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Abstract
JG-03-14, a substituted pyrrole that inhibits microtubule polymerization, was screened against
MCF-7 (p53 wild type), MDA-MB 231 (p53 mutant), MCF-7/caspase 3 and MCF-7/ADR (multidrug
resistant) breast tumor cell lines. Cell viability and growth inhibition were assessed by the crystal
violet dye assay. Apoptosis was evaluated by the TUNEL assay, cell cycle distribution by flow
cytometry, autophagy by acridine orange staining of vesicle formation, and senescence based on β-
galactosidase staining and cell morphology. Our studies indicate that exposure to JG-03-14, at a
concentration of 500 nM, induces time dependent cell death in the MCF-7 and MDA-MB 231 cell
lines. In MCF-7 cells, a residual surviving cell population was found to be senescent; in contrast,
there was no surviving senescent population in treated MDA-MB 231 cells. No proliferative recovery
was detected over a period of 15 days post-treatment in either cell line. Both the TUNEL assay and
FLOW cytometry indicated a relatively limited degree of apoptosis (< 10%) in response to drug
treatment in MCF-7 cells with more extensive apoptosis (but < 20%) in MDA-MB231 cells; acidic
vacuole formation indicative of autophagic cell death was relatively extensive in both MCF-7 and
MDA-MB231 cells. In addition, JG-03-14 induced the formation of a large hyperdiploid cell
population in MDA-MB231 cells. JG-03-14 also demonstrated pronounced anti-proliferative activity
in MCF-7/caspase 3 cells and in the MCF-7/ADR cell line. The observation that JG-03-14 promotes
autophagic cell death and also retains activity in tumor cells expressing the multidrug resistance
pump indicates that novel microtubule poisons of the substituted pyrroles class may hold promise in
the treatment of breast cancer.
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1. Introduction
A number of compounds that have either proven or potential activity against various diseases,
including cancer, have been derived from marine organisms. The substituted pyrroles, which
were synthesized based on similarity to marine derived compounds [1,2], have previously been
demonstrated to have significant growth inhibitory activity against a variety of human tumor
cell lines, with antiproliferative effects evident at nanomolar concentrations in some human
breast tumor cell lines [3–6].

The development of synthetic or semisynthetic derivatives of the pyrroles is facilitated due to
the relative ease with which these compounds can be synthesized and their functional groups
manipulated [3]. One of these pyrroles, termed JG-03-14 (2,4-Dibromo-5-carbethoxy-3-(3,4
dimethoxyphenyl) pyrrole), was found to act as a microtubule poison and to bind at the
colchicine binding site of tubulin [7] (and unpublished data).

The current investigation was designed to characterize the action of the substituted pyrrole,
JG-03-14, in two human breast cancer cells lines expressing either wild type p53 (MCF-7 cells)
or mutant p53 (MDA-MB231 cells). Our studies focused on the capacity of JG-03-14 to
promote irreversible growth arrest and/or cell death, as well as to characterize the nature of the
growth arrest/cell death response. We were also interested in evaluating the possibility that this
compound would be effective in a tumor cell line expressing the multidrug resistant phenotype.

2. Materials and Methods
2.1 Materials

RPMI 1640 medium with L-glutamine, trypsin-EDTA (1X; 0.05% trypsin, 0.53 mM EDTA-4
Na), penicillin/streptomycin (10,000 units/ml penicillin and 10 mg/ml streptomycin), and fetal
bovine serum were obtained from GIBCO Life Technologies (Gaithersburg, MD). Defined
bovine calf serum was obtained from Hyclone Laboratories (Logan, UT). Reagents used for
the TUNEL assay (terminal transferase, reaction buffer, and fluorescein-dUTP) were
purchased from Boehringer Mannheim (Indianapolis, IN). X-gal was obtained from Gold
Biotechnology (St. Louis, MO). The following materials were obtained from Sigma Chemical
(St. Louis, MO): trypan blue solution, formaldehyde, acetic acid, albumin bovine (BSA), 6-
diamidino-2-phenylindole (DAPI) and dimethyl sulfoxide (DMSO). Acridine orange was
purchased from Invitrogen (Eugene, OR).

2.2 Cell Lines
The p53 wild-type MCF-7 human breast tumor cell line was obtained from NCI, Frederick,
MD. MDA-MB-231 cells were obtained from ATCC. MCF-7/ADR cells were developed by
Dr. Ken Cowan [8].

2.3 Cell Culture and Treatment
Cells were grown from frozen stocks in basal RPMI 1640 medium supplemented with 5% fetal
calf serum, 5% bovine calf serum, 2 mM L-glutamine, and penicillin/streptomycin (0.5ml/
100ml medium) at 37°C under a humidified, 5% CO2 atmosphere. Drug treatment involved
continuous exposure to the compounds. For all cell culture experiments, cells were permitted
to adhere for 24 hours following plating before the investigational compounds were
administered.

2.4 Assessment of Viable Cell Number
Cell viability was determined by trypan blue exclusion at various time points beginning 24 hr
after initiation of JG-03-14 treatment. Cells were harvested by trypsinization, stained with 0.4%
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trypan blue dye, and counted using phase contrast microscopy. Cells that excluded trypan blue
dye were considered to be viable.

2.5 Crystal Violet Assay for viable cell number
The Crystal Violet assay as described by Wosikowski et al [9] was used to determine cell
viability. Cells were seeded at approximately 10,000 cells per well in 48-well plates and
allowed to adhere overnight. The following morning, cells were treated with the pyrrole
compounds and maintained in drug containing media for 72 hours. Following the 72-hour
exposure, cells were fixed in 100% methanol for 10 minutes, stained with 0.5% crystal violet
solution in 25% methanol for 10 minutes, washed three times with 1X PBS to remove excess
dye and allowed to dry overnight. The following morning, crystal violet containing cells were
solubilized in 0.1 M sodium citrate in 50% ethanol, and an absorbance reading was taken at
540 nm.

2.6 TUNEL Assay for apoptosis
The method of Gavrieli et al. [10] was utilized as an independent assessment of apoptotic cell
death in combined cytospins containing both adherent and non-adherent cells. Cells were fixed
and the fragmented DNA in cells undergoing apoptosis was detected using the In Situ Cell
Death Detection Kit (Boehringer-Mannheim), where strand breaks are end labeled with
fluorescein dUTP by the enzyme terminal transferase. Cells were then washed, mounted in
Vectashield and photographed using a Nikon fluorescent microscope. Three fields per
condition were evaluated at a magnification of 10X.

2.7 Beta-Galactosidase histochemical staining for senescence
pH 6.0-dependent β-galactosidase expression was used as a marker for senescence along with
senescent related morphology [11]. At the appropriate times after treatment, cells were washed
twice with PBS and fixed with 2% formaldehyde, 0.2% glutaraldehyde for 5 min. The cells
were then washed again with PBS and stained with a solution of 1mg/ml 5-bromo-4-chloro-3-
indolyl-β-D-galactosidase in dimethylformamide (20mg/ml stock), 5mM potassium
ferrocyanide, 5mM potassium ferricyanide, 150mM NaCl, 40mM citric acid/sodium
phosphate, pH 6.0, and 2mM MgCl2. Following overnight incubation at 37°C, the cells were
washed twice with PBS, and photographed with a light microscope. The extent of senescence
was quantified based on the mean number of cells displaying both changes in morphology as
well as blue-green staining for three fields (containing at least 50 cells per field) for each
experimental condition.

2.8 Autophagy Detection with Acridine Orange Staining
As a marker of autophagy, the volume of the cellular acidic compartment was visualized by
acridine orange staining [12]. Cells were seeded in T-25 flasks and treated as described above
for the cell viability study. At the appropriate time points following treatment, cells were
incubated with medium containing 1μg/ml acridine orange (Molecular Probes, Eugene, OR)
for 15 min. The acridine orange was removed and fluorescent micrographs were taken using
an inverted fluorescent microscope. Autophagy was quantified based on the mean number of
cells displaying intense red staining for three fields (containing at least 50 cells per field) for
each experimental condition.

2.9. Cell Cycle Analysis
Cells were seeded in 135 mm petri dishes at a density of 2 × 106 to 3 × 106 cells per dish and
incubated with media or JG-03-14 at 500nM for the indicated times. Cell cycle analysis was
performed by prodidium iodide staining (PIF) and analyzed by flow cytometry. Cells were
harvested at appropriate times with trypsin and centrifuged at 1500 rpm for 2 minutes at 4°C.
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Cell pellets were resuspended in a PIF solution and maintained on ice. Approximately 1 ×
106 cells per condition were collected for the cell cycle analysis. Prior to analysis, each sample
was filtered through a 35 μm nylon mesh. Cells were analyzed with an EPICS 753 flow
cytometer (Coulter Electronics, Hialeah, FL) using the 488 nm argon laser and standard optical
emission filters. The resulting DNA distributions were analyzed for the proportion of cells in
various stages of the cell cycle using Cytologic Software (Coulter Electronics). A minimum
of 30,000 events were collected for each sample.

2. 10 Statistical Analysis
Data were analyzed using the student paired two-tailed “t” test.

3. Results
3.1 Effects of substituted pyrroles on viability of MCF-7 breast tumor cells

Figure 1A presents the structure of the compounds utilized for the studies described in this
manuscript. Sensitivity of MCF-7 breast tumor cells to JG-03-14 and the related compounds
JG-05-1, JG-05-2, JG-05-3, JG-05-4, JG-05-5, JG-05-6, JG-05-7, JG-05-8, and JG-05-10 was
determined utilizing the Crystal Violet Assay [9] with continuous exposure of the cells to the
indicated compounds for 72 hours prior to fixation and staining. Figures 1B and 1C show that
compound JG-05-2 and JG-03-14 produced concentration dependent inhibition of cell growth
in both MCF-7 and MDA-MB231 cells; Adriamycin, which is known to have antiproliferative
and cytotoxic effects in this cell line [13, 14], was utilized as a positive control at a concentration
of 100nM. in contrast, the other compounds tested were essentially ineffective at concentrations
up through 500nM (data not shown). All subsequent studies were performed using JG-03-14
at a concentration of 500nM, a concentration that produced essentially equivalent
antiproliferative effects (between 70–80% growth inhibition) in both the MCF-7 and MDA-
MB231 cell lines.

3.2 Growth arrest and cell death of MCF-7 cells after exposure to JG-03-14
In order to distinguish between the possible growth arrest and cell death effects of this
compound, cell viability was monitored over a time frame of 5 days after initiating treatment
with JG-03-14. Adriamycin was again used as a positive control; the effects of Adriamycin
essentially overlapped with those of JG-03-14 in the MCF-7 cells (data not shown). Figure 2
indicates that during the first 72 hours of treatment, the number of viable MCF-7 cells showed
a steady decline, indicative of cell death. The number of cells at 72 hours after JG-03-14
treatment was approximately 14% of control cells. Between days 3 and 5, cell number remained
relatively constant, which is indicative of growth arrest and possibly senescence.

3.3 Minimal Induction of Apoptosis by JG-03-14
The possibility that the cell death observed in MCF-7 cells after the first few days of exposure
to JG-03-14 might be occurring through apoptosis was assessed using the TUNEL assay
[10]. Cells treated with an elevated concentration of taxol (1μM) for three days, conditions that
promoted extensive apoptosis, were used as a positive control. Despite the pronounced time
dependent cell death noted during the first 72 hours of treatment, little fluorescent staining
indicative of apoptosis was detected in the cells exposed to JG-03-14 (figure 3C). A further
assessment of DNA fragmentation by analysis of the sub G1/G0 population using FACS
analysis, shown in Figure 6, supports the conclusion of minimal apoptosis induced by JG-03-14
in MCF-7 cells.
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3.4 Induction of Autophagy by JG-03-14
In view of the minimal levels of apoptosis in MCF-7 cells with continuous exposure to 500nM
JG-03-14, and since our recent findings indicated extensive promotion of autophagy by
irradiation in MCF-7 cells [15], the possibility of autophagic vacuole formation associated with
autophagic cell death was evaluated. Figure 4A indicates that there was significant autophagic
vesicle formation in MCF-7 cells exposed to 500nM JG-03–14, based on acridine orange
staining. Figure 4B indicates that up to 70% of the cell population appeared to be undergoing
autophagy by the third day of treatment.

3.5 Detection of senescence in the residual surviving cell population
In view of previous studies where the hallmarks of senescence were detected in residual cells
surviving after treatment with the vitamin D3 analogue, EB 1089 and ionizing radiation [16],
we evaluated whether the residual population after treatment with 500nM of JG-03-14 was
senescent, based on staining for beta-galactosidase [11], cell expansion, and flattening. Figure
5A shows clear evidence of a senescent population upon treatment of MCF-7 cells with
JG-03-1,. Figure 5B provides quantification of senescence with maximal staining evident by
the sixth day of continuous drug exposure and indicates that up to 80% of the residual cell
population was in a senescent state. At lower doses (50, 100, and 200nM), JG-03-14 failed to
produce any significant staining or morphological changes associated with senescence (data
not shown).

3.6 Lack of proliferative recovery in MCF-7 cells exposed to JG-03-14
One desirable element of drug action in addition to primary cell killing or growth inhibitory
effects is the ability to suppress the capacity of the tumor cell to recover proliferative capacity.
In previous work, we have demonstrated proliferative recovery of MCF-7 cells after exposure
to either ionizing radiation or adriamycin [16,17,18]. However, even after 15 days there was
no evidence of a proliferating cell population in MCF-7 cells exposed to JG-03-14 (data not
shown).

3.7 Drug effects in MDA-MB231 breast tumor cells
Although MCF-7 and MDA-MB231 cells are non-isogenic cell lines, the fact that MDA-
MB231 cells are mutant in p53 permitted us to determine whether the presence of p53 is a
prerequisite for sensitivity to JG-03-14 as well whether the absence of functional p53 might
alter the nature of the cell death response. Figure 1C indicates that, as with the MCF-7 cells,
JG-05-2 and JG-03-14 inhibited growth of the MDA-MB231 cells while the other analogs were
essentially ineffective (data not shown). Data from clonogenic survival studies, shown in Table
1, indicated that both MDA-MB231 cells and MCF-7 cells are highly sensitive to JG-03-14,
with almost complete abrogation of reproductive capacity at a drug concentration of 500nM.
Time course studies presented in Figure 2 indicated that MDA-MB231 cells responded to
JG-03-14 in a fashion that was generally similar to the MCF-7 cells, with a gradual decline in
the number of viable cells over time. However, unlike the studies with MCF-7 cells, there were
essentially no surviving cells detected after five days treatment of MDA-MB231 cells with
JG-03-14. As expected, due to the extensive cell death, there was no evidence of proliferative
recovery evident after 15 days (data not shown).

3.8 Mode of cell death in MDA-MB231 cells
As with the studies in MCF-7 cells, we evaluated both apoptosis and autophagy after treatment
with JG-03-14. Figures 3D indicates that a significant amount of apoptosis appeared three days
after treatment. MDA-MB231 cells also showed quite extensive acridine orange staining
indicative of autophagic cell death (Figure 4A and 4C). In contrast to the findings in MCF-7
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cells, MDA-MB231 cells failed to stain for β-galactosidase or demonstrate morphological
alterations ( enlargement and flattening) associated with senescence (Figure 5A, far right).

3.9 Sensitivity to JG-03-14 in MCF-7/caspase 3 cells
MCF-7 cells lack caspase 3 [19], which has been associated with resistance to apoptosis and
possibly reduced sensitivity to chemotherapy [20,21]. Consequently, sensitivity to 500nM
JG-03-14 was assessed in MCF-7/caspase 3 cells [15]. Growth as a percent of untreated controls
was essentially similar in the MCF-7/caspase 3 cells (47.3 ± 15.9%) and in MCF-7 cells (29.5
± 9.4%) exposed to JG-03-14.

3.10. FACS analysis of breast tumor cells treated with JG-03-14
Given the evidence that JG-03-14 is likely to be acting as a microtubule poison [7], cell cycle
distribution after drug treatment was determined by FACS analysis in MCF-7, MCF-7/Caspase
3, and MDA-MB231 cells. Incubation with JG-03-14 resulted in a substantial G2/M block,
consistent with its proposed microtubule destabilizing properties (Figure 6). In the MCF-7 and
MCF-7/Caspase 3 cells, this G2/M block persisted for 72 hours. Interestingly, the p53 mutant
MDA-MB231 cell line continued to replicate DNA following G2/M arrest, resulting in
development of a hyperdiploid population (polyploidy). This effect was first evident at 48 hours
and became quite pronounced after 72 hours of treatment, where a full 75% of the remaining
cells were polyploid. FACS analysis confirmed a minimal degree of apoptosis (a sub G1 cell
population) in both the MCF-7 and MCF-7/caspase 3 cell lines following both the 48 and 72
hour incubation periods with 500nM JG-03-14. A moderate apoptotic population was detected
in MDA-MB231 cells, consistent with the results of the TUNEL assay; however, due to the
extensive noise generated as a consequence of the dead and dying cells, apoptotic events could
not be accurately quantified.

3. 11 Sensitivity to JG-03-14 in multidrug resistant tumor cells
One common problem with chemotherapy of breast cancer, as well as other malignancies, is
drug resistance that is frequently expressed through several different mechanisms. The first is
through multidrug resistance (mdr) pumps. These mdr cell lines show cross-resistance to
multiple structurally unrelated drugs including anthracyclines, the vinca alkaloids, the
epipodophyllotoxins, actinomycin D, and colchicines [22]. The lack of drug accumulation from
efflux pumps in mdr cells is the result of overexpression of a cellular membrane protein called
P-glycoprotein (Pgp) [23]. A second type of multidrug resistance is associated with
overexpression of the glutathione transferase and glutathione peroxidase. These multidrug
resistant cells are associated with the appearance of an anionic isozyme similar to the
glutathione transferase seen in human placenta [8]. MCF-7/ADR cells are known to posses
both efflux pumps as well as increased levels of glutathione transferase and peroxidase [8]. In
this context, we evaluated sensitivity to JG-03-14 in multidrug resistant MCF-7/ADR cells.
Table II indicates that the MCF-7/ADR cells maintained sensitivity to JG-03-14 while
demonstrating resistance to adriamycin. This observation demonstrates that neither common
mechanism of resistance to conventional chemotherapeutics was a barrier to the cytotoxicity
of JG-03-14.

4. Discussion
Of the 10 compounds shown in Figure 1A, both MCF-7 cells and MDA-MB231 cells were
most sensitive to JG-03-14, with growth inhibition of 70% and 82%, respectively, at a
concentration of 500nM. At this concentration, clonogenic survival of both MCF-7 and MDA-
MB231 cells was suppressed by greater than 90%, indicating that JG-03-14 effectively
eliminates the self-renewal capacity of the breast tumor cells. These observations are consistent
with the lack of proliferative recovery in both cell lines.
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The observation that MDA-MB231 cells demonstrated sensitivity to JG-03-14 strongly
suggests that lack of functional p53 is not a barrier to drug action. Although the absence of
functional 53 has been considered to confer resistance to chemotherapy [24,25], there is
extensive evidence for sensitization to chemotherapeutic agents, including the microtubule
poison, paclitaxel, in p53 deficient cells [26–30]. In the case of paclitaxel, sensitization in p53
mutant cells is thought to be due to the capacity of functional p53 to regulate cell cycle
progression following spindle checkpoint arrest. Microtubule poisoning initially results in a
G2/M arrest, where activation of the spindle assembly checkpoint prevents progression through
mitosis [31]. However, cancer cells are frequently able to adapt and undergo mitotic slippage
out of G2/M arrest [32]. While cells which possess wild type p53 can subsequently arrest at
G0/G1 post mitotic slippage, a response that is mediated by p21/WAF1[33], cells lacking
functional p53 are thought to continue synthesizing DNA after mitotic slippage without
cytokinesis, resulting in polyploidy [34,35,36].

In our studies, a substantial fraction of the p53 mutant cells became hyperdiploid following 72
hours of drug treatment, strongly suggesting that MDA-MB231 cells undergo mitotic slippage
and re-replicate their DNA following a failed mitosis. The development of a hyperdiploid
(polyploid) population was not observed in the analysis of MCF-7 or MCF-7/Caspase 3 cells,
and appears to indicate that the (residual surviving) p53 wild type cells preferentially undergo
senescence following JG-03-14 treatment, similar to our previous observations with
adriamycin [37]. Previous studies have indicated that p53 status can play an important role in
determining whether cells rereplicate DNA following spindle checkpoint-mediated arrest
[33–36]. However, a fuller understanding of the role of p53 in the response to JG-03-14 will
require the utilization of isogenic cell lines with a knockdown of p53 function.

It remains to be determined whether the senescence detected in the residual MCF-7 cell
population following JG-03-14 treatment is dependent on p53. To our knowledge, only one
other study has reported a senescence response to microtubule poisons, also in cells with
functional p53 [38]. The absence of a residual senescent MDA-MB231 population could
simply reflect the more extensive cell killing evident after exposure of MDA-MB231 cells to
JG-03-14. In the MCF-7 cell line, the residual senescent population persisted for 15 days post
treatment, but the lack of proliferative recovery strongly suggests that the senescent state is
permanent and irreversible.

As indicated above, the absence of functional p53 appears to allow for a hyperdiploid state,
which may ultimately lead to increased cell death as the cells with hyperdiploid DNA fail to
divide. The apparent difference in the extent of apoptosis observed in the MDA-MB231 and
MCF-7 cells does not appear to be solely a function of the expression of caspase 3 in MDA-
MB231 cells and not in MCF-7 cells [19], since the MCF-7/caspase 3 cells do not appear to
undergo apoptosis after JG-03-14. It is further worth noting that extensive autophagy occurs
in the MDA-MB231 cells, despite the fact that autophagy is frequently thought to be dependent
on functional p53 [39].

JG-05-02 and JG-03-14, the compounds demonstrating activity against the MCF-7 and MDA-
MB231 cells, share a partial homology to the drug colchicine. According to molecular
modeling studies [8 and unpublished data], JG-03-14 is likely to act as a microtubule poison
by binding at the colchicine-binding site on tubulin. An increase in the number of methoxy
groups on the phenol ring structure of these functional pyrroles appears to increase the binding
affinity of the compound for the colchicine-binding site, which may be responsible for their
increased cytotoxicity to the breast tumor cell as compared to the other pyrroles studied.

One further implication for the potential utility of JG-03-14 relates to its ability to bind tubulin.
Similar tubulin binding agents, such as the combretastatin family of drugs including CA-4-P,
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are known to be vascular disrupting agents (VDA) [40]. The tumor vasculature is an exciting
target for therapy because most tumor cells rely on intact vascular support for growth and
survival [41]. These compounds cause an extensive shutdown of the vascular supply to the
tumor, interfering with both tumor growth and metastatic spread. Several vascular disrupting
agents are currently in clinical trials for the treatment of cancer, and the possibility that
JG-03-14 might also disrupt tumor vasculature appears worthy of future consideration.

The fact that JG-03-14 appears to be active in multidrug resistant tumor cells further argues
for its potential utility and the possibility that this agent could circumvent multidrug resistance.
It should, however, be noted, that recent studies indicate that the MCF-7/ADR cells are not
derived from breast cancer but are likely to be an ovarian tumor line [42]. Nevertheless, this
fact does not undermine the validity of our observations that JG-03-14 does not appear to be
a substrate for the multidrug resistant pump in this cell line. Similar findings have recently
reported by others [7].

Finally, studies in a (prostate) tumor xenograft model system indicate that JG-03-14 can be an
effective antitumor agent with minimal toxicity to the test animal [7]. These are encouraging
findings that indicate that JG-03-14 or its analogs might ultimately have utility as antitumor
drugs in the clinic.
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Figure 1.
Antiproliferative activity of substituted pyrroles in MCF-7 and MDA-MB231 breast tumor
cells. A. Structure of substituted pyrroles utilized for the current studies. B. Effects of
substituted pyrroles on growth of MCF-7 cells. C. Effects of the substituted pyrroles on the
growth of MDA-MB231 cells. Cells were treated with either JG-05-02 or JG-03-14. Cells were
seeded in 48 well plates at a density of 10,000 cells per plate and exposed to the indicated
compounds continuously for 72 hours. The solvent, DMSO, was utilized as a negative control
and 100nM Adriamycin was used as a positive control for each assay. Values shown are for
the only two active compounds screened and represent means ± standard errors for 3 replicate
experiments. Growth inhibition at 500nM JG-03-14 was statistically significant compared to
vehicle controls with p≤ 0.05 for both the MCF-7 and MDA-MB231 cell lines.
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Figure 2.
Temporal response of MCF-7 and MDA-MB231 cells to JG-03-14. Growth arrest and cell
death were evaluated in response to a continuous 5-day treatment with 500nM JG-03-14.
100nM Adriamycin was used as a positive control (not shown). Cell viability was monitored
by trypan blue exclusion. MDA-MB231 cells (dashed lines) were exposed to either control
media (△) or JG-03-14 (○). MCF-7 cells (solid lines) were also either exposed to media (■)
or JG-03-14 (◆). Data presented was pooled for three experiments ± standard errors.
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Figure 3.
Determination of Apoptosis by the TUNEL assay. MCF-7 and MDA-MB231 cells were
exposed to 500nM JG-03-14 for 5 days and monitored for apoptosis utilizing the TUNEL assay.
Continuous exposure to Taxol (1μM) was used as a positive control for apoptosis. Apoptosis
was monitored in combined cytospins of both adherent and non-adherent cells. Data presented
are from one of two experiments with similar results. A. Untreated MCF-7 cells. B. Taxol,
1μM. C. MCF-7 cells after three days exposure to JG-03-14. D. MDA-MBA231 cells after
three days exposure to JG-03-14. Magnification was 10X.
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Figure 4.
Determination of autophagy by acridine orange staining. A. MCF-7 or MDA-MB231 cells
were exposed to 500nM JG-03-14 for 3 days, washed, and fluorescence monitored by
fluorescence microscopy, where green staining reflects the background and bright orange
staining occurs in acidic (autophagic) vacuoles. Tamoxifen (2.5μM) exposure for four days
was used as a positive control. B. and C. The percent of the total cell population that stained
for acridine orange was quantified. Data presented is representative of 3 replicate experiments
± standard errors (at a magnification of 20X). Autophagy was significantly greater than
untreated controls (p≤ 0.05) for all conditions with the exception of day 1 for MCF-7 cells.
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Figure 5.
Senescence in residual surviving cells after JG-03-14 treatment for six days. A. MCF-7 or
MDA-MB231 cells seeded in 6 well plates at a density of 2 × 105cells/flask were continuously
exposed to 500nM JG-03-14. Cells were fixed and suspended in 1X PBS and stained with Beta-
Galactosidase. Data shown is for Day 6. Exposure to 0.75 μM doxorubicin for 2 hours was
utilized as a positive control for senescence. All treatment groups were photographed at a 20X
magnification; untreated groups were photographed at a 10X magnification. Data presented is
for one of three experiments with similar results. B. Quantification of beta-gal staining ±
standard errors. Control cells were allowed to grow for three days and adriamycin-treated cells
were utilized as a positive control. Data is presented as the mean ± standard error for three
experiments at a magnification of 20X. (Quantification was assessed with fields at 10X in order
to obtain 50 cells per field). The extent of senescence staining in MCF-7 cells was significant
(p≤ 0.05 compared to the untreated group) for all days of treatment with JG-03-14 with the
exception of day 3.
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Figure 6.
FACS analysis of breast tumor cells exposed to 500nM JG-03-14. MCF-7, MCF-7/Caspase 3,
and MDA-MB231 cells were exposed to a 500nM concentration of JG-03-14 for 48 or 72
hours. At the appropriate time points, cells were harvested and stained with a propidium iodide
staining (PIF) solution and quantified with a flow cytometer. Flow cytometry PIF voltages
were altered for MDA-MB321 treatment groups compared to control groups in order to account
for the increasing polyploidy seen at 48 and 72 hrs following drug exposure. 30,000-50,000
events per condition were collected for each histogram.
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Table 1
Clonogenic Survival in cells exposed to 500nM JG-03-14
Clonogenic survival of MCF-7 and MDA-MB231 cells following treatment with a 500nm concentration of JG-03-14.
Cells were seeded at 200 cells per dish for control groups and 5000 cells per dish for treatment groups. JG-03-14 groups
were exposed continuously for 14 days then stained with a dilute crystal violet solution to count colonies. Shown is
the percent clonogenic survival mean for three different experiments in both MCF-7 and MDA-MB231 cell lines ±
standard errors.

% Clonogenic Survival ± SD
Control JG-03-14 500nM

MDA-MB231 96.8 ± 15 2.5 ± 2.04
MCF-7 50.75 ± 6.11 0.3 ± 0.2
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