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Fig. 5 DNA fragmentation resulting from TG exposure of MCF-7 and
MDA-MB-468 cells. A, breast cancer cells were incubated in the pres-
ence or absence of TG (10Q0unfor 48 h, then analyzed by field
inversion gel electrophoresis to assess HMW DNA fragmentatiane

1, untreated cells at time zerbane 2, untreated cells at 48 bane 3,

is treated cells at 48 h. Theumbersat left, the position ofo Hindlll
markers.B, oligonucleosomal DNA fragmentation in the cell lines
treated with TG as described abot:@nes 1and8, 123-bp DNA ladder
marker; Lanes 2and 5, untreated cells at time zero for MCF-7 and
MDA-MB-468 cells, respectivelyt.anes 3and6, untreated MCF-7 and
MDA-MB-468 cells, respectively, at 48 h;anes 4and 7, TG-treated
MCF-7 and MDA-MB-468 cells, respectively, at 48 h.

Fig. 6 Percentage of DNA fragmentation during continuous exposure to
100 v TG or vehicle control over a 120-h exposure periddVICF-7; B,
MDA-MD-468. f , TG-treated cellst, vehicle-treated controls.
producing breast cancer cells as potential targeted therapy for
metastatic breast cancer.
Although PSA may be a potential target in 30% of breast
cancers, other more highly expressed breast cancer-speciffwostate cancer cell line AT3-1, TG induced growth-arrest within
proteases may ultimately be more appropriate therapeutic tathe first 24 h of TG exposure. In this study, TG treatment resulted
gets. Breast cancer cells do in fact express a variety of proteases. rapid increase in expression of a gene associated with growth-
Examples include cathepsins B, D, and L and the matrix metarrest and DNAlamage (gadd) callegadd1539). gadd 153yene
alloproteinases (26-28). The expression of these proteases lexpression is known to be regulated by elevation irf[Q;zand Lin
breast cancers may have prognostic significance, but their exet al. demonstrated thaadd153mRNA levels increased after 1 h
pression is not restricted to breast tissue alone. Thus, they am TG treatment (9). More than 24 h of exposure, however, were
not likely to be useful in this strategy. Recently, the expressiomeeded to irreversibly commit AT3-1 cells to undergo DNA frag-
of two new serine proteases, matriptase (29) and protease Ivhentation and subsequent cellular fragmentation into apoptotic
(30), have been described. The breast tissue specificity of thedsodies (9).
two new proteases and degree of expression by malignant breast In the present study, a decrease in MCF-7 cell nhumber
epithelial cells has yet to be fully characterized; if differential relative to control cells was also observed with short-term
expression is found, then these proteases may be potentiakposure to TG (i.e.60% after 1 h and 90% after 24 h of
candidates for prodrug targeting. exposure to 100m TG; data not shown). These short exposure
In both the MCF-7 and MDA-MB-468 cells, 1-h treatment times, however, were not sufficient to irreversibly commit
with 100 v TG concentration was sufficient to produce a 60—80%MCF-7 cells to undergo apoptosis, as evidenced by the lack of
decrease in cell numbeersuscontrol. However, a decrease in the significant loss of clonogenic ability in cells exposed to TG for
clonogenic survival was not detectable in MCF-7 cells until 24 h ofless than 24 h. These results emphasize the pitfalls of using
exposure. Previously, Furugaal. (3) demonstrated that TG could growth inhibition as the end point in assessing drug toxicity,
cause growth-arrest of rapidly proliferating prostate cancer celbecause such analysis does not differentiate cytostatic from
lines. In addition, Liret al.(9) demonstrated that when using the rat cytotoxic effects. In addition, these results provide important
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information about the kinetics of TG- induced cell death. Thetargeting programmed death of androgen-independent prostatic cancer
data suggest that prolonged exposure of the target cells to T@ells. Bioorg. Med. ChemZ7: 12731280, 1999.
will be necessary for the TG-peptide prodrug therapy to bell. D|amand|_?_, E. P, Yu, H, and SUth'?f'aDd,bD- J. A DeteCUgn of

: P : : R _prostate-spem Ic antigen Immunoreactivity In breast tumors. Breast
effepﬂve. Therefore, prodrug administration by contlnuoqs N~ ancer Ros. Treat32: 301-310, 1994.
fusion may prove to be the preferred method of drug delivery.

. . .7 '12. Yu, H., Diamandis, E. P., Levesque, M., Giai, M., Roagna, R.,
In this study,~75% of cells underwent this delayed mi- Ponzone, R., Simondi, P., Monne, M., and Croce, C. Prostate specific

cromolar rise in [C&"]; by 36 h of exposure to um TG. This  antigen in breast cancer, benign breast disease and normal breast tissue.
delayed secondary rise in [€¥, observed in TG-treated Breast Cancer Res. Trea4(: 171-178, 1996.

MCF-7 cells temporally precedes the onset of apoptotic mor-13. Wang, M. C., Valenzuela, L. A., Murphy, G. P., and Chu, T. M.
phological changes and DNA fragmentation and the loss ofPurification of a human prostate specific antigen. Investig. Uddl:,
clonogenic ability. These findings suggest a causal relationshi 59-163, 19?9' ) ) )

between the delayed rise in [ﬁ“ali and the activation of the 14. Zarghami, N., Grass, L., and Diamandis, E. P. Steroid hormone

. . . . .~ regulation of prostate-specific antigen gene expression in breast cancer.
apoptotic process. In addition, these studies confirm the findingg,. 3. cancer75: 579-588, 1997.

of Tombalet al. (4) and demonstrate that the delayedq0a 15, Yu, H., Giai, M., Diamandis, E., Katsaros, D., Sutherland, D. J. A.,
rise after TG exposure is not prostate cell-specific but, instead, evesque, M. A., Roagna, R., Ponzone, R., and Sismondi, P. Prostate-
may be generalizable to multiple cell types. Tomiesal al. specific antigen is a new favorable prognostic indicator for women with
describe similar delayed [@4]; elevation in prostate cancer Préastcancer. Cancer Res5: 2104-2110, 1995.

cells after exposure to such diverse agents as 5-fluorouracif8: Yu: H. Levesque, M. A,, Clark, G. M., and Diamandis, E. P. Prog-
nostic value of prostate-specific antigen for women with breast cancer: a

ionizing radiation, doxorubicin, or transforming growth factor |arge United States cohort study. Clin. Cancer Rees1489—1497, 1998.
B-1 (4). Additional studies are needed to determine whether; piamandis, E. P., and Yu, H. Nonprostatic sources of prostate-

similar [C&*]; changes are seen in breast cancer cells aftegpecific antigen. Urol. Clin. North Am24: 275-282, 1997.
exposure to cytotoxic agents. Studies are currently underway t@s. Lai, L. C., Erbas, H., Lennard, T. W. J., and Peaston, R. T.
understand the biochemical and epigenetic changes underlyingrostate-specific antigen in breast cyst fluid: possible role of prostate-
these [C&*], changes to determine whether these late?[Ga specific antigen in hormone-dependent breast cancer. Int. J. Cé#6cer,

h ! " . . s . . . 743-746, 1996.
alterations are critical in the reversible “triggering” or signaling

. . 9. Furuya, Y., and Isaacs, J. T. Proliferation dependensusinde-
phase of apoptosis or are merely an additional component of th endent programmed cell death of prostatic cancer cells involves dis-

irreversible, “killing” or execution phase. tinct gene regulation. Prostat5: 301-309, 1994.
20. Armstrong, D. K., Isaacs, J. T., Ottaviano, Y. L., and Davidson,
N. E. Programmed cell death in an estrogen-independent human breast
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