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Tables 7.4 - 7.6 compare the incidence and the mortality rate of six
common female cancers in Iran, UK and world.

The oesophageal cancer is the most common female malignancy in Iran;
the incidence and mortality rates reach to 1.3 and 2.5 fold respectively than

breast cancer.

In UK the incidence rate of breast cancer 12 fold higher than oesophageal
cancer (crude rate=116.27 vs 9.35) and its mortality rate rise to 5.5 fold,

whilst colorectal cancer is the second common cancer in British female.

The incidence rate of breast cancer is 2.4 fold higher than colorectal cancer
and their mortality rates are relatively equal worldwide. Therefore,

oesophageal cancer is not a common malignancy.
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Table 7.7 and figure 7.3 reveal the incidence and the mortality rate of
female breast cancer in Iran and other countries compared. UK has the
highest and Iran has the lowest incidence and mortality rates of breast
cancer among these regions even when those compare with more develop
or less develop countries respectively.

Whether development status influences the incidence and/or mortality rate

of breast cancer in these regions is clearly an area for investigation.
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As can be seen in Table 7.8 and Figure 7.4, UK has the highest incidence

and the mortality rate (crude rates) of female malignancy in the regions
compared. Since in most other countries of the developing world, Iran
possess a conspicuously “young” population, with over 42% of the
population under the age of 15 with about 4% above 65 years old or more,
these rates have been estimated to be lower in Iran than in other regions,
although these figures seem to be dominated by age distribution (Age

pyramid) in these regions.

7.5 Breast cancer policy
Taking all these figures together, what is the most appropriate health

policy for breast cancer screening in Iran?

In the first step, any given country should make a decision individually
based on their own criteria such as female age distribution, socio-
economic circumstances, culture and religion, priority of public health
services including common cancers and common diseases, geographical
situation, resources (personnel, finance, logistics, knowledge, etc),
availability of technology and finally political conditions.

The government plays a basic leadership role in such national
programmes and their support is an absolute necessity. Community
leaders/organisations, media (TV, newspapers), schools and universities
should also be encouraged to participate.

An understanding of the prevalence and incidence rate of breast cancer is
a critical point. In order to obtain an accurate picture of the prevalence and
incidence rate of breast cancer in Iran, cancer registration as part of a
national health programme should be carry out more vigorously.

It would be necessary for three main groups to participate in such a cancer
registry: Behvarz (in rural areas), Women Health Volunteers (in urban

areas) and physicians (General Practitioner, Gynaecologist, General
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Surgeon, Oncologist and Pathologist) throughout the country. Other
people such as health technicians and nurse-specialists might also
participate indirectly. I believe that registration data could lead to the
establishment of an appropriate strategy for cancer screening at the lower
cost and lead to a reduction in the mortality and the morbidity of the
breast cancer in the long term.

At the present time, Iran possesses numbers of knowledgeable and
dedicated physicians and excellent District Health System. Based on the
latest official information, about 10732 General Practitioner (GP), 1060
Gynaecologist, 967 General Surgeon are working in the public health
services (Ministry of Health) throughout the Iran those might participate
in a breast cancer screening programme, services and treatment by any
means ["*]. Equal numbers of these groups of physicians work for the
private sector, however, the private sector might not be interested to
participate in cancer studies. With such this picture the Ministry of Health
should govern all cancer studies particularly a breast cancer screening
programme. It seems with close collaboration of twelve main universities
(Three in Capital, Mashhad, Esfahan, Shiraz, Tabriz, Ahvaz, Yazd,
Kermanshah, Bandar-e-Abbas, Zahedan) located across the Iran (See
figure 7.1) a cancer campaign, initially by cancer registry, can be
deployed effectively in Iran.

It should be noted that, the population of Iran (62 million in 1996) is
expected to increase rapidly, 42% of the population are less than 15 years
old and only 4% are older than 65 years old. The Annual Growth Rate
(AGR) was 1.4 in 1996 [‘], which will result in around 17 million Iranian
women being placed at risk of breast cancer. If one assumes that a
woman’s lifetime risk for breast cancer is 10 per cent on average, then

around one and half (1.5) million Iranian women will develop breast
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cancer in their lifetime. Although Oesophageal cancer is the most
common cancer in Iran, breast cancer is sufficiently common to be
considered as a main health problem for women.

The distribution of estimated age-specific incidence rates of breast cancer
among Iranian women is almost similar to UK, up to the age of 70 years,
[* ] however, it is increased markedly over the age of 70 for UK and
decreased sharply among Iranian women. This might be dominated by
pyramidal age distribution and/or unregistered cases of Iranian women.
Unregistered cases could be resulted in non-attending of elderly patients
in clinic due to social, physical and cultural difficulties particularly in

rural areas.
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7.6 Glossary:

European and World standard population by age:

An age-standardised rate (ASR) is a summary measure of a rate that a
population would have if it had a standard age structure. Standardisation is
necessary when comparing several populations that differ with respect to
age, because age has such a powerful influence on the risk of cancer. The
most frequently used standard populations are the world and the European
standard populations. The calculated incidence or mortality rate is then
called the World age standardised or European age standardised incidence
or mortality rate. They are expressed as a rate per 100000 (Table 7.9).

Cumulative Rate:

Cumulative incidence is the probability or risk of individuals getting the
disease during a specified period. For cancer, it is expressed as the number
of newborn children (out of 100, or 1000) who would be expected to
develop a particular cancer before the age of 65 (or 70, or 75) if they had
the rates of cancer currently observed. Like the age-standardized rate, it
permits comparisons between populations of different age structures.

Population at risk:

The part of a population that is susceptible to have a specific cancer. It is
defined on the basis of demographic data, such as place of residence, sex,
age group, etc.

Crude Rate:

Data on incidence or mortality are often presented as rates. For a specific
tumour and population, a crude rate is calculated simply by dividing the
number of new cancers or cancer deaths observed during a given time
period by the corresponding number of people in the population at risk. For
cancer, the result is usually expressed as an annual rate per 100,000 persons
at risk.

Prevalence:

The prevalence of cancer is the number of cancer cases in a given
population at a specified point in time. It depends on the incidence and on
the duration of the disease, that is, on survival.

Incidence:

The incidence is the number of new cancer cases arising in a given period
in a specified population. Cancer registries collect this information
routinely.
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Mortality:
The mortality is the number of cancer deaths occurring in a given period in
a specified population.

Table 7.9: European and World standard population by age
(After Doll et al., 1966)

Age group European st.andard World stapdard
population population
0-4 8000 12000
5-9 7000 10000
10-14 7000 9000
15-19 7000 9000
20-24 7000 8000
25-29 7000 8000
30-34 7000 6000
35-39 7000 6000
40-44 7000 6000
45-49 7000 | 6000
50-54 7000 5000
55-59 6000 | 4000
60-64 5000 4000
65-69 4000 3000
70-74 3000 2000
75-79 2000 1000
80-84 1000 500
85+ 1000 500
Total 100000 100000
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Chapter 8

8 Discussion and Conclusion

8.1 General Discussion

Breast cancer results from genetic and environmental factors leading to the
accumulation of mutations in essential genes. Genetic predisposition may
have a strong, almost singular effect, as with BRCA1 and BRCA2, or may
represent the cumulative effects of multiple low-penetrance susceptibility
genes.

During the last decade has seen many important advances in understanding
genetic susceptibility to breast cancer, there remains much to learn [" 2].
Unanswered questions include the number and nature of genetic variants
that predispose women to breast cancer, the interplay between those
variants and environmental factors, and the optimal use of that information
to reduce both the personal and social costs of breast cancer.

The ultimate aim of all these efforts is to diminish the mortality and
morbidity of breast cancer. In achieving to this aim, most of the studies
have been focused on specific aspects of the breast cancer such as
epidemiological studies (to investigate factors those might involve in
developing of breast cancer), molecular studies (to understand functions of

cancer predisposing genes with a view deeply that lead to designing
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suitable therapeutic drugs), methods and technical development (to
investigate high nisk individuals at early stages of breast cancer
development by developing mutation detection methods and making
improvements in medical imaging instruments and techniques) and finally

studies on cost-effectiveness of breast cancer screening in public services.

8.1.1 Clinical point of view
The identification of BRCA1 (Miki et al, 1994) and BRCA2 (Wooster et al,

1995) were landmarks in the investigation of the genetics of breast cancer.
Even before the genes were identified, it was clear that management issues
following on from gene identification would need to be addressed quickly
if the impetus gained from these discoveries was not to be lost. So what are
the keys questions facing clinicians who care for women with BRCA
mutations? One is that of penetrance-that is, what is the likelihood that a
carrier of a mutated allele of a breast-cancer-susceptibility gene will
develop breast cancer by a given age? The next important question is, when
advising individuals at risk, whether counsellors should give more weight
to the mutation itself (the gene affected and the type of mutation), the
position of the mutation along the gene, or the family history? A third
question is whether the prognosis of BRCAl-related breast cancer differs
from that of BRCA1-negative breast cancer. Finally, and most importantly,
there is the question of the choice of medical and surgical preventive

measures.

8.1.2 Penetrance
(Which mutations have a higher penetrance?)
Several population-based studies have demonstrated differences in the

3,4, S5

penetrance of BRCA genes [ ™ °]. Thus, efforts are underway to identify
additional high- and low-penetrance genes. Although, it is unlikely that the
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final list of breast-cancer-susceptibility alleles will be divided into high-
and low-penetrance genes, and will more likely represent a spectrum of
penetrance with each modified by multiple gene-gene and gene-
environment interactions. It is now apparent that most familial breast
cancer risk is not accounted for by mutations in the high-penetrance

susceptibility genes BRCA1 and BRCA2.

8.1.3 Prevalence and incidence
Breast cancer is the most common cancer in UK and is the most common

female malignancy worldwide. However, according to the latest data from
Iran, oesophageal cancer obtaining the highest incidence rate of cancer
among Iranian population (see chapter seven in great detail). One should
consider a priority of cancer research within a given population or country.

Attempts are now making to address why the prevalence and incidence rate
of breast cancer is much higher in developed countries than undeveloped
countries? Is it due to social and cultural, diet, geographical condition, life

style effects, and efficient cancer registry system and/or resulted in

unknown modifier genes?

8.1.4 Screening pitfalls

® Clinical: Self Breast-Examination (SBE) is the best method for large
scale screening programme either individually or by an expert physician
(every six months) and is highly cost effective but it has yet to be
accepted widely by the general public. The key step here to overcome

such attitudes is education.

® Radiological: Advanced technology such as MRI, which is much more
sensitive than mammography, is too expensive to be affordable in public

services. Of the women screened by mammography, about 10% of the x-
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ray images record something suspicious, which requires further
investigation. However only a small number of those cases will be
cancerous. Mammography therefore seems not to be sufficiently

sensitive and informative to be used in large-scale screening.

® Molecular: At the present time, despite of the considerable efforts to
develop more sensitive new methods for screening BRCA genes, there is
still no currently available technique that can guarantee the identification
of all cancer-predisposing mutations. All routine diagnostic methods
such as Direct Nucleotide Sequencing, PTT, SSCP, HA, DGGE,
DHPLC, etc suffer two limitations:

1) They are quite laborious and expensive for use in a diagnostic services,

which needs to produce answers quickly and within a modest budget.

2) They detect differences between the patient’s sequence and the

published normal sequence but they do not generally distinguish between

pathogenic and non-pathogenic changes.

On the other hand it is nevertheless clear that molecular methods should

form part of any population-screening program. How this is integrated with

conventional methods of clinical investigation requires open debate.

8.1.5 Interpretation of test result
(What distinguishes those who develop cancer from those who do not?)

Since the cloning of BRCAl and BRCA2, genetic testing for breast and
ovarian cancer susceptibility has become more widespread. However,
interpretation of test results is not always straightforward. In many high-
risk families, a deleterious mutation in BRCA1 or BRCA? is not identified
in an affected proband. Even when a positive result (i.e., a deleterious
mutation) is identified, the associated cancer risks cannot be precisely

quantified and the efficacy of management options is still Very uncertain.
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When a negative result is obtained, it could be good news (in the case of a
true negative for a familial mutation), or a negative result could be
completely ambiguous and raise more questions than it answers. There are
several potential explanations for such a finding, namely that an undetected
mutation in BRCA1 or BRCA2 may exist, or there could be a mutation in a
rare or undiscovered gene. In addition, the possibility that women with
breast cancer represent sporadic cases within hereditary cancer families
must also be considered. The occurrence of BRCA1/2 variants of uncertain
significance, often missense mutations, further complicates the risk
assessment. Addressing this issue is especially important because a
significant proportion of high-risk families do not harbour deleterious
mutations in BRCAI or BRCA2.

In some of these instances, extending testing to relatives can be helpful to
clarify results. When hereditary breast cancer cannot be ruled out,
individuals may still be at increased risk for cancer and therefore need to
obtain appropriate surveillance.

The management of known carriers of breast cancer susceptibility genes
remains controversial. Options include prophylaxis against the
development of breast and/or ovarian cancer, by prophylactic mastectomy,
prophylactic oophorectomy and/or using Tamoxifen for five years, or
careful follow-up with screening for overt disease. Offering any
preventional strategies should absolutely consider age, religion, social and
culture of carries as well as benefit of that. Therefore, balanced information
that includes estimates of the magnitude of survival benefit from these
interventions as well as their potentially adverse effects on quality of life
should be discussed with patients, especially those who are young and have
good prognoses. It must be considered “what the preventional

strategies should be to cover both breast and ovarian cancer?”
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8.1.6 When does cancer develop in breast cancer predisposing
gene carriers?
Many recent studies have shown that the penetrance of BRCA1 or BRCA?2

mutations is uncertain and probably variable and the prevalence of BRCAI
mutations in the general population is estimated to be between 1/500 and
1/1000 [°]. Segregation analyses have estimated that about 1 in 20 women
with breast cancer are carriers of a breast cancer predisposing gene that is
dominantly inherited and highly penetrant. A carrier with a deleterious
mutation in BRCA1 or BRCA2 gene has 80%-90% chance of developing
breast cancer |7|. Assessing of all proband information genetic testing
should be able to predict, not just whether a woman is likely to develop
breast cancer, but when she might get it [8' 9] (See chapter 6 section 6.1.9).
This is the most significant question that should be considered before

genetic counselling and/or testing.

8.1.7 Uncertainty of prognosis
What is the difference of prognosis in carriers and control cases?

Accurate estimates of breast cancer prognosis in individuals with BRCA1
and/or BRCA2 mutations would require prospective longitudinal studies
with large numbers of women. Such studies have yet to be reported.

Most studies on the prognosis of breast cancer have not found a significant
difference in survival between individuals with BRCA1 or BRCA2

10, 11, 12, 13, 14

mutations and controls [ ] but conflicting reports of both better

llS, 16 17, 18

] and worse | ] prognoses exist.
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8.2 Technical Discussion

8.2.1 Data collection
One of the most important steps in any research project is data collection,

depending on significance of project’s aims. For such a this study, as a PhD
course, which was performed for the first time on this selected group, data
gathering was not a easy task mostly because of time constraint and modest

budget.
Over a period of three months agreements were obtained from two main

centres for cancer research and treatment in Tehran-Iran to establish
collaboration on this study. This was followed by recruiting relevant three
employees for initial jobs, reviewing more than four thousands files to
invite appropriate participants for collection of their relevant personal and
medical information, informing attendants and obtaining their consent and
their blood samples, setting up laboratory equipments and reagents for
DNA extraction. Finally the genomic DNA and other data from more than
one hundred participants were brought to the UK for further analysis.

Additional attempts have been made to collect formal information from the
Iranian Ministry of Health to evaluate the capacity of the Iranian District

Health System for integration of breast cancer screening programme.

8.2.2 Mutation detection methods pitfalls
The advantages and disadvantages of each method those used in this study

have been discussed in the relevant chapters in detail. What I would like to
discuss here is, the cost effectiveness of molecular diagnostic approaches

versus clinical and medical imaging diagnostic methods in breast cancer

screening programme.
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Although new mutation detection techniques have resolved diagnostic
problems for some genetic disorders, breast cancer diagnosis remains
problematic. The following questions still remain unanswered.

1) How many per cent genetic factors contribute to the development of all
types of breast cancer?

2) Would it (detection methods) be readily available (instrumental,
technicians, reagents) in most genetic laboratories worldwide?

3) Would these methods detect all sequence variants in known predisposing
breast cancer genes accurately?

4) Would it be affordable in the public health services? If not, who will pay
for?

Let us assume that there are only two known genes (BRCA1 and BRCA2)
that contribute to the development of familial or hereditary breast cancer.
Myriad Genetic Laboratories, Inc. offer BRACAnalysis® to international
customers for $2580 (BRCAIl only $1290, BRCA2 only $1555, Single
Amplicon Testing $295). Now a question arises, at the time of offering
BRCA genes analysis by private sectors, how many genetic laboratories are
available to scan guaranteed these genes worldwide?

With such above costs, how many per cent of high-risk families do afford
to take this test?

Answer to the above questions might help to make an informed decision
regarding public breast cancer screening strategies. In my knowledge no
currently available molecular scanning methods is cost effective in offering
diagnostic information to high-risk individuals in the public health services.
However, molecular diagnostic approaches once fully developed might be
applied in hereditary breast cancer for prenatal diagnosis.

Alongside the developmental of mutation detection methods in the last

decade, significant advances have been seen in medical imaging
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technologies. Magnetic resonance imaging (MRI), sonography, digital
mammography and etc are now used in breast cancer screening but all have
both advantages and disadvantages.

Mammography is not sufficient sensitive to detect cancerous from normal
breast tissue in women at age of 20-25 years because of high density
pattemn of normal breast tissue in this stage. Further investigation of a
problem detected at the screening stage has involved the patient being
referred for an ultrasound scan to help clarify whether or not their 'Tump' is
malignant. More recently scientists at The Institute of Cancer Research
(UK) have developed a modified ultrasound system known as freehand
elastography for diagnosis of breast cancer. The new technique is expected
to differentiate more accurately between benign and malignant tumours and
avoid the need for more invasive procedures such as biopsy.

The new system creates images using information from tissue stiffness, the
same property that gives rise to the sensation of a hard lump found within
suspicious breast tissue when it is felt with the fingers. It is achieved
through a computer process in which images are recorded while the breast
is pressed gently by a hand-held ultrasound probe. Freehand elastography
in conjunction with conventional ultrasound scanning might improve
accuracy of diagnosis and used as a conventional ultrasound equipment
thus minimising costs to public hospitals. It is hoped medical imaging will
form a fundamental part of the diagnosis and treatment of breast cancer.

No one approach provides comprehensive breast cancer screening; several

approaches (Clinical, Technological and Molecular) should be deployed

continuously.
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8.3 Conclusion
@®To date, germline mutations in the BRCA1 and BRCA2 genes in patients

with early-onset breast and/or ovarian cancer have not been identified
within the Iranian population, so that there are no published data of the
mutation spectrum in this selected group. Although only ten mutations have
been detected (See chapter 3 Table 3.4 and chaptér 4 Table 4.5) in one
hundred and four participants tested, some circumstances may have
contributed to this outcome.

Firstly, this number (104 participants) included sixteen unaffected
individuals who were screened and no sequence variant has been detected
among them.

Secondly, 1 have only analysed hot spot regions for mutations in both
BRCA1 and BRCA2 genes not the entire coding regions. Comparison of
data from other studies suggests that, using this strategy (analysing selected
coding regions) approximately 14% and 22% of mutations in BRCA1 and

BRCA2 gene respectively would be missed ['* 2% 21 22. 23

. However, there
are no data to indicate the presence of population-specific mutations in
Iran, and therefore, these data must be considered preliminary.

Thirdly, genomic DNA has only been analysed for coding regions variants,
mutations in the promoter regions and those within the introns would have
been missed and analysis of cDNA may uncover other alterations.

Finally, SSCP is known to be insufficiently sensitive for the detection of ajl

sequence variants.

®The 185delAG BRCAIl germline mutation has been reported in
Ashkenazi Jewish individuals both in familial breast and ovarian cancer
and in the general population most commonly [** ** ). Moreover, other
Jews and non-Jews population studied showed the same mutation [*” 2 2.

Sporadic cases of the 185delAG BRCA1 germline mutation in Jewish non-
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Ashkenazi breast/ovarian cancer families have previously been reported
[*).

In this preliminary study 185delAG BRCAI1 germline mutation was
identified once in an Iranian non-Jewish breast cancer family, none of the
participants tested in this study was Jewish in origin. However, this
particular mutation has previously been detected in one Iranian Jewish
individual diagnosed with breast cancer [*']. Further study such as

haplotype analysis may require for originating this particular mutation

within Iranian population.

@It has been shown that the histological characteristics of breast cancers
due to BRCA1 and BRCA2 mutations differ from those of sporadic breast
cancers ["]. Several studies shown that invasive ductal carcinoma is the
most frequent (more than 60%) histological type in Iranian women who
diagnosed with breast cancer ¥ **34. In this study, a total of five different
breast/ovarian tumour types were histologically reported in BRCA1/2
mutant carriers and non- carriers. One type, invasive ductal carcinoma was

identified dominantly (See Tables 8.1 and 8.2).

Table 8.1: Breast/ovarian tumour types observed in Iranian women
carrying the BRCA1/2 germline mutation and non-carriers

Tumour type Abbreviation | 10tal observed
cases
Invasive Ductal Carcinoma IDC 71
Papillary Serous Cystadenoma (OV) PSCA 3
Medullary Carcinoma MC 2
Invasive Lobular Carcinoma ILC 1
Granulosa Cell Tumour (OV) GCT 1

OV= QOvarian cancer
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Of 104 individuals tested 88 patients were diagnosed with breast or ovarian
cancer, sixteen participants tested were unaffected (See chapter two section
2.1.1) obviously no pathologic reports have been made for them.

Finally a total of seventy-seven pathology reports were available in their
record reviewed from 88 women diagnosed with breast/ovarian cancer
(tumour grading was not requested in questionnaire from).

Table 8.2: Breast/ovarian tumour types in Iranian women carrying
the BRCA1 or BRCA2 germline mutation

Mutation and Tumour Famil
Gene/exon nucleotide Coding effect amuly _Age at.
change type history | diagnosis
BRCA- 1185-186delAG | IDC | Frameshift | 2BC-1PS | 37
BRCAI- . .
exon 2 181-182 insT IDC Frameshift 1-OV 41
BRCAIl 2335-2336 IDC, .
exon 11 delAA MC Frameshift | (2BC<40)| 42*
BRCA2 6261-6262 .
exon 11 insGT IDC Frameshift {(2BC<40) 27
BRCA2 3979-3980 : _
exon 11 insA IDC Frameshift | Negative 40
BRCA2 5972 C>T : .
exon 11 T1915M n.a. Missense Negative 41
BRCA2- | IVS16-14T>C n.a Close to
exon 17 | IVS16- 6T>G o splice site n.a. n.a.
BRCA2- 8345A>G . .
exon 18 (N2706S ) IDC Missense Negative 38
BRCA1- | IVS20+48 dup .
exon 20 | gtattccactce IDC | Polymorphism | 2BC<42 27
BRCA2- 9266C>T . _
exon 23 T30131 IDC | Missense | Negative | 31

BC= Breast Cancer OV= Ovarian Cancer
IDC= Invasive Ductal Carcinoma
*This woman who carrying a deleterious BRCA1 mutation was identified histologically
with both IDC and MC type.

PS= Prostate Cancer
MC= Medullary Carcinoma

n.a= not applicable
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Although IDC was dominantly reported in BRCA1/2 carriers and non-
carriers breast families, due to inadequate cases of hereditary and sporadic
breast/ovarian cancers (control cases) in this study, it is difficult to compare
this observation with the other studies [* %] and make a correct
interpretation. Further study consist of a large number of breast/ovarian
families including familial and sporadic breast/ovarian cancer cases
(control cases) and tumour type with the sufficient histological features is
required to investigate potential use of breast tumour type in identifying
carriers with BRCA1/2 mutation in this selected group.

Inclusion of breast-cancer histology in the design of genetic testing
policies, particularly for young women without a family history of breast

cancer, may be clinically appropriate and cost-effective.

8.3.1 Mutation detection rate

The present study analysed the BRCA genes based on specific criteria,
therefore the outcome mainly depends on a prior chance of carrier having a
mutation in the BRCA genes as well as on the sensitivity and specificity of
methods used. Mutation detection rates within BRCA1 and BRCA2 genes
have been reported in cohort studies to vary between 6.2% and 16% [*% 3
37,38, 39, 9] The present cohort studied all had early-onset (under the age of

forty-five years) breast cancer; a sub-group had a family history, which was
quite limited in comparison to the majority of other studied [*" ** 3 9.
These preliminary data suggest that the spectrum of mutations identified
differs little from that seen in other studied with no recurrent mutation and
with the mutations spread throughout the genes. Among 83 breast cancer
families five putative (Frameshift) mutations were detected in the group as
a whole (6.02% detection rate) in which 4 mutations was detected among
14 individuals with a family history (28.6% detection rate with 95%

binomial confidence interval 0.09-0.58) whilst one mutation was seen in an
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patient among 69 individuals without family history that is apparently

sporadic early-onset breast cancer (1.5% detection rate with 95% binomial
confidence interval 0-0.09) [“].

I could find no sequence variant in some cases that diagnosed with early-
onset breast cancer (bilateral) with or without strong family history.
However, it is clear that the known genes cannot explain most of the
variation in breast cancer risk in the population. The difficulties of
identifying further genes by linkage indicate that the remaining genes may
be numerous, with relatively common alleles conferring moderate risks.
Only by identifying these genes with the true pattern of risk and the
mechanism behind them become clear [*].

The detection rate in those individuals with a family history was high
especially when compared with other studies where the selection criteria
for screening required a much stronger family history. This suggests that
the screening, albeit incomplete, was well targeted. The low detection rate
in those with an apparently sporadic early-onset breast cancer suggests that
early-onset occurrence alone is insufficient to warrant breast cancer
screening in the Iranian population.

Identification of these distinct mutations suggests that any given population
should develop a mutation database for its programme of breast cancer
screening. The pattern of mutations seen in the BRCA genes does not
appear to differ from other population studied. Early-onset breast cancer
(less than 45 years) and a limited family history is sufficient to warrant
mutation screening with a detection rate of over 25% in this group whilst
sporadic early-onset breast cancer (detection rate less than 5%) is unlikely
to be cost-effective. If these results were confirmed on a large cohort,

molecular methods might form a vital part of any screening programme in
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Iran; this programme could be readily administered through the Iranian
Primary Health Care Network.

8.3.2 GenBank accession numbers
The sequences variants that identified in the current study were submitted

to the GenBank with accession numbers:
AF274503, AF284812, AF288936, AF288937, AF288938, AF309413,
AF317283, AF348515, AY008850, AY008851.

The current study has been published in Breast Cancer Research Journal.

2002; Vol. 4 No. 4

8.3.3 The future prospects

Breast cancer is not only a health problem to the Western countries so we
should consider it globally. Screening programmes can be offered at two
levels: 1-public services 2-research. Any given government’s policy should
consider this issue.

At the level of public services, medical team (Nurse specialist, General
Physician, Gynaecologist, Surgeon, Psychologist, Genetic Consultant), and
molecular geneticist, both should collaborate very closely. Both should be
aware of the limitations and complexity of breast cancer management, and
must exploit all possible clinical and technical approaches to provide a
much better outcome and benefit to the probands.

At the level of research, international collaboration is critical to understand
those significant factors (environmental, ethnic founder effect, life style
and etc.) additional to genetic predisposing factors that might contribute to
breast cancer development, such global research efforts will also be needed
to investigate other high or low penetrance genes and possible other

unknown breast cancer pathways.
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Previous studies have estimated different penetrances for breast cancer risk
in women with germline BRCAI and BRCA2 mutations among the
population used for analysis. In summary the existing breast cancer
database that includes epidemiologic factors have been gathered mostly
from selected populations, some other countries may uncover other factors
either genetic or environmental contributing to the development of breast
cancer.

Thus far, present data have revealed that cancer incidence and prevalence
in Iran is much lower than the most parts of the world, confirming that
more studies are urgently needed. However, it seems that there is a strong
correlation between age distribution (Age pyramid) of Iranian population
and the incidence rate of breast cancer.

It appears to be timely for uncovering populations where epidemiologic
factors that may contribute significantly to the development of breast
cancer remain uncharacterised.

The last point is, which I would like to emphasis on that, worldwide breast
cancer incidence rate (new cases) approaches around one million per year,
if we assume that hereditary breast cancer is accounted for 5-9 per cent of
all breast cancers types, the new cases of hereditary breast cancers reach to
100000 so that 900000 new cases remain to be detected at early stage by
any means rather than genetic tests. Taking this figures, are we driving in a
right way? Do we have a clear plan for early detection of all types of breast
cancer? Working together may lead to prevent and cure breast cancer in

near future.

353



Chapter 8- Discussion and Conclusion

8.4 References:

' Bluman LG, Rimer BK, Berry DA, Borstelmann N, Iglehart JD, Regan K
et al. Attitudes, knowledge, and risk perceptions of women with breast
and/or ovarian cancer considering testing for BRCA1 and BRCA2. J Clin
Oncol 1999; 17: 1040-6.

2 Nathanson KL, Wooster R and Weber BL. Breast cancer genetics: What
we know and what we need. Nat Genet. 2001; Vol. 7 Number 5 pp 552 -
556

3 Easton, D.F., Bishop, D.T., Ford, D. & Crockford, G.P. Genetic linkage
analysis in familial breast and ovarian cancer: results from 214 families.
The Breast Cancer Linkage Consortium. Am. J.Hum. Genet. 1993; 52, 678-

701

* Struewing, J.P., Tarone, R.E., Brody, L.C., Li, F.P. & Boice, J.D.Jr.
BRCAI mutations in young women with breast cancer. Lancet 1996; 347
1493 ’

5 Fodor, F.H. et al. Frequency and carrier risk associated with common
BRCAI and BRCA2 mutations in Ashkenazi Jewish breast cancer patients.
Am. J. Hum. Genet. 1998; 63, 45-51

® Szabo CI & King MC. Inherited breast and ovarian cancer. Hum Mol
Genet 1995; 4 Spec No:1811-7

7 Claus EB, Risch N, Thompson WD. Genetic analysis of breast cancer in
the Cancer and Steroid Hormone study. Am J Hum Genet. 1991:48:232-
241,

® Abeliovich D, Kaduri L, Lerer I, Weinberg N, Amir G, Sagi M, Zlotogora
J, Heching N, Peretz T. The founder mutations 185delAG and 5382insC in
BRCAI and 6174delT in BRCA2 appear in 60% of ovarian cancer and
30% of early-onset breast cancer patients among Ashkenazi women. Am J
Hum Genet.1997; 60:505-14.

’ Levy-Lahad E, Catane R, Eisenberg S, Kaufman B, Homnreich G
Lishinsky E, Shohat M, Weber BL, Beller U, Lahad A, Halle D. Founder
BRCAI1 and BRCA2 mutations in Ashkenazi Jews in Israel: frequency and
differential penetrance in ovarian cancer and in breast- ovarian cancer
families Am J Hum Genet. 1997, 60:1059-67.

354



Chapter 8- Discussion and Conclusion

q

' Gaffney DK, Brohet RM, Lewis CM, Holden JA, Buys SS, Neuhausen
SL, Steele L, Avizonis V, Stewart JR, Cannon-Albright LA. Response to
radiation therapy and prognosis in breast cancer patients with BRCA1 and
BRCA2 mutations. Radiother Oncol. 1998; 47:129-36

"' Johannsson OT, Ranstam J, Borg A, Olsson H. Survival of BRCA]
breast and ovarian cancer patients: a population- based study from southern
Sweden J Clin Oncol. 1998; 16:397-404

2 Verhoog LC, Brekelmans CT, Seynaeve C, van den Bosch LM, Dahmen
G, van Geel AN, Tilanus-Linthorst MM, Bartels CC, Wagner A, van den
Ouweland A, Devilee P, Meijers-Heijboer EJ, Klijn JG. Survival and
tumour characteristics of breast-cancer patients with germline mutations of

BRCAL. Lancet. 1998; 351:316-21

'* Verhoog LC, Brekelmans CT, Seynaeve C, Dahmen G, van Geel AN,
Bartels CC, Tilanus-Linthorst MM, Wagner A, Devilee P, Halley DJ, van
den Ouweland AM, Meijers-Heijboer EJ, Klijn JG. Survival in hereditary
breast cancer associated with germline mutations of BRCA2 J Clin Oncol.
1999; 17:3396-402

" Lee JS, Wacholder S, Struewing JP, McAdams M, Pee D, Brody LC,
Tucker MA, Hartge P. Survival after breast cancer in Ashkenazi Jewish
BRCAI and BRCA2 mutation carriers J Natl Cancer Inst. 1999; 91:259-63

15 Marcus JN, Watson P, Page DL, Narod SA, Lenoir GM, Tonin P
Linder-Stephenson L, Salerno G, Conway TA, Lynch HT. Hereditan:
breast cancer: pathobiology, prognosis, and BRCA1 and BRCA?2 gene
linkage Cancer. 1996; 77:697-709

' Porter DE, Cohen BB, Wallace MR, Smyth E, Chetty U, Dixon JM. Steel
CM, Carter DC. Breast cancer incidence, penetrance and survival in
probable carriers of BRCAI1 gene mutation in families linked to BRCA1 on
chromosome 17q12- 21. BrJ Surg. 1994; 81:1512-5

'7 Foulkes WD, Wong N, Brunet JS, Begin LR, Zhang JC, Martinez JJ
Rozen F, Tonin PN, Narod SA, Karp SE, Pollak MN. Germ-line BRCA1
mutation is an adverse prognostic factor in Ashkenazi Jewish women with
breast cancer. Clin Cancer Res. 1997; 3:2465-9

355



Chapter 8- Discussion and Conclusion
]

'8 Ansquer Y, Gautier C, Fourquet A, Asselain B, Stoppa-Lyonnet D.
Survival in early-onset BRCA1 breast-cancer patients. Institut Curie Breast
Cancer Group [letter] Lancet. 1998; 352:541

1% Shattuck-Eidens, D., McClure, M., Simard, J., Labrie, F., Narod, S.,
Couch, F., A collaborative survey of 80 mutations in the BRCAI breast and
ovarian cancer susceptibility gene: Implications for presymptomatic testing
and screening. JAMA. 1995; 273(7): 535-541

20 Gayther S. A., Warren W., Mazoyer S., Russell P. A., Harrington P. A.
Chiano M., Seal S., Hamoudi R., Van Rensburg E. J., Dunning A. M., Love
R., Evans G., Easton D., Clayton D., Stratton M. R., Ponder B. A. J.
Germline mutations of the BRCAl gene in breast and ovarian cancer
families provide evidence for a gonotype-phenotype correlation. Nat Genet.
1995; 11: 428-433

21 Serova O., Montagna M., Torchard D., Narod S. A., Tonin P., Sylla B.,
Lynch H. T., Feunteun J., and Lenoir G. M. A high incidence of BRCALI
mutations in 20 breast-ovarian cancer families. Am J Hum Genet. 1996;
58(1): 42-51.

22 peelen T, Van Vliet M, Petrij-Bosch A, et al.: A High Proportion of
Novel Mutations in BRCA1 with Strong Founder Effects among Dutch and
Belgian Hereditary Breast and Ovarian Cancer Families. American Journal
of Human Genetics 1997; 60(5): 1041-1049.

2 Schubert E. L., Lee M. K., Mefford, H. C., Argonza R. H., Morrow J. E.,
Hull J., Dann J. L., and King M. C. BRCA2 in American families with four
or more cases of breast or ovarian cancer: Recurrent and novel mutations,
variable expression, penetrance, and the possibility of families whose
cancer is not attributable to BRCA1 or BRCA2. Am J Hum Genet. 1997,
60(5): 1031-1040.

24 Streuwing JP, Abeliovitch D, Peretz T, Avishai N, Kaback MM, ciollins
FS and Brody LC. The Carrier frequency of the BRCA1l 185delAG

mutation is approximately 1 percent in Ashkenazi Jewish individuals.
Nature Genet. 1995; 11, 198-200.

2 Langston AA, Malone KE, Thompson JD, Daling JR, Ostrander EA:
BRCA1 Mutations in a Population-Based Sample of Young Women with
Breast Cancer. New England Journal of Medicine 1996; 334(3): 137-142.

356



Chapter 8- Discussion and Conclusion

% RitzGerald MG, MacDonald DJ, Krainer M et al. Germ-line mutations in
Jewish and non-Jewish women with early-onset breast cancer. N Engl J
Med 1996, 334: 143-9

27 Bar-Sade RB, Kruglikova A, Modan B, et al.: The 185delAG BRCA1
mutation originated before the dispersion of Jews in the Diaspora and is not
limited to Ashkenazim. Human Molecular Genetics 1998; 7(5): 801-805.

22 Berman DB, Wagner-Costalas J, Schultz DC, Lynch HT, Daly M
Godwin AK: Two Distinct Origins of a Common BRCA1 Mutation m
Breast-Ovarian Cancer Families: A Genetic Study of 15 185delAG-
Mutation Kindreds. American Journal of Human Genetics 1996; 58(6):

1166-1176.

29 Neuhausen SL, Mazoyer S, Friedman L, et al.. Haplotype and Phenotype
Analysis of Six Recurrent BRCA1 Mutations in 61 Families: Results of an
International Study. American Journal of Human Genetics 1996; 58(2):

271-280.

30 Abeliovich D, Kaduri L, Lerer I, et al.: The Founder Mutations
185delAG and 5382insC in BRCAI1 and 6174delT in BRCA2 Appear in
60% of Ovarian Cancer and 30% of Early-Onset Breast Cancer Patients
among Ashkenazi Women. American Journal of Human Genetics 1997;

60(3): 505-514.

31 pathology of familial breast cancer: differences between breast cancers in
carriers of BRCA1 or BRCA2 mutations and sporadic cases. Breast Cancer
Linkage Consortium. Lancet.1997: 1505-1510.

2 Mohagheghi M.A., Mosavi-Jarrahi A., Shariat Torghaban MD, and
Zaraati H. Annual Report of Tehran University of Medical Sciences
District Cancer Registry. The Cancer Institute publication No.7 1997

33 Mohagheghi M.A., Mosavi-Jarrahi A., Shariat Torghaban MD, and
Zgraqtl H. Annual. Report of Tehran University of Medical Sciences
District Cancer Registry. The Cancer Institute publication No.3 1995

3 Mortazavi SH., Shahrad B., and Shahidi M. Twenty five years
experience in cancer in Iran: An epidemiological study of cancer patients

357



referred to the Department of Radiation Oncology/Jorjani Medical Centre,
Shahid Beheshti University of Medical Sciences, Tehran- Iran.

3 Claus EB, Risch N, Thompson WD, Carter D. Relationship between
breast histopathology and family history of breast cancer. Cancer 1993; 71:
147-53.

% Langston AA, Malone KE. BRCAl mutations in a population-based
sample of young women with breast cancer. New Engl J Med 1996;
334:137-142

37 GQhattuck-Eidens, D., Oliphant A., McClure M. BRCAI1 sequence
analysis in women at high risk for susceptibility mutations: Risk factor
analysis and implications for genetic testing. JAMA.1997; 278(15): 1242-

1250.

38 Malone K. E., Daling J. R., Thompson J. D., OBrien C. A., Francisco L.
V., Ostrander E. A. BRCA1 mutations and breast cancer in the general
population: Analyses in women before age 35 years and in women before
age 45 years with first-degree family history. JAMA 1998;279(12):922-929

39 Newman, B., Mu, H., Butler, I. M., Millikan, R. C., Moorman, P. G., and
King, M. C. Frequency of breast cancer attributable to BRCA1l in a
population-based series of American women. JAMA. 1998; 279: 915-921

40 peto, J., Collins, N., Barfoot, R., Seal, S., Warren, W., Rahman, N.,
Easton, D. F., Evans, C., Deacon, J., and Stratton, M. R. Prevalence of
BRCAl1 and BRCA2 gene mutations in patients with early-onset breast
cancer, Journal- National Cancer Institute. 1999; 91: 943-949

4l Ford D, Easton DF, Stratton M, et al.. Genetic Heterogeneity and
Penetrance Analysis of the BRCAl and BRCA2 Genes in Breast Cancer
Families. American Journal of Human Genetics 1998; 62(3): 676-689.

2 HR.Neave. Statistics Tables for mathematicians, engineers, economists
and the behavioural and management sciences. London: Unwin Hyman
Ltd., 1988:7-28

* Easton D. Breast cancer- not just whether but when? Nat Genet. 2000;
26:390-91

358



PRESENTATIONS AND PUBLICATION

Presentations:
1) Novel mutations in the BRCA1 and BRCA2 gene in Iranian women with

early-onset Breast Cancer. 10® International Congress of Human Genetics,
15-19 May 2001, Vienna, Austria

2) Gene assembling, a new approach in mutation detection techniques: An
application for BRCA genes scanning. Human Genome Meeting 2002, 14-

17 April 2002, Shanghai, China

Publication:

1) Novel mutations in the BRCA1 and BRCA2 gene in Iranian women with
carly-onset Breast Cancer. Breast Cancer Research Journal. 2002; Vol 4 No

4



Presentations and Publication
T T e N TR

Abstract 1: Novel mutations in the BRCA1 and BRCA2 gene in Iranian
women with early-onset Breast Cancer. 10™ International Congress of
Human Genetics, 15-19 May 2001, Vienna, Austria

Novel germline mutations in the BRCA1 and BRCA2 gene in Iranian
women with early-onset Breast Cancer

Vahid R Yassaee ¥ Sirous Zeinali ) Iraj Harirchi ® Mohammed A.
Mohagheghi ® David Hornby ¢ Ann Dalton ¢

(1) Department of Molecular Biology and Biotechnology, The University of Sheffield,
Sheffield, UK (2) Department of Molecular Biotechnology, Pasteur Institute, Tehran-
IRAN(3) Iranian Centre for Breast Cancer (ICBC), Tehran University of Medical
Sciences, Tehran, IRAN(4) Cancer Institute, Tehran University of Medical Sciences,
Tehran, IRAN(5) North Trent Molecular Genetics Laboratory, Sheffield Children’s
Hospital, Sheffield, UK

To report the initial experience in identifying germline mutations in the
BRCA1 and BRCA2 breast and ovarian cancer susceptibility genes, to
assess the spectrum of such mutations and to determine the frequency of
recurrent mutations in Iranian women with early-onset breast cancer, we
analyzed a total of 90 samples derived from Iranian women under the age
40 years. 70 samples derived from patients diagnosed with early-onset
breast cancer and 20 samples from unaffected women who have first-
degree family history of at least one breast cancer under the age 40.

We distinguished mutations identified by analysing BRCA1 exons 2, 3, 5,
11, 13 and 20 and BRCA2 exons 9,10,11, 17, 18 and 23 using Protein
Truncation Test (PTT) and Single Strand Conformation Polymorphism
(SSCP) analysis on PCR-amplified genomic DNA. Modified primers
containing T7 promoter and a perfect Kozak consensus sequence were used
to generate PCR products of the whole of exon 11 of BRCAL and exon
exons 10 and 11 of BRCA2 that were suitable for PTT.

Ten distinct sequence variants were identified. Five frameshifts (putative
mutations-four novel); three missense changes of unknown significance
and two polymorphisms, one seen commonly in both Iranian and British
populations.

Identification of these novel mutations suggests that any given population
should develop a mutation database for its programme of Breast Cancer
screening. The pattern of mutations seen in the BRCA genes does not
appear to differ from other population studied. Further studies should be
performed to address the prevalence of these mutations in Iranian
population.
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It is nevertheless clear that molecular methods should form part of any
population-screening program. How this is integrated with conventional
methods of clinical investigation needs open discussion.
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Gene assembling, a new approach in mutation detection techniques:
An application for BRCA genes scanning

Vahid R Yassaee"z, Ann Dalton?
1) Dept. of Molecular Biology and Biotechnology, The University of
Sheffield, Sheffield- S10 2TN, UK
2) North Trent Molecular Genetics laboratory, Sheffield Children’s

Hospital, Sheffield - S10 2TH, UK

Many disease susceptibility genes are large and consist of many exons in
which point mutations are scattered throughout. There has been an
increasing demand for a rapid and accurate method for scanning point
mutations in BRCA genes particularly.

Meta-PCR is a new method for creating chimaeric DNA molecules using a
modified PCR reaction (Wallace et al 1999) that allows maximising the
length of sequence that can be scanned by downstream technique.

Here we present data to demonstrate the assembles of exons 2, 20,23 and
24 of the BRCAl gene and their subsequently analysis by direct
sequencing,

The BRCAL1 exons 2 and 20 are hot spot regions that are known to harbour
particularly deleterious mutations. In order to avoid missing any mutation
in these two exons, the above four exons were assembled in the following
order of preferences: 23 20, 2 and 24. However, the order of fragments can
be predetermined by primer design.

We verified by direct sequencing that the order and sequence of the
component exons in the Meta-PCR products were as predicted. Meta-PCR
products from three previously ascertained heterozygotes for BRCAL
mutations were directly sequenced and gave the same sequence patterns.
Scanning each exon of BRCA1 and BRCA2 genes individually represent a
tedious task. Meta-PCR technique might circumvent this problem and is
likely to be useful for clinical molecular diagnostic laboratories, helping
them to fulfil the demand for scanning for complex genetic diseases at a
lower cost.
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Abstract
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Background: Breast cancer is the most common female malignancy and a major cause of death in
middie-aged women. So far, germline mutations in the BRCAT and BRCA2 genes in patients with
breast and/or ovarian cancer have not been identified within the Iranian population.
Methods: With the collaboration of two main centres for cancer in Iran, we obtained clinical
information, family history and peripheral blood from 83 women under the age of 45 with early-onset
breast cancer for scanning of germiine mutations in the BRCAT and BRCAZ2 genes. We
BRCA1 exons 11 and BRCA2 exone 10 and 11 by the protein truncation test, and BRCA7 exons 2,
3, 5 13 and 20 and BRCA2 exons 9, 17, 18 and 23 with the single-strand conformation
polymorphism assay on genomic DNA ampilified by polymerase chain reaction,
Results: Ten sequence variants were identified: five frameshifts (putative mutations — four novel); three
missense changes of unknown significance and two polymorphisms, one seen commonly in both
Conclusions: identification of these novel mutations suggests that any given population should
deveiop a mutstion database for its programme of breast cancer screening. The pattern of mutations
seen in the BRCA genes seems not to differ from other populations studied. Early-onset breast cancer
(lees than 45 years) and a limited family history is sufficient to justify mutation screening with a
detection rate of over 26% in this group, whereas sporadic early-onset breast cancer (detection rate
less than 59) is uniikely to be coet-effective.

Keywords: BRCA 1, BRCA2, breast cancer, iranian population, mutation detection mathods

introduction

Worldwide, breast cancer is the most common cancer
in women, excluding skin cancers [1], with a lifetime risk
of 10% in the general population [2]. In spite of earlier
detection and better treatment, largely due to recent
technological advances, it is still the second leading

cause of cancer death in women, exceeded only by lung
cancer [3]. The three commonest cancers, excluding
skin cancer, in the iranian population (temales, all ages),
are cancers of the oesophagus, breast and cervix, in
diminighing order of incidence [4]. A preliminary study
showed no significant differences in age-specific

PTT = protein tuncation test; SSCP = single-strand conformation polymorphism.

Page 1 of 8
(page number not for citation purposes)



Breast Cancer Research Vol4 No 4 Yassaee 6t al.

incidences among Iranian women with breast cancer, in
comparison with other studies [5,6].

Hereditary breast cancer is suspected in an individual who
has a family history of breast cancer, or breast and ovarian
cancer, that is consistent with autosomal dominant inheri-
tance [7]. Many efforts are now under way to reduce the
high incidence and mortality associated with breast and
ovarian cancer by the early detection of women at high
risk. These women, once identified, can be targeted for
more aggressive prevention programs. Breast cancer is
not a systemic disease at its inception but is progressive;
screening can arrest its development and the treatment of
advanced breast cancer is often futile and disfiguring [8].

In 1990, the first breast cancer susceptibility gene,
BRCA1, was localised by linkage analysis to chromosome
17q21 [9]. Miki et al. [10] isolated the BRCAT gene in
1994. Subsequently, Wooster et al. [11] identified a new
gene, BRCA2. Both BRCA1 and BRCA2 are large
genes, consisting of 24 and 27 exons, respectively. Muta-
tions in BRCA genes are distributed throughout the
coding region. Women who carry BRCA7T and BRCA2
mutations have a significantly increased chance of devel-
oping breast cancer before the age of 50 years [12-14].
Some studies indicate that 13% of women who are diag-
nosed with breast cancer under the age of 30 years, and
79 of women who are diagnosed with breast cancer
under the age of 35 years, have germline BRCAT alter-
ations [12,16}. No molecular genetics study of BRCA1
and BRCA2 germiine mutations has been reported in the
Iranian population and there are few individuals with
strong family histories that have as yet been identified. We
therefore selected women who were most likely to harbour
germline mutations in these genes.

Mutational spectrum

At present, over 878 distinct mutations, polymorphisms
and variants throughout the BRCA7 gene have been dis-
covered [16]. Over 900 distinct alterations have been
identified in BRCAZ2 [18] and, as in BRCAT, they are not
limited to a particular region of the gene. Most mutations
in both genes are private [16]. BRCA7 is considered to
be responsible for about one-half of all cases of early-
onset breast cancer and for the majority of familial breast
and ovarian cancers [8,17]. BRCA7 somatic mutations
have never been reported in sporadic breast cancer [18]
although they have occasionally been found in sporadic
ovarian cancers [19,20].

Materials and methods

Design

We performed the present study to obtain initial experi-
ence in identifying germiine mutations in the BRCA? and
BRCA2 genes in Iranian women diagnosed with early-
onset breast cancer.

With the cooperation of two main centres for cancer
research and treatment in Tehran, Iran, namely the iranian
Centre for Breast Cancer and the Cancer Institute at
Tehran University of Medical Sciences, 83 samples derived
from 82 unrelated iranian families were selected for screen-
ing of germline mutations in BRCA 1 and BRCA2.

During 3 years since 1997, the medical records of 152
women diagnosed with breast cancer at the Iranian
Centre for Breast Cancer were reviewed and 39 patients
were selected for screening. In the 12months after
December 1999, a consecutive series of 44 patients from
the Cancer Institute who were diagnosed with breast
cancer were chosen for screening. All selected patients
from these two centres were under the age of 45 years.

All selected women were informed that their DNA samples
would be analysed for known mutations in genes associated
with susceptibility to breast cancer; they were offered the
opportunity to receive the results and were asked to sign a
second consent form if they chose to leam the results.

DNA isolation and mutation analysis

Using a Promega DNA purification kit (catalogue no.
LA1620) and in accordance with the manufacturer's pro-
tocols, genomic DNA was extracted from peripheral blood
lymphocytes at the Pasteur institute in Tehran, Iran.

We analysed BRCA1 exon 11 and BRCA2 exons 10 and
11 by the protein truncation test (PTT) [21-23], and
BRCAT1 exons 2, 3, 5, 13 and 20 and BRCA2 exons 9,
17, 18 and 23 by the single-strand conformation polymor-
phism (SSCP) assay [24] and heteroduplex analysis [25]
by amplification from genomic DNA with the polymerase
chain reaction (PCR).

Although mutations are scattered throughout both BRCA7
and BRCA2, some coding regions were particularly chosen
for several reasons: first, it has been shown that they have a
significant role in protein function (exons 2-5, Ring finger
domain [26]; exon 11 and exon 20, BRCT domain) [27);
second, exons 10 and 11 cover a large segment of the
gene; third, many putative mutations have been reported in
these regions; and fourth, the coding regions listed above
have been shown in other significant studies [28-32] to be
most likely to harbour germline BRCA1 and BRCA2 muta-
tions. A comparison of data from other studies suggests
that, with this strategy, about 14% and 22% of mutations in
BRCA? and BRCA2, respectively, would be missed.
However, there are no data to indicate the presence of pop-
ulation-specific mutations in Iran; these data must therefore
be considered preliminary [28-32].

The PTT method
Most mutations reported in BRCA7 and BRCA2 cause
premature termination of translation, which is readily
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detectable by PTT; PTT is a very sensitive and efficient
tool for mutation detection [28].

Modified primers containing a T7 promoter and a perfect
Kozak consensus sequence were used to generate PCR
products of the whole of exon 11 of BRCAT and exons 10
and 11 of BRCA2 that were suitable for PTT. Each primer
pair amplified 3446 base pairs (bp) and 4959 bp for
BRCAT1 exon 11 and BRCA2 exon 11, respectively.
Regions (the 5’ and 3’ ends) of exon 11 in both genes
were screened separately to identify any potential
decrease in the sensivity of PTT resulting from the use of
such large fragments.

PCR programme

PCRs were performed with genomic DNA containing
50 ng of genomic DNA, 1 u! of each primer at 5 pmol/pl,
2 pul of a mixture of dNTPs (each at 2.5 mM), 2.6 i of
6 x PCR buffer A [300 mM Tris-SO, (pH 9.1 at 256°C),
90 mM (NH4),SO, and 5mM MgSO,] and 2.5 ul of
buffer B [300mM Tris-SO, (pH9.1 at 25°C), 90 mM
(NH4),SO, and 10mM MgSO,], 1 ul of Elongase®
Enzyme Mix (Invitrogen, Paisley, UK) in accordance with
manufacturer's recommendations, and distilled water was
added to a final volume of 28 pl. For amplification, each
sample was denatured at 94°C for 1 min and subjected to
31 cycles of PCR (84°C for 258, 56°C for 1 min, and
extension at 88°C for 4 min on an Applied Biosystems
DNA thermal cycler, Applera Europe BV, Cheshire, UK);
this was followed by incubation at 68°C for 10 min. The
PCR products were checked on a 0.7% agarose gel and
a 1 pl sample was used for a coupled transcription—trans-
lation reaction (TNT® T? Quick for PCR DNA kit from
Promega, Southampton, UK; catalogue no. L5540), in
accordance with the instructions of the manufacturer. Full-
length artificial proteing of BRCA1 and BRCA2 exon 11,
126 and 182 kDa, respectively, labelled with %S, were
detected after SDS-PAGE {33} (see Fig. 2) on a 2 x Mini-
Protean system (Bio-Rad, Hertfordshire, UK, catalogue no.
1685-3301).

The SSCP assay

BRCAT1 exons 2, 3, 5, 13 and 20, BRCA2 exons 9, 17,
18 and 23 and the 5’ and 3’ ends of exon 11 of BRCA7
and BRCA2 were analysed with the SSCP method.

PCR was performed on 50 ng of genomic DNA, 1 ul of
8 pmol/ul forward primer, 1 pl of 5 pmol/pl reverse primer,
1.8 ul of a mixture of dNTPs (each at 2.5 mM), 2 ul of
10 x PCR reaction butfer [750 mM Tris-HC! (pH 8.8 at
26°C), 200 mM (NH4),SO, and 0.1% (v/v) Tween 20],
0.7 unit of Red Hot Tag DNA polymerase, made up to a
final volume of 20 i with distiled water. For amplification,
each sample was denatured at 94°C for 2 min and sub-
jected to 28-30 cycles of PCR (at 84°C for 30 s, at
85-60°C for 1 min, and extension at 74°C for 1 min on a

Avallable online hnp:llbmast-canoer-research.comlcontentMM/Re

Perkin-Elmer-Cetus DNA thermal cycler): this was fol-
lowed by incubation at 72°C for & min. Annealing temper-
atures varied according to the melting temperature, T. , of
the primer template. "

SSCP analysis for point mutations was performed under
the following conditions: a mixture of 5 pl of a 28-cycle
PCR product and 5 pl of loading buffer was denatured for
10 min at 95°C, cooled rapidly on ice and separated on a
non-denaturing 14% polyacrylamide gel (57:1 acry-
lamide:bisacrylamide, 3-10% glycerol) in 0.5 x Tris-
borate-EDTA buffer at 12-16°C for 16-20h at 245 V.
Bands were revealed by silver staining.

Direct sequencing

All sequence variants were confirmed by using the PCR
products of each sequence variant and Big Dye dideoxy-
terminator chemistry (Perkin-Elmer) on an AB! 377 DNA
sequencer (Applied Biosystems).

Primer design

For SSCP, splice junctions were included in the analysis
in all cases. In addition, four sets of primers were used to
screen the 5’ and 3’ ends of exon 11 of BRCA? and
BRCA2. For PTT, two sets of primers were designed to
screen the whole of exon 11 of BRCAT and BRCA2.

Resuits

We have identified ten sequence variants in this cohort:
five frameshifts, four of which were novel (Figs 1 and 2),
three missense changes of unknown significance and two
polymorphisms.

A common polymorphism in BRCA2 [IVS16-14T>C) was
identified in both iranian and British populations. No
sequence variant was detected at the 5’ and 3’ ends of
exon 11 in BRCAT and BRCA2 by SSCP analysis, sug-
gesting that there was no loss of sensitivity in analysing
such large fragments by PTT.

Tables 1 and 2 describe the distribution of BRCA7 and
BRCA2 mutations respectively by the type of mutations.

Discussion

This is the first report to describe mutations in the BRCA
genes in the Iranian population. The cohort studied all had
early-onset (less than 45 years) breast cancer: a subgroup
had a family history that was quite limited (Tables 1 and 2)
in c_orfrparison with most other studies [34-37). These
prellmmary data suggest that the spectrum of mutations
identified differs little from that seen in other studies, with
no recurrent mutation and the mutations spread through-
out the genes. Five putative (frameshift) mutations were
f:letec.ted in the group as a whole (6.02% detection rate)
in which four mutations were detected among 14 individy-
als with a family history (28.6% detection rate with 95%
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Figure 1 Figure 2
a BRCA2exon 11
- l Full dength protein Truacated protein
180 v 190 200 495%p ~183kDa 4209bp ~ 154kDa
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1881bp ~69%Da
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(b)
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GAAAATCTTAAANNGNNCCYNTNTG
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Single-strand conformation polymorphism (SSCP) assay for germline
mutation in BRCA1 exon 2. Lanes 1 and 4 show normal patterns, and
lane 2 and 3 depict the abnormal patterns of single-strand DNA
mobility seen on a polyacrylamide gel (b). Frameshift mutation in
sample (lane 2) confirmed by direct sequencing (a) that shows a 2 bp
(AG) deletion in BRCAT exon 2 at nucleotides 185-186 that leads to
the formation of TGA at codon 39. (c) A frameshift mutation (lane 3)
identified by direct sequencing, which revealed a 1 bp (T) insertion in
BRCAT1 exon 2 between nucleotides 181 and 182, leading to the
formation of TGA at codon 40. These frameshift mutations are likely to
disrupt the function of the BRCAT proteins.

binomial confidence interval 0.09-0.58), whereas one
mutation was seen in a patient among 69 individuals with
early onset breast cancer but without a family history

SDS-PAGE (6% polyacrylamide)

SDS-PAGE analysis of the whole of exon 11 of BRCA2, revealing the
capacity of the PTT technique to detect mutations within 4959 bp
coding sequences in a single reaction with the use of a coupled
transcription—translation system, TNT® T7 Quick for PCR DNA kit from
Promega. Lanes 1 and 2 show the normal pattem of the full-length
(181 kDa) protein from exon 11 of BRCAZ; lanes 3~5 show three
different sizes of truncated protein, which were identified on 6% SDS-
PAGE. Arrows show the sizes and positions of the normal and
truncated proteins. Lane 4 shows a mutation occurring close to the 3’
end of exon 11 and producing a large protein for which the band
migrated close to the top of the gel.

(1.5% detection rate with 95% binomial confidence inter-
val 0-0.09) [38].

In many of the study cohort, we failed to identify a causative
mutation, regardless of the presence or absence of a family
history and these may simply be sporadic cases. However,
it is clear that the known genes cannot explain most of the
variation in breast cancer risk in the population. The difficul-
ties of identifying further genes by linkage indicate that the
remaining genes might be numerous, with relatively
common alleles conferring moderate risks. Only by identify-
ing these genes will the true pattern of risk and the mecha-
nism behind them become clear [39].

Conclusions

The detection rate in those with a family history was high,
especially when compared with other studies in which the
selection criteria for screening required a much stronger
family history. This suggests that the screening, albeit
incomplete, was well targeted. The low detection rate in
those with apparently sporadic early-onset cancer sug-
gests that early-onset cancer alone is insufficient to justify
screening in the Iranian population. If these results were
confirmed on a large cohort, molecular methods would
form a vital part of any screening programme in Iran.

GenBank accession numbers
These sequence variants have already been submitted to
GenBank: accession numbers AF274503, AF284812,
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Available online hitp://breast-cancer-research.com/content/4/4/Re

" Stop codon Screening Age at diagnosis
Ex0n ,,mc,.m,":hm, ataminosacid  Codingeffect  method Family history (years)
a2 185-186deiAG 39 (TGA) Frameshift SSCPHA 2BC,1PS 37
2 181-182ineT 40 (TGA) Frameshift SSCPHA 10V 41
1 2335-2336delAA 741 (TAA) Frameshift PTT 2 BC<40 42
20°* 12bp dup GTATTCCACTCC IVS20+48 - Polymorphism SSCP/HA 2 BC<42 27

“This patient frameshift mutation in exon 11 of BRCA2, BC, breast cancer (early-onset ages are also shown); HA, heteroduplex analysis:
OV, overian ::::: p; prostate cancer; PTT, protein truncation teet; SSCP, single-strand conformation polymorphiam assay.

Table 2

Germiine mutations in the BRCAZ2 gene

Bron  ation I.:w gsogue) Coding effect g Famiy history hoe a(‘;:eﬁ)n o
11° 6261-6262 ineGT 2040 (TAA) Frameshif PTT 2 BC <40 27

11 3079-3900 ineA 1264 (TAA) Frameshift PYT Negative 40

11 5972 C>T T1915M - Missense DS Negative 4

17' IVS16-14T>C VS16-6T>G - Ciose to spiice ste  SSCP/HA na na

18 8345A>G N2706S - Misssnse  SSCP/HA Negative 38

23 9206C>T T3018! - Missense SSCPHA Negative a1

“This patient hes aiso BRCA1-VS20+48 dup GTATTCCACTCC. 'This common polymorphism was detected in both iranian and British
popuiations. BC, breast cancer (sarly-onest ages are also shown); DS, direct sequencing; HA, heteroduplex analysis; n.a., not applicable; PTT,
protein truncation test; SSCP, single-strand conformation polymorphism assay.

AF288036, AF288937, AF288938, AF300413, AF317283, s.

AF348615, AY008850 and AYO0B851.
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