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INTRODUCTION

The primary cause of death in breast cancer patients is the
metastatic spread of disease to vital areas of the body. Many years of
research have been spent trying to determine a marker for
metastatic potential and the recent work of Dr. Pat Steeg has shed
new light on this subject (1). Steeg et al. discovered a specific
protein called NM23 that has been inversely associated with the
metastatic spread of disease. High levels of this protein in breast
tissue have been related to a lower probability of disease recurrence
and longer patient survival. The transfection of both melanoma and
breast cancer cell lines with the NM23 gene was associated with a
reduced metastatic potential in nude mice, further supporting the
role of NM-23 as an anti-metastatic protein (2,3). The details of these
studies have been extensively discussed in the original grant
proposal.

The focus of this grant is to evaluate a possible mechanism of
NM23's anti-metastatic effect in breast cancer. Qur_hypothesis is that

high levels of NM23 in breast cancer result in the down regulation of
proteases. Because cancer invasion and metastasis require the
proteolytic degradation of extracellular matrix components, it seems
reasonable to propose that the anti-metastatic effect of NM23 is to
reduce proteolytic activity. If NM23 does regulate protease

expression, it would be of interest to know which proteases are
affected, since this information might facilitate future cancer
treatments to prevent metastatic disease.

‘There are two forms of the NM23 protein -called H1 and H2
and they have high sequence homology to the alpha and beta forms
respectively of a specific enzyme called nucleoside diphosphate
kinase (NDP kinase) (4,5). This enzyme has been found in cells from
many different sources including the fruit fly larvae, plants and
human cells. MacDonald et al. demonstrated that NM23-H1 is
phosphorylated on two sites: a histadine 122 which is the catalytic
site for the enzymatic activity and a serine 44 which can be
regulated by cyclic AMP (6). They have shown that the catalytic
activity is not related to metastatic spread of disease while the serine
autophosphoralation is related to the metastatic spread of disease.
This latter phosphorylation suggests that the mechanism of action of
NM23-H1 might be related to signal transduction where kinase
activity is very important.

Further studies have indicated that cells transfected with
NM23-H1 gene show an inhibition of cell motility (7), reduced
growth rate and an increase in the production of basement
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membrane components (8). In a recent international meeting on
NM23/NDPK, Dr. Steeg demonstrated that mutations in the NM23
resulted in increased cell mobility. This is interesting since there
are now reports that mutations in NM23 do exists in cancer cells (9).

Other workers have demonstrated that NM23-H2 is >90%
homologous to a c-myc transcriptional regulator (10). Postel er al
suggest that NM23-H2 may regulate the metastatic spread of disease
by acting as a transcriptional regulator of genes associated with
metastatic disease (10). Other data from transfection experiments
(3) and the use of specific antibodies to H2 (11) would suggest that
the H2 form is not related to metastatic spread of disease. In
conclusion, the current papers in the literature would indicate that
the mechanism of action of NM23 on metastatic spread of cancer cells
1s unknown.

The goal of the present work is to investigate the hypothesis
that NM23 protein can down regulate the proteolytic system as a
mechanism of preventing the metastatic spread of breast cancer. In
this investigation, we are performing both in vivo and in vitro
studies to investigate this hypothesis. In the in vitro studies, we are
looking at the correlation of NM23-H1 protein expression with
specific proteolytic proteins such as cathepsin D, urokinase
plasminogen activator (UPA), UPA inhibitor (PAI-1), and the UPA
receptor.  Each of these factors has been related to cancer metastasis
as well as shorter disease free and overall survival (12-16).

The in vivo studies will involve the characterization of the
metastatic potential of the NM23-H1 transfected cell line MDA-MB-
231 compared to the non-transfected cell line in nude mice. These
transfected cells will also be used to evaluate how changes in NM23-
H1 protein expression are related to changes in proteolytic enzyme
expression in tissue culture conditions.

METHODS

A: MEASUREMENT OF NM23 ’
The key component of this grant is the measurement of NM23-
H1 protein  expression. The original research proposal was to
evaluate the levels of NM23-H1 using an ELISA protocol with the
help of a commercial company (Oncologex). Three antibodies were
available at the time of this proposal; two polyclonal antibodies that
recognized NM23-H1 and H2 forms of the protein, and one
monoclonal antibody that recognized only the NM23-H1 protein.
Preliminary evidence suggested that the ELISA procedure could be
adapted to measure NM23-H1 protein levels in breast tumor cytosol
extracts. The specificity of the procedure relied on wusing the
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monoclonal antibody for NM23-H1 as the "catching antibody.". The
sandwich ELISA procedure subsequently used one of the polyclonal
antibodies (of a different species specificity) to "sandwich" the
NM23-H1 protein to the ELISA plate. Detection was finally evaluated
using an anti-rabbit biotinylated antibody.

The preliminary results that were published with the research
proposal were obtained using a polyclonal rabbit anti-NM23-H1
antibody whose production was discontinued. Oncologix provided us
with a large quantity of another polyclonal antibody that was of a
much higher titer than the original antibody. The ELISA procedure
using the new antibody was never perfected. The ongoing problem
was a very high non-specific binding that could not be eliminated
without the loss of the specific signal. Given the complexity of the
ELISA sandwich procedure, it took a series of steps to eliminate the
possible cross-reacting species responsible for the non-specific
binding. Several factors were eliminated sequentially, including anti-
Rh factors present in the polyclonal anti-NM23-H1 antibody against
either mouse, rabbit or goat. The non-specific binding could not be
eliminated with large excesses of either rabbit, goat or mouse sera.
The conclusion was that the polyclonal antibody was reacting in some
epitope specific or non-specific manner with the monoclonal
"catching antibody" and therefore could not be removed without
loosing the specific signal. We were left with the option of trying to
obtain another polyclonal anti-NM23-H1 antibody, removing the
cross-reactivity by further purification and cross-adsorption of the
polyclonal antibody, or using an alternate method to measure NM23-
Hl1.

The decision to use western blot analyses to quantitatively
measure NM23-H1 was made based on immune-precipitation data
using the monoclonal antibody. The immune-precipitation of tumor
extracts using the monoclonal antibody to the NM23-H1 protein,
showed some NM23-H2 cross-reactivity. Since NM23-H2 has not
been shown to correlate with metastatic breast cancer and should be
measured in addition to NM23-H1, we chose to measure NM23-Hl1
levels using the western blot procedure that will be fully described
below.

The advantages of the western procedure over the ELISA
procedure in this case include: 1. Increased sensitivity. NM23-H1
levels as low as 0.04 ng can be detected by western blot analyses
using the enhanced chemiluminescence procedure and biotin-
streptavadin HRP. The best sensitivity obtained by the ELISA
procedure was 1.56 ng of NM23-H1. 2. The western protocol has the
additional ability to measure both NM23-H1 and H2 isoforms since
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these are adequately separated on electrophoresis to allow
independent quantification. The only disadvantage is that the
western procedure is somewhat more labor-intensive, however, the
advantages seem to warrant the additional effort in that they
provide more accurate and sensitive analysis of NM23-H1.

A-1 USE OF WESTERN PROCEDURE

The procedure for the western blot analysis of NM23-H1 is
described briefly. Patient tumor cytosol extracts (30 -50 pg/lane)
are boiled in SDS-lysis buffer and loaded onto a 15% SDS-PAGE
discontinuous system. Electrical current is applied to facilitate the
separation of proteins according to their molecular weight. Each gel
contains purified NM23-H1 protein standards ranging from 2 ng-100
ng as well as molecular weight markers. After sample separation,
the proteins are transferred to a nitrocellulose membrane using
electrical current. Membranes are then blocked using a 5% casein-
Tris buffer and the blots are incubated overnight at 4°C with 50 pug
polyclonal anti NMZ23 antibody. The blots are then washed and the
primary antibody is labeled with a biotinylated anti-rabbit antibody.
Further washing is followed by the labeling of the biotinylated
antibody with streptavadin horseradish peroxidase enzyme. Finally,
the blots are emersed in a chemiluminescent reagent and the NM23
protein labeled with HRP is detected on x-ray film.

Quantification of the levels of NM23-H1 in patient tumor
extracts is performed using the standard curve of the known
quantities of NM23-H1 and scanning laser densitometry. Known
quantities of NM23-H1 are plotted against optical density x mm and
a standard curve is plotted for each experiment. Examples of typical
standard curves and the accompanying westerns are shown in
Figures (1 and 11).

A-2 IMMUNOHISTOCHEMISTRY FOR NM23

The immunohistochemical analyses of NM23-H1 in breast
cancer patients are performed according to standard procedures.
Briefly, human breast tumors are fixed in 10% buffered formalin and
embedded in paraffin according to standard procedures. Paraffin
sections (4-5 micron) are cut from each breast tumor specimen,
deparaffinized in xylene and rehydrated in a graded series of ethyl
alcohol. The tissues are then washed in distilled water for 2-5
minutes.

The monoclonal antibody NM-301 (Oncogene Science)
recognizes NM23 H1 in human breast tumor specimens. The optimum
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antibody concentration was established at 5 pg/ml. Tissue
specimens are analyzed for NM23-H1 using an automated staining
system (Ventana) and manufacturer recommended reagents
necessary for the detection of primary antibody using AEC (3-amino
ethylcarbazole) as the chromogen. Pretreatment of the tissues with
alkaline protease (protease 2 supplied by Ventana) for 8 minutes has
been shown to enhance the sensitivity of the detection of NM23-H1.

Human breast carcinoma is the recommended positive control
and skin the negative. Additionally a serum control is included as a
negative control for each patient specimen

A pathologist at the Bowman Gray School of Medicine, (Dr. K.
Geisinger) is performing the analyses of the immunohistochemistry
for each specimen. The criteria for the analysis of each specimen
include; the staining intensity of the breast tumor (0-3+), the
percentage of tumor that is staining at the given intensity and the
percentage of tumor in the specimen.

B: MEASUREMENTS OF PROTEOLYTIC COMPONENTS
B-1 ELISA PROCEDURES FOR THESE COMPONENTS

Human breast tumor extracts are being analyzed for a number
of proteolytic factors including UPA, UPA-receptor, PAI-1 and
Cathepsin D. The cathepsin D analyses will be performed at the
Bowman Gray Medical School while the other markers will be
analyzed at the Finsen Institute (Copenhagen, Denmark). We have
a collaboration with this group because they already have published
in this area and the ELISA procedures for these markers are
routinely done in their laboratories (13).

Cathepsin D is being analyzed by an immunoradiometric assay
(CIS biointernational). This assay is a solid phase two site
immunoradiometric assay using sterically remote antigenic sites on
the cathepsin D molecule. The immunoassay quantifies total
cathepsin D, including the 52 kD, 48 kD and 34 kD forms of this
protease in breast tumor lysates. One monoclonal antibody is bound
in solid phase on test tubes, the other antibody is radiolabeled using

1251 as the tracer. We have published clinical results using this
method so these data will not be discussed in this report (16).




B-2 IMMUNOHISTOCHEMISTRY PROCEDURES

Cathepsin D is also being analyzed by immunohistochemical
techniques. The cathepsin D monoclonal antibody is produced by
Triton diagnostics. Immunohistochemical analyses are performed
according to usual techniques using the Ventana and AEC detection
as described above. The monoclonal antibody to cathepsin D
recognizes both the 34 kD and the 48 kD forms of cathepsin D. The
cathepsin D antibody is diluted to 0.125 pg/ml for
immunohistochemical analyses.

We are currently working on the immunohistochemical
techniques for UPA, PAI-1 and UPA receptor. We have the
antibodies and have the slides ready for analysis. Preliminary data
would suggest that PAI-1 expression can be measured using a
monoclonal antibody from American Diagnostica in paraffin
embedded blocks.

C: TRANSFECTION EXPERIMENTS/ANIMAL STUDIES
C-1 PREPARATION OF PROBE

As discussed in the grant proposal, we plan to use two
breast cancer cell lines that are metastatic and contain a marker
gene (i.e. LacZ). Since these cells were already neomycin selected
and the vector that was obtained from Dr. Pat Steeg contained the
neomycin resistant gene, it was necessary to make a new probe that
had a different selection gene. This was performed by removing the
NM23-H1 gene and inserting it into a hygromycin resistant vector.
The NM23-H1 hygromycin vector has been synthesized, and
analyzed for orientation using restriction enzyme digestion and
agarose gel electrophoresis. The details of the procedure are in the
grant proposal.

C-2 TRANSFECTION OF MDA-MB-231 CONTAINING THE LACZ
GENE

The transfection of the Lac Z containing cells with NM23
was performed by the standard calcium phosphate precipitation
technique.  Briefly, 20-30 ug of purified NM23-H1 vector was
precipitated onto 500,000 log phase MDA-MB-231 cells grown on
100 cm? tissue culture dishes. The cells were incubated with the
vector DNA for 12-18 hours and then the excess vector was removed
by gentle washes with complete medium. The cells were then

6




allowed to grow for 24 hours before the selection medium was
applied. The LD99.9 (0.66 mg/ml) for hygromycin was evaluated
using colony forming assays, and this dose was applied continuously
to the dishes until transfected clones appeared.

C-3 ATHYMIC NUDE MOUSE MODEL

We are using the athymic nude mouse model for the
measurement of metastatic breast cancer as described by others
(17,18). We have used two sources of nude mice: 1. Our in-house
nude mouse breeding facility and 2. NCr nude mice, purchased from
the NIH. The athymic nude mice are given a subcutaneous injection
of 106 cells in the lower mammary pads. The animals are then
followed for 2 to 3 months and the measurement of primary tumor
growth is obtained. Any animals that appear sick or have tumors
that become necrotic are sacrificed. The primary and any metastatic
tumors are removed for histological analyses at the time of the
mouse sacrifice. We have also performed the X-gal labeling studies
for the tumor marker gene (i.e. LacZ ) (18). We have completed a
major study using 10 animals in two different groups. The first
group of animals was injected with the MDA-MB-231 while the
second group of animals was injected with the MDA-MB-435 cell line.

RESULTS
NM23 EXPRESSION IN DIFFERENT CELL TYPES

We have evaluated NM23-H1 protein levels in primary breast
cancer tissues, breast cancer cell lines, and nude mouse xenografts of
primary human tumors using western blot analyses (17). Table 1
gives a description of the number of samples done and the results
obtained. The levels of the three cell lines are very different. MCF-7
cells express the most and are the least metastatic of the three cell
lines. MDA-MB-231 and MDA-MB-435 have much lower levels of
NM23-H1 and are reported to be metastatic in the athymic nude
mouse model. There is a broad range of values for NM23-HI in the
different solid tumors derived from patients and from primary
human tumors grown in nude mice. Figure 1 demonstrates our
analysis of NM23 expression in breast cancer tissues. The first -5
lanes are our standard curve while the remaining lanes represent
extracts from different breast tumors. The upper band co-migrating




with our standard represents NM23-H1 while the lower migrating
band represnts NM23-H2.

Since NM23-H1 is being measured by two different procedures,
a comparison of the two different methods is shown in Figure 2. A
good correlation was seen between the results ‘obtained by
immunohistochemical analysis and the values obtained by western
analysis. Given the limited sample size, (n=39) the correlation
between the immunohistochemical and western analyses suggest
that both methods are comparable for the measurement of the
NM23-H1 protein.

NM23-H2 levels were measured concurrently with NM23-H1
protein levels. The correlation of NM23-H1 with NM23-H2 is shown
in Figure 3. Since NM23-H1 and H2 proteins share considerable
sequence homology and are coordinately regulated, it is not
surprising that there is a good correlation between the levels of these
proteins in breast tumor extracts.

Our experience in the analyses of breast cancer patient
specimens, tissue culture cell lines and cell lysates from primary
human breast cancer grown in nude mice, has shown that in some
cases one the these methods may be superior to the other. In the
case of human tumor cell lines grown in nude mice models, the
western blot technique has been shown to provide superior
information since there is a high nonspecific tissue reactivity of
mouse-derived tumors and the monoclonal antibodies. These tissues
are easily analyzed for NM23-H1 protein using western blot
techniques. Immunohistochemistry may be more valuable in the
analyses of human breast carcinoma, particularly in patients with
very small tumor size where extracts may not be available. Some
representative examples of immunohistochemical staining for breast
cancer patient's tumors are given in Figure 4. Our analysis would
indicate that most of the staining is cytoplasmic and is found in both
invasive and non-invasive tumor cells. The panels represent
different intensities of staining and it should be noted that the
. negative controls have no staining and therefore were not presented
in this figure.

COMPARISON OF CATHEPSIN D WITH NM23 EXPRESSION

A total of 86 patient samples have been analyzed for the
expression of cathepsin D using the immunoradiometric assay. A
preliminary analysis of the correlation between the ELISA cathepsin
D levels and the values for NM23-H1 protein by western blot
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analysis is presented in Figure 5. These preliminary data suggest
that total cathepsin D expression is not related to NM23-HI
expression. Similar results were obtained when cathepsin D was
analyzed by immunohistochemistry and correlated to
immunohistochemical or western blot-derived values of NM23-HI1
(data not shown).

Breast tumors have variable staining for cathepsin D using
immunohistochemical techniques. Additionally, certain tumors have
been shown to have intense staining in the stromal cells within the
tumor. These observations are being documented to facilitate data
interpretation at the end of the study. The intense staining of
macrophages and stromal cells in solid tumors as well as the
recognition of the 52 kD pro-Cathepsin D by ELISA may account for
the lack of correlation between the two different assays for cathepsin
D (see Figure 6) and might be the reason why this specific protease
does not correlate with NM23-H1 expression.

COMPARISON OF THE UPA SYSTEM WITH NM23 EXPRESSION

Our preliminary results on the relationship of NM23-Hl1
expression by Western blot analysis and the expression of UPA. PAI-
1 and UPA receptor from the same tumor extract is presented in
Figure 7. There is no correlation between the NM23-HI1 protein and
any of these factors in this preliminary data. = We have just sent an
additional 64 samples to Denmark for further analysis.

Analyses of the UPA system in the breast cancer specimens are
also being performed by immunohistochemical analyses. This work is
in progress and titrations have been performed to determine the
optimization conditions for these analyses.

RELATIONSHIP OF NM23 TO METASTATIC SPREAD OF DISEASE

One of the specific aims of this study is to evaluate the
relationship between the expression of the NM23-H1 protein and the
metastatic potential of breast cancer. Toward this goal we have been
collaborating with Dr. R. Mehta to measure the levels of NM23-H1 in
primary human breast tumor cell lines that have known metastatic
potential in nude mice (17). We have analyzed eight solid tumor
xenografts for NM23-H1 and cathepsin D expression using western
blot analyses and immunoradiometric assay procedures, respectively.
The relationship between the expression of NM23-H1 and the
metastatic potential of these primary cell line-derived tumors is
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shown in Figure 8. Assays on these samples were done multiple
times in order to obtain standard error values. Two of the three
xenografts with the highest NM23-H1 are not metastatic (A and B)
while 4 of the metastatic tumors have lower levels of NM23-H1 (D, E,
F and H). One tumor that is considered occasionally metastatic has
high levels of NM23-H1 (G) and one metastatic tumor (C) has high
levels of NM23-H1 protein. Statistical analyses of these xenografts
show that metastatic tumors C and D are not different from the non-
metastatic tumors B or A. There does appear to be a statistically
significant difference between the non-metastatic (A and B) and
occasionally metastatic (G) tumors versus metastatic tumors E, F and
H

The relationship between cathepsin D concentration and
metastatic potential is shown in Figure 9. From this limited data set
where only single assays were performed, there does not appear to
be a relationship between the metastatic spread of disease and
cathepsin D levels .

TRANSFECTION OF THE NM23 GENE INTO MDA-MB-231.

The purpose of the transfection study is to evaluate the
metastatic potential of human breast tumor cell lines expressing
elevated levels of NM23-H1 protein in a nude mouse tumor model.
The parental MDA-MB-231 breast tumor cell line contains very low
levels of NM23-H1 (table 1) and has been shown by others to have
metastatic potential in nude mice (18). Double transfection of these
cells with the LacZ and NM23-H1 genes will provide a means to
determine whether increasing the level of NM23 will reduce the
metastatic potential of these cells in nude mice. The expression of the
Lac Z gene will facilitate the detection of micrometastatic lesions in
the nude mouse by acting as a reporter gene. It is, however, critical
to prove that the parent cell line is metastatic.

In a preliminary experiment, we have shown micrometastatic
disease in 30% of nude mice injected with MDA-MB-231 parental cell
line.  Further experiments are in progress to establish a good
baseline for the metastatic potential of the parental cell line. We
have similarly shown a 50% metastatic potential for the parental
breast cell line MDA-MB-435. In our preliminary experiments we
were trying to evaluate metastatic disease using gross inspection. We
have subsequently determined that both cell lines MDA-MB-231 and
MDA-MB-435 form micrometastatic lesions in lung sections that can
be visualized by analyzing serial sections of lung tissue. Figure 10
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demonstrates what micrometastic disease looks like in these lung
tissues after staining with a specific substrate for LacZ ( i.e. X-gal).

A more direct manner of evaluating the effect of NM23-H1
protein levels on the expression of proteolytic factors is also in
progress. The MDA-MB-231 cell line was transfected with NM23-H1
and Lac Z genes. A total of 47 clones were obtained and from these
12 clones were selected that expressed low, moderate and high levels
of NM23-H1 as determined by western blot analysis. A
representative western blot < for NM23-H1 expression of the
transfected clones is shown in Figure 11.

The level of expression of NM23-H1 and cathepsin D in the
transfected clones is shown in Figure 12. It would seem that
cathepsin D is higher in the parent cell line compared to any of the
clones but that the relationship of increase expression of NM23-HI1 to
cathepsin D is not evident in these studies. This agrees with what
has been demonstrated using primary human breast cancer tissues
as described above.

CONCLUSIONS

NM23-H1 NM23-H2 cathepsin D, UPA, PAI-1 and UPA-R
proteins have been analyzed in clinical tumor extracts, breast cancer
cell lines, transfected cells and nude mouse-derived tumors using
western blot, ELISA's and immunohistochemical analyses. Our data
demonstrate a relationship between NM23-H1 values obtained by
Western analysis and those done by immunohistochemistry (Figure
2). We also demonstrated a direct correlation between the levels of
NM23-H1 and NM23-H2 ((Figure 3).

We have also shown that cathepsin D levels measured by either
method are not related to NM23-H1 levels measured by western blot
(Figure 5) or immunocytochemistry (data not shown). We have also
demonstrated that NM23-H1 expression does not seem to be related
to cathepsin D in cells lines that have been tranfected and expressed
different amounts of NM23-H1 (Figure 12).

The ELISA data for UPA, UPA receptor and PAI-1 was
performed on 55 breast tumor extracts and correlations performed
to compare these proteases and protease inhibitors to NM23-Hl
protein. The preliminary results of these data suggest that NM23-HI
is not related to the expression of the UPA system components
(Figure 7).

We have also compared NM23-H1 expression to metastatic
potential using a series of human breast tumor xenografts. Our
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results suggest that in most cases high expression of NM23-H1 is
found in non-metastatic tumors while low expression is found in
metastatic tumors (figure 8). Preliminary data for these &
xenographs would suggest no relationship of cathepsin D to
metastatic spread of disease (figure 9).

We have modified the vectors containing the NM?23-H1 gene
and transfected the MDA-MB-231 cell line. From these transfection
studies, we have selected 12 clones that have between 3 and 55 fold
overexpression of NM23-H1 protein (Figure 11). We are presently
working with Goodwin Institute for Cancer Research to transfect
another highly metastatic cell line (19). If this study is successful, we
will have another distinct breast cancer cell line to evaluate in the
analyses of the metastatic potential of breast cancer and the levels of
NM23-H1. We have decided not to transfect MDA-MB-435 since
these cells have already been transfected and this work has been
published (3). We have now perfected our athymic nude mouse
model and can detect micrometastatic disease in the lungs ( Figure
10) and are presently working on the growth and metastatic spread
of disease for parent and NM23 transfected MDA-MB-231 cell lines
in this model.

Year two goals are to continue to collect data for NM23-Hl
and the proteolytic factors (UPA, UPA-R, PAI-1 and cathepsin D) by
both the quantitative and semi-qualitative procedures. Additional
goals include the characterization of the nude mouse metastatic
model and analyses of the NM23-H1 transfected clones' metastatic
potential.
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FIGURE LEGENDS

FIGURE 1: The expression of NM23-H1 and H2 levels in
Breast cancer tumor extracts: Equal protein ( 50ug per lane)
was loaded onto 12.5% acrylamide gels and analyzed by SDS-PAGE.
Lanes 1-5 represent known NM23-H1 standards and contain
100,75,50,30 and 20 ng of purified protein, respectlvely. = Lanes 6-
14 contain NM23 extracted from homogenized patients breast
tumors. The upper band represents NM23-H1 and the lower band in
NM23-H2. The ng/ug values for NM23 expression were derived
from the standard curve shown above.

FIGURE 2: The relationship between the levels of NM23-H1
obtained by western blot and immunohistochemical
analyses. NM23-H1 protein levels obtained by western blot
analyses were compared to the levels of intensity of NM23-HI as
measured by immunohistochemistry. A total of 39 patients were
analyzed by both immunohistochemical and western blot procedures.
Patients with less than 0.2 ng/ug of NM23-H1 by western analyses,
showed no positivity by immunohistochemistry. The mean NM23-HlI
levels for a 1, 2 and 3 intensity by immunohistochemical analyses
were 0.32, 0.6 and 1.0 ng/ug, respectively by the western blot
procedure. '

FIGURE 3: Correlation between NM23-H1 and NM23-H2
protein levels in human tumior extracts. Human breast tumor
extracts were analyzed by western blot as described in Methods
section Al. For each tumor, NM23-H1 and NM23-H2 protein levels
were measured using the standard curve for purified NM23-H1. A
total of 117 tumors were analyzed by this procedure and regression
analyses performed. The data suggest that there is a good correlation
between the levels of the NM23-H1 and NM23-H2 proteins.
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FIGURE 4: The expression of NM23 staining in breast
cancer tissues. Panels A, B, and C 1+,2+,3+ intensity, respectively
for NM23 by immunohistochemistry ( see color prints enclosed)

FIGURE 5: Correlation between the levels of NM23-HI
protein and the protease Cathepsin D. NM23-H1 in human
breast tumor extracts was measured by western blot as described in
Methods section Al. The same tumor extracts were used to measure
cathepsin D by the ELISA procedure described in Methods section BI.
A total of 87 tumors were analyzed by these procedures and
regression analyses performed. The data suggest that there is no
correlation between the levels of the NM23-H1 protein and cathepsin
D. ‘

FIGURE 6: Relationship of Cathepsin D staining intensity by
immunohistochemistry and quantitative analysis of
cathepsin D by immunoradiometric assay. The details for the
analyses are given in the methods. There was no relationship
between these two methods for analysis of cathepsin D

FIGURE 7: Correlation between the levels of NM23-H1
Protein and Urokinase plasminogen Activator (UPA)
Components. Analyses of the correlation between the levels of
NM23-H1 protein and UPA components were performed on 55
human breast tumor extracts. NM23-H1 was analyzed by western
blot as described in Methods section Al and UPA components were
analyzed by ELISA (Methods section B1). Regression analysis
suggests that the levels of these 3 proteins are not related to NM23-
HI expression.

FIGURE §8: NM23-H1 protein levels in nude mouse
xenografts of human primary breast tumors and the
relationship to the metastatic potential in nude mice. Eight
primary human breast tumors that were grown as nude mouse
xenografts were analyzed by the western blot procedure for NM23-
H1 protein levels. The values of NM23-H1 were derived from a
minimum of eight different experiments and two separate tumor
extraction procedures. The tumor xenografts were classified
according to their metastatic potential in nude mice (data from Dr. R.
Mehta personal communication). The relationships of these two
parameters are discussed in the text.
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FIGURE 9: Cathepsin D protein levels in nude mouse
xenografts of human primary breast tumors and the
relationship to the metastatic potential in nude mice. Eight
primary human breast tumors that were grown as nude mouse
xenografts were analyzed by the radioimmuno assay procedure for
cathepsin D. The cathepsin D values were compared to the metastatic
potential of the xenografts in nude mice as discussed in Figure 8. No
relationship was seen between the levels of cathepsin D and the
metastatic potential of these xenografts.

FIGURE 10: Demonstration of micro-metastatic disease in
lungs of athymic nude mice using a marker for tumor cells.

MDA-MB-231 (Panel A) and MDA-MB-435 (Panel B) breast cancer
cell lines transfected with LacZ were injected into the lower
mammary pads of athymic nude mice and after 8 weeks the animals
were sacrificed. The lung tissues were then stained for LacZ activity
as described by Brunner et al (18) and then sectioned for analysis.
The blue chromogen is related to LacZ expression. Arrows indicate
areas of metastatic disease. (See Color prints enclosedA)

FIGURE 11: MDA-MB-231 breast cancer clones transfected
with NM23-H1. The MDA-MB-231 cell line containing the LacZ
gene was transfected with the NM23-H1 hygromycin vector as
described in the text. Western blot analysis was performed as
described in Figure 1 where lanes 1-4 represent known NM23-H1
standards and contain 100,50,12.5 and 3.1 ng of purified protein,
respectively. Lanes 5-13 represent 9 different transfected clones
and lane 14 is the parent cell line. The two distinct bands in the
transfected clones represent NM23-H1 (top band) and NM23-H2
(lower band). The ng/ug values for NM23-H1 expression in the
clones were derived from the standard curve shown above.

FIGURE 12: The relationship between the fold induction of
NM23-H1 protein and cathepsin D in MDA-MB-231 NM23-
H1 transfected clones. The human breast cancer cell line MDA-
MB-231 was transfected with the NM23-H1 gene as described in
Methods section C2. The level of NM23-H1 protein expression is
shown in this Figure and ranges from 3-55 fold induction. Cathepsin
D was also measured in each of the selected clones and the level of
expression of cathepsin D and NM23-H1 was compared in this Figure.
There is no relationship between the fold induction of NMZ23-H1 and
the levels of cathepsin D in these transfected clones.
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FIGURE 8

NM23 concentration in human breast cancer grown as xenografts in nude '
and the correlation with metastatic potential. :
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Figure 10A

LACZ ANALYSIS FOR
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Figure 10B
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