
INTRODUCTION

General. Hereditary cancer accounts for 15–20% of all
cancers, it is potentially predictable and preventable and
still is the 2nd most common cause of death in developed
countries. It is not expected that conventional therapeutic
methods like surgery, chemotherapy or radiotherapy can
achieve any further improvement in survival in the nearest
5–10 years. Therefore, identification of groups at increased
cancer risk with appropriate screening programmes and pre-
ventive measures is one of the most perspective fields of
oncology.

The most common hereditary cancers known presently are
breast, ovarian, colorectal, endometrial, prostate and pan-
creatic. They account for the largest proportion of cases and
have the largest clinical significance.

Significant ethnic and geographical variations of clinical
and molecular features exist for hereditary cancers in differ-
ent populations. Knowledge of clinical and molecular fea-
tures is crucial to identify successfully the risk groups of he-
reditary cancers in a particular geographic area. There are
several populations, including neighbouring Poland and
Finland, where different diagnostic criteria and specific mo-
lecular strategies need to be applied (Bratt, 2000; Hughes et

al., 2005). Therefore, the aim of the research was to study
the clinical and molecular features of the most frequent he-
reditary cancer syndromes in Latvia in order to optimise
early diagnosis and promote prevention measures of heredi-
tary cancer.

The paper covers several mutually related studies, and each
section (introduction, materials and methods, results, dis-
cussion, conclusions) of this paper will start with short gen-
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eral data followed by five separate blocks (breast and ovar-
ian, colorectal, endometrial, prostate and pancreatic cancer
studies).

Breast and ovarian cancer. Breast cancer is the most fre-
quent cancer among women in Latvia (Globocan, 2002).
There are approximately 1,000 new breast cancer cases di-
agnosed every year in Latvia (the most recent data indicat-
ing that there were 1,056 new cases detected in the year
2007). According to the of the Cancer Registry of Latvia
(Anonîms, 2007), 61.7 % of patients were diagnosed with
stage I or II disease in 2007. According to CRL data, there
were 306 new ovarian cancer patients diagnosed in 2007.
Only 22.0 % of patients were diagnosed with stage I or II
disease. The majority of ovarian cancers (78.0 %) were di-
agnosed with stage III or IV disease. Therefore, it is very
important to identify the group at risk from breast and ovar-
ian cancers in order to employ prevention or early detection
of cancer in patients and their family members.

The majority of breast and ovarian cancers are considered
sporadic. Approximately 15–20% of all breast and ovarian
cancers are hereditary (Ford et al., 1998; Vasen et al., 2001;
Jacobi et al., 2003). The incidence of hereditary breast and
ovarian cancer may vary considerably among different
populations and ethnic groups. In the last ten years, muta-
tions in both BRCA1 and BRCA2 genes have been shown to
be responsible for the development of hereditary breast and
ovarian cancer. The aim of the study was to determine clini-
cal and molecular and pathological features of hereditary
breast and ovarian cancer in Latvia.

Colorectal cancer. In 2007, there were 1099 new colorectal
cancer cases diagnosed in Latvia. Of all newly diagnosed
cancers only 17.4% were detected in stage I, and 22.9% in
stage II and, accordingly, one would expect about 90 to 130
familial cases in Latvia annually. From this estimate, 20–60
of them are most likely to be associated with a hereditary
condition — either hereditary nonpolyposis colorectal can-
cer (HNPCC) or familial adenomatous polyposis (FAP).
Detection and appropriate management of patients affected
with disease or those with an increased risk it would pro-
vide a considerable improvement in oncology care in Lat-
via.

There is continuing interest in identifying DNA variants as-
sociated with moderately increased risk of cancer. Several
studies have suggested an increased risk of cancer in indi-
viduals who carry a mutation in the CHEK2 gene, one of
the genes in the DNA damage signaling pathway. Origi-
nally, a single founder allele in CHEK2, 1100delC, was re-
ported to be a low penetrance breast cancer susceptibility al-
lele in several studies, and in many ethnic groups (Jarvinen,
1992; Bülow et al., 1996; Gorski et al., 2000; Chapelle,
2004). Then, a positive association was found between
CHEK2 variants and prostate cancer in the USA, Finland
and Poland (Bisgaard et al, 2004; Aretz et al., 2007;
Anonîms, 2007). Recently, it was reported that individuals
with a single common founder allele in Poland (the I157T
missense variant) have increased risk of cancer develop-

ment in many organs including the breast, prostate, thyroid,
kidney and colon (Kilpivaara et al., 2003). The NOD2 gene
is associated with susceptibility to inflammatory bowel dis-
ease, in particular, with Crohn’s disease (Kurzawski et al,
2004). It was reported that a single truncating mutation in
NOD2, 3020insC, may confer increased risk of late onset
colorectal cancer (Ogura et al., 2001) and then that a NOD2

mutation may be associated with increased susceptibility to
lung, ovarian, early-onset laryngeal cancer and early onset
breast cancer (Lichtenstein et al., 2000). It has not been es-
tablished whether CHEK2 and NOD2 variants are present in
Latvia and whether inherited variation in these genes influ-
ences cancer risk in this population.

The aim of the study was to investigate the clinical and mo-
lecular features of hereditary colorectal cancer syndromes in
Latvia in order to offer and provide predictive genetic test-
ing of the affected families.

Endometrial cancer. Endometrial cancer (EC) is among
the three most common cancers in females in Latvia. There
are approximately 390 new cases diagnosed every year in
Latvia (Cancer Registry of Latvia). The annual incidence
has been estimated at 31.0–31.3 and 9.9–11.9 deaths per
100,000 women.

The clinical features of hereditary endometrial cancer were
examined in relation to the heritability of endometrial ade-
nocarcinoma. We focussed on identifying the impact of the
frequency and patient age at the onset of cancer in families
having first- and second-degree relatives on developing
heritable tendencies.

Prostate cancer. Prostate cancer is the second most com-
monly diagnosed malignancy in men in Latvia after lung
cancer. It is also one of the major causes of death among
men in Latvia. A significant factor in prostate cancerogene-
sis is genetic (Lichtenstein et al., 2000). The failure to iden-
tify highly penetrant genes in hereditary prostate cancer
may result from the fact that multiple genes with a small to
moderate effect are involved (Hughes et al, 2005). To-date,
the well-known and widely researched genes that determine
this predisposition are: BRCA1, BRCA2, ELAC2, RNASEL,

MSR1, NBS1 and CHEK2 (Bratt, 2000; Cybulski et al.,

2004a,b; Rennert et al., 2005). The aim of the study was to
identify genes involved in the predisposition to hereditary
prostate cancer; to evaluate the epidemiological features and
molecular basis of hereditary prostate cancer in the popula-
tion of Latvia, as well as to consider the clinical implica-
tions.

Pancreatic cancer. In Latvia 367 cases were registered in
2005 (199 males and 168 females). In 1980, there were
only 253 cases (127 males and 126 females), which indi-
cates an increasing disease incidence in Latvia. However,
these numbers are much higher than in other European
countries, which can be explained by hyperdiagnostics,
since in Latvia there is still a low histological verification
of pancreatic cancers (on average 17–18%). The number of
radical operations registered in 2005 was 13 (3.5%). The
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mortality rate in Latvia in 2005 was 356 cases, which shows
that the incidence is almost proportional to mortality. In
2005, pancreatic ranked 4th in Latvia in mortality rate
among males and 7th among females. As early diagnostic
and successful treatment is still not available, it is necessary
to develop control criteria to identify people at high risk,
who could be monitored by means of a screening protocol
for the more earlier detection of pancreatic cancer.

We determined the prevalence of inherited pancreatic can-
cer and the prevalence of inherited gene mutation in pancre-
atic cancer patients in Latvia. Mutations such as BRCA1

prevailing mutations, the ARLTS1 gene prevailing muta-
tions, the CDNK2A and STK11 gene mutations were identi-
fied in cancer patients and compared to a control group.

MATERIALS AND METHODS

The study was performed from 2006 to 2009. Family cancer
histories and DNA samples were collected from 5,040 cancer
cases. In total, more than 6,000 molecular tests were per-
formed, including multiplex PCR, direct sequencing, dena-
turing high performance liquid chromatography (DHPLC)
and others.

Both clinical and molecular features were examined. Family
cancer history and clinical data was collected using a ques-
tionnaire in which the following questions were asked:
Have your relatives (father, mother, grandparents, siblings,
children, grandchildren, aunts, uncles) had any tumour?
What was the localisation of the tumour? At what age was
the tumour was detected? Analysis of family cancer history
was performed according to international diagnostic criteria
of hereditary cancer syndromes. The study design was ap-
proved by the Central Committee of Medical Ethics.

Breast and ovarian cancer. In this prospective study, can-
cer family histories and blood samples were collected from
2,525 consecutive hospital based patients in the largest on-
cology hospitals of Latvia. There were 2,008 breast and 517
ovarian cancer cases.

All patients completed family cancer history questionnaire.
Family cancer histories were analysed according to diagnos-
tic criteria for hereditary breast and ovarian cancer, summa-
rised in Table 1.

In all individuals, for whom a blood sample was obtainable,
10 ml of venous blood was taken and molecular testing for
founder mutations in the BRCA1 gene (300T/G, 4153delA
and 5382insC) was performed, after obtaining written in-
formed consent from each patient. DNA from the BRCA1

founder mutation negative patients was screened by direct
sequencing of entire coding sequences of the BRCA1 and
BRCA2 genes and flanking intronic sequences of each exon
on an ABI PRISM 310 genetic analyser.

Colorectal cancer. Family cancer history, clinical data and
DNA samples were collected from 1,053 colorectal cancer

cases. Family cancer history was analysed according to the
following clinical–diagnostic criteria.

Hereditary nonpolyposis colorectal cancer diagnostic crite-
ria: 1) at least three relatives with cancer (colorectal, en-
dometrial, intestinal, pyelonal or ureteral), at least one is a
1st degree relative to the other two; 2) cancer in two genera-
tions at least; 3) diagnosis before age 50 in at least one case;
4) FAP excluded.

Suspected diagnostic criteria of HNPCC: two generations
with HNPCC (colorectal, intestinal, pyeloureteral, endome-
trial, ovarian) affected; at least one diagnosed under age of
50 years. FAP diagnostic criteria: more than 100 polyps in
colorectal area.

Additionally, six polyposis (> 50 polyps in colorectal area)
patients, along with three of their relatives, were included in
this study. Two of these patients were selected from the co-
lorectal cancer database (from a total of 2,552) and four pa-
tients not affected with colorectal cancer (CRC) were re-
ferred from the endoscopic facility of Pauls Stradiòð
Clinical University Hospital.

In cases matching HNPCC criteria or with suspected
HNPCC criteria, testing of the MLH1, MSH2 genes was
performed. Screening for germline mutations was per-
formed by DHPLC followed by sequencing of polymorphic
regions (Kurzawski et al., 2002).

In cases with more than 50 polyps screening for point muta-
tions in the APC gene was performed on genomic DNA us-
ing the protein truncation test (PTT) for mutations in exon
15, and denaturing high performance liquid chromatography
(DHPLC) for mutations in exons 1–14 and the first 400

T a b l e 1

CLINICAL DIAGNOSTIC CRITERIA FOR HEREDITARY BREAST
AND OVARIAN CANCER

HBC suspected (susp.)
1
HBOC susp.1

HBC susp.2
HBOC susp2.

HBC
HBOC

One-case families —
at least one of the fol-
lowing criteria has to
be met:

Two-case families —
one of the following
criteria has to be met:

Three-case families

- breast cancer diag-
nosed under age 40
- medullary or atypical
medullary breast can-
cer
- male breast cancer
- breast and ovarian
cancer in the same in-
dividual at any age
- bilateral breast can-
cer, one of them diag-
nosed under age 50

- two breast or two
ovarian cancers among
first degree relatives
(or second through
male) at any age
- one breast cancer di-
agnosed under age 50
and one ovarian cancer
diagnosed at any age at
any age first degree
relatives (or second
through male) relatives

- at least three breast
or ovarian cancers pa-
tients on the same side
of family diagnosed at
any age; one of those
patients is first degree
relative (or second
through male) relative
to other two

HBC, hereditary breast cancer; HBOC, hereditary breast and ovarian can-
cer; HBOC susp., suspected HBOC
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base pairs of exon 15 (Bisgaard et al., 2004; Aretz et al.,

2007).

362 consecutive colorectal cancer patient samples and 963
control blood samples were tested for the presence of muta-
tions in moderate penetrance cancer predisposing genes
(CHEK2 I157T, NOD2 3020insC, p16) by PCR. In addi-
tion, all patients underwent genetic counselling.

Endometrial cancer. From January 2006 to January 2009,
672 family cancer histories were compiled from consecutive
hospitalised endometrial cancer patients in the Latvian On-
cology Center of Rîga Eastern Clinical University Hospital.
These family histories of cancer were analysed according to
the diagnostic criteria of hereditary endometrial cancer
(HEC). Hereditary endometrial cancer three first-degree
relatives with endometrial cancer, one of the cancers diag-
nosed before age of 50 years; suspicion of hereditary en-
dometrial cancer (HEC susp.) — two first-degree relatives
with endometrial cancer, one of the cancers diagnosed bef-
ore age of 50 years; familial endometrial cancer (FEC) —
three first-degree relatives with endometrial cancer, at any
age; suspicion of familial endometrial cancer (FEC susp.)
— two first- or second-degree relatives with endometrial
cancer, at any age. If there were no malignancies among
blood relatives of the proband, the family was classified as
“negative”. If there was one malignancy among blood rela-
tives, but the family did not match the diagnostic criteria of
any hereditary endometrial cancer syndrome, the family
was classified as “other”.

Prostate cancer. 676 families with prostate cancer were se-
lected for our study; they were collected between January
2006 and January 2009. Data were compiled on clinical
characteristics; additionally blood samples were collected
for DNA tests. Prostate cancer family histories were ana-
lysed separately depending on positive or negative family
cancer history data and according to definitive and suspect
hereditary prostate cancer clinical diagnostic criteria as fol-
lows: (1) definitive hereditary prostate cancer was charac-
terised, if at least one of the following criteria applied: (a) at
least three affected blood relatives at any age; or (b) two af-
fected blood relatives at age � 55 years; and (2) suspect he-
reditary prostate cancer was characterised, if at least one of
the following criteria applied: (c) single case of prostate
cancer diagnosed at age � 55 years; or (d) family with two
prostate cancer cases at any age. DNA testing was per-
formed for first 280 prostate cancer patients and 173 control
cases in the NBS1 gene 657del5 mutation and for 59 cases
in the BRCA1 gene mutations:, 300T/G, 4153delA and
5382insC.

Pancreatic cancer. In the first stage, patients with adeno-
carcinoma of pancreas were selected and 114 patients with a
confirmed diagnosis of pancreatic cancer were included into
the study.

In the second stage, these patients compiled a detailed fam-
ily history of cancer. Patients with a familial risk were those

who have at least two first-degree kinship relatives with
pancreatic cancer.

In the third stage, blood samples were taken from the pan-
creatic cancer patients and sent to the Latvian Biomedical
Research and Study Centre for analysis of inherited gene
mutations.

Blood of 114 patients was tested for the BRCA1 gene pre-
vailing mutations in Latvia (5382insC, 4154delA, 300T>G
and 185delAG). A control group (640 patients) was ana-
lysed for 5382insC and 4154delA mutations; 90 patients –
for the CDKN2A gene coding sequence (coding p16 pro-
tein); 39 patients were tested for the CDKN2A gene 1� al-
ternative exone, which codes the p14 ARF sequence; 90 pa-
tients for the STK11 gene 3rd exone mutations; and 90
patients for the ARLTS1 gene prevailing mutations
(Pro131Leu, Cys148Arg and Trp149Stop). In the control
group 256 DNA samples were analysed. The mean age of
participants was 57 years.

In the fourth stage, questionnaires on family history of in-
herited pancreatic cancer patients were compiled using Liv-
erpool University questionnaires, and the collected blood
samples were sent to the Liverpool University for determi-
nation of BRCA2 mutations. The BRCA2 gene was ana-
lysed, using all 28 exons (except the 1st exon, which is a
nontranslating area) for DNA fragment amplification and
analysis by 38 direct and reverse oligonucleotide primer
pairs.

RESULTS

Breast and ovarian cancer. Among 2,008 breast cancer
family histories analysed, 17 (0.8%) cases fulfilled the crite-
ria of hereditary breast cancer (HBC). Hereditary breast
and ovarian cancer (HBOC) was diagnosed in 15/2,008
(0.7%) cases. In 290/2,008 (14%) cases a suspicion of he-
reditary breast cancer (HBC susp.) was detected. A further
22/2,008 (1.0%) cases were designated as being suspicious
for hereditary breast and ovarian cancer (HBOC susp.).

Among 517 analysed histories with family ovarian cancer,
11 (2.0%) cases fulfilled the criteria of hereditary breast
and ovarian cancer (HBOC) and 22/517 (4.0%) cases were
designated as being suspicious for hereditary breast and
ovarian cancer (HBOC susp.). Only 6/517 (1.0%) cases of
hereditary ovarian cancer (HOC) were observed. Suspicion
of hereditary ovarian cancer was diagnosed in 22/517
(4.0%) cases.

DNA testing of the BRCA1 gene (300T/G, 4153delA,
5382insC) was performed for all breast (2,008) and (517)
ovarian cancer patients. In the breast cancer patient group,
65/2,008 (3.0%) with mutations were detected. Sixteen mu-
tations in the BRCA1 gene were identified in 4153delA and
48 mutations in 5382insC and 1 in 300T/G.

In the group of patients with ovarian cancer, mutations in
the BRCA1 gene were identified in 57/517 (11%) cases of
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which 24 mutations were detected in 4153delA and 33 mu-
tations in 5382 insC and none in 300T/G. Division of muta-
tions in the breast and ovarian cancer clinical groups are re-
flected in Tables 2 and 3.

The average age of patients at the time of diagnosis of
breast cancer with BRCA1 mutation was 49.2 years. From
65 patients with the BRCA1 mutation, in 34 cases the age of
diagnosis of breast cancer was under 50 years, and in 31
cases, over 50 years.

Twenty-nine DNA samples for complete BRCA1/BRCA2

analysis were obtained from patients with hereditary breast
and/or ovarian cancer but missing BRCA1 founder muta-
tions. Deleterious mutations were found in two families:
splicing mutation (IVS15+1G > A) in the BRCA1 and
frameshift mutation (886delGT) in the BRCA2, respec-
tively. Both mutations have already been reported in women
with breast, or ovarian cancer (Frank et al., 1998; Adem et

al., 2003). The family with a splicing mutation (IVS15+
1G > A) in the BRCA1 clinically fulfilled HBOC criteria.
The proband carrying the splicing mutation was a woman
who had been affected with breast cancer at the age of 35;
her mother was diagnosed and ovarian cancer at the age of
58 and died at the age of 59, the proband’s sister was diag-
nosed with breast cancer at the age of 44 and died at the age
of 45. The other family, who had a frameshift mutation
(886delGT) in the BRCA2, fulfilled the criteria of hereditary
breast cancer. There were four women affected with breast
cancer in the family and one person affected with stomach
cancer. The patient with the detected frameshift mutation

was diagnosed with breast cancer at the age of 57. Her sister
was diagnosed for breast cancer at the age of 30, the
proband father was affected with stomach cancer at the age
of 56 and died at the age of 62, his two sisters were affected
with breast cancer and died at the age of 60.

In addition to the abovementioned pathogenic mutations, 14
different polymorphisms were identified in the BRCA1/2

genes. Another three mutations in the BRCA2 gene with po-
tential clinical interest were missense mutations T1915M,
S1252F and T3306P. The first has already been reported in
the BIC database and its clinical significance is unclear. The
T allele (5792C > T, rs4987117) is rather rare in various
populations (NCBI SNP). The role of the T3306P mutation
in disease development cannot be excluded definitely but it
should be stressed that the carrier of this mutation harbours
also a deleterious 886delGT mutation. The remaining
S1252F mutation is also unclear as yet and requires further
study to evaluate whether it has any impact on the develop-
ment of cancer.

Colorectal cancer. Thirty-five patients of 1,053 fulfilled
the diagnostic criteria of HNPCC. Eight patients matched
HNPCC and 28 — suspected criteria of HNPCC. In 19
cases MLH1 and MSH2 testing was performed. In one case
a mutation in hMLH1 exon 19 with unknown clinical sig-
nificance was detected. Two patients of 2,552 from the
CRC Hereditary Cancer Institute database fulfilled the clini-
cal criteria for FAP. Thus, the frequency of FAP is 0.08%
(2/2,552) of all CRC cases. Additionally, four polyposis pa-
tients were referred from the endoscopic department. Two
of them had more than 100 polyps and consequently
matched FAP diagnostic criteria. In the other two cases
more than 50 polyps were detected and these cases were
classified as unknown polyposis. Altogether four FAP cases
and three their family members with clinical signs of FAP
were identified and included in the study group. Four differ-
ent germline mutations were detected in five polyposis
cases examined for APC mutations. Two of the mutations
(c.3942delG; p.Arg1314SerfsX7 and c.3286C > T;
p.Gln1096X) are novel. The other two mutations in exon 11
c.1438C > T; p.Gln480X and exon 15 c.2510C > G;
p.Ser837X were reported in other populations.

In a group of colorectal cancer cases and controls moderate
penetrance gene mutation testing was performed. The
NOD2 3020insC mutation was tested in 362 colorectal can-
cer cases and in 758 controls. Mutations were detected in
28/362 (7.7%) cases in the CRC group and in 61/758 (8%)
cases for the controls (no statistically significant difference
between groups). The mutation CHEK2 I157T was found in
6/79 CRC (7.6%); and controls 27/345 (7.8%) (no signifi-
cant difference between groups); the p16 mutation was
tested in 362 CRC cases and in 553 controls. Mutations
were detected in 13/362 (3.6%) CRC cases and in 11/553
(2%) controls.

Endometrial cancer. Of 672 endometrial cancer patients,
in 268 (40%) showed no malignancies in their families. In
404 of the 672 (60%) cases there was at least one malig-

T a b l e 2

MUTATIONS IN THE BREAST CANCER CLINICAL GROUP

Diagnostic
criteria

All cases
n

Number of
BRCA1 mutation

Frequency of
mutation

HBC 17 1 5.9

HBOC 15 6 40.0

HBC susp. 290 23 7.9

HBOC susp. 22 5 22.7

Others 1664 30 1.8

Total 2008 65 3.0

For abbreviations see Table 1.

T a b l e 3

MUTATIONS IN OVARIAN CANCER CLINICAL GROUP

Diagnostic criteria All cases
n

Number of
BRCA1 mutation

Frequency of
mutation %

HBOC 11 6 55

HBOC susp. 6 2 33

HOC 22 6 27

HOC susp. 22 5 23

Others 458 38 8,3

Total 517 57 11

For abbreviations see Table 1.
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nancy among blood relatives. The following hereditary and
familial cancer syndromes were observed: 6/672 (0.9%)
cases — site-specific HEC; 15/672 (2.8%) cases — suspi-
cion of site specific HEC; 4/672 (0.6%) cases — FEC;
46/672 (6.8%) cases — suspicion of FEC; 3/672 (0.4%)
cases HNPCC; 8/672 (1.2%) cases — suspicion of HNPCC;
6/672 (0.9%) cases — late onset HNPCC.

The probands were affected with endometrial cancer in
HEC and HEC susp. families at the average age of 64 years
(range 39 to 82 years), and in FEC and FEC susp. families
at the average age of 61 at the time of diagnosis (range 38 to
78 years).

Carcinoma of the stomach, the most common associated
malignancy, was found in 111 family members (27.5% of
all blood relatives). Lung cancer was diagnosed in 80 fam-
ily members (19.8% of all blood relatives). Colorectal can-
cer was diagnosed in 64 (16.8% of all blood relatives) fam-
ily members. The average age of first-degree and second-
degree relatives at the onset of stomach cancer was 59 years
and 61 years. The average age at the onset of lung cancer
was 60 years, of endometrial cancer also 60 years. Mutation
detection in the MLH1 and MSH2 genes was performed as
described above (CRC chapter).

Prostate cancer. Of 676 prostate cancer family histories,
347 (51.3%, 95% CI: 47.6–55.1) had a positive cancer his-
tory and 329 (48.7%, 95% CI: 44.9–52.4) had a negative
cancer history. Nine (1.3%, 95% CI: 0.7–2.5) families
matched definitive clinical diagnostic criteria of hereditary
prostate cancer, 99 (14.6%, 95% CI: 12.2–17.5) families
matched the suspected clinical diagnostic criteria of heredi-
tary prostate cancer. In 82 (12.1%, 95% CI: 9.9–14.8) cases
besides prostate cancer at least two other malignant tumours
were found among blood relatives (CFA, Cancer Familial
Aggregation). The NBS1 gene 657del5 mutation was de-
tected in 1 (0.4%, 95% CI: 0.1–2.0) case in the prostate can-
cer group and in 1 (0.6%, 95% CI: 0.1–3.2) case in the con-
trol group. We also detected one (1.7%, 95% CI: 0.3–9.0)
case of the BRCA1 gene ex20 (5382insC) mutation of 59
cases analysed in the prostate cancer group. No other
BRCA1 gene mutations were detected.

Pancreatic cancer. Inherited pancreatic cancer (PC) was
found in four patients with PC in family history. Three of
them reported one PC case in a family member, one of the
patients reported two PC cases in the family. Incidence of
inherited pancreatic cancer was 3.5% of 114 patients in-
cluded in the study. The BRCA2 gene sequencing for patho-
genic mutations in one female patient was conducted in full
extent, in the other three patients — partially (also in the
11th exon or „hot region”), yet, no changes were found.
BRCA1, CDKN2A, STK11 and ARLTS1 sequencing also
showed no pathogenic mutations in these genes. Thus, we
can conclude that, perhaps, these mutations are not the most
common in cases of hereditary pancreatic cancer, but no
definite conclusion can be made due to the small number of
patients tested.

No deleterious mutations were detected in the CDKN2A

gene encoding p16, and in the alternative exon 1� of the
CDKN2A gene encoding p14ARF. The missense mutation
A148T in the CDKN2A gene was detected in two patients.
Mutations in exon 3 of the STK11 gene have been reported
to be associated with pancreatic cancer. However, only the
prevalent intronic polymorphism, the IVS3+12G > T, was
detected in 16.6% of DNA samples.

The BRCA1 gene was screened for the two prevalent muta-
tions in the population of Latvia, 5382insC and 4154delA,
and for two less prevalent mutations, 300T > G and 185de-
lAG. The frequency of the BRCA1 gene mutation carriers
among PC patient DNA samples screened was rather high
(4 of 114; 3.5%). We screened DNA samples from 640 con-
trol individuals for the two most prevalent mutations and
found only one carrier of the 5382insC mutation (the differ-
ence was statistically significant: P < 0.05). Taking into ac-
count the relatively high prevalence of the BRCA1 gene mu-
tations among the PC patients tested, we analysed the same
DNA samples of patients and controls for mutations in the
ARLTS1 gene. Our results do not indicate that two of non-
synonymous polymorphic variants detected, the C392T
(Pro131Leu) and T442C (Cys148Arg), are associated with
increased cancer risk in the patient groups tested. However,
a possible protective role of the T442C mutation regarding
PC can be observed (OR 0.43, 95% CI 0.26–0.70, P =
0.001). In spite of insignificant family cancer histories of
our PC patients because of the consecutively collected study
group, we detected four G446A (Trp149Stop) mutation car-
riers of 90 PC patients tested. The difference in mutation
frequencies between PC patients (4/90) and controls (3/256)
do not reach statistical significance (OR 3.9, 95% CI
0.86–17.87, P > 0.05).

DISCUSSION

Breast and ovarian cancer. Overall, the clinical frequency
of definitive hereditary breast–ovarian cancer in our study is
only 65/1,243 (2.6%), which is approximately three times
lower, compared to results of studies from other populations
(Pohlreich, 2005; Stacey et al., 2006). In a study by John et

al. (2004) the clinical frequency of definitive hereditary
breast–ovarian cancer in hospital-based breast cancer pa-
tients was 204/2,834 (7%). The low proportion of clinically
positive hereditary breast–ovarian cancer cases in our study
may be due to the relatively small family size in Latvia, due
to migration, mainly connected with the Second World
War, deportations, poor social and economical status of Lat-
via over many decades, and a low birth rate. The frequency
of clinically suspected hereditary breast–ovarian cancer was
similar to that of other geographic areas (Oszurek et al.,
2001; Gronwald et al., 2005). Overall, the frequency in
breast cancer group of the three BRCA1 founder mutations
was 3.0%, but in ovarian cancer group — 11%, more than
three times higher. These results confirm the frequency of
BRCA1 founder mutations in the ovarian cancer group is
considerably higher. These results also confirm the earlier
data on the presence of a BRCA1 founder effect in Latvia,
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shared with Poland, Lithuania, Belarus and, to a lesser ex-
tent, other East European populations (Oszurek et al., 2001;
Gronwald et al., 2005; Gronwald et al., 2008). The most
frequent mutations in the BRCA1 gene are 4153delA and
5382 insC. Only one mutation was detected in 300T/G. In
the breast cancer group the most common mutations were
detected in ex20 (5382 insC) — 48 and only 16 mutations
ex11,17 (4153delA). The high occurrence of mutation ex20
(5382 insC) is described also in other East European popu-
lations (Gorski et al., 2000; Tikhomirova et al., 2005). Sim-
ilar results were found in the patient group with ovarian
cancer. In 5382 insC 33 mutations were found and in
4153delA — 24 mutations. No mutation was detected in
300T/G. These results are the observations published by
Tikhomirova et al. (2005) and Gronwald et al. (2008).

The most interesting finding was a considerably low rate of
mutations in families which present a strong family history
of breast cancer. In the hereditary breast cancer (HBC)
group, from 17 families which had three or more breast can-
cer cases among first degree relatives we found only one
mutation. Compared with other studies, the frequency of the
BRCA1 gene mutation in the clinical positive HBC group is
much higher (Pohlreich et al., 2005). This underlines the
possibility of BRCA1 mutation in other exons, not only
three founder mutations (300T/G, 4153delA, 5382 insC) or
mutations in the BRCA2 gene. For these families it is im-
portant to perform a complete BRCA1 and BRCA2 gene
testing. For a first time, a BRCA2 gene mutation positive
hereditary breast cancer family was reported in Latvia.

The BRCA1 gene founder mutations were more prevalent in
families with a positive history of ovarian cancer (HBOC,
HBOCsusp2. and HOC). In the breast cancer patient group
BRCA1 founder mutations were detected in 40% and in the
ovarian cancer group — in 55% of clinical positive HBOC
cases. These data confirm other studies on higher preva-
lence of BRCA1 gene mutation in families affected with
ovarian cancer (Levy-Lahad, 1997; Santarosa et al., 1999;
Martin et al., 2001; Pohlreich, 2005). Approximately half of
all mutations were detected in patients without cancer inher-
itance in family. We can conclude that cost effective molec-
ular testing should be offered to a wide range of breast and
ovarian cancer patients irrespective of family cancer his-
tory.

Colorectal cancer. We described the first four APC muta-
tion-positive FAP cases in Latvia. The present frequency of
FAP is lower than that reported in Finland, Lithuania, and
other neighbouring countries, but the numbers might in-
crease if more detailed screening is used. Initial molecular
examinations reveal a partially unique spectrum of the APC

gene mutations. Two of the mutations, c.3942delG;
p.Arg1314SerfsX7 and c.3286C > T; p.Gln1096X, are
novel.

Mutation in gene p16 shows 2 times higher CRC incidence
than in controls. A similar trend, although nonsignificant af-
ter the Bonferroni correction, was observed for colorectal
cancer (OR, 1.5; P > 0.05) in the Polish population for the

A148T variant. These results suggest that p16 mutation may
be associated with colorectal cancer risk, but the results
need to be confirmed for a larger number of cases (Ogura et

al., 2001; Kilpivaara et al., 2003).

Endometrial cancer. Few studies investigating the herita-
bility of endometrial adenocarcinoma (EC) have been re-
ported. In 1966, Lynch et al. (1991) reported 154 probands
with EC, where in 20/154 (13%) cases first degree relatives
also were affected with endometrial carcinoma. In a pedi-
gree study of 51 patient with endometrial adenocarcinoma,
Boltenberg et al. (1990) noted also affected first degree rel-
atives in four cases (8%). Applying similar criteria, Sandles
et al. (1998) found that 6 of 64 (9.4%) probands with
endometrial adenocarcinoma showed also affected first de-
gree relatives. Suomi et al. (1995) found no families with
hereditary site specific EC. One reason for such results
could be their age criteria, i.e. excluding patients older than
60. Families with features of site-specific HEC in older age
groups have been reported (Boltenberg et al., 1990; Sandles
et al., 1998; Ollikainen et al., 2005). Our data show heredi-
tary or familial basis in 12.7% of endometrial cancers,
which corresponds to that reported elsewhere. Our data
show another genetic pattern — a hereditary site-specific
endometrial cancer that is characterised by a predisposition
to endometrial cancer alone and may also play a role in the
development of hereditary endometrial cancer. Further mo-
lecular examinations are necessary to evaluate the contribu-
tion of mismatch repair gene mutations to site specific he-
reditary endometrial cancer. However, we also have shown
the contribution of other hereditary and familial cancer syn-
dromes to development of endometrial cancer.

Prostata cancer. Except for earlier age at diagnosis, no
phenotypic features have been clearly associated with he-
reditary prostate cancer (Fromont et al., 2008). As the defi-
nition of hereditary prostate cancer is based on family data
in our study, any missing information of family cancer his-
tory is critical. Therefore, any family with no other malig-
nancies among relatives should be carefully evaluated and
considered as incomplete because data could be missing due
to loss of contact during war time, deportation and migra-
tion in the middle of 20th century in Latvia.

To establish the influence of BRCA1, 1,793 men with pros-
tate cancer in Poland and 4,570 controls were genotyped for
founder mutations (C61G, 4153delA and 5382insC). The
results showed 4153delA to be more common in prostate
cancer cases (0.22%) than in controls (0.04%). Data suggest
that the 5382insC mutation is unlikely to be pathogenic for
prostate cancer in the Polish population as it was more fre-
quently present in the control population as in prostate can-
cer group (Cybulski et al., 2008). Compared to our data, we
detected only one case of the BRCA1 gene mutation ex20
(5382insC) from 68 individuals analysed. This may be ex-
plained by the high proportion of the Slavic population in
Latvia.

Our data failed to support the involvement of the NBS1

gene among our prostate cancer cases, as no statistically sig-
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nificant difference between prostate cancer (1 per 280) and
the control group (1 per 173) was detected in Latvia. This
supports previous studies and confirms the geographical dif-
ference between populations.

Pancreatic cancer. Inherited PC was found in 3.5% of 114
patients included in the study. USA statistics demonstrates
that pancreatic cancer is inherited in 5–10% cases. In Eu-
rope, in Germany inheritance is around 3.5%, Italy — 7.1%
of all PC cases (Csokay et al., 1999; Calin et al., 2005). In
our study the BRCA2 gene sequencing for pathogenic muta-
tions in one female patient was conducted to a full extent, in
the other three patients — partially (also in the 11th exon or
„hot region”), yet, no changes were found. However, stud-
ies show that BRCA2 mutation is one of the most common
inherited mutations, ranging from 0–20% (depending from
studies) in families with a strong family history (Debniak et

al., 2006). We noted a relatively high prevalence of the two
founder BRCA1 gene mutations in DNA samples from PC
patients, confirming that the pancreas is an important site of
possible cancer development in both women and men from
BRCA1 mutation carrier families. Three of four BRCA1

gene mutation carriers detected in our study were men and
only one of the carriers (a man of 65) reported a family his-
tory corresponding to a family with hereditary breast cancer
syndrome. Three other carriers did not report cancer cases
in their families, regardless of the deleterious character of
mutations. We suspect that the role of the BRCA1 gene mu-
tations in the development of cancer in other sites may be
more significant than assumed on the basis of family history
data reported by breast and/or ovarian cancer patients from
our population (Hahn et al., 2003; Frank et al., 2006;
Chiaro et al., 2005). The significance of the BRCA1 muta-
tion in pancreatic cancer development was shown in large
multicentre cohort study in Great Britain as well (RR 2.26,
P < 0.05) (Jemal et al., 2002).

No deleterious mutations were detected in the genes associ-
ated with hereditary cancer syndromes, such as FAMMM or
Peutz-Jeghers syndrome. The 482G > A missense mutation
(Ala148Thr) in the CDKN2A gene was detected in two of
PC patients tested and may be considered, perhaps, as a
possible genetic factor that may modify the risk of cancer if
combined with other risk factors — genetic, epigenetic, ha-
bitual or environmental, and might therefore affect cancer
susceptibility to some degree. Taking into account a very
early onset of disease (37 years) in one of our PC patients
carrying the 482G > A transversion, as well as rather early
diagnosis (57 years) in another patient, both carrying in ad-
dition the highly prevalent 500C > G variant in the noncod-
ing region of exon 3 of the CDKN2A gene, it is likely that
the role of this CDKN2A gene mutation in the PC develop-
ment needs to be assessed more carefully. It was suggested
recently that the Ala148Thr variant may be associated with
a multi-organ cancer risk in the Polish population (Masojc
et al., 2006). The analysis of the ARLTS1 gene fragment,
containing two nonsynonymous and one nonsense variant
of the gene, resulted in detection of a significant number of
mutant allele carriers. The 392C > T (Pro131Leu) and 446G

> A (Trp149Stop) are relatively rare variants, however, the
442C > T (Cys148Arg) is highly prevalent in all popula-
tions studied. No association with cancer risk has been
noted in carriers of the 392T allele (Thompson and Easton,
2002; Sinicka et al., 2004). Our results do not support also
the involvement of the 442C > T variant in PC susceptibil-
ity in our patients, but we can notice a possible protective
effect of this allele relative to PC. The frequency of the
442C > T mutation is statistically significantly lower among
PC patients (45.6%) than in controls (66.0%; OR = 0.43;
95% CI = 0.26 – 0.70; P < 0.05) or breast (70.0%) and
gynecological cancer patients (61%). Analysis of more PC
patients would be useful to confirm this finding. We con-
sider our results as not conclusive as well concerning the
role of the Trp149Stop variant in cancer susceptibility. This
mutation was considered not to be associated with sporadic
cancer (Tikhomirova et al., 2005). Taking into account the
rather high prevalence of the 149Stop allele among cancer
patients (more than 4%) in our study, we suggest that cancer
risk associated with it should be examined more carefully in
sporadic and familial cancer cases.
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IZPLATÎTÂKÂ PÂRMANTOTÂ VÇÞA GADÎJUMU EPIDEMIOLOÌISKO, KLÎNISKO UN MOLEKULÂRO ÎPATNÎBU AGRÎNAS
NOTEIKÐANAS STRATÇÌIJA

Darba mçríis bija izpçtît pârmantotâ krûts, olnîcu, kolorektâlâ, endometrija, prostatas un aizkuòìa dziedzera vçþa epidemioloìiskâs,
klîniskâs un molekulârâs îpatnîbas Latvijâ. Pçtîjums tika veikts no 2006. gada lîdz 2009. gadam. Kopumâ ìimenes onkoloìiskâ anamnçze
un perifçro asiòu DNS paraugi tika iegûti 5040 vçþa gadîjumos. Tika veikti vairâk kâ 6000 molekulârie testi, lietojot polimerâzes íçdes
reakcijas, sekvençðanas, denaturçjoðo augstas veiktspçjas ðíidrâs hromatogrâfijas metodes un citus molekulâros izmeklçjumus. Pirmo reizi
Latvijâ atklâta BRCA2 gçna mutâcija, kas pârmantota krûts vçþa gadîjumâ. Ar lielu gadîjumu skaitu tika apstiprinâts divu Latvijâ bieþâko
BRCA1 gçna mutâciju (4153delA and 5382insC) testa lietderîgums visiem krûts un olnîcu vçþa gadîjumiem, neatkarîgi no ìimenes
onkoloìiskâs anamnçzes. Pârmantotâ olnîcu vçþa pçtîjumâ tika konstatçts, ka katrs devîtais olnîcu vçþa gadîjums Latvijâ ir saistîts ar
BRCA1 gçna mutâciju. Pirmo reizi arî ziòojam par ìimenes adenomatozâs polipozes gadîjumiem, kas saistîti ar APC gçna mutâcijâm.
Pçtîjuma gaitâ iegûti unikâli epidemioloìiski dati par pârmantoto endometrija un prostatas vçzi, kâ arî atklâts, ka 3,5% gadîjumos aizkuòìa
dziedzera vçzis saistîts ar patogçnu mutâciju BRCA1 gçnâ.
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