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Editorial

The problems currently faced by biomedical journals in Bosnia
and Herzegovina: how to resolve the present situation?

Today’s biomedical medical periodicals
with scholarly content in Bosnia and Herze-
govina number only 10 journals indexed in
not very relevant world index bases (apart
from the Medical Archives and the Bosnian
Journal of Basic Medical Sciences, which
are indexed in the Index Medicus/Medline),
and they are issued two or four times a year,
printed sometimes as double issues, or even
quadruple. The reason for this, in the opin-
ion of most editors, is the mediocre quality
of the studies sent to the editors of the jour-
nals and the lack of funding for publication of
journals. These difficulties are characteristic of
journals in what is known as the “scientific pe-
riphery” (1), and, seen from the perspective of
Bosnia and Herzegovina, which is on the pe-
riphery of that region, a greater production of
scientific works cannot even be expected since
the conditions for scientific research in bio-
medicine are very modest, in terms of the
state’s science policies, staffing and equip-
ment, since the end of the war to the present.
In these conditions, it is almost impossible
to plan a long-term strategy for scientific
research work for individuals, teams or “sci-
entific institutions” which could realistically
make better quality work possible.

For this reason, we are today witnesses
of a large number of poor quality studies
published in biomedical journals in Bosnia
and Herzegovina, which, alongside the dif-
ficulties already mentioned, are mainly the

result of the laws on institutions of higher
education in Bosnia and Herzegovina,
which require an unrealistically high num-
ber of studies from candidates applying for
scientific teaching posts. The insistence on
quantity in modest conditions for scientific
research work, is stimulation in the wrong
direction, that is, stimulation of publication
at any price, or, quite honestly, stimulation
of the publication of poor quality works.
The editors of journals and the review pro-
cedure also make a significant contribution
to this. That is to say, mainly because of the
language in which the studies are written,
reviews are written by local reviewers, or
reviewers from neighboring countries re-
sulting from the break-up of the former Yu-
goslavia, that is from an area where almost
all professionals know one another, even
though it is well known that in these condi-
tions it is impossible to maintain objectiv-
ity in the review process (2). Moreover, an
analysis of the works published, written by
teaching staff at universities in Bosnia and
Herzegovina, frequently shows “high scien-
tific productivity” by these staff members in
the year before the expiration of their term
of office, and the cessation of publication af-
ter appointment to a higher position, which
all leads to the conclusion that they publish
at any cost, and that the legislation on the
selection of teaching staff at universities is
satisfied in the same way. All this results in
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a very meager number of citations of studies
published in biomedical journals in Bosnia
and Herzegovina, shown by an assessment
of their citations in international scientific
biomedical journals, which is also confirmed
by the fact that no journal from Bosnia and
Herzegovina has any official impact factor.

How to resolve this situation?

In this situation the question may quite
rightly be asked “Do medical journals in
Bosnia and Herzegovina fulfill the basic role
of a journal, that is, the transfer of scientific
information?” The reply may be found in the
fact that the studies published in journals in
Bosnia and Herzegovina are very rarely cit-
ed in studies by relevant world biomedical
journals, meaning that the transfer of scien-
tific information they offer is almost non-
existent. It emerges that studies published
in journals in Bosnia and Herzegovina only
serve the authors to gain promotion on the
university teaching profession ladder.

The solution to this situation demands
the change of the current, already deeply
rooted way of thinking about biomedical
studies and journals in both those who de-
cide on the funding that is vital for scientific
research work and publication of journals,
and those who are involved in scientific re-
search work and publication. This can only
be achieved by all those who should be in-
volved in creating a high quality journal tak-
ing responsibility for this. Institutions and
their founders, who would like their names,
whether directly or indirectly, to be associ-
ated with scientific activity, much provide
financing for scientific research work, and
those who do the research and publish it,
must accept the international standards for
that work. This is not hard to achieve, if there
is a common interest involved. These institu-
tions should supply at least 2% of their gross
income for scientific research work to meet
regulations founded on worldwide criteria
for the allocation of those funds, and those

doing the research and publishing it, as well
as publishing in world journals, should also
publish in domestic journals.

The question now arises of which jour-
nals in Bosnia and Herzegovina promise
progress towards indexation in prestigious
world index bases. The answer is clear and
unambiguous. These are journals published
in English, whose editors strictly respect in-
ternational standards for the publication of
biomedical journals, above all the standards
for the review process, that is, those journals
which ensure at least three international
reviews, of which one must be solely of the
statistical processing of data, if statistically
tested results are presented. In this process,
those who wish to have a good quality work
published, do not have to be afraid of the
strict supervision of competent reviewers,
because this kind of review assesses the study
in the true sense of the word, and the useful
suggestions are an attempt to improve it, to
meet the criteria for publication. This is the
way in which we can improve the quality of
biomedical journals in Bosnia and Herzegov-
ina, since it should not be forgotten that the
value of an article is measured by the value of
the journal in which it is published (3).
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Basic Science
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Objective To determine the occurrence and antibiotic resis-
tance of community-acquired methicillin-resistant Staphylo-
coccus aureus (MRSA) isolates. Methods used In 2003-2005,
consecutive samples of nasal, throat, eye, ear and genitouri-
nary tract swabs, swabs of wound infections and soft and skin
tissue infections and samples of sputum obtained from out-
patients submitted to the Laboratory with clinical indications
were analyzed for the presence of Staphylococcus aureus. The
disc diffusion method using Mueller-Hinton agar (Oxoid,
Besingstoke, UK) was used to test against nine antimicrobi-
als. Oxacillin-resistance was confirmed by E-test (AB Biodisc,
Solna, Sweden). Results A total of 1583 (11.3%) nonduplicate
S. aureus isolated from 13 937 samples. MRSA was detected
in 63 (4.1%) of S. aureus isolates. MRSA isolates more fre-
quently from infected genitourinary tract and wounds than
other sites (p<0.0001). The patients in both age groups 265
and 0-6 years of age were more frequently infected with
MRSA than patients of other age groups (p=0.02). Statisti-
cally significant differences in susceptibility rates between
MSSA and MRSA isolates were found for all antibiotic tested
(p=0.0053 to p<0.000). MRSA isolates were more frequently
multidrug resistant (MDR) than MSSA isolates (p=0.0009).
SCCmectype IV or V phenotype was detected in 30 (47.6%) of
MRSA isolates. Conclusion Although low MRSA prevalence
was noted, the presence of SCCmec type IV/V phenotypes
in the community is of particular concern. Effective control
of dissemination of MRSA throughout the community will
likely require effective control and monitoring of nosocomial
MRSA transmission.

Key words: S. aureus, MRSA, MSSA, SCCmec, Resistance,
Multidrug resistance.
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Introduction

Methicillin-resistant S. aureus (MRSA) has
traditionally been considered a hospital-
acquired pathogen (HA-MRSA) in patients
with established risk factors (recent hospi-
talization or surgery, dialysis, residence in a
long-term care facility, and presence of a per-
manent indwelling catheter or percutaneous
medical device) at the time of culture) (1, 2).
But more recently MRSA has emerged as a
highly virulent organism in the community
of patients without established risk factors
for the acquisition of MRSA (3-5). More-
over, the spread of community-acquired
methicillin resistant S. aureus (CA-MRSA)
into hospitals has been reported, causing
nosocomial infections (6, 7).

Most studies have been based on hospi-
talized patients, or patients upon admission
to hospital, which has probably resulted in
an overestimation of the true prevalence of
CA-MRSA (8, 9). Accordingly, epidemio-
logical definitions of CA-MRSA have com-
monly been based on the timing of isolation
of MRSA in relation to the time of admission
to hospital, so that MRSA isolates were clas-
sified as community-acquired if they were
isolated within the first 48-72 h of hospital-
ization, or if they were isolated in a commu-
nity setting (10).

Reported prevalence rates of CA-MRSA
vary widely among studies, in part because
of the use of different definitions used to
distinguish between CA-MRSA and HA-
MRSA, but also because of the different set-
tings in which studies have been performed.
Only a limited number of studies has been
performed in outpatient settings and among
randomly selected healthy community
members (4, 5, 11, 12).

A combination of molecular typing tech-
niques with good resolving power provides a
reliable means of analysing isolates of MRSA
to determine their genetic relatedness (13,
14). Recent studies have indicated that well-

defined CA-MRSA strains carry SCCmec
type IV or V (14), whereas the majority of
HA-MRSA strains carry SCCmec type I, 11
or III (13).

Recently two MRSA strains isolated
from the noses and hands of food handlers
prompted a retrospective review of Labora-
tory outpatient records identifying patients
from whom S. aureus was isolated from any
site in the period 2003-2005. The objective
of this study was to report the frequency of
S. aureus isolation in outpatients from the
Zenica-Doboj Canton, Bosnia and Herze-
govina, according to methicillin resistance,
origin of isolates, age and gender of patients,
and to determine the antibiotic susceptibil-
ity patterns. For comparison, S. aureus iso-
lates obtained from food handlers and food
products (routinely analysed in the Labora-
tory during 2003-2004) were also included
in the study.

Methods

The Laboratory for Sanitary and Clinical
Microbiology of the Cantonal Public Health
Institution in Zenica covers a population
of 331,229 in the Zenica-Doboj Canton
(112,471 males and 218,758 females). In the
2003-2005 period, 13,937 consecutive sam-
ples of nasal, throat, eye, ear and genitouri-
nary tract swabs, swabs of wound infections
and soft and skin tissue infections (SSTIs)
and sputum obtained from outpatients sub-
mitted to the Laboratory with clinical indi-
cation, were analyzed for the presence of S.
aureus.

Sterile cotton swabs were used. Swabs
were streaked onto sheep blood agar (5%
columbia agar base) for detection of gram-
positive bacteria, and incubated overnight
at 37°C. Morphologically distinct colonies
were tested for the production of bound
coagulase (Staphylase Test, Oxoid, Basing-
stoke, UK) and identified as S. aureus.




The disc diffusion method using Muel-
ler-Hinton agar (Oxoid, Besingstoke, UK)
was used to test against nine antimicrobials
(Oxoid, UK). Clinical and Laboratory Stan-
dards Institute (CLSI) criteria were used
for the interpretation of antibiotic sensitiv-
ity testing results (15). Oxacillin-resistant
strains were further tested by the E-test
(AB Biodisc, Solna, Sweden). Isolates were
considered resistant to oxacillin if the MIC
exceeded 4 mg/L. The isolates characterized
as intermediate by both disk diffusion and
E-test were considered susceptible. Staphy-
lococcus aureus ATCC 25923 control strains
were used. Isolates resistant to oxacillin and
susceptible to gentamicin, clindamycin, and
trimethoprim-sulfamethoxasole were des-
ignated as having a SCCmec type IV or V
phenotype.

The name, surname, ID, address, gender
and age of the patient (0-6, 7-14, 20-64, >64
years), date of isolation, specimen number,
source of isolates and susceptibility results
of Staphylococcus aureus isolates were re-
corded, as well as the number of specimens
submitted during the study.

For comparison, S. aureus strains isolated
from 4439 successive nasal swabs of food-
handlers and 6517 samples of food collected
during routine mandatory examination in
the Laboratory during 2003-2004 were also
included in this study. Microbiological anal-
ysis of food products was performed accord-
ing to the standards and legal regulations of
the Republic/Federation of Bosnia and Her-
zegovina. Routine antimicrobial susceptibil-
ity testing of S. aureus isolates from these
samples was terminated at the end of 2004,
and for that reason the data for 2005 were
not available.

The significance of differences in resis-
tance rates was determined by means of
the x*test and Fisher exact test for indepen-
dence. A statistically significant difference
was defined as a p value of <0.05 and 95%
confidence interval.

Selma Uzunovi¢-Kamberovi¢ et al.: MRSA in the community

Results

A total of 1583 (11.3%) nonduplicate S. au-
reus isolates from 13 937 consecutive outpa-
tients presented to the Laboratory because
of different clinical symptoms were collected
during 2003-2005. MRSA was detected in 63
(4.1%) of S. aureus isolates and in 0.6% of
submitted samples. S. aureus was identified
in 322 out of 4439 (7.3%) nasal swabs of food
handlers, five of which were MRSA (1.6%).
MRSA was isolated in 0.1% of submitted
food handler samples. Thirty five S. au-
reus strains were isolated from 6517 (0.5%)
food samples, and two of them (5.7%) were
MRSA. All S. aureus isolated from ice cream
samples obtained from local patisseries and
fast food restaurants.

Table 1 shows the distribution of methi-
cillin susceptible S. aureus (MSSA) and
MRSA isolates according to the origin of
isolates.

MRSA isolates were more frequently iso-
lated from genitourinary tract and wounds
than from other sites (p<0.0001).

The patients in age groups =65 and 0-6
years of age were more frequently infect-
ed with MRSA than patients of other age
groups (p=0.02) (Table 2). Female patients
were significantly more often infected with
MRSA than male patients (p=0.003) (data
not shown). The median age of patients in-
fected with MRSA and MSSA was 30.09 and
20.88, respectively.

Statistically significant differences in sus-
ceptibility rates between MSSA and MRSA
clinical isolates were found for all antibiotic
tested (p=0.0053 to p<0.0001) (Table 3). No
resistance to vancomycin or ciprofloxacin
was detected in MRSA isolates. MRSA iso-
lates were more frequently multidrug resis-
tant (MDR) than MSSA isolates (p=0.0009).
According to origin, MDR was more often
detected in wound infection isolates, 28.6%,
than in isolates from GU tract and nose,
12.5% and 0.6%, respectively, but with no
statistically significant difference (data not
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Table 1 Distribution of MRSA and MSSA clinical isolates of different origin in the 2003-2005 period

- No of MRSA with Total
i(zglgaltlsf Site of isolation L\luob(r);;:g;ples No of MSSA l;l(;) (();;ZT)SA SCCmeclVorV S. aurgus (% of
phenotype submitted samples)
Clinical Nos 7978 1146 34(2.9) 21(61.2) 1180 (14.8)
Throat 12.032 10 1(9.1) 0 11 (0.09)
Sputum 14 2 0 0 2(14.3)
Wound 444 168 14 (7.7) 5(35.7) 182 (41.0)
SSTI 217 4 0 0 4(1.8)
Eye 1808 106 5(4.5) 3 (60) 111 (6.1)
Ear 379 45 1(2.2) 0 46 (12.1)
Genito-urinary tract 1065 39 8(17.0) 1(12.5) 47 (4.4)
Total clinical 13937 1520 63 (4.0) 30 (47.6%) 1583 (11.3%)
Food handlers Nose 4439 317 5(1.6) 5(100) 322(7.3)
Food Food samples 6517 33 2(5.7) 2(100) 35(0.5)
Table 2 Distribution of MRSA and MSSA clinical isolates according to age groups
Age groups
0-6 7-14 15-19 20-64 > 65
Number (%) of patients
MRSA 11 (20%) 10 (18.2%) 4(7.3%) 23 (41.8%) 7 (12.7%)
MSSA 441 (32.4%) 331 (24.3%) 107 (7.9%) 415 (30.5) 68 (5.0%)
Total 452 (31.9%) 341 (24.1%) 111 (7.8%) 438 (30.9%) 75 (5.3%)

Table 3 Antimicrobial resistance patterns of MSSA and MRSA isolates in the 2003-2005 of different origin

Percentage of resistance to antimicrobial agents*

Origin of isolates R MDR
VAN GEN KAN ERY TET CIP CLI SXT CHL

MSSA

clinical (1520) 1091 (71.8%) 429(28.2) 23(1.5) O 53 87 7.1 171 06 16 44 27

food (33) 8(24.2) 0 0 36 61 61 281 0 0 0 0

food handlers (317) 64 (20.2) 0 0 07 33 59 146 07 0 26 26
MRSA

clinical (63) 16 (25.4%) 47(746) 10(159) 0 179 368 371 317 0 230 317 98

food (2) 2 0 0 0 0 1000 500 O 0 0 0

food handlers (5) 3 0 0 0 250 400 400 O 0 0 0

MSSA, methicillin-sensitive Staphylococcus aureus; MRSA, methicillin-resistant Staphylococcus aureus; S, susceptible;

R, resistance to one or more antimicrobials; MDR (multidrug resistance), resistance to three or more antimicrobials
*Antimicrobial agents tested: vancomycin (VAN), gentamicin (GEN), kanamycin (KAN), erythromycin (ERY), tetracycline
(TET), ciprofloxacin (CIP), clindamycin (CLI), trimethoprim-sulfamethoxasole (SXT), chloramphenicol (CHL)

shown). No MDR was detected in MSSA
and MRSA isolated from food handlers or
food products.

SCCmec type IV or V phenotype (isolates
resistant to oxacillin and susceptible to genta-
micin, clindamycin, and trimethoprim-sul-

famethoxasole) was detected in 30 (47.6%)
of MRSA isolates. These MRSA phenotypes
were significantly more often isolated from
GU tract, wounds and nose than from eyes
(p=0.0005), but they were not isolated from
throat, sputum or ear (Table 1).




Discussion

The finding of 30 MRSA isolates showing
good sensitivity to antibiotics other than
beta-lactams and the low prevalence of
multidrug resistance (MDR) in MRSA sug-
gests the presence of true CA-MRSA in our
population (2-4, 16) Multidrug resistance
characterizes nosocomially acquired MRSA
strains isolated from patients with identified
risk (2,4).

Nasal carriage of S. aureus is an impor-
tant risk factor for infections by this organ-
ism in both community and hospital settings
(16). Health-care exposure is significantly
associated with MRSA carriage (10, 18). In
our study MRSA was detected in 0.6% of
clinical samples submitted to our Laborato-
ry, which is in agreement with colonization
reported among community members with-
out healthcare contacts in the USA (0.2%)
and Europe (0.7%) (10, 19).

It has been documented that CA-MRSA
infections have been increasingamongadults
and children (4, 20). The results of the pres-
ent study have also shown that MRSA more
often infected the oldest (=65) and youngest
(0-6) age groups of patients than other age
groups. Therefore, microbiologic culture and
antimicrobial susceptibility testing would be
recommended to guide treatment.

The prevalence of colonization of both
S. aureus and MRSA in food handlers and
their appearance in food products was low
and in agreement with the prevalence of §.
aureus and MRSA infections in our region.
Reportedly, MRSA-contaminated food can
be a vehicle of outbreaks affecting low-risk
persons within the community and the food
was contaminated by an asymptomatic car-
rier (21). There were no S. aureus foodborne
outbreaks noted in this period.

The spectrum of illness is similar for
MRSA and MSSA infections in our com-
munity, but we found that MRSA were more
often isolated from the GU tract and wound
infections than from other sites.

Selma Uzunovi¢-Kamberovic et al.: MRSA in the community

Susceptibility results for MRSA demon-
strated that the prevalence of resistance to
ciprofloxacin and erythromycin was as high
as 80% and 90%, respectively (22, 23). Fluo-
roquinolone resistance emerged very rapidly
in HA-MRSA in the years after widespread
utilization of these agents (23-25). No resis-
tance to fluoroquinolones was noted in this
study in MRSA isolates of any origin inves-
tigated, but interestingly, it was detected in
MSSA isolated from clinical samples and
food products.

We found 47.6% MRSA isolates having
the SCCmec type IV / V phenotype, which is
typical for CA-MRSA isolates (7). Al MRSA
isolated from food handlers and food prod-
ucts (ice cream) were SCCmec type IV or
V phenotype. SCCmec type IV/V type has
increased mobility and therefore greater
potential for horizontal spread to diverse S.
aureus genetic backgrounds, compared with
other SCCmec types (13, 14). We did not
perform genotype confirmation of SCCmec
type IV or V phenotype, but according to
the high correlation between the genotype
and phenotype we could assume that at least
some of these MRSA strains are generated in
the community.

Our investigation has some limitations.
This is a retrospective study with a relatively
small sample size and accordingly, a small
number of MRSA were analysed. Addition-
ally, molecular analysis was not perfomed
and a risk factors involved in acquisition of
MRSA infections wre not investigated. Also,
data on the prevalence of HA-MRSA in this
region are missing. But, since we found that
25.4% (16/63) MRSA isolates were fully
susceptible to all antibiotic tested and 30
(47.6%) MRSA isolates had SCCmec IV/V
phenotype we could estimate that MRSA
generated in the communitya might be pres-
ent in this region.

The origin of CA-MRSA strains is still the
subject of debate. Only studies based on ap-
propriate molecular analysis would be able
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to

determine these newly identified com-

munity-acquired strains. Further popula-
tion-based studies in outpatient settings are
warranted in order to define fully the extent
of MRSA infections without identified risk.
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Introduction

Objective The goal of this prospective research was to deter-
mine genetic and endoscopic changes in patients with spo-
radic colorectal cancer and to diagnose HNPCC. Patients
and Methods The group consisted of 40 patients, having
colorectal cancer. Colonoscopy was performed, genetic test-
ing for the loss of heterozygousity and microsatellite instabil-
ity (MSI). Results HNPCC was diagnosed using the Amster-
dam and Bethesda criteria in the group of sporadic colorectal
cancer in 15% of the cases, and exhibited an MSI-H for the
chromosome 2p where the hMSH2 mismatch repair gene is
localized. The greatest number of patients with sporadic co-
lon cancer and HNPCC displayed Astler-Coller B2 and C1
spread levels. Conclusion The research results indicate that
the colonoscopy should be used as a screening method for
colorectal cancer. It is necessary to design a colorectal cancer
screening program for the general population and high risk
individuals. There is a need to form National colorectal can-
cer, HNPCC and FAP registries.

Key Words: Colorectal cancer, Genetics, Endoscopy, HNPCC.

risk of developing colorectal cancer. Ge-
netic testing could be clinically used in the

Colorectal cancer is one of the most fre-
quent: it is the second most frequent in men
and women, just after lung cancer and breast
cancer, respectively. A significant number of
people are at high risk of developing colorec-
tal cancer if they carry germ line mutations.
Molecular genetics promises to be the key
for identification of the population at high

future to diagnose sporadic and hereditary
colorectal cancer.

Mutations cause uncontrolled multi-
plication and the uncontrolled growth of
mutated cells within the body. Mutations of
control genes (control the cell cycle) cause
genome instability. The most frequent muta-
tion is of the p53 gene — a guardian of the




genome. p53 protects DNA by blocking cell
proliferation, stimulating DNA repair and
promoting apoptosis. Neoplastic growth is
inevitable without apoptosis (1).

All cancers are genetically caused. De-
velopment of cancer is the result of muta-
tions in tumor suppressor genes, activation
of oncogenes and mutations in DNA repair
genes (MMR). Genetic pathways of cancer
pathogenesis (2) are: the loss of heterozygos-
ity (LOH) and defects in mismatch repair
(MMR) genes.

Loss of heterozygosity is the complete
loss of function of two corresponding genes
(alleles)-deletion. The most frequent areas
are 17p and 18 where tumor suppressor
genes are located.

Defects in mismatch repair (MMR) genes
are changes in short sequences of bases that
are repeated and are found in the entire ge-
nome of cancer DNA, which is damaged in
microsatellite regions-microsatellite insta-
bility (MSI). This is formation of new alleles
at microsatellite loci in tumor DNA.

Hereditary cancers are microsatellite in-
stability (MSI) in 90% of cases, and 10% of
sporadic cancers are MSI. MSI causes an ex-
pression of transformed tumor growth fac-
tor on the cell surface (3).

According to the hereditary influence,
cancers are classified as: sporadic colorectal
cancer (60%), familial (30%) and hereditary
(10%). There is average, increased and high
risk for development of colorectal cancer.

Hereditary nonpolyposis colorectal can-
cer (HNPCC) is a condition caused by an al-
teration in one or more of the MMR genes.
In around 50% of cases there is a chance of
passing the causative gene to children. Carri-
ers of genetic mutations have an 80% chance
of developing cancer. This condition should
be suspected when the Amsterdam II or the
Bethesda-modified criteria are present (4).

Amsterdam criteria were established for
diagnosing HNPCC (5); there should be at
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least three relatives with an HNPCC - as-
sociated cancer (colorectal cancer, cancer
of the endometrium or ovarium, stomach,
small bowel, pancreas, biliary tract, ureter
or renal pelvis and brain). All the following
criteria should be present: one should be a
first degree relative of the other two; at least
two successive generations should be affect-
ed; at least one cancer should be diagnosed
before age 50; FAP should be excluded in the
colorectal cancer case (if present); tumors
should be verified by pathological.

Bethesda Guidelines were developed in
1996 and revised in 2000, in which criteria
for the identification of colorectal tumors
that should be tested for MSI were present
(6): those who meet the Amsterdam criteria
should be tested for MSI.

Cancers which are MSI should be test-
ed by sequencing on germ line mutations.
Genetic testing using gene sequencing of
at least MSH2 and MLHI1 that account for
approximately 70% of HNPCC cases is the
most sensitive and should be considered for
affected individuals in families meeting the
criteria and first-degree adult relatives of
those with known mutations.

The latest genetic information, in future
could be clinically significant in the preven-
tion of colorectal cancer, pre-symptomatic
cancer diagnosis, selection of patients for
the most suitable treatment and evaluation
of the malign potential (7).

Genetic therapy will probably be used in
the future as the most optimal type of the
therapeutic treatment.

There is no colorectal cancer registry in
Bosnia and Herzegovina, but there is regis-
try in the Tuzla county with 500,000 inhab-
itants. Until now colorectal cancer has only
been diagnosed as sporadic. The aim of this
research was to select individuals and fami-
lies who should be screened for genetic test-
ing for HNPCC and to diagnose hereditary
colorectal cancer.
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Material and Methods

Material

This prospective study was undertaken in
the period from January to December 2000,
in the Clinic of Internal Diseases, Surgery
Clinic, and Department of Pathology in
University clinical center Tuzla, Institute for
Biochemistry, Medical School of Ljubljana,
and Institute of Biochemistry, University
of Oxford. The sample involved 40 patients
with sporadic colorectal cancer. During this
year in the Endoscopy Unit 152 colorectal
cancers were colonoscopicaly diagnosed and
1200 colonoscopy were performed. In this
sample there were 7.8% colorectal cancers
found in the total of 1200 colonoscopy pro-
cedures. The sample size was limited to 40
colorectal cancers due to lack of resources,
however we believe that this size is sufficient
for the benefit of this study. The first page
of the registration chart was reserved for
personal data and an accurate genealogical
tree, in which the main causes of morbidity
and mortality of first degree relatives were
recorded. Familial disease history analysis
gave the data on colorectal cancer presence,
adenoma, or other cancer in the family. The
Amsterdam Criteria and Bethesda Criteria
were used for genetic tests and HNPCC was
diagnosed in the patients with previously di-
agnosed sporadic colorectal cancer.

Sporadic cancer is characterized by ge-
netic mutations existing just in the cancer
cell populations. In hereditary colorectal
cancer genetic mutations exist in the can-
cer cell population, in surrounding tissue
and peripheral blood. So, in this group of
patients the control group are cells of sur-
rounding healthy tissue.

Genetic tests of cancer tissue were un-
dertaken and surrounding tissue was tested.
The kind and frequency of genetic muta-
tions characteristic for our tested group
were identified.

Linkage analysis was performed to iden-
tify the LOH, as well as homozygosity for
tumor suppressor genes. Genetic tests for
microsatellite instability mismatch repair
gene with identical microsatellite markers
were carried out. In this way the most effec-
tive molecular screening for HNPCC was
identified.

Methods

Genetic tests were performed by molecu-
lar biology methods. DNA isolation was
performed from cancer tissue and the sur-
rounding healthy tissue.

Genomic DNA isolation was performed
on deparafinization tissue sections as on cell
proteolises of tissue by proteinase K and was
checked by spectrophotometer and it ranged
from 100-200 ng per sample (8).

Polymerase chain reaction (PCR): Chain
DNA synthesis reaction by means of poly-
merase (PCR) is a method by which a spe-
cific DNA cut may be multiplied into a huge
number of copies. A mixture of genome
DNA with the gene that we want to multi-
ply, individual nucleotides: a pair of initial
oligonucleotides, Taq polymerase and Mg+
with optimal ph, should be made for PCR
reaction. The PCR conditions were as fol-
lows: after initial 2 min denaturation at 94°
C, 30 amplification cycles were performed,
each consisting of 10 s steps at 94°C, 30 s
steps at 55° C, and a 30 s elongation step at
72° C. Amplification was completed with
a final incubation step at 72°C for 7 min.
For separating of amplified PCR products,
we used an automatic sequencer 310 AB1
PRISM, Genetic Analyzer 310 (Perkin El-
mer), which enable separating and quanti-
fication of DNK fragments according to the
principle of capillary electrophoresis. PCR
was performed using a PCR Thermocycler
9600 (Perkin-Elmer).

Fluorescent PCR is the method of wide
usage in tumor detection, particularly im-




portant in MSI determination, and determina-
tion of LOH in tumor suppressor genes. Multi-
plied products with fluorescently marked one
chain of DNA molecules were obtained.

Fluorescent PCR of microsatellite mark-
ers: mononucleotides and dinucleotides
markers were used for detection of micro-
satellite instability on MMR genes. In the
group of mononucleotides markers BAT
25 were used (for microsatellite locuses on
chromosome 4q12), BAT 26 (chromosome
2), and BAT 40 (chromosome 1P13.1). In
the group of dinucleotide markers DS 123
were used (chromosome 2p16), and TP 53
(chromosome 17p13.1). Initial nucleotides in
the marker BAT 25 were marked with HEX
fluorescent dye. Predenaturation was done
for each locus at 90°C, the temperature of
annealing of primers and cycles number, the
reaction of extensions of oligonucleotides.
Conditions for amplification in a Master mix
final volume of 25ul was: 2,5 ul 10 % pufter;
1yl DNA (5-10 ng); 2 pl (25 Mm) mGcl2;
per 0,5 ul (2,5 mM) of each dNTP-a; 0,1 pl
(0,5U) AmpliTaq Gold polymerase (Perkin-
Elmer); 1 ul forward primer (12,5 pmol) and
1 ul reverse primer (12,5 pmol) by each pair
of initial oligonucleotide for each microsat-
ellite marker, and until 25 pl volumes of ster-
ile water

Multiplex PCR: it is used for more prompt
detection of loss of heterozygosity (LOH) of
tumor suppressor genes. For Fluorescent de-
tection LOH intragenic markers for the fol-
lowing tumor suppressor genes were used:
NM 23 (chromosome 17p 21.3), p 53 (chro-
mosome 17p 13.1), chromosome 5q 21-21),
RB (chromosome 13q 14.1-q14.2), DCCl1
and DCC2 with HEX. Initial oligonucle-
otides markers were marked by fluorescent
dye for APC and RB1 with TET, markers for
NM 23, p 53 and DCC1 with 6-FAM and
DCC2 with HEX. Initial oligonucleotides
of the chosen markers were multiplied for
the locuses: NM 23, p 53, APC, RB1, and
in the second, so called duplex reaction,
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initial oligonucleotides were multiplied for
the locuses DCC1 and DCC2. The quality of
multiplication and presence of possible con-
tamination of PCR products was checked on
2% agar-gel.

Capillary electrophoresis on automatic
sequenator: for separation of amplified
products automatic sequenator 310 Genetic
Analyzer was used. It enables fragmentation
and quantification of DNK fragments by the
principal of capillary electrophoresis. For
microsatellite analysis and analysis of loss
of heterozygosity we used fluorochromes:
6-FAM, TET, HEX (that marked 5 end) and
GS TAMRA standards. Each color reflects
the strongest fluorescence on different wave-
lengths. Gene Scan Tamra 500 was used for
the analysis of the fragment’s size ranging
from 35 to 500 bp.

Microsatellite analysis: fluorescent peaks
are detected by means of software and shown
on anelectrophoregram. Each fluorescent
peak is automatically quantified according
to the size of basis, height, and in the peak
field. All the tests were repeated twice in or-
der to confirm the obtained results.

RER analysis: each sample that had a
new allele appearance in the tumor tissue
in comparison to the corresponding normal
tissue of the sample, represents microsatel-
lite instability for the given marker.

LOH analysis: heterozygosity loss was
calculated by mathematics (9). For hetero-
zygosity cases the ratio of allele was calcu-
lated for each pair of normal and tumor tis-
sue by the formula: T1:T2/N1:N2, where T1
and N1 values of the fields of shorter allele
length, and T2 and N2 fields of longer allele
fields for tumorous and healthy samples. In
the cases where the allele ratio was above
1.00 the conversion 1 (T1:T2/N1:N2) was
used. The result ranged from 0.00-1.00. If
the result was under 0.50, significant hetero-
zygosity loss of the longer allele was shown.
Homozygous locuses were not taken for the
analysis of LOH.
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Colonoscopy is an endoscopic proce-
dure made by videocolonoscope Olympus
and used for diagnosing colorectal cancers,
and for taking a sample for pathohistologi-
cal analysis. For each of the patients three
samples were taken from the cancer and two
from healthy tissue 5 cm away from the can-
cer (control).

Results

Forty patients with sporadic colorectal can-
cers were diagnosed using endoscopic, sur-
gical and pathohistologically methods. Fam-
ily history indicated that 7 patients had fam-
ily members with colorectal cancer or other
HNPCC related cancers that were younger
than 50 years of age. Amsterdam criteria were
used to study these patients, and a genealogical
family tree was drawn up for each patient.

By analyzing data according to the Am-
sterdam criteria, these families were classed
as belonging to the HNPCC families. Two
of them had family members with colorec-
tal cancer, and four with colorectal as well
as other HNPCC cancers. The other patients
with colorectal cancers were classified as
sporadic colorectal cancers as they did not
satisfy the Amsterdam criteria.

During the analysis of age and sex of the
7 patients, it was found that three belong to
the 31-40 age group, and the remaining four
to the 41-50 group. There were six male and
one female patient.

Table 1 Genetic changes in tumor suppressor genes

In this study we had 6 HNPCC fami-
lies, and among the examined patients two
of them were related (brother and sister).
Therefore, 15% of the patients belong to
HNPCC families and the rest to the sporad-
ic colorectal cancers.

Loss of heterozygosity (LOH) in APC
gene is present in 84.2% of patients, where-
as, LOH in DCCI1 and DCC2 is present in
42.8% of the patients. Homozygosity in
DCC1 was found to be present in 42.8% of
the patients (Table 1).

Loss of heterozygosity also referred to as
allele imbalance (AI) and homozygosity (H)
are indicated.

Two out of seven patients showed mic-
rosatellite instability on 4 markers (MSI-H),
2 on 3 and 3 on 2 markers (MSI-H). MSI on
BAT40 is present in 84%, on DS123 in 71.4%,
on TP53 in 57.1%, on BAT25 and BAT26 in
42.8% of patients (Table 2).

Microsatellite instability is shown in fig-
ure 1.

Cancers were diagnosed colonoscopical-
ly in the rectum region in three patients, in
the ascending colon region in two patients,
hepatic flexure in one patient and colon sig-
moideum in one patient.

Adenocarcinoma was diagnosed patho-
histologically in 5 patients, and adenocarci-
noma mucinosum in 2 patients. According
to the Astler-Coller classification of colorec-
tal cancer, three of the patients are classified
as C1 and four as C2.

Tumor suppressor genes

No. of patients Genetic changes

p53 APC RB1 DCC1 DCC2
7 Al 1 6 1 3 3
7 H 0 0 0 3 2
Table 2 Microsatellite instability in patients with HNPCC syndrome
. Microsatellite instability
No. of patients
BAT25 BAT40 TP53 DS123
7 3 6 4 5
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Figure 1 Electropherogram-microsatellite instability in BAT40 (tumorous and healthy tissue)

Discussion

In Bosnia and Herzegovina there has been
no study regarding the hereditary forms of
colorectal cancer nor is there a national can-
cer registry. In the Tuzla County in the year
2000, there were a total of 152 patients with
colorectal cancer. The incidence rate for
men is 6.64 per 100,000 inhabitants and for
women 7.42 per 100,000 inhabitants.

In our study, HNPCC was diagnosed in
15% of the patients with colorectal cancer.
It is necessary to mention that this research
did not cover all patients with the diagnosed
colorectal cancer in 2000.

Ponz et al. (10) diagnosed 47 HNPCC-s
in 28 families from 1831 cases of colorectal
cancers, which was 16% of the total num-
ber of patients. Aoltonen et al. (11) gave
different results. From 509 tested patients
with colorectal cancer only 2% belonged to
HNPCC.

We compared our results with both
groups of researchers and found that, be-

side the group of HNPCC they alsohad a
group of ones with suspected HNPCC. That
wasthe group of older patients who meet the
Amsterdam criteria. It has to be mentioned,
the number of the tested patients in all com-
parative studies was different.

In our study thepatients with HNPCC
(N=7), 6 of them (85.7%) had a presence of
loss of heterozygosity (LOH) for APC gene,
3 patients (42.8 %) for DCCI1 and DCC2,
2 patients (28.4%) for NM23 and 1 patient
(14.2%), for p 53 and RB1. These results in-
dicate that there is LOH of tumor suppres-
sor genes for the colorectal cancer located
on chromosomes: 5, 13, 17 and 18.

Sasaki et al. (12) researched samples of
22 HNPCC patients. LOH was found on
chromosome 5 in 24% cases, on chromo-
some 14 in 30% cases, on chromosome 17
in 27% cases, on chromosome 18 in 20%
and on chromosome 22 in 19% cases. These
results indicate that the tumor suppressor
genes for colorectal cancer are located on
chromosomes 5, 14, 17, 18 and 22.
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The analysis of our results show that all 7
patients with HNPCC are highly micro satel-
lite unstable. All patients have microsatellite
instability in the area of chromosomes 2p,
where the gene hMSH-2 is located, one of
mismatch repair genes which are considered
as the one with the key role in HNPCC. MSI
on BAT 40 was present in 84% in our study
and that is characteristic of our sample. So
far, DNA variants of BAT 25 have been re-
ported in African Americans with relatively
high frequencies and very low in the Japa-
nese population (13).

Ponz et al. (10) tested 18 HNPCC fami-
lies, and 18 families suspected for HNPCC.
Eleven of 18 HNPCC patients showed mi-
cro satellite instability (61%) while in the
patients suspected for HNPCC only 4 were
microsatellite unstable (22%). Three germ
line mutations were found in 18 HNPCC
families.

Aoltonen et al. (11) prospectively tested
colorectal cancer in 509 patients and MSI
was present in 63 patterns, what means 12%
of patients. The samples of normal tissue in
10 patients had germ line mutation of hMLH
1 and hMSH2 genes.

Henry Lynch et al. (14) came to the con-
clusion, thatso far there is no clear gene type
marker for HNPCC and it is necessary to
continue with research. But, beside the ex-
isting mutation of mismatch repair genes,
which is recessive, there must be one more
somatic mutation. That is the reason why
we have to do testing on MSI and on tumor
Suppressor genes.

In our study, from 7 patients with diag-
nosed HNPCC in the area of the recto sig-
moid region, 57.1% of cancers have been
located, while in the area of proximal part of
colon 42.9% of cancers were located. Analy-
sis of the distribution of cancers, according
to Astler-Coller classification, showed that
the level C-1 is represented in 42.8% and the
level C2 in 71.4% of cases. The presence of
metastatic cancer is significant (p<0,005).

Adenocarcinoma was diagnosed in 71.5%
cases, while the Adenocarcinoma mucino-
sum is presented in 28.5% cases.

Lynch et al. (14) mention that 65-88%
of colorectal cancers within the group of
HNPCC, occur in the proximal part of the
colon. It is significant that there is a great-
er presence of mucinous cancer within the
framework of HNPCC, and it is diagnosed
in the lower level of spreading according to
Astler — Coller classification. Those patients
have a high possibility of developing meta-
chrone cancers, and 18% of such patients at
the first diagnoses of cancer have multiple
synchronous tumor.

Why is so difficult to identify patients
with Lynch syndrome? There are many chal-
lenges, mostly technical, that limit the abil-
ity to make the diagnosis. The most compre-
hensive approach would be to perform ge-
netic testing on every patient with colorectal
cancer. However such a strategy would be
prohibitively expensive and would not iden-
tify all cases (15).

This study indicates the importance of
usage of Amsterdam’s and Bethesda criteria
and diagnoses of HNPCC as well as registra-
tion of HNPCC families. We understood that
if we do not make it now, all colorectal cancers
are going to be classified and treated as spo-
radic. We think that the low rate of incidence
of colorectal cancer in our region is not real-
istic but is a result of the absence of screen-
ing programs and a registry of cancer.

It is necessary to form a national regis-
try for colorectal cancer as well as registries
for HNPCC families in Bosnia and Herze-
govina. The instrument which was used in
the study, makes a contribution to their for-
mation. It is necessary to design a screening
program for individuals with average and
high risk for development of colorectal can-
cer and colonoscopy should be the screen-
ing procedure of choice. It is necessary to
do genetic screening of HNPCC families as
well as genetic consultation. We have to do




direct sequencing to identify mutations. By
diagnosing HNPCC it was possible to do a
review of surgical treatment, to test and fol-
low their relatives as the persons with high
risk for development of colorectal cancer.

Conclusion

Despite progress in diagnosis, surgery, che-
motherapy and radiotherapy, colorectal
cancer presents a real challenge to modern
medicine due to its high incidence and mor-
tality rates, as well as a number of etiological
unknowns.

HNPCC was diagnosed using The Am-
sterdam and Bethesda criteria in the group
of sporadic colorectal cancer in 15% of cas-
es, and exhibited an MSI-H for the chromo-
some 2p where the hMSH2 mismatch repair
gene is localized.

With our research we obtained data
which have a local and global significance.
The research should be continued and ex-
panded to a larger number of tested persons
to make it possible to compare our results
with the results of other authors.
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Introduction

There were 1,863 patients on chronic dialy-
sis program and 57 kidney transplants with
functioning graft in Bosnia and Herzegovi-

Objective To analyze patient and graft survival rate over the
first five years of kidney transplantation at University Clinical
Center Tuzla, Bosnia and Herzegovina, in the period from
1999 through 2004. Methods Transplantations were done
after the candidates were evaluated following European Best
Practices Guidelines. After open donor nephrectomies Co-
llins solution was used for kidney perfusion. Donor blood ve-
ssels were anastomosed end-to-side to recipient external iliac
vessels, whereas donor ureter was anastomosed to the recipi-
ent bladder with an antireflux technique. Basic immunosu-
pressive protocol was applied in all pateints, with introduc-
tion of Basiliximab (Simulect) on the first and fourth post-
operative day as the transplantation in our Center progressed.
Descriptive statistical analyses along with Kaplan-Meier sur-
vival analysis were performed. Results The first living donor
kidney transplantation started at University Clinical Center
Tuzla, Bosnia and Herzegovina on September, 15 1999. There
were 52 transplantations performed through 2004. One, two
and five-year graft survivals were 96%, 96% and 75%, respec-
tively. One, two and five-year patient survivals were 94%, 94%
and 84%, respectively. One, two and five-year survivals of pa-
tients with functioning grafts were 92%, 92% and 67%, res-
pectively. Conclusion Kidney transplantation survival rates
at University Clinical Center Tuzla, Bosnia and Herzegovina
from 1999-2004 did not differ from the rates achieved in de-
veloped countries worldwide.

Key words: Kidney transplantation, Donor, Rrecipient, Sur-
vival rates.

na in 2004 (1). Before the war in Bosnia and
Herzegovina 1992-95 kidney transplants
were performed at the Transplant institute
in Sarajevo. However, its facilities were dev-
astated during the war, but transplantation
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has been renewed due to the growing need
for that type of renal replacement treatment.
The pioneer steps were made after the war in
Bosnia and Herzegovina at University Clini-
cal Center Tuzla, where kidney transplants
include living related, living unrelated and
deceased donor transplants. Living unre-
lated donor transplantation has not been le-
gally regulated in Bosnia and Herzegovina,
despite some sporadic cases and the obvious
need for that kind of treatment. The aim of
this study was to analyze patient and graft
survival rate over the first 5 years of kidney
transplantation at University Medical Cen-
ter Tuzla, Bosnia and Herzegovina, in the
period from 1999 through 2004.

Methods

European Best Practice Guidelines for Re-
nal Transplantation and European Society
for Organ Transplantation guidelines were
followed when preparing the candidates for
transplantation (2). Candidates were admi-
tted after having been acquainted with them
relevant information on transplantation and
collected certain out-patients’ medical test re-
suls. Donor was evaluated first, followed by a
recipient. In an operating theatre open donor
nephrectomy was done using a flank incision.
Collins solution was used for kidney perfusi-
on. Graft biopsy was done and the graft was
implanted in contralateral iliac fossa. Donor
blood vessels were anastomosed end-to-side
to recipient external iliac vessels, whereas
donor ureter was anastomosed to recipient
blader with an antireflux technique.

Basic immunosupressive protocol (Cy-
closporine A, Azathioprin and Prednisolon)
was applied in first 28 patients. All other
received Cyclosporine A, Mycophenolate
mofetil and Prednisolon. Starting with 30st,
patient received Basiliximab on the first and
fourth post-operative day as the transplan-

tation in our Center progressed. There were
no acute rejections in the early postopera-
tive period.

Descriptive statistical analyses were per-
formed. Kaplan-Meier curve was used to
perform survival analysis.

Results

First living related donor kidney transplan-
tation at University Clinical Center Tuzla
was performed on September, 15. 1999. To-
tally, 52 transplantations were performed up
to 2004 and all were living-related.

Donor characteristics are presented in
Table 1.

Three donors had borderline DTPA clear-
ance rates of about 40 ml/min. Nephrectomy
was mostly done on the left side, five on the
right side, only. There were two renal arter-
ies in five patients. In one case both renal ar-
teries were sewn to the external iliac artery.
There were 17 donors older than 60, thereby
influencing our results, even though donors
met all eligibility criteria (Figure 1).

Recipient characteristics are shown in
Table 2.

Recipient age distribution is shown in
Figure 2.

There were 8 biopsies of native kidneys
performed prior to transplantation. Glo-
merulonephritis was diagnosed in 28, py-
elonephritis in 3, interstitial nephritis in 5,
diabetes mellitus in 3, systemic lupus ery-
thematodes in 1, non-differentiated primary
kidney disease in 8 and vesicoureteric reflux
in 4 cases.

Two recipients underwent nephrectomy
on the side of vesicoureteric reflux, whereas
one was due to infected reflux. Bladder neck
sclerosis was found in one patient and one
underwent bladder augmentaton procedure.

Complication in 52 recipients are shown
in Table 3.
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Table 1 Donor characteristics

. . Age (years) *DTPA Clearance rate (ml/min; X+ SD) N of renal arteries
Relationship N - - -
X+SD Right kidney Left kidney >1
Mother 24 55,0+11,3 54,8+10,4 53,6+10,5 3
Father 15 61,4+6,9 49,0+6,4 47,8+6,6 1
Sister 44,5+6,4 67,0+£2,9 65,5+6,4 1
Brother 46,0+2,9 54,5+10,6 57,5+£12,0 -
Others** 2 38,5+5,5 54,0+4,0 56,5+6,5 -
Total 52 51,1+6,58 55,9+10,1 56,2+8,4 5

*DTPA - diethylen etriamine pentaacetic acid; ** - uncles, aunts and nephews

254

Number of donors

0
10 do 19 20 do 29 30 do 39 40do49 50do 59 60do69 70do 79 Age

Figure 1 Histogram of donor age distribution

Table 2 Recipient characteristics

Table 3 Recipient complications

Complications Patients N (%)

Acute rejection 10(19.2)
Venous graft thrombosis 1(1.9)
Urinom 1(1.9)
Lymphocoella 2(3.8)
Perirenal hematom 2(3.8)
Total 16 (30.6)

One graft nephrectomy was done due to
venous thrombosis.

Two patients died, one of aneurysm rup-
ture of the thoracic aorta and the other from
cardiac arrhythmia.

Average serum creatinine after 5
years of follow-up was 154 £ 22 umol/l.

Age (years; X £ SD 32,4+8,1
Sex (males/females) 36/16
Time on dialysis (months; X + SD) 21,5+6,7
Residual kidney function - diuresis N
oml 7
0-100 ml 1
101-500 ml 1

> 500 ml 23
Voiding cystourethrogram

Vesicoureteric reflux

Small bladder capacity 21
Normal bladder capacity 27

Reasons for loss of graft function are
shown in Table 4.

Number of patients

10do 19 20 do 29 30do 39

40 do 49

50 do 59

60 do 69

Figure 2 Histogram of recipient age distribution
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Table 4 Reasons for loss of graft function

Reasons for graft loss Number of patients

Chronic graft nephropathy 4
Primary graft non-function 1
Lung and graft TB* 1
**CMV infection 1
IgA nephropathy 1
Total 8

Age

*Tuberculosis; ** Cytomegalovirus
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Figure 3 shows grafts survival at our Center.
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Figure 3. Grafts survival. One, two and five-year graft survivals accounted for 96%,

96% and 75%, respectively

Figure 4 shows patient survival at our Center.
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Figure 4. Patient survival. One, two and five-year patient survivals accounted for 94%,

94% and 84%, respectively
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Figure 5. shows patients with functioning grafts survival at our Center.
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Figure 5 Patients with functioning grafts survival. One, two and five-year survivals
of patients with functioning grafts accounted for 92%, 92% and 67%, respectively

There were no complications related to
donors over the two years of follow-up.

Discussion

There were 52 living donor kidney transplan-
tations at University Clinical Center Tuzla,
Bosnia and Herzegovina, in the period from
1999 through 2004. The one year survival
rate at our Center does not differ from the
survival rate in Western Europe and USA
(3). Five year survival rate of patients with
functioning grafts is 67%, which is less than
the average of 75%, but any result between
65-75% seems to be acceptable.

One patient underwent pre-transplant
nephrectomy, even though reflux was also
found in the other kidney, but it was not
considered vulnerable to infection.

Bladder augmentation procedure for
small bladder capacity was done in one pa-
tient. That patient was anuric for 10 years
before transplantation.

Since the need for organs is growing,
the trend should be toward deceased trans-
plants.

In May, 2005 Parliament of Federation of
Bosnia and Herzegovina adopted a law on
deceased transplant program applicable to
the Federation, only. This program repre-
sents the “Spanish model”, which has proved
most successfull worldwide.

First deceased kidney transplant in Bos-
nia and Herzegovina was performed at Uni-
versity Clinical Center Tuzla on June, 22
2006. On that occasion the liver was trans-
planted, too.

Conclusions

Kidney transplantation survival rates
at University Clinical Center Tuzla, Bosnia
and Herzegovina from 1999-2004 did not
differ from the rates achieved in developed
countries worldwide. The existing program
needs to be updated, particularly with re-




spect to donor selection regarding biological
and chronological age.
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Telomeres are specialized structures at chromosome ends
required for chromosome stability maintenance. They con-
sist of a specific repetitive DNA sequence and a set of asso-
ciated proteins that form a protective structure at chromo-
some ends. The enzyme telomerase, which is active in stem
cells but not in normal somatic cells, synthesizes telomeric
DNA sequence. This enzyme is important for cell prolifera-
tive potential and most cancer cells have active telomerase.
Telomeres are shorter in older individuals than in younger in-
dividuals and they may be viewed as a “biological clock”. The
evidence is accumulating that telomere maintenance plays a
significant role in the pathology associated with some human
diseases. There are several human genetic diseases that show
accelerated shortening of telomeric DNA sequences includ-
ing Dyskeratosis congenita, Fanconi anemia, ataxia telangi-
ectasia, Nijmegen breakage syndrome, Werner syndrome,
Bloom syndrome, pulmonary fibrosis and ataxia telangiec-
tasia like disease. A common feature of these diseases is ac-
celerated telomere shortening due to increased cell turnover
that eventually leads to signs of premature ageing. Common
diseases lacking an apparent genetic component such as ath-
erosclerosis, heart failure, liver cirrhosis and ulcerative colitis,
also show accelerated telomere shortening in affected tissues,
that eventually causes tissue specific pathology. Factors that
increase cell turnover may be detected by measuring telomere
length in the human population and so far several such fac-
tors have been identified including: smoking, obesity and ex-
posure to psychological stress. It is likely that future research
will reveal an even more extensive role of defective telomere
maintenance in human disease and conditions that elevate
disease risk.

Key words: Genetic diseases, Telomeres, DNA sequences,
Premature ageing.
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Introduction

Telomeres are specialized nucleo-protein
complexes at the ends of chromosomes
identified ~ 70 years ago by Herman Joseph
Muller and Barbara McClintock (1, 2). Their
pioneering experiments on drosophila and
plant cells respectively unravelled the pro-
tective properties of natural chromosomal
ends, later termed telomeres by Muller us-
ing the Greek words telos (end) and meros
(part). These simple cytological experiments
revealed resistance of telomeres to fusion
with either broken chromosomal fragments
or other telomeres. The protective property
of telomeres is now known as the “capping”
function i.e. telomeres provide a protective
“cap” for chromosomal DNA against various
molecular insults, including nucleolitic deg-
radation, oxidative stress, interaction with
other DNA sequences etc.

The molecular dissection of telomeres
started in 1970’s by identifying the DNA se-
quence of telomeres in a single cell organ-
ism called Tetrahymena thermphila (3). This
was followed by identification of telomeric
DNA sequences in other species including
humans and the discovery of telomerase, the
enzyme that synthesizes telomeric DNA (4,
5). Subsequent experimental work led to the
discovery of an apparent link between the
mechanisms that maintain telomeres in our
cells and two processes of great importance
to human health: ageing and carcinogenesis.
Itis now clear that telomeric DNA is gradually
lost with consecutive cell divisions leading to
proposals that telomeres act as a “biological
clock” that regulates cell and organismal age-
ing (6). It is also interesting that telomerase
is inactive in human somatic cells but highly
active in cancer cells which, owing to telom-
erase, can proliferate indefinitely, suggesting
that telomerase activity is a key requirement
for a cell to become cancerous (7).

The above observations were certainly
exciting and in the last 20 years numerous

studies addressing different aspects of these
observations have been published. It has
also become apparent that there are sev-
eral human genetic diseases characterized
by premature ageing and predisposition to
cancer that show abnormalities in telomere
maintenance (see below) thus indicating the
medical relevance of telomere biology. This
is further substantiated by more recent ob-
servations, pointing to a clinically relevant
scenario that individuals with susceptibility
to cardiovascular diseases may have abnor-
mal telomere metabolism, or that exposure
to psychological stress may lead to patholog-
ical telomere shortening (see below). Factors
such as obesity and smoking are now known
to contribute to pathological telomere short-
ening (see below).

The purpose of this article is to provide
a brief overview of the molecular biology of
telomere maintenance and address the role
of telomeres in human genetic diseases. Fur-
thermore, some common human diseases
without an identified genetic component
that show defects in telomere maintenance
will be discussed. It is also becoming in-
creasingly clear that measurement of telo-
mere length has important prognostic and
diagnostic values and some examples will be
given to illustrate this point.

Molecular organization of telomeres

As stated earlier, telomeres are specialized
structures at chromosomal ends consisting
of a specific DNA sequence and a set of asso-
ciated proteins that bind the sequence. The
telomeric DNA sequence in all vertebrates,
including humans, is a hexanucleotide,
TTAGGG, repeated many times (Fig 1). In
human cells the size of telomeric repeat DNA
sequences is, on average, between 10 and
15 kb (kilo bases) (4). The size of telomeric
DNA sequences varies between individuals
and is thought to be genetically regulated.
Telomeric DNA is arranged in the form of
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a loop known as the T (telomeric) - loop
(8) (see also Fig 2). In this configuration the
protruding 3’ telomeric single strand, the
size of which is approximately 100 or more
b.p. (base pairs), folds back to form the loop.
A set of proteins called sheltretin regulates
the arrangement and folding of the T-loop
(9). This set consists of six proteins, some
of which have affinity for telomeric double
stranded DNA sequence (TRF1 and TRF2)
and some for telomeric single stranded DNA
sequence (Potl). The purpose of the T-loop
is to provide stability for the chromosome.
Without this configuration the chromo-
somal end would be recognized as a DNA
double strand break (DSB) by cellular mech-
anisms that detect and repair DNA damage.
The presence of proteins that participate in
DSB repair at telomeres, through interac-
tion with shelterin, signifies the importance
of interactions between telomeres and DSB
repair mechanisms (9). The list of proteins
that form shelterin and proteins involved in
DSB repair and other types of DNA repair
present at telomeres is shown in Table 1.

An important feature of the telomeric
DNA sequence is its constant loss with each
cell division cycle. It is estimated that this
loss is on average ~ 100 b.p. / cell cycle (6).
The loss is caused by two mechanisms: the
end-replication problem and exonucleolytic
degradation. Conventional DNA polymer-
ases that replicate DNA cannot replicate the
end of the chromosome properly and this is
known as the end-replication problem. The
problem was first identified by Olovnikov
(10). He proposed that the loss of telomeric
DNA may actasa “biological clock”, a count-
ing mechanism which may signal cells how
many times to divide. When the loss even-
tually causes a near complete exhaustion
of telomeric DNA, this will signal the cell
cycle stop. The affected cell will no longer
be able to divide and it will be replaced by a
younger cell with longer telomeres. Experi-
ments have confirmed the view of telomeres

Figure 1 A human cell showing 46 chromosomes
(blue) after fluorescence in situ hybridization with
the telomeric TTAGGG probe (red).

proteins targeting
A single stranded DNA
(Potl)
5’ ‘ 3,
proteins targeting
double stranded DNA

(TRF1 & TRF2)
D-loop

Figure 2. Molecular structure of telomeres. A. Linear
telomeric DNA with a 3’single stranded overhang,
the size of which is ~ 100 base pairs. B. This single
strand overhang folds back, invades the DNA dou-
ble strand to form a local DNA triplex (three strands)
known as D-loop (Displacement loop). The whole
loop structure is called T-loop (Telomeric loop). The
protein named TRF2 enables formation of a local
DNA triplex.
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Table 1 Proteins that associate with telomeres. For disease abbreviations see text

Protein Role Associates with Human disease
TRF1 Shelterin Double stranded TTAGGG sequence Not known

TRF2 Shelterin Double stranded TTAGGG sequence Not known

Pot1 Shelterin Single stranded TTAGGG sequence Not known

Rap1 Shelterin TRF1/2 Not known

TPP1 Shelterin TRF1/2 Not known

Tin2 Shelterin TRF1/2 Not known

Tank 1 Shelterin associate TRF1/2 Not known

Tank 2 Shelterin associate TRF1/2 Not known

Parp 2 DNA repair TRF2 Not known

Ku DNA repair TRF1/2 Not known
DNA-PKcs DNA repair TRF1/2 Not known
Rad51D DNA repair TRF1/2 Not known

WRN DNA helicase TRF1/2 Werner syndrome
BLM DNA helicase TRF1/2 Bloom syndrome
MRET1 DNA repair TRF1/2 Ataxia telangiectasia like disease
NBS1 DNA repair TRF1/2 NBS

ATM DNA damage response TRF2 AT
TERC/TERT/Dyskerin  Telomerase T-loop DC, AA

as the “biological clock”. For example, telo-
meres in older individuals are shorter than
telomeres in younger individuals (6). How-
ever, the end-replication problem is not
the only source of telomeric DNA loss. The
enzymes with exonucleolytic activity must
prepare the T-loop substrate (protruding
single stranded telomeric sequence) after
each DNA replication cycle and the conse-
quence of the activity of these enzymes is
the loss of telomeric DNA (11). Therefore,
the end replication problem and exonucleo-
lytic activity will eventually cause degrada-
tion of telomeric DNA, after multiple cell
divisions, to the extent that the affected cell
will no longer be able to divide.

Telomere shortening is an important tu-
mour suppressor mechanism which strictly
regulates tissue homeostasis. Cells forming
tumours differ from normal somatic cells
(with the exception of stem cells) in their
growth properties. Normal somatic cells can
divide up to a maximum of ~ 50 times, af-
ter which they exit the cell cycle. In contrast,
tumour cells can divide indefinitely. What is

the mechanism that confers this indefinite
cell division potential of tumour cells? After
many years of research, scientists discovered
that tumour cells acquire the capacity to
prevent telomere loss and subsequent telo-
mere shortening. This capacity is provided
by a specialized enzyme termed telomerase,
which synthesizes telomeric DNA and by do-
ing so stops telomeric DNA loss (6). Telom-
erase is a complex enzyme consisting of its
own RNA component known as TERC, the
catalytic protein component known as TERT
and a protein called Dyskeryn. Experiments
have shown that up to 85% tumours have
active telomerase, whereas normal somatic
cells lack telomerase activity (6). (The only
normal somatic cells that have relatively high
levels of telomerase are stem cells. This is un-
derstandable given that stem cells must have
high growth potential in order to maintain
tissue homeostasis.) Those remaining 15%
of tumours that lack telomerase use another
mechanism to stop telomere loss, known as
ALT (Alternative Lengthening of Telomers)
(6). Inhibiting telomerase or ALT mecha-
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nisms in cancer cells constitutes a promising
avenue for cancer therapy.

The medical relevance
of telomere biology

As indicated above, there are two clear ar-
eas of telomere biology relevant to medicine.
These include mechanisms of human ageing
and mechanisms of carcinogenesis. The area
of telomere biology related directly to can-
cer is beyond the scope of this review.

Although the current understanding of
mechanisms that regulate human ageing
is limited, it is clear that telomere biology
represents a significant contributing mecha-
nism. This is recognized by the fact that one
of the theories proposed to explain mecha-
nisms of ageing, known as “Telomere theory
of aging”, directly implicates telomere short-
ening as a cause of ageing or senescence in
human cells (6). It is not yet completely clear
whether the accelerated process of cell se-
nescence will cause accelerated ageing of an
organism but the evidence is accumulating
that this may be true.

According to the “Telomere theory of
ageing”, most somatic cells in the human
body must have a limited capacity to divide,
known as the Hayflick limit (6). In 1960s
Leonard Hayflick concluded, after his exper-
iments with human somatic cells, that they
cannot divide more than ~ 50 times in vitro.
He argued that this mechanism regulates
tissue homeostasis, but he did not have an
explanation as to how this mechanism may
work. The explanation was provided after
the discovery of telomerase and improved
understanding of telomere maintenance
mechanisms. As discussed above, telomeric
DNA is progressively lost after each cell di-
vision cycle, until the loss signals the end
of cell division potential. Experiments have
shown a good correlation between the Hay-
flick limit and telomere shortening, thus
implicating the latter as a key regulator of

the “biological clock” The key evidence sup-
porting the essential role of telomeres in the
“biological clock” came from experiments
in which forced activation of telomerase in
otherwise normal human somatic cells re-
sulted in the acquired capacity of these cells
to divide indefinitely (6). This means that
when physiological telomere shortening is
stopped, human cells in effect become “im-
mortalized” and the key tumour suppressing
mechanism that regulates tissue homeosta-
sis is lost. Further evidence in support of the
“Telomere theory of ageing” was provided
by observations that human diseases charac-
terized by premature ageing symptoms show
abnormal telomere metabolism (see below).
Some of these diseases will be described in
more detailed below and evidence that links
premature ageing symptoms and defective
telomere maintenance will be highlighted.

Human genetic diseases with
dysfunctional telomere maintenance

The common features of diseases described
in this section include: a) symptoms asso-
ciated with premature ageing and b) some
form of abnormality in telomere mainte-
nance that may manifest either as acceler-
ated telomere shortening, or loss of telomere
capping function. Research has shown that
defects in telomere maintenance associated
with these diseases contribute significantly
to disease pathology (see below).

Dyskeratosis congenita (DC)

DC is an inherited bone marrow (BM) fail-
ure syndrome with clinical features becoming
apparent in childhood (12). BM failure can be
defined as the inability of bone marrow to pro-
vide a sufficient number of circulating blood
cells. This suggests that hematopoietic stem
cells that reside in the BM, function abnormal-
ly in DC. Other symptoms of DC, including
abnormal skin pigmentation, nail dystrophy
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and leucoplakia are consistent with stem cell
failure in organs such as the skin.

Molecular and cell biology research has
provided a reasonable explanation as to how
failure in HSCs leads to symptoms of DC. It
is now clear that DC is caused by mutations
in genes encoding components of telomer-
ase and this ultimately leads to abnormally
short telomeres in DC patients (12). Abnor-
mally short telomeres are ultimately respon-
sible for diminished growth potential of the
stem cells that maintain highly prolifera-
tive tissues, such as BM and skin. This also
strongly indicates that telomerase activity is
an essential requirement for normal prolif-
eration of stem cells.

Genetic research has identified three
forms of DC (12). The first known form of
DC was the so called X-linked dominant
DC because the gene responsible was locat-
ed on the X chromosome. The gene called
DKCI was eventually identified as respon-
sible for this form of DC. It encodes a pro-
tein called dyskerin. Initially, it was thought
that this protein is the key to the biogenesis
of ribosomes, until the link with telomerase
was discovered. Dyskerin is now known to
be a component of telomerase. Given that
some DC patients did not show mutations
in DKCI it became obvious that other genes
may be involved in this disease. Through
the so called linkage analysis, a family with
many members affected by DC was identi-
fied. Genetic research revealed that a gene
in the region of chromosome 3q, the same
region where the TERC gene resides, was
responsible for this form of DC. Further in-
vestigation revealed TERC mutations in the
family, thus leading to the conclusion that a
new form of DC, now known as autosomal
dominant DC, is due to mutations in TERC.
Subsequent studies revealed that abnormally
short telomeres are one of the key molecular
features of DC, suggesting that this disease
is a disease of abnormal telomere mainte-
nance (12). During the course of these stud-

ies another form of DC was discovered, now
known as autosomal recessive DC. However,
the gene or genes responsible for autosomal
recessive DC have not been identified yet.
It is likely that these genes will be involved
in telomere maintenance. Finally, a group
of DC patients, with mutations in the TERT
component of telomerase, has recently been
described, adding further support to the
view of abnormal telomere maintenance as
the key molecular cause of DC (12). Patients
with TERT mutations are classified as the
autosomal dominant variant of DC.

Fanconi anemia (FA)

Similarly to DC, FA is an inherited BM fail-
ure syndrome (13). Patients are typically di-
agnosed in the first decade of life and many
will die as young adults as a result of BM
complications. In addition, FA patients show
extreme predisposition to cancer and many
will die as a result. The disease is inherited
mainly in an autosomal recessive fashion.
Apart from BM failure, many patients show
somatic abnormalities, including skin, skel-
etal, neurological, cardiovascular and other
abnormalities.

Cells from FA patients show high sen-
sitivity to the chemicals that cause DNA
cross-links, such as mitomycin C (MMC)
and diepoxybutane (DEB), which manifest
by the presence of high level of chromosom-
al abnormalities in the patients’ cells relative
to control cells. This is the key diagnostic
test for FA. Genetically, FA is a very complex
disease, with at least 12 different genes in-
volved, known as FANCA to FANCM (13).
All genes are involved in DNA damage re-
sponse, in particular the pathway that regu-
lates response to DNA crosslinking agents.

FA patients have significantly shorter
telomeres than corresponding control pa-
tients (14, 15). In addition, FA cells show
increased incidence of end-to-end chro-
mosome fusions as a result of accelerated
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telomere shortening. It can be argued, as
in the case of DC, that telomere shortening
observed in FA patients causes the inability
of HSCs to replenish BM, thus leading to
symptoms of BM failure.

Ataxia telangiectasia (AT) and Nijmegen
breakage syndrome (NBS)

AT and NBS are genetic diseases character-
ized by increased sensitivity of patients to
ionizing radiation, high incidence of cancer
and chromosomal instability (16). In con-
trast to DC and FA, only one gene is respon-
sible for AT and NBS respectively. The genes
are known as ATM (AT mutated) and NBSI.
Both genes are involved in DNA damage re-
sponse mechanisms. ATM is a key signalling
molecule, activated by the presence of DNA
damage in affected cells, whereas NBSI
is part of a protein complex called MRN
consisting of NBS1 and two more proteins,
MRE11 and Rad50 (16). Both diseases are
inherited in an autosomal recessive fashion.

There are clear abnormalities in telomere
maintenance in cells from AT and NBS pa-
tients (16). Telomere shortening is evident
in both cases. However, in the case of AT
cells, telomere shortening is accompanied
by increased incidence of end-to-end chro-
mosome fusions and the presence of extra-
chromosomal telomeric fragments, whereas
these are absent in NBS cells. Both proteins,
ATM and NBSI, physically interact with the
components of shelterin, thus indicating
close cooperation between DNA damage
response mechanisms and telomere mainte-
nance. Genetically deficient mice, defective
in ATM, also show alterations in telomere
maintenance. It is important to stress that
all diseases mentioned so far, DC, FA, AT
and NBS are considered premature ageing
syndromes as patients show many features
of premature ageing. This provides a formal
link between accelerated telomere shorten-
ing and ageing at the clinical level.

Werner syndrome (WS) and Bloom
syndrome (BS)

WS is a premature ageing syndrome char-
acterized by signs of ageing at an early age,
usually in the second decade of life, that in-
clude grey hair, alopecia, skin ageing, cata-
racts, ischemic heart disease etc. (17). Af-
fected individuals also show high levels of
inflammatory diseases such as atherosclero-
sis and type 2 diabetes, as well as a high in-
cidence of cancer. The gene responsible for
WS is called WRN. It encodes a protein with
helicase domain involved in DNA metabo-
lism including replication, recombination
and repair. Fibroblasts isolated from WS
individuals show premature senescence in
vitro that can be rescued by ectopic expres-
sion of telomerase (17). This implicates dys-
functional telomere maintenance as a cause
of WS associated pathology. Consistent with
this possibility, biochemical experiments re-
vealed direct interaction between WRN and
telomeric proteins such as TRF1 and TRF2.
It is therefore likely that abnormal WRN will
affect the so called telomere capping func-
tion and lead to increased telomeric fusions
and subsequent chromosomal instability.

BS shows some similarity to WS. The
protein affected in BS, known as BLM, is
a helicase like WRN and BS patients show
limited signs of premature ageing, such as
early menopause and elevated rates of can-
cer. It is interesting that BLM also interacts
with telomeric proteins, such as TRF1 and
TRF2 (18). Published studies that directly
examined the state of telomere maintenance
in BS patients are not yet available. However,
mice defective in BLM and TERC show pa-
thology associated with telomere loss that
is directly attributed to dysfunctional BLM
(18). It is therefore possible that BS patients
may show some form of telomere dysfunc-
tion. Another interesting feature of BLM is
its involvement in the ALT pathway of telo-
mere maintenance (19).
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AT like disorder (ATLD), pulmonary
fibrosis (PF) and aplastic anemia (AA)

The evidence is accumulating that telomere
defects may exist in the above three disease.
A subset of AA patients shows mutations
in TERT and TERC genes (20). These mu-
tations cause accelerated telomere shorten-
ing and could cause the premature death of
AA patients. Mutations in TERT and TERC
genes have been identified in patients with
PF (20). PF is characterized by lung scar-
ring, which eventually leads to respiratory
failure and the disease could be lethal. ATLD
patients show mutations in the gene encod-
ing the Mrell protein. The protein is part of
the MRN complex (see above) known to be
involved in DNA damage response. One of
the features of ATLD is accelerated telomere
shortening (20). All diseases described in
this section are summarized in Table 2.

Common human diseases with
defective telomere maintenance

Research in the last decade revealed several
common human diseases that show altera-
tions in telomere maintenance. Common
diseases are defined as diseases occurring
in the human population with a relatively
high frequency, but lacking an apparent in-

heritance pattern. This does not mean that
common diseases completely lack the ge-
netic component. It is likely that common
diseases are caused by multiple genes, the
individual effect of which is small, and as a
result the inheritance pattern is not obvious,
as in the case of classical genetic diseases.
One of the first common diseases in
which alterations in telomere maintenance
were observed was atherosclerosis. Athero-
sclerosis is now believed to be the result of
systemic chronic inflammation. Given that
chronic inflammation requires increased
cell turnover, it has been argued that pa-
tients with atherosclerosis may have abnor-
mally short telomeres in some or all tissues.
Consistent with this possibility it was shown
that atherosclerosis patients have signifi-
cantly shorter telomeres in their leukocytes
relative to control individuals (21).
Similarly, investigation of heart muscle
cells, known as myocytes, from patients
with heart failure, revealed a 25% reduction
in telomere length relative to their control
counterparts (22). Furthermore, myocytes
in affected patients showed a higher level of
apoptosis, programmed cell death, as well
as alterations in expression of the telomeric
protein TRE2 relative to cells from control
individuals (22). Given that heart failure is
caused by myocyte deficiency, which even-

Table 2 Genetic diseases with dysfunctional telomere maintenance

Disease name

Disease main characteristics

Protein affected Effect on telomere maintenance

Dyskeratosis congenita Bone marrow failure

Fanconi anemia Bone marrow failure

Ataxia telangiectasia

Nijmegen breakage syndrome
Werner syndrome

Bloom syndrome Defective DNA damage

response
Ataxia telangiectasia like disease
Aplastic anaemia Anaemia

Pulmonary fibrosis Respiratory disease

Radiation sensitivity syndrome

Radiation sensitivity syndrome
Premature ageing syndrome

Defective DNA damage response

TERC, TERT, Dyskerin
At least 12 FANC

Accelerated telomere shortening
Accelerated telomere shortening,

proteins chromosome fusions

ATM Accelerated telomere shortening,
chromosome fusions

NBS1 Accelerated telomere shortening

WRN Accelerated telomere shortening

BLM Effect on ALT

MRE11 Accelerated telomere shortening

TERC, TERT Accelerated telomere shortening

TERC, TERT Accelerated telomere shortening
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tually leads to failure in the heart pumping
function, the results of the above study estab-
lished a formal link between telomere mainte-
nance and heart diseases. Furthermore, more
recent studies indicate that telomere length is
a good predictor of the risk for cardiovascular
diseases. The highest risk of cardiovascular
diseases is associated with the shortest telo-
meres in affected patients (23).

Another common disease, in which telo-
meres are affected, is liver cirrhosis. Irre-
spective whether cirrhosis is caused by viral
hepatitis, increased consumption of alcohol,
autoimmunity or cholestais, telomeres were
always significantly shorter in hepatocytes
from affected patients than in hepatocytes
from control individuals (24). In contrast,
telomere length in leukocytes from cir-
rhosis patients was normal (24). The study
therefore supports the view that chronic
hepatocyte damage and induced hepatocyte
regeneration accelerate telomere shorten-
ing in hepatocytes. The study also implies
that restoration of telomere length in hepa-
tocytes from patients affected by cirrhosis
could constitute a potential therapy for this
disease.

Ulcerative colitis is the last example of a
common human disease in which telomere
maintenance is affected (25). This is a chron-
ic inflammatory disease of the colon, associ-
ated with a high risk of colon cancer. Accel-
erated telomere shortening and associated
chromosomal abnormalities, such as end-
to-end chromosome fusions, are apparent
in non-dysplastic mucosal cells taken from
individuals affected by the disease (25).

In summary, all the above common dis-
eases are associated with accelerated telo-
mere loss. It is likely that the accelerated
telomere loss is caused by increased cell
turnover which eventually reduces the re-
generative capacity of affected tissues, most
likely through the failure of stem cells to
maintain tissue homeostasis (see Fig. ?).

Telomere length
as a prognostic marker

In view of the fact that human diseases,
characterized by an increased cell turnover
in highly proliferative tissues, show acceler-
ated telomere shortening (see above) telo-
mere length can serve as a marker capable
of detecting any factor that stimulates cell
turnover. It is likely that such factors will
cause damage to cells and as a result stimu-
late tissue processes which eventually re-
place damaged cells by healthy cells through
increased proliferative activity of stem cells.
Although stem cells have a higher prolifera-
tive potential than differentiated cells, this
potential is not unlimited and increased cell
turnover constitutes a risk factor that ac-
celerates ageing and may cause early mor-
tality. In line with this prediction, telomere
length was reported to be a good predictor
of mortality rate among people aged 60 or
more (26). This study has important impli-
cations, as the factors that lead to increased
cell turnover, and thus accelerated telomere
shortening, can be identified. Once such fac-
tors are identified, lifestyles can be changed
accordingly, to avoid exposure to identified
risk factors.

Factors that cause accelerated telomere
shortening include obesity, smoking and
exposure to psychological stress. Analysis of
telomere length in leukocytes from a large
group of women revealed an inverse asso-
ciation between the number of cigarettes
smoked and telomere length (telomeres
were shorter in smokers) (27). A similar in-
verse correlation was observed between the
body mass index (BMI) and telomere length
i.e. the higher the BMI, the shorter the telo-
meres (27). In a separate study, telomere
length was measured in a group of care-giv-
ing mothers whose children were chronical-
ly ill. The chronicity of care-giving was con-
sidered to be a significant stress factor. There
was an inverse correlation between chronic-
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ity of care-giving and telomere length i.e.
the higher the number of care-giving years,
the shorter the telomeres (28). In addition,
telomerase levels were lower in women ex-
posed to stress longer.

It is interesting to note that there are nu-
merous causes of psychological stress. The
question is whether each one of these causes
is capable of causing accelerated telomere
loss. The answer to this question may be
positive according to a recent study, which
revealed shorter telomeres in people with
lower socio-economic status than in their
counterparts with higher socio-economic
status (29). The argument here is that low
socio-economic status is associated with a
high level of psychological stress. However,
this study received some criticism and its
conclusions were questioned (30, 31). In ad-
dition, another study was designed to detect
whether telomeres and telomerase are af-
fected by psychological stress arousal and
risk of cardiovascular disease. The study re-
vealed that low telomerase activity in leuko-
cytes was associated with major risk factors
for cardiovascular diseases, including poor
lipid profile, hypertension and abdominal
adiposity (32).

Conclusion

Only 20 years ago the structure and function
of telomeres were relatively poorly under-
stood and there was no indication that telo-
mere metabolism may play a significant role
in understanding the mechanisms of human
diseases. As explained above there are now
a growing number of human genetic and
common diseases that show alterations in
telomere maintenance and these alterations
contribute significantly to disease pathology.
A common feature of diseases with affected
telomere maintenance is premature ageing.
Signs of premature ageing in these diseases
can be explained by increased cell turnover,
which leads to the increased proliferative

capacity of stem cells and accelerated telo-
mere shortening in differentiated somatic
cells. Factors that increase cell turnover can
be detected by measuring telomere length
in the human population and so far several
such factors have been identified, including
smoking, obesity and exposure to psycho-
logical stress. Taken together, these obser-
vations suggest that telomere maintenance
plays a significant mechanistic role in hu-
man disease pathology.
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Introduction

Simultaneous infections of the central ner-
vous system caused by different pathogens
are very rarely seen even in immunocom-
promised patients. In the adult population
up to 60 years of age, Streptococcus pneu-
moniae is responsible for about 60% of cases
of acute bacterial meningitis (1). Splenec-
tomy is a predisposing factor for bacterial
infections especially caused by Streptococcus

3, Branislav Anti¢*

In this paper we have described a meningoencephalitis in
splenectomized patient caused contemporaneously by Strep-
tococcus pneumoniae and Herpes simplex virus. The unusual
course of pneumococcal meningitis accompanied with wors-
ening of the patient’s condition and repeated comatous status
directed clinical diagnosis to the new etiologic agent of me-
ningoencephalitis. After antibiotic and antiviral therapy the
patient fully recovered.

Key words: Concurrent, Meningoencephalitis, Herpes, Pneu-
mococcal.

pneumoniae (2, 3) Herpes simplex encepha-
litis is acute necrotising encephalitis with the
highest mortality rate and is the most com-
mon encephalitis occuring in immunocom-
petent patients (4, 5). In this paper we have
described meningoencephalitis in a splenec-
tomized patient caused contemporaneously
by Streptococcus pneumoniae and Herpes
simplex virus. There is no similar report in
the current medical literature.
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Case report

M.M. 41-year old man was referred to our
hospital after 24 hours of fever, sudden fron-
tal headache, nausea, vomiting and progres-
sive mental confusion. On admission, he
was unconscious, with high fever and nu-
chal rigidity. There were no neurologic signs
of lateralisation but skin abdominal reflex
function was absent. Lung and heart find-
ings were normal, TA 100/70 mmHg, puls
96/min. He had a history of splenectomy
sixteen years ago, and he was not received
pneumococcal vaccine. First lumbar punc-
ture performed on the day of admission
showed purulent cerebrospinal fluid (CSF)
with 151 cells/mm?®, predomination of neu-
trophiles, undetectable level of glucose and
high protein level of 2,2 g/l. Blood and CSF
cultures have shown presence of Strepto-
coccus pneumoniae. Cultivation of micro-
organisms was performed in Bacteriology
Department of Military Medical Academy.
Blood culture was performed on blood agar
and CSF culture on chocolate agar. Patient
treatment was started immediately with cef-
triaxone 4g/day intravenously along with the
antiedematous therapy. On the second day
of the therapy, the patient become afebrile,
and he was in good condition,conscious,
but vesicles appeared on patient lips. On the
sixth day, the patient becamefebrile again,
he had difficulties with speech and his state
of consciousness was worsened resulting in
coma again. Repeated lumbar puncture has
showed blood in CSF with 1827 cells/mm’*
(predominantly lymphocytes), decreased
glucose level of 1.9 mm/L (glucose in blood
5.7 mmol/L) and 1.6g/L of proteins. Culti-
vation CSF for presence of Herpes simplex
group viruses was performed in Virology
Department of Military Medical Academy
and were positive after six days in both CSF
samples.

Acyclovir (1,5 g daily) was introduced
into the therapy simultaneously with con-
tinuous administration ceftriaxon and anti-
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Figure 1 Typical focal lesions in basal ganglia

edematous drugs. Two days after introduc-
tion of antiviral therapy the patient became
conscious, his neurologic findings revealed-
motor aphasia, ptosis of the right eyelid,
hemiparesis of the right facial nerve and
pyramid deficit of the right side of the body.

Magnetic resonance imaging of brain has
showed typical focal lesions in basal ganglia
(Figure 1).

After two week successive medication and
the physical rehabilitation, the patient was able
to walk by himself and speak much better.

Discussion

Different types of immunodeficiencies are
predictive for infections even of central ner-
vous system. Defects in humoral immunity
could lead to recurrent infections with en-
capsulated bacteria such as Haemophilus
influenzae or Streptococcus pneumoniae (6).
Immunodeficiency of T cells is found most
commonly accompanying HIV infection,
neoplastic disease, corticosteroids and cy-
totoxic agents use and is mainly associated
with infection with intracellular pathogens
(M. Tuberculosis, Herpes zoster virus, Her-
pes simplex virus, Cytomegalovirus Cryp-




tococcus etc.) (6). There was no evidence of
congenital and acquired immunodeficiency
in our patient except splenectomy.

Splenectomized patients are likely to de-
velop addiction to septic conditions caused
by incapsulated microorganisms, in the first
place by S. pneumoniae. According to some
reports splenectomized patients have twelve
times higher risk for developing severe sep-
sis comparing to patients with spleen (7). A
sepsis caused by S. pneumoniae in splenecto-
mized patients occurs abruptly with possible
development of acute meningitis (8). Due to
the rapid development of meningitis, the
cerebrospinal fluid could be clear, without
cells or with a small number of cells, causing
diagnostic confusion.

The viral genome of Herpes simplex vi-
rus usually persists as a latent infection in
the trigeminal ganglion, and reactivation
could be caused by a number of stimuli in-
cluding febrile illnesses, menstruation, sun-
light, stress and immunosuppression (9).
There is experimental evidence of latent her-
pes simplex reactivation after pneumococcal
pnemonia in mice (10). The virus has a pre-
dilection for temporal lobes of the brain, but
extra temporal involvement could be found
in as many as 55% of patients (11). Focal
changes are identified especially in older pa-
tients (12). Concurrent infections of the cen-
tral nervous system with microorganisms of
quite different taxa are extremely rare. Infec-
tions have been described with two bacterial
species(13), but CNS infections caused by
concurrent bacterial and viral microorgan-
isms have not been reported so far. Unusual
course of pneumocoocal meningitis accom-
panied with worsening of the patient’s condi-
tion and repeated episodes of coma directed
clinical diagnosis to the new etiologic agent
of meningoencephalitis. In conclusion, the
unusual clinical course of bacterial menin-
gitis sometimes could indicate a concurrent
viral infection.

Darko Nozi¢ et al.: Concurrent meningoencephalitis
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Introduction

The first indication that cancer may be a ge-
netic disease was provided by the influential
German scientist, Theodor Boveri, in his
celebrated work “Zur Frage der Entstehung
Maligner Tumoren” (“The Origin of Malig-
nant Tumours”) published in 1914 (1). Al-
though the concept of a gene was unknown
at that time, Boveri correctly assumed that
chromosomes were carriers of genetic in-

The majority of breast cancer cases are so called sporadic can-
cers, which do not have a strong genetic component. How-
ever, approximately 27% of breast cancer cases are inherited
or familial cancers that result from inheriting pathogenic mu-
tations in specific genes. Two of these genes, namely BRCAI
(BReast CAncer 1) and BRCA2, confer a high risk for breast
cancer and are known as high penetrance genes. At least 12
more genes associated with breast cancer risk have been iden-
tified so far. However, these genes are low penetrance genes
that carry a much lower risk for breast cancer than BRCAI
and BRCA2. Four of these low penetrance genes have been
identified recently by a large research consortium led by a
research group from Cambridge University. It is likely that
future research will uncover additional low penetrance breast
cancer predisposing genes.

formation. His insightful observations of
chromosomal abnormalities in tumor cells
enabled him to propose that predisposition
to cancer may be inherited by inheriting a
copy of a chromosome (gene) that is not able
to suppress tumor growth efficiently (1).
More recent studies have largely con-
firmed Boveri’s prediction of genetic predis-
position to cancer (2). For example, in 1971
Knudson proposed a two-step mutation
model of cancer (3). The model is based on




the assumptions that (a) most cancers de-
velop from a single cell and (b) at least two
mutational events are required. The model
predicts that all cancers can be classified into
two categories: 1. sporadic cancers arising as
a result of chance (caused by a combination of
genetic and environmental factors) and 2. in-
herited or familial cancers (caused by genetic
factors). Both categories involve the same ge-
netic changes or mutations, but the difference
between them is in the timing of the mutation’s
occurrence. In the case of familial cancers in-
dividuals are born with the first mutation and
all cells in their body carry this mutation. The
second mutation is acquired after birth in a
relevant somatic cell of these individuals. By
contrast, in the case of sporadic cancers both
mutations are acquired after birth in somatic
cells. Therefore, the chances of two muta-
tions occurring independently in the same
somatic cell during the lifetime of an indi-
vidual (sporadic cancer) are significantly
lower than a single mutation occurring in
a somatic cell in which another mutation
already exists (familial cancer). According
to this model, familial cancers should af-
fect younger individuals and can be found
at multiple sites in their bodies, whereas
sporadic cancers should be confined to old-
er individuals and should appear only at a
single site in their bodies. Numerous studies
have shown that the Knudson model, which
stems from Boveri’s early predictions, is ap-
plicable to childhood cancers, but also to
adult cancers, including breast cancer.

The focus of this article is the familial form
of breast cancer. In order to fully appreciate
the differences between sporadic and familial
forms of breast cancer, basic epidemiological
facts will be briefly presented, followed by a
more focused description of the molecular
mechanisms underlying the familial form
of breast cancer. Significant advances in the
current understanding of these mechanisms
have recently been made (4) and these ad-
vances will be briefly described.
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Basic facts about breast cancer

According to US estimates, approximately
12% of women will suffer from breast can-
cer (Fig. 1). Most breast cancers are sporadic
and occur with a frequency of approximate-
ly 73% (Fig. 1). Sporadic breast cancers are
characterized by the lack of family history of
disease i.e. no two first-degree relatives in a
family are affected. Sporadic breast cancers
rarely affect younger women and the cases
of the bilateral form of disease (affects both
breasts) are rare.

All breast
cancer cases

Inherited Mutations
mutations after birth

: E

FAMILIAL SPORADIC
(27%) (73%)

¥ % N

Mutations in
single high
penetrance genes.
Frequency: 5-7%
Genes involved:
BRCA1 & BRCA2

Mutations in
multiple low
penetrance genes.
Frequency: 20%
Genes involved:
Tables 1and 2

No family history

Figure 1. Frequencies of sporadic and familial cancers
according to US estimates (for more details see:
http://envirocancer.cornell.edu/FactSheet/General/
fs48.inheritance.cfm)

The remaining 27% cases of breast can-
cer are familial cancers (Fig. 1). This type
of breast cancer is characterized by a clear
family history of disease, which increases a
woman’s chance of having the disease up to
2-3 times. In addition, patients with familial
breast cancer are significantly younger at the
time of diagnosis and have a higher frequen-
cy of bilateral disease in comparison with
their sporadic breast cancer counterparts.

Apart from these epidemiological dif-
ferences between the two forms of breast
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cancer, there are no other obvious differ-
ences that affect the clinical and pathologi-
cal presentation of the disease (5). This is in
line with the Knudson’s two-step mutation
model predicting the same genetic changes
or mutations in sporadic and familial can-
cers. Given that the same genetic events oc-
cur in both types of cancer, the underlying
molecular mechanism should be the same,
thus leading to similar clinical and patho-
logical presentations.

How was the familial form of cancer
identified? Researchers realized very early
that some breast cancers tend to cluster in
families, i.e. multiple first-degree relatives
(mother-daughter; sisters) were affected.
This suggested a heritable component of the
disease. The usual research strategy in such
cases is to construct a family tree or a pedi-
gree, collect blood samples from as many
family members as possible and subject
these samples to genetic investigation. In
the early 19907, genetic analyses of multiple
breast cancer families revealed a common
gene located on chromosome 17q that was
affected (mutated) in some but not all fami-
lies. This gene was named BRCAI (BReast
CAncer gene 1). After intensive competi-
tion between several American and Euro-
pean laboratories, the gene was identified in
1994 (6). Another breast cancer predispos-
ing gene was identified soon after that and
named BRCA2 (7). BRCA1/2 genes are af-
fected (mutated) in only ~25% of familial
breast cancer cases, suggesting involvement
of other genes in this form of disease.

BRCA1/2 genes are called “highly pene-
trant” genes. In medical genetics penetrance
is defined as the ability of a gene to express
itself, resulting in specific symptoms. Highly
penetrant genes will always cause symptoms,
irrespective of the environmental effects.
By contrast, low penetrance genes produce
symptoms only sometimes and can be af-
fected by environmental factors. Therefore,
women born with BRCA1/2 mutations have

a high chance of suffering from breast can-
cer during their lifetime.

Numerous studies have failed to iden-
tify another highly penetrant BRCA gene,
but have instead identified several low pen-
etrance genes involved in familial breast
cancer. The full list of low penetrance genes
identified by early 2007 (reviewed in refer-
ence 8) is shown in Table 1. There are some
epidemiological differences between high
and low penetrance genes. High penetrance
genes, such as BRCA1/2, affect many family
members and greatly increase breast cancer
risk. By contrast, low penetrance genes do
not affect as many family members as high
penetrance genes and they confer lower
cancer risk than high penetrance genes.
BRCA1/2 and the low penetrance genes
shown in Table 1 cause approximately 50%
of familial breast cancer cases, suggesting
that additional low penetrance genes must
be involved in this form of disease.

A new study, published in the prestigious
journal “Nature” (4), identified several new
low penetrance genes using an approach
based on recent advances in dissecting the
human genome. This approach and the
genes identified will be described below. Be-
fore that, some basic facts about BRCA1/2
and low penetrance genes shown in Table 1
will be briefly presented.

Functions of genes involved in
familial breast cancer

BRCA1/2are genes involved in DNA damage
response. DNA damage response is the net-
work of cellular mechanisms activated when
cells or organisms are exposed to genotoxic
stress. These mechanisms typically recog-
nize DNA damage, signal the presence of
DNA damage to other relevant molecules,
block the cell cycle to allow cells to repair
the damage and finally repair the damage via
numerous DNA repair pathways. BRCA1/2
genes are involved in the repair of DNA
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Table 1 Familial breast cancer genes as of January/February 2007 according to reference number 8

Gene Penetrance Function Association with other diseases
BRCA1 High DNA damage response

BRCA2 High DNA damage response Fanconi anemia

PALB2 Low DNA damage response Fanconi anemia

BRIP1 Low DNA damage response Fanconi anemia

ATM Low DNA damage response Ataxia telangiectasia

NBS1 Low DNA damage response Nijmegen breakage syndrome
RAD50 Low DNA damage response

CHEK2 Low DNA damage response

P53 Low Tumor suppressor Li-Fraumeni syndrome

PTEN Low Tumor suppressor Thyroid and colon cancer

double strand breaks through interactions
with DNA repair proteins such as Rad51, or
interactions with DNA damage signalling
molecules such as ATM. The importance of
BRCA1/2 genes in DNA damage response
is reflected in the fact that cells defective in
these genes show high levels of spontaneous
chromosomal abnormalities (9).

It is interesting that BRCA2 has recently
been linked to a human disease — Fanconi
anemia (FA). FA is a complex genetic disease,
with at least 12 genes known to be involved.
The key molecular feature of FA is inability
of cells from patients to cope with genoto-
xic stress, especially the stress caused by the
so-called DNA cross-linking agents, such as
MMC (mitomycin C) and DEB (diepoxy-
butane). Sensitivity of FA cells to MMC
and DEB suggests inherited failure in DNA
damage response in FA patients. All known
FA genes are involved in different aspects of
cellular DNA damage response, activated as
a result of exposure to DNA cross-linking
agents. One of the genes, named FANCDI,
has been identified as BRCA2 (reviewed in
reference 8). Further investigation revealed
interaction between the BRCA2 protein and
a protein called PALB2 (Partner And Local-
izer of BRCA 2). Some breast cancer fami-
lies show mutations in the PALB2 gene, sug-
gesting that this is a low penetrance breast
cancer predisposing gene (8). Another gene

involved in FA, called BRIP1, was also clas-
sified as a low penetrance breast cancer pre-
disposing gene (8). Taken together, these
findings demonstrate an interesting link be-
tween two human genetic diseases (FA and
familial breast cancer) but also reflect the
importance of DNA damage response genes
in both diseases.

Several more DNA damage response
genes have been identified as low penetrance
breast cancer predisposing genes. These in-
clude: ATM, NBS1, CHEK2 and RAD50 (8).
ATM is a DNA damage signalling gene, af-
fected in patients suffering from Ataxia telan-
giectasia (AT). The major symptom of AT is
the sensitivity of patients to ionizing radiation
and predisposition to cancer. NBSI is a gene
affected in a human disease called Nijmegen
breakage syndrome (NBS). Symptoms of this
disease are very similar to AT. CHEK?2 is a
gene encoding a kinase enzyme involved in
DNA damage response. RAD50 is involved
in the repair of DNA double strand breaks
through homologous recombination. In
addition to these 6 low penetrance genes
involved in DNA damage response, two
more genes have been implicated in familial
breast cancer. They are both tumor suppres-
sor genes: p53, the function of which is to
block cell cycle progression after genotoxic
stress and PTEN, a gene that increases risk
for breast, colon and thyroid cancer (8).
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New low penetrance breast cancer
predisposing genes

Given that BRCA1/2 and low penetrance
genes shown in Table 1 account for 50% of
familial breast cancer cases, it is necessary to
identify the remaining 50% genes involved in
this disease. Classical genetic analysis, which
relies on tracing patterns of inheritance in
high-risk families, by using genetic markers
inherited together with the disease gene, is
limited in the case of low penetrance genes.
A potential solution may be large genetic as-
sociation studies. These studies analyze sin-
gle genes in a group of people with a particular
disease, relative to a group of healthy control
people. The power of association studies can
be enhanced by applying methods capable of
simultaneously analyzing large number of
genes/DNA sequences. Such methods have
been developed or result directly from the
human genome project (HGP).

One of the greatest achievements of the
HGP was the identification of genetic varia-
tions, or variations in the DNA sequence,
between individuals. The DNA sequence
is determined by the distribution of four
chemical building blocks of DNA, or DNA
bases: adenine (A), thymine (T), guanine
(G) and cytosine (C). The human genome,
defined as the total human DNA sequence,
contains three billion of these DNA bases.
The DNA sequence in each individual is
99.9% the same. The remaining 0.01% of the
human DNA sequence, or 1 in 1200 DNA
bases, is different in each individual.

Let us assume a hypothetical DNA se-
quence on a human chromosome 16 to be:
AGGTTCAGATCCT. This sequence is the
same in all people, except for the under-
lined third base G, which can differ in dif-
ferent individuals. One person may have G
on that position, whereas others may have
A, T, or C bases at the same position. These
DNA bases, at specific genomic locations,
that differ between individuals, are called

single nucleotide polymorphisms (SNPs;
pronounced snips). SNPs constitute, by far,
the greatest type of genetic variation and it
has been estimated that the total number of
common SNPs in the human genome is at
least 10 million. Geneticists can use SNPs as
markers to locate genes in DNA sequences.
Let us assume that the SNP above (G in third
position) could be associated with a risk for
familial breast cancer. In order to test if this
assumption is true, we can simply compare a
large number of familial breast cancer cases
with the same number of healthy individu-
als, and if we find that G dominates in breast
cancer cases and T, or A, or C in healthy
individuals, we can say that G, at that par-
ticular position, is definitely associated with
breast cancer. Using the knowledge gener-
ated through HGP, we can then identify the
genomic locus carrying the sequence with
the above SNP. The identified locus may be
within a specific gene, or in the vicinity of a
specific gene. That particular gene is now as-
sumed to be associated with breast cancer.
A scenario roughly similar to the above
has been recently used to identify several
new low penetrance genes, affected in fa-
milial breast cancer. A large research con-
sortium, led by a research group from Cam-
bridge University, used the most modern
technology to determine or type a large
number of SNPs in breast cancer families
and healthy individuals, in a three-stage
study (4). In the first stage, a panel of 266
722 SNPs were typed in 408 breast cancer
cases and 400 healthy individuals. Statistical
analysis revealed some SNPs associated with
breast cancer cases. In the second stage, ap-
proximately 5% of the most significant SNPs
(~12 000) were selected and typed in 3990
invasive breast cancers and 3916 control in-
dividuals. In the third stage, the 30 most sig-
nificant SNPs were typed in ~ 22 000 breast
cancer cases and a similar number of con-
trol individuals. This analysis identified 5
new loci exhibiting a significant association
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Table 2 Recently identified (May 2007) low penetrance genes that confer breast cancer risk according

to reference 4

Gene Abbreviation Function Chromosome position
FGFR2  Fibroblast growth factor receptor 2 Receptor tyrosine kinase; Tumor suppressor 10925.3-926

TNRC9  Trinucleotide repeat containing 9 Transcription factor 16912.1

MAP3K1 Mitogen activated protein 3 kinase 1  Kinase enzyme 5q11.2

LSP1 Lymphocyte specific protein 1 Regulates leukocyte recruitment to inflamed sites  11p15.5

with breast cancer. Four of these loci contain
known genes including: FGFR2, TNRCY,
MAP3KI and LSP1, which are now assumed
to be low penetrance breast cancer genes
(Table 2). The gene in the fifth locus has not
yet been identified. The only gene that has
previously been associated with breast can-
cer risk is FGFR2. This is a receptor tyrosine
kinase which is amplified in 5-10% of breast
tumors. The remaining three genes, TNRCY,
MAP3KI and LSPI, have not been associ-
ated with breast cancer risk before.

This study is significant for several rea-
sons. First, the four genes identified are not
associated with DNA damage response (see
Table 2 for their functions). This is in con-
trast to BRCA1/2 and low penetrance genes
from Table 1, almost all of which are involved
in DNA damage response. This indicates
a variety of molecular or genetic pathways
that contribute to breast cancer. Second,
the study adds further weight to the notion
that breast cancer is essentially a polygenic
disease in which each inherited gene adds a
specific value of risk for breast cancer. Third,
the study demonstrates the emerging power
of a methodology resulting directly from
HGP. It is now possible to apply the same ap-
proach to search for genes involved in other
types of cancer or any other human disease.

Concluding remarks

Breast cancer is one of the best understood
forms of human cancer at molecular and
genetic levels. There are at least 14 genes
known to be associated with breast cancer
risk, two of which are high penetrance genes

and the rest are low penetrance genes (Tables
1 and 2). Therefore, familial breast cancer
is a polygenic disease (a disease caused by
multiple genes). It remains unknown how
many more low penetrance breast cancer
predisposing genes exist, but it seems likely
that future research will uncover new genes.
The greatest breast cancer risk is conferred
by high penetrance genes BRCA1/2. Low
penetrance genes confer a much lower risk,
which can increase by inheriting more than
one of these genes.
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Conclusion. Link the conclusions with the goals of the study but avoid unqualified statements and
conclusions not adequately supported by the data. In particular, authors should avoid making statements
on economic benefits and costs unless their manuscript includes the appropriate economic data and
analyses. Avoid claiming priority and alluding to work that has not been completed. State new hypoth-
eses when warranted, but clearly label them as such.

Acknowledge anyone who contributed towards the study by making substantial contributions to
conception, design, acquisition of data, or analysis and interpretation of data, or who was involved in
drafting the manuscript or revising it critically for important intellectual content, but who does not meet
the criteria for authorship. List the source(s) of funding for the study, for each author, and for the manu-
script preparation in the acknowledgements section.

References (separate page). Small numbers of references to key original papers will often serve as
well as more exhaustive lists. Avoid using abstracts as references. References to papers accepted but not
yet published should be designated as “in press” or “forthcoming”; authors should obtain written permis-
sion to cite such papers as well as verification that they have been accepted for publication. Information
from manuscripts submitted but not accepted should be cited in the text as “unpublished observations”
with written permission from the source. Avoid citing a “personal communication” unless it provides
essential information. For scientific articles, authors should obtain written permission and confirmation
of accuracy from the source of a personal communication.

References should be numbered consecutively in the order in which they are first mentioned in the
text. Identify references in text, tables, and legends by Arabic numerals in parentheses at the end of a
sentence. Use the same number in the reference list. References cited only in tables or figure legends
should be numbered in accordance with the sequence established by the first identification in the text of
the particular table or figure.

The titles of journals should be abbreviated according to the style used in Index Medicus. Consult
the list of Journals Indexed for MEDLINE, published annually as a separate publication by the National
Library of Medicine (available from: www.nlm.nih.gov/tsd/serials/lij.html).

Sample References

Articles in Journals

Standard journal article (List the first six authors followed by et al.):
Halpern SD, Ubel PA, Caplan AL. Solid-organ transplantation in HIV-infected patients. N Engl J
Med. 2002;347(4):284-7.

More than six authors:
Rose ME, Huerbin MB, Melick J, Marion DW, Palmer AM, Schiding JK, et al. Regulation of intersti-
tial excitatory amino acid concentrations after cortical contusion injury. Brain Res. 2002;935(1-2):40-6.
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Organization as author:
Diabetes Prevention Program Research Group. Hypertension, insulin, and proinsulin in participants
with impaired glucose tolerance. Hypertension. 2002;40(5):679-86.

No author given:
21st century heart solution may have a sting in the tail. BMJ. 2002;325(7357):184.

Volume with supplement:

Geraud G, Spierings EL, Keywood C. Tolerability and safety of frovatriptan with short- and long-
term use for treatment of migraine and in comparison with sumatriptan. Headache. 2002;42(Suppl 2):
§93-9.

Issue with supplement:
Glauser TA. Integrating clinical trial data into clinical practice. Neurology. 2002;58(12 Suppl 7):S6-12.

Issue with no volume:
Banit DM, Kaufer H, Hartford JM. Intraoperative frozen section analysis in revision total joint ar-
throplasty. Clin Orthop. 2002;(401):230-8.

Letters or abstracts:

Tor M, Turker H. International approaches to the prescription of long-term oxygen therapy [letter].
Eur Respir J. 2002;20(1):242. ; Lofwall MR, Strain EC, Brooner RK, Kindbom KA, Bigelow GE. Char-
acteristics of older methadone maintenance (MM) patients [abstract]. Drug Alcohol Depend. 2002;66
Suppl 1:S105.

Article republished with corrections:
Mansharamani M, Chilton BS. The reproductive importance of P-type ATPases. Mol Cell Endocri-
nol. 2002;188(1-2):22-5. Corrected and republished from: Mol Cell Endocrinol. 2001;183(1-2):123-6.

Article with published erratum:
Malinowski JM, Bolesta S. Rosiglitazone in the treatment of type 2 diabetes mellitus: a critical review.
Clin Ther. 2000;22(10):1151-68; discussion 1149-50. Erratum in: Clin Ther 2001;23(2):309.

Article published electronically ahead of the print version:
Yu WM, Hawley TS, Hawley RG, Qu CK. Immortalization of yolk sac-derived precursor cells. Blood.
2002 Nov 15;100(10):3828-31. Epub 2002 Jul 5.

Books and Other Monographs

Personal author(s):
Murray PR, Rosenthal KS, Kobayashi GS, Pfaller MA. Medical microbiology. 4th ed. St. Louis: Mos-
by; 2002.

Editor(s), compiler(s) as author:
Gilstrap LC 3rd, Cunningham FG, VanDorsten JP, editors. Operative obstetrics. 2nd ed. New York:
McGraw-Hill; 2002.

Organization(s) as author:

Royal Adelaide Hospital; University of Adelaide, Department of Clinical Nursing. Compendium
of nursing research and practice development, 1999-2000. Adelaide (Australia): Adelaide University;
2001.

Chapter in a book:
Meltzer PS, Kallioniemi A, Trent JM. Chromosome alterations in human solid tumors. In: Vogelstein
B, Kinzler KW, editors. The genetic basis of human cancer. New York: McGraw-Hill; 2002. p. 93-113.




Instructions to Authors

Conference paper:

Christensen S, Oppacher F. An analysis of Koza’s computational effort statistic for genetic program-
ming. In: Foster JA, Lutton E, Miller J, Ryan C, Tettamanzi AG, editors. Genetic programming. EuroGP
2002: Proceedings of the 5th European Conference on Genetic Programming; 2002 Apr 3-5; Kinsdale,
Ireland. Berlin: Springer; 2002. p. 182-91.

Dissertation:
Borkowski MM. Infant sleep and feeding: a telephone survey of Hispanic Americans [dissertation].
Mount Pleasant (MI): Central Michigan University; 2002.

Other Published Material

Newspaper article:
Tynan T. Medical improvements lower homicide rate: study sees drop in assault rate. The Washing-
ton Post. 2002 Aug 12;Sect. A:2 (col. 4).

Dictionary and similar references:
Dorland’s illustrated medical dictionary. 29th ed. Philadelphia: W.B. Saunders; 2000. Filamin; p.
675.

Electronic Material

CD-ROM:
Anderson SC, Poulsen KB. Anderson’s electronic atlas of hematology [CD-ROM]. Philadelphia: Lip-
pincott Williams & Wilkins; 2002.

Audiovisual material:
Chason KW, Sallustio S. Hospital preparedness for bioterrorism [videocassette]. Secaucus (NJ): Net-
work for Continuing Medical Education; 2002.

Journal article on the Internet:

Abood S. Quality improvement initiative in nursing homes: the ANA acts in an advisory role. Am
J Nurs [serial on the Internet]. 2002 Jun [cited 2002 Aug 12];102(6):[about 3 p.]. Available from: http://
www.nursingworld.org/AJN/2002/june/Wawatch.htm

Monograph on the Internet:

Foley KM, Gelband H, editors. Improving palliative care for cancer [monograph on the Internet].
Washington: National Academy Press; 2001 [cited 2002 Jul 9]. Available from: http://www.nap.edu/
books/0309074029/html/.

Homepage/Web site:
Cancer-Pain.org [homepage on the Internet]. New York: Association of Cancer Online Resources,
Inc.; c2000-01 [updated 2002 May 16; cited 2002 Jul 9]. Available from: http://www.cancer-pain.org/.

Part of a homepage/Web site:

American Medical Association [homepage on the Internet]. Chicago: The Association; ¢1995-2002
[updated 2001 Aug 23; cited 2002 Aug 12]. AMA Office of Group Practice Liaison; [about 2 screens].
Available from: http://www.ama-assn.org/ama/pub/category/1736.html

Database on the Internet:
Who's Certified [database on the Internet]. Evanston (IL): The American Board of Medical Special-
ists. c2000 - [cited 2001 Mar 8]. Available from: http://www.abms.org/newsearch.asp
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Tables

Tables should be embedded in the text of your article. The preferred software for tables is Microsoft
Excel (MS Word is acceptable).

Number tables consecutively in the order of their first citation in the text. Use Arabic numerals. Cite
each table at the end of the sentence which is relevant to the table(s). Supply an explanatory title for each.
The title should be placed above the table. Give each column a short or abbreviated heading. Authors
should place explanatory matter in footnotes, not in the heading. Explain in footnotes of the table all
nonstandard abbreviations. For footnotes use the following symbols, in sequence: *, 1, £, §, ||, €, **, 11,
1. Identify statistical measures of variations, such as standard deviation and standard error of the mean.
Be sure that each table is cited in the text. If you use data from another published or unpublished source,
obtain permission and acknowledge them fully.

Figures (Illustrations: diagram, photograph, photomicrograph, radiograph,
drawing, sketch, picture, outline, design, plan, map, chart, etc.)

It is recommended that figures be embedded in the text of the article (within a single Word processor
file). If it is not possible to insert a figure into your text, send it as a separate file (with an explanation in
the cover letter).

Figures should be in a digital format that will produce high quality images. Formats recommended
include: JPEG, GIF, TIFE, Microsoft Word, Excel. Using Arabic numerals, number figures consecutively
in the order of their first citation in the text. Cite each figure at the end of the sentence which is related to
the figure(s). Figures should be positioned in the text where the author feels is appropriate but the Editor
reserves the right to re-organize the layout to suit the printing process.

Supply a legend for each figure. Titles and detailed explanations belong in the legends, however, not
on the figures themselves. Figures should be made as self-explanatory as possible. Letters, numbers, and
symbols on figures should therefore be clear and even throughout, and of sufficient size that when re-
duced for publication each item will still be legible. Photomicrographs should have internal scale mark-
ers. Symbols, arrows, or letters used in photomicrographs should contrast with the background.

If photographs of people are used, either the subjects must not be identifiable or their pictures must
be accompanied by written permission to use the photograph.

Legends for Figures

Type legends below each figure or on a separate page — immediately following the references. Type or
print out legends using double spacing.

For each figure, the following information should be provided: figure number (Figure 1. or Fig. 1);
title of the figure; all necessary explanations. When symbols, arrows, numbers, or letters are used to
identify parts of the illustrations, identify and explain each one clearly in the legend. Explain the internal
scale and identify the method of staining in photomicrographs.

Units of Measurement

Measurements of length, height, weight, and volume should be reported in metric units (meter, ki-
logram, or liter) or their decimal multiples. Temperatures should be in degrees Celsius. Blood pressures
should be in millimeters of mercury, unless other units are specifically required by the journal.

Abbreviation, Acronyms and Symbols

If possible, use standard abbreviations. Non-standard abbreviations should be defined when first
used in the text.
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