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Abstract

A tumor cell line, HCC1937, was established from a primary breast
carcinoma from a 24-year-old patient with a germ-line //AT t / mutation.
A corresponding B-lymphoblastoid cell line was established from the
patient's peripheral blood lymphocytes. BRCA1 analysis revealed that the

tumor cell line is homozygous for the BRCA1 5382insC mutation, whereas
the patient's lymphocyte DNA is heterozygous for the same mutation, as
are at least two other family members' lymphocyte DNA. The tumor cell

line is marked by multiple additional genetic changes including a high
degree of aneuploidy, an acquired mutation of TP53 with wild-type alÃele

loss, an acquired homozygous deletion of the PTEN gene, and loss of
heterozygosity at multiple loci known to be involved in the pathogenesis of
breast cancer. Comparison of the primary tumor with the cell line re
vealed the same lÃ¬IHM mutation and an identical pattern of alÃeleloss at
multiple loci, indicating that the cell line had maintained many of the
properties of the original tumor. This breast tumor-derived cell line may

provide a useful model system for the study of familial breast cancer
pathogenesis and for elucidating BRCA1 function and localization.

Introduction

Mutation of the BRCA1 gene accounts for most families with an
inherited predisposition to breast and ovarian cancer, approximately
one-half of families with multiple cases of breast cancer only, and
~8-10% of women with early-onset breast cancer unselected for
family history (1-3). These observations suggest that inherited
BRCAI mutations may account for â€”¿�8,000-10,000new cases of

breast cancer in the United States each year. The inheritance of a
germ-line mutation of the BRCAI gene, although associated with a

markedly increased incidence of breast cancer, is not solely respon
sible for the development of breast cancer in predisposed women.
Multiple somatic genetic changes appear to be required in addition for
the development of breast tumors in predisposed women (4).

Although the function of the BRCAI protein is not yet clearly
determined, evidence suggests that BRCAI may play a role in DNA
repair, function as a transcription factor, or possibly exist as a secreted
granin-like molecule (5-7). If BRCAI functions in DNA repair, then

one would expect an accelerated accumulation of other genetic aber
rations in tumors derived from BRCAI mutation carriers. Controversy
exists as to the cellular localization of BRCAI, either in the nucleus
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or cytoplasm, or both, according to different stages of the cell cycle
and exposures to DNA-damaging agents. Some of the difficulties in

determining the cellular localization and potential functions of
BRCA1 are due to lack of evidence supporting antibody specificity.
However, a major problem also has been the lack of available BRCA!
null cell lines to facilitate research studies in this area.

Somatic mutation of the BRCAI gene is not thought to occur in
sporadic breast tumors, although mislocalization of BRCAI protein
has been reported in sporadic breast tumors (8, 9). Although a number
of breast cancer cell lines have been established, no breast cancer cell
lines have been reported to date that derive from a heterozygous
BRCAI mutation carrier. Thj establishment of such a cell line would
provide another method to study tumor growth regulation conferred
by BRCAI and could also conceivably serve as a substrate for genetic
transfection studies. Reporte d here is the establishment and charac
terization of a breast cancel cell line homozygous for a germ-line-

inactivating BRCAI mutation.

Materials and Methods

Patient Material. The patie it was a 24-year-old woman with a nonmeta-

static infiltrating ductal carcinoma of the breast. She had had one child
previously at the age of 22. Her identical triplet sister had developed breast
cancer the previous year at the age of 23. The third identical triplet had a
bilateral prophylactic mastectorry at age 24. The patient's mother was reported

to have had cancer of the uterine cervix at the age of 22. Both maternal
grandparents had died of colon cancer in their sixties. The family is Caucasian
and not of known Ashkenazi descent. A pedigree of the family is shown in Fig.
1. After obtaining informed cons ent for genetic studies, blood and tumor tissue
were obtained from the patient i nd blood from her mother and two sisters. No
adjuvant chemotherapy or radiation had been given prior to collection of tumor
material.

Tumor Cell Culture Establishment. The patient from whom the breast
tumor cell line was derived uncerwent a mastectomy with gross resection of
the primary tumor. A portion of the primary tumor tissue was placed in RPMI
1640 with 5% fetal bovine sertim and antibiotics immediately after surgical
removal. Tumor tissue was mint ed and scraped to release tumor cells into the
medium. Cells were cultured in T-25 flasks at 37Â°Cwith 5% CO2. Medium

was changed weekly, and cultures were observed for cell growth. Cultures
were trypsinized and passaged when sufficient colonies of epithelial growth
were noted. Estrogen and progesterone receptor studies on the cultured cells as
well as the primary tumor were performed by Nichols-Corning Institute using

a radioactive binding assay. HER2/neu expression was determined by a quan
titative ELISA assay (Calgiochcm, Cambridge, MA). Telomerase assay was
performed by the telomeric repeat amplification protocol assay (10). For
cytogenetic evaluation, cells weie cultured on coverslips. Standard methods of
harvesting and chromosome barding were used (11). The cell line was desig
nated HCC1937 (for Hamon Cancer Center).

For establishment of a corresponding B-lymphoblastoid cell line, peripheral

blood was centrifuged through Histopaque (Sigma Biochemicals, St. Louis,
MO), washed in RPMI 1640, an.1 resuspended in initiation medium consisting
of RPMI 1640 with 15% fetal bovine serum, 25 mM HEPES, and 1 mM sodium
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Fig. 1. Pedigree of the family from which the HCC1937 cell line was derived. The patient from which the tumor cell line is derived is indicated by the arrow. Germ-line DNA from
the patient as well as the affected and one unaffected sister was heterozygous for the BRCAI mutation, 5382insC. The patient's mother's DNA demonstrated only wild-type BRCAI.
DNA from the patient's father was not available for analysis.

pyruvate and 5 ml EBV-conditioned medium from an EBV-producing mar
moset cell line (12). Cultures were incubated at 37Â°Cwith 5% CO;. Medium

was changed approximately weekly. Cultures were observed daily for approx
imately 2 weeks, when loose aggregates of nonadherent lymphocytes began to
proliferate rapidly. DNA from the tumor cell line HCC1937, the B-lympho-

blastoid cell line, and unprocessed peripheral mononuclear blood cells was
prepared using standard methods (13).

Allelotyping. Using polymorphic dinucleotide and tetranucleolide micro-

satellite repeat markers, patterns of allelic losses were studied at loci through
out the genome known to be commonly lost in breast cancer. DNA from the
cell line HCC1937 was compared with DNA from the peripheral blood cells as
well as the B-lymphoblastoid cell line. Primer sequences were obtained from

the Genome Database, and PCR amplification and electrophoresis were per
formed as described previously (14). For allelotype analysis of the primary
tumor, areas were microdissected as described previously (14).

Mutation Analysis. SSCP' analysis of genomic DNA was performed by a

modification of the technique described by Orila et al. (15). Specific genes
known to be involved in the pathogenesis of breast cancer were examined as
possible secondary acquired changes in the cell line. Coding regions of exons
5-11 of the TP53 gene, the entire open reading frame of CDKN2A, the PTEN
gene, and the BRCAÃŒgene were analyzed (16-21). Primers were designed to
amplify fragments 150-200 bp in length. Sequence analysis of DNA fragments

demonstrating abnormal mobility on SSCP gels was performed by cloning
amplified PCR fragments into pCMVS vectors and sequencing using Seque-

nase (United States Biochemical, Cleveland. OH) according to the manufac
turer's instructions. 15S-Labeled reactions were electrophoresed on 6% acryl-

amide gels. A minimum of 8 clones was sequenced for each region of interest.
Direct sequence analysis of the entire coding region of the BRCA2 gene was
done by Myriad Genetics (Salt Lake City, UT). Mimatched primer pairs were
designed at mutation sites as described in "Results."

Southern blotting was performed to confirm the presence or absence of the
PTEN coding sequence DNA in the tumor cell line as well as constitutional
DNA. Genomic DNA was digested overnight with restriction enzymes EcaRl,
Hindlll, Kpnl, BamHl, and Mhol. Digested DNA was blotted on Hybond
(Amersham, Arlington Heights. IL) membranes according to directions pro-

1The abbreviations used are: SSCP. single-strand conformation polymorphism; LOH.

loss of heterozygosity.

vided by the manufacturer. DNA probes were prepared by amplification of the
coding region(s) of exons 2-8 of the PTEN gene as described previously (22).
Hybridization with '2P-labeled probe was carried out using standard tech

niques (13).

Results

Cell Line Establishment. A breast cancer cell line, designated
HCC1937 (Hamon Cancer Center), was established from a grade III
infiltrating ductal primary breast tumor from a 24-year-old breast
cancer patient with a germ-line BRCA1 mutation. On histological

evaluation of the primary tumor, large vacuoles were observed in
many of the cells suggestive of a secretory variant of infiltrating
intraductal carcinoma (Refs. 23 and 24, Fig. 2a). The cultured tumor
cells also contained similar vacuoles and demonstrated a striking
resemblance to the primary tumor (Fig. 2b). The vacuoles failed to
stain with periodic acid-Shiff (with and without diastase treatment),

alcian blue, mucicarmine, or oil red O (not shown). These results
indicate that the vacuoles lacked glycogen, mucins, or neutral fat. The
appearance of these cells was similar to the cytological appearance of
cells of secretory carcinoma (25).

The cultured cells grew as an adherent monolayer. During growth
phase they had the appearances of small to medium epithelioid cells
with finely granular eosinophilic cytoplasm and nuclei demonstrating
moderate atypia and occasional mitoses. However, at heavy cell
density, a progressively increasing number of the larger vacuolated
cells appeared. Approximately 11 months after initiation, it was
apparent that a cell line had been established, as evidenced by con
tinuous growth even after recovery from cryopreservation. Immortal
ization was further demonstrated in that the cells have grown contin
uously for over 30 months, have undergone multiple passages, and
have demonstrated telomerase activity (data not shown).

Progesterone and estrogen receptor radiobinding assays demon
strated no significant levels of progesterone or estrogen binding in
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Fig. 2. Morphology of the breast cancer primary
tumorandcellline,H&Estain.a, theprimarybreast
carcinoma from which HCC1937 was derived. b,
HCC1937tumorcellline,cytospinpreparation.Giant
vacuolatedmono-anddinucleatedcellsarepresentin
both the tumor and cell line. The nonvacuolated cul
hIred cells are medium sized and epitheioid.

either the primary tumor or HCC1937 cultured cells. Only very low
levels of HER2/neu expression were observed.

MOleCUlar AnalySis. SSCP analysis of BRCAJ revealed an abnor
mality in exon 20 in both DNA derived from peripheral blood as well
as the cultured cells (Fig. 3). DNA from cells derived from peripheral
blood revealed a nonnal pattern as we!! as an extra band, whereas
sSCP analysis of the tumor cell line revealed an absence of a normal
band present in the peripheral blood DNA. The extra abnormal band
was also observed in DNA from each of the patient's triplet sisters,
but not in the mother. The father's DNA was not available for
analysis. Sequence analysis of the PCR product amplified from exon
20 from cell line DNA revealed an inserted C residue at nucleotide
5382.AllclonedsequencesobtainedfromHCC1937DNAcontained
this mutation. No wild-type sequences were observed. Sequence anal
ysis of microdissected archival tumor tissue also revealed the presence
of the 5382insC mutation and lack of normal wild-type BRCAJ
sequence. To provide an alternative rapid method of detecting this
mutation without the use of radioactivity, mismatched primers flank
ing the 53282insC mutation were designed, which resulted in an
amplicon of 131 and 132 bp in the wild and mutant type alleles,
respectively. The primer sequences are as fol!ows: sense, 5'-
CAAAGCGAGCAAGAGAATFCC-3'; and antisense, 5'-GTAATA
AGTCTFACAAAATGAAG-3'. The mismatched base in the sense
sequence is underlined. The mismatched primer abolishes a restriction
site (CCNNGG) in the wild-type allele, but not the mutant allele, for
the enzyme BsaJI (New EnglandBiolabs, Beverly, MA; Fig. 3). The
coding sequence of the BRCA2 gene demonstrated no abnormality.

Single-strand conformation analysis of the TP53 gene revealed an
abnormal band in exon 8. Sequence analysis revealed a substitution of
a C for a T nucleotide, resulting in a termination codon at position
306. This change was not present in the germ-line DNA and thus was
acquired. The TPS3 mutation was also confirmed by sequencing of
DNA from the microdissected primarytumor tissue. Primers were

designed for rapid detection of this mutation as follows: sense,
5'-AGGACCTGA1TFCCTTACTGC-3'; and antisense, 5'-TGCAC
CCTTGGTCFCCTCCAC-3'. These primers result in an amplicon of
234 bp. The TP53 gene mutation at codon 306 creates a restriction site
(CACNNNGTG) for the restriction enzyme Draffl at nucleotides
909â€”917.The mutant type sequence is cut by DraIII, resulting in two
fragments of 184 and 50 bp in length (Fig. 4).

Single-strand conformation analysis of the CDKN2A gene revealed
no abnormality. DNA from HCC1937 repeatedly failed to amplify
with primers designed to amplify exons 1â€”8of the PTEN gene,
suggesting the presence of a homozygous deletion, but did amplify
exon 9 of this gene. To confirm whetherthis observationrepresented
a truedeletion of the PTENgene, Southernblottingwas performed.A
Southern blot of DNA from HCC!937, lymphocyte DNA from the
patient, as wel! as DNA from other cell lines, were digested with
Hindffl and hybridized with a 32P labeled PTEN coding sequence
probe (20). An absence of bands correspondingto the PTEN coding
sequence in HCC!937, with a normal pattern observed in the lym
phocyte DNA, was demonstrated (Fig. 5). Similar results were ob
mined when DNA was digested with EcoRI, KpnI, BamHI, XbaI, and
MboI. The PTEN pseudo-gene, PTEN2 (22), localized to chromosome
9, was seen in all DNAs and provided an internal control for the PTEN
homozygous deletion.

Allelotyping Data. Allelotyping results comparing HCC1937 and
peripheral blood DNA at 51 informative and 10 uninformative mark
era are summarized in Table 1. A LOH was observed in the majority
of loci examined including chromosomal regions 1p21, !p36, 3p2l,
Sql!â€”5q22,6q!3, 6p21.3,8p21, 9p2!, !0q23â€”4,!3ql2.2â€”!3,
!â€˜lpL3.l,and 17q2!, whereas retention of heterozygosity was ob
servedat3p2S,3q26,4q33â€”35,Sp!S,7q3!,8q!l.2,9p12â€”!3,9q21â€”
33, lip!5.S, !3ql4, and !9pl2â€”3.Using comparisons ofthe mother's
DNA, the parental origin of allele loss could be determined at most
!oci. Both paternal and maternal allele loss was observed. No acquired

SScP
BRCAI Exon 20

RFLP
BsaJI

Normal

G A IC

F@o@.
@@ 5382ins C

Mutant

Fig. 3. Molecular analysis of BRCAJ. Single-strand conformation analysis (left) revealed an aberrant band in lymphocyte DNA from the patient (BC260-002) and each of her two
sisters analyzed (BC260-OO1 and BC26O-OfX@).The tumor cell line demonstrated the mutant band as well as the absence of a wild-type band observed in the constitutional DNA.
Sequence analysis (middle) revealed an inserted C residue at position 5382. No wild-type sequence at position 5382 was detected in any of the clones analyzed from HCC1937-amplifled
DNA.Designedrestrictionfragmentlengthpolymorphismanalysisusingmismatehedrepairprimersasdescribedin â€œResultsâ€•is demonstratedat right.Bothuncut(131)andcut(122)
fragments are detected in the B-lymphoblastoid cell line (BL),whereas in the HCC1937 tumor cell line (CL), only the cut fragment (122 bp) is observed. SM, size marker, lOO-bpladder.
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Fig. 4. Molecular analysis of TP53. Single-
strand conformation analysis of the 77*5^ gene re

vealed an abnormality in exon 8. Sequence analysis
demonstrated a point mutation leading to a termi
nation at codon 306. This mutation is also demon
strated by designed restriction fragment length
polymorphism method as described in the text.
DNA from the lymphoblastoid cell line (ÃŸÂ£)con
tained only the wild-type alÃele,demonstrated by

the uncut fragment (234 bp). whereas the cell line
HCC1937 (CL) demonstrated only the mutant al
Ãele,demonstrated by the cut fragment (184 bp).
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extraneous bands suggestive of microsatellite instability were noted at
any of the loci examined. At selected loci, allelotyping of microdis-
sected archival material was also performed with results identical to
the cell line DNA in all loci examined (Table 1). Not all loci examined
in the tumor cell line were examined in microdissected archival tissue
because of limited archival material.

Cytogenetics. Cytogenetic analysis revealed an extremely com
plex abnormal karyotype. Of 19 metaphases, no 2 revealed the exact
same karyotype. An approximately equal number of metaphases were
observed with modal numbers of 51-56 and 92-110 chromosomes,
consistent with the evolution of a clone of cells with a near-tetraploid
karyotype in addition to a clone of near-diploid cells. Double minute
chromosomes were observed rarely in some passages. Numerous
marker chromosomes were observed of unknown derivation. The
complete composite karyotype of the two modal clones is shown as
follows:

51~56,add(X)(q26),-X,add(l)(q32),add(l)(q32),der(l;2)(qlO;

plO)ins(l;?)(q21;?),+2,der(2)t(2;5)(q31;ql3),der(2)del(2)(pll.2)t(2;
5)(q31;ql3),add(3)(pl3),dup(3)(q21q27),der(4;8)(plO;qlO)t(l;8)(p22;
q24.3),der(4)t(4;4)(pl6;ql2),i(5)(plO),+7,add(7)(pl1.2),der(7)t(7;7)(ql 1.2;
pl3),add(8)(pll.2),-10,add(ll)(pll.2),der(ll)t(ll;18)(pll.2;ql2.2)
del( 11)(q23),der( 13)t(5; 13)(q22;q22),dup( 13)(q14q32),- 14,add( 15)

(q24),del(15)(q22q24), + 16,add(16)(pll.2)x2, + inv(16)(pl3.1q22)
X2,der(18)dup(18)(qll.2q21)t(l;18)(q21;q21),add(19)(pl3.1),-21,
+ marl, + mar2,+6~9mar[cp8 cells]/

93~110<4n>,-X,-X,add(X)(q26)X2,add(l)(q32),der(l;2)(qlO;

plO)ins(l;?)(q21;?),der(2)t(2;5)(q31;ql3),der(2)del(2)(pll.2)t(2;5)
(q31;ql3),add(3)(pl3)X2,-4,-4,der(4;8)(plO;qlO)t(l;8)(p22;q24.3)
X2,i(5)(plO)X2,-6,-6,add(7)(pll.2)X2,der(7)t(7;7)(qll.2;pl3)X2,
+ 8,add(8)(pl 1.2) X 3, - 10, - 10, + 11,+ 1l,add(l l)(pl 1.2)X2,

der(ll)t(ll;18)(pll.2;ql2.2),del(ll)(q23)X2,-12,-12,dup(13)
(ql4q32)X2,-14,-14,add(15)(q24)X2,del(15)(q22q24)x2,add(16)
(pll.2)X2,inv(16)(pl3.1q22)X2,-18,-18,der(18)dup(18)(qll.2q21)
t(l;18)(q21;q21),-19,add(19)(pl3.1)X2,-21, + marlX2, + mar2,
+mar3X2,+mar4.+mar5,+ 10~12mar[cpll cells]

Discussion

In this study, we report the establishment and characterization of
breast carcinoma cell line HCC1937, derived from a germ-line

BRCAI mutation carrier. Histologically, the tumor is characterized as
an invasive ductal carcinoma with features of secretory carcinoma.
Like many of the mutant ÃŸ/iC/47-associated tumors described to date,

the tumor and the corresponding cell line lacked estrogen or proges
terone receptors (4, 26, 27). Like the majority of disease-associated

BRCAI mutations, the mutation present in this breast cancer cell line
causes a truncated protein product. The inserted C at nucleotide 5382
results in erroneous translation of the protein distal to codon 1755 and
termination at codon 1829, whereas wild-type BRCAI consists of

1863 amino acids. Evidence suggests that the COOH terminus of
BRCAI is essential for function in that patients with a germ-line
truncating mutation at codon 1853 are susceptible to early-onset

breast cancer, and in vitro studies demonstrate that the COOH termi
nus of BRCAI is active in transcriptional activation (6, 20). This
particular BRCAI mutation has been observed in multiple families and
is the second most common BRCAI mutation reported (28).

Although several series of breast carcinoma cell lines have been
reported, no previously established cell line is known to be associated
with mutation of BRCAI. Yuan et al. (29) reported an ovarian cancer
cell line that carries a mutation oÃBRCAI, causing a truncation at the
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Fig. 5. Southern blot demonstrating absence of the
PTEN coding sequence in HCC1937. DNA was
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1.13Kb probe used was prepared from PTEN
cDNA and contains exons 2-9 (22). Absent bands
were observed in the lane containing HCC1937
DNA. Similar results were observed with restric
tion digests using the enzymes EcoRl. Kpn\.
BtiniHl. and Mho\ {not shown).

HindIII Xbal

3240

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/58/15/3237/2467190/cr0580153237.pdf by guest on 19 M

ay 2023



BUCAI MITANT BREAST CANCER CELL LINE

Table 1 Alleliityping of HCCI937 Â«â€¢//line DNA and corresponding primary tumor

AllelotypingresultsChromosomal

bandIp36Ip213p21-313pl43p213p213p24.2-p223p253P253q26.l-q26.34q4q33-355pl5-15.l5pl5.

1-15.25pl5.3-pl5.15q22-q325q21-q225qll.2-ql35q335ql3-ql45cen-5qll.26p21.36ql37q31.1-q31.27q318qll.2-ql28p21-228p21-229p219p219P219p219p219pl39pl29q22.3-q319q21.1-ql39q319q22K)q23-q24llplS.5Hpl5.5llqllq13ql2.3-ql313ql2.3-ql313ql417pl3.117q2119pl219pl3.2Locus"UISI597AMY2BD3SI029DJSI766Ãœ3SI477ITIHDJS1537D3SI53ID3SIS37CLUT2MS266mfil22mftimD5S406D5S1I7IL9APCmfil27mfi/154CKTLD5S76TAPID6S280D7S522WNT2D8S285D8S602DXS254IFNAD9SI748D9SI71IFNA2D9SI747PALI27IF69S589SI46951099SI96DIOSIK5TH3.IICF2INT-2PYGMDI3S2f>7D13SI71RHTPS3AAAATDI7SI322DI9S433D19S391Primary

IuniorLOHLOHLOHLOHLOHLOHLOHLOHLOHLOHNIRHRHLOHRHRHCelllineLOHLOHLOHLOHLOHLOHLOHRHRHRIIR

HRHRHRHRHLOHLOHLOHLOHLOHLOHLOHLOHRHRHRHLOHLOHLOHLOHLOHLOHLOHRHRHRHRHRHRHLOHRHRHNIRHLOHLOHRHLOHLOHRHRHParental

source
oflossNDfcPaternalPaternaPaternaPaternaPaternaPaternaNDPaternalPaternalPaternalPaternalNDPaternalPaternalPaternalPaternalMaternalNDMaternalNDMaternalPaternalMaternalNDMaternalMaternal

Â°Markers that were examined that were not informative included DISIln ( Ip31-p2l ),

DÃ•5/577(3pl2). D3S1313 (3pl4), KICA (3p21.3). RHOI.2 (3q2l-q24). m/i//22 (5q31-
33.3). D8SI37 (8pl 1-21 ). Df>S3(X)(6ql3-14), D9SI26 (9p22). and DI9S253 (19pl3.l).

ND, not determinate; RH. retention of hetero/.ygosity; NI. not informative.

COOH-terminal portion of the protein. It is not known whether this

BRCAI mutation is germ line, although it is quite possible that this
line derived from a BRCAI mutation carrier because of a separate
report of the same germ-line mutation in a breast-ovarian cancer

family (30) and because sporadic mutations in ovarian cancer are rare
(8,31).

The cell line HCC1937 demonstrated a considerable degree of
aneuploidy as demonstrated by multiple karyotypic abnormalities, a
high incidence of LOH at loci involved in breast cancer pathogenesis,
and a high DNA index. Of 19 cell lines examined, this tumor dem
onstrated the highest incidence of LOH.4 At multiple loci, the corre

sponding archival tumor tissue was allelotyped as well, with identical
findings of alÃeleloss or retention at each locus examined. Marcus et
al. (32) reported, in a series of hereditary breast cancers using archival

4 A. Gazdar. unpublished data.

tissue, that mutant ÃŸ/?C4/-Â£ssociatedtumors demonstrate a consid

erably higher degree of aneuploidy than either sporadic breast cancers
or non-BRCA/-related hereditary breast cancers. In addition to a large

degree of chromosomal abr ormalities. a specific number of other
specific molecular changes <nown to be important in breast cancer
pathogenesis were noted to exist in our cell line. The tumor cell line
also acquired a TP53 mutation, not present in the germ line, with loss
of the wild-type alÃelein the tumor. This tumor cell line also demon

strated a homozygous deletion of the PTEN gene, the underlying
genetic defect in Cowden's >yndrome. However, we were unable to

detect any mutation, rearrangement, or deletion in the PTEN gene in
germ-line DNA in this family. In addition, neither the probund nor any

of her immediate family merrbers demonstrated signs characteristic of
Cowden's syndrome.

The breast cancer risk associated with the BRCAI 5382insC muta
tion is â€”¿�55%by age 70 according to one study (33). This risk

increases with age, and although the risk at all ages is greater than that
of noncarriers at all ages, the observed incidence of breast cancer in
the early twenties as observeJ in this patient and her sibling suggests
that other factor(s), either genetic or environmental, may have influ
enced the development of breast cancer in this family. The question
arises as to whether an additional genetic predisposition factor is
carried by this family. However, no additional germ-line mutations

were found in BRCA2. PTEN or TP53. In the rarely observed families
in which more than one breas cancer predisposing germ-line mutation

occurs in the same individual, the phenotypes are not markedly
different with respect to age of onset or number of tumors (34, 35).
Perhaps other yet unidentified genetic predisposition genes, genetic
modifiers, or environmental factors contributed significantly to early
onset of tumor development in this family. The fact that both the
patient from whom the cell li le derived, as well as her affected sister,
had very early-onset breast cancers, and both previously bore children
at an early age, suggests thai in this family, early child-bearing was

not a protective factor. This observation, along with the estrogen and
progesterone receptor-negath e status, suggests that factors other than

hormonal stimulation had stimulated tumor development.
Considerable controversy 'ias existed over the localization of the

BRCAI protein in both normal and malignant tissue. One of the
technical challenges in determining the cellular localization of
BRCAI is the specificity of antibodies for the BRCAI protein. The
establishment of a cell line that is null for any COOH-terminal

BRCAI should be useful in sorting out antibody specificity and
cellular localization issues. In addition, studies comparing localization
of BRCAI in its mutant forrr compared with wild-type BRCAI will

be useful in elucidating the role of BRCAI. Likewise, transfection
studies with wild-type BRCM have only been done with breast
cancer cells that already contain wild-type BRCAI (36). It will be of

interest to see the effect on cell growth and tumorigenicity of replac
ing wild-type BRCAI into the HCC1937 cell line.

Although the tumor from which our cell line derives is distinctive
in terms of its histology and very early age of onset, the acquired TP53
mutation, the estrogen receptor/progesterone receptor negativity, and
the marked aneuploidy observed may prove to be characteristic of
BRCAI -associated tumors. Thus, cell line HCCI937 may serve as a

very useful reagent in studying breast cancer pathogenesis in BRCAI
families.
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Note Added in Proof

The cell line HCC1937 has been deposited with the American Type Culture
Collection.

References

1. Easton. D., Bishop. D., Ford, D., Crockford, G.. and Breast-Cancer-Linkage-Consor
tium. Genetic linkage analysis in familial breast and ovarian cancer: linkage from 214
families. Am. J. Hum. Genet., 52: 678-701, 1993.

2. Fitzgerald, M. G., MacDonald, D. J., Kramer, M., Hoover, I., O'Neil, E., Unsal, H.,

Silva-Arrierto, S., Finkelstein, D. M., Beer-Romero, P., Englert, C, Scroi, D. C.,

Smith, B., Younger, J. W., Garber, J. E., Duda, R. B., Mayzel, K. A., Isselbacher,
K. J., Friend, S. H., and Haber. D. A. Germ-line URCA l mutations in Jewish and
non-Jewish women with early-onset breast cancer. N. Engl. J. Med., 334: 143-149,

1996.
3. LÃ¤ngsten, A., Malone, K., Thompson. J., Daling, J., and Ostrander, E. BRCAI

mutations in a population-based sample of young women with breast cancer. N. Engl.
J. Med., 334: 137-142, 1996.

4. Tirkkonen. M., Johannsson, O., Agnarsson, B. A., Olsson, H., Ingvarsson, S., Karhu,
R., Tanner. M., Isola, J.. Barkardottir, R. B., Borg, A., and Kallioniemi, O-P. Distinct

somatic genetic changes associated with tumor progression in carriers of BRCAI and
BRCA2 germline mutations. Cancer Res., 57: 1222-1227, 1997.

5. Scully. R.. Chen. J.. Ochs, R.. Keegan, K.. Hoekstra, M., Jeunteun, J., and Livingston,
D. M. Dynamic changes of BRCAI subnuclear location and phosphorylation state are
initiated by DNA damage. Cell, 90: 425-435, 1997.

6. Monteiro, A. N. A.. August. A., and Hanafusa, H. Evidence for a transcriptional
activation function of BRCAI C-terminal region. Proc. Nati. Acad. Sci. USA, 93:
13595-13599, 1996.

7. Jensen, R. A., Thompson. M. E., Jetton, T. L., Szabo, C. I., van der Meer, R., Helou,
B., Tronick, S. R., Page, D. L., King. M-C. and Holt, J. T. BRCAI is secreted and
exhibits properties of a granin. Nat. Genet., 12: 303-308, 1996.

8. Futreal, P., Liu, Q., Shattuck-Eidens, D., Cochran, C., Harshman, K., Tavtigian, S.,
Bennett, L., Haugen-Strano, A., Swensen, J., Miki, Y.. Eddington, K., McClure, M.,
Frye. C., Weaver-Feldhaus. J.. Ding, W., Gholami, Z., Sodervist, P., Terry, L.,

Jhanwar, S., Berchuck, A., Iglehart. J., Marks, J., Ballingler, D., Barrett, J., Skolnick,
M., Kamb, A., and Wiseman, R. BRCA1 mutations in primary breast and ovarian
carcinomas. Science (Washington DC), 266: 120-122. 1994.

9. Chen, Y.. Chen. C-F., Riley, D. J., Allred, C., Chen, P-L., Von Hoff, D., Osbome,
C. K., and Lee, W-H. Aberrant subcellular localization of BRCAI in breast cancer.
Science (Washington DC), 270: 789-791, 1995.

10. Hiyama, K., Hiyama, E., Ishioka. S., Yamakido, M., Inai, K., Gazdar, A. F.,
Piatyszek, M. A., and Shay, J. A. Telomerase activity in small-cell and non-small-
cell lung cancers. J. Nati. Cancer Inst., 87: 895-902, 1995.

11. Barch. M. J. The ACT Cytogenetics Laboratory Manual, pp. New York: Raven Press,
1991.

12. Miller, G., and Lipman, M. Release of infectious Epstein-Barr virus by transformed
marmoset leukocytes. Proc. Nati. Acad. Sci. USA, 70: 190-194, 1973.

13. Sambrook, J., Fritsch, E., and Maniatis, T. Molecular Cloning: A Laboratory Manual,
pp. Plainview, NY: Cold Spring Harbor Laboratory, 1989.

14. Hung, J., Kishimoto, Y., Sugio, K., Virmani, A., Mclntire, D., Minna, J., and Gazdar,
A. Allele-specific chromosome 3p deletions occur at an early stage in the pathogen-
esis of lung carcinoma. J. Am. Med. Assoc.. 273: 558-563, 1995.

15. Orita, M.. Iwahana. H.. Kanazawa, H., Hayashi, K., and Sekiya, T. Detection of
polymorphisms of human DNA by gel electrophoresis as single-strand conformation
polymorphisms. Proc. Nati. Acad. Sci. USA, Â«6:2766-2770, 1989.

16. Buchman. V., Chumakaov. P., Ninkina, N., Samarina, O., and Georgiev, G. A
variation in the structure of the protein-coding region of the human p53 gene. Gene
(Amst.), 70: 245-252, 1988.

17. Kamb, A., Gruis, N., Weaver-Feldhaus, J., Liu, Q., Harshman, K., Tavtigian, S.,

Stocken, E.. Day, R., Johnson, B.. and Skolnick, M. A cell cycle regulator potentially
involved in genesis of many tumor types. Science (Washington DC), 264: 436-440,

1994.
18. Li, J., Yen, C., Liaw, D., Podsypanina, K., Bose, S., Wang, S., Puc, J., Miliaresis, C.,

Rodgers, L., McCombie, R., Bigner, S., Giovanella, B., Ittmann. M., Tycko, B.,
Hibshoosh, H., Wigler, M., and Parsons, R. PTEN, a putative protein tyrosine
phosphatase gene mutated in human brain, breast, and prostate cancer. Science
(Washington DC), 275: 1943-1947. 1997.

19. Miki, Y., Swensen, J., Shattuck-Eidens, D., Futreal, A., Harshman, K.. Tavtigian, S..

Liu, Q., Cochran, C., Bennett, L. M., Ding, W., Bell, R., Rosenthal. J.. Hussey, C.,
Tran, T., McClure, M., Frye, C., Hattier, T., Phelps, R.. Haugen-Strano, A., Katcher,

H., Yakumo, K., Gholami, Z., Shaffer, D., Stone, S., Bayer, S., Wray, C., Bogden, R.,
Dayananth, P., Ward, J., Tonin, P., Narod, S., Bristow, P. K., Noms, F. H., Helvering,
L., Morrison, P., Rosteck, P., Lai, M., Barrett, C., Lewis, C., Neuhausen. S.. Cannon-

Albright. L., Goldgar, D., Wiseman, R., Kamb, A., and Skolnick, M. H. A strong
candidate for the breast and ovarian cancer susceptibility gene BRCAI. Science
(Washington DC), 266: 66-71, 1994.

20. Friedman, L. S., O. E., Szabo, C. I., Dowd. P.. Lynch. E. D.. and Rowell. S. E.,
K. M.-C. Confirmation of BRCAI by analysis of germline mutations linked to breast
and ovarian cancer in ten families. Nat. Genet., 8: 399-404, 1994.

21. Wooster, R., Signold, G., Lancaster, J., Swift, S., Seal, S., Mangion, J., Collins, N.,
Gregory, S., Gumba, C., Micklem, G., Barfoot, R.. Hamoud, R., Palei, S.. Rice, C.,
Biggs, P.. Hashim, Y., Smith, A., Connor, F., Arason, A.. Gudmundson, J.. Floenec,
D., Kelsell, D., Ford, D., Tonin. P.. Bishop, D. T., Spurr, N. K., Ponder. B. A. J..
Ecles, R.. Peto, J., Deviolee, P., Comelisse, C.. Lynch, H.. Narod. S.. Lenoir, B..
Eglisson, V., Barkadottir, R. B., Easton, D. F., Bentley, D. R., Futreal, P. A.,
Ashworth, A., and Stratton, M. R. Identification of the breast cancer susceptibility
gene BRCA2. Nature (Lond.), 378: 789-782, 1995.

22. Forgacs, E., Biesterveld, E., Sekido, Y., Fong, K., Muneer, S., Wistuba, l.. Milchgrub,
S., Brezinschek, R., Virmani, A., Gazdar, A. F., and Minna, J. D. Mutation analysis
of the PTEN/MMACJ gene in lung cancer. Oncogene, in press, 1998.

23. Tavassoli, F. A., and Noms, H. J. Secretory carcinoma of the breast. Cancer (Phila.),
45: 2404-2413, 1980.

24. Rosen, P. P., and Cranor, M. L. Secretory carcinoma of the breast. Arch. Pathol. Lab.
Med., 115: 141-144, 1991.

25. Shinagawa, T., Tadokoro, M., Takeuchi, E., Oikawa, K., Kanasugi, K., and Kataba,
Y. Aspiration biopsy cytology of secretory carcinoma of the breast. A case report.
Acta Cytol., 36: 189-193, 1992.

26. Johannsson, O. T., Idvall, I., Anderson, C., Borg, A., Barkardottir, R. B.. Egilsson, V.,
and Olsson, H. Tumour biological features of BRCAI-induced breast and ovarian
cancer. Eur. J. Cancer, 33: 362-371, 1997.

27. Johannsson, O., Ranstam, J., Borg, A., and Olsson, H. Survival of BRCAI breast and
ovarian cancer patients: a population-based study from southern Sweden. J. Clin.
Oncol., 16: 397-404, 1998.

28. Couch. F.. and Weber, B. Breast Cancer Information Core. Mutations and polymor
phisms in the familial early-onset breast cancer (BRCAI) gene. Hum. MutÃ¢t..8: 8-18,

1996.
29. Yuan, Y., Kim, W-H., Han, H. S., Lee, J-H., Park, H-S., Chung, J-K., Kang, S-B., and

Park, J-G. Establishment and characterization of human ovarian carcinoma cell lines.

Gynecol. Oncol., 66: 378, 1997.
30. Oh, J., Noh, D., Choe, K., Kang, S., Kim, L., Ro, M., Paik, N., Yang, D., Oh. S., Lee,

S., and Park, J. Germline mutation of BRCAI gene in Korean breast and ovarian
cancer patients. J. Kor. Cancer Assoc., 27: 1061-1069, 1995.

31. Merajver, S. D., Pham, T. M., Caduff, R. F., Chen, M., Pay, E. L., Cooney. K. A.,
Weber, B. L., Collins, F. S., Johnston, C., and Frank, T. S. Somatic mutations in the
BRCAI gene in sporadic ovarian tumours. Nat. Genet., 9: 439-443, 1995.

32. Marcus, J. N., Watson, P., Page, D. L., Narod, S. A., Lenoir, G. M., Tonin, P.,
Linder-Stephenson, L., Salerno, G., Conway, T. A., and Lynch, H. T. Hereditary

breast cancer: pathobiology, prognosis and BRCA I and BRCA2 gene linkage. Cancer
(Phila.), 77: 697-709, 1996.

33. Struewing, J. P., Hartge, P., Wacholder, S., Baker, S. M., Berlin, M.. McAdams, M.,
Timmerman, M. M., Brody, L. C., and Tucker, M. A. The risk of cancer associated
with specific mutations of BRCAI and BRCAI among Ashkenzi Jews. N. Engl.
J. Med., 336: 1401-1408, 1997.

34. Ramus, S. J., Friedman, L. S., Gayther, S. A., Ponder, B. A. J., Bobrow, L. G., van
der Looji, M., Papp, J., and Olah, E. A breast/ovarian cancer patient with germline
mutations in both BRCAI and BRCA2. Nat. Genet., IS: 14-15, 1997.

35. Stoppa-Lyonnet, D., Flicker. J. P.. Essioux, L., Pages, S., Limacher. J. M., Sobol. H..
Laurent-Puig, P., and Thomas, G. Segregation of two BRCAI mutations in a single
family. Am. J. Hum. Genet., 59: 479-481, 1996.

36. Holt, J. T., Thompson, M. E., Szabo, C., Robinson-Benion, C., Arteaga, C. L., King,
M-C. and Jensen, R. A. Growth retardation and tumour inhibition by BRCAI. Nat.
Genet., 12: 298-302, 1996.

3242

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/58/15/3237/2467190/cr0580153237.pdf by guest on 19 M

ay 2023




