autori; ukoliko ih je preko {est,
navesti prvih {est i dodati »et. al.«.
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Primeri:

^lanci u ~asopisima

• Standardni ~lanak
Goate AM, Haynes AR, Owen MJ, Farral M James LA, Lai LY,
et al. Predisposing locus for Alzheimer's disease on chro-
mosome 21. Lancet 1989; 1: 352–5.

• Organizacija kao autor
The Royal Marsden Hospital Bone-marrow Transplantation
Team. Failure of bone-marrow graft without preconditi-
oning in posthepatitis marrow aplasia. Lancet 1977; 2:
742–4.

• Nisu navedena imena autora
Coffee drinking and cancer of the pancreas (editorial).
BMJ 1981; 283: 628.

• Volumen sa suplementom
Magni F, Rossoni G, Berti F. BN-52021 protects guinea pig
from heart anaphylaxis. Pharmacol Res Commun 1988; 20
Suppl 5: 75 –8.

• Sveska sa suplementom
Gardos G, Cole JO, Haskell D, Marby D, Pame SS, Moore P.
The natural history of tardive dyskinesia. J Clin Psycho-
pharmacol 1988; 8 (4 Suppl): 31S–37S.

Knjige i druge monografije

• Jedan ili vi{e autora
Eisen HN. Immunology: an introduction to molecular and
cellular principles of the immune response. 5th ed. New
York: Harper and Row, 1974: 406.

• Urednik(ci) kao autor
Danset J, Colombani J, eds. Histocompatibility testing 1972.
Copenhagen: Munksgaard, 1973: 12– 8.

• Poglavlje u knjizi
Weinstein L, Shwartz MN. Pathologic properties of inva-
ding microorganisms. In: Soderman WA Jr, Soderman WA.
eds. Pathologic physiology: mechanisms of disease. Phi-
ladelphia: Saunders, 1974: 457–72.

• Rad u zborniku radova
Harley NH. Comparing radon daughter dosimetric and risk
models. In: Gammage RB. Knye SV. eds. Indoor air and hu-
man health. Proceedings of the Seventh Life Sciences Sym-
posium: 1984 Oct 29-31; Knoxville (TN). Chelsea (MI): Lewis.
1985: 69–78.

• Disertacije i teze
Cairns RB. Infrared spectroscopis studies of solid oxygen.
Dissertation. Berkeley, California; University of California,
1965.
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INSTRUCTIONS TO AUTHORS

»Jugoslovenska medicinska biohemija« is the journal
publishing scientific and specialized articles on all as-
pects of clinical chemistry, medical biochemistry and
related scientific disciplines where chemistry, bioche-
mistry, molecular biology and immunochemistry are
dealing with the study of normal and pathologic pro-
cesses in human beings. All manuscripts are reviewed
and after final decision are classified in the following
categories: a) personal view, b) review articles, c) ori-
ginal papers, d) professional  papers, e) preliminary
reports, and f) review of scientific meetings. There are
also different reports and news, book reviews, reports
on the activity of the Society of Medical Biochemistry of 
Serbia and Montenegro, IFCC and other related orga-
nizations, letters to the editor, and information about
innovations, new reagents and instruments in the field
of clinical chemistry.

All manuscripts should be addressed to:
The Editor, »Jugoslovenska medicinska biohemija«,

Department of Medical Biochemistry, University School
of Pharmacy, Vojvode Stepe 450, 11 221 Belgrade, P.O.
Box 146, Serbia and Montenegro.

All manuscripts will be reviewed by two anonymous
reviewers. Manuscripts which do not satisfy the pro-
posed criteria will be returned to the author for adap-
tation to reviewers suggestions. Final decision for pu-
blishing will be made by the Editorial Board.

The author will receive first proofs for correction.
Manuscripts are not returned.

1. Manuscript Preparation

The complete manuscript, including enclosures,
should be sent in two copies (original and a photo-
copy). Enclosures to original copy should be prepa-
red according to instructions given in section 2. The
manuscript should be typed or printed double-spa-
ced (30 lines on a page), with a 4 cm left margin.
Review articles and original papers should not exceed
15 pages and other articles 8 pages, including all
enclosures. The manuscript has to be arranged as
follows:

1.1. The title should be short and clear, and typed
on the separate sheet, with full names of authors, fo-
llowed by the name of institution. Exact postal ad-
dress of the author to whom communications should
be sent is typed at the bottom.

1.2. A summary should be short and clear, typed
on the separate sheet, not exceeding 120 words. The
summary should point to the problem, methods, results
and discussion.

1.3. A  short summary in Serbian language should
be typed on the separate sheet, beginning with the
Serbian title.

1.4. At the end of the Serbian and English sum-
maries up to five key words should be written for in-
dexing purposes.

1.5. Introduction should be clear, pointing to the
essence of the  problem and the purpose of the
study. References related to the problem discussed in
manuscript should be cited.

1.6. The experimental part should include descrip-
tion of material and methods used. If methods are
widely known, they should not be described, but only
references indicated. If the article deals with a new
method or modified method, full description should
follow. Methods used in statistical analyses should be
indicated.

1.7. Results should be precise and clear, statisti-
cally processed and expressed according to the In-
ternational System of Units (SI).

1.8. Results should be discussed and compared to
reference results. Conclusions should be drawn on the
basis of these comparisons.

1.9. The manuscript should be written in the third
person and passive tense avoided.

2. Tables and figures

The number of tables and figures should be rati-
onal.

2.1. Tables are typed on separate sheets, with the
table number in roman numerals, and title centered
above the table and explanatory note below the
table. Abbreviations are not used in the tables, ex-
cept the accepted  nomenclature and SI system.
Place of tables in the text should be indicated.

2.2. Figures and graphs are submitted on sheets
separate from the text, with the figures and graphs
number in arabic numerals, and place in the text
indicated. Figure and graph legends are typed on
sheets separate from the text.

Black and white photographs of good quality are
submitted. The first author’s name, figure number and
top location are indicated on the back of each illustra-
tion.

Original drawings, made in India ink on tracing
paper, are submitted. Letter symbols and signs should
be bright, of equal size and appropriate printing pro-
portions. The first author’s name, drawing number and
top location are indicated on the back of illustration.

3. References

References are typed on sheets separate from the
text and follow the text. References are identified in
the text by arabic numerals in parentheses, and num-
bered consecutively in the order in which they are
mentioned in the text. If one reference is cited seve-
ral times in the text, the same number is indicated in
parentheses.

Citations such as »personal communication«, »un-
published data« or »in press« are not accepted. Ab-
breviations of journals conform to those used in Index
Medicus (List of Journals Indexed). After the volume,
first and last page of the cited article are indicated,
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followed by the year of publication. Vancouver rules
precisely determine the order of data and punctua-
tion marks as given in examples. List all authors if six or
less; otherwise list first six and add »et al.«.

Periodicals:

• Example for articles in journals
Goate AM, Haynes AR, Owen MJ, Farral M James LA, Lai
LY, et al. Predisposing locus for Alzheimer’s disease on
chromosome 21. Lancet 1989; 1: 352– 5.

• Example for institution as author
The Royal Marsden Hospital Bone-marrow Transplantation
Team. Failure of bone-marrow graft without preconditi-
oning in posthepatitis marrow aplasia. Lancet 1977; 2:
742–4.

• Example for articles without authors' names
Coffee drinking and cancer of the pancreas (editorial).
BMJ 1981; 283: 628.

• Example for volume with supplement
Magni F, Rossoni G, Berti F. BN-52021 protects guinea pig
from heart anaphylaxis. Pharmacol Res Commun 1988;
20 Suppl 5: 75– 8.

• Example for number with supplement
Gardos G, Cole JO, Haskell D, Marby D, Pame SS, Moore P.

The natural history of tardive dyskinesia. J Clin Psycho-
pharmacol 1988; 8 (4 Suppl): 31S –37S.

Books and monographs

• Example for one or more authors
Eisen HN. Immunology: an introduction to molecular and
cellular principles of the immune response. 5th ed. New
York: Harper and Row, 1974: 406.

• Example for editor(s) as author(s)
Danset J, Colombani J, eds. Histocompatibility testing 1972.
Copenhagen: Munksgaard, 1973: 12– 8.

• Example for chapter in a book
Weinstein L, Shwartz MN. Pathologic properties of inva-
ding microorganisms. In: Soderman WA Jr, Soderman WA.
eds. Pathologic physiology: mechanisms of disease. Phi-
ladelphia: Saunders, 1974: 457–72.

• Example for articles in the proceedings
Harley NH. Comparing radon daughter dosimetric and risk
models. In: Gammage RB. Knye SV. eds. Indoor air and
human health. Proceedings of the Seventh Life Sciences
Symposium: 1984 Oct 29– 31; Knoxville (TN). Chelsea (MI):
Lewis. 1985: 69–78.

• Example for dissertation and thesis
Cairns RB. Infrared spectroscopic studies of solid oxygen.
Dissertation. Berkeley, California; University of California, 1965.
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