Gene Expression, Vol. 14, pp. 173-182
Printed in the USA. All rights reserved.
Copyright © 2008 Cognizant Comm. Corp.

1052-2166/07 $90.00 + .00
E-ISSN 1555-3884
WWwWw.cognizantcommunication.com

Methylation-Mediated Downregulation
of the B-Cell Translocation
Gene 3 (BTG3) in Breast Cancer Cells

JINGWEI YU,* YINGSHA ZHANG,* ZHONGXIA QI DANIEL KURTYCZ,}
GUIDO VACANO,: AND DAVID PATTERSON

*Department of Laboratory Medicine, University of California, San Francisco, San Francisco, CA, USA
tDepartment of Pathology and Laboratory Medicine, University of Wisconsin-Madison, Madison, WI, USA
$Eleanor Roosevelt Institute and Department of Biological Sciences, University of Denver, Denver, CO, USA

The incidence of solid tumors is low in individuals with Down syndrome (trisomy 21), suggesting the presence
of one or more tumor suppressor genes on chromosome 21. Consistent with this finding, previous work has
demonstrated frequent loss of heterozygosity (LOH) of a small (<5 Mb) region of chromosome 21, particularly
in breast cancer, indicating that a tumor suppressor gene(s) may be located in this region. We investigated the
expression of BTG3, a gene in the LOH region on chromosome 21, in breast cancer cell lines. BTG3 has been
shown to be a negative regulator of SRC tyrosine kinase, and BTG3 is a target of p53 and inhibits the activity
of the E2F1 transcription factor. Here we demonstrate that in a wide variety of human breast cancer cell lines,
BTG3 expression is markedly reduced in the absence of detectable mutations in the BTG3 promoter and coding
region. In these cell lines, the promoter region of the BTG3 gene is hypermethylated when compared to normal
breast cell lines. BTG3 gene expression can be restored by treatment with 5’-aza-deoxycytidine, an inhibitor of
DNA methylation. These data support the hypothesis that BTG3 may act to suppress tumorigenesis and that
hypermethylation is an important mechanism for inactivation of BTG3 and perhaps other tumor suppressor genes.
The findings are consistent with a role for an additional copy of BTG3 in the reduced incidence of breast cancer
in individuals with Down syndrome.
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INTRODUCTION

Breast cancer is the most common cancer among
women, and its incidence (132.5 per 100,000 per year
for 1992 to 2001) is increasing, possibly due to im-
proved detection. In contrast, breast cancer mortality
declined by 2.3% per year from 1990 through 2001,
which is likely due to multiple factors, including im-
proved (and earlier) detection, and novel and more
effective treatments. However, breast cancer remains
the second leading cause of cancer deaths (28.8 per
100,000 per year for 1992 to 2001) among women,
after lung cancer (1). The etiology of breast cancer
appears to involve multiple risk factors, including

age, economic status, geographic location, reproduc-
tive events, exogenous hormones, lifestyle risk fac-
tors, familial history, etc. In addition, genetics must
also play an important role, but the genetic contribu-
tion to breast cancer, in particular sporadic breast
cancer, is poorly understood.

We investigated the expression of the BTG3 (B-
cell translocation gene 3) [also known as abundant
in neural epithelium area (ANA) and antiproliferative
protein 4 (APRO4)] gene, located on chromosome 21,
in breast cancer cell lines to test the hypothesis that
this gene is a breast cancer tumor suppressor. This
hypothesis is based upon a number of observations.

First, it has been known for some time that cancer
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incidence in individuals with Down syndrome (DS)
is significantly different from that in the general pop-
ulation (10). The incidence of leukemia is much
higher, while the incidence of solid tumors is greatly
reduced, and the occurrence of breast cancer is essen-
tially nonexistent. Individuals with DS have a com-
plete or partial extra chromosome 21 (trisomy 21),
which strongly suggests that there are genes on chro-
mosome 21 that suppress these types of tumors in a
dosage-dependent manner. BTG3 is one of only a few
genes (8%) on chromosome 21, in which expression
levels are elevated in both lymphoblastoid cell lines
and fibroblasts from individuals with DS, at a level
quantitatively consistent with the increase of the gene
copy number in the individuals (22,28).

Second, loss of heterozygosity (LOH), the loss of
a normal wild-type allele at a heterozygous locus, is
the most common somatic alteration in primary hu-
man breast tumors (3). Frequent LOH in a genomic
region strongly implies that a tumor suppressor gene,
or a gene related to tumor pathogenesis, is located in
that region (16). A small region (<5 Mb) on chromo-
some 21, which shows frequent LOH in various can-
cers, including lung and breast, has been identified
(9,15,18,19,24). This region contains only a few
genes, one of which is BTG3.

Third, there is currently evidence from animal
models suggesting that another member of the BTG
gene family (including PC3/TIS21/BTG2, BTGI, TOB,
TOB2, BTG4, and others), BTGI, may be a tumor
suppressor. Mice in which the BTG/ gene has been
inactivated by targeted mutagenesis are prone to
spontaneous tumors and also to chemically induced
tumors (29). Such activity is consistent with the puta-
tive role of tumor suppressors. Members of this gene
family act to inhibit cell proliferation, a common
function of tumor suppressors (17).

Fourth, recent evidence indicates that BTG3 inter-
acts with and negatively regulates SRC tyrosine ki-
nase activity (23). Several recent studies implicate
Src activity as a factor in breast cancer growth, mi-
gration, and invasiveness (11). Thus, decreased BTG3
activity would be expected to play a role in these
aspects of breast cancer. Moreover, BTG3 appears to
be a target for pS3 and is an inhibitor of the transcrip-
tion factor E2F1 (20). These observations are begin-
ning to provide a mechanistic basis for the possible
tumor suppressor activity of BTG3.

MATERIALS AND METHODS
Cell Lines

Nine breast cancer cell lines were analyzed, includ-
ing MDA-MB-231, DU4475, MDA-MB-330, T47D,
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ZR-75-1 (from the University of Colorado Compre-
hensive Cancer Center Tissue Culture/Monoclonal
Antibody Core), and MCF7, HCC1143, HCC1599,
and HCC2157 (from the American Type Culture Col-
lection).

Control cell lines include: human nontumor mam-
mary epithelial cell lines MCF-10A and MCF-12A
(from the University of Colorado Comprehensive
Cancer Center Tissue Culture/Monoclonal Antibody
Core), normal human lymphoblast cell lines GM03714
and GMO03657, and human DS lymphoblast cell lines
AG10098 and GM04927 (from Coriell Cell Reposito-
ries).

The cells were cultured according to the providers’
protocols. Cell line DNA was prepared using the Pur-
eGene kit (Gentra Systems) and RNA was prepared
using Trizol (InVitrogen), following the manufactur-
er’s recommended procedure.

Annotation of the CpG Island and Promoter Region
of the BTG3 Gene

The CpG island and the promoter region of the
BTG3 gene was identified, annotated, and verified us-
ing analysis programs, including CpG Island Searcher
(http://cent.hsc.usc.edu/cpgislands/), CpGplot (http://
www.ebi.ac.uk/emboss/cpgplot/), PromoterInspector
(http://www.genomatix.de), MatInspector (http://www.
genomatix.de), and TESS (http://www.cbil.upenn.edu/
tess/).

Gene Expression Analysis of the BTG3 Gene

Expression of the BTG3 gene was measured by
real-time RT-PCR with two specifically designed
primer pairs that cross exons 3 and 4 and exons 4
and 5 of the gene, respectively. Reverse transcription
reactions were performed using the ImProm-II Re-
verse Transcription System with oligo (dT) primer
(Promega) and 400 ng of total RNA in a 20-ul reac-
tion. Real-time PCR was performed on LightCycler
system using the LightCycler FastStart DNA Master'S
SYBR Green I kit (Roche Diagnostics). Thermal cy-
cling consisted of a preincubation step of 95°C for
10 min, followed by 40 cycles of denaturation at
95°C for 10 s, annealing at 58°C for 5 s, and elonga-
tion at 72°C for 9 s. At the end of PCR, melting curve
analyses were performed to validate the generation of
the expected specific PCR product. Each reaction was
repeated twice, and the BTG3 mRNA level in each
cancer line (measured as x-fold relative to the average
level in the nontumor breast cell lines MCF-10A and
MCF-12A) were calculated and normalized using a
published approach (21). The standard curve was es-
tablished using normal human mammary gland RNA
(BD Biosciences) and reference genes TATA binding
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protein (7TBP) and RNA polymerase Il (RPII). The
PCR primers are listed in Table 1.

Mutation Analysis of the BTG3 Gene

We designed 11 pairs of primers to amplify the
CpG island, including the promoter, and all exons of
the BTG3 gene for mutation analysis (Table 1). The
FailSafe PCR System (Epicentre) was used for the
PCR reactions. Each amplified DNA fragment was an-
alyzed for mutations using denaturing HPLC (DHPLC)
technology. Briefly, each amplified cancer DNA frag-
ment was hybridized to its corresponding fragment
from a normal control sample and analyzed by the
WAVE nucleic acid fragment analysis system (Trans-
genomic) according to the manufacturer’s instruc-
tions. If a cancer fragment contains a mutation, it will
form a hybrid molecule with the normal fragment,
which will be detected by the system.

DNA Methylation Analysis

Bisulfite and Sequencing-Based DNA Methylation
Analysis. Genomic DNA was modified with bisulfite
using the CpGenome DNA Modification Kit (Inter-
gen). The modified DNA was then amplified by PCR
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in a 25-ul volume containing 16.6 mM (NH,),SO,,
67 mM Tris-Cl (pH 8.8), 6.7 mM MgCl,, 10 mM B-
mercaptoethanol, 0.2 mM dNTPs, 1 uM each primer,
5% DMSO, and 1 U Taq DNA polymerase (Eppen-
dorf). Five sets of primers were specifically designed
for amplifying the modified BTG3 CpG island region
(Table 1). PCR was performed with 40 cycles of
94°C for 30 s, 58°C for 30 s, 72°C for 30 s, and a
final extension step at 72°C for 10 min. The PCR
products were sequenced using an Applied Biosys-
tems 3730 DNA analyzer with a manufacturer recom-
mended sequencing kit (Applied Biosystems).

Methylation-Sensitive PCR. Target DNA was mod-
ified with bisulfite and amplified individually with
MSP-M (methylation-specific) and MSP-U (unmeth-
ylation-specific) primer pairs (Table 1). MSP-M1 and
MSP-U1 primer pairs were designed to test the meth-
ylation status of the #3, #4, #5, #13, and #14 CpG
sites of the BTG3 CpG island. The MSP-M1 primer
pair amplifies an allele on which all these sites are
methylated; when these sites are unmethylated, the
allele will be amplified by the MSP-U1 primer pair.
If the methylation of these sites is not uniform (e.g.,
some are methylated and the others are not in an al-

TABLE 1
PCR PRIMERS FOR THE BTG3 GENE ANALYSIS
Primer Forward Reverse
Mutation screening
BE1 cccgecagtectetcaac cteccceegataccecacag
BE2 cagagcttcatcttcceagttt gggttgatcagectetget
BE3 tccattaacgtaactccactttg tccagcatggtcatcagttc
BE4 accactgtgeccggctaat ccacgaagtatcactcagtcactt
BES tgctgatgtgacttcaagattt aatccctgcacatcccttta
BE6-1 acttaatgtgttctcttcectacag tctcaacatgacaccaacacaa
BE6-2 gaatgcattgtgaccggaat ccaatattaaaaacttaggcacttga
BE6-3 tagatgggccaaaccatca ttcacacaattctcttaaacaacga
Bprol agcacacaagcgtccaca gacacaccctcgeectac
Bpro2 ggteccacaggecttcag cgccatgtetgecetttee
Bpro3 ggggaaaggeagacatgg ccteececgacaacatect
Methylation detection
BMI1 tataggaggtaggttttgttgtgag aattctaaacccaactctctaaacc
BM2 ttygttttgagggtgttaagtgtag cctereectaccctaaacctaac
BM3-1 gygggggttttataggtttttag acraataaacrcaaccccaaaac
BM3-2 gtygttttggggttgygtttatt tatcctaaccraaaactaaaaactcc
BM4 ggagtttttagttttyggttaggata aaacccatacaacctaattccatc
BMS5 gatggaattaggttgtatgggttt Ccaacaaacaaacraaactccaa
MSP-M1 cggttgtacggttaacgtgc gaacttaatcctttcgactatctcga
MSP-U1 tagtagggtggttgtatggttaatgtgt  acacaaacttaatcctttcaactatctca
MSP-M2 cgtttattcgtgtgegegt cgaccgaaaattcgacgac
MSP-U2 tggggttgtgtttatttgtgtgt actcttcaaccaaaaattcaacaac
Real-time PCR
BTG3-RT-1 gtgaaacccagttcggtgac caaatggaacaggaggagga
BTG3-RT-2 ttgtatagtgacctgggcttgcca tcaccgaactgggtttcacttcca
TBP-RT gaatataatcccaagcggtttg acttcacatcacagctccec
RPII-RT gcaccacgtccaatgacat gtgeggcetgettecataa
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lele), the allele may not be amplified by either of the
primer pairs. Similarly, the MSP-M2 and MSP-U2
primer pairs were designed to test the methylation
status of the #68, #69, #96, and #97 CpG sites of the
CpG island.

5-aza-2"-Deoxycytidine (5'-aza-CdR) Treatment

Cells were cultured in medium supplemented with
10 UM 5’-aza-2’-deoxycytidine (Sigma) for 96 h (me-
dium was changed at 48 h) and tested for BTG3 ex-
pression as described above.

RESULTS
Genomic Annotation of the BTG3 Gene

The BTG3 gene spans approximately 20 kb of nu-
cleotides on the long arm of chromosome 21 at
21q21. It contains a 1224-bp typical 5° CpG island
that spans from —567 to +657 bp of the gene, and
includes exon 1. The 5" CpG island has a high GC
content (71.3%) with an obsc,c/eXpeyg ratio of 0.94
[calculation based on previously described criteria
(26)], and contains a putative promoter region from
—500 to +100 (Fig. 1). No discernible TATA box was
identified; however, a CCATT box (-375) and sev-
eral SP1 binding sites are located in the promoter re-
gion. In addition, putative binding sites for various
transcription factors, such as GABP, AP-2, CREB,
MAZ, CDE, ZBP-89, ETS-1, and E2F, etc., were also
identified (data not shown). These features are com-
monly found in genes lacking a TATA box (12).

-
d
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BTG3 Expression in Breast Cancer Cell Lines

To test the hypothesis that BTG3 is a tumor sup-
pressor active in the suppression of breast cancer, we
examined transcription (as a measurement of expres-
sion) of the gene in nine breast cancer cell lines (Fig.
2). Seven of these lines show reduction in BTG3 ex-
pression compared to the nontumor breast cell lines.
In particular, the expression level was extremely low
in cancer line MCF7, and undetectable in cancer line
T47D. The remaining two, HCC1599 and HCC1143,
showed approximately 1.1-fold and 2.0-fold expres-
sion compared to the nontumor lines, respectively.

Mutation Analysis of the BTG3 Gene

We searched for genomic mutations that may be
associated with decreased BTG3 expression in the
coding and promoter regions of the gene. However,
no mutations were detected in all cell lines used in
this study, similar to previous findings, in which the
BTG3 gene typically was not mutated in human lung
carcinoma (15).

Methylation Status of the BTG3 CpG Island

Because DNA mutation cannot explain the de-
crease in BTG3 expression in most of the cancer
lines, we investigated the methylation status of the
CpG island of the BTG3 gene using bisulfate and se-
quencing-based analysis. The CpG island contains
146 CpG sites, and 73 (#4 to #76) are located in the
putative promoter region. All the CpG sites, except
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Figure 1. Diagram of the structure of the BTG3 gene. The exon/intron structure is indicated in the upper portion of the figure. The lower
portion of the figure shows the promoter region, CpG island, and CpG sites, as well as the regions amplified by primers used for bisulfite
and sequencing-based DNA methylation analysis (BM1, BM2, BM3-1, BM3-2, BM4, and BMS5), and by primers used for MSP analysis

(M1, M2, Ul, and U2).



BTG3 GENE EXPRESSION AND BREAST CANCER

177

3--
c 25¢
Ke]
7]
3
2 201
& 21 M
Ll
()
c
)
o 15'}'
o
[l
‘1‘; 1.10
— 1.00
81T
@ 0.75
% [ ] 061
< 05+ ] oa0
1 028
0.19
_| | | 0.01 0.00
0 A
2 % > 2 B T B B % EN
O O % 4 Q % 3, 3 N o
R T U
kS ) ? D s ® z
3 %
> >

Figure 2. Normalized BTG3 transcription levels. Values are expressed relative to nontumor breast cell lines (set at 1).

for #10 and #11 (due to technical difficulties), were
analyzed in the breast cancer lines and the control
cell lines, including nontumor breast cell lines, nor-
mal lymphoblast cell lines, and DS lymphoblast cell
lines. The methylation status of the first 65 CpG sites
is shown in Figure 3. In the nontumor breast cell
lines, only partial methylation was detected in the
first 30 CpG sites; the remaining sites were mostly
unmethylated. In contrast, all seven cancer lines with
reduced BTG3 expression showed hypermethylation
at the first 30 CpG sites and the hypermethylation
extended further into the downstream sites in six
lines. The greatest increase in methylation was de-
tected in the cancer line T47D. Of 144 CpG sites
analyzed in this line, 138 were fully methylated, 6
were partially methylated, and no unmethylated sites
were detected. Correspondingly, this cancer line showed
no detectable BTG3 expression. Indeed, there appears
to be a correlation between increased methylation and
decreased BTG3 expression. Consistent with this cor-
relation, hypermethylation was not detected in two
cancer lines (HCC1599 and HCC1143) that did not
show decrease in BTG3 expression. The methylation
in the normal lymphoblast cell lines was very similar
to what was seen in the nontumor mammary epithe-
lial cell lines and there were no significant differ-
ences between normal and Down syndrome cell lines
(Fig. 3), suggesting that the methylation pattern seen
in the nontumor lines is representative of the methyl-
ation state in other noncancer tissues.

The methylation in selected CpG sites in each cell
line was further verified by methylation-sensitive
PCR (MSP) analysis and the results are shown in Fig-
ure 4. The CpG sites #3, #4, #5, #13, and #14 of the
BTG3 CpG island were partially methylated in nor-
mal and DS cell lines, nontumor mammary epithelial
cell lines, and cancer cell lines HCC1143, HCC1599,
HCC2157, and MDA-MB-330; the same sites were
fully methylated in the remaining 6 cancer lines. In
contrast, the CpG sites #68, #69, #96, and #97 were
unmethylated in all cell lines, except for T47D, in
which these sites were fully methylated. These results
are consistent with the findings of bisulfate and se-
quencing-based analysis (Fig. 3). Importantly, the
MSP results also suggest that methylation occurs in
cis on homologue alleles (e.g., methylated CpG sites
are located on one chromosome homologue and un-
methylated sites are located on the other one in par-
tially methylated cells; otherwise, no band would be
amplified by the MSP primers).

Rescue of BTG3 Expression

Because the reduction in BTG3 expression ap-
peared to be associated with hypermethylation in the
CpG island, we tested if BTG3 expression could be
“rescued” by treating three cancer lines with 5'-aza-
CdR, a DNA methylation inhibitor. Noticeably, the
BTG3 expression was restored in T47D and increased
remarkably in ZR-75-1 and MCF7 cancer lines (Fig.
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Figure 4. Methylation-sensitive PCR (MSP) analysis of the BTG3 promoter region. (A) MSP with MSP-M1 and MSP-U1 primer pairs to
evaluate the methylation status of CpG sites #3, #4, #5, #13, and #14 of the BTG3 CpG island. (B) MSP with MSP-M2 and MSP-U2 primer
pairs to evaluate the methylation status of CpG sites #68, #69, #96, and #97. In both (A) and (B), an M lane band indicates the presence of
a methylated allele, while a U lane band indicates an unmethylated allele.

5), suggesting that BTG3 expression is inhibited by
DNA methylation in these cell lines. The findings of
this study strongly imply that CpG island methylation
plays a role in the regulation of BTG3 expression in
breast cancer cells.

DISCUSSION

Our results demonstrate that BTG3 expression is
reduced or eliminated in many breast cancer cell lines
compared to noncancerous breast cell lines. This im-
plies that BTG3 expression inhibits or suppresses tu-
morigenesis or tumor cell proliferation in breast can-
cer. This finding is consistent with recent information
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on the function of BTG3. Specifically, Rahmani (23)
has shown that BTG3 (called APRO4 in that manu-
script) interacts with and downregulates SRC tyrosine
kinase. Moreover, downregulation of endogenous BTG3
in PC12 cells induces the activation of SRC and the
concomitant spontaneous formation of neurons (23).
Similarly, treatment with histone deacetylase inhibi-
tors increases expression of BTG3 associated with
neuronal differentiation in adult rat forebrain precur-
sor cells, indicating a possible role for epigenetic
mechanisms in regulation of BTG3 and a role for
BTG3 in determining cell differentiation pathways (25).

BTG3 has also been shown to inhibit the transcrip-
tion factor E2F1 (20). These authors hypothesize that

}

MCF7

Figure 5. Treatment of three breast cancer lines with 5’-aza-CdR, a DNA methylation inhibitor. The open columns indicate native BTG3
expression (relative to nontumor breast cell lines), while the shaded columns indicate expression after treatment with 5’-aza-CdR.
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ablation of BTG3 expression due to “oncogenic stress”
would be equivalent to oncogene activation and
would promote tumor cell proliferation. In this case,
increasing BTG3 expression may be an approach to
cancer treatment.

Considerable recent evidence strongly suggests a
role for SRC activity in growth factor and anchorage-
independent growth, motility, and invasiveness, in-
cluding breast cancer (2,11). Indeed, SRC inhibitors
are now in clinical trials. Therefore, we hypothesize
that one role for BTG3 may be inactivation of SRC,
leading to breast cancer suppression. Elevated ex-
pression of BTG3 in DS might then explain, at least
in part, the rare occurrence of breast cancer in DS.
Importantly, BTG3 gene methylation is not increased
in DS, and BTG3 gene expression is increased in
lymphoblasts and fibroblasts by 1.42-to 1.82-fold
(22,28). In fact, BTG3 is one of only 8% of chromo-
some 21 genes of which the level of expression in
DS and diploid individuals has virtually no overlap
(22).

Our finding of reduced BTG3 expression in breast
cancer cell lines reveals a positive functional associa-
tion between the BTG3 gene and breast cancer. It also
suggests that instead of DNA mutation, CpG island
methylation may play a critical role in regulating
BTG3 expression. Compelling evidence demonstrates
that hypermethylation of CpG island promoter re-
gions silences tumor suppressor genes, including
MLH]I, BRCAI, and many others, resulting in cancer
development and/or progression (6). Therefore, such
hypermethylation is an example of “epimutation,”
functionally equivalent to an inactivating mutation.
Epimutation is a common phenomenon that may oc-
cur in germline or somatic cells and has also been
reported in constitutional genetic conditions in hu-
mans, plants, and animals (5,7). It has been suggested
that Knudson’s “Two Hit” Hypothesis for cancer de-
velopment (14) should be modified to include gene
inactivation via epigenetic mechanisms [e.g., methyl-
ation (13)].

It is noteworthy that hypermethylation appears to
occur mostly in the first 30 CpG sites in the CpG
island of the BTG3 gene, and 27 of these sites are
located in the beginning of the promoter region (Figs.
1 and 3). This suggests that methylation of the CpG
sites in this particular promoter region is most critical
to the regulation of BTG3 expression. These findings
are similar to the results from analysis of regulation
of MLHI gene expression (4). These critical methyla-
tion sites show a “partial methylation” status with
both methylated and unmethylated forms in nontu-
mor cells, and they become fully methylated in most
breast cancer cell lines. Further extension of methyla-
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tion to the remaining CpG sites in the CpG island
seems to result in full inactivation of the gene as seen
in the T47D cell line.

Partial methylation is a common finding in methyl-
ation studies, but the mechanism and genomic fea-
tures of this phenomenon are unknown. Although
LOH of the region involving the BTG3 gene on chro-
mosome 21 is a common finding in breast cancer,
loss of a copy of the BTG3 region was found only in
some cells in one cancer line (MDA-MB-231); in
fact, most of the lines show gain of additional (1 to
4) copies of chromosome 21 according to the karyo-
types from the providers and our FISH analysis (data
not shown). We hypothesize that the partial methyla-
tion of the BTG3 gene in nontumor cells may result
from allelic methylation differences—one allele is
methylated and the other allele is not (supported by
our MSP results). Two changes may occur in cancer
cells: duplication or amplification of the methylated
chromosome homologue/allele and loss or deletion of
the unmethylated chromosome homologue/allele. As
a result of these changes, the cancer cells would show
decreased BTG3 expression, an appearance of LOH
of the BTG3 gene region, and gain of additional chro-
mosome 21 homologues.

It should be kept in mind that BTG3 (or any puta-
tive tumor suppressor gene) might have different func-
tions in different cell types and may be regulated by
multiple independent pathways. Thus, BTG3 function
appears to be important for neuronal differentiation
(23,25). Interestingly, BTG3 has recently been identi-
fied as a novel prognostic marker for acute lympho-
blastic leukemia (ALL), its expression being elevated
1.6-fold in T-cell ALL patients with a high likelihood
of an adverse outcome (8). Individuals with DS are
at an increased risk of developing ALL, although the
incidence of T-cell ALL may not be as elevated as
that of B-cell ALL (27). Thus, BTG3 may suppress
some malignancies but enhance others. Our work in
conjunction with published work on BTG3 expres-
sion shows that the BTG3 gene expression can be
regulated by gene copy number, DNA methylation,
and histone methylation (22,25). It seems likely that
other mechanisms for regulation of BTG3 will be
identified.

One approach to testing the hypothesis that BTG3
is a tumor suppressor would be through production
of mice in which the expression of BTG3 is altered.
As discussed above, mice in which BTGI has been
inactivated by targeted mutagenesis have increased
susceptibility to spontaneous and chemically induced
tumors (29). Similar studies with BTG3 are straight-
forward, as is the possibility of production of mice
overexpressing BTG3, which might be expected to
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have a decreased risk of experimentally induced
breast (and perhaps other) tumors.
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