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DC-81, an antitumor antibiotic produced by tBaeptomycespecies, belongs to pyrrolo[2¢]{1,4]-
benzodiazepine (PBD), which are potent inhibitors of nucleic acid synthesis. We previously reported an
efficient synthesis of PBD hybrids linked with indole carboxylates. This is the first demonstration on the
mechanism of the anticancer effect of PBD hybrid (IN6GCPBD) agent on human melanoma A375 cells.
IN6CPBD-treated cells exhibited higher cytotoxicity than DC-81 and displayed several features of
apoptosis, including an increase in the sub-G1 population, a significantly increased annexin V binding,
a degradation of caspase-3, and poly (ADP-ribose) polymerase (PARP) cleavage. Because degradative
changes associated with apoptosis are often preceded by the disruption of mitochondrial function, the
assessment of mitochondrial function in IN6CPBD-treated cells is worthy of investigation. Our data
revealed that treatment of A375 cells with IN6GCPBD resulted in the loss of mitochondrial membrane
potential AW,), a decrease in intracellular pH (pHi), a reduction of ATP synthesis, increased reactive
oxygen species (ROS) generation, and cytochr@anrelease. Collectively, our studies indicate that
IN6CPBD induces apoptosis in A375 cells through a mitochondrial dysfunction pathway, leading to
caspase-3 substrate PARP cleavage and subsequent apoptotic cell death.

interact with the B-form of DNA and can inhibit nucleic acid
synthes_is anq block DNA transcription. Pyrrolo[2c[Lf1,4]- IN6CPBD
benzo<_j|azep|_nes (PBD_s)_ are a group of potent, naturally Figure 1. Structure of IN6CPBD agent.
occurring antitumor antibiotics produced by tB&eptomyces
species ). The cytotoxic and antitumor effects of these
compounds are believed to arise from the modification of DNA, selective DNA-interactive properties and antitumor activéty (
which leads to the inhibition of nucleic acid synthesis and the An indole moiety incorporated into natural and synthetic
production of excision-dependent single- and double-strand anticancer agents, such as CC-1088),(bizelesin (1), UTA-
breaks in cellular DNA 2, 3). These antibiotics have been 6026 (12), and K-252a 13), shows potent cytotoxicity. These
proposed to covalently bond to N2 of guanine to form a neutral results encouraged us to design and synthesize a hybrid
minor groove adductd-7). (IN6CPBD, Figure 1) from DC-81 coupled with an indole
Although the naturally occurring PBDs have potent anticancer carboxylate moiety ¥4). We expected that IN6CPBD would
activity, they have been precluded from clinical application "€cognize more DNA base pairs and bind sequence-selectively
because of side effect8)( Therefore, hybrid compounds with {0 the macromolecule. _ o
active moieties of known antitumor and antiviral agents are  APOptosis is an important phenomenon in cytotoxicity

being designed and synthesized to provide highly sequence-induced by anticancer drugs. The execution of apoptosis, or
programmed cell deathl¥), is associated with characteristic

morphological and biochemical changes mediated by a series
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cytochromec to the cytosol, and degradation of caspase-3/  Intracellular pH Measurement. For the measurement of
PARP. In this regard, we have initiated experiments aimed at intracellular pH (pHi), A375 cells were treated with various

characterizing the mitochondrial function of INGCPBD agent concentrations (84 «M) of INGCPBD for 24 h. After cells were
on human melanoma A375 cells, a rapidly proliferating and harvested and centrifuged, carboxy-SNARF-1-AM (Molecular

: p . - Probes, Eugene) was added to give a final concentration 0
malignant cell line resistant to radio and chemotherap.( ' the’cellg Wer)e o bated for%o el Carboxy-SNzgnl':-

The aim of this study was to investigate whether IN6CPBD 1AM enters cells passively as a nonpolar ester and is then
agent possessed more cytotoxicity than DC-81 and verify hydrolyzed by the intracellular esterases into a polar compound so
whether IN6GCPBD agent induced antiproliferation, leading to that it cannot leave membrane-intact cells. At the end of the
an aberrant mitochondrial function and subsequent apoptoticincubation, the cells were then analyzed by flow cytometry.
cell death. ATP Content Bioluminescence AssayThe amount of intra-
cellular ATP was determined by bioluminescent assay on the basis
of the measurement of the light output of the lucifeflnciferase
reaction. The luciferirluciferase was purchased as a kit from
ThermoLabsystems Luminoskan Ascent (Vantaa, Finland). A375
cells were treated with graded concentrations of IN6CPBD for 24
h, then cells were harvested and lysed after treatment with ice-

with10% FCS, 100 U/mL penicillin G, and 10@/mL streptomycin cold RIPA buffer, and cell extracts were obtained. After centrifuga-
sulfate (Gibco, BRL). A375 cells were passaged at confluence after i 10 remove cell debris, we collected supernatants for ATP
treatment with 5 mM EDTA (Gibco, BRL) and incubated at®y ~ measurement. The amount of ATP was determined by the ATP
in a humidified atmosphere containing 5% £0O monitoring kit.

MTS Cell Proliferation Assay. A commercially available kit Determination of Intracellular ROS Level. To evaluate intra-
(CellTiter96 Aqueous proliferatibn assay kit, Promega, Madison cellular reactive oxygen species (ROS) levels, two fluorescent dyes

WI) was used to detect the proliferation according to the manu- of 2',7-dichlorofluorescein diacetate (DCFH-DA, Molecular Probes)
facturer’s instructions. A375 Eells were seeded inga 96-well plate and hydroethidine (HE, Molecular Probes) were used to clarify this
at a cell density of 2500 cells/well. After overnight incubation, the issue. The nonpolar DCFH-DA is converted to the polar derivative

- : DCFH by esterases when it is taken up by the cell. DCFH is
IN6CPBD agent at indicated concentrations was added to the culture : : S .
media and incubated for 24 h. The MTS reagent contains tetrazo_nonfluorescent but is rapidly oxidized to the highly fluorescent DCF

. . ; by intracellular HO, or nitric oxide. HE oxidation is particularly
liumsalt,[3-(4,5-dimethylthiazol-2-y1)-5-(3-carboxymethoxyphenyl)- o - ; ) A
2 4-su|f(£pr$enyl)-l&|-tet¥ azolium] );/)rémi&e d with t¥1e elect?/gn Coﬁ sensitive to superomde anions, hydroxyl radlcals_, and peroxynitrite.
pling reagent (phenazine ethosulfate), was added into each well atIn addition, superoxide dismutase (SOD, Sigma) or catalase

. . (Sigma), an effective ©* or H,O, scavenger, was also used in
20”".' The plate was then |ncubateq for-2 h at 37°C. The opiical this study. Cells were pretreated with SOD (100 U/mL) or catalase
density value was detected by a microplate reader (MRX-II, Dynex

X . (800 U/mL) before 0 and 4M IN6CPBD treatment. Four hours
technology, Chantilly, VA), whose detecting a_nd reference wave- later, DCFH-DA (10uM) or HE (104M) was immediately added
lengths were S_et at 490 E_md 690 nm, respectively. . . to cultured cells for 30 min at 37C. The fluorescence of the
sub-G1 Region AnalysisA375 cells were treated with various  samples was measured with a flow cytometer. Thg-Blichloro-

concentrations (84 «M) of IN6CPBD for 24 h. Cells were  fj orescein (DCF) and HE data were recorded using FL-1 and FL-2
harvested by trypsinization and centrifugation. Cell pellets were photomultipliers, respectively.

resuspended in 50% cold ethanol and fixed-&20 °C. After Determination of Intracellular Cytochrome ¢ Level. After

fixation, cells were washed once with cold PBS and incubated in reatment with IN6CPBD (@4 uM) for 24 h, cells were washed
0.5 mL of PBS containing 100g/mL RNase A for 20 min at 37 thee times with cold PBS, re-suspended in cell lysis buffer to a
C. Cells were harvested by centrifugation at¢®6r 5 min, and concentration of 1.5 10° cells/mL, and then incubatedrfa h at
250uL of PBS containing SQug/mL propidium iodide (Pl) was  5om temperature with gentle mixing. After centrifugation to
added to the pellet. Thirty minutes later, the DNA contents of 10,000 1emgye cell debris, the supernatant was diluted at least 5-fold and
events were measured by a FACSscan flow cytometer (Elite Esp'assayed immediately or aliquoted and store<at-70 °C for
Beckman Coulter, Brea, CA). Histograms were analyzed using cyiochromec measurement. The total amount of intracellular

Windows Multiple Document Interface software (WinMDI). Cells  ¢vochromec was determined according to the protocol provided
with DNA content less than that in untreated cells in GO/G1 were with the cytochromec immunoassay kit (R&D Systems, Min-

considered apoptotic. neapolis, MN).

Annexin V and PI Binding Assay. To assess the simultaneous  protein Extraction and Western Blot Analysis. Total cell
observation of the early phase of apoptotic and necrotic features, extracts from cultured A375 cells were obtained by lysing the cells
A375 cells were treated with different agents a&M or treated in ice-cold RIPA buffer (k PBS, 1% NP-40, 0.5% sodium
with various concentrations fm‘uM) of IN6CPBD for 24 h. Cells deoxycho|ate’ and 0.1% SDS) Con’[aining ;b(mrnL PMSF’ Zug/
were harvested by trypsinization and centrifugation and measuredm_ aprotinin, 2ug/mL leupeptin, and 10Qg/mL NaF. After
by cytometry by adding annexin V-FITC to 90ells per sample  centrifugation at 14,0apfor 30 min, protein in the supernatants
according to the manufacturer’s specifications (Bender MedSystems,as quantified by the Bradford method (Bio-Rad). Forty micro-
Vienna, Austria). Simultaneously, the Ce”s were stained with PlI. grams of protein per lane was apphed in 10% S-mﬁ|y acry|amide
Flow cytometry data were analyzed by WinMDI software. gel. After electrophoresis, protein was transferred from the gel to

Analysis of Mitochondrial Membrane Potential (AW ). A375 the polyvinylidene difluoride (PVDF) membrane (Millipore, Bed-
cells were cultured in 6-well plates and allowed to reach exponential ford, MA). The membranes were blocked at room temperature for
growth for 24 h before treatment. The cells were harvested 24 h 1 h in PBS+ 0.1% Tween 20 (PBS-T) containing 5% skim milk.
after treatment with compound (DC-81, IN6CPBD) at a concentra- After briefly rinsing with PBS-T, the membrane was incubated with
tion of 4 uM or treated with graded concentrations of IN6CPBD. primary antibody at room temperature h or at 4°C overnight.
The medium was removed and the adherent cells trypsinized. TheRabbit polyclonal antibodies against CPP32 (H-277) and PARP
cells were pelleted by centrifugation at 40f@r 5 min and stained (H-250) was purchased from Santa Cruz Biotechnology. Mouse
in a 100 nM/mL DiOG dye for 30 min at room temperature and monoclonal antibody against actin was purchased from Chemicon
washed with PBS twice and resuspended in PBS. The samples werént. Inc. (Temecula, CA). The membrane was incubated with the
analyzed for fluorescence (FL-1 detector, filter 530/30 nm band- corresponding horseradish peroxidase-labeled secondary antibody
pass) by a FACSscan flow cytometer (Elite ESP, Beckman Coulter, (Santa Cruz Biotechnology) at room temperature for 1 h. Mem-
Brea, CA). branes were washed with PBS-T four times for 15 min, and the

Experimental Procedures

Cell Culture. Human melanoma cell line A375, purchased from
American Type Culture Collection (Manassas, VA), was maintained
in Dulbecco’s minimal essential medium (DMEM) supplemented
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120 [ DC-81 and IN6CPBD agent on A375 cells was examined using
100 an MTS cell proliferation assay. The cell viability of A375 cells
s treated with agents at different dosages after 24 h is shown in
z 80 [ Figure 2. The inhibitory effect is dependent on drug concentra-
2 60 tion. At concentrations of ZM, IN6CPBD agent exhibited a
= L higher inhibitory activity compared to that of DC-81 on A375
8 40 [ —oos cells.
| —®—INeCPBD
2 Effect of INGCPBD on Cellular sub-G1. Because hypo-
0 ' ' diploid DNA content (sub-G1 material) is characteristic of
2 4 8 apoptosis and reflects fragmented DNA, the sub-G1 population
Concentration (1M) in A375 cells after INGCPBD treatment was measured. As

Figure 2. Dose—response_ curves for compounds tested against A375 shown in Figure 3, the sub-G1 DNA peaks after 0, 1, 2, and 4
cells. Cells were seeded in a 96-well plate at 2500 cells per well and uM IN6CPBD treatment were 2.9 0.5%, 6.5+ 1.3%, 7.7+

cultivated overnight until cell attachment. Compounds at the indicated -
concentration were added into the culture media in triplicate and 1.2%, and 21.2£ 1.5%, respectively. INSCPBD treatment of

incubated for 24 h before MTS was added. The conversion of MTS to A375 cells resulted in a markedly increased accumulation of
formazan was measured at 490 nm. The absorbance is directlysub-G1 phase cells that were dose dependent.
proportional to the number of living cells. IN6CPBD Induces Externalization of PS. Fluorescein
isothiocyanate (FITC)-conjugated annexin V has been utilized
protein blots were visualized with Western Lightning Chemilumi- 0 detect the externalization of phosphatidylserine that occurs
nescence Reagent Plus (Perkin-Elmer Life Sciences, Boston, MA).at an early stage of apoptosis. Propidium iodide (PI) is used as
The relative amounts of specific proteins were quantified by a marker of necrosis due to cell membrane destructi®h o
densitometry scanning of X-ray films and analyzed by Eagle Eye elucidate whether IN6CPBD induces more apoptotic cells than
Image System (Stratagene, La Jolla, CA). DC-81, treatment of A375 cells with 4M for 24 h induced
Statistical Analysis.All results were expressed as means values gpoptosis effects in 2.2 0.1% (DC-81) and 13.3+ 0.8%
+ standard deviation (SD) and analyzed by using the statistical (IN6CPBD) of annexin V-FITC cells (Figure 4A). Although
analysis system (SIPsg,E)SPES :jnc.,t,ChlcaF%]o, lIL). D|<ff63835nces amoNYN6CPBD are highly potent antitumor agents, the precise
gg?;?; e\r,é%ri\saggr{ﬁ‘ﬁ:ant%ortgllesrt]a:ﬁﬁgal t\g;es U0 were mechanism of action remains unclear. To further characterize
' whether IN6CPBD-induced cell death involved apoptosis or
necrosis, we performed a biparametric cytofluorimetric analysis
using annexin V and PI double staining. As shown in Figure
Effect of IN6GCPBD on Cell Viability. DC-81 and IN6CPBD 4B, 3.5% of the cells were apoptotic (annexi/FI~), whereas
were assessed for their in vitro cytotoxicity on human melanoma only 0.1% were necrotic (annexin®¥PI™) under the untreated
A375 cells. The activity of mitochondrial dehydrogenase control group. Following +4 uM IN6CPBD treatment, we
enzymes, detectable by catalyzing MTS reagent, correlated withfound a marked increase of apoptotic cells (from 9.3 to 30.1%);
cell viability (18). The cytotoxic effects of the two compounds in contrast, there was no obvious change of necrotic cells (from

Results
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Figure 3. Effect of IN6CPBD on cellular sub-G1 content. A375 cells were treated with graded concentrations of IN6CPBD for 24 h and stained
with Pl. Approximately 10,000 cells from each group were analyzed with the FACScan flow cytometer. Data represent the percentage of cell
counts and display sub-G1.
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Figure 4. IN6CPBD induces externalization of PS. (A) To elucidate whether IN6CPBD induces more apoptotic cells than DC-81, cells were
cultured with agents at a concentration of¥ for 24 h and then stained with annexin V-FITC, and approximately 10,000 cells from each group
were analyzed by FACS. (B) Dot plots for A375 cells treated with graded concentrations of INGCPBD for 24 h and then stained with Pl and an
annexin \V-FITC conjugate specifically detecting the exposure of PS residues at the cell surface. Approximately 10,000 cells from each group were
analyzed by flow cytometry. Data shown are of a representative experiment repeated three times with similar results.

0.2 to 1.7%). A375 cells were observed to undergo IN6CPBD- mitochondria and undergoes a red shift in fluorescence during
induced apoptosis in a dose-dependent manner. membrane depolarization. IN6CPBD exhibited a marked reduc-
IN6CPBD Induced Mitochondrial Membrane Potential tion in cellular uptake of the fluorochrome compared to that of
(AWny) Disruption. Previous studies have suggested that a DC-81(Figure 5A). As demonstrated in Figure 5B, cells treated
decline of AW,y may be an early event in the process of cell with doses higher than &AM exhibited significant decline of
death. Therefore, we investigated wheth& ,; disruption was AW in A375 cells. Compared with that of the untreated
involved in agent-induced apoptosis. A375 cells were harvestedcontrol, AW, was significantly reduced in A375 cells exposed
24 h after treatment with compound (DC-81, IN6CPBD) at a to 2 (p < 0.05) and 4uM (p < 0.01) IN6CPBD, respectively.
concentration of 4M or treated with graded concentrations of The decrease in fluorescence intensity reflects the collapse of
IN6CPBD, then analyzed by flow cytometry after Di@Gye AW, which generally defines an early but already irreversible
labeling. The dye binds to the inner and outer membrane of stage of apoptosi2(). These results reveal that exposure of
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Figure 5. Effect of IN6CPBD on the mitochondrial membrane potentiai{.;). (A) To clarify whether IN6CPBD has mo#sW ., disruption than
DC-81, cells were cultured with agents at a concentrationgd¥i4or 24 h and then stained with DiQCand approximately 10,000 cells from each
group were analyzed immediately by flow cytometry. 8¥: of A375 cells after exposure to IN6GCPBD-{@ uM) for 24 h. Approximately
10,000 cells from each group were analyzed by flow cytometry. The number in M1 indicates the percentage of cells withAthuced
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Figure 6. Intracellular pHiin A375 cells after INGCPBD treatment. Histogram of fluorescence ratio (635/575 nm) vs cell count in A375 cells with
various concentrations of IN6GCPBD treatment and stained with carboxy-SNARF-1-AM. Approximately 10,000 cells from each group were analyzed

immediately by flow cytometry.
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A 120 | significantly increases intracellular,B, and Q" levels. In
addition, catalase and SOD significantly abrogated the increased
ROS production of A375 cells treated withgM IN6CPBD

100 T
2 - (Figure 8A and B).
s IN6CPBD Induced Cytochrome c Release An important
| consequence of mitochondrial dysfunction is the translocation
L of cytochromec from the mitochondrial intermembrane space
| to the cytosol 22, 23). As shown in Figure 9, cells treated with
0 1 2

Relative ATP level (%)

o 8 & 8 8&

doses higher than4M IN6CPBD exhibited significant increase
of the intracellular cytochrome levels in A375 cells.
IN6CPBD Induced Caspase-3/PARP DegradationPoly
4 (ADP-ribose) polymerase (PARP) has been identified as a

Concentration (uM) substrate for caspase-3. Data from Western blot experiments
B 5 showed that activation of two apoptotic signals and degradation
of PARP and caspase-3 were observed when A375 cells were
exposed to 4«M IN6CPBD (Figure 10).

ol =
3 Discussion
DNA is a target for many antitumor drugs currently used in
g clinics. However, there are only a few DNA-interactive agents
that bind to DNA with high sequence selectivity. Selectivity is
ﬂ D generally thought to favor the targeting of the rapidly growing
~ o+ -«
DCF HE

Relative ROS level (fold)

tumor cells. The development of low molecular weight mol-
ecules with the highly sequence-selective DNA-interactive
properties is a present study of interest. We have previously
4 M IN6CPBD reported an efficient synthesis of DC-84J, as a starting point
Figure 7. Effect of IN6CPBD on the intracellular ATP levels of the for the design of novel dlmerlc _and conjugate agents that W.OU|d
A375 cells. (A) A375 cells were treated with 0, 1, 2, anduM! be expected to be more biologically potent. We next combined
IN6CPBD for 24 h. Relative ATP levels were calculated as the DC-81 and an indole 2-carbonyl moiety to synthesize IN6GCPBD

percentage of the M level. (B) Relative ROS level (DCF and HE)  designed to have much higher sequence selectivity in DNA
of A375 cells were obtained after;M IN6CPBD treatment with or interactivity

without oligomycin (25«M), a mitochondria-specific§~ATP synthase In thi t. d d MTS cell liferati ¢
inhibitor. Approximately 10,000 cells from each group were analyzed !N tNIS study, we used an cell proliferation assay 1o

0

Oligomycin ...,

by flow cytometry. ** p < 0.01 as compared to the control. evaluate the cytotoxicity of tested compounds in human
melanoma A375 cells. Our results indicated that IN6CPBD is

melanoma A375 cells to IN6CPBD inducing the drop\d¥ i more effective as an antiproliferative agent than DC-81. One

may be a possible cause for the apoptotic process. can speculate that this is because IN6CPBD recognizes more

IN6CPBD Reduced Intracellular pHi in A375 Cells. It has DNA binding sites and increases the stability of the drug/DNA
been reported that the pHi is reduced during cellular quiescencecomplex. In a previous articleld), we have demonstrated that
and decreased cell activit@1). To investigate whether reduced hybrid agents bind to DNA more efficiently than DC-81 in
pHi is due to IN6CPBD, A375 cells were treated with pH A2058 cells on the basis of the inhibition of restriction
sensitive fluoroprobe carboxy-SNARF-1-AM. Following expo- endonucleas®amH. In the present article, we extend our
sure of cells to INBCPBD (64 uM), a distinct subpopulation ~ observation to the antiproliferative effect of IN6CPBD, which
of cells were 4.4+ 0.2%, 6.6+ 0.3%, 22.2+ 0.3%, and 48.3 may be associated with cellular apoptosis. Our results showed
+ 0.6%. A representative histogram is shown in Figure 6. that the IN6GCPBD agent induces a markedly increased ac-

IN6CPBD Reduced Intracellular ATP Content in A375 cumulation of sub-G1 phase cells and triggers apoptosis as
Cells. ATP is the central parameter of cellular energetics, revealed by the externalization of annexin V-targeted PS
metabolic regulation and cellular signaling; therefore, determi- residues at the periphery of the cells. It has been hypothesized
nation of intracellular ATP is worthwhile in the characterization that the sensitivity of tumor cells to IN6GCPBD might be
of cellular physiology. Intracellular ATP was measured by associated with the DNA repair process that involves 25, (
continuously monitoring ATP production by firefly luciferase Thus, to elucide whether cellular apoptosis might be due to the
luminescence. Compared with that of the untreated control, the inhibition of nucleic acid synthesis, the expression of the p53
intracellular ATP content of A375 cells decreased about 20%, tumor suppressor gene is determined. Data from Western blot
30%, and 40% after 1, 2, and #4M IN6CPBD treatment, analysis showed a significant decrease in the expression of p53
respectively (Figure 7A). Moreover, to elucidate whether protein level of cells treated at concentratian uM IN6CPBD
increase in ROS level might be due to the decrease in cellularas compared to the control group (data not shown). Our results
ATP synthesis, cells were pretreated with a mitochondria- suggests that cells treated by INGCPBD resulted in a decrease
specific KFATP synthase inhibitor, oligomycin (28M) before in p53 expression, DNA repair deficiency, DNA synthesis block,
4 uM IN6CPBD treatment. Our results showed that pretreatment and cell cycle arrest, ultimately leading to A375 cell apoptosis.
with oligomycin increased the formation of ROS (DCF, HE) Many reports have indicated that mitochondria may play a
(Figure 7B). critical role in the commitment of cells to apoptosig), this

IN6CPBD Induced ROS Generation.To determine whether ~ prompted us to investigate whether mitochondria were the target
ROS is involved in IN6CPBD-induced apoptosis, we measured organelles in agent-induced apoptosis. Mitochondria play a
the production of intracellular D, and Q™ directly using central role in cellular homeostasis, and their homeostatic center
DCFH-DA and the HE probe. Our results showed that IN6GCPBD is the mitochondrial membrane potentiadW,). Thus, the
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Figure 8. Effect of IN6CPBD on reactive oxygen species (ROS) generation in A375 cells. Cells were untreated or incubatediN6ZPBD

for 4 h, and the ROS production (dichlorofluorescein, DCF (A); hydroethidine, HE (B) fluorescence) was measured. As a control, ROS was measured
in the presence of catalase and SOROKand Q* scavengers, respectively. Approximately 10,000 cells from each group were analyzed by flow
cytometry. Similar results were obtained in three independent experiments.

150 [ IN6CPBD (UM) 0 1 2 4

*
*
125 [ -
o B
100
1 2 4

Relative cytochrome ¢ level (%)
3

L=

Figure 10. Effect of IN6CPBD on degradation of apoptotic molecules

(PARP and caspase-3). After exposure to different concentrations of

Concentration (M) IN6CPBD for 24 h, cell lysates were collected, and the expression levels
. - of caspase-3 and PARP were determined by Western blot analysis with

Figure 9. Effect of IN6CPBD on the intracellular cytochrorndevels o S - :

of the A375 cells. The change of intracellular cytochrcmevels was specific antibodies. Similar results were observed in three separate

determined using the experimental protocol. Relative cytochrome experiments.
levels were calculated as the percentage of th#lQevel. * p < 0.05
as compared to the control.

enzymatic activity, receptor-mediated signal transduction, ion
assessment af Wy in cells is worthy of investigation. In this ~ transport, and homeostasis. The pH sensitive fluoroprobe
study, IN6CPBD exhibited morAW , disruption than DC-81. carboxy-SNARF-1-AM assay was employed in this study. Our
In addition, A375 cells treated with dosages higher thasML data revealed that concentration higher thanM. IN6CPBD
IN6CPBD exhibited a marked decreaseAW . pHi plays an on A375 cells caused a significant reduction in the fluorescence
important role in a variety of cellular processes, including ratio because of the development of apoptotic cell death.
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Mitochondrial oxidative phosphorylation is the major ATP  (7) Mountzouris, J. A., Wang, J. J., Thurston, D. E., and Hurley, L. H.

synthetic pathway in eukaryotes. A study is in progress to (1994) Comparison of a DSB-120 DNA i_nterstrand_ cross-linked adduct
. - ; . with the corresponding bis-tomaymycin adduct: an example of a
investigate whether decreased intracellular ATP is due to successful template-directed approach to drug design based upon the

IN6CPBD treatment. Our study showed a decrease of intra- monoalkylating compound tomaymycijadaemEian. 373132~
cellular ATP content in response to IN6CPBD treatment. 3140_-” Bach £ and Zbind Lo7a) Bt .
AIthOUgh mitochondria-dependent depletion of A,TP would by ® c?;dg:)my((::ln arijcarr?tﬁ?gﬁyciﬁ c?r?electrlgc:rr:j‘iogr.aé 2nd)mito§r$ct)?1d?ial
itself damage cells because of the failure to provide energy for metabolism of the rat hea | _—G——S'. 53451 486.
membrane pumps, a greater hazard is the generation of ROS (9) Thurston, D. E., and Bose, D. S. (1994) Synthesis of DNA-interactive
(Figure 7B). Accumulation of ROS has been shown to be an pyrrolo[2, 1<][1,4]benzodiazpine julifiimigg 94, 433-465.

. . - (10) Hurley, L H., and Draves, P. H. (1993) Advances in the Study of
effective mechanism to activate programmed cell deaf). ( Pyrrolo[2,1€][1,4]benzodiazepine (PBD) Antitumor Antibiotics. In

We found that ROS was involved in apoptotic effect induced Molecular Aspects of the Interaction of-f-CC-1065 with DNA(
by IN6CPBD treatment. In addition, application of catalase and $eldkle, S., and Waring, M. J.,Eds.) pp-8833, Macmillan Press, New
H —e OrK.
ggg,g:rj&%ggicoélgntc:e%tedssv?/}*??Ngg’C%béggated the enhanced (11) Mitchell, M. A., Kelly, R. C., Wicnienski, N. A., Hatzenbuhler, N.
: T., Williams, M. G., Petzold, G. L., Slightom, J. L., and Siemieniak,

The release of cytochronwoeo the cytosol represents another D. R. (1991) Synthesis and DNA crosslinking by a rigid CPI dimer.
consequence of the mitochondrial permeability transition. Cy- imimRis—_C. 118994-8995.
tosolic cytochromee has been implicated in the activation of ~(12) Zhou, Q., Duan, W., Simmons, D., Shayo, Y., Raymond, M. A., Dorr,

. o R. T., and Hurley, L. H. (2001) Design and synthesis of a novel DNA-
caspases 3 and 23 27). These cysteineaspartate SpeCIfIC. DNA interstrand adenine-guanine cross-linking ag hiibiiimiiag,
proteases play a key role in the downstream events associated  Soc. 1234865-4866.

with the apoptotic cascade. We found an increase in cytosolic (13) Kase, H., Iwahashi, K., and Matsuda, Y. (1986) K-252a, a potent

. . inhibitor of protein kinase ¢ from microbial origiriadakRial. 39
cytochromec in A375 cells treated with at least 2M 10591065,

IN6CPBD. Furthermore, we also observed that IN6CPBD (14) wang, J. J., Shen, Y. K., Hu, W. P., Hsieh, M. C., Lin, F. L., Hsu, M.
exposure resulted in a degradation of caspase-3 and cleavage K., and Hsu, M. H. (2006) Design, synthesis, and biological evaluation
of the DNA repair enzyme, PARP. of pyrrolo[2,1¢][1,4]benzodiazepine and indole conjugates as anti-

. cancer agentyidataimiam. 491442-1449.
The data gathered in the present study demonstrated that cell§15) Shenker, B. J., Datar, S., Mansfield, K., and Shapiro, I. M. (1997)

exposed to IN6CPBD initiate mitochondrial changes including Induction of apoptosis in human T-cells by organomercuric com-
a decline inAW,,, a decrease in pHi, a reduction of ATP pounds: A flow cytometric aﬂa'w*'- 143

. ; 397-406.
synthesis, increased ROS generation, and cytochmlease. ¢\ o100 "R s, (2006) Modeling mitochondrial funcligzd.
In addition, IN6CPBD also induced a marked increase of sub- | 20c1107-c1113.

G1 accumulation, phosphatidylserine translocation, and caspase¢17) Herlyn, M., Clark, W. H., and Rodeck, U. (1987) Biology of tumor
3/PARP degradation to identify apoptotic cells. In conclusion, progression in human melanocyfiftdugt 56, 461-474.

. : ; ; (18) Scudiero, D. A., Shoemaker, R. H., Paull, K. D., Monks, A., Tierney,
our study confirms for the first time that INGCPBD induces S.. Nofziger. T. H., Currens, M. J. Seniff, D. D., and Boyd, M. R.

apOPItOSiS in A375 cells.and that |N6CPBD'ianC?d apoptosis (1988) Evaluation of a soluble tetrazolium/formazan assay for cell
may involve mitochondrial dysfunction. These findings suggest growth and drug sensitivity in culture using human and other tumor
that IN6CPBD may represent a promising compound that may %e;'r\'/';‘iis-sﬁilégg?a 4%%?;4§33dement M. and Loh, K. (1995)
be of interest in cancer chemoprevention. Purified’pﬁbtoprodhctg of merc’)cyl/’anine 546 tfibger cytdch.rarne

. . . release and caspase 8-dependent apoptosis in human leukemia and
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