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A. Introduction 
The long term objective of this project is to evaluate the capacity of a group of 

nonantimicrobial chemically modified tetracyclines to downregulate the angiogenic response which 
maintains breast tumor growth and proliferation. The elaboration of neovessels to supply nutrients 
to and remove metabolites from the growing tumor is generally ascribed to elaboration of soluble 
pro-angiogenic growth factors which trigger endothelial proliferation. Two angiogenic factors, 
Vascular Endothelial Growth Factor (VEGF) and Basic Fibroblast Growth Factor (b-FGF), have 
been implicated in breast tumor angiogenesis in vivo [1-5] and in studies of the pro-angiogenic 
activity of breast tumor cell lines as well as macrophages which often infiltrate tumors in vivo and 
are also believed to contribute to angiogenesis [6-9]. Recently, the National Cancer Institute has 
pursued clinical trials on one chemically modified tetracycline, 6-demethyl-6-deoxy-4- 
de(dimethylamino)tetracycline (CMT-3), a known inhibitor of the matrix metalloproteinase (MMP) 
class of enzymes implicated in cancer invasiveness [10], for use in therapy of a variety of tumors and 
the angioproliferative disease, Kaposi's sarcoma. The most promising results were observed with 
Kaposi's sarcoma patients, in several of whom complete regression of the microvascular lesions was 
observed [11]. It is this observation which prompted our proposal to examine the possibility that, 
in addition to their anti-MMP activity, the CMTs may also serve as antiangiogenic agents for 
treatment ofbreast cancer. Some studies indicating that CMT-3 may inhibit the angiogenic response 
of endothelial cells in vitro [12] and that other tetracyclines may be inhibitory in animal models of 
angiogenesis [13]have been published whichsupport this hypothesis. The major adverse side effect 
of CMT-3 therapy (which is otherwise much less toxic than many traditional chemotherapeutic 
agents) observed during the course of the NCI trials has been phototoxicity, manifested as sunburn- 
like lesions [11]. In the course of evaluating new "second generation" CMTs synthesized for 
CollaGenex Pharmaceuticals, Inc., the manufacturer of CMT-3, we observed that the 9-amino 
derivative of CMT-3 (CMT-308) was equivalent to CMT-3 as an MMP inhibitor but did not trigger 
phototoxicity in vitro or in animal models [14]. This CMT was therefore included in our proposal 
as a possible additional candidate for antiangiogenic activity although it has not yet been evaluated 
in human subjects. Our approach in this project has been twofold: to evaluate the effects of the 
CMTs on the elaboration of pro-angiogenic growth factors by breast tumor cells and by infiltrating 
macrophages and to determine the effects on the response of endothelial cells to such angiogenic 
factors. 

B. Body 
This project has six Tasks which we have defined for study over the three-year period of 

support: to evaluate CMTs for effects on angiogenic factors released by breast tumor cell lines 
maintained under "basal" growth conditions (Task 1); to evaluate modulation of angiogenic factor 
release by the breast tumor cell lines by hormones, cytokines, and growth factors and to determine 
effects of the CMTs on these modulated levels of angiogenic factor release (Task 2); to evaluate 
effects of the CMTs on release of angiogenic factors by macrophages and a human macrophage line, 
Mono Mac 6 (Task 3); to evaluate capacity of the CMTs to inhibit tube formation and invasiveness 
of endothelial cells in response to pro-angiogenic factors (Task 4); to evaluate capacity of the CMTs 
to inhibit endothelial cell tube formation and invasiveness in response to breast tumor cell lines in 
a co-culture system (Task 5); and to evaluate capacity of the CMTs to inhibit endothelial cell tube 
formation and invasiveness in response to monocytoid cells in a co-culture system (Task 6). In this 
first year of the project, we have made progress on the first four of these Tasks. 

1. Task 1 - Effects of CMTs on VEGF Release by Breast Tumor Lines in the Absence of 
Growth Factors 

In this first year, we have focused on two breast tumor cell lines, MCF-7 (an estrogen- 
responsive line which is weakly invasive and is regarded as a model of early breast cancer) and 
MDA-MB-231 (an estrogen-insensitive line which is highly invasive and is regarded as a model of 
advanced breast cancer) [6]. In near confluent culture on plastic, both of these cell lines release 
VEGF, as detected by a sandwich ELISA, but no b-FGF. The levels of VEGF released by both cell 
lines were determined after 24 h of culture in complete medium followed by 24 hours of culture in 
serum-free medium in 48-well microplates. MCF-7 cells were plated at an initial density of 10 



cells/well in MEM with supplements including 10% fetal bovine serum (FBS) while MD A-MB-231 
cells were plated at the same density in DMEM with supplements including 10% FBS. At the end 
of 24 hours, when the medium was switched to serum-free medium, both cell lines were at 80-90% 
confluence. MCF-7 cells released approximately 40 pg/ml VEGF over 24 hours in the absence of 
any supplemental growth factors, whereas MDA-MB-231 cells released approximately 200 pg/ml 
VEGF over the same time (Figures 1 -4). This result is consistent with observations that MD A-MB- 
231 cells metastasize much more effectively than MCF-7 cells in nude mice and may reflect the 
greater capacity of the MD A-MB-231 metastatic foci to establish a blood supply to support growth. 
Both CMT-3 and CMT-308 diminished the levels of VEGF released by these cell lines maintained 
under "basal" conditions in a dose-dependent manner. Neither CMT was especially cytotoxic to 
these breast tumor lines (Figures 5-7), a result which stands in marked contrast to the significant 
cytotoxicity of CMT-3 towards LNCaP and PC-3 prostate tumor lines [10]. The absence of 
cytotoxicity of CMT-308 on the two breast tumor lines is, however, consistent with its very low 
cytotoxicity in virtually every cell line tested so far in our laboratory. In the NCI-sponsored Phase 
I trials on CMT-3, circulating levels of the tetracycline on the order of 30 |iM were routinely 
achieved [11], and while we tested levels of CMT-308 up to 30 |iM in these in vitro assays of VEGF 
release, we generally employed lower concentrations of CMT-3, typically 5 |iM, because of its cell- 
specific cytotoxic effects. However, in dose-dependence studies of both CMT-3 and CMT-308 on 
MCF-7 cells we have confirmed that at comparable doses up to 30 |iM, CMT-308 is more effective 
at diminishing the levels of VEGF released than is CMT-3 (Figures 8 and 9). In the presence of 20 
|iM CMT-308, levels of VEGF released by MCF-7 cells are reduced by greater than 50%, whereas 
VEGF levels are reduced by only 17% in the presence of 20 |J.M CMT-3. The effects of the two 
CMTs on VEGF release by MD A-MB-231 cells in the absence of growth factors is qualitatively 
similar to the results outlined above on MCF-7 cells, and again, CMT-308 appears to be more potent 
than CMT-3. 

2. Task 2 - Effects of Growth Factors on VEGF Release by Breast Tumor Lines in the 
Absence and Present of CMTs 

In this first year, we have examined effects of two growth factors, TGF-ß and IGF-1, on 
VEGF production by MCF-7 and MD A-MB-231 cells in the absence and presence of CMTs (neither 
of these growth factors appeared to induce b-FGF release by the breast tumor cell lines). These data 
are also included in Figures 1-4. In preliminary studies, CMT-308 was found to diminish levels of 
MMP-9 released by PC-3 prostate tumor cells, but in the presence of IGF-1, the MMP-9 levels were 
augmented. The increase in MMP-9 from IGF-1 -stimulated prostate tumor cells treated with CMT- 
308 may have possibly arisen through reduction in the levels of the IGF-1-neutralizing binding 
protein IGFBP-3 which is released by MMPs in other prostate tumor cell lines [15,16]. In the 
presence of TGF-ß, however, levels of MMP-9 released by PC-3 cells were found to be augmented 
and upon addition of CMT-308, the MMP-9 levels were lowered towards those released in the 
absence of growth factors. VEGF levels released by MCF-7 cells and MD A-MB-231 cells were 
unaffected by doses of IGF-1 up to 10 ng/ml, and the capacity of 20 |iM CMT-308 to diminish 
VEGF release by both cell lines in the presence of different concentrations of IGF-1 was the same 
as that observed in the absence of growth factors within the limits of experimental error (Figures 2 
and 4). We conclude that IGF-1 does not modulate VEGF release by these breast tumor cell lines. 
In contrast, TGF-ß was a significant stimulus to VEGF release by both cell lines. VEGF levels from 
MD A-MB-231 cells were tripled in the presence of 10 ng/ml TGF-ß; the levels from MCF-7 cells 
were increased somewhat less, by a factor of about 2.5. CMT-308 at a concentration of 20 |iM 
appeared to be about as effective at inhibiting this TGF-ß-induced augmented VEGF release as was 
seen when VEGF release by the breast tumor cells was measured in the absence of growth factors 
while concentrations of CMT-3 as low as 5 |iM, which had minimal effect on VEGF release by the 
cells in the absence of growth factors, produced a larger and experimentally significant diminution 
in the augmented levels of VEGF produced in the presence of TGF-ß (Figures 1 and 3). We 
conclude that TGF-ß stimulates VEGF production by these two cell lines, and that the two CMTs 
can inhibit this augmented release at least as effectively as they inhibit "baseline" levels of VEGF 
released by the lines in the absence of growth factors. 



3. Task 3 - Effects ofCMTs on VEGF Release by Mono Mac 6 Cells 
The Mono Mac 6 cell line was developed by Ziegler-Heitbrock's laboratory from a patient 

monocytic leukemia, and, while it is immortal, it possesses many characteristics of unactivated 
circulating monocytes [17]. We have previously shown that Mono Mac 6 cells release very low 
levels of MMP-9 unless they are stimulated with an activating agent such as phorbol myristate 
acetate (PMA), but in the presence of CMTs, the augmented MMP-9 levels are diminished back 
towards the "baseline" levels. Our standard conditions for mamtaining Mono Mac 6 which we 
employed for the studies in this project employ a culture medium consisting of RPMI supplemented 
with oxaloacetic acid, pyruvate, insulin, and 10% FBS. As in the case of the breast tumor lines, we 
maintained the Mono Mac 6 cells in 48 well plates at a density of 105 per well for 24 hours in 
complete medium which was then replaced by RPMI alone at the time of addition of CMTs. Culture 
was continued for 24 or 48 hours prior to collection of medium for measurement of angiogenic 
factors. In this first year of this project, we observed that addition of either TGF-ß or IGF-1 at 
concentrations as high as 10 ng/ml to Mono Mac 6 cells had no effect on VEGF levels released by 
the cells, while no b-FGF release could be detected under any conditions (Figures 10 and 11). The 
levels of VEGF released by 105 unstimulated Mono Mac 6 cells/well were about comparable to those 
released by MCF-7 cells - approximately 40 pg/ml in 24 hours; in 48 hours, the levels of VEGF had 
increased to 120 pg/ml. As had been observed with the breast tumor cell lines, addition of CMT-3 
resulted in only modest diminution of VEGF levels released by the Mono Mac 6 cells; in the 
presence of 20 |iM CMT-3 the levels were diminished by somewhat less than 50% (Figure 12). 
Some of this reduction at higher CMT-3 levels may simply be due to cytotoxicity. CMT-308, in 
contrast, had extremely potent effects on VEGF release by Mono Mac 6 cells. Diminution of greater 
than 50% was seen in the presence of 5 p,M CMT-308, while in the presence of higher 
concentrations of this CMT, VEGF levels were virtually undetectable (Figure 12). As observed with 
the other cell lines, concentrations of CMT-308 as great as 20 \iM had no cytotoxic effect on the 
Mono Mac 6 cells. We conclude that CMT-308, but not CMT-3, is an extremely potent inhibitor 
of VEGF release by Mono Mac 6 cells, reducing VEGF levels to below the limit of detection at 
concentrations of 10 and 20 p.M, but neither TGF-ß nor IGF-1 affects VEGF levels in the absence 
or presence of the CMTs. If the hypothesis is valid that infiltrating "tumor-associated macrophages" 
may contribute to the pro-angiogenic signals released by tumors [18], CMT-308 may prove to be 
unusually effective as an anti-angiogenic agent. 

4. Task 4 - Effects of CMTs on Human Endothelial Cells 
In this first year of the project, we have made only preliminary progress on the effects of the 

CMTs on endothelial cells. Human umbilical vein endothelial cells were obtained from Clonetics 
Corp. and grown to confluence in 48 well microplates using the company's proprietary growth 
medium. In the presence of CMT-3 or CMT-308 at concentrations up to 20 |iM, we observed no 
loss of viability of these confluent cells as judged by reduction of the tetrazolium salt MTS to its 
formazan (Figure 13). We have not yet evaluated whether the CMTs have any cytotoxic effects on 
endothelial cells which are undergoing proliferation, migration, invasion, or tube formation. Our 
preliminary studies on endothelial cell invasion through Matrigel in response to the pro-angiogenic 
agent VEGF were carried out with human umbilical vein cells as well, but these cells have been 
reported to show much less invasiveness than microvascular endothelial cells. The experimental 
system we intend to employ for these assays is based on the use of Matrigel-coated membrane- 
bottomed inserts for multiwell microplates with a new modification, developed by Becton Dickinson 
Corp. The membrane bottoms of the inserts are impregnated with a purple dye which absorbs light 
in the wavelength range where fluorescein and its analogs emit. The endothelial cells are allowed 
to take up a fluorescein-like vital stain after migration through the membranes in response to a 
VEGF signal and the number of cells which have reached the undersurface of the membrane can then 
be quantitated by measuring fluorescence in the Cytofluor 2300 microplate fluorimeter, which reads 
plates from the undersurface. We have confirmed the feasibility of measurements with this 
technique using the dye calcein-AM which is trapped within viable cells by cytosolic nonspecific 
esterases. This technology will be employed for evaluating migrating, invading, and tube forming 
microvascular endothelial cell responses to the CMTs as well as effects of pre-incubation with CMTs 
on the subsequent capacity of the endothelial cells to migrate, invade, and form tubes in thick 
matrices. 



C. Key Research Accomplishments - 5/15/01-5/14/02 

Determined levels of VEGF released by MCF-7 (a model of early breast cancer) and MDA- 
MB-231 (a model of advanced breast cancer) cell lines. The MDA-MB-231 cells release 
higher levels of VEGF than the MCF-7 cells on a per cell basis in the absence of 
supplemental growth factors. Neither cell line releases detectable levels of b-FGF. 
Demonstrated inhibition of VEGF release from MCF-7 cells and MDA-MB-231 cells 
cultured in the presence of CMT-3 or CMT-308. At equivalent doses, CMT-308 inhibits 
VEGF release from both cell lines significantly more than CMT-3. Inhibition of VEGF 
release is detected at doses which are not cytotoxic to either cell line. 
Demonstrated augmented release of VEGF from MCF-7 cells and MDA-MB-231 cells 
cultured in the presence of added TGF-ß; this increase in levels of VEGF is dependent upon 
the levels of added TGF-ß. 
Demonstrated that the augmented levels of VEGF released by MCF-7 and MD A-MB-231 
cell lines in the presence of TGF-ß are «hminished somewhat upon addition of CMT-3 and 
more significantly upon addition of CMT-308. 
Demonstrated that addition of IGF-1 to MCF-7 and MDA-MB-231 cell lines has no effect 
on VEGF release. 

• Demonstrated that the human monocytic cell line Mono Mac 6 (a model of tumor infiltrating 
macrophages) releases VEGF in the absence of added stimuli; VEGF levels from this cell 
line are unaltered in the presence of TGF-ß or IGF-1. 
Demonstrated that CMT-3 has minimal effect on VEGF release from Mono Mac 6 cells but 
CMT-308 is a very potent inhibitor of VEGF release, diminishing VEGF to virtually 
undetectable levels in the absence of cytotoxicity. 
Demonstrated that CMT-3 and CMT-308 are not cytotoxic to confluent human umbilical 
vein endothelial cells at doses which inhibit VEGF release from the two tested breast tumor 
cell lines. 

D. Reportable Outcome 
In this first year, we have only one reportable outcome, the abstract of the work to be 

presented in this September's US AMRMC Era of Hope 2002 Breast Cancer Research Program. The 
abstract, entitled "Antiangiogenic Action of Chemically Modified Tetracyclines in Breast Cancer," 
by Sanford R. Simon and Mansi Kothari, is included as an appendix to this report. 

E. Conclusions 
In the first year of research on this project we do not wish to overstate the implications of the 

results obtained so far, but we are especially encouraged by the marked reduction in VEGF release 
from Mono Mac 6 cells in the presence of doses of CMT-308 as low as 5 [iM, as well as the less 
marked but still significant diminutions in release of VEGF from the two breast tumor cell lines we 
have evaluated in the presence of higher, but still nontoxic, doses of CMT-308. If infiltration of 
tumors by macrophages proves to be an important feature of the mechanism underlying the 
generation of signals favoring tumor angiogenesis, the possibility that this CMT can be effective at 
reducing levels of a recognized angiogenic factor from both tumor cells and infiltrating macrophages 
may favor its use an antiangiogenic agent in management of breast cancer. 
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Figures 

1. Effects of CMTs on MCF-7 cells stimulated with TGF-ß. After 24 hours of culture in complete 
medium, the cells were incubated for an additional 24 hours in fresh serum-free medium containing 
0,0.1,1.0, or 10.0 ng/ml TGF-ß, and no CMTs or 5 \iM CMT-300 or 20 uM CMT-308. After the 
24 hour incubation in serum-free medium, the supernatants were collected for assay of VEGF by 
ELISA and the cells were incubated with the tetrazolium salt MTS for determination of viability. 
Conversion of MTS to formazan was quantitated by measuring absorbance at 490 nm in a multiwell 
microplate spectrometer. 

2. Effects of CMTs on MCF-7 cells stimulated with IGF-1. After 24 hours of culture in complete 
medium, the cells were incubated for an additional 24 hours in fresh serum-free medium containing 
0,0.1,1.0, or 10.0 ng/ml IGF-1, and no CMTs or 5 jiM CMT-300 or 20 |iM CMT-308. After the 
24 hour incubation in serum-free medium, the supernatants were collected for assay of VEGF by 
ELISA and the cells were incubated with the tetrazolium salt MTS for determination of viability. 
Conversion of MTS to formazan was quantitated by measuring absorbance at 490 nm in a multiwell 
microplate spectrometer. 

3. Effects of CMTs on MDA-MB-231 cells stimulated with TGF-ß. After 24 hours of culture in 
complete medium, the cells were incubated for an additional 24 hours in fresh serum-free medium 
containing 0,0.1,1.0, or 10.0 ng/ml TGF-ß, and no CMTs or 5 uM CMT-300 or 20 nM CMT-308. 
After the 24 hour incubation in serum-free medium, the supernatants were collected for assay ofVEGF 
by ELISA and the cells were incubated with the tetrazolium salt MTS for determination of viability. 
Conversion of MTS to formazan was quantitated by measuring absorbance at 490 nm in a multiwell 
microplate spectrometer. 

4. Effects of CMTs on MDA-MB-231 cells stimulated with IGF-1. After 24 hours of culture in 
complete medium, the cells were incubated for an additional 24 hours in fresh serum-free medium 
containing 0,0.1,1.0, or 10.0 ng/ml IGF-1, and no CMTs or 5 [iM CMT-300 or 20 |iM CMT-308. 
After the 24 hour incubation in serum-free medium, the supernatants were collected for assay ofVEGF 
by ELISA and the cells were incubated with the tetrazolium salt MTS for determination of viability. 
Conversion of MTS to formazan was quantitated by measuring absorbance at 490 nm in a multiwell 
microplate spectrometer. 

5. Cytotoxicity of CMT-300 and CMT-308 to MCF-7 cells. After 24 hours of culture in complete 
medium, the cells were incubated for an additional 24 hours in fresh serum-free medium containing 
0,5,10,20, or 30 uM CMT-3 or CMT-308 in the absence of added growth factors. After the 24 hour 
incubation in serum-free medium, the cells were incubated with the tetrazolium salt MTS for 
determination of viability. Conversion ofMTS to formazan was quantitated by measuring absorbance 
at 490 nm in a multiwell microplate spectrometer. 

6. Cytotoxicity of CMT-300 to MDA-MB-231 cells. After 24 hours of culture in complete medium, 
the cells were incubated for an additional 24 hours in fresh serum-free medium containing 0,1, 3, 
5, or 10 |iM CMT-3 in the absence of added growth factors. After the 24 hour incubation in serum- 
free medium, the cells were incubated with the tetrazolium salt MTS for a period of 4 hours for 
determination of viability. Conversion ofMTS to formazan was quantitated by measuring absorbance 
at 490 nm in a multiwell microplate spectrometer every hour over the 4 hour incubation. 



7. Cytotoxicity of CMT-308 to MDA-MB-231 cells. After 24 hours of culture in complete medium, 
the cells were incubated for an additional 24 hours in fresh serum-free medium containing 0,1,10, 
20, or 30 |J,M CMT-308 in the absence of added growth factors. After the 24 hour incubation in 
serum-free medium, the cells were incubated with the tetrazolium salt MTS for a period of 4 hours 
for determination of viability. Conversion of MTS to formazan was quantitated by measuring 
absorbance at 490 nm in a multiwell microplate spectrometer every hour over the 4 hour incubation. 

8. Dose-dependent inhibition of VEGF release from MCF-7 cells by CMT-300. After 24 hours of 
culture in complete medium, the cells were incubated for an additional 24 hours in fresh serum-free 
medium containing 0,5,10,20, or 30 |iM CMT-3 in the presence of 0,0.1,1.0, or 10.0 ng/ml TGF-ß. 
After the 24 hour incubation in serum-free medium, the supernatants were collected for assay of VEGF 
by ELISA. 

9. Dose-dependent inhibition of VEGF release from MCF-7 cells by CMT-308. After 24 hours of 
culture in complete medium, the cells were incubated for an additional 24 hours in fresh serum-free 
medium containing 0,5,10,20, or 30 pJVf CMT-308 in the presence of 0,0.1,1.0, or 10.0 ng/ml TGF- 
ß. After the 24 hour incubation in serum-free medium, the supernatants were collected for assay of 
VEGF by ELISA. 

10. Effects of CMTs on VEGF release from Mono Mac 6 cells in the absence and presence of TGF-ß. 
After 24 hours of culture in complete medium, the cells were incubated for an additional 48 hours 
in fresh medium containing 0,0.1,1.0, or 10.0 ng/ml TGF-ß, and no CMTs or 5 \>M CMT-300 or 
20 \iM CMT-308. After the 48 hour incubation in medium containing inhibitors and/or TGF-ß, the 
supernatants were collected for assay of VEGF by ELISA and the cells were incubated with the 
tetrazolium salt MTS for determination of viability. Conversion of MTS to formazan was quantitated 
by measuring absorbance at 490 nm in a multiwell microplate spectrometer. 

11. Effects of CMTs on VEGF release from Mono Mac 6 cells in the absence and presence of IGF-1. 
After 24 hours of culture in complete medium, the cells were incubated for an additional 48 hours 
in fresh medium containing 0,0.1,1.0, or 10.0 ng/ml IGF-1, and no CMTs or 5 |iM CMT-300 or 
20 |J,M CMT-308. After the 48 hour incubation in medium containing inhibitors and/or IGF-1, the 
supernatants were collected for assay of VEGF by ELISA and the cells were incubated with the 
tetrazolium salt MTS for determination of viability. Conversion of MTS to formazan was quantitated 
by measuring absorbance at 490 nm in a multiwell microplate spectrometer. 

12. Dose-dependent inhibition ofVEGF release from Mono Mac 6 cells by CMT-308. After 24 hours 
of culture in complete medium, the cells were incubated for an additional 24 hours in fresh medium 
containing 0, 5,10, or 20 |iM CMT-3 or CMT-308 in the absence of added growth factors. After 
the 24 hour incubation in medium containing inhibitors, the supernatants were collected for assay 
of VEGF by ELISA and the cells were incubated with the tetrazolium salt MTS for determination 
of viability. Conversion of MTS to formazan was quantitated by measuring absorbance at 490 nm 
in a multiwell microplate spectrometer. 

10 



13. Cytotoxicity of CMTs towards human umbilical vein endothelial cells (HUVECs). HUVECs 
were supplied by Clonetics Corp. and maintained in Clonetics Endothelial Growth Medium until 
confluent. The medium was then replaced with fresh medium containing 0,1,10, 50, or 100 |iM 
CMT-3 or CMT-308 and incubation was continued for an additional 24 hours. After the 24 hour 
incubation in medium containing inhibitors, the cells were incubated with the tetrazolium salt MTS 
for determination of viability. Conversion of MTS to formazan was quantitated by measuring 
absorbance at 490 nm in a multiwell microplate spectrometer. 
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ANTIANGIOGENIC ACTION OF CHEMICALLY 
MODIFIED TETRACYCLINES IN BREAST 

CANCER 

Sanford R. Simon and Mansi Kothari 

Departments of Biochemistry and Pathology, SUNY at 
Stony Brook, NY 11794-8691 

ssimon@notes.cc.sunysb.edu 

Control of breast cancer may be achieved by a combination of interventions, including 
downregulation of the angiogenic response which maintains tumor growth and proliferation. 
Proangiogenic signals may emulate from the tumor cells themselves as well as from 
inflammatory cells which infiltrate the tumors. A nonantimicrobial chemically modified 
tetracycline, 6-deoxy-6-demethyl-4-de(dimethylamino)tetracycline (CMT-300) is currently 
being evaluated at the National Cancer Institute in Phase I trials on patients with a variety of 
solid tumors, and has been shown to reduce the angioproliferative response in Kaposi's 
Sarcoma. The 9-dimethylamino derivative of CMT-300 (CMT-308), induced less 
photosensitivity in vitro than the parent compound. Accordingly, we have studied the 
effects of CMT-300 and CMT-308 on two human breast tumor cell lines with different 
degrees of invasive and metastatic potential as well as a human monocytoid cell line which 
serves as a model of tumor-infiltrating macrophages. In the first year of research sponsored 
by this award, we have studied release of Vascular Endothelial Growth Factor (VEGF) by 
two breast tumor cell lines, MCF-7 (which retains estrogen responsiveness and is not highly 
invasive) and MDA-MB-231 (which is estrogen insensitive and is highly invasive), using an 
Enzyme-Linked Immunosorbant Assay (ELISA) for quantitation. Both lines release VEGF 
at levels which can be augmented in a dose-dependent fashion by Transforming Growth 
Factor-ß (TGF-ß). Consistent with the idea that MDA-MB-231 is a model of late stage 
aggressive breast cancer and MCF-7 is a model of earlier stage cancer, the former line 
releases higher levels of VEGF than the latter. The levels of VEGF from both lines are 
diminished when 20 jiM CMT-308 (a noncytotoxic dose which is comparable to levels of 
CMT-300 reached in patients in the NCI Phase I trials) is present during culture. This 
diminution is especially marked in the presence of TGF-ß, suggesting that CMT-308 may 
be affecting a signal transduction pathway which is activated in these tumor cell lines by 
TGF-ß. Levels of VEGF released by both breast tumor lines are diminished much more by 
CMT-308 than by CMT-300. Because highly vascularized tumors are often also infiltrated 
with inflammatory cells, we examined the effects of the CMTs on VEGF production by a 
highly differentiated monocytoid cell line, Mono Mac 6. This cell line releases high levels 
of VEGF which are not affected by TGF-ß, but 20 ^M CMT-308 effectively abrogates all 
VEGF release. The results on VEGF release indicate that the CMTs may have utility in 
management of breast cancer by diminishing the pro-angiogenic signals released by the 
tumors and by infiltrating mononuclear cells. Because the CMTs have been found to be safe 
and well tolerated in cancer patients as well as normal volunteers, they have promise for 
rapid development as components of comprehensive therapeutic strategies for breast cancer 
management. 
Supported by the U.S. Army- Medical Research and Materiel Command under DAMD17- 
01-1-0346. 
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