
Inhibition of human telomerase reverse transcriptase gene expression
by BRCA1 in human ovarian cancer cells

Chenyi Zhou and Jinsong Liu*

Department of Pathology, Division of Pathology and Laboratory Medicine, Unit 85, The University of Texas M.D. Anderson Cancer Center,

1515 Holcombe Boulevard, Houston, TX 77030-4095, USA

Received 30 January 2003

Abstract

Human telomerase reverse transcriptase (hTERT), the catalytic subunit of human telomerase, is responsible for the synthesis and

maintenance of the telomeric repeats at the distal ends of human chromosomes. Telomerase expression is repressed in normal human

cells and is activated in immortal cells and during tumorigenesis, but the mechanism by which telomerase expression is regulated is not

fully understood. Previous studies have shown that c-Myc stimulates hTERT transcription through the binding sites located on the

hTERT promoter. In this study, we sought to determine whether BRCA1 inhibits hTERT transcription through its direct interaction

with c-Myc. In ovarian cancer cells, c-Myc increased hTERT expression by threefold and BRCA1 completely abrogated this activity. A

mutation in the c-Myc-binding site (E-box)of thehTERTpromoter resulted in the loss of activationby c-Mycand in the loss of inhibition

by BRCA1. Deletion of the c-Myc-binding domain in BRCA1 resulted in the loss of BRCA1�s ability to inhibit transcription of the

hTERT promoter. In addition, BRCA1 associates with c-Myc and inhibits the binding activity of c-Myc to the hTERT promoter. Our

data indicate thatBRCA1 is involved in regulating cellular immortalization through themodulation of c-Myc on the hTERT promoter.

� 2003 Elsevier Science (USA). All rights reserved.
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The ends of human chromosomes are composed of
repetitive, noncoding DNA sequences (50-TTAGG-30)

that are approximately 5–20 kb. These highly conserved

and specialized structures provide protective mecha-

nisms to stabilize chromosomes and protect chromo-

somes from random fusion events and degradation [1,2].

Telomerase is responsible for the synthesis and mainte-

nance of the telomeric repeats [3]. Telomerase comprises

several subunits, including an RNA subunit and a cata-
lytic subunit, of the human telomerase reverse trans-

criptase (hTERT). The RNA subunit provides the

template for the synthesis of telomeres [4]. The hTERT is

responsible for the synthesis of telomeres using the RNA

template [5,6]. With each cell division, the telomeres get

shorter, and after dozens of these cell divisions, the

telomeres decrease to a certain critical length and the cell

dies [7,8]. By stable forced expression of hTERT, cells are
able to bypass senescence and extend their lives [9].

Multiple studies have shown that telomerase activity is
repressed in normal cells but activated in immortal cells

and during tumorigenesis of breast and ovarian cancers

[10–12]. These findings suggest that telomerase activa-

tion may play an important role in cellular immortali-

zation and in early stages of tumor progression.

Several studies have shown that the c-Myc oncopro-

tein can activate hTERT transcription by directly

binding to the E-box in the hTERT promoter and that it
synchronistically interacts with nearby Sp1 [13–16]. In

addition, two estrogen receptor-binding sites upstream

of the hTERT promoter have been shown to mediate the

hTERT response to estrogen stimulation [17]. Interest-

ingly, BRCA1, a gene responsible for approximately half

of all cases of hereditary breast cancer and for almost all

cases of combined hereditary breast and ovarian cancers

[18], has been shown to interact with c-Myc [19].
BRCA1 encodes a 1863-amino acid, 220-kDa nuclear

phosphoprotein and acts in concert with DNA-repair

enzymes to maintain the integrity of the genome. BRCA1

also interacts with hRad51, a human homologue of
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bacterial RecA, a protein involved in homologous chro-
mosome recombination and postradiation DNA repair

[20]. A mutation in p53 can accelerate breast cancer de-

velopment in homozygous BRCA1 (BRCA1�=�) knock-

out mice [21], and mice heterozygous for BRCA1, p53

double mutation (BRCA1þ=�/p53þ=�) have developed

mammary gland tumors, after being exposed to low-

frequency c-radiation [22]. BRCA1-deficient cells display

spontaneous chromosomal abnormalities, a defective
G2=M checkpoint, and centrosome amplification [23].

BRCA1 has been shown to mediate resistance to paclit-

axel and ionizing irradiation in ovarian cancer [24].

Because c-Myc is amplified in many different types of

human cancers, it is possible that BRCA1 forms a

complex with c-Myc to regulate cellular growth, prolif-

eration, and oncogenesis in different organs. However,

the specific target gene for the BRCA1–c-Myc complex
has not been identified. Because the hTERT promoter

contains c-Myc-binding sites, we hypothesized that it

may be a target for BRCA1. The purpose of this study

was to determine whether BRCA1 can inhibit the tran-

scription of hTERT through its direct interaction with c-

Myc. Here, we provide direct evidence that BRCA1 may

be involved in the regulation of cellular immortalization

by regulating the transcription of hTERT through its
interaction with c-Myc.

Materials and methods

Cell cultures. The ovarian cancer cell line SK-OV3, breast cancer

cell line MCF-7, cervical cancer cell line HeLa, and the kidney cancer

cell line 293T were purchased from the American Type Culture Col-

lection (ATCC; Manassas, VA). The ovarian cancer cell line SNU-251

was a gift from Dr. Jae-Gahb Park (Korea Cell Line Bank, Seoul

National University, Korea) and further characterized by Zhou et al.

[24]. Briefly, the SNU-251 cell line is an endometrioid ovarian cell line

that carries a single-base G-to-A transition in exon 23, resulting in a

stop codon at amino acid 1815 of BRCA1 and a predicted loss of half

of the second BRCA1 C-terminal (BRCT) repeat [25]. All cell lines

were maintained in RPMI 1640 medium with 10% fetal bovine serum

(FBS) in the presence of antibiotics. The 293T cells, HeLa cells, and

MCF-7 cells were grown in Dulbecco�s modified Eagle�s medium

supplemented with 10% FBS in the presence of antibiotics. All cells

were cultured at 37 �C in a 5% CO2 incubator.

Plasmid construction. Plasmid phTERT (�3328 � þ77 nt) contain-

ing the whole hTERT promoter (�3.3 kb) was a gift from Dr. Satoru

Kyo (Kanazawa University, Japan). The c-Myc expression plasmid was

a gift from Dr. Robert Eisenman (Fred Hutchinson Cancer Research

Center, Seattle, WA). The core promoter region (�169 � þ58 nt) of

hTERT was obtained by polymerase chain reaction (PCR) amplifica-

tion using the phTERT (�3328 � þ77 nt) plasmid as a template, cut by

MluI and BglII, and subcloned into pGL3 basic vector to create the

phTERT (�169 � þ58 nt) plasmid. The primers used to amplify the

core promoter region were E-BOXI-W(F): 50-GAACGCGTTCCCCA

CGTGGCGGAGGGAC-30 and E-BOXII-W(R): 50-GCAGATCTAG

GGCTTCCCACGTGCGCAGC-30. The plasmid phTERT (DMyc1,

�169 � þ58 nt), which lost one of its c-Myc-binding sites, was gener-

ated by exchanging the three bases (CAC ! TTT) that is underlines in

E-box-m (F) primer and is located in the E-box of the core promoter

from phTERT (�169 � þ58 nt). The primers used for E-box mutation

were E-BOXI-M (F): 50-GAACGCGTTCCCTTTGTGGCGGAGGG

AC-30 and BOXII-W(R): 50-GCAGATCTAGGGCTTCCCACGTGC

GCAGC-30. The BRCA1 expression plasmid pcDNA3 (wtBRCA1) was

constructed by excising BRCA1 cDNA withHindIII andEcoRV from a

plasmid provided by Dr. Daniel A. Haber (Harvard Medical School,

Boston, MA) and ligating the cDNA into pcDNA3 (Invitrogen,

Carlsbad, CA). The mutant BRCA1 expression plasmid pcDNA3

(DMyc, BRCA1), which lacked a c-Myc-binding domain in BRCA1,

was generated by replacing the cDNA BRCA1 fragment between the

AttII andKpnI sites in pcDNA3 (wtBRCA1) with a DNA fragment with

deleted c-Myc binding domain from 644 to 1718bp flanked byAttII and

KpnI in the primers used for PCR. This DNA fragment was obtained by

PCR using the pcDNA3 (wtBRCA1) plasmid as the template and a pair

of primers: BRCA1 (R): 50-ACCAGGTACCAATGAAATACTG

CT-30 (2418–2441bp) and BRCA1 (F): 50-AGACGTCTCAGGGAAC

TAACCAAA CGGAGCAGAATGGTC-30 (1719–1749bp). The AttII

and KpnI restriction enzyme sites are indicated by underlining.

Transient transfection and luciferase assay. Various hTERT pro-

moter constructs were cotransfected with the c-Myc expression plas-

mid in the presence or absence of the wild-type BRCA1 expression

plasmid into different cancer cells. Luciferase (LUC) activity was

measured 48 h after transfection. A total of 4lg of plasmid was used in

each transfection. Activity was normalized using b-galactosidase ac-

tivity. LUC activity was assayed using the LUC reporter assay system

(Promega, Madison, WI) and normalized as 100% in the presence of

the c-Myc expression plasmid.

Immunoprecipitation and Western blot analysis. Cell extracts were

prepared in 1� lysis buffer (50mM Tris–HCl (pH 8.0), 120mM NaCl,

and 0.5% Nonidet P-40 (NP40)), 50mM NaF, 1mM sodium ortho-

vanadate, 100lg/ml polymethylsulfonyl fluoride (PMSF), 20 lg/ml ap-

rotinin, and 10 lg/ml leupeptin. Protein was immunoprecipitated with

anti-BRCA1 (ab1) antibody. Binding reactions were rotated overnight

at 4 �C in the presence of protein extract, antibody, and protein G beads.

The supernatantwas removedand the proteinG beadswere thenwashed

three or four times with the buffer containing 20mM Tris–OAc (pH 7.9),

0.12M KOAc, 6mM MgðOAcÞ2, 0.1% NP40, 0.1mM dithiothreitol

(DTT), and 0.2 mg/ml bovine serum albumin (BSA). For Western blot

analysis, samples were subjected to electrophoresis in 6% sodium

dodecyl sulfate (SDS)–polyacrylamide gel and transferred to a nitro-

cellular membrane (Bio-Rad, Hercules, CA). The membrane was pre-

hybridized with dried skim milk for 1 h and then blotted with a primary

mouse anti-BRCA1 antibody (ab-1; Oncogene Research, Cambridge,

MA) and a subsequent peroxidase-conjugated horse anti-mouse anti-

body (Amersham Pharmacia Biotech, Piscataway, NJ). The membrane

was then washed with Tris-buffered saline (0.9% sodium chloride and

20mM Tris–HCl (pH 7.4)) supplemented with 0.05% Tween 20 (TBST)

three times for 10min. An enhanced chemiluminescence kit was used to

detect the signals (Amersham Pharmacia Biotech).

Nuclear cell extract preparation. Nuclear cell extract was prepared

from 1 � 106 SK-OV3 cells. Cells were washed once with 1� phos-

phate-buffered saline (PBS) and twice with cold buffer A (10mM He-

pes (pH 7.9), 1.5mM MgCl2, 10mM KCl, 0.5 mM DTT, and 0.5 mM

PMSF). After pelleted by centrifugation at 1000g for 5 min, cells were

resuspended with two volumes of cold buffer A containing 0.1% NP40

and then stored on ice for 5min. Nuclei from these cells were separated

by centrifugation at 14,000g, 4 �C for 15min and then dissolved by

adding two volumes of cold buffer C (20mM Hepes (pH 7.9), 1.5 mM

MgCl2, 0.5mM DTT, 0.5mM PMSF, 420mM NaCl, 0.2 mM EDTA,

and 25% glycerol) at 4 �C for 15min. The nuclear cell extract in su-

pernatant was collected by centrifugation at 14,000g, 4 �C for 10min,

and was ready to use or could be stored at )80 �C for later use.

Gel mobility shift assay. Nuclear cell extracts from SK-OV3 cells

(10 lg) were incubated with a DNA binding buffer (50 mM Hepes (pH

7.9), 100mM KCl, 2 mM EDTA, 2 mM DTT, 4% BSA, 6% glycerol,

and 50lg/ml poly(dC-dG)), in the presence or absence of an unlabeled

competitor oligonucleotide (20-fold excess) or antibody (0.1–1lg) on

ice for 20min. A 5000 cpm 32p-labeled probe containing a wild-type
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c-Myc-binding site in the hTERT promoter, 50-GCGCTCCCCACG

TGGCGGAGGG-30 (nt: �172 � �150), was added to the nuclear

extract, and the nuclear extract was then incubated at room temper-

ature for 20min. The oligonucleotide containing the mutant c-Myc-

binding site is identical to the wild-type sequence probe, except for the

two base pair changes (underlined): 50-GCGCTCCCCACGGAGC

GGAGGG-30 (nt: �172 � �150). The anti-c-Myc antibody (N262)

and normal serum immunoglobulin (Ig) G were obtained from Santa

Cruz Biotechnology. (Santa Cruz, CA), and the anti-BRCA1 antibody

(ab-1) was obtained from Oncogene Research (Cambridge, MA). Re-

action mixtures were loaded on a 4% nondenatured polyacrylamide gel

and then dried prior to the autoradiography.

Results

BRCA1 inhibits c-Myc-mediated transactivation of

hTERT in SNU-251 and SK-OV3 cells

To examine the effect of BRCA1 on the tran-

scriptional activity of the hTERT promoter, various

hTERT promoters were subcloned into a pGL3 basic
vector containing the LUC reporter gene. A schematic

of the hTERT-LUC chimeric constructs is provided in

Fig. 1A. The plasmid phTERT (�169 � þ58 nt) was

cotransfected with c-Myc expression plasmid into SK-

OV3 cells (the wild-type BRCA1 cell line) or SNU-251

cells (the BRCA1-deficient cell line). The SNU-251

and SK-OV3 cells in which the plasmid phTERT

(�169 � þ58 nt) was cotransfected with the c-Myc
expression plasmid showed an approximately threefold

increase in the level of hTERT transcription, as indi-

cated by the LUC activity (Fig. 1B, lane 2), compared

with cells without the c-Myc expression plasmid

(Fig. 1B, lane 1). Cotransfection with the wild-type

BRCA1 expression plasmid inhibited the activation to

almost the basal level in the SNU-251 cells, and to a

lesser extent in the SK-OV3 cells (Fig. 1B, lane 4).
This repression was dose dependent (Fig. 1B, lanes 3

and 4).

Fig. 1. (A) Schematic of hTERT-luciferase chimeric constructs. LUC, luciferase; ERE, estrogen response element; E-box, (50-CACGTG-30) sequence;

nt, nucleotide. Numbers refer to the number of bases upstream ()) or downstream (+) of the ATG initiation codon of the hTERT gene. (B) The effect

of c-Myc and BRCA1 on the level of hTERT transcription. Plasmid phTERT (�169 � þ58 nt) was cotransfected with the c-Myc expression plasmid,

in the presence or absence of the wild-type BRCA1 expression plasmid into SNU-251 or SK-OV3 cells. The name of each plasmid is indicated on the

left lower position of the figure. The error bars represent the standard deviation. Where error bars are not seen, standard errors were too small to

show on the graph. Each experiment was performed three times. The presence or absence of each plasmid used in each transfection is indicated by +

or ). (C) The effect of the c-Myc-binding site in the hTERT promoter on the BRCA1-mediated inhibition in SNU-251 ovarian cancer cells. phTERT,

hTERT-LUC plasmid. (D) The effect of c-Myc and BRCA1 on the hTERT promoter in 293T cells.

132 C. Zhou, J. Liu / Biochemical and Biophysical Research Communications 303 (2003) 130–136



c-Myc-binding sites in the hTERT promoter are required

for BRCA1-mediated inhibition

To examine the effect of BRCA1 on the transcriptional

regulation of the hTERT promoter through the c-Myc

DNA binding site, we performed LUC assays using an

hTERT-LUC chimeric construct containing a mutation

in the c-Myc-binding site of the hTERT promoter phT-

ERT (DMyc1, �169 � þ58 nt), together with its wild-
type counterpart, phTERT (�169 � þ58 nt), after they

were transfected into SNU-251 cells. As shown in Fig. 1C,

cells in which phTERT (�169 � þ58 nt) was cotrans-

fected with the c-Myc expression plasmid showed an ap-

proximately threefold stimulation of transcriptional

activity (Fig. 1C, lane 2, indicated by the solid bar),

compared with cells without the c-Myc expression plas-

mid (Fig. 1C, lane 1). A mutation in the c-Myc-binding
site in plasmid phTERT (DMyc1, �169 � þ58 nt) re-

sulted in a loss of transactivation by c-Myc (Fig. 1C, lane

2, indicated by the dash bar). BRCA1 did not further

decrease the basal level of transcription from the hTERT-

LUC constructs (Fig. 1C, lanes 3 and 4), suggesting that

BRCA1 inhibits the level of transcription through this

c-Myc-binding site on the hTERT promoter. The 293T

cells were similarly transfected and c-Myc stimulated the
transcription from the hTERTpromoter in the 293T cells,

as it did in the SNU-251 and SK-OV3 cells (Fig. 1D, lane

2). However, cotransfection of the 293T cells with

BRCA1 mildly stimulated the transcriptional activity of

the hTERT promoter instead of repressing it as described

above (Fig. 1D, lane 3). No repression of hTERT tran-

scriptional activity by BRCA1 was detected in HeLa cells

and MCF-7 cells (data not shown). On the basis of these
results, we concluded that repression of transcriptional

activity of the catalytic subunit of hTERT by BRCA1 is

ovarian cancer-cell specific. Such repression was more

dramatic in the SNU-251 ovarian cancer cell lines carry-

ing the homozygous BRCA1 mutation.

Mutant BRCA1 protein without the c-Myc-binding

domain lost its ability to inhibit the transcription of

hTERT promoter in SNU-251 cells

An earlier study [19] showed that BRCA1 interacted

with c-Myc through a specific binding domain in the

BRCA1 protein. Whether this specific binding domain
plays an important role in inhibiting the c-Myc-medi-

ated transactivation of the hTERT promoter is not

known. To examine the role of the c-Myc-binding do-

main of BRCA1 in regulating the hTERT promoter, we

constructed a mutant BRCA1 expression plasmid,

pcDNA3 (DMyc, BRCA1), which contained the mutant

BRCA1 without the c-Myc-binding domain (Fig. 2A).

LUC assays were performed using the mutant BRCA1
and wild-type BRCA1 expression plasmids after they

were cotransfected with either the hTERT core pro-

moter (�169 � þ58 nt) construct or the hTERT whole
promoter (�3330 � þ58 nt) construct in the presence of

c-Myc expression plasmid into SNU-251 cells. We found

no repression of LUC activity from the hTERT core

promoter (�169 � þ58 nt) (Fig. 2B, lane 4) and only a

mild inhibition from the hTERT whole promoter

(�3330 � þ58 nt) (Fig. 2B, lane 4) cotransfected with

the c-Myc expression plasmid and the mutant BRCA1

expression plasmid, compared with the wild-type
BRCA1 plasmid (Fig. 2B, lane 3). These results dem-

onstrated that the specific c-Myc-binding domain in

BRCA1 is required to inhibit the transcription activa-

tion of the hTERT promoter.

BRCA1 associates with c-Myc and inhibits DNA-binding

activity of c-Myc to the hTERT promoter

To determine whether BRCA1 associates with c-Myc,
we coimmunoprecipitated c-Myc with BRCA1 by using

anti-BRCA1 (ab1) antibody or preimmune control se-

rum. Both BRCA1 and c-Myc proteins were detected in

the immunoprecipitation complex, demonstrating that

BRCA1 forms a complex with c-Myc in the ovarian

cancer cell line SK-OV3 (Fig. 3A). No detectable level of

Fig. 2. (A) Schematic of mutant and wild-type BRCA1 constructs. aa,

amino acid; NLS, nuclear localization signal; Myc-domain, c-Myc-

binding domain in BRCA1. (B) The effect of the c-Myc-binding do-

main in BRCA1 on the level of transcriptional activity of hTERT

promoter in SNU-251 cells. Each experiment was done three times.

The error bars represent the standard deviations. Where error bars are

not seen, standard errors were too small to show on the graph. phT-

ERT, hTERT-LUC plasmid.
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c-Myc was associated with the negative control. To fur-

ther examine whether BRCA1 interacts with c-Myc on

the hTERT promoter in vivo, we examined BRCA1 and

c-Myc interaction using a gel mobility shift assay
(GMSA). The oligonucleotides containing a c-Myc-

binding site derived from the hTERT promoter were la-

beled with [c-32P] and incubated with nuclear extracts.

The resulting DNA–protein complexes were detected in

non-denaturing polyacrylamide gels. As shown in Fig.

3B, incubation of the oligonucleotides containing a

c-Myc-binding site derived from the hTERT promoter

yielded two bands (lane 2). The top band could be com-
peted by an oligonucleotide containing a wild-type

c-Myc-binding site (Fig. 3B, lane 3) but not by an oligo-

nucleotide containing mutations in this binding site (Fig.

3B, lane 4). In contrast, the lower band was competed

either by an oligonucleotide containing a wild-type or by

amutant c-Myc-binding site, suggesting that the top band

represents the specific DNA–c-Myc complex and the

lower band represents the nonspecific one (Fig. 3B, lanes
3 and 4). The specific DNA–c-Myc complex was further

demonstrated (Fig. 3C) when incubation of an increased

concentration of the anti-c-Myc antibody decreased the

binding activity of the top band but not the lower band

(lanes 7–9), similar to what was previously reported [14].
The DNA-binding activity of c-Myc was diminished

when these DNA–c-Myc-binding complexes were incu-

bated in the presence of the anti-BRCA1 antibody

(Fig. 3D, lanes 12–14) but not in the presence of normal

serum IgG (Fig. 3D, lane 11). The top band decreased

markedly compared with the lower band, suggesting that

the anti-BRCA1 antibody binds to the c-Myc–BRCA1

complex and decreases its binding to the c-Myc-binding
sites. These results suggest that BRCA1 inhibits the

transcriptional activity of hTERT through direct inter-

action with c-Myc in the core promoter of hTERT.

Discussion

The results presented demonstrate that the tran-
scription of hTERT promoter is negatively regulated by

Fig. 3. Association of BRCA1 and c-Myc. (A) Coimmunoprecipitation of BRCA1 and c-Myc. BRCA1 and BRCA1-associated proteins in SK-OV3

cells were pulled down using anti-BRCA1 (ab1) antibody. The pull-down protein was detected by Western blotting (WB). Preimmune serum was

included as a negative control. Preimmune, preimmune serum; anti-BRCA1 (ab1), anti-BRCA1 (ab1) anbibody; anti-c-Myc, anti-c-Myc antibody.

(B) Detection of the c-Myc–BRCA1–DNA complex. A gel mobility shift assay was used to show that the c-Myc protein was able to form a specific

DNA–c-Myc complex with the hTERT promoter. wt, wild-type c-Myc-binding oligonucleotide; m, mutant c-Myc-binding oligonucleotide. The

specific c-Myc–DNA complex is indicated by the arrow; the nonspecific binding, by the asterisk. All lanes contained a [c-32P]-labeled oligonucleotide

with a wild-type c-Myc-binding site. Lane 1, without nuclear extract; lane 2, with nuclear extract; lane 3, with nuclear extract and unlabeled wild-type

oligonucleotides containing the c-Myc-binding site; and lane 4, with nuclear extract and an unlabeled oligonucleotide with a mutated c-Myc-binding

site. (C) Inhibition of the binding of the c-Myc protein to DNA by anti-c-Myc antibody. An increased concentration of the anti-c-Myc antibody

progressively decreased the binding of c-Myc to the hTERT promoter. IgG, preimmune serum. (D) Inhibition of the binding of c-Myc to DNA by an

increased concentration of anti-BRCA1.
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BRCA1. Although the function of BRCA1 has been
studied extensively since its cloning in 1994 [26], our

results demonstrate for the first time a direct link be-

tween BRCA1 and hTERT and suggest that BRCA1

regulates cellular immortalization through hTERT,

which is a critical early step in carcinogenesis. On the

basis of these findings, we propose that the negative

regulation of hTERT by BRCA1 might be involved in

the suppression of ovarian cancer development. A con-
stitutive high level of the BRCA1 protein binds to the c-

Myc protein, turns off transcription of hTERT, and

prevents incidental cellular immortalization. In women

with the heterozygous BRCA1 mutation or homozygous

BRCA1 mutation after its wild-type allele of BRCA1 is

lost, such an inhibitory effect by BRCA1 is attenuated or

lost as a result of a decreased level or absence of the

functional BRCA1 protein, which leads to a sustained
high level of hTERT mRNA transcription and increased

frequency of cellular immortalization. These immortal-

ized cells are susceptible to additional genetic mutations

and eventually grow into clinically detectable tumors. Li

et al. [27] recently presented evidence that BRCA1 in-

hibits hTERT expression in breast cancer cells. In their

study, BRCA1 alone appeared insufficient to inhibit the

transcriptional activity of hTERT and required a novel
cofactor called Nmi. In our study, however, this addi-

tional factor was not required for the inhibition of

transcription by hTERT in ovarian cancer cells. In

conclusion, our results demonstrate that hTERT pro-

moter is a target gene for BRCA1 inhibition and that

loss of such inhibition may lead to immortalization and

to subsequent development of ovarian cancers.
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