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Abstraet. Background: Bax is one of the main effectors of 
apoptosis in breast cancer. However, in contrast with the 
antiapoptotic protein Bcl-2, which has been extensively 
studied in thís tumor, there are relatívely few clínical studies 
on the biological role ofBax in breast cancer. Materia/s and 
Methods: The expression of the apoptosis-related Bax gene 
was studied in a series of 255 previously untreated breast 
cancers by means of immuno-flow cytometry. Additionally, 
and by the same method, the expression ofthe Bcl-2, VEGF 
and Nup88 genes were also studied. As variables ofthe study 
for the final statistical analysis, the histological variety of 
the tumors, histological and nuclear grade, the expression of 
hormone receptors, p53, Ki-67 or c-erb-B2, axillary node 
invasion, tumor size and DNA-ploidy were also included. 
Results: The expression ofthe proapoptotic Bax protein was 
significantly associated with the expression of Nup88 
(p<O.OOOJ), VEGF (p=O.0014) and Bcl-2 (p=O.0063), al! 
measured by the same method. An inverse correlation with 
c-erb-B2 expression, which almost attained statistical 
significance (p=O.058) was also registered. Conclusion: This 
study adds evidence fo the little explored link between 
apoptosis and angiogenesis. Furthermore, it discloses a 
previously unreponed relationship between Bax and Nup88 
expression. 

Apoptosis is a physiological process which consists of 
programmed cell death after a definite number of mitoses. 
However, apoptosis not only regulates normal cell homeostasis, 
but is also involved in a number of other biological events, 
including organogenesis during embryonic development, 
elimination of genetically instable cells and removal of 
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potentially harrnful cells during bone marrow maturation (1). 

During mmor development, down-regulation of apoptosis also 
confers on cells such typical features of the oncogenic 
phenotype as resístance to chemotherapy and radiotherapy, to 
hypoxia and to lysis by T-killer cells (2). There are two main 
molecular pathways triggering apoptosis, an external one 
mediated by tumor necrosis factor (TNF) and Fas, and an 
intracellular one centered around the release of cytochrome e 
by the mitochondria. The Bel-2 apoptosis-related, pS3­
dependent protein family is one of the main regulators of the 
mitochondrial apoptotic pathway and ineludes both apoptosis­
promoting members, such as Bax and Bak, as well as 
inhibitors, such as Bcl-2 and Bel-x. In breast cancer, Bax plays 
a pivotal role as a facilitator of apoptosis, its function being 
held in balance by the main antiapoptotic member of the 
family, Bel-2 (3). Ultimately, it is the Bel-2/Bax ratio which 
decides the fate of the cell. The ability of the tumor cells to 
evade apoptosis allows them to survive and multiply in a 
hostile environment, whereas the transfection-induced 
overexpression of Bax suppresses breast cancer xenograft 
growth in irnmunossuppressed mice (4). 

In a previous report by our group in which Bel-2 and 
Bax expression were studied by means of immuno­
cytometry in breast cancer (5), we found no correlation 
between Bax expression levels and the available elínical 
and biological parameters of the tumors which could be 
tested. However, it being a pilot study, the series comprised 
a relatively low number of cases (86) and the available 
tumor features were relatively few. The Bax gene plays 
such a fundamental role in apoptosis that it is hardly 
imaginable that it lacks any biological link to other basic 
molecular processes in the breast tumor cell. With this in 
mind, we have extended our previous pilot study to a 
sígnificantly larger number of samples, and have 
determined in them, together with Bax expression, the 
expression of several other genes previously studied in 
breast cancer at our laboratory. 
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Table 1. Correlalion of Bax expression measured by means of 
immunofluorocytomelry and continuous variables. Spearman 's rank 
correlalion test. 

Variable n p-Value 

Bcl-2 135 0.24 0.0063 
VEGF 232 0.22 0.0014 
Nup88 215 0.34 <0.0001 
DNA index 255 0.03 0.59 
Kí-67 254 0.02 0.75 
Tumor size 247 -0.09 0.17 

Materials and Methods 

The expression of the apoptosis-related Bax gene was studied in a 
series of 255 previously untreated patíents with breast cancer, 
operated upon at the Fundación Tejerina-Centro de Patología de la 
Mama, Madrid, Spain. Of them, 227 were ducta) infiltrating 
carcinomas, 23 lobular infiltrating carcinomas and 5 tubular tumors, 
which are a special form of extremely weIl-differentiated ductal 
carcinomas, and for this reason were grouped with the latter for 
statístícal purposes. Other, less frequent histological varieties of 
breast cancer were excluded from the study. 

According to TNM stage, 194 were classified as TI, 51 as T2, 
53 as T3 and the remaining 8 were díffuse tumors encompassing the 
whole breas!. 

Bax expression was studied in the tumors by means of ímmuno­
t10w cytometry, peformed as descríbed below. AdditionaIly, and by 
the same method, the expressíon of the Bcl-2, vascular endothelial 
growth factor (VEGF) and Nup88 genes were also studied. 

Flow cytometry. The technique employed has been described 
previously (5). Briefly, fresh tumors were finely minced with a scalpel 
blade, mixed with 2 mi of DNA-prep Stain reactant and 100 ¡.tI DNA­
prep LPR reactant (both from Coulter Corporation, Miami, FL, USA). 
and incubated for 30 min at 3TC. The obtained tissue was rníxed with 
2 mi pepsin at 37'C for 30 min in order to separate the cells from the 
surrounding connective tíssue matríx. The resulting mixture was 
filtered through a SO-¡.tm pore filter and centrífugued at 2,000 rpm for 
10 min; the supernatant was eliminatéd and the obtained ceIl pellet 
fixed by resuspension in 1 mi 2% paraformaldehyde (pH 7.2) for 10 
min at 4'C, followed by another 10 min at room temperature. After 
centrífugation (2,000 rpm for 10 min), the cells were resuspended in 
phosphate-buffered saline (PBS) and centrífuged llgain (same 
conditions) in order to remove any residual formaline, and 
resuspended in absolute methanol at _20°C for 5 min to permeabilize 
the membrane. The cells were washed again with PBS (same 
condítíons as aboye), centrifugued at 7.000 rpm for 5 min, and were 
then ready for incubation with the primary antibody after resuspension 
in either PBS to attain the wanted antibody dilution, or in the provided 
antibody so!ution (see below). 

The Bax monoclonal antibody (clone 4Fll) was purehased in 
ready-to-use prediluted form from Immunotech, Marseílle, France. 
The Bcl-2 monoclonal was the bcl-2/loo/DS antibody frOID 
Novocastra, Newcastle, U.K., used at 1;80 dilutíon. VEGF was 
detected by means of the rabbit polyclonal ABl442 antibody from 
Chemicon, Temecula, CA, U.S.A., used at );100 di!ution. Nup88­
expression, shown by our group previously to be assoeiated with a 

Table 11. Correlation of Bax expression measured by means of 
immunofluorocy/ometry and dichotomic variables. Bax cut-off: median 
value. Wilcoxon's test. 

Variable n p-Value 

p53 254 0.89 
c-erb-B2 254 0.058 
Estrogen receptors 253 0.46 
Progesterone receptors 254 0.97 
Axillary nodes 242 0.97 
Histologic grade 3 214 0.79 
Nuclear grade 3 214 0.66 
Ductal vs. lobular histology 255 0,27 

biologically more aggressive tumor phenotype in breast caneer (6), 
was studied using the Nup88 monoclonal antibody from BD 
Bioscíences, Erembodegem, Belgium, at 1:100 dilution. The cells 
were incubated with the antibodíes for 1 h at 4T. Afterwards, they 
were centrífugued at 7.000 rpm for 5 min, washed and resuspended 
in PBS, then incubated with the secondary, t1uorochrome-coupled 
antí-mouse antibody (l: 100) at 4 'c for 30 mino As an interna! 
control, the cells were finally incubated with propidium iodíde to 
select the cells effectívely fixed and to discard cell debris eventually 
reacting wíth the primary or secondary antíbodíes. This allows, 
additionally, for the percentage of cells specifically reacting with 
the primary antibody to be determined. This percentage, in its turn, 
ret1ects the relative level of expression of the studied protein in that 
particular sample. 

AH measurements were carried out in a Coulter EPICS XL 
cytometer (Coulter Corporation). The analysís of the obtained 
histograms was carried out with the help of the MultiCycle DNA 
Cell Cycle Analysis software package (Phoenix Flow Systems, San 
Diego, CA, U.S.A.). 

Statistics. Continuous variables were compared wíth each other 
dírectIy by means of Spearman's rank correlation test (Table l). 
For comparatíve purposes wíth qualitative variables, Bax 
express ion values were divided into "high" and "low", using the 
median as cut-off. Afterwards, using this cut-off, the 
corresponding relative expression level was correlated with aH 
other biological and c1ínical variables in a univariate model usíng 
Wilcoxon's test (Table II). The statístical analysis was performed 
using the GraphPad Prism biomedícal statistical package 
(GraphPad Software, lnc., San Diego, CA, USA). Values were 
consídered significant when p was <0.05. 

Results 

The results are surnmarised in Tables 1 and 11. From them, it 
can be seen that expression of the proapoptotic Bax protein, 
measured by rneans of immuno-flow cytometry was 
significantly associated with the expression of Nup88 
(p<Ü.OOOl), VEGF (p=O.0014) and Bcl-2 (p=O.0063), all 
measured by the same method. An inverse correlation with 
c-erb-B2 expression, which almost attained statistical 
significance (p=O.058) , was al so registered. 
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Discussion 

In the results we present here, the strongest correlation 
between Bax expression and the expression of all other 
proteins tested was found with Nup88 expression. Nup88 is 
a nucleoporin which forms part of the nuclear pore complex, 
where it interacts strongly with another nucleoporin, 
Nup214 (also known as CAN), forming the CAN/Nup 
complex, and was first identified by Bastos et al. (7) and 
Fomerod et al. (8). Our group, in its tum, was the fírst to 
report shortly afterwards that Nup88 is overexpressed by 
tumor cells (9), and in a further study carried out on clinical 
tumor samples, that its overexpression is associated with a 
significantly higher biological and clinical aggressiveness of 
breast cancer (6). These findings were reproduced in 
collaboration with researchers from Linkoping University 
(Sweden) in human melanoma and colon cancer as well 
(lO, 11). Despite all these coincidental data, the precise role 
of Nup88 in tumor biology is stíll obscure. There have been 
hints, already in the pioneering investigations conceming 
this protein, pointing towards sorne kind of link with 
apoptosis. Bonten et al. (12) found that overexpression of 
CAN/Nup overexpression induces, among other things, 
apoptosis in myeloid precursor cells. More recently, Shu et 
al. (13) reported that deguelin, a naturally occurring 
rotenoid, strongly influences the normal apoptotic process 
of Jurkat ceHs by means of a specific interaction with 
Nup88. Our own group also found a correlation, albeit an 
inverse one, between Nup88 overexpression and apoptosis 
in human colon cancer (11) . AH in aH, mounting evidence is 
accumulating to support the notion that nucleocytoplasmic 
transport may be involved in normal and tumor ceH 
apoptosis, and in this context nucleoporins seem to playa 
fundamental role. Our present results suggest that one of 
them, Nup88, may be directly involved in apoptosis in 
breast cancer through a correlation with the expression of 
the proapoptotic Bax protein. 

We also found a significant correlation between the 
expression of Bax and the angiogenic protein VEGF. The 
possible connection between apoptosis and angiogenesis has 
been recently studied by several groups, among which our 
own one. In fact, we recently reported that the expression of 
sorne members of the RBM gene family located on the 
X-chromosome, RBM101 and RBMJOs, is concomitantly 
related to the express ion of the Bax gene and the VEGF gene 
(14). The expression of another member of the family, RBMX, 
furthermore, was inversely related to the expression of another 
angiogenesis-involved gene, CDJ05 (endoglin) (15). 

Finally, Bax expression was direct1y related to the 
express ion of one of the main antipoptotic genes, Bcl-2. This 
is not surprising, since it is well known that in breast cancer 
the balance between the express ion of both genes is an 
important regulator of apoptosis. In a previous pilot study 

using the same experimental approach (16), we did not find 
any correlation between the expression of both genes 
reported now. However, on that occasion, we studied far 
fewer tumor samples (only 86 cases) , including a significant 
proportion of previously treated ones. It i8 now well known 
that chemotherapeutic treament significantly acts on 
apoptosis and that interactions with Bcl-2 playa prominent 
role in this mechanism of action. We are now convinced that 
this fact largely explains our findings reported in that 
previous paper and that the present ones, obtained from a 
much larger series of chemotherapy-naYve tumors are those 
which most accurately reflect the expression of apoptosis­
related genes in untreated breast cancer. 

In conclusion, This study adds evidence to the little explored 
link between apoptosis and angiogenesis. Furthermore, it 
discloses a previously unreported relationship between Bax and 
Nup88 expression. 
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