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Abstract Ionizing radiation and the anthracycline anti-
biotic, Adriamycin, generally fail to promote a primary
apoptotic response in experimental breast tumor cell
lines. Similarly, the primary response of breast tumor
cells to vitamin D3 (1,25(0OH),D5) and vitamin D5 ana-
logs such as EB 1089 is growth inhibition. Previous
studies have demonstrated that pretreatment of
MCEF-7 breast tumor cells with vitamin D_or EB 1089 can
increase sensitivity to both Adriamycin and irradiation.
Purpose: The capacity of the vitamin Ds analog, ILX
23-7553, to enhance the antiproliferative and cytotoxic
effects of Adriamycin or irradiation and to promote
apoptosis in MCF-7 breast tumor cells was assessed in the
present study. Results: Pretreatment of MCF-7 cells with
ILX 23-7553 followed by Adriamycin or irradiation de-
creased viable cell numbers by 97% and 93%, respec-
tively. Cell numbers were reduced by 56%, 74% and 75%
by ILX 23-7553, Adriamycin and irradiation alone. Pre-
treatment with ILX 23-7553 also shifted the dose response
curve for clonogenic survival, increasing sensitivity to
Adriamycin 2.5-fold and sensitivity to radiation fourfold.
In addition, ILX 23-7553 pretreatment conferred sensi-
tivity to Adriamycin- or irradiation-induced DNA frag-
mentation and resulted in morphological changes
indicative of apoptotic cell death in MCF-7 cells. Statis-
tical analysis demonstrated that ILX 23-7553 interacts
additively and not synergistically with both Adriamycin
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and irradiation. Conclusions: ILX 23-7553 enhances the
effects of Adriamycin and irradiation in MCF-7 breast
tumor cells by decreasing viable cell numbers, reducing
clonogenic survival and inducing apoptotic cell death.
Current studies are focused on elucidating the mecha-
nisms underlying the induction of apoptosis as well as
understanding the nature of the interactions between ILX
23-7553 and Adriamycin or irradiation.
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Introduction

Breast cancer remains the most common malignant dis-
ease among middle-aged women in the United States.
Surgery and radiotherapy are thought to be effective in
the treatment of localized tumors while adjuvant therapy
involving drugs such as Adriamycin is utilized with the
goal of eliminating metastatic cells within the breast as
well as at other sites which are relatively inaccessible [11].
Despite these intensive efforts, metastatic breast cancer
remains an essentially incurable disease with a high in-
cidence of recurrence. Although there are multiple rea-
sons for disease recurrence, one contributory factor may
be the existence of populations of breast tumor cells that
are resistant to chemotherapy and radiotherapy due to
their failure to undergo apoptotic cell death. Tumor cells
of hematopoietic or lymphatic origin as well as colorectal
and melanoma cells respond to radiation and other
DNA-damaging agents with characteristic programmed
cell death (apoptosis) [5, 26, 27, 44]. Human breast tumor
cells, however, tend to be refractory to apoptotic cell
death in response to treatments which induce DNA
damage such as the topoisomerase II inhibitor, Adria-
mycin, and ionizing radiation [13, 14, 18, 19, 38, 39, 40].

Ravid et al. [28] have reported that the response of
MCEF-7 breast tumor cells to relatively high concentra-
tions of Adriamycin can be enhanced by 1,25(OH),D;
and Wang et al. [37] have demonstrated that
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1,25(0OH),Dj; sensitizes breast tumor cells to a variety of
chemotherapeutic drugs by increasing cell death. Recent
reports from our laboratory also indicate that the rela-
tively nontoxic vitamin D5 analogue, EB 1089 [9, 12],
enhances the response of breast tumor cells to Adria-
mycin and ionizing radiation, also promoting the in-
duction of apoptosis [34, 35]. In the current studies, we
determined the effects on cell survival and apoptosis of
combining either ionizing radiation or Adriamycin with
the 1,25(OH),D5 analog ILX 23-7553.

Materials and methods

Materials

The p53 wild-type MCF-7 human breast tumor cell line was ob-
tained from NCI (Frederick, Md.). ILX 23-7553 was generously
provided by ILEX Products (San Antonio, Tx.). MCF-7 cells
transfected with a dominant negative temperature-sensitive mutant
P53 (p53-143 val-ala) were generously provided by Drs. S. Fan and
E.M. Rosen of the Long Island Jewish Medical Center/Albert
Einstein College of Medicine [1]. The p53 mutant T-47D breast
tumor cell line was obtained from ATCC. RPMI-1640 and sup-
plements were obtained from GIBCO Life Technologies (Gaith-
ersburg, Md.). Reagents used for the terminal transferase end
labeling (TUNEL) assay (terminal transferase, reaction buffer, and
fluorescein-dUTP) were purchased from Boehringer Mannheim
(Indianapolis, Ind.). All other reagents used in the study were
analytical grade.

Cell culture

All cell lines were grown from frozen stocks in basal RPMI-1640
medium supplemented with 10% fetal calf serum, 2 mM L-gluta-
mine and penicillin/streptomycin at 37°C under a humidified at-
mosphere containing 5% CO,. All experiments were conducted
using approximately 10* cells/cm” on day 0 with the use of time-
equivalent and concentration-equivalent controls. The results
shown are averages of two to three experiments.

Trypan blue exclusion

The response of cells treated with Adriamycin (1 pM) for 2 h and
irradiation (10 Gy) was assessed 72 h after treatment by trypan blue
exclusion. The response of cells treated with ILX 23-7553 (200 nM)
for 72 h was evaluated 72 h after removal of ILX 23-7553. To
evaluate the combined effects of Adriamycin or irradiation with
1LX 23-7553 (200 nM), cells were treated with ILX 23-7553 for 72 h
prior to Adriamycin (1 pM) or irradiation (10 Gy) and allowed to
grow for an additional 72 h. Cells were harvested using trypsin,
stained with 0.4% trypan blue and trypan blue-negative cells were
counted under a phase contrast microscope.

Clonogenic analysis

MCF-7 cells were treated with ILX 23-7553 (200 nM), Adria-
mycin or radiation alone and with ILX-23-7553 preceding various
doses of Adriamycin or radiation. For analysis of additivity,
MCF-7 cells were treated with various doses of ILX 23-7553 (0—
200 nM) in combination with a single dose of either Adriamycin
(20 nM) or irradiation (2.5 Gy). Cells were trypsinized immedi-
ately following Adriamycin or radiation treatment under sterile
conditions and plated in triplicate in six-well cell culture plates at
approximately 1000 cells for each condition. After 7-10 days, the
cells were fixed with 100% methanol, air-dried for 1-2 h and

stained with 0.1% crystal violet. Groups of 50 or more cells were
counted as colonies.

TUNEL

The method of Gavrieli et al. [15] was utilized as an independent
assessment of apoptotic cell death in combined cytospins con-
taining both adherent and non-adherent cells. The cells were fixed
and the fragmented DNA in cells undergoing apoptosis was de-
tected using an In Situ Cell Death Detection Kit (Boehringer-
Mannheim). In this assay, the fragmented DNA in individual cells
was end-labeled using fluorescein-dUTP at strand breaks by the
enzyme terminal transferase. The slides were then washed,
mounted in Vectashield and photographed using a Nikon fluo-
rescent microscope. For quantitation, fluorescent cells were scored
positive for DNA fragmentation. These results are expressed as the
number of fluorescent cells divided by the total number of cells in
each field.

Cell morphology

Cells were washed 72 h after Adriamycin or irradiation exposure,
and cytocentrifuged onto microscope slides. The cells were stained
with Wright-Giemsa stain and photographed under a Nikon light
microscope.

Synergism vs additivity

The predicted responses for the colony forming assay were deter-
mined using the following additivity model: y=exp(B0+ Blx1+
B2x2) where y is the predicted response, x; is the dose of either
irradiation (10 Gy) or Adriamycin (nM), X, is the dose of ILX
23-7553 (nM), By is an unknown parameter associated with the
intercept, B; is an unknown parameter associated with the slope of
X1, and B, is an unknown parameter associated with the slope of x,.
Parameter estimates were found using a generalized least squares
criterion for nonlinear models. A constant variance was assumed
across the dose range of all four compounds. The Gauss-Newton
iterative algorithm was used in PROC NLIN in SAS (version 6.12)
to find parameter estimates. To compare the observed response at
each combination point to that predicted under the hypothesis of
additivity, a prediction interval was used following the method of
Gennings et al. [16]. An overall test for additivity [17] was based on
testing the hypothesis that the mean response under the hypothesis
of additivity is the true mean response. The estimated responses
under the hypothesis of additivity were provided by the additivity
model. The estimated responses for the true means were provided
by the sample means of each mixture group.

Results

Influence of ILX 23-7553 pretreatment followed
by Adriamycin or ionizing radiation on viable cell
numbers and clonogenic survival

Previous studies in this laboratory have demonstrated
that the vitamin D3 analog, EB 1089, enhances the re-
sponse of MCF-7 breast tumor cells to both Adriamycin
and irradiation [34, 35]. In order to determine if pre-
treatment with the vitamin D3 analog ILX 23-7553
(200 nM) could similarly influence the response of breast
tumor cells to Adriamycin or irradiation, viable cell
numbers were determined by trypan blue exclusion 72 h



after MCF-7 cells were treated with Adriamycin (1 pM)
or irradiation (10 Gy) alone or with ILX 23-7553 pre-
treatment. Figure 1 indicates that viable cell numbers
were decreased by 60%, 74% and 75%, respectively, in
cells treated with ILX 23-7553, Adriamycin and irradi-
ation alone compared to growth of untreated controls.
ILX 23-7553 pretreatment significantly increased the
effectiveness of both Adriamycin and irradiation. Cells
treated with ILX 23-7553 in combination with Adria-
mycin or irradiation showed reductions of 97% and
93%, respectively, in viable cell numbers.

In separate studies, it was determined that, even with
a 24-h delay between removal of the ILX-23-7553 and
exposure of the cells to Adriamycin or irradiation, there
was a substantial increase in the degree of growth inhi-
bition following treatment with the combinations
(Table 1). Table 1 further indicates that when treatment
with ILX-23-7553 was combined with Adriamycin or
irradiation in p53-mutated T-47D cells or in MCF-7
cells with a dominant negative mutant p53 [1], the degree
of growth inhibition was significantly less than that
observed in the p53 wild-type MCF-7 cells. In fact, the
growth-inhibitory effects of 1LX23-7553 combined with
radiation did not differ significantly from that of radia-
tion alone in T-47D cells.

The next series of studies were performed to deter-
mine if the enhanced effectiveness of ILX-23-7553 in
combination with Adriamycin or irradiation on MCF-7
cell growth translated into effects on clonogenic survival.
MCEF-7 cells were exposed to Adriamycin concentra-
tions ranging from 1 to 100 nM or 0.5 to 5 Gy ionizing
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Fig. 1 Influence of ILX 23-7553 pretreatment followed by
Adriamycin or ionizing radiation on viable numbers of MCF-7
cells. Cells were treated with 200 nM ILX 23-7553 for 72 h followed
by exposure to 1 pM Adriamycin (acute exposure) or 10 Gy
ionizing radiation. Viable cell numbers were determined by trypan
blue exclusion 72 h after exposure to Adriamycin or irradiation.
Cell numbers were decreased by 60%, 74% and 75%, respectively,
after treatment with ILX 23-7553, Adriamycin or irradiation alone.
ILX 23-7553 pretreatment followed by Adriamycin or ionizing
radiation decreased viable cell numbers by 97% and 93%,
respectively. Asterisk indicates values significantly different from
ADR, IR or ILX alone
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radiation with and without 200 nM ILX 23-7553 pre-
treatment. Figure 2A demonstrates that the concentra-
tion of Adriamycin required to reduce clonogenic
survival by 50% was decreased by approximately 2.5-
fold by ILX 23-7553 pretreatment, declining from about
38 nM to about 14 nM. The sensitivity of MCF-7 cells to
ionizing radiation was more profoundly influenced by
ILX 23-7553 than was sensitivity to Adriamycin such
that there was a fourfold reduction in the dose of irra-
diation required to produce a 50% decrease in clono-
genic survival from 1 Gy to 0.25 Gy (Fig. 2B). Thus, ILX
23-7553 in combination with either Adriamycin or ir-
radiation decreased clonogenic survival and viable cell
numbers in MCF-7 cells more effectively than treatment
with any of the agents alone.

Influence of ILX 23-7553 pretreatment followed
by Adriamycin or irradiation on the incidence
of apoptotic cell death

Previous work has shown that neither Adriamycin nor
irradiation induces a primary apoptotic cell death re-
sponse in MCF-7 cells [13, 14, 18, 19, 38, 39, 42]. In
order to determine if the enhanced ability of Adriamycin
and irradiation to decrease cell viability and clonogenic
survival when preceded by ILX 23-7553 treatment could
be attributed to an increased incidence of apoptosis, the
TUNEL assay was performed. Figure 3 indicates that
DNA fragmentation indicative of apoptotic cell death
was not induced by Adriamycin, irradiation or ILX 23-
7553 alone. In contrast, ILX 23-7553 pretreatment fol-
lowed by Adriamycin or irradiation increased the
number of cells with DNA fragmentation to 15% and
7% cells, respectively (Fig. 3B).

In addition to DNA fragmentation, apoptosis is
characterized by morphological changes including con-
densation of the cell cytoplasm and the formation of
apoptotic bodies. An analysis of cell morphology was
performed to assess whether ILX 23-7553 pretreatment
followed by Adriamycin or irradiation could induce

Table 1 Comparison of the effects of ILX 23-7553 in combination
with either Adriamycin or ionizing radiation on viable cell numbers
in MCF-7 cells where exposure to Adriamycin or radiation
occurred immediately after removal of ILX 23-7553, in MCF-7
cells exposed to Adriamycin or irradiation 24 h after removal of
ILX 23-7553, in p53 mutant T-47D cells and in MCF-7 cells
expressing a dominant negative temperature-sensitive p53 gene.
Values are viable cell numbers expressed as a percent of controls
72 h after exposure to Adriamycin or radiation

Treatment MCEF-7 MCF-7, T-47D p53 mutant
24-h delay MCEF-7

ILX 23-7553  38.9+1.62 58.0+3.66 56.6+6.25 52.0+1.65

Adriamycin 25.0+2.27 429+£527 27.5+3.45 38.9+11.03

Irradiation 27.3+2.16 39.5+4.31 37.1+9.33 50.0

ILX + 32+1.0 12.848.37 15.5+£1.27 20.6+0.25

Adriamycin

ILX + 8.4+£0.48 18.0+6.72 342+8.51 20.1+5.72

irradiation
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Fig. 2A, B Clonogenic survival of MCF-7 cells pretreated with
ILX 23-7553 followed by various doses of Adriamycin (A) or
ionizing radiation (B). Cells were treated with 200 nM I1LX 23-7553
for 72 h followed by exposure to 1-100 nM Adriamycin or 0.5-
5.0 Gy radiation. Colony numbers were determined 7-10 days after
Adriamycin or irradiation treatment. ILX 23-7553 pretreatment
produced 2.5-fold and fourfold decreases, respectively, in the doses
of Adriamycin and irradiation required to reduce clonogenic
survival by 50%

such morphological changes. As shown in Fig. 4,
apoptotic cells which appeared dark and shrunken
compared to normal cells were observed after exposure
to ILX 23-7553 in combination with both Adriamycin
and irradiation. Treatment with Adriamycin, irradiation
or ILX 23-7553 alone, however, did not produce cells
with this apoptotic morphology.

ILX 23-7553 interacts additively
with both Adriamycin and irradiation

ILX 23-7553 in combination with Adriamycin or irra-
diation produced DNA fragmentation, apoptotic mor-
phology, decreased cell viability and decreased
clonogenic capacity of MCF-7 cells. However, the shift
in the dose response curves shown in Fig. 2 may simply

reflect additive interactions between ILX 23-7553 and
Adriamycin or irradiation. We therefore determined
whether the observed effects were occurring through a
synergistic or additive interaction between ILX 23-7553
and Adriamycin or irradiation. The results of two col-
ony forming assays, one in which a single dose of ILX
23-7553 (200 nM) was combined with multiple doses of
Adriamycin (1-100 nM) and another in which a single
dose of Adriamycin (20 nM) was combined with various
doses ILX 23-7553 (0200 nM), were analyzed statisti-
cally and compared with those predicted by the statis-
tical model of additivity (Table 2). The observed
surviving fractions were determined not to be signifi-
cantly different from those predicted by the model of
additivity (P=0.461). Therefore, the assumption of ad-
ditivity was not rejected and ILX 23-7553 and Adria-
mycin were concluded to interact additively and not
synergistically.

Statistical analysis was also performed to evaluate the
ILX 23-7553 and irradiation combination. Results pre-
dicted by the model of additivity were compared with
those observed using a single dose of ILX 23-7553
(200 nM) and various doses of irradiation (0.5-5 Gy) as
well as a single dose of irradiation (2.5 Gy) and multiple
doses of ILX 23-7553 (Table 3). Similar to the Adria-
mycin combination, the observed surviving fractions
were not significantly different from those predicted
using the model of additivity (P =0.196). Therefore, the
assumption of additivity was not rejected and ILX 23-
7553 and irradiation were concluded to interact add-
itively.

Discussion

Previous studies have confirmed that clinically relevant
doses of Adriamycin and ionizing radiation fail to in-
duce apoptotic cell death in human breast tumor cells
[13, 14, 18, 19, 38, 39, 42] and it is possible that this lack
of apoptotic response may be partially responsible for
tumor recurrence [18]. In this context, Liu et al. [24] have
recently demonstrated the importance of apoptosis in
the response of breast tumor cells to chemotherapy in a
syngeneic mouse model.

There is evidence that differentiation therapy com-
bined with conventional chemotherapy and/or radio-
therapy is effective in causing apoptosis in tumors of
hematopoietic origin [3]. Additionally, the effectiveness
of radiation in human solid tumor cells can be enhanced
with differentiating agents such as N-methylformamide
and hexamethylene bisacetamide [2, 4]. Vitamin D5 and
its analogs which are relatively nontoxic compounds
have been shown to differentiate leukemic, lymphoma
and breast tumor cells [3, 12, 33]. Studies by Light et al.
[23] as well as Cho et al. [§] have demonstrated a pot-
entiating effect on growth inhibition in MCF-7 cells and
murine squamous carcinoma cells by combining
1,25(0OH),D; with platinum drugs. Furthermore, recent
work by other investigators has demonstrated that
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Fig. 3 A Enhancement of DNA fragmentation by ILX 23-7553 in
combination with Adriamycin and ionizing radiation. Cells were
cytospun onto glass slides after pretreatment with 200 nM ILX 23-
7553 followed by exposure to 1 uM Adriamycin or 10 Gy radiation.
B Percent TUNEL-positive cells. DNA fragmentation indicative of
apoptosis was evident in 14% and 7% of cells, respectively,
pretreated with 1LX 23-7553 followed by Adriamycin or irradia-
tion. Percent TUNEL-positive cells is the fraction of fluorescent
cells. Asterisk indicates values significantly different from control

1,25(0OH),D; enhances the response to Adriamycin in
breast tumor cells [28, 37] while it has been shown in this
laboratory that the vitamin D5 analog EB 1089 enhances
the response of p53 wild-type breast tumor cells to
radiation [34] and Adriamycin [35]. Consequently, in
attempting to circumvent the functional resistance to

433

Irradiation

ILX+ IR

apoptosis observed in breast tumor cells, we investigated
the effectiveness of exposing MCF-7 breast tumor cells
to ILX 23-7553 in combination with either Adriamycin
or irradiation.

MCEF-7 cells were pretreated with ILX 23-7553 prior
to Adriamycin or irradiation exposure. As reported by
Ravid et al. [28], at least 24 h of pretreatment is neces-
sary for the effectiveness of the combinations to be ex-
pressed. We believe that this interval may be necessary
to allow time for vitamin D5 and its analogs to alter the
ratio between insulin-like growth factor and insulin-like
growth factor binding proteins [22] and/or to influence
the levels of the epidermal growth factor receptor [43].
The combination of ILX-23-7553 with either Adriamy-
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Fig. 4 Influence of ILX 23-7553 in combination with Adriamycin
or ionizing radiation on cell morphology. Cells were cytospun onto
glass slides after pretreatment with 200 nM ILX 23-7553 followed
by exposure to 1 pM Adriamycin or 10 Gy irradiation. Cells
pretreated with ILX 23-7553 followed by Adriamycin or irradiation
show morphological changes indicative of apoptosis. Arrows
indicate apoptotic bodies

cin or radiation resulted in reductions in viable cell
numbers and in clonogenic survival that significantly
exceeded those produced by any of the individual
treatments. These studies recapitulate our previous
findings using EB 1089. Interestingly, while EB 1089
and ILX-23-7553 appeared to be similarly effective in
reducing viable cell numbers in combination with
Adriamycin or irradiation, somewhat more pronounced
effects on clonogenic survival were evident with EB
1089.

As in our previous studies involving EB 1089 [34, 35],
the effects of ILX23-7553 in combination with either
Adriamycin or radiation were less pronounced in p53
mutant cells. The fact that the combinations appear to
be somewhat more effective in the temperature-sensitive
p53 mutant MCF-7 cells than in T-47D cells may relate
to lack of complete suppression of wild-type p53
function which could have occurred as a result of
temperature fluctuations during the course of these
experiments.

In addition to the effects on cell numbers and clo-
nogenic survival, ILX 23-7553 in combination with
Adriamycin or irradiation appeared to enhance DNA
fragmentation and produce morphological changes
indicative of apoptotic cell death. The mechanistic

ILX + 1R

basis for apoptosis induction is currently under inves-
tigation. In preliminary experiments, we failed to de-
tect a blockade to the Adriamycin-induced increase in
MAP kinase activity [29, 35], to alter the increase in
levels of the cyclin-dependent kinase inhibitory protein
p21™afl/ePl induced by Adriamycin [6], to influence
levels of the proapoptotic Bax protein [30] or levels
of IKB alpha, a protein that is degraded to permit
activation of the antiapoptotic activity of NF kappa B
[32, 45].

The role of apoptosis in the enhancement of breast
tumor cell sensitivity to Adriamycin and irradiation by
vitamin D3 and vitamin D3 analogs remains uncertain.
Our findings suggest that the potentiation of the effec-
tiveness of Adriamycin by ILX 23-7553 in breast tumor
cells may occur, at least in part, through the promotion
of apoptotic cell death in otherwise apoptosis-resistant
cells. This concept is supported by the fact that the
potentiating effects of IL.X23-7553 are more pronounced
in the p53 wild-type cells. However, the fact that the
effect of ILX 23-7553 in combination with either
Adriamycin or irradiation are merely additive raises the
issue of whether the promotion of apoptosis is critical in
this cell line as reduced clonogenic survival and viable
cell numbers could occur through other mechanisms
including necrosis and reproductive cell death [7, 21, 36].
Furthermore, the combination of ILX-23-7553 with
Adriamycin has a more pronounced effect on apoptosis
than ILX23-7553 in combination with radiation, yet
sensitization of the cells is greater in the case of radiation
than in the case of Adriamycin. This observation sug-
gests a limited role for apoptosis in potentiating loss of
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Table 2 Additive interaction

between ILX 23-7553 and Drug combination

Observed mean

Predicted response 95% Prediction

. . 3 response under additivity intervals under
QAS;?(;?I};C;; Ssisaliflt\?veorfe t:;g_O] Adriamycin ILX 23-7553 (surviving (surviving additivity
pared with values predicted (nM) (nM) fraction) fraction)
using a statistical model of ad-

s . 20 50 0.58 0.63 [0.27, 0.99]
ditivity. Observed and predicted
values were not significantly 20 100 0.50 0.56 [0.19. 0.93]
different (mean P=0.46); 1 200 0.67 0.53 [0.14, 0.93]
therefore, the assumption of 1(5) 388 82; 82; Eg}g’ 82213%
additivity was not rejected 20 200 0.46 0.44 (0,05, 0.83]
100 200 0.24 0.20 [0, 0.60]

Table 3 Additive
between ILX23-7553 and radi-

interaction ..
Treatment combination

Observed mean

Predicted response 95% Prediction

- response under additivity intervals under
?(Elr?gi.nl;?sg{at; (\izfe;}elecg(rﬂ;ge d Radiation ILX 23-7553 (survjving (survjving additivity
with values predicted using a (Gy) (aM) fraction) fraction)
statistical model of additivity.

Observed and predicted values ég 2(5)8 8%2 8?? {8’ ggﬂ
were not significantly different : : : P
(mean P = 0.196); therefore, the 1.0 200 0.27 0.41 [0.14, 0.88]
assumption 6f adhitivity we:s 2(5) 388 8%2 8S§ [8‘0(?’52'77]
not rejected ) ) ) [0, 0.55]
cell survival in this experimental system — which would
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be consistent with reports that promotion of apoptosis
accelerates cell death without affecting clonogenic sur-
vival [20, 25]. On the other hand, recent work in our
laboratory (unpublished) has demonstrated that cells
that undergo prolonged growth arrest after Adriamycin
or ionizing radiation exposure have the capacity to re-
cover reproductive capacity, while work in a number of
laboratories has shown the phenomenon of repopulation
after irradiation [10, 31, 41]. Consequently, the promo-
tion of apoptosis could interfere with disease recurrence
by preventing the survival of cells which might otherwise
repopulate the breast (or other sites to which the tumors
may have metastasized).

In summary, the initial impact of utilizing nontoxic
vitamin D3 analogs such as 1LX-23-7553 could be to
reduce the dose of conventional chemotherapeutic
protocols as well as radiotherapy required for a given
level of cell killing. In addition, the long-term effec-
tiveness of these treatment protocols could be en-
hanced by the promotion of apoptotic cell death
thereby preventing tumor cell recovery from the toxic
injury and limiting disease recurrence. Therefore,
nontoxic analogs of 1,25(0OH),D; could prove to be
beneficial in clinical protocols by enhancing both the
immediate and the long-term effectiveness of chemo-
therapeutic drugs and radiation against breast tumor
cells.
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