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mosome 13 were not examined. These re- 
sults are not necessarily inconsistent, since 
more than one cancer suppressor gene 
might be involved in the formation of differ- 
ent types of breast cancer. 

The loss of chromosome 13 heterozygos- 
ity in some breast tumors, a higher risk of 
breast cancer in mothers of children with 
osteosarcoma and soft tissue sarcomas (16), 
and the location of the RB gene on chromo- 
some 13 (9) suggested the possibility that 
inactivation of the RB gene has a causative 
role in breast cancer formation. We had 
previously characterized an ahity-purified 
antibody that irnmuno recipitated the RB 
gene product, ppl loR[ in many cultured 
cells but not in five of five retinoblastoma 
cell lines (17). This antibody was used to 
examine nine human breast cancer cell lines 
for absence of the RB protein (Fig. 1A). 
Cells were metabolically labeled with 
[32~]phosphoric acid and their lysates were 
immunoprecipitated with immunoglobulin 
G (I@) antibody to RB (anti-RB I@). 
LAN-1 cells that express a large amount of 
RB protein (17) were used as a positive 
control. RB protein of 110 kD was found in 
seven breast cancer cell lines (Fig. 1A). 
However, RB protein was not detected in 
tumor lines MDA-MB-436 and MDA-MB- 

468, even after prolonged autoradiography. 
Two other antisera recognizing synthetic 
peptides based on the RB sequence were 
also unable to precipitate specific proteins 
from these two cell lines (18). Since RB 
protein is found routinely in most cultured 
cells (17, its absence from these two cell 
lines suggested mutational inactivation of 
the RB gene. 

It was important to demonstrate that lack 
of RB protein in these cell lines was due to 
mutations of the RB gene rather than a 
nonspecific loss of gene expression. We per- 
formed RNA blotting analysis using polya- 
denylated RNA from four breast tumor cell 
lines as well as a cell line (HBL-100) derived 
from nonneoplastic human mammary epi- 
thelium (Fig. 1B). Normal-sized RB tran- 
scripts of 4.7 kb were found in the mamma- 
ry epithelial cell l i e  (lane l )  and in two 
breast tumor cell lines, MDA-MB-361 and 
MDA-MB-435s (lanes 4 and 5 ) ,  that ex- 
pressed intact RB proteins. However, a 
slightly larger RB transcript (100 to 200 
added nucleotides) was found in MDA-MB- 
436 (lane 2), whereas no RB transcript was 
detectable in MDA-MB-468 (lane 3). 
Expression of the esterase D gene was dem- 
onstrated in all cell lines as a control for 
mRNA quality and suggested that chromo- 

Flg. 1 P-labeled RB protein i 
hrcast cancer cell nnes ( L O J .  NcuroDlastoma cell line LAN-. 
(lane 1) and breast cancer cell lines MDA-MR-436 (21). MDA- 
MR-468 (21), MDA-MB-134-VI (27),  MDA-LMB-157 (28), 
MIIA-MR-361 (21), MDA-MB-175-VII (27), BT-483 (29), 
MCF-7 (30). and MDA-MR-435s (21) (lanes 2 to 10, respec- 
ti\.elp) were labeled with [.''P]phosphoric acid for 3 hours (17). 
Ccll lysates were immunoprecipitated with an affinity-purified 
IgG directed against the RR protein (17). Imrnunoprecipitates were separated in 7.5% SDS- 
polyacrylamide gels and autoradiographed o\~ernight. (B) RNA blotting analysis of RR and esterase D 
transcripts in breast tumor cell lines. Five micrograms of plvadcnylated RNA prepared from a 
mammary epithelial cell line HBL-100 (31) (lane 1) and breast cancer lines MDA-MR-436 (lane 2). 
MDA-LMB-468 (lane 3), MDA-MR-361 (lane 4), and MDA-MR-435s (lane 5)  \ ~ e r e  separated by 
clcarophoresis in 1% formaldehyde-agarose gels and transferred to nitrocellulose filters with 20x 
standard saline citrate (SSC). Filters were hybridized with cDNA probes for RH (9) and esterase D (32) 
genes labeled with "P by the random primer method (33). Filters were washed once in 2 x  SSC plus 
0.1% SDS at room temperature for 30 min and nvice in 0 . 2 ~  SSC plus 0.1% SDS at 65°C for 30 min. 
Autoradiographic exposure was for 2 days. *, abnormal RR transcript in cell line MDA-MB-436. 

some region 13q14 was generally intact (9). 
Lack of RB protein in these two breast 
tumor cell lines therefore reflected character- 
istic alterations in RB gene expression (ab- 
sence of RB mRNA or changes in its size) 
similar to those seen in retinoblastomas (9). 

Although many types of mutations might 
lead to aberrant gene expression, gross ge- 
nomic rearrangements may be detected by 
DNA blotting analysis. Genomic DNA was 
extracted from MDA-MB-436 and MDA- 
MB-468 cell lines; digested with restriction 
endonucleases Bam HI, Hind 111, and Msp 
I; and analyzed with probes derived from 
RB cDNA (9). In MDA-MB-436 DNA 
digested with Hind 111, an extra 5-kb frag- 
ment was present in addition to five expea- 
ed bands with probe RB0.8 (lane 2, Fig. 
2A). Furthermore, the largest Msp I frag- 
ment in this cell line was displaced from the 
normal 7.5 to 12.5 kb. All other bands 
detected by RB cDNA probes appeared 
unchanged (Fig. 2B). Comparison with the 
normal RB genomic map (19) indicated 
duplication of exons 5 and 6 in both RB 
alleles, generating an extra Hind I11 site and 
creating a larger Msp I fragment (Fig. 2C). 
Duplication of exons 5 and 6 would add 
107 nucleotides to the mRNA transcript 
(ZO), as suggested by RNA blotting analysis 
(Fig. 1B). Moreover, the reading frame of 
this transcript would be shifted with prema- 
ture termination at nucleotides 659 to 661 
(17, consistent with the observed lack of 
intact RB protein. Confinement of the du- 
plicated region to within the RB gene rein- 
forced our conclusion of specific RB gene 
involvement in the genesis of this tumor 
line. 

In cell line MDA-MB-468, all three re- 
striction digestions demonstrated homozy- 
gous deletion of most of the RB gene (Fig. 
2, A and B). The 12-kb Bam HI fragment 
that contained exon 2 was shortened to 8 
kb, whereas a 19-kb Hind I11 fragment that 
contained exons 1 and 2 was intact; there- 
fore the deletion junction was located within 
intron 2 as shown (Fig. 2C). The deletion in 
MDA-MB-468 extended an unknown dis- 
tance beyond the 3' end of the RB gene. 
This cell line has a hypodiploid karyotype, 
identical to a malignant pleural effusion 
sampled from the o r i p a l  patient (21). A 
visible deletion of region 13q14 was not 
noted. However, normal expression of the 
esterase D gene indicated that the deletion 
did not include this closely l iked gene. 

Breast cancer, one of the most prevalent 
of all cancers, is characterized by marked 
heterogeneity in pathological features. 
These include variation in morphology, 
physiology (for example, hormone depen- 
dence for cell growth), and genetic composi- 
tion of tumor cells (13). Most breast cancers 
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are sporadic, but familial aggregations are 
sometimes found. The familial form shows 
sigruficantly earlier age of onset, excess of 
multiple primary tumors, and a pattern of 
inheritance consistent with transmission of 
dominant gene or genes (22). From epide- 
miological studies, the risk of breast cancer 
in the mothers of children with osteosar- 
coma and soft tissue sarcoma is three times 
higher than expected, suggesting a common 
heritable component in the etiology of these 
cancers (16). The loss of heterozygosity of 
chromosome 13 or 11 in some ductal breast 
carcinomas (14, 15) also suggests that a 

recessive cancer gene or genes may be in- 
volved in these tumors. Our finding of 
specific inactivation of the RB gene in two 
of nine breast cancer cell lines, as well as that 
of specific RB gene inactivation in about 
50% of randomly selected osteosarcomas 
and 30% of soft tissue sarcomas (23), pro- 
vides a molecular framework to interpret 
these phenomena. Furthermore, loss of 
chromosome 13 heterozygosity in certain 
breast tumors, specific RB gene inactivation 
in breast cancer cell lines, and the familial 
association of breast cancer and certain RB- 
related sarcomas (24) indirectly suggest that 

familial predisposition to certain kinds of 
breast cancer may be mediated by mutated 
RB alleles. These results provide a clear 
direction for fUrther investigation of cancer 
family syndromes, particularly those involv- 
ing breast carcinomas, sarcomas, and retin- 
oblastomas as described by Li and Fraumeni 
(24). 

Our results with cell lines must be inter- 
preted with caution until they are confirmed 
in fresh breast tumor specimens. Only about 
20% of breast tumor cell lines show evi- 
dence of RB gene inactivation, and this 
prevalence may be biased by selection for 
tumors that are successfully cultured. One 
earlier study noted three primary breast 
tumors with karyotypic deletions of 13q14 
that removed one allele of the RB gene, but 
internal rearrangements of the RB gene 
were not observed in any of 14 breast 
tumors (10). However, RB gene inactiva- 
tion does not necessarily require gross geno- 
mic rearrangements (9), and some DNA 
rearrangements are easily missed (19, 25). 
Furthermore, since whole tumors may con- 

B Barn + 
1 2  

Map I + 
- . - -  2 3  

tain substantial numbers of intermixed non- 
neoplastic cells, detection of normal resmc- 
tion fragments in tumor DNA may incor- 
rectly imply that the RB gene is intact in 
cancer cells. The same artihct will affect data 
on imrnunoprecipitation of RB protein 
from fresh tumors, which was one reason 
why the current study was restricted to cell 
lines. We anticipate that irnmunohistoche- 
mistry will allow unambiguous determina- 
tion of the presence or absence of RB 
protein in tumors cells, using adjacent nor- 
mal cells as controls. Monoclonal antibodies 
with higher ailhities for the RB protein, 
now under development, are expected to be 
us& in this regard. 
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Isoform-Specific Modulation of Na+,K+-ATPase 
a-subunit-~ene Expression in ~ ~ ~ e k e n s i o n  

Sodium, potassium-adenosine triphosphatase (Na+,K+-ATPase) is hypothesized to be 
involved in systemic vascular hypertension through its effects on  smooth muscle 
reactivity and myocardial contractility. By means of RNA blot analyses of cardiac, 
aortic, and skeletal muscle RNAs in two rat hypertensive models, Na+,K+-ATPase a- 
subunit messenger RNA isoforms ( a 2  and a 3 )  were shown to be deinduced in 
response to  increased intravascular pressure. The changes were observed after 48 hours 
or  more of experimental hypertension. Under these conditions, there is coordinate 
induction of Gother  a isof&m ( a l )  and of P-subunit messenger RNAs, probably in 
response to  alterations in sodium flux rather than to  elevated blood pressure. 

T HE NA-, K-DEPENDENT ADENOSINE 

triphosphatase (Na+,KC-ATPase) 
maintains the Na+ and K+ electro- 

chemical gradient across the cell membrane 
to which is coupled other vectorial transport 
mechanisms important for cell homeostasis 
and specialized h c t i o n s  (1). Because 
Na+,K+-ATPase maintains the Na+ gradi- 
ent, this enzyme has been hypothesized to 
be involved in the pathogenesis of hyperten- 
sion through its effects on vascular smooth 
muscle reactivity (2-4) and myocardial con- 
tractility (5). Conflicting data have been 
reported regarding changes in Na+,K+- 
ATPase activity in various types of experi- 
mental and human hypertension (6, 7). At 
least three a-subunit isoforms, al, a2, and 
a 3  (a, a + ,  aIII) (8) have been characterized 
in rats (8, 9) and humans (10). These iso- 
forms have a complex pattern of expression 
(9, 11) and significant functional diversity 
(12, 13). Identification of isoform-specific 
differential regulation of expression during 

Section of  Molecular Genetics, Cardiovascular Institute, 
Boston Universiy Medical Center, Boston, MA 021 18. 

hypertension could give insight into the 
roles of the isoforms and the molecular 
mechanisms involved in hypertension. 

We therefore have analyzed NaC,K+- 
ATPase a- and P-subunit mRNAs in differ- 
ent tissues during hypertension in two rat 
models-rats uninephrectomized and treat- 
ed with deoxycorticosterone (DOC)-salt 
(14) and rats infused with angiotensin-I1 (A- 
11) for short periods (15) (Table 1). RNA 
blot analyses of Na+,K+-ATPase mRNA 
were done with RNA from aortic, cardiac 
left ventricular, and skeletal muscle from 
hypertensive and control rats. In aorta, a 
two- to threefold increase (16) in amounts 
of al-subunit mRNA was noted only in rats 
treated with DOC-salt (Fig. 1A) and per- 
sisted from 2 to 8 weeks of DOC-salt ad- 
ministration. The amounts of aortic a1 
mRNA in normotensive, uninephreao- 
mized rats treated with DOC-low salt 
(DOC-LS) were equivalent (16) to those in 
unineplirectomized controls, thus eliminat- 
ing the possibility that our results were due 
to an up regulation of a1 mediated by 
DOC. The a1 mRNA in aortas from the 

hypertensive rats treated with A-I1 for short 
periods, however, did not show any up 
regulation (16) as compared to aortas from 
control normotensive rats infused with A-I1 
medium (acetic acid, 0.01N) or with 
subpressor doses of A-I1 (Fig. lB, C1 and 
C2, respectively). These results along with 
the twofold increase (16) in a1 mRNA in 
the skeletal muscle of hypertensive rats treat- 
ed with DOC-salt (Fig. 2) demonstrate that 
the a1 up regulation is not a direct response 
to increased intravascular pressure. This a1 
up regulation is not a nonspecific phenome- 
non, since the amounts of mRNA of other 

A DOC-salt B 
2 weeks 8 weeks A-I1 -- - 
6 8 1  6 1  681 

Fig. 1. Na+,K+-ATPase a -  and p-subunit 
mRNAs in aortas from hypertensive rats. (A) The 
mRNA of Na+,K+-ATPase subunits a l ,  a2, and 
p (a3, none detected) were analyzed in separate 
RNA blots with equivalent amounts of total 
cellular RNA derived from pooled aortas from 
hypertensive, uninephrectomized rats treated 
with DOC-salt (H), control uninephrectomized 
rats (Cl),  and control normotensive DOC-LS 
rats (C2). As a control, p-actin mRNA was also 
detected. The specific hybridizing bands to the 
respective probes are indicated by arrowheads. 
Two hybridizing bands are detected in a 2  and P, 
representing two sizes of m W  with different 
lengths of 3'LJT generated by differential utiliza- 
tion of polyadenylation signals (8, 21). (B) 
Na+,K+-ATPase a-subunit mRNAs, a 1  and a2, 
were analyzed in aortic total cellular RNA from 
rats made hypertensive by 1-week intraperitoneal 
A-I1 infusion. C1, control normotensive rats with 
pump implanted to infuse medium. C2, control 
normotensive rats with subpressor dose of A-I1 
infused (75 nglrnin). H, hypertensive rats with 
pressor dose of A-I1 infused (200 nglrnin). Specif- 
ic hybridizing bands to respective probes are 
noted with arrowheads. Total cellular RNA was 
isolated from pooled aortic samples (n  = 3) and 
RNA blots were done (9). Random-primed 32P- 
labeled cDNA probes were prepared (22) and 
represented comparable amino acid coding re- 
gions: a l ,  5' untranslated region (UT)-3'UT; 
a2, amino acid 27 to 3'UT; a3, amino acids 10 to 
940 (23); p, 5'LJT-3'UT (24); p-actin 5'UT- 
3'LJT. Under stringent hybridization and wash- 
ing conditions (9) ,  the a-subunit cDNA probes 
used do not cross-hybridize with each other. 
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