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ABSTRACT

Breast cancer susceptibility gene, type 1 (BRCAl) has been thought to be responsible for about 45% of
families with multiple breast carcinoma cases and for more than 80% of hereditary breast and ovarian
cancer (HBOC) families. About 61-75% of the reported distinct alterations that result in truncated protein
products have been found in exon 11 which comprises 61% (3427bp) of the coding sequence of BRCA1
(5592bp). Protein truncation test (PTT) has become a popular method as an efficient means of screening
mutations in a coding sequence that lead to a truncated protein product. In this study, 34 early-onset
and/or familial breast cancer (FBC) patients were investigated. Twenty-six patients are early-onset B(O)C
cases (diagnosed 540 years old), 14 of which have familiarity of the disease. Among the 8 patients that
have been diagnosed above 40 years old, 7 have familial clustering. Through radioactive PTT analysis of
the 34 BC cases in a 5-20% denaturing gradient polyacrylarnicle gel, we found only one mutation in exon
11 having a 29.7 kDa truncated protein product. Our results corroborate the findings of a recently
reported study of unselected incident breast cancer cases in the Philippines where the prevalence of
BRCA1 mutation is also low. This would, however, be the second documented mutation in BRCA1 exon
1 1 in a Filipino BC patient since 1998.

INTRODUCTION complex pattern of alternative splicing has been
reported. Furthermore, it is expressed in numerous

Cancer is the third leading cause of morbidity and tissues like the breast, ovary, testis, spleen, kidney,
mortality in the Philippines, with communicable and brain cortex, colon, lymph node, lung, heart, esophagus,
cardiovascular diseases being first and second, small intestine, pancreas, liver, thyroid, and thymus
respectively. It is a major problem worldwide showing a (Thakur et al., 1 997-1 Xu et al., 1997-1 Scholl et al., 1999).
37% increase in number of cases from 1975 to 1990.
Breast cancer (BC) ranks second as the leading The corresponding protein (Brcal), composed of 1863
malignancy among Filipino patients as reported by the amino acids, has a molecular weight of 220 kDa
Manila and Rizal registries even if almost all cases occur (Thomas et al., 1996). It is a tumor suppressor that
in women. The 1980-1995 mean age-standardized seems to be consistently associated with two functions.
incidence of breast cancer (-44 in 100,000 for women (a) a role in DNA recombination and/or repair and (b) a
and -0.7 in 100,000 for men) is the highest in Asia role in transcriptional regulation. By corroborating the
(Ngelangel et al., 1997, Parkin et al, 2001, NBCC, 1998-1 results of several studies, Brcal is noted to be involved
Parkin, 1998-1 Prehn et al., 1999). Approximately 1 out in different interactions but manifest similar functions as
of 5 cases of breast cancer is regarded as familial. stated. Moreover, role in DNA recombination and/or
About 50% of which seem to be inherited as an repair and a role in transcriptional regulation need not be
autosomal dominant trait (Lynch et al., 1 984, Scheuner, mutually exclusive. Brcal could execute both functions
1997). independently, or it could have a signal transduction

function that links DNA repair to transcriptional
Linkage studies suggest that mutations in breast cancer regulation (Tavtigian, 2000-1 Scully et al., 1997, Haile &
susceptibility genes (BRCA1, BRCA2, and BRCA3) are Parvin, 1999: Shen et al., 1998-1 Ouchi et al., 1998).
responsible for -80% of families containing multiple
cases of early-onset breast cancer and are associated More than 1200 sequence variations at the germline
with increased risk of cancers at other sites including the level have been reported (BIC, 2002). Such germline
ovary, prostate, and pancreas (Easton et al., 1993, mutations dispersed throughout the coding sequence of
Wooster et al., 1994-1 Gayther & Ponder, 1997). BRCAI predispose to B(O)C. An estimated 45% of

families with multiple breast cancer cases and more
Located at 17q21 (Hall et al., 1 990) and isolated by Miki than 80% of B(O)C families are linked to BRCA1 (Sorlie
et al. (1994), BReast CAncer susceptibility gene, type 1 et al., 1998; De Benedetti et a/., 1998). Although a
(BRCAl) which is also called hereditary breast and majority of these variations are unique, recurrent
ovarian cancer gene is a large gene of 22 coding exons mutations such as 185delAG and 5382insC initially
spanning more than 70 kb of genomic DNA (Smith et al., described in the Ashkenazi Jewish population are
1996). Exon 1 1 corresponds to 61 % of the total coding observed (Theodor et al., 1998). More than 75% of the
sequence of 5592 nucleotides (Miki et al., 1994). sequence variants lead to a truncated protein
Moreover, the BRCA1 mRNA has a size of 7.8 kb and a (Hogervorst et al., 1995). Contrastingly, majority of
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missense mutations have unknown clinical significance, et al., 1998). Another study screened exons 11, 15, 22,
except those in the RING finger region. In BRCAI and 24 and very recently reported 3 mutations in exons
families, an excess of breast, ovarian, and prostate 15 (Q1538X), 22 (5454deIC), and 24 (R1835X) with a
cancers are seen. All mutations combined, penetrance total estimated prevalence of 1.0% in 294 unselected
at age 70 years works out at 56% to 87% in the case of incident Filipino breast cancer patients from Manila.
breast cancer, and 16% to 63% in that of ovarian cancer (Matsuda et al., 2002). Both studies utilized PTT at exon
(Birnbaum et a/., 2000). 11.

Cancer predisposing genes commonly exhibit mutations This study aimed to determine the presence of truncated
that result to truncated protein products. Approximately mutations at exon 11 of BRCA1 in early-onset and
seventy-one percent (71%) of mismatch repair genes familial Filipino breast cancer patients.
associated with hereditary non-polyposis colorectal
cancer (Liu et al., 1996) and almost all (95%) of APC
gene mutations predisposing to familial adenomatous MATERIALS AND METHODS
polyposis (van der Luijt et al., 1994) are translation-
terminating mutations. Similarly, eighty-six percent Experimental Design
(86%) of detected BRCA1 mutations (Shattuck-Eidens Genetic predisposition to breast cancer in Filipino breast
et a/., 1995) as well as 20 of the first 21 (95%) reported cancer patients utilizing the BRCA1 mutations that have
BRCA2 mutations (Wooster et a/., 1995-1 Tavtigian et al.. been detected, require employment of a case series
1996-1 Phelan et al., 1996) generate a truncated protein. type of experimental design (Sanchez, Baltazar, &
Other recent detected mutations described in the BIC Agbayani, 1990). The case series in this study can be
online database strengthen this contention (BIC, 2002). used as starting point for identifying type of prognosis for

a BRCA1-mutation�') breast cancer patient. Both new
Protein truncation test (PTT), also referred as the in vitro patients and previously admitted cases were included in
synthesized protein assay (IVSP), exploits the principle this study provided that records of the old cases were
of in vitro protein synthesis. PTT has been utilized in at complete. Exclusion criterion to pre-screen for sample
least 40 studies to screen a portion or the entire BRCA1 collection in breast cancer patients was having no
and/or BRCA2 coding sequences. The general strategy relative with B(O)C. Conversely, inclusion criteria
utilized in these studies entails cDNA to be used as PCR comprise at least one of the following: (a) early-onset
template for the 22 smaller exons containing 39% of the breast cancer patients (i.e.. <40 years old at disease
coding sequence, while the 3427 bp of exon 1 1 which diagnosis), (b) breast cancer patients with ovarian
comprise 61 % of the coding sequence (Miki et al., 1994) cancer, (c) breast cancer patients who have first-degree
are amplified from genomic DNA- relatives diagnosed with B(O)C, (d) bilateral breast

cancer patients, (e) breast cancer patients experiencing
Hogervorst et al. (1995) has given the first recorded occurrence of additional/second cancer diagnosis, or (f)
account involving the utilization of PTT in analyzing male breast cancer patient (Scheuner, 1997).
BRCA1 mutations, particularly exon 11, in 45 patients
from B(O)C families in The Netherlands. Six novel Screening Strategy
mutations (13%) are detected from such study which BRCAI is a large gene, composed of 22 coding exons
include two single nucleotide insertions, three small which generate a protein of 1,863 amino acids. PTT was
deletions (1-5 bp), and a nonsense mutation present in performed on exon 1 1 which encodes 61 % of the entire
two unrelated families. Aberrantly spliced products gene and contains about 75% of the truncating
affecting exons 5 and 6 are also detected. This was mutations detected in BRCA1 (BIC, 2002). Genomic
followed by the study of De Benedetti et al. (1 996) which DNA (gDNA) is the template utilized in this study. Exon
also dealt with exon 1 1 of 70 Italian B(O)C patients. 1 1 (codons 224 to 1 366) was obtained in the form of in
BRCA1 mutations were identified in 9 of 29 patients vitro transcription/translation product.
(31%) with a family history of cancer and in 3 of 41
women (7%) with early-onset breast carcinomas. Patient Material
Observed frequencies of mutations are not significantly Linkages to different hospitals generally in Metro Manila
different from those expected on the basis of phenotypic were established by sending letters with a suggested
characteristics of patients and families. indicating that protocol to the respective directors indicating the need
PTT is a rapid and sensitive method for BRCAI for thorough research on BRCA1 in Filipino breast
mutational screening. Histological findings in BRCA1 cancer patients. Once a response was received from
mutated cases show that 8 of 9 (89%) breast these hospitals, a seminar for medical practitioners
carcinomas were grade III and 9 of 9 (100%) ovarian and/or a meeting with the doctors involved in the study
carcinomas are of the endometroid type (8 of grade III were conducted. Locating and screening prospective
and 1 of grade 11) suggesting that specific histological patients varied from hospital to hospital depending on
characteristics may represent additional criteria for the conditions allowed by the administrators of the
selection of cases eligible to BRCAI mutational corresponding hospitals. Co-ordination with the
analysis. collaborating patient involved a letter of informed

consent with an explanation of the main goals of this
Few mutations have been identified in the BRCA1 gene research allowing us to: (a) have a one-on-one interview
of Filipino BC patients. The first is in the case-study of a of the patient to answer the questionnaire and (b) collect
Filipino breast cancer patient in Henry For Hospital, blood samples from the patient by a medical
Michigan, U.S.A. which revealed a point mutation in technologist or nurse of the hospital through a
exon 1 1 at nucleotide 21 78 resulting in a C-->T transition vacutainer having EDTA as anticoagulant (Hogervorst et
(2178C[T) that caused stop codon at aa687 (Worsham al., 1995, Garvin, 1998)
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Template Preparation products were electrophoretically (0.7% agarose)
Genomic DNA was isolated from whole blood using evaluated based on purity and expected molecular
salting-out method as described elsewhere with minor weight (3460bp).
modifications (Miller, Dykes, & Polesky, 1988: Helms,
1998, Hogervorst, 1995, Garvin, 1998). Purity and Protein Truncation Test
concentration of gDNA and were determined PCR products were transcribed into BRCA1 mRNA and
spectrophotometrically (Bio-Rad SmartSpec 3000) and translated into protein simultaneously using down-scaled
electrophoretically (Mupid 0.7% agarose gel TNT� Quick Coupled Transcription Translation System
electrophoresis and Hoefer UV Transilluminator). (Promega Ll 170: Technical Manual 045). Redivu e 35S_

methionine from Amersham Biosciences, T7 TNV" PCR
Polymerase Chain Reaction Enhancer, and Nuclease-free H20 were mixed with
Two poJymerase chain reaction (PCR) primers were TNV� Quick Master Mix from Promega. To these four
utilized in this study. Lyophilized primers were components, PCR product was added and incubated at
resuspended in 1X TE (10mM Tris-HCI, pH 7.51 1.0 mM 30'C for 90min. Genomic DNA of BRCA1 mutation
EDTA, pH 8.0) to obtain 40 �LM working solution. controls obtained from various scientists abroad served
Forward PCR primer (GGA TCC TAA TAC GAC TCA as positive controls (Garvin, 1998- Jakubowska et al.,
CTA TAG GGA GAC CAC CAT GGC TTG TGA ATT 2001). Mutation controls from Australia, Poland, and
TTC TGA GAC) designated as EX11F PTT was 57 bp Switzerland were given by Dr. Angela Sharp, Dr. Anna
long containing GC-loop, T7 polymerase/Kozak Jakubowska, and Dr. Alex M. Garvin, respectively. Most
consensus sequence JAA TAC GAC TCA CTA TAG of the controls for exon I I that were received from them
GGA GAC CAC CAT G), and 5' nucleotides 792-811 were used in this study (Table 1). Resulting translation
based on GenBank accession number U14680. Reverse products were fractionated using standard procedures of
PCR primer (TAA GTT TGA ATC CAT GCT TTG C) SDS-PAGE using the Bio-Rad DCode Universal
designated as EX11R PTT was 22 bp long containing Mutation Detection System in a 20cm x 20cm fixed
exon 11 3' nucleoticles 4214-4193 (Ottini et al., 2000: (14%) or Bio-Rad Model 473 Gradient Delivery System-
Garvin, 1998). Final volume for each of the PCR casted gradient (5-20%) acrylamicle gel. Benchmark
reactions was 20 �il having -100 ng of template and 200 Protein Ladder (Invitrogen) was used to estimate
nM primer. A mixture of forty (40) parts Taq polymerase apparent molecular weights of the translation products.
and one (1) part proofreader Pwo polymerase was Marker portion of the gels were stained with 0.1%
prepared. An aliquot of 1U (0.976U:0.024U) from this Coomassie Brilliant Blue R250 in 7% acetic acid. Gels
mixture was added to 2 mM M9CI2 for each of the were placed in a plastic box and covered with fixing
amplification reactions. Touchdown PCR was performed solution (50% methanol, 10% acetic acid) for 30 min,
in the Eppendorf Mastercycler Gradient 5331 after drained then followed by soaking solution (7% acetic
series of optimizations. Initial denaturation was acid, 7% methanol, 1% glycerol) for 5 rnin. Gels were
performed at 941C for 2min followed by 36 cycles at finally dried for 40min at 80'C using Bio-Rad Model 583
94'C for 30s, 651C for 30s, 680C for 2min having 1 IC and Hydrotech Gel Drying System set at drying cycle for
annealing temperature reduction for the first I I cycles gradient gels. Autoradiography was performed by
until 55'C has been attained and carried out for the exposing the gel in Kodak Biomax MR-1 film for 10-16 h.
succeeding 25 cycles. This was followed by 14 The film was developed using automated Kodak
additional cycles at 940C for 30 s, 50'C for 30 s, 681C Developing System (Promega Corporation, 1999).
for 2 min and final elongation at 721C for 10min. PCR

Table 1. BRCA I Exon II Mutation Controls from Different Countries.

Codon Base Change AA Change Est. MW of Truncated Code, if from Origin
Designation Protein Product (kDa) Mutant Cell Line

225 794delT delT Stop233 0.41 Poland
327 1 100delAT delAT Stop 329 11.85 Australia
392 1294del40 deI40 Stop 397 11.93 Australia
672 2135delA delA 50.07 GM13709 Switzerland

2163insT insT 51.11 Poland
720 2279insA �nsA 55.41 GM13712 Smtzerland

2798del4 delGAAA Stop 999 74.63 Australia
956 2985del5 deITCTCA Stop 968 81.56 Poland

exl 1.15del5 del5 Poland
1111 3450de�4 delCAAG Slopl 1 15 98.78 Australia
1234 3819del5 delGTAAA Stop 1242 112.44 Poland
1250 E125OX G to T Glu to Stop 114 22 GM13713 Switzerland
1252 3875del4 delGTCT Stop 1262 114.52 Australia
1252 3875del4 deIGTCT Stop 1262 114.52 GM13705 Switzerland
1345 4153delA delA Stop 1365 124.82 Poland
1355 4184del4 deITCAA Stop 1364 125 96 Australia

Almost all of the controls have frameshift mutations excewtforE1250X which is a nonsense mutation Exl 1 1 5del5characteristics is unknown
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RESULTS early-onset B(O)C cases (diagnosed <40 years old), 14
(41.2%, 53.8% of early-onset cases) of which have

Screening of Prospective High-Risk Individuals familiarity of the disease. Among the patients that have
Thirty-six (36) BRCA1 mutation high-risk individuals been diagnosed above 40 years old, 7 (20.6%; 87.5% of
from 5 linkages out of the 29 contacted hospitals average-onset cases) have familial clustering. One
collaborated in this study, 34 of which have been patient who was diagnosed at age 42 years, who have 2
diagnosed of BC and the remaining 2 individuals have first-degree relatives with other cancers but had no
high family history of BC but do not have the disease. history of B(O)C, was included to note any possible
Patient IlDs (Pt#) have been assigned to these difference. Classification of the patients with respect to
individuals during the course of the study, i.e., PtOl up family history was based on the nearest relative the
to Pt36, PtOl being the first patient who had her blood B(O)C or other cancers. Once included in a subset
extracted and Pt36 being the last- PO 3 and Pt34 are the based on B(O)C familiality, a patient was no longer
high-risk individuals negative of BC. Pt37 is a low-risk included in any of the less stringent classifications even
healthy individual (normal) without family history of any if several second- or third-degree relatives have B(O)C
type of cancer. Patients of Veterans Memorial Medical or any other cancer. PO 3 has 3 relatives with B(O)C and
Center (VMMC) and Armed Forces of the Philippines - 5 relatives with other cancers while Pt34 has 2 B(O)C
Medical Center (AFPMC) were pre-screened by the relatives and 1 maternal uncle with prostate cancer.
collaborating medical practitioners before obtaining Eighty-five percent (85%) of the 20 patients with known
blood samples while patient from Mapandan Hospital histology type had invasive ductal carcinoma (IDC) while
(MH) was chosen among 5 prospective patients the remaining 3 patients (15%) had papillary or
presented by the hospital within the area. In East mucinous carcinoma. Only 14 (41.1%) and 12 (35.3%)
Avenue Medical Center (EAMC), pre-screening was patients had their estrogen receptors (ER) and
performed during consultation days wherein an average progesterone receptors (PR) assayed, respectively,
of 1 out of 30 patients passed the inclusion criteria and majority of which are ER' (64.3%) and PR' (58.3%).
agreed to collaborate in this study. Medical records of
about 500 patients from 1985-2002 of St. Luke's Hormonal, Socio-Economic, Environmental, and Dietary
Memorial Medical Center Cancer Institute (SLMMCI) Factors
and Chinese General Hospital (CGH) were initially Patient information on various factors which may or may
screened based on age of diagnosis. All of the 82 not affect the risk of developing cancer is summarized in
patients who qualified were contacted based on their Table 4. Almost half (47%) of the BC patients had their
recorded contact numbers. At least 6 patients have first menarche at an early age (<12 years) and about
probably passed away and the rest of the patients either 41% were nulliparous or were at least 31 years old at
have wrong numbers (13), no contact numbers (21), or first birth. These two factors that have been consistently
were from distant provinces (7). Only 19 out of the 36 associated with increased risk of BC are not modifiable.
patients from SLMMCl/CGH who have correct contact Early menarche directly increases lifetime exposure of
numbers were available and amenable to join the study the breast tissues to circulating hormones. The other
after series of follow-ups (Table 2). One of the 8 factors included herein were intended for documenting
collaborators from EAMC is a male breast cancer patient other characteristics of the patients for probable future
'Pt32). Some of the patients from SLMMCI/CGH and correlations. Age at first sexual contact was highest
EAMC (P04, Pt15, and P23), as well as Pt13, Pt34, (44.1%) at the midrange (20<age<30) for both regular-
and Pt37, had their blood extracted at PNRI. Another and early-onset BC patients. At least 17.6% never had
patient from SLMMCI/CGH had her blood extracted at any sexual contact. The number of patients who had
her residence by the medical collaborator from AFPMC experienced breast feeding was almost equal to the
(Pt27). number of patients who never breast-fed. Only 2 (5.9%)

individuals in this study admitted experiencing
personally-induced or "quack doctor" abortion.

Table 2. Collaborating BRCAI Mutation High-Risk Individuals Approximately 74% of the patients were married and of
from Various Institutions. the same proportion were Roman Catholics. It would be

Institution Number of Collaborating Patients interesting to note that almost all of the patients (82.4%)
SLMCCI/CGH 19 have an undergraduate degree or higher level of
EAMC 8 education. However, 55.8% of the BC patients have a
VMMC 4 net monthly income below P30,000 and skewed to the
AFPMC 3 lower-income bracket families. However, the number of
MH I the highest-income bracket families (>P40,000/month) in
PNRI 1 this study is the same as the lowest-income bracket
Total 36 families. Both of them comprise 20.6% of the number of

individuals each. At least one-third of the BC cases
(35.3%) in this study come from Quezon City, 14.7%

Clinicopathological Characteristics come from outside Metro Manila, and the rest are within
The clinicopathological characteristics of 36 selected the Metro Manila area. More than half (55.9%) have
BRCA1 mutation high-risk individuals generally from been exposed to cigarette smoke whether active,
various institutions in Metro Manila are summarized in passive, or both types of exposure. On the other hand,
Table 3. The mean age of diagnosis was 39.1±7.2 years most of the patients (61.8%) have no alcohol intake
(range: 30-71 years). Ages of Pt13, Pt34, and Pt37 are while only 14.7% have no caffeine intake. Although
40, 19, and 47 years, respectively. Frequency 64.7% of the subjects generally used vegetable oil for
distribution of age of diagnosis of collaborating patients cooking, 70.6% of the 34 BC patients re-used their
is shown in Figure 1. Twenty-six patients (76.4%) are cooking oil.
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PCR Products size of 3460bp. Lanes 3-4, 6-15, 19-26, and 28-31
PCR products at BRCA 1 exon 1 1 from genomic DNA of correspond to PCR products at exon 1 1 of PtOl -PtO2,
early-onset and familial breast cancer patients were Pt04-Pt13, Pt14-Pt21, and Pt23-Pt26, respectively
successfully generated through touchdown PCR. (Figure 2). Lanes 5 and 27 correspond to PtO3 and Pt22,
Based on ethidium bromide-stained agarose gel respectively. PCR products from the genomic DNA of
electrophoresis and Polaroid manual documentation these patients, as well as Pt27-Pt37, were later
system, the fragments apparently exhibited the expected successfully generated (data not shown).

Table 3. Clinicopathological Characteristics of Early-Onset and Familial Filipino Breast Cancer Cases Included in this Study and their
Corresponding Distribution.

Distribution
High-Risk Individuals

Characteristics Age at diagnosis of Low-Risk
breast cancer (years)' Negative of Individual

breast carl (normal)
:540 >40

Sex
Female 25 (73.5) 8(23.5) 2
Male 1 (2.9) 0

Family history
Families with B(0)0 cases 14 (41.2) 7 (20.6) Pt13, P04

Familheswth at east 1 BOC case in the first degree ielat ves 0 0 Ft13(1)
Fam I es with at least 2 BC cases in the firsi-degree relatives 1 (2 9) 0
Families with 1 BC case in the first-degree re af ves 4(11 8) 5(14.7) Pt34(1)
Fami ies with at least I OV case in the frst-degree relatives 2 (5 9) 0
Famil es w fih al ea�l I B(O)C case in second-degree re arves 6(20 6) 2(5 9) P03(2). P134(l)
Fam I es with at easi 1 B(O)c case n lhird-degree re at ves 1 (2 9) 0

Fam I es without B(O)C case 12 (35.3) 1(2.9) Pt37
Families w th other types of cancer f rst-degree re alives 2 (5.9) 1 (2 9)
Fami ies w th other types of cancer in second- or th rd-degree relal ves 3 (8 8) 0 Pt 1 3(l). Pt34(5)
No farn ly history of any type of cancer 7(20 6) 0 P137

Histological type3

Invasive duclal 15 (75.0) 2(1 0. 0)
Invasive obu ar 0 0
Pap I ary 1 (5.0) 0
MucinoLs 2(I 0. 0) 0
Unknown 9 5
Not applicable 0 0 P03. P04 Pt37

Estrogen receptors

Negative 4 (28.6) 1 (7.1)
Positive 9(64.3) 0
Unknown 12 7 Pt13. Pt34 PQ7
Not appl cable 1 0

Progesterone receptors

Negative 4(33.3) 1 (8.3)
Positive 7(58.3) 0
Unknown 14 7 Pt13, Pt34 Pt37

0
enclosed n parentheses are the correspond ng percentages n 34 pal eirls

2enclosed in parentheses are lhe number of cancer cases
'percentages were ca cu aled from the cases where informa(ion was ava table and applicable

20

15

I 0

0 5

1777M
0

29-34 35-40 41-46 47-52 53-58 59-64 65-70 71-76

Age at Disease Diagnosis (years)

Figure 1. Frequency distribution based on age of disease diagnosis of the 34 selected BC patients. Most of the patients have been

diagnosed of 3C before reaching 41 years. The patient diagnosed at 71 years has a sister who has BC.
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Table 4. Hormonal, Socio-Economic, Environmental, and Dietary Factors in Early-Onset and Familial Filipino Breast Cancer Cases
Included in this Study and th

Distribution

Hormonal, Socio-Economic, Environmental and Dietary Factors High-Risk Individuals Low-Risk
Age at diagnosis of Undiagnosed Individual

breast cancer (years)' with breast (normal)
540 >40 cancer2

Age at first menarche (years)
!� 1 2 1 0(29.4) 6(1 7.6) Pt37
>12 1 2(35.3) 2(5.9) P03, Pt34
Unknown 3(8.8) 0
Not app cacle 1(2.9)

Age at first sexual contact (years)
i�20 4(1 1.8) 1 (2.9)
>20 to 30 11 (32.4) 4 (11.8) Pt37
,30 3(8.8) 2(5.9)
Unknown 2(5.9) 0
Never had any sexual contact 4(1 1.8) 2 I5.9) Pt13, Pt34
Not apphc&e 1(2.9) 0

Parity
Nut iparous 7(20.6) 4(1 1. 8) Pt13
Parous 17 (50.0) 4 (11.8) P07

Age at first child <30 years old 14 (41 2) 4 (11.8) Pt37
Age at first child 30 years o d 3(B 8) 0

Unknown 1(2.9) 0
Not app icab e 1(2.9) 0 P04

Breast Feeding
Yes 10 (29.4) 3(8.8) Pt37
No 10 (29.4) 5 (14.7)

Unknown 5 (14.7) 0
Not app icahle 1(2.9) 0 Pt13, Pt34

Personally-induced or "quack" doctor abortion
Yes 2(5.9) 0
No 22 (64.7) 8(23.5) Pt37
Unknown 1(2.9) 0

Not app icab e 1(2.9) 0 Pt13, Pt34

Civil Status
&ngie 7(20.6) 2(5.9) PH 3, Pt34
Married 19 (55.9) 6(17.6) Pt37

Religion
Buddhism 2(5.9) 0
Iglesia Ni Cr sto 0 1 (2.9)
Prolestantism/Other Christian Groups 5 (14.7) 1(2.9) Pt34
Roman Cathol cism 19 (55.9) 6 (17.6) P03 Pt37

Educational Attainment
Elemen(ary/High-School 2(5.9) 2(5.9)
Undergraduate (B.S �B A /A 9 17 (50.0) 4 (11.8) P04
Graduate Schoo (M S /Ph D./Medic ne/Lawlietc 5 (14.7) 2(5.9) PtI3 Pt37
Unknown 2(5.9) 0

Net Monthly Family income
,PI 0,000 6(17.6) 1 (2.9)
PI 0 000 to <P20 000 7(20.6) 1(2.9)
P20 000 to �1`30 000 4(11.8) 0
P30.DOO to P4D.000 3(B. 8) 1(2.9) Pt34
P40.000 to �1`50 000 1(2.9) 0 PtI3
�:P50 000 3(8.8) 3(8.8) Pt37
Unknown 2(5.9) 2(5.9)

Smoking
Active and passive 1(2.9) 0
Active 3 (B. 8) 2 (5.9)
Pass ve 10 (29.4) 3(8.8) P04
Non-Smoker 10 (29.4) 3(8.8) P03 Pt37
Unknown 2(5.9) 0

Alcoholism
Regu�ar I>3 glasses per week) 0 0
Very Occas onal (<3 g asses per week and on y during occas ons) 9(26.5) 2(5.9) Pt34
No intake 15 (44.1) 6(17.6) PH3 Pt37
Unknown 2(5.9) 0

Caffeine Intake
Re atively E evated 2(5.9) 2(5.9) Pt37
Regular 18 (52.9) 5 (14.7) PtI3
No intake 4 (11.8) 1(2.9) P04
Unknown 2(5.9) 0
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Table 4. Hormonal, Socio-Economic, Environmental, and Dieta
Distribution

High-Risk Individuals

Hormonal, Socio-Economic, Environmental and Dietary Factors Age at diagnosis of Undiagnosed Low-Risk
breast cancer (years)' with breast Individual

cancer2 (normal)
540 >40

Cooking Oil Used
Animal 7 (20.6) 2 (5.9)
Vegetab e 1 7(50.0) 5 (14.7) P03, P04 Pt37

Canola 2 (5 9) 0
Corn 9 (26 5) 2 (5.9) PiI3 PO
01 ve 1 (2.9) 0
Soya 1 �2 9) 2 (5 9) P24
Regular 1 (2 9) 0
Corn and 0 ive 3 (8 8) 1 (2 9)

An mal and Vegelaldle 0 1 (2.9)
Unknown 2 (5.9) 0

Re-usage of Cooking Oil
a2X 11 (32.4) 2 (5.9)
1X 7(20.6) 4 (11.8) PH3 Pt37
Never re-used 4 (i 1.8) 2 (5.9) PM
Unknown 4(11.8) 0

40D O'P 2000bp
3000bp -
20101p 1000bp
lo.,P

Figure 2. PCR products (=3460bp) of genomic DNA at exon 11 from some of the Filipino early-onset or familial breast cancer patients
using BRCA1 primers described elsewhere (Garvin, 1998; Ottini, 2000). Lanes 3-4, 6-15. 19-26. and 28-31 (PCR products of PtOl-P102,
PtO4-P03, PtI4-Pt2l, and P0-Pt26, respectively)-. lanes I and 17 (500bp ladder), lanes 2 and 18 (loading buffer), lanes 16 and 32 (negative
controls). Lanes 5 and 27 correspond to PtO3 and Pt22, respectively, wh ch were later successfully generated (data not shown).

Protein Truncation Test PCR and PTT negative controls (lanes 11, 24, and 26).
Lanes 2-8, 13-20, and 28-38 correspond to Filipino BC

14% Polvacrylamide Gel Electrophoresis patients PtOl-PtO7, PtO8-Ptl 5, and Pt 1 6-26,
Protein products generated from in vitro transcription respectively. Lanes 23 and 27 correspond to Pt37 (low-
and translation of PCR products at BRCA1 exon 11 risk individual). A truncated protein product (-29.7kDa)

were separated by SDS-PAGE (14%) and visualized was observed at lane 5 corresponding to PtO4. This
through autoradiography generally exhibited the protein product has almost of the same apparent

expected size of the wild-type brcal protein (=127kDa) molecular weight (MW) as the lower MW protein product

and the banding pattern of the reticulolysate system of mutation control 2279insA. However, the expected

used (Figure 3). Lower molecular weight truncated protein product of 2279insA is a 55kDa band which is

protein products (12kDa, 75kDa, and 55kDa) were actually the darker higher MW band at lane 21.

detected using 14% SIDS polyacrylamide gel as

exhibited by positive mutation controls 1 1 00delAT (lanes 5-20% Gradient Polyacrylargicle Gel Electrophoresi

9 and 39), 2798del4 (lane 10), and 2279insA (lane 21), To remove the possibility of not detecting mutations

respectively. Higher molecular weight truncated protein resulting into higher molecular weight truncated protein

products 3875del4 (115kDa: lanes 22 and 41), 3819del5 products (i.e., above 1000a) as exhibited by the

(112kDa: lane 40), 4153delA (125kDa: lane 42), and mutation controls in Figure 3, and also increase the

4184del4 (126kDa: lane 43) were not separated from resolution of separation for any ultra-low molecular

the wild-type brcal protein. Nationality and details of weight protein product, gradient SIDS-PAGE (5-20%)

these mutation controls are shown in Table 2 (Methods). was performed then visualized by autoradiography using

Negative controls were as follovvs� loading buffer (lanes the same PCR products that were transcribed and

1 and 12), PCR negative control subjected to PTT (lane translated in vitro (Figure 4). The expected size of the

1 1), and PT`T negative control (lanes 24 and 26). All the wild-type brcal protein (=127 kDa) and the general

negative controls exhibited no banding patterns except banding pattern of the reticulolysate system were

for the presence of unincorporated 35S_ methionine in the manifested by the protein products of most of the
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samples. In fact, the resolution of the bands was more relatives with breast (below 50 years old) or ovarian
pronounced. Lanes 3-6, 9-11, 13-14, 21-31, 38-48, 56- cancer were selected for screening by direct
58, 59, and 60-61 correspond to protein products of in sequencing. This study very recently reported 3
vitro transcribed and translated exon 11 PCR products mutations in exons 15 (Ql538X), 22 (5454deIC), and 24
of Filipino patients PtOl-PtO4, PtO7-09, Ptll-Ptl2, Ptl3- (R1835X) with a total estimated prevalence of 1.0%
Pt23, Pt24-Pt34, PtO4-PtO6, PtlO, and Pt35-Pt36. Lanes (Matsuda et al., 2002). Both studies utilized PTT at exon
2, 20, 37, and 55 contain the protein products of the low- 11. Based on the study of Matsuda et al. (2002), only
risk individual (Pt37). Mutation controls were as follows: 63 out of the 294 unselected patients have family history
1100deIAT (12 kDa, Australian: lane 15), 2279insA of the disease which included 19 patients classified as
(55kDa, Swiss: lane 16), 3450deI4 (99kDa. Australian: BC cases diagnosed <50 years. In our study, we opted
lane 17), 3875deI4 (115kDa, Swiss: lane 18 and to increase the stringency to age 40 years at disease
Australian: lane 35), 1294deI40 (19 kDa, Australian: lane diagnosis and classified these cases as early-onset
32), 2135delA (50 kDa, Swiss: lane 33), 2982del5 (82 cases. More than half of these cases (53.8%) have
kDa, Polish: lane 34), 2163insT (51 kDa, Polish: lane family history of the disease and actually cover a big
49), 2798deI4 (75 kDa, lane 50), 3819del5 (112 kDa, portion (41.2%) of the total number of collaborating
Polish: lane 51), 4153delA (125 kDa, Polish: lane 52), patients in this study. The one and only mutation
El 25OX (1 14 kDa. Swiss: lane 62), 4184deI4 (126 kDa, detected (29.7 kDa truncated protein product) detected
Australian: lane 63), and exl 1. 1 5deI5 (Polish, lane 64). among 34 early-onset and familial BC cases indicates
Truncated proteins of lower MW mutation controls an approximate prevalence rate of 2.9%. The mean age
1100delAT, 1294deI40, 2135delA, 2163insT, 2279insA, of diagnosis of these patients is 39.1 years, which is
2798del4, 2982del5, and 3450del4 exhibited the almost 5 years younger compared with the patients of
expected apparent MWs. Same is true with higher MW the second study. This would be the second
controls 3819del5, 3875del4, E125OX, and ex1l.15delA documented mutation in BRCA1 exon 11 in a Filipino
which were already separated from the =127 kDa brcal BC patient. Medical information about the patient is
protein. Exll.15delA exhibited the same apparent MW limited due to the few number of tests performed to
as E125OX (=114 kDa) while controls 4153delA and profile her case due to economic reasons. She was
4184del4 whose only have 1-2 kDa difference with the diagnosed of invasive ductal carcinoma (stage 2) at age
wild-type protein. Negative controls were as follows: 30 years. Mastectomy of the left breast was performed 7
loading buffer (lanes 7 and 53) and PTT negative control months after diagnosis. Seven (7) out of 15 lymph nodes
(lanes 1, 8, 19, 36, and 54. The negative controls had no examined, as well as the skin and the nipple. were free
detectable banding patterns except for the presence of of tumor cells. However, a year after mastectomy, the
unincorporated 35S_ methionine (lanes 1, 7, 8, 19, 36, 53, disease immediately progressed to stage 4. The patient
and 54). Majority of the bands of luciferase DNA (lane is now experiencing bone metastasis. The
65) was about 61 kDa (=90%). The banding pattern of aggressiveness of her type of cancer may be attributed,
control 2279insA (lane 16) was much better when a 5- in part, to the presence of a mutation in exon 1 1 of the
20% gradient gel was used. However, the low MW band BRCA1 gene.
at lane 16 is still distinguishable and appears to be
smaller than the truncated protein product of PtO4 (lanes 5-20% Gradient vs. 14% Standard Polyacrylamide Gel
6 and 56). for Separation of In Vitro Transcribed and Translated

Protein Products
The standard (or fixed) 14% gel, or sometimes 12%,

DISCUSSION would be useful for fragments that have been designed
to be within the range of about 2OkDa to 6OkDa.

The Only Mutation Detected However, more fragments generated from one large
Existence of at least 426 distinct alterations and 235 exon like exon 11 (3427bp) would be more expensive
alterations reported only once that are either frameshift due to the number of primers and reactions that are
or nonsense mutations in BRGA 1 exon 1 1 alone have needed to be performed. Furthermore, T7/Kozak

been reported. A total of 1776 entries have been sequence of about 39bp would be needed for each of
documented in the Breast Cancer Information Core the forward primers for PCR. However, with the 5-20%
Database (BIC, 2002). These mutations which spread gradient gel, broader range of MWs can be separated by
over a span of 3427bp would have a probability of I a single gel. Once the laboratory has a gradient gel
mutation per -5.2bp indicating high prevalence of caster, it would be beneficial to use the gradient gel over
BRCAl mutations in the countries who have submitted the standard gel as shown in the results of the study.
their respective mutation databases to this established Mutation controls with truncated protein products above
central database which is continuously monitored by a 100 kDa, i.e., 3819deI5, E125OX, and 3875deI4 having
core group of scientists. Few mutations have been 112 kDa. 114 kDa, and 115 kDa bands, respectively,
identified in the BRCA1 gene of Filipino breast cancer were clearly separated with the 5-20% gradient gel
patients. The first is a point mutation in exon 11 at when compared with the standard 14% gel (Figures 3
nucleotide 21 78 (21 78C/T) in the case-study of a Filipino and 4). Probable low molecular weight truncated protein
breast cancer patient in the United States. This mutation products as low as 10 kDa could still be resolved
caused a stop codon at amino acid 687. This particular because of the high percentage of acrylamide in the
patient has a 38-year-old sister with ovarian cancer. lower portion of the gel. This was clearly manifested by
Paternal grandcousins of the proband also had breast the molecular weight markers used in this study. Lastly,
and ovarian cancer. respectively (Worsham et al., 1998). the standard curve generated with a gradient gel is
The second study screened exons 1 1, 1 5, 22, and 24 in linear as opposed to the semi-logarithmic graph needed

294 unselected incident Filipino breast cancer patients for standard percentage gels which could result to
from Manila, wherein seven cases with 2 or more deviated estimates of the apparent molecular weight.
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132 kD: 10 "" -132 kDa

66 kD No 66 kDa

45 kDa 45 kDa

20 kDa 20 kDa -

14 kDa 14 kDa -

26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43
132 kDa -

66 kDa -

EM 45 kDa

20 kDa

14 kDa

Figure 3. Protein products generated from exon 11 PCIR products of some of the Filipino early-onset or familial breast cancer patients
through TNT Quick-Coupled in vitro transcriptionitranslation system separated and visualized by 14% SDS-PAGE and
autoradiography. Coomassie-sta ned homemade markers composed of BSA (dimer and monomer), ovalbumin, trypsin inhibitor, and lysozyme
were used to estimate apparent molecular weights. Lanes 2-8, 1 3-20, and 28-38 correspond to Filipino BO patients PtOl -PtO7, PtO8-Ptl 5, and
Pt16-26 respectively. Protein products of low-risk individual (Pt37) were at lanes 23 and 27 (Pt37). Mutation controls were as follows: lanes 9
and 39 (11ODdelAT. Australian); lane 10 (2798deJ4, Australian), lane 21 (2279insA, GM13712, Swiss); lane 22 (3875del4, GM13705, Swiss);
lane 40 (3819del5. Polish), lane 41 (3875del4, Australian); lane 42 (4153delA, Polish), lane 43 (4184del4, Australian). Nationality and details of
these mutation controls are shown in Table 2 (Methods). Negative controls were as follows: lanes 1 and 12 (loading buffer), lane 1 1 (FOR
negative control subjected to PTT), lanes 24 and 26 (PTT negative control); and lane 25 (luciferase control DNA -90% �61 kDa band). Note the
truncated prote n product (�29.71kDa) at lane 5.
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Figure4. Protein productsgeneratedfromexon 11 PCRproductsof someoftheFilipinoearly-onsetorfamiliaI breastcancerpatients
through TNT Quick-Coupled in vitro transcriptionitranslation system separated and visualized by 5-20% gradient SOS-PAGE and
autoradiography. Coomassie-stained Invitrogen BenchMark Protein Ladderconsistingof 15engineeredproteinsfrom 10to2201kDawasused
to estimate apparent molecular weights. Lanes 3-6, 9-11. 13-14, 21-31, 38-48, 56-58, 59 and 60-61 correspond to protein products of in vitro
transcribed and translated exon II PC R products of Filipino BC patients PtO I -P104, P107-09, Pt I 1 -Pt I 2, Pt 1 3-Pt23, P124-Pt34, P04-R06, Pt 10,
and Pt35-Pt36. Lanes 2, 20, 37, and 55 contain the protein products of the low-risk individual (Pt37). Mutation controls were as follows� lane 15
(1 100delAT, Australian), lane 16 (2279insA, GM13712, Swiss); lane 17 (3450deA Austral an); lane 18 (3875del4 GM13705, Swiss), lane 32
(1294del4O, Australian), lane 33 �2135delA, GM13709, Swiss), lane 34 (2982del5, Poish), lane 35 (3875del4, Australian), lane 49 (2163insT,
Polish), lane 50 (2798del4, Australian). lane 51 (3819del5, Polish), lane 52 (4153delA, Polish), lane 62 (E1250X, GM13713, Swiss)� lane 63
(4184del4, Australian), and lane 64 (ex1l.15del5, Polish). Negativecontrolswere as follows: lanes 7 and 53 (loading buffer) and lanes 1 8. 19,
36. and 54 (PTT negative control). Lane 65 (luciferase control DNA -90% z61 kDa band). Note the truncated protein product (=29.70a) at lanes
6 and 56 from the same individual.
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in summary, gradient gels would (a) have a higher documented mutation in BRCA1 exon 11 in a Filipino
resolution than standard gels when running protein BC patient.
solutions containing broad range MWs of its constituents
and consequently detect truncated protein products that Utilization of the gradient (5-20%) polyacrylamide gel
are almost of the same size with the wild-type protein, electrophoresis will ensure higher resolution of truncated
(b) be more cost-effective since the number of primer proteins generated in a particular gene test being
pairs needed would be minimal. (C) low molecular weight developed. This setup, coupled with the design of only
proteins that result from truncation would have higher one primer pair for only one exon and the down-scaled
chance of being detected, and (d) standard curve in vitro transcription/translation system, would definitely
generated with a gradient gel would be more accurate. decrease the amount spent for these techniques.

However, it should be noted that the probability of
Status of BRCA 1 Genetic Testing in the Philippines having mutations in the other exons will always be
After these three studies on BRCA1 (this study included) present.
have transpired and reported their findings, it is
expected that various research attempts of the same
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