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ABSTRACT
Aims of the present work include 1. Qualifying anti-cancer activity of PK-11195 particularly apoptosis inducing effect on Evi1 expressing 3T3-L1 adipocyte
cell lines. 2. Identifying the role of Ca III as an antioxidant in Evi1 expressing 3T3-L1 cell lines. 3. Defining the relation of PK-11195’s pro-apoptotic activity
to its reported inhibitory action on mitochondrial ATPase. Cell Viability was measured by MTT assay. Apoptosis and caspase activation was measured by
caspase 3/7 Glo assay. Western blotting was used to identify protein expression and oxidative stress was measured by Glutathione Reductase assay,
Superoxide dismutase assay and Lipid Peroxidation assay. The concluding point that could be made as the results infer is that, by directly inhibiting
mitochondrial ATPase PK-11195 induces oxidative stress hence apoptosis in Evi1 expressing 3T3-L1adipocytes and this sensitivity of 3T3-L1-Evi1 cells is
due to the loss of carbonic anhydrase III (Ca III) in those cells.
Keywords: Evi1, mitochondrial ATPase, Oligomycine sensitivity conferring protein, PK-11195 and Ca III

INTRODUCTION
Evi1 was first discovered in 1987 in AKXD-23 recombinant
inbred mice that developed myeloid tumors rather than
common B and T cell lymphomas1. Evi1 is a zinc finger
transcription factor with two Cys2-His2 zinc finger domains
one with 7 zinc fingers at the N-terminal called ZF1 and the
other with 3 zinc fingers at the C terminal called ZF22. ZF1
and ZF2 have distinct DNA binding specificities3. There are
two distinct repressor domains named Rp4 and IR5 between
ZF1 and ZF2. It contains an acidic domain at C terminus2.
Evi1 is expressed in adult human kidney, lung, pancreas,
brain and ovaries6 and is active during embryonic
development7 and its activity is essential for hematopoietic
stem cell self-renewal8. HSCs in Evi1-/- embryos are
markedly decreased in numbers with defective repopulating
capacity9. Evi1 is essential for suppression of terminal
differentiation of bone marrow progenitor cells6. Although
Evi1’s physiological roles are still the hot topics of research,
its pathophysiological roles are better understood in chronic
myeloid leukemia (CML), myelodysplastic syndrome
(MDS), acute myeloid leukemia (AML) and promyelocytic
leukemia. EVI1 is also found to play a role in solid ovarian
and colon tumors10. It has been proposed that Evi1 acts as a
survival factor in these tumor cell lines, preventing
therapeutic-induced apoptosis and became resistance
conferring factor to current treatments11. Peripheral
benzodiazepine receptor (PBR) or translocator protein (18
KDa) (TSPO) is a transmembrane protein that is located
mainly in the outer mitochondrial membrane and other sub
cellular compartments12,13. TSPO is associated with the
regulation of cholesterol transport, synthesis of steroid
hormones, porphyrin transport, heme synthesis, apoptosis and
cell proliferation13. A benzodiazepine family member 1-(2chlorophenyl-N-methylpropyl)-3 isoquinoline carboxamide
(PK-11195) is a potential anticancer drug14,15. PK-11195
sensitizes transformed cells to 1) Apoptosis inducing agents
like
anti-CD9516,
cytokine
mda-7/interleukin-2417,

proapoptotic second messenger ceramide18, Bcl-2 antagonist
HA14.119,20 and anti-CD33 antibody conjugated to
gemtuzumab ozogamicin21. 2) Apoptosis inducing
chemotherapeutic
drugs
including
doxorubicin18,20,
22
16,23
daunorubicin , etoposide , 5-fluorouracil, UV and girradiation23,
ifosfamide16,
paclitaxel,
docetaxel18,20,
24
25,26
27
colchicine , arsenicals , lonidamine and bortezomib28.
Further PK-11195 can also induce apoptosis directly in some
cell types14. Its pro-apoptotic action is both TSPO
dependent24,29 and independent30,31. Although antiproliferative and pro-apoptotic actions of PK-11195 are
proposed to be mediated through TSPO31,32, ABC
transporters30 and phosphodiesterase33, stronger evidences
need to be established. PK-11195 induces caspase dependent
apoptosis in CLL cells34. In addition to this PK-11195 has
been suggested to induce oxidative stress and this stress
generation is upstream to the mitochondrial membrane
potential collapse35. Carbonic anhydrase III (CA III) is
distinguished from its isozymes by several characteristics,
particularly by its low specific activity as a carbon dioxide
hydratase and resistance to acetazolamide, which inhibits the
isozymes I and II36,37. CA III is abundant in red skeletal
muscle, rat liver and in adipocytes38. It is also present in some
other tissues and cell types in smaller quantity39. In addition
to its carbon dioxide hydratase activity, CA III has a carboxyl
esterase activity and tyrosine phosphatase activity40. CA III
with two of its five cystein residues undergoes Sglutathiolation41, which is an early cellular response to
oxidative stress42. Glutathiolation of CA III is increased
during aging and reversibly regulates its tyrosine phosphatase
activity43. CA III has two sulfhydryl groups and it is the basis
for speculation that it may have a role in scavenging oxygen
radicals in skeletal muscle cells44,45 and CA III mRNA is
induced in muscle of athletes training under hypoxic
conditions46. Tyrosine phosphatase activity, which is
dependent on cellular redox state, suggests that CA III may
have a role in intracellular signaling in response to oxidative
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stress. A recent study reported that hydrogen peroxide
treatment has breached Evi1’s anti-apoptotic potential and
induced apoptosis in rat fibroblasts expressing Evi1. This
apoptosis inducing potency of oxidative stress in these cells
is imputed to the transcriptional repression of Ca III by
Evi147. A number of apoptosis inducing agents like UV,
tumor necrosis factor-α, TGF-β, interferon-α, arsenic toxoid
and taxol have been used to study the impact of Evi1 on
apoptosis. PK-11195 also induces apoptosis in a number of
cases but has not been tested particularly on Evi1 expressing
tumors. The objectives of the present work includes 1)
Testing anti-cancer effect of PK-11195, particularly apoptosis
inducing effect on Evi1 expressing 3T3-L1 cell lines.
2)
Finding the role of Ca III as an antioxidant in this
phenomenon and 3) Identifying the role of mitochondrial
ATPase in this phenomenon.
MATERIALS AND METHOD
Cell Cultures Antibodies and Chemicals
Mouse 3T3-L1 adipocytes endogenously express Ca III. 3T3L1 cells transfected with Evi1 represented as 3T3-L1-Evi1
was a generous provision from Dr. Krishna Mohan. These
stable populations were time to time sub-cultured and
incubated at 5 % CO2. Anti-Ca III (P-17, sc-50715) and antiEvi1 (E-19, sc-54198), anti-GAPDH (V-18, sc-20357) and
rabbit anti-goat IgG-HRP (sc-2768) antibodies and Ca III
siRNA (sc-60310) were purchased from Santa Cruz
Biotechnology, Inc. Caspase 3/7®Glo assay system (G8090)
was purchased from Promega. MISSION® siRNA
Transfection Reagent (S1452) and all the other chemicals
were purchased from Sigma-Aldrich Chemicals Pvt. Limited.
Caspase 3 Assay
Cells were incubated in 96-well dishes, relevant indicated cell
populations were treated with 70 µM PK-11195 and
apoptosis was determined by Caspase 3 ⁄ 7-Glo®assay
according to the manufacturer’s instructions. Luminescence
was measured with a luminometer (Centro LB 960).
Western Blotting
Total protein extracts were made from indicated cell
populations and performed native PAGE and further this gel
was used to transfer band pattern on to PVDF membrane
electrophoretically. This PVDF membrane was used to
perform western blotting with either of anti-Ca III, anti-Evi1
or anti-gapdh antibodies diluted according to the
manufacturer’s instructions. Appropriate horseradish
peroxidase-conjugated anti-goat IgG was used as secondary
antibody at 1 ⁄ 5000 dilutions and detection was performed by
enhanced chemi luminescence (Pierce, Rockford, IL, USA,
32209).
MTT Assay
MTT assay was performed on cells grown in 96-well tissue
culture plates following treatment with relevant concentration
of PK-11195. Cells were treated with 500 µg/mL MTT in
complete medium, 370C, 5 % CO2 for 1 h. The medium was
removed and replaced with 100 µl dimethylsulfoxide and
absorbance measured at 570 nm using an MRX plate reader
(Synergy™ H1, BioTek). The final absorbance was
determined by subtracting the absorbance of treated wells
lacking cells. The formazan concentration was determined
using the formula:

C (formazan concentration; lm) = A (absorbance) ⁄ e (extinction coefficient)
1 (path length).

Sub cellular Fractionation
Mitochondrial fractionation was prepared by differential
centrifugation method. 1 ml of trypsinized cell cultures were
suspended in Tris – buffer and centrifuged at 1000X g for 10
minutes and the pellet was suspended in 0.25M ice cold
sucrose solution and sonicated at 50 % amplitude on ice
bucket. This sonicated sample was the centrifuged at 1000x g
for 10 minutes at 4oC and the supernatant was taken in the
fresh vial. This supernatant was again centrifuged at 12000X
g for 10 minutes at 4oC supernatant was discarded and the
brown coloured pellet was stored in TAE buffer (50 mM
EDTA) pH 8.5 which seems to stabilize the ATPase
permitting them to be stored at 4oC for several weeks without
significant loss of activity.
Total ATPase Assay
Ascorbate-ammonium molybdate assay was used to measure
inorganic phosphate. The ATP hydrolysis assay was
conducted in TM buffer (100 mM Tris buffer, 10 mM MgCl2)
at pH 8.5. TM buffer was adjusted appropriately higher than
its final pH to neglect the pH drop caused by 10 mM ATP.
The linear range of phosphate detected was 1 to 40 nM. The
compound is prepared in different concentrations with
DMSO and to this 100 µl of mitochondrial fraction is added
and the reaction is carried out 30oC for 15 minutes, at which
point it was stopped with 300 µl of solution containing
sodium dodecyl sulfate (SDS), HCl, and ammonium
molybdate (0.05 %) and incubated for 10 minutes.
Absorbance is measured at 750 nm against blank containing
all the components except mitochondrial fraction.
Biochemical Assays
Trypsinized cell cultures were suspended in Tris - buffer and
sonicated. These sonicated samples were centrifuged to
remove out the membrane debris and used as an enzyme
source.
Glutathione Reductase Assay
Glutathione Reductase activity was determined by measuring
the decrease in absorbance at 340 nm. The reaction mixture
with a total volume of 1 ml contains 100 µl of 0.5
M potassium phosphate containing 1 mM EDTA (pH 7.8),
810 µl of distilled water, 50 µl of enzyme source, 20 µl of 10
mM NADPH in 50 mM potassium phosphate containing 1
mM EDTA (pH 7.8) and 20 µl of 10 mM oxidized
glutathione (GSSG) in 10 mM potassium phosphate. The
reaction mixture was carefully mixed and read at 340 nm in
Spectrophotometer
(NanoDrop
8000
UV-Vis
Spectrophotometer). The activity of glutathione reductase
was expressed in terms of µM NADPH oxidized per mg
protein per minute.
Superoxide Dismutase Assay
Superoxide dismutase was assayed. The assay mixture
contained 2.4 ml of 50 mM Tris-HCl buffer containing 1 mM
EDTA (pH 7.6), 300 μl of 0.2 mM pyrogallol and 300 μl
enzyme source. The increase in absorbance is measured at
420 nm against blank containing all the components except
enzyme and pyrogallol at 10 seconds interval for 3 minutes
on Shimadzu UV spectrophotometer. The activity of the
enzyme was expressed in μM of pyrogallol oxidized/min per
mg of protein.
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Lipid Peroxidation
A break down product of lipid peroxidation, thiobarbituric
acid reactive substances (TBARS) was measured. This TBA
test involves the reaction of aldehydes with TBA at 100o C
under acidic condition to produce a pink colour, which
strongly absorbs light at wave length of 535 nm. 100 μl of
sonicated sample was added in 900 μl Tris buffer (pH 7.5)
then 2 ml of TCA-TBA-HCl reagent was added to this and
mixed thoroughly. The solution was incubated for 15 minutes
in a boiling water bath. The Flocculent precipitate was
removed by centrifuging at 1000X g for 10 minutes. The
absorbance of sample was measured at 535 nm against blank
that contain no sample. A standard curve was constructed by
plotting the amounts of commercially bought product
malondialdehyde to the measured absorbance. The TBARS
(Thio Barbutiric Acid Reactive Substance) was expressed as
μM of malondialdehyde produced/minute.
RESULTS
Evi1 Expressing 3T3-L1 Adipocytes Undergo Apoptosis
With PK-11195 Treatment
To determine the effect of PK-11195 treatment on Evi1
expressing fibroblasts 3T3-L1-Evi1 cells were exposed to
different concentrations of PK-11195 in DMSO for 12 h. Cell
viability monitored by 3-(4, 5-dimethylthiazol-2-yl)-2, 5diphenyl-tetrazolium bromide (MTT) assay. Evi1 expression
was evident in western blot analysis (Figure 1.A). Histogram
shows that cell viability reduced in a PK-11195 dosedependent manner in both the indicated cell lines and
significant reduction in viability is observed in 3T3-L1-Evi1
cells and is most significant at 70 µM PK-11195 (Figure
1.B). This suggests that ectopic Evi1 expression reduces the
survival capacity of 3T3-L1 cells on PK-11195 treatment due
to suppression of Ca III transcriptionally by Evi1. With the
speculation that this cell death could be due to apoptosis, we
examined Caspase 3 activity in both the indicated cell lines.
The results show here that Caspase 3 catalytic activity is
enhanced on PK-11195 treatment for 12 h in both
populations but significantly greater in 3T3-L1-Evi1
compared to 3T3-L1 cells. All together this suggests that
Evi1 expression in 3T3-L1 adipocytes sensitizes to PK-11195
induced apoptosis.
PK-11195 Treatment Enhances Oxidative Stress in 3T3L1 Adipocytes Expressing Evi1
Previous studies have shown that PK-11195 induces
oxidative stress. Both 3T3-L1 and 3T3-L1-Evi1 cell lines
were incubated with 70 µM PK-11195 for 12 h and oxidative
stress was assessed by the means of assaying the enzymatic
activities of superoxide dismutase (SOD) and glutathione
reductase (GR), and measuring the levels of lipid
peroxidation. The results show that enzymatic activities of
SOD (Figure 4.A) and GR (Figure 4.B), expressed as nM of
pyrogallol oxidized/min and nM of NADPH oxidized / min
respectively, were reduced in both the indicated cell line
extracts but were significantly reduced in 3T3-L1-Evi1 cells
on 70 µM PK-11195 treatment for 12 h. Level of lipid
peroxidation, expressed as µM malondialdehyde produced /
15 minutes, was also increased in both the indicated cell lines
but was most significant among 3T3-L1-Evi1 cell lines on 70
µM PK-11195 treatment for 12 h (Figure 4C). All together
this infers that PK-11195 treatment enhances oxidative stress
in 3T3-L1 cells expressing Evi1.

Ca III Knockdown Sensitizes 3T3-L1 Adipocytes to
Oxidative Stress and Apoptosis Induced By PK-11195
Previous reports suggest that carbonic anhydrase III (Ca III)
acts as an antioxidant and protects cell from free radical
stress. A recent report states that Ca III is a key role player in
hydrogen peroxide induced apoptosis in Evi1 expressing
Rat1 fibroblasts. Ca III knockdown experiments were
conducted on 3T3-L1-Evi1 with the conjecture of potential
involvement of Ca III in induction of oxidative stress and
apoptosis on PK-11195 treatment. Western blot analysis was
performed to identify effective Dicer-substrate siRNA
(DsiRNA) (Figure 3A). These cells were incubated along
with the untransfected cells, with PK-11195 for 12 h. Cell
viability monitored by 3-(4, 5-dimethylthiazol-2-yl)-2, 5diphenyl-tetrazolium bromide (MTT) assay and oxidative
stress was assessed by the means of assaying the enzymatic
activities of superoxide dismutase (SOD) and glutathione
reductase (GR) and measuring the levels of lipid
peroxidation. Caspase 3 activity was measured for level of
apoptosis. Results show that the knockdown of Ca III is
about three fold lower than in untransfected ones (Figure
3A). Significant difference in percent viability is evident
between transfected and untransfected cells, but most
significant at 70 µM PK-11195 (Figure 3B). We examined
Caspase 3 activity in both the indicated cell lines. The results
show here that Caspase 3 catalytic activity is enhanced on
PK-11195 treatment for 12 h in both populations but
significantly greater in Ca III si RNA transfected cells
compared to untransfected cells (Figure 3C). Results also
show that enzymatic activities of SOD (Figure 5A) and GR
(Figure 5B) were reduced both in transfected and
untransfected cells, but were significantly reduced in Ca III
siRNA transfected cells treated with 70 µM PK-11195 for 12
h. Level of lipid peroxidation was also increased in both the
indicated cell lines but was most significant among Ca III
siRNA transfected cell lines treated with 70 µM PK-11195
for 12 h (Figure 5C). All together this infers that Ca III
knockdown sensitizes 3T3-L1 cells to oxidative stress and
apoptosis induced by PK-11195.
PK-11195 Inhibits Mitochondrial ATPase
Reports infer that PK-11195’s activities like antimitotic and
suppression of keratinocyte proliferation are owing to its
action on OSCP of mitochondrial ATPase. In vitro ATPase
assay was performed with the speculation of PK-11195’s
direct action on mitochondrial ATPase. The results obtained
narrate the direct action of PK-11195 on mitochondrial
ATPase which could be the possible reason behind PK11195’s role in inducing oxidative stress. A dose dependent
inhibition was observed where the maximum inhibition was
observed at 100 µM of PK-11195.
DISCUSSION
In the present study we show that PK-11195, a peripheral
benzodiazepine receptor ligand acts on Evi1 expressing 3T3L1 cells and induced apoptosis through Caspase 3 activation.
Evi1 is a proto-oncogenic zinc finger transcription factor
involved in some human neoplasias. It’s over expression is
observed in acute
myeloid leukemia (AML)48,
myelodysplastic syndromes and chronic myelogenous
leukemia49-52 and in some hepatocellular carcinoma53. A full
length form of Evi1 is 145 kDa and alternate splicing
produces 88 kDa version. In fact its implication in AML is in
the form of fusion protein formed by t (3:21) (q26:q22)
translocation50.
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A

B
Figure 1: A) Western blot analysis of whole cell extracts derived from 3T3-L1 and 3T3-L1-Evi1 cells with Evi1 and GAPDH antibodies. The positions
of 147 kDa Evi1 and 35 kDa GAPDH proteins are shown. B) Histogram of percentage viability (MTT assay) of untreated cells and cells treated with
different concentrations of PK-11195 for 12 h. The columns represent the mean of an experiment performed in triplicate and error bars the standard
deviation

Figure 2: Histogram showing relative Caspase 3 activity of the indicated cell line in the absence and presence of 70 µM PK-11195 for 12 h. The
columns represent the mean of an experiment performed in triplicate and error bars the standard deviation
A

B
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C

Figure 3: A) Western blot analysis using Ca III and GAPDH antibodies, of whole cell protein extracts derived from both untransfected and
transfected 3T3-L1 cells with Ca III siRNA. The positions of 27 kDa Ca III and 35 kDa GAPDH proteins are labeled. B) Histogram of percentage
viability (MTT assay) of untransfected and transfected 3T3-L1 cells with Ca III siRNA in the presence or absence of 70 µM PK-11195. The columns
represent the mean of an experiment performed in triplicate and error bars the standard deviation. C) Histogram of relative Caspase 3 activity of
untransfected and transfected 3T3-L1 cells with Ca III siRNA in the presence or absence of 70 µM PK-11195. The columns represent the mean of an
experiment performed in triplicate and error bars the standard deviation.
A

B

C
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Figure 4: A) Histogram of levels of superoxide dismutase (SOD) in indicated cell line extracts in the presence and absence of 70 µM PK-11195. The
columns represent the mean of an experiment performed in triplicate and error bars the standard deviation. B) Histogram of levels of Glutathione
reductase (GR) in indicated cell line extracts in the presence and absence of 70 µM PK-11195. The columns represent the mean of an experiment
performed in triplicate and error bars the standard deviation. C) Histogram of levels of Lipid peroxidation in indicated cell line extracts in the
presence and absence of 70 µM PK-11195. The columns represent the mean of an experiment performed in triplicate and error bars the standard
deviation.
A

B

C

Figure 5: A) Histogram of levels of superoxide dismutase (SOD) in indicated cell line extracts in the presence and absence of 70 µM PK-11195. The
columns represent the mean of an experiment performed in triplicate and error bars the standard deviation. B) Histogram of levels of Glutathione
reductase (GR) in indicated cell line extracts in the presence and absence of 70 µM PK-11195. The columns represent the mean of an experiment
performed in triplicate and error bars the standard deviation. C) Histogram of levels of Lipid peroxidation in indicated cell line extracts in the
presence and absence of 70 µM PK-11195. The columns represent the mean of an experiment performed in triplicate and error bars the standard
deviation
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Figure 6: Measurement of ATPase activity in 3T3-L1 adipocyte mitochondrial fraction at different concentrations of PK-11195. In the histogram the
columns represent the mean of an experiment performed in triplicate and error bars the standard deviation

Growth promotion through evasion of apoptosis is a hallmark
of tumors. Reports suggest that Evi1 acts as a survival factor
and inhibits Rat1 cells from apoptosis and key contributor in
the progression of leukemia. Its role as survival factor is
supported physiologically as mice require Evi1 to maintain
hematopoietic stem cell numbers9 and essential in murine
development7. Evi1 binds to both co-repressors and coactivators and also binds DNA directly and acts as a
transcriptional repressor. A well-established example for this
role is regulation and induction of GATA29,54. Microarray
analysis in Rat1 cells revealed that Evi1 transcriptionally
represses Ca III gene47, which protects cells from oxidative
stress55,56. Ca III is said to be present in high level in rat liver
and decreases during aging so called senescence marker
protein57 and it is widely accepted that oxygen toxicity may
be implicated in aging and in the etiology of a wide variety of
pathological conditions like muscular dystrophy and diabetes.
Many growth signal-transducing proteins depend on their
redox state. Such proteins include growth factor receptors,
protein kinases, protein phosphatases, and a number of
important transcription factors including NF-kb and AP-15861
. Reports explained catalase as a growth promoting factor62
and superoxide dismutase transfected cells exhibited features
of cellular senescence63. A strong inference from these is that,
oxidative stress regulators could also act as growth regulators
by maintaining oxidative stress balance. In the present work
Ca III knockdown sensitizes 3T3-L1 cells to apoptosis
induced by PK-11195, which strongly infers that PK-11195
could possibly functions through induction of oxidative
stress. SOD, GR and lipid peroxidation measurement
confirmed that PK-11195 indeed induces oxidative stress.
ROS is known to modulate a variety of cellular functions. It
has been shown that ROS induces apoptosis in several cell
types, including neuronal cells64,65. H2O2 and O2- cause
apoptosis through MPT (membrane permeability transition)6668
and some anticancer drugs induce apoptosis through ROS
formation69-76. The present report suggests that PK-11195 can
induce caspase dependent apoptosis in Evi1 expressing 3T3L1 cells. PK-11195 is a high affinity PBR ligand. PBR has a
recorded activity as putative therapeutic cell death target77,78.
Though PK-11195 has been tested for its ability as an
apoptosis inducing agent, the mechanism by which it acts is
multifaceted, which include chemo-sensitization to various
therapeutic agents and potentiation of TNF toxicity79.
Another PBR ligand Bz-423 is a pro-apoptotic agent with
efficacy against autoimmune diseases in several murine

models80,81. An intimate activity of PBR ligand Bz-423 in
suppressing keratinocyte proliferation could be attributed to
its ability to bind OSCP (Oligomycine Sensitivity Conferring
Protein) and inhibit mitochondrial ATPase82. A Report infers
that antimitotic activity of high affinity PBR ligand PK11195 could also be attributed to the action of PBR ligand on
mitochondrial ATPase83. Oligomycine sensitivity-conferring
protein (OSCP) is a subunit of mitochondrial ATP synthase
and is present in the stalk region between the F0 and F1
segments. Inhibition of mitochondrial ATPase would lead to
increased superoxide, resulting in cell growth arrest and
redox regulated apoptosis through membrane permeability
transition (MPT)84. PK-11195 can potently sensitize to
apoptosis induction independent of PBR27. At this juncture it
can be hypothesized that PK-11195 may have a direct action
on mitochondria. In fact in the present work PK-11195
inhibited mitochondrial ATPase action in mitochondrial sub
cellular fraction (Figure 6). Although PK-11195 was tested
on AML for its chemosensitizing activity30, 21,85, it was not
tested for its individual activity in induction of apoptosis. In
fact PK-11195 alone induces apoptosis in chronic lymphoid
leukemia (CLL), whereas mechanism is not clear. However
no reported properties and interactions of PK-11195 seemed
to be involved in this action. It releases cytochrome c and
induces caspase-dependent apoptosis in CLL cells14 and
consistently our results showed caspase 3 catalytic activities
is increased on PK-11195 treatment.
CONCLUSION
It is inferred based on established reports and results obtained
in the present study that PK-11195 causes cell death through
induction of oxidative stress. PK-11195 promotes caspase
dependent cell death in Evi1 expressing 3T3-L1 adipocytes
by increasing cellular oxidative stress due to absence of Ca
III dependent antioxidant system. PK-11195 acts through
inhibition of mitochondrial ATPase to increase cellular
oxidative stress, which goes on its way to induce apoptosis
due to lack of Ca III antioxidant system.
ACKNOWLEDGMENT
Author is thankful to Professor Christopher Bartholomew, Glasgow
Caledonian University (GCU), UK for his guidance and support during
author’s stay at GCU for the fulfillment of his academic project. Author also
expresses his heart full thanks to Dr. Krishna Mohan, Basavatarakam IndoAmerican Cancer Hospital and Research Institute, India for generously
providing cell cultures and work space to fulfill the present work.
REFERENCES

Page 182

G. Mohana Krishna et al. Int. Res. J. Pharm. 2014, 5 (3)
1.

2.

3.

4.

5.

6.
7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Mucenski ML, Taylor BA, Copel NG, Jenkins NA. Characterization of
somatically acquired ecotropic and mink cell focus-forming viruses in
lymphomas of AKXD recombinant inbred mice. J Virol 1987; 61(9):
2929 -33.
Morishita K, Parker DS, Mucenski ML, Jenkins NA, Copeland NG, Ihle
JN. Retroviral activation of a novel gene encoding a zinc finger protein
in IL-3-dependent myeloid leukemia cell lines. Cell 1988; 54: 831–40.
http://dx.doi.org/10.1016/S0092-8674(88)91175-0
Delwel R, Funabiki T, Kreider BL, Morishita K, Ihle JN. Four of the
seven zinc fingers of the Evi-1 myeloid-transforming gene are required
for sequence-specific binding to GA(C/T) AAGA (T/C) AAGATAA.
Mol Cell Biol 1993; 13: 4291–300.
Bartholomew C, Kilbey A, Clark AM, Walker M. The Evi-1 protooncogene encodes a transcriptional repressor activity associated with
transformation. Oncogene 1997; 14: 569–77. http://dx.doi.org/10.1038
/sj.onc.1200864
Kilbey A, Bartholomew C. Evi-1 ZF1 DNA binding activity and a
second distinct transcriptional repressor region are both required for
optimal transformation of Rat1 fibroblasts. Oncogene 1998; 16: 228791. http://dx.doi.org/10.1038/sj.onc.1201732
Buonamici S, Chakraborty S, Senyuk V, Nucifora G. The role of EVI1
in normal and leukemic cells. Blood Cells Mol Dis 2003; 31: 206–12.
http://dx.doi.org/10.1016/S1079-9796(03)00159-1
Hoyt PR, Bartholomew C, Davis AJ, Yutzey K, Gamer LW, Potter SS et
al. The Evi1 proto-oncogene is required at mid gestation for neural,
heart, and paraxial mesenchyme development. Mech Dev 1997; 65: 55–
70. http://dx.doi.org/10.1016/S0925-4773(97)00057-9
Keisuke Kataoka, Tomohiko Sato, Akihide Yoshimi, Susumu Goyama,
Takako Tsuruta, Hiroshi et al. Evi1 is essential for hematopoietic stem
cell self-renewal, and its expression marks hematopoietic cells with
long-term multi-lineage repopulating activity J Exp Med 2011; 208(12):
2403-16. http://dx.doi.org/10.1084/jem.20110447
Yuasa H, Oike Y, Iwama A, Nishikata I, Sugiyama D, Perkins A et al.
Oncogenic transcription factor Evi1 regulates hematopoietic stem cell
proliferation through GATA-2 expression. EMBO J 2005; 24: 1976-87.
http://dx.doi.org/10.1038/sj.emboj.7600679
Shackelford D, Kenific C, Blusztajn A, Waxman S, Ren R. Targeted
degradation of the AML1/MDS1/EVI1 oncoprotein by arsenic
trioxide. Cancer Res 2006; 66 (23): 11360–9. http://dx.doi.
org/10.1158/0008-5472.CAN-06-1774
Liu Y, Chen L, Ko TC, Fields AP, Thompson EA. Evi1 is a survival
factor which conveys resistance to both TGFbeta- and taxol-mediated
cell death via PI3K/AKT. Oncogene 2006; 25(25): 3565–75. http://
dx.doi.org/10.1038/sj.onc.1209403
Le Fur G, Guilloux F, Rufat P, Benavides J, Uzan A, Renault C.
Peripheral benzodiazepine binding sites: effect of PK 11195, 1-(2chlorophenyl)-N-methyl-N-(1-methylpropyl)-3isoquinolinecarboxamide. Life Sci 1983; 32: 1839-47. http://dx.doi.
org/10.1016/0024-3205(83)90063-2
Papadopoulos V, Baraldi M, Guilarte TR, Knudsen TB, Lacapère JJ,
Lindemann P. Translocator protein (18kDa): new nomenclature for the
peripheral-type benzodiazepine receptor based on its structure and
molecular function. Trends Pharmacol Sci 2006; 27: 402-9.
http://dx.doi.org/10.1016/j.tips.2006.06.005
Santidrián AF, Cosialls AM, Coll Mulet L, Iglesias Serret D, De Frias
M, González Gironès DM et al. The potential anticancer agent PK11195
induces apoptosis irrespective of p53 and ATM status in chronic
lymphocytic leukemia cells. Haematologica 2007; 92(12): 1631–8.
http://dx.doi.org/10.3324/haematol.11194
Kugler W, Veenman L, Shandalov Y, Leschiner S, Spanier I, Lakomek
et
al.
Ligands
of
the
mitochondrial 18 k
Da
M
translocator protein attenuate apoptosis of human glioblastoma cells
exposed to erucylphosphohomocholine. Cell Oncol 2008; 30(5): 435–
50.
Decaudin D, Castedo M, Beurdeley Thomas A, Nemati F, De Pinieux G,
Caron A et al. Peripheral benzodiazepine receptor ligands reverse
apoptosis resistance of cancer cells in vitro and in vivo. Cancer Res
2002; 62: 1388–93.
Lebedeva IV, Su ZZ, Sarkar D, Kitada D, Dent P, Waxman S et al.
Melanoma differentiation associated gene-7, mda-7/interleukin-24,
induces apoptosis in prostate cancer cells by promoting mitochondrial
dysfunction and inducing reactive oxygen species. Cancer Res 2003; 63:
8138–44.
Hirsch T, Decaudin D, Susin SA, Marchetti P, Larochette N, RescheRigon M et al. PK11195, a ligand of the mitochondrial benzodiazepine
receptor, facilitates the induction of apoptosis and reverses Bcl-2mediated cytoprotection. Exp Cell Res 1998; 241: 426–34.
http://dx.doi.org/10.1006/excr.1998.4084
Chen J, Freeman A, Liu J, Dai Q, Lee RM. The apoptotic effect of
HA14–1, a Bcl-2-interacting small molecular compound, requires Bax

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.
37.

translocation and is enhanced by PK11195. Mol Cancer Ther 2002; 1:
961–67.
Sutter AP, Maaser K, Grabowski P, Bradacs G, Vormbrock K, Hopfner
M et al. Peripheral benzodiazepine receptor ligands induce apoptosis
and cell cycle arrest in human hepatocellular carcinoma cells and
enhance chemosensitivity to paclitaxel, docetaxel, doxorubicin and the
Bcl-2 inhibitor HA14-1. J Hepatol 2004; 41: 799–807. http://dx.
doi.org/10.1016/j.jhep.2004.07.015
Walter RB, Raden BW, Cronk MR, Bernstein ID, Appelbaum FR,
Banker DE. The peripheral benzodiazepine receptor ligand PK11195
overcomes different resistance mechanisms to sensitize AML cells to
gemtuzumab ozogamicin. Blood 2004; 103: 4276–84. http://dx.doi
.org/10.1182/blood-2003-11-3825
Jakubikova J, Duraj J, Hunakova L, Chorvath B, Sedlak J. PK11195, an
isoquinoline carboxamide ligand of the mitochondrial benzodiazepine
receptor, increased drug uptake and facilitated drug-induced apoptosis in
human multidrug-resistant leukemia cells in vitro. Neoplasma 2002; 49:
231–36.
Okaro AC, Fennell DA, Corbo M, Davidson BR, Cotter FE. Pk11195, a
mitochondrial benzodiazepine receptor antagonist, reduces apoptosis
threshold in Bcl-X(L) and Mcl-1 expressing human cholangiocarcinoma
cells. Gut 2002; 51: 556–61. http://dx.doi.org/10.1136/gut.51.4.556
Jorda EG, Jimenez A, Verdaguer E, Canudas AM, Folch J, Sureda FX.
Evidence in favor of a role for peripheral-type benzodiazepine receptor
ligands in amplification of neuronal apoptosis. Apoptosis 2005; 10: 91–
104. http://dx.doi.org/10.1007/s10495-005-6064-9
Larochette N, Decaudin D, Jacotot E, Brenner C, Marzo I, Susin SA et
al. Arsenite induces apoptosis via a direct effect on the mitochondrial
permeability transition pore. Exp Cell Res 1999; 249: 413–421.
http://dx.doi.org/10.1006/excr.1999.4519
Muscarella DE, O Brien KA, Lemley AT, Bloom SE. Reversal of Bcl-2mediated resistance of the EW36 human B-cell lymphoma cell line to
arsenite- and pesticide-induced apoptosis by PK11195, a ligand of the
mitochondrial benzodiazepine receptor. Toxicol Sci 2003; 74: 66–73.
http://dx.doi.org/10.1093/toxsci/kfg052
Ravagnan L, Marzo I, Costantini P, Susin SA, Zamzami N, Petit PX et
al. Lonidamine triggers apoptosis via a direct, Bcl-2-inhibited effect on
the mitochondrial permeability transition pore. Oncogene 1999; 18:
2537–46. http://dx.doi.org/10.1038/sj.onc.1202625
Chauhan D, Li G, Podar K, Hideshima T, Mitsiades C, Schlossman R et
al. Targeting mitochondria to overcome conventional and
bortezomib/proteasome inhibitor PS-341 resistance in multiple myeloma
(MM) cells. Blood 2004; 104: 2458–66. http://dx.doi.org/10.1182/blood2004-02-0547
Fischer R, Schmitt M, Bode JG, Haussinger D. Expression of the
peripheral-type benzodiazepine receptor and apoptosis induction in
hepatic stellate cells. Gastroenterology 2001; 120: 1212- 26. http://dx.
doi.org/10.1053/gast.2001.23260
Walter RB, Pirga JL, Cronk MR, Mayer S, Appelbaum FR, Banker DE.
PK11195, a peripheral benzodiazepine receptor (pBR) ligand, broadly
blocks drug efflux to chemo sensitize leukemia and myeloma cells by a
pBR-independent, direct transporter-modulating mechanism. Blood
2005; 106: 3584-93. http://dx.doi.org/10.1182/blood-2005-02-0711
Kletsas D, Li W, Han Z, Papadopoulos V. Peripheral-type
benzodiazepine receptor (PBR) and PBR drug ligands in fibroblast and
fibro sarcoma cell proliferation: role of ERK, c-Jun and ligand-activated
PBR-independent pathways. Biochem Pharmacol 2004; 67: 1927-32.
http://dx.doi.org/10.1016/j.bcp.2004.01.021
Gonzalez Polo RA, Carvalho G, Braun T, Decaudin D, Fabre C,
Larochette N. PK11195 potently sensitizes to apoptosis induction
independently from the peripheral benzodiazepin receptor. Oncogene
2005; 24: 7503-13. http://dx.doi.org/10.1038/sj.onc.1208907
Gimeno M, Pallas M, Newman AH, Camarasa J, Escubedo E. The role
of cyclic nucleotides in the action of peripheral-type benzodiazepine
receptor ligands in rat aorta. Gen Pharmacol 1994; 25: 1553-61.
http://dx.doi.org/10.1016/0306-3623(94)90354-9
Antonio F Santidrián, Ana M Cosialls, Llorenç Coll Mulet, Daniel
Iglesias Serret, Mercè De Frias, Diana M. González-Gironès et al. The
potential anticancer agent PK11195 induces apoptosis irrespective of
p53 and ATM status in chronic lymphocytic leukemia cells.
Haematologica 2007; 92(12): 1631-38. http://dx.doi.org/10.3324/
haematol.11194
Fennell DA, Corbo M, Pallaska A, Cotter FE. Bcl-2 resistant
mitochondrial toxicity mediated by the isoquinoline carboxamide PK11195 involves de novo generation of reactive oxygen species. Br J
Cancer 2001; 84: 1397-404. http://dx.doi.org/10.1054/bjoc.2001.1788
Tashian RE. The carbonic anhydrases: Widening perspectives on their
evolution, expression and function. Bio Essays 1989; 10: 186 –192.
http://dx.doi.org/10.1002/bies.950100603
Maren TH. Carboni anhydrase: chemistry, physiology and inhibition.
Physiol Rev 1967; 47: 595–781.

Page 183

G. Mohana Krishna et al. Int. Res. J. Pharm. 2014, 5 (3)
38. Carter ND. The Carbonic Anhydrases: Cellular Physiology and
Molecular Genetics. New York, Plenum Publishing Corp; 1991. p. 247–
56. http://dx.doi.org/10.1007/978-1-4899-0750-9_21
39. Spicer SS, Ge ZH, Tashian RE, Hazen Martin DJ, Shulte B.
Comparative distribution of carbonic anhydrase isozymes III and II in
rodent tissues. Am J Anat 1990; 187(1): 55– 64. http://dx.doi.org/
10.1002/aja.1001870107
40. Koester MK, Pullan LM, Noltman EA. The p-nitrophenyl phosphatase
activity of muscle carbonic anhydrase. Arch Biochem Biophys 1981;
211(2): 632–42. http://dx.doi.org/10.1016/0003-9861(81)90499-9
41. Chai YC, Jung CH, Lii CK, Asharif SS, Hendrich S, Wolf B et al.
Identification of an abundant S-thiolated rat liver protein as carbonic
anhydrase III; characterization of S-thiolation and dethiolation reactions.
Arch Biochem Biophys 1991; 284(2): 270 –278. http://dx.doi.org/
10.1016/0003-9861(91)90295-T
42. Rokutan K, Thomas JA, Johnston RB. Phagocytosis and stimulation of
the respiratory burst by phorbol diester initiate S-thiolation of specific
proteins in macrophages. J Immunol 1991; 147(1): 260 –264.
43. Cabiscol E, Levine RL. The phosphatase activity of carbonic anhydrase
III is reversibly regulated by glutathiolation. Proc Natl Acad Sci USA
1996; 93: 4170–74. http://dx.doi.org/10.1073/pnas.93.9.4170
44. Lii CK, Chai YC, Zhao W, Thomas JA, Hendrich S. S-thiolation and
irreversible oxidation of sulfhydryls on carbonic anhydrase III during
oxidative stress: a method for studying protein modification in intact
cells and tissues. Arch Biochem Biophys 1994; 308(1): 231–239.
http://dx.doi.org/10.1006/abbi.1994.1033
45. Thomas JA, Poland B, Honzatko R. Protein sulfhydryls and their role in
the antioxidant function of protein S-thiolation. Arch Biochem Biophys
1995; 319(1): 1–9. http://dx.doi.org/10.1006/abbi.1995.1261
46. Zoll J, Ponsot E, Dufour S, Doutreleau S, Ventura Clapier R, Vogt M et
al. Exercise training in normobaric hypoxia in endurance runners. III.
Muscular adjustments of selected gene transcripts. J Appl Physiol 2006;
100: 1258–66. http://dx.doi.org/10.1152/japplphysiol.00359.2005
47. P Roy, E Reavey, M Rayne, S Roy, M Abed El Baky, Y Ishii et al.
Enhanced sensitivity to hydrogen peroxide-induced apoptosis in Evi1
transformed Rat1 fibroblasts due to repression of carbonic anhydrase III.
FEBS Journal 2010; 277: 441–52. http://dx.doi.org/10.1111/j.17424658.2009.07496.x
48. Kurokawa M, Mitani K, Yamagata T, Takahashi T, Izutsu K, Ogawa S
et al. The Evi-1 oncoprotein inhibits c-Jun N-terminal kinase and
prevents stress-induced cell death. EMBO J 2000; 19(12): 2958–68.
http://dx.doi.org/10.1093/emboj/19.12.2958
49. Morishita K, E Parganas, CL William, MH Whittaker, H Drabkin, J
Oval et al. Activation of the EVI1 gene expression in human acute
myelogenous leukemias by translocations spanning 300–400 kilobases
on chromosome 3q26. Proc Natl Acad Sci 1992; 89: 3937–41.
http://dx.doi.org/10.1073/pnas.89.9.3937
50. Mitani K, S Ogawa, T Tanaka, H Miyoshi, M Kurokawa, H Mano et al.
Generation of the AML1-EVI-1 fusion gene in the t (3; 21) (q26; q22)
causes blastic crisis in chronic myelocytic leukemia. EMBO J 1994; 13:
504–10.
51. Lugthart S, E Van Drunen, Y Van Norden, A Van Hoven, CA
Erpelinck, PJ Valk et al. High EVI1 levels predict adverse outcome in
acute myeloid leukemia: prevalence of EVI1 over expression and
chromosome 3q26 abnormalities underestimated. Blood 2008; 111:
4329–37. http://dx.doi.org/10.1182/blood-2007-10-119230
52. Alessandrino EP, S Amadori, M Cazzola, F Locatelli, C Mecucci, E
Morra et al. Myelodysplastic syndromes: recent advances.
Haematologica 2001; 86: 1124–57.
53. Buonamici S, Li D, Mikhail FM, Sassano A, Platanias LC, Colamonici
O et al. EVI1 abrogates interferon-alpha response by selectively
blocking PML induction. J Biol Chem 2005; 280: 428–36.
54. Yatsula B, Lin S, Read AJ, Poholek A, Yates K, Yue D et al.
Identification of binding sites of EVI1 in mammalian cells. J Biol Chem
2005; 280: 30712–22. http://dx.doi.org/10.1074/jbc.M504293200
55. Parkkila S, Halsted CH, Villanevva JA, Va¨a¨na¨nen HK, Niemela O.
Expression of testosterone-dependent enzyme carbonic anhydrase III
and oxidative stress in experimental alcoholic liver disease. Dig Dis Sci
1999; 44: 2205–13. http://dx.doi.org/10.1023/A:1026640317233
56. Raisanen SR, Lehenkari P, Tasana M, Rahkila P, Harkonen PL,
Vaananen HK. Carbonic anhydrase III protects cells from hydrogen
peroxide induced apoptosis. FASEB J 1999; 13: 513–22.
57. Chatterjee B, Nath TS, Roy AK. Differential regulation of the
messenger RNA for three major senescence marker proteins in male rat
liver. J Biol Chem 1981; 256: 5939–41.
58. Burdon RH. Superoxide and hydrogen peroxide in relation to
mammalian cell proliferation. Free Rad Biol Med 1995; 18: 775–749.
http://dx.doi.org/10.1016/0891-5849(94)00198-S
59. Devary Y, Gottlieb RA, Lau LF, Karin M. Rapid and preferential
activation of the c-jun gene during the mammalian UV response. Mol
Cell Biol 1991; 11: 2804–11.

60. Nose K, Shibanuma M, Mikuchi K, Kageyama H, Sakiyama S, Kuroki
T. Transcriptional activation of early-response gene by hydrogen
peropxide in a mouse osteoblastic cell line. Eur J Biochem 1991; 201:
99–106. http://dx.doi.org/10.1111/j.1432-1033.1991.tb16261.x
61. Schreck R, Rieher P, Bauerle PA. EMBO J 1991; 10: 2247–58.
62. Miyamoto T, Hayashi M, Takeuchi A, Okamoto T, Kawashima S, Takii
T et al. Identification of a novel growth-promoting factor with a wide
target cell spectrum from various tumor cells as catalase. J Biochem
1996;
120:
725–30.
http://dx.doi.org/10.1093/oxfordjournals.
jbchem.a021471
63. De Haan J, Cristiano F, Iannello R, Bladier C, Kelner M, Kola I.
Elevation in the ratio of Cu/Zn-superoxide dismutase to glutathione
peroxidase activity induces features of cellular senescence and this
effect is mediated by hydrogen peroxide. Hum Mol Genet 1996; 2: 283–
92. http://dx.doi.org/10.1093/hmg/5.2.283
64. Singh M, Sharma H, Singh N. Hydrogen peroxide induces apoptosis in
HeLa cells through mitochondrial pathway. Mitochondrion 2007; 7:
367–73. http://dx.doi.org/10.1016/j.mito.2007.07.003
65. L Annunziato, S Amoroso, A Pannaccione, M Cataldi, G Pignataro, AD
Alessio et al. Apoptosis induced in neuronal cells by oxidative stress:
role played by caspases and intracellular calcium ions. Toxicol Lett
2003; 139: 125–33. http://dx.doi.org/10.1016/S0378-4274(02)00427-7
66. Kroemer G, Zamzami N, Susin SA. Mitochondrial control of apoptosis.
Immunology Today 1997; 18: 44–51. http://dx.doi.org/10.1016/S01675699(97)80014-X
67. Hampton MB, Fadeel B, Orrenius S. Redox regulation of the caspases
during apoptosis. Annals of the New York Academy of Sciences 1998;
854: 328–35. http://dx.doi.org/10.1111/j.1749-6632.1998.tb09913.x
68. Chandra J, Samali A, Orrenius S. Triggering and modulation of
apoptosis by oxidative stress. Free Radic Biol Med 2000; 29: 323–33.
http://dx.doi.org/10.1016/S0891-5849(00)00302-6
69. Gewirtz DA. A critical evaluation of the mechanisms of action proposed
for the antitumor effects of the anthracycline antibiotics adriamycin and
daunorubicin.Biochemical Pharmacology. Biochem Pharmacol 1999;
57: 727–41. http://dx.doi.org/10.1016/S0006-2952(98)00307-4
70. Muller I, Niethammer D, Bruchelt G. Anthracycline-derived
chemotherapeutics in apoptosis and free radical cytotoxicity.
International Journal of Molecular Medicine 1998; 1: 491–94.
71. Ikeda K, Kajiwara K, Tanabe E, Tokumaru S, Kishida E, Masuzawa Y
et al. Involvement of hydrogen peroxide and hydroxyl radical in
chemically induced apoptosis of HL-60 cells. Biochem Pharmacol 1999;
57: 1361–65. http://dx.doi.org/10.1016/S0006-2952(99)00055-6
72. Tada Oikawa S, Oikawa S, Kawanishi M, Yamada M, Kawanishi S.
Generation of hydrogen peroxide precedes loss of mitochondrial
membrane potential during DNA alkylation induced apoptosis. FEBS
Lett 1999; 442: 65–69. http://dx.doi.org/10.1016/S0014-5793(98)016184
73. Kajiwara K, Ikeda K, Kuroi R, Hashimoto R, Tokumaru S, Kojo S.
Hydrogen peroxide and hydroxyl radical involvement in the activation
of caspase-3 in chemically induced apoptosis of HL-60 cells. Cellular
and Molecular Life Sciences 2001; 58: 485–91. http://dx.doi.org/
10.1007/PL00000872
74. Mizutani H, Tada Oikawa S, Hiraku Y, Oikawa S, Kojima M,
Kawanishi S. Mechanism of Apoptosis Induced by a New
Topoisomerase Inhibitor through the Generation of Hydrogen Peroxide.
J
Biol
Chem
2002;
277:
30684–89.
http://dx.doi.org/
10.1074/jbc.M204353200
75. Nakagawa Y, Akao Y, Morikawa H, Hirata I, Katsu K, Naoe T et al.
Arsenic trioxide-induced apoptosis through oxidative stress in cells of
colon cancer cell lines. Life Sci 2002; 70: 2253–69. http://dx.doi.org/
10.1016/S0024-3205(01)01545-4
76. Tsang WP, Chau SP, Kong SK, Fung KP, Kwok TT. Reactive oxygen
species mediate doxorubicin induced p53-independent apoptosis. Life
Sci 2003; 73: 2047–58. http://dx.doi.org/10.1016/S0024-3205(03)0056
6-6
77. Casellas P, Galiegue S, Basile AS. Peripheral benzodiazepine receptors
and mitochondrial function. Neurochem Int 2002; 40: 475–86.
http://dx.doi.org/10.1016/S0197-0186(01)00118-8
78. Castedo M, Perfettini JL, Kroemer G. Mitochondrial apoptosis and the
peripheral benzodiazepine receptor: a novel target for viral and
pharmacological manipulation. J Exp Med 2002; 196: 1121–26.
http://dx.doi.org/10.1084/jem.20021758
79. Pastorino JG, Simbula G, Yamamoto K, Glascott PA Jr, Rothman RJ,
Farber JL. The cytotoxicity of tumor necrosis factor depends on
induction of the mitochondrial permeability transition. J Biol Chem
1996; 271: 29792–8. http://dx.doi.org/10.1074/jbc.271.47.29792
80. Banker DE, Cooper JJ, Fennell DA, Willman C, Appelbaum FR, Cotter
FE. PK11195, a peripheral benzodiazepine receptor ligand, chemo
sensitizes acute myeloid leukemia cells to relevant therapeutic agents, by
mitochondrial and non-mitochondrial mechanisms. Leuk Res 2002; 26:
91–106. http://dx.doi.org/10.1016/S0145-2126(01)00112-6

Page 184

G. Mohana Krishna et al. Int. Res. J. Pharm. 2014, 5 (3)
81. Bednarski JJ, Warner RE, Rao T, Leonetti F, Yung R, Richardson BC et
al. Attenuation of autoimmune disease in Fas-deficient mice by
treatment with a cytotoxic benzodiazepine. Arthritis Rheum 2003; 48:
757-66. http://dx.doi.org/10.1002/art.10968
82. Blatt NB, Bednarski JJ, Warner RE, Leonetti F, Johnson KM, Boitano A
et al. Benzodiazepine-induced superoxide signals B cell apoptosis:
mechanistic insight and potential therapeutic utility. J Clin Invest 2002;
110: 1123-32. http://dx.doi.org/10.1172/JCI16029
83. Narasimharao Bhagavathula, Kamalakar C, Nerusu, Andrew Hanosh,
Muhammad N Aslam, Thomas B et al. 7 Chloro-5-(4-hydroxyphenyl)-1methyl-3-(naphthalen-2-ylmethyl)-4,5-dihydro-1Hbenzo[b][1,4]diazepin-2(3H)-one(Bz-423), a benzodiazepine, suppresses
keratinocyte proliferation and has antipsoriatic activity in the human
skin-severe, combined immune deficient mouse transplant model. JPET
2008; 324: 938–47. http://dx.doi.org/10.1124/jpet.107.130955

84. Miltyk W, Pałka M, Karna E, Jarząbek K, Boujrad N, Knapp P.
Antimitotic activity of high affinity ligands for peripheral
benzodiazepine receptor (PBR) in some normal and neoplastic cell lines.
Advances in Medical Sciences 2006; 51: 156-59.
85. Joanne Cleary, Kathryn M, Anthony WO, Gary DG. Inhibition of the
mitochondrial F1-F0 ATPase by ligands of the peripheral
benzodiazepine receptor. Bio org Med Chem Lett 2007; 17: 1667-70.
http://dx.doi.org/10.1016/j.bmcl.2006.12.102
Cite this article as:
G. Mohana Krishna, M. Hemanth Kumar, M. Asha Kiran. PK-11195: A
potential drug in Leukemia treatment. Int. Res. J. Pharm. 2014;5(3):176-185
http://dx.doi.org/10.7897/2230-8407.050337

Source of support: Nil, Conflict of interest: None Declared

Page 185

