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Background: Breast cancer is the most common malignancy among Asian women including Pakistan
where recurrent mutations among certain sub-ethnic groups predisposing to breast cancer have recently
been established. Study Design: The current retrospective study involves identification of genetic and
non-genetic risk factors in 27 specific mutation positive females out of a total of 100 females diagnosed
with breast cancer, representing a sample from the Punjabi ethnic population of the city of Lahore. The
study has been carried out by telephonic communication with the mutation positive patients or their
relatives. Results: Out of the total 27% patients positive for specific BRCA mutations, 23% were
positive for BRCAL mutations and 4% for BRCA2. Among a total of 100 breast cancer patients the
BRCA1-IVS14, 1G>A mutation was identified in 5 Punjabi ethnic females with Rajput subethnicity,
BRCA1-3889delAG in 10 (8 with Mughal and 2 with Khan subethnicity), BRCA1-2080insA in 8
(Rajput subethnics) and BRCA2-3337C>T in 4 (Minhas subethnic) subjects. Two BRCAL mutations,
namely 3889delAG and 2080insA were found to coexist in only one study case (with Mughal
subethnicity). All the mutation positive breast cancers had unilateral ductal carcinoma. Of the 23 cases
positive for screened BRCAL mutations, 17 were diagnosed for breast cancer at a relatively early age
(age<40) and 6 were diagnosed at late age (age>41) whereas all cases positive for single BRCA2
mutation under consideration were diagnosed at late age. Furthermore, 24 of 27 patients with specific
BRCA mutations had a positive family history of breast cancer. Conclusion: The high prevalence of the
screened BRCA mutations in certain Punjabi sub-ethnicities indicates the importance of counseling. It is
suggested that consanguinity may be a risk factor for recurrent population specific mutations. Hormonal
factors including use of oral contraceptives, polycystic ovaries, central obesity, nulliparity, late age at
first pregnancy, lack of breast feeding and activity as well as dietary factors like active or passive
smoking seem to have little role in study population. Dietary factors like active or passive smoking
were less likely risk factors than dietary deficiency of vitamins, especially in low income group.

Anxiety and exposure to traffic pollution were additional risk factors.
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INTRODUCTION

In Pakistan and India in multiple families certain
BRCAl mutations were detected including:
1850elAG, " 4184delTCAA > 4284delAG,
3889delAG, IVS14-1G>A , and 2080insA, and a
BRCA2 mutation 3337 C>T*. According to a Pakistani
study that involved screening of exons 2, 11, 12, 15
(IVS14) and 20 of BRCAL and exons 10, 11 and 22 of
BRCA2, five BRCALl mutations and one BRCAZ2
mutation was detected as candidate founder mutations
including the last 6 mutations mentioned above.* Their
distribution was specific to geographically and
genetically distinct ethnic groups in Pakistan.*
According to an estimate this screening detected 70—
80% of all germline mutations in these 2 genes. Three of
these mutations are located on chromosome 11,
including 2080insA, 3889delAG and 3337C>T. These
mutations are predominant founder mutations in
Pakistani population. 3337C>T mutation in BRCA2
gene, has also been described in families from southern
China and Hong Kong—separate origins of the same

mutation are more likely than ancestral link.>® Breast
cancer is also the most common cancer in women in
Pakistan, followed by cancer of the oral cavity and the
ovary.” Pakistan has one of the highest rates of breast
cancer in Asia, and a high proportion of cases occur
below the age 40 years.”® Pakistani population is one of
the highest incidence population with the BRCA
mutation prevalence of 6.7% among breast cancer
patients and 15.8% among ovarian cancer patients,
which was one of the highest recorded outside of the
Ashkenazi Jewish population.’

A study on Pakistani female population
selected for family history and age from the city of
Lahore consisting of 176 affected individuals from
families with breast or ovarian cancer. The study
revealed 30/176 (17%) mutations, out of which 23/30
(76.6%) were detected in BRCAL and 7/30 (23.3%) in
BRCAZ2. Median age at diagnosis of breast cancer was
31 years and 29 years respectively in presence and
absence of BRCA1 mutations,” with no significant
difference in the two ages.
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The major (non-genetic) risk factors for breast
and ovarian cancer are hormonal and dietary factors.
Pakistani women, however, are less likely to these risk
factors, due to cultural trends like early age at first
pregnancy, multiple child births and prolonged breast-
feeding. In addition, there is less preference for use of
oral contraceptives and consumption of tobacco or
alcohol.”®™ Diet poor in fruits and vegetables (vitamins)
is a possible risk factor.™

Another major risk factor associated with
breast cancer is consanguinity. Consanguineous
marriage is practiced in much of the Muslim world
including North and Sub-Saharan Africa, the Middle
East, the West, and South Asia, and by migrants from
these regions. Approximately 40% of the Pakistani

population has practiced consanguinity for nearly 300
years.”

MATERIAL AND METHODS

Allele specific PCR technique was used to amplify
extracted DNA from peripheral blood of 100 Punjabi
patients suffering from breast cancer. The primer sets
were based on normal and mutant sequences for BRCA1
and BRCA2 genes and were synthesized by Invitrogen;
Genelink, New York, USA. A detail of life style, sub-
ethnicity, dietary and hormonal factors was obtained
from the positive cases only by telephonic
communication.

RESULTS
Table 3.1: Association of individual BRCA1 and BRCA2 mutations, with genetic and non-genetic factors.
Gene involved BRCAl BRCA1 BRCAl BRCA1 BRCA2
Mutation name IVS14, 1G>A 3889delAG 2080insA Both 3889delAG and 3337C>T
2080insA

BRCA ratio (%) 5/27 10/27 8/27 1/27 4/27
(18.5%) (37%) (30%) (4%) (15%)

Mean Age of onset 33 years 40 years 44 years 50 years 53 years

No. (Stage 1/2/3/4) 5(3) 8(3) 5(2) 1(4) 4(3)

2(4) 3(3)

Histology

Ductal: Lobular 5:0 10:0 8:0 1.0 4.0

Axillary: Cervical lymph node 5.0 10:10 8:0 1:1 4.0

Ethnicity: Punjabi Punjabi Punjabi Punjabi Punjabi

No. (Specify sub-ethnicity) 5 (Rajput) 8 (Mughal) 8 (Rajput) 1 (Mughal) 4 (Minhas)

2 (Khan baradri)

Parity: 8 3 5 10 8

(nullipara/multipara) (multi-parous) (multi-parous) (multi-parous) (multi-parous) (multi-parous)

Age at 1% pregnancy 16 yrs 29 yrs 16 yrs 17 yrs 16 yrs

Gene involved BRCAl BRCAl BRCA1 BRCA1 BRCA2

Mutation name IVS14, 1G>A 3889del AG 2080insA Both 3889del AG 3337C>T

and 2080insA

Breast feeding (1.25): (0.25-2): 2): (1-1.25): (2-2.5):

(Max=2 yrs) (2) years (2) years (2) years (2) years (2) years

Life style:

Active 5:0 10:0 8:0 1:0 4:0

Sedentary 0/5 0/10 0/8 0/1 0/4

(central obesity) (0%) (0%) (0%) (0%) (0%)

Family history of breast cancer

Ratio (%) 0/5 (0%) 8/10 (80%) 6/8 (75%) 0/1 (0%) 0/4 (0%)

Family history of any other 0/5 (0%) Lung cancer 0/8 (0%) Cancer 0/4 (0%)

cancer (father) Neck and Axilla (son)

Ratio (%) 2/10 (20%) 1/1 (100%)

Diet : use of pan/hugga/naswar 0/5 (0%) 0/10 (0%) 0/8 (0%) 0/1 (0%) 0/4 (0%)

Ratio (%)

Smoking: Active/Passive (A:P) 0:0 0:3 0:0 0:0 0:1

Intake of fruits/salad: 0/5 (0%) 5/10 (50%) 8/8 (100%) 0/1 (0%) 0/4 (0%)

Consanguinity: 5/5 10/10 8/8 171 4/4
(100%) (100%) (100%) (100%) (100%)

52

http://lwww.pps.org.pk/PJP/5-1/Malik.pdf




Pak J Physiol 2009;5(1)

DISCUSSION

The present study provides prevalence of three
population specific BRCA1 mutations and one
BRCAZ2 mutation in association with breast cancer in
100 females from the city of Lahore, representative
of the Punjab province of Pakistan. Rates generated
by the cancer registries of different countries vary,
particularly with respect to methods, quality and
reporting of cancer incidence data.”

The prevalence figure of the present study
(27%) is close to European population (Spanish
families) touching 26.3% in the year 2003. Current
study shows significantly high prevalence of BRCA1
mutations (23%) as compared to BRCA2 mutations
(4% only). In the rest of population (73%), there may
be some unknown mutations or factors responsible
for breast cancer. This BRCA1/BRCAZ ratio is not in
line with the study on another European population
of Italy where there is low mutation prevalence but a
significantly high association with BRCA2 mutations
as compared to BRCA1 mutations in hereditary
breast cancer families.'®

The prevalence report from the present study
in Pakistani (Punjabi) females with breast cancer,
unselected for family history is close to an Indian
study. In India, the prevalence figures were 6 out of
24.i.e, 25% in 2004."® The two reports were in line
but the sample size was small in Indian study and the
study included only familial cases (with positive
family history) of breast cancer, so the prevalence is
not comparable.

According to a study in 2006 on BRCAL
and BRCA2 mutations in breast and /or ovarian
cancer patients (selected for family history) reported
from Pakistani population, the prevalence was only
17%.° The results of this study are not in line with it
due to difference in inclusion criteria as that study
included only familial cases.

Another Pakistani study was conducted on
unselected Pakistani breast and ovarian cancer
patients in 2002. It involved more than 33% Mohagir
subjects (immigrants from India) and reported further
low prevalence of 6.7%," as compared with the
current study. The significantly increased prevalence
in the current study may be due to the study
population that included no Mohajir subethnicity,
known for low prevalence.***’

Two of the four founder mutations
(mutations that are recurrent in a population)
identified in the study (2080insA and IVS14-1G>A)
were unique to Pakistan.* The other two mutations
(3889delAG and 3337C>T) were also reported in the
populations of Dutch and Chinese respectively along
with Pakistani population.*® All the subjects in the
present study were Punjabi, based in the Pakistani

city of Lahore which along with the city of Karachi
has a high reported prevalence of breast cancer (1/3
of all malignant tumours of female patients).*® More
than half of the subjects (15/27) in the current study
had mutations previously reported in Punjabi (people
belonging to the Punjab Province of Pakistan)’
population, i.e., (3889delAG in 10 and 1VS14, 1G>A
in 5 subjects). Although 8 cases among the 100
included in the study consisting of Punjabis (people
belonging to the most populated province of Punjab)
were found positive for a previously reported*
Pashtun (people belonging to North West Frontier
Province of Pakistan) ethnic mutation (2080insA).
This appearance of a known Pashtun mutation in
Punjabi subjects might be due to common ancestral
roots with Pashtun ethnicity, though no such data was
known to the subjects and their relatives. The present
study provides the first report of 2080insA mutation
in Punjabi population.

The present study revealed a rare finding, i.e.,
simultaneous occurrence of two founder mutations
(2080insA and 3889delAG) in the same individual case.
This co-existence of the two mutations may be the
result of a cross marriage between Punjabi and Pashtun
carriers in the pedigree, although no such history was
known. The patient was regarded as the proband (first
appearance of cancer in the family) with no family
history of breast cancer but consanguinity and 1* cousin
marriage in parents were predominant features.'? This
finding also suggests the importance of counselling
regarding family planning in the heterozygous mutant
and mutation screening in her family. It was suggested
that identification of cases with more than one mutation
would increase our understanding between various
mutations and would focus on genetic counseling.”® The
carrier of coexistent mutation was grand multiparous
(parity=10). In a Canadian study multiparity appeared
to have a protective role in BRCALl mutants, but
increased risk in BRCA2 mutants.?® The present study
contrarily revealed an association of multiparity with
BRCA1 coexistent mutations (2080insA and
3889delAG) and with another BRCAL mutation
(IVS14, 1G>A) screened in this study. The BRCA2
mutation included in the present study was also
associated with multiparity, although the number of
BRCAZ2 carriers was small. Another study revealed that
there was no statistically significant difference in breast
cancer risk between parous (women who has born
children) and nulliparous (women who has not born
children) women but there was a 14% decreased risk
for each additional birth in both carriers of BRCAL and
BRCA2 (in age above 40).*' This association of
multiparity is also not in line with another study that
associates parity with lower risk of breast cancer in
BRCAL1/2 mutation mutants.?? The age at first
pregnancy was 17 years in this unusual carrier of 2
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mutations. Another study supports that having an early
first child does not confer protection against breast
cancer in BRCA mutation carriers.”®

There was a report of early onset cancer neck
and axilla in one of the male outcomes of the carrier
with coexistent BRCAL1 mutations, resulting into
adverse prognosis and death. It was reported in a
previous study on Pakistani population that males
belonging to BRCAZ2 positive families developed
cancer in neck and breast,” but the current study
provides the first report of cancer neck and axilla in a
male outcome of a mother with two co-existent BRCA1
mutations. In the current study population we found no
association with history of male breast cancer in family
of either BRCAL or BRCA2 mutation carriers. Another
study on lIsraeli men shows strong association of
BRCA2 mutations with male breast cancer. Ratio of
BRCAL to BRCA2 mutations was 8:21%* in presence of
male breast cancer.

Generally early age at onset is attributed to
BRCA mutations.?® According to the present study,
only BRCA1 mutations were associated with early
onset of breast cancer at mean age of 39 years. In
another study on Pakistani population [9], the median
age of onset of breast cancer was 31 years, with
BRCA1 mutation. This difference may be due to
selection criteria, i.e., 48% of study cases belonged to
families with 1 female breast cancer diagnosed at age
< 30 years. Furthermore more than 50% breast cancer
cases from BRCA1/2-associated families were
affected by age 40 and 90% by age 50. In the present
study, the BRCAL-mutation-positive breast cancer
case subjects had cancer diagnosed, on average, 14
years earlier than did the BRCA2-mutation-positive
case subjects (at ages 39 years and 53 years,
respectively). In another Pakistani study this
difference was seen but the figure was 10 instead of
14, i.e., at ages 36.8 (for BRCAL) and 46.4 years (for
BRCAZ2).* This age incidence is quite in line with the
present study (39 years with BRCAL and 53 years
with BRCA2), may be due to similar selection
criteria (subjects unselected for age and family
history).

In case of individual mutations of BRCA1/2,
there was no difference in histopathology. All the
mutation carriers belonged to ductal histopathology.
Collectively 93% of the breast cancer cases, both
mutants (with BRCA1/2 mutation) and non-mutants
belonged to the same histopathology. The remaining
7% cases belonged to Lobular histopathology and fall
in non-carrier group. This high prevalence of ductal
variety in heterozygous mutants as well as non-
mutants is in line with another study that declares that
ductal carcinoma is found in 60% of breast
malignancies observed in clinical practice.?® This
increased expression of BRCA1l with ductal

carcinoma was found in majority (84%) of cases in
another study on pathogenesis of breast cancer.?’
Association of ductal carcinoma with BRCAL
mutations is also seen in another study.?® Comparing
BRCAL1 related breast cancer in the present study
with, BRCAL related prostate cancer in Ashkenazi
Israelis, no difference was noted among histo-
pathologic features of cases with or without founder
mutations but no difference was found in mean age at
diagnosis as well.® According to a study in USA,
ductal carcinoma in situ (carcinoma that has not
crossed the basement membrane) was considered a
part of breast and ovarian cancer syndromes defined
by BRCA1 and BRCA2 mutations.*

In current study, late onset (age>41) as well
as grade 2 breast cancer was significantly related to
absence of the investigated BRCAL/BRCA2/BRCA
mutations. This association with age of onset is
indirectly supported by another study that shows
significant association of early onset of breast cancer
with biologically more severe disease.® The
association with absence/presence of mutation is
directly supported by Breast Cancer Linkage
Consortium (1997), that states that the histology of
breast cancer in women predisposed by reason of
carrying BRCAL/2 mutations in comparison with
sporadic cases (cases without mutation) of breast
cancer usually exhibit adverse histopathology
picture. 33

It may have implications for screening and
management. A significant number of grade 2
patients had unilateral cancer, which is considered as
less aggressive than bilateral cancer. In the present
study, axillary node involvement was a common
feature in young as well as elderly carriers of
BRCAL/2 mutations without an association with
disease adversity (grade/stage). Contrarily, another
study shows an association of node negative, early
stage breast cancer, in young women with more
aggressive pathogenesis [35]. In yet another study
there is an association of lymph node negative status
in young women with worse prognosis.®

The present study indicates that family
history is not a significant predisposing factor in
mutants or non-mutants of BRCA mutations. This is
in contrast with another study that shows that among
the breast cancer cases, there was a significant
association with family history of breast cancer in
absence of BRCA1/2 mutations, as compared to the
healthy controls.*’

In this study, as compared to BRCAL
carriers, 1* child birth before age 20 years (average
age of 16 years) was associated with higher risk of
breast cancer in BRCA2 mutants as compared with
BRCA1 mutants. This association is contrary to
another study?* that supports the association of early
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(before age of 20 years) 1% child birth with high risk
of breast cancer in BRCAL carriers as compared with
BRCA2 mutation carriers.

Among unilateral and bilateral cases of
breast cancer, there was a significant relation
between unilateral cases and ductal type of breast
cancer. This is indirectly supported by another study
that associates bilateral cancer more with multi-
centric disease (lobular histopathology with many
foci in both breasts) in comparison with unilateral.*®

In current study there was a significant
relation between left unilateral breast cancer and
positive family history. So far no correlation of right
or left side involvement is established with the family
history. In another study bilateral cancer is associated
with family history.*® According to two other studies
breast cancer in a female first degree relative has
been considered a strong risk factor for bilateral
cancers.®**° In this study on 100 patients unselected
for family history, 85% patients gave positive family
history of breast cancer in 1-3 first degree relatives
and 15% were with negative family history. Our
figures were far from the interpretation by the
Collaborative Group on Hormonal Factors in Breast
Cancer published in Lancet in 2001 which gave a
value of 88.8% (8 out of 9) that represents breast
cancer patients with negative family history.*!

In some of the BRCA1/2 mutations
(3889delAG and 3337C>T) an associated risk factor
was passive smoking. In the commonest mutation of
the study (3889delAG), family history of lung cancer
was also associated with the risk of passive smoking.
Another study indicates that smoking is a risk factor
for breast cancer before age 50 in BRCAL/2 mutation
carriers.”? In the present study the age of onset of
BRCA1 and BRCA2 mutation in presence of this risk
factor was 40 years and 53 years respectively, both
these age groups are in line with that study. Studies
with thorough exposure of passive smoking indicate
passive and active smoking as risk factors for pre
menopausal breast cancer [43]. Women by age 50
years were at greatest risk of breast cancer in
association with both passive and active smoking
according to a German study.** Diet poor in fruits and
vegetables was a risk factor in 10/27 mutants with
BRCA1/2 mutations. Another study supports that
vegetables reduce the breast cancer risk.”® According
to American Institute for Cancer research, diet rich in
vegetables and fruits reduces the risk of breast
cancer.®® All the mutant cases with BRCA1/2
mutations in the study had active life style and no
central obesity so these two risk factors were not
contributory towards development of breast cancer
but still levels of physical activity were inadequate to
meet recommendations for prevention of chronic
diseases according to another study.®” Exposure to

traffic pollution was reported by 18/27 mutants,
especially by BRCA2 mutation carriers (4/4) and two
co-existent BRCA1 mutations carrier. According to a
study on exposure to traffic emissions throughout life
and breast cancer risk, high exposure at menarche is
associated with pre-menopausal breast cancer and
high exposure at the time of woman’s first birth for
postmenopausal breast cancer.*® In the present study
100% history of exposure was provided by women
with average age 53 (those with BRCA2 mutation)
and 50years (woman with two BRCA1 mutations).
There was no association in the present study with
polycystic ovary syndrome or use of oral
contraceptive pills with the risk of breast cancer,
though these are regarded as important risk
factors.***® History of anxiety was present in 15/27
heterozygous mutants of BRCAL1 mutations but was
absent in those of BRCA2 mutations. Stress was
reported as a negative prognostic factor in breast
cancer cases and its associated increase in
Monoamine oxidase (MAO) activity of platelets was
considered a risk factor for survival with breast
cancer in an ltalian study.>® Another study shows
increased MAO activity levels in parents and their
proband children in association with greater rates of
‘high MAO related” disorders.*

The study concludes that genetic and non-
genetic factors have a significant association with
breast cancer incidence in population of Punjab
(Pakistan). Punjabi females with early onset of breast
cancer around 39 years of age are more likely to have
a population specific BRCA 1 mutation. Punjabi
females with late onset (around 53 years) are more
likely to have a population specific BRCA2 mutation.
Females with family history of breast cancer are
more at risk of developing left unilateral breast
cancer. Unilateral breast cancer women are likely to
have ductal histopathology and are likely to be
diagnosed in grade 2. Elderly females with grade 2
are less likely to be the carriers of BRCA mutation.
Association between consanguinity, first cousin
marriage of parents and breast cancer risk suggests
that recessive genes may play a role in the etiology of
breast cancer. Coexistence of two BRCAL mutations
is a single proband is an outcome of dominance of
familial recessive genes. Coexistent mutations of
BRCAL genes are also a risk factor for cancer of
neck and axilla in the male members of the families.
Grand multiparity (even with 1% pregnancy at an
early age) is an identified risk factor for coexistent
BRCA1 mutations in postmenopausal women
(around age 50).

This research provides the data for female
population of Punjab (Pakistan) with breast cancer.
Population specific BRCAL1 and BRCA2 mutation
screening around their respective risk ages may
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prevent breast cancer by available prophylactic
choices. The female family members of the mutants
from high risk population may have aggressive
screening (genetic and radiological etc) for early
detection. Counseling regarding number of child
births and consanguineous marriages should be made
available at mass level. Self breast examination
should be promoted. A broader study can be designed

including  different

provincial populations to

represent the overall prevalence in Pakistan. A study
for significant comparison of genetic and non-genetic
risk factors can be designed. For more elaborative
data, DNA sequencing can be carried out.
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