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An estimated 7% of all breast cancers and 10% of all ovarian cancers are associated with
inherited mutations in BRCA1 and BRCA2 genes. The mutations of a breast cancer-susceptible
gene, BRCA1, confers increased risk of breast cancer in young women. Numerous studies have
reported specific mutations in the BRCA1 and BRCA2 genes in the white population. However,
there are very few studies on African-American and other ethnic minority groups. The goal of this
study is to identify whether African-American patients with breast cancer carry some common
mutations reported in other ethnic groups and whether they carry some novel mutations. We
screened hot-region mutations on exons 2, 5, 11, 16, and 20 of BRCA1 gene in 54 African-
American patients with breast cancer by NIRCA and SSCP methods. Our data revealed one
novel frameshift mutation (3331 insG) and three missense sequence variants (A3537G,
A3667G, and C4009T) on exon 11. Each sequence change was confirmed by automatic DNA
sequencing. One rare sequence variant, A3537G, has been revealed in high frequency (3/54).
Our data suggested that African-American patients with breast cancer carry some unique
BRCA1 gene mutations. (J Naol Med Assoc. 2000;92:29-35.)
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Breast cancer is a leading cancer in American
women and it is estimated that there will be 175,000
new breast cancer cases diagnosed in 1999, which
will account for about 30% of all cancers diagnosed
in US women in that year.' In the past 20 years,
there has been a gradual recognition of a significant
disparity in breast cancer survival rates between Af-
rican-American and white women, especially in
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younger women.2-"3 According to the data from
SEER (Surveillance, Epidemiology, and End Re-
sults) cancer statistics review (1973 through 1993),
in a population of 100,000, the incidence of breast
cancer is lower in African-American women (100.3)
than in white women (110.5), but the mortality in
African Americans (31.5) is much higher than in
whites (25.6). This difference is even more apparent
between the younger African-American and white
woman (age <50), with their breast cancer inci-
dence and mortality rate 31.3 to 33.1 and 8.6 to 5.2
per 100,000 people, respectively.5 From 1973 to
1993, the incidence rate of breast cancer in African
Americans and whites increased 36.9% and 24.0%,
respectively, and during the same time, the mortal-
ity rate decreased 4.3% in white patients with breast
cancer but increased 18.0% for African-American
women. The mortality rate of breast cancer in
young whites decreased by 21.5%; however, this rate
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remained almost the same (-0.7%) in young Afri-
can Americans.5

It has been suggested that the breast cancer in-
cidence and survival rate disparity between African-
American women and white women might be partly
attributed to the low socioeconomic status of the
African-American population.78 The Black/White
Cancer Survival Study, the most comprehensive
study of racial survival differences in breast cancer
to date, found that some biological properties of
breast cancer tissue, including tumor stage, tumor
pathological grade, and hormone receptor status,
may also contribute to the racial survival differ-
ences.9' Breast cancers in African-American women
generally showed the characteristics of less positive
estrogen receptor (ER) and progesterone receptor
(PR), less differentiation and later tumor stag-
ing." "' The pattern and effect of tumor suppressor
gene p53 mutations in the African-American and
white patients with breast cancer were also different,
and this observation suggested that the type of p53
gene alterations might contribute to the racial dif-
ference in breast cancer survival."l'2

The BRCCA-1 gene was first identified in familial
patients with breast cancer and consists of 5592
nucleotides distributed over a genome region of
approximately 100 kb in chromosome 17, and its 22
coding exons encode a protein of 1863 amino ac-
ids.'3 Currently, more than 500 different mutations
have been documented within the coding region of
the BRCA1 gene.'4 BR(CA-1 gene mutations were
thought to be associated with the development of
breast cancer in younger women'5"'6 and in some
defined ethnic groups specific mutations are likely
to recur. Three founder mutations, including
185delAG and 5382insC of BRCAI and 6174delT of
BRCA2 have been found predominantly in young
Ashkenazi Jewish women with breast cancer.'7-19
The combined carrier frequency of these three
founder mutations exceeds 2% in the general Ash-
kenazi Jewish population.2"22 In other populations
some founder mutations have also recently been
found to be related with breast cancers in younger
women, such as BRCA1 2595delA in Swedish
white,23 BRCA1 2804delAA in Dutch and Belgian,24
and BRCA2 999de15 in Icelandic patients with
breast and ovarian cancer.25 The pathological stud-
ies of BRC(A1-related breast cancer showed that
breast cancer with BRCAI gene mutations generally
presented a more malignant histological type, such

as histoprognosis grade 3 tumors that were highly
proliferating, had less steroid receptor positivity,
and had poor differentiation.26,27 The germline
BRCA1 mutation has been suggested to be an ad-
verse prognostic factor in Ashkenazi Jewish women
with breast cancer.28 However, the overall survival in
BRCAI-related breast cancer is similar to sporadic
cases, as reported recently by Verhoog et al.29} In
comparison to the white women with breast cancer,
very little if any information is available on the ge-
netics of breast cancer in minority women like Afri-
can-American patients with breast cancer. Our med-
ical center in south central Los Angeles serves
predominantly African-American (47%) and His-
panic (41%) patients with breast cancer. We exam-
ined if our patient population carried BRCA1 mu-
tations similar to those reported for the Ashkenazi
and other white populations or if they have novel
mutations on the BRCA1 gene. According to the
data from the Breast Cancer Information Core,
more than 75% of BRCA1 gene mutations were
identified on five exons, 2, 5, 11, 16, and 20. In our
current study, we use the mutation hot-region
screening strategy and examined the germline mu-
tations of BRCA1 in those exons in 54 African-Amer-
ican patients with breast cancer. Hence, the primary
objective of our study is to answer:

1. Whether African-American patients with
breast cancer express the known BRCA1 mu-
tations, such as 185del AG and 5382insC.

2. Whether there are any recurrent and/or
novel BRCA1 mutations in African-American
patients with breast cancer not yet reported
for the white or other ethnic groups.

MATERIALS AND METHODS
Sample Collection and Processing

King Drew Medical Center is a minority medical
institution located in south central Los Angeles, and
most of its patients are African American and His-
panic. Most of the investigations on BRCAI gene
mutations in different ethnic groups has been per-
formed in high-risk patients, such as familial breast
cancer or early-onset breast cancer. Recent popula-
tion-based studies, however, indicate that neither
age nor family history could independently predict
the frequency of BRCA1 gene mutation.30,31 To in-
vestigate the status of BRCA1 mutations in African-
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American patients, we screened the BRCA1 hot-spot
mutations at exons 2, 5, 11, 16, and 20 in 54 African-
American patients with breast cancer. The patients
screened in this study were sporadic patients with
breast cancer diagnosed and treated consecutively
in the Division of Hematology and Oncology of this
hospital between 1996 to 1998 and were not se-
lected for family history or age. Written consent was
obtained from each patient. Blood samples (5 ml)
were collected into heparinized tubes from each
patient and subjected to 3000 rpm centrifugation
for 10 min. The buffy coat was isolated and kept at
-80"'C for further DNA extraction.

Genomic DNA Extraction
Polymerase chain reaction (PCR)-ready DNA

samples were prepared using the blood DNA-extrac-
tion protocol from the whole DNA isolation kit
(Puregene; Gentra Systems, Inc, Minneapolis, MN)
with modification. Briefly, 100 Al of buffy coat was
mixed with 200 ,l of phosphate-buffered saline and
900 Al of red blood cell lysis buffer, spun at 14,000
rpm for 20 s, the white cell pellet was lysed in 300 ,lI
of cell lysis solution and incubated at 37°C for 30
min. Samples were treated with RNase A for 15 min
and mixed with 100 ptl of protein precipitation so-
lution. After centrifugation at 14,000 rpm for 3 min,
the supernatant was mixed well with 300 p,l of iso-
propanol and spun at 14,000 rpm for 1 min. The
pellet was washed with 300 p,l of 70% ethanol once,
air-dried for 15 min, and dissolved in 50 to 100 ,ul of
dH2O at room temperature overnight or at 65°C for
1 h. Typically, we obtained more than 10 jig of
PCR-ready DNA from about 100 ,l of buffy coat.

PCR and Nested PCR of BRCA1 Gene Exon 1 1
PCR and nested PCR amplification of BRCA-1

exon 11 were performed using a BRCA1 exon 11
genomic DNA screening module (Ambion, Austin,
TX). The BRCA1 exon 11 was amplified into A, B,
C, and D-four overlapping fragments by PCR and
nested PCR using the primer pair sets correspond-
ing to each fragment of the BRCA1 gene. All the
forward- and reverse-nested PCR primers also car-
ried SP6 or T7 promoter sequence, respectively.
PCR reaction was set up as follows: 10 mmol/L
Tris-HCl (pH 7.3), 50 mmol/L KCl, 15 mmol/L
MgCl2, 125 ,tmol/L of each dNTPs, 250 nmol/L of

each primer, 50 to 100 ng of genomic DNA, and 1.5
units of Taq DNA polymerase (Perkin Elmer, Foster
City, CA). PCR reactions were carried out in a Per-
kin Elmer 480 cycler under the following condi-
tions: initial denaturation at 940C for 2 min; the
PCR cycle: 94°C for 1 min, 56°C for 1 min, and 72'C
for 2 min; with a total of 30 cycles. After the PCR
cycles finished, the reactions were kept at 72°C for 7
min to ensure the complete extension of all PCR
products. All PCR products were analyzed with 2%
agarose gel (Gibco-BRL, Gaithersburg, MD) in
1XTAE (Tris-Acetate-EDTA).

NIRCA Screening of BRCA-1 Exon 1 1 Mutation
The protein truncation assay is currently the

method most often used for screening of BRCA1
exon 11 mutation. However, this method has not
been able to identify missense mutations. In our
study we employed a newly developed mismatch
detection-based method, Non-Isotopic RNA Cleav-
age Assay (NIRCA), to screen the BRCAI exon 11
mutation. Briefly, nested PCR products of BRCAI
exon 11 were subjected to the NIRCA to screen the
mutations by the Mismatch Detection II Kit (Am-
bion). The nested PCR products were in vitro tran-
scribed into sense and antisense RNA; then sense
and antisense sample RNA were cross-hybridized
with antisense and sense strand of wild type of
BRCA1 control RNA, respectively. Hybridized dou-
ble-strand RNA were digested by three different
types of RNase and analyzed on 2% of agarose gel in
1 XTBE (Tris-Borate-EDTA) buffer.

PCR-SSCP Screening of BRCA1 Exons 2, 5, 16,
and 20

According to the data from the Breast Cancer
Information Core (BIC), more than 75% of BRCA 1
gene mutations occur at exons 2, 5, 11, 16, and 20.14
Hence, in our single-stranded conformation poly-
morphism (SSCP) screening we used the hot-spot
screening strategy to focus on mutation detection
on exons 2, 5, 16, and 20. SSCP screening was per-
formed using the protocol obtained from the BIC
database.'4 Briefly, first-round PCR was performed
with similar conditions described above with various
extension time between 30 and 60 s for the ampli-
fication of the different exons. PCR products were
subjected to re-amplification with [a_-32p] dCTP
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along with all other reagents for PCR reaction. 2 ,u1
of amplified product was mixed with 8 ,l of 95%
formamide buffer, denatured at 95°C for 2.5 min,
and quickly chilled on ice. The denatured products
were separated on 5% acrylamide gel in 1 XTBE
(pH 8.3) at 4°C at 50-W power. The gel was dried
and exposed on Fuji film overnight.

DNA Sequencing
All positive NIRCA screening samples were sub-

jected to automatic DNA sequencing to confirm the
nature of each mutation. Custom DNA sequencing
was performed by a commercial vender Retrogen
(San Diego, CA).

RESULTS
Screening for BRCA1 Exon 1 1 Mutations by
PCR-NIRCA Plus DNA Sequencing
BRCA 1 gene exon 11 accounts for about 60% of

BRCA1 cDNA (3426/5711 bp) and codons (1142/
1863), and mutations occurring in this region also
accounted for about 50% of all the mutations found
in BRCA1 gene according to the data from the
BIC.'4 In this study we employed a simple new strat-
egy called PCR-NIRCA combined with DNA se-
quencing to screen BRCA1 exon 11 mutations. This
method could detect frameshift mutations as well as
nucleotide substitution.32 We first used PCR and
nested PCR to amplify the BRCA1 exon 11 from
genomic DNA into four different overlapping frag-
ments and then used an RNA mismatch cleavage
assay to screen each fragment. Samples that showed
positive changes in the banding pattern were sub-
jected to automatic DNA sequencing to confirm the
nature of mutations. As shown in Figure 1, although
the amount of first-round PCR product has signifi-
cant variance, the nested PCR usually provides
enough DNA for the next steps of in vitro transcrip-
tion and RNA mismatch cleavage assay. The cRNA
that was transcribed from sample PCR product was
cross-hybridized with corresponding wild type con-
trol cRNA and subsequently digested with RNase. A
sequence variance in the PCR product will lead to a
different NIRCA band-shift pattern on an agarose
gel (Figure 2). Patient 004 had two extra shifted
bands compared with the wild type control, indica-
tive of a mismatch sequence variant in sample DNA.
DNA sequencing confirmed a base substitution at
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Figure 1. PCR and nested PCR amplification of BRCA1
exon 11. BRCAI exon 11 was amplified into four frag-
ments according to the protocol in the Materials and Meth-
ods. Samples 1 through 3 are fragment A; samples 4
through 6 are fragment B; samples 7 through 9 are frag-
ment C; samples 10 through 12 are fragment D. Samples
1, 4, 7, and 10 are from cell line MCF-7; samples 2, 5, 8,
and 11I are from patient 008; and samples 3, 6, 9, and 1 2
are from patient 0_1 3. M is a 1 00-bp DNA ladder; M2 is
a pX174-Haelll DNA marker.

nucleotide 3537, which resulted in the codon 1140
change from serine into glycine (Figure 3C).

BRCAI Gene Mutations and Sequence
Variants Found in African-American Patients
with Breast Cancer
We did not identify any muttations as well as se-

quience variants in exons 2, 5, 16, and 20 in the
patients tested thus far by PCR-SSCP method. How-
ever, one frameshift mutation and five missense se-

quence variants were detected on BRCAI exon 11
fragment D by NIRCA plus DNA sequencing (Table
1, Figure 3). The fram-ieshift mutation 3331linsG was
found in a 43-year-old Mfrican-American patient
with breast cancer. To the best of our knowledge
this mutation has not been reported yet. One se-

quence variant, A3537G (Se l 4OGly), occurred
with high frequency (3/54, 5.6%, Table 1) in our
Mfrican-American patients with breast cancer.
A3537G was considered as a rare sequence variant
or missense mutation. We also observed a base sub-
stitution, A3667G, and it has been recognized as a

p)olvmorp)hism.
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Figure 2. NIRCA screening for mutations of BRCA1
exon 1 1 fragment D. DNA samples extracted from patients'
blood buffy coat were subjected to PCR and nested PCR
using the BRCA1 exon 11 amplification module (Ambion)
and the nested PCR products were in vitro transcribed into
sense or antisense RNA and cross-hybridized with anti-
sense or sense RNA from the wild type BRCA1 exon 11
control. Hybridized double-strand RNA were digested by
RNase and separated in 2% agarose gel. Samples 1
through 5 are patients with breast cancer samples. Lane 3
represents patient 004. Samples 1, 2, 4, and 5 are neg-
ative samples. W, wild type BRCA1 exonl 1 fragment D
control; M, DNA size marker X1 74-Haelll.

DISCUSSION
So far the total entries of BRCA1 gene mutations

recorded in the Breast Cancer Information Core
(BIC) exceeds 2000, and exon 11 mutations ac-
count for about half of all entries, which is compat-
ible with its large size.'4 Generally, the reported
sequence alterations randomly distribute across the
whole region; however, a trend of increased muta-
tions toward the 3'-end of the gene has been ob-
served.'4 The functional significance of most of mis-
sense alterations is not determined because so far
there is still no functional test available to check the
effect of these changes. In our study, all the se-
quence alterations were detected in the fourth quar-
ter of exon 11 (Fragment D). Arena et al. screened
three African-American patients with breast cancer
with strong family history and an additional 42 early-
onset patients with breast cancer. They observed
that all three familial patients with breast cancer
carried previously unreported mutations in exon 11
(943insIO, 3888delAG, and 4160delAG). In addi-
tion, one mutation (943ins10) and a rare polymor-
phism (A3557G) were detected from the 42 early-
onset patients with breast cancer.33 Gao et al.
investigated BRCA1 mutations in nine early-onset
high-risk families with breast cancer. The mutation

1iOA I'aticni )1)X. 333l in(s. ferl 174 HI:i Pat:I'. lgicn(10 4X.(1091', S0erI')71297hc

Afl11&-Jb4: to A
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Figure 3. Automatic DNA sequencing of NIRCA-positive
samples. A and B represent patient 008 with 3331 insG
and C4009T mutation (B showed antisense strand se-
quencing G to A); C represents patient 004 with A3537G
mutation; D represents patient 013 with A3667G muta-
tion.

rate was 56% (5/9) and three novel mutations
(1832del5, 5296del4, and 3883insA) were ob-
served.34 Most of the sequence alterations found in
these studies are located in exon 11 and especially
in the fourth quarter of exon 11 (3888delAG,
4160delAG, A3557G, and 3883insA). Both studies
did not find the founding mutations reported for
the Ashkenazi Jewish population. A recent popula-
tion-based BRCA1 mutation screening in 88 cases of
African-American patients with breast cancer ob-
served a few missense variants but no frameshift
mutations.3'

In contrast to our observations on exon 11, we
did not identify any mutations in exons 2, 5, 16, and
20 in all our 54 patients with breast cancer. Thus far,
we have detected one frameshift BRCA1 gene mu-
tation and three different types of sequence variants
in 5 of 54 African-American patients with breast
cancer. Patient 008 has a G insertion in codon 1071
and this results in BRCA1 protein truncated at
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Table 1. Germline BRCA1 Gene Exon 11 Mutations Detected in African American Patients with Breast Cancer

Patient Age
no. (yr) Mutation Consequence Type

008 43 3331insG Terl 174 Frameshift
C4009T Serl 297Phe Polymorphism

004 35 A3537G Serl 14OGly Rare sequence variant
101 56 A3537G Sern 14OGly Rare sequence variant
093 60 A3537G Serl 14OGly Rare sequence variant
013 48 A3667G LyslI83Arg Polymorphism

amino acid 1074. In addition, this individual also
has nucleotide 3890 C to T base substitution, result-
ing in a change in codon 1297 from serine to phe-
nylalanine. These two genetic lesions have not been
reported in the BIC database.14

The missense sequence variant A3537G
(Ser1l40Gly) has been repeatedly detected in our
African-American patients with breast cancer (3/54,
5.6%). Szabo et al. found that BRCA1 codon 1140 is
conserved among several species, including human,
mice, and canine.35 This sequence variant was orig-
inally reported by Merajver et al. in an ovarian can-
cer patient and was recognized as a missense muta-
tion.36 This mutation was not observed in at least 80
control chromosomes and to date only two patients
have been reported carrying the missense sequence
variant Serll4OGly.34,36 Both patients were African
Americans, one with ovarian cancer and the other
with breast cancer. The BIG database, however, has
reported 17 entries of this mutation to date.'4 Two
of these were identified in African-American pa-
tients with breast cancer and the ethnicity of other
15 entries was unknown. The significance of high
incidence of this missense mutation in African-
American patients with breast cancer is not yet
clear. Another missense mutation, A3667G, has
been reported before and was recognized as a poly-
morphism.37

CONCLUSION
Our current study identified one novel BRCA1

frameshift mutation (3331insG) and a recurrent
rare sequence variant (A3537G). However, we did
not identify any founder mutations, such as
185delAG and 5382insC, in our African-American
patients with breast cancer. Long-term population-
based genetic analysis would determine the epide-
miological role of the frameshift mutation 3331insG

and the rare sequence variant Serll4OGly in Afri-
can-American women.
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