
Abstract. Background/Aim: Anticancer peptide PNC-27
binds to HDM-2 protein on cancer cell membranes inducing
the formation of cytotoxic transmembrane pores. Herein, we
investigated HDM-2 membrane expression and the effect of
PNC-27 treatment on human non-stem cell acute
myelogenous leukemia cell lines: U937, acute monocytic
leukemia; OCI-AML3, acute myelomonocytic leukemia and
HL60, acute promyelocytic leukemia. Materials and
Methods: We measured cell surface membrane expression of
HDM-2 using flow cytometry. Cell viability was assessed
using MTT assay while direct cytotoxicity was measured by
lactate dehydrogenase (LDH) release and induction of
apoptotic markers annexin V and caspase-3. Results: HDM-
2 is expressed at high levels in membranes of U937, OCI-
AML3 and HL-60 cells. PNC-27 can bind to membrane
HDM-2 to induce cell necrosis and LDH release within 4 h.
Conclusion: Targeting membrane HDM-2 can be a potential
strategy to treat leukemia. PNC-27 targeting membrane 

HDM-2 demonstrated significant anti-leukemia activity in a
variety of leukemic cell lines.

Advances in cancer research have shown that human double
minute 2 (HDM-2), an oncoprotein known to regulate tumor
suppressor p53, is uniquely expressed in the membranes of
solid and non-solid tumor cells independent of their p53
status (1, 2). The membrane localization and expression of
HDM-2 is highly specific to transformed cells and hence, it
is an attractive therapeutic target for cancer treatment (2-4).
Acute myeloid leukemia (AML) is a hematological
malignancy characterized by heterogeneous sub-populations
of primitive and more differentiated clonal cells: a spectrum
of cancer cells, which contributes to treatment-refractory
conditions and poor prognosis (5). Off target cytotoxicity of
currently available chemotherapies for acute leukemias is a
major obstacle and there is a need for novel treatment
strategies demonstrating minimal to no cytotoxicity towards
nonmalignant cells (6, 7). 

PNC-27 is a peptide construct developed to prevent the
interaction of human HDM-2/mouse MDM-2 and p53. PNC-
27 is composed of amino acid residues 12-26 of the HDM-2
binding domain of p53 on its amino terminus and a
membrane residency peptide (MRP) on its carboxyl terminus
(8, 9). This peptide co-localizes with HDM-2 that is uniquely
expressed in the membranes of a wide variety of solid tissue
cancer cells but not in normal (8-10) cells and induces the
formation of transmembrane pores causing p53-independent
tumor, but not normal, cell necrosis (3, 4, 11).
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More recently, PNC-27 has further been found to induce
necrosis of leukemia cell lines including a chronic myeloid
leukemia (CML) cell line (3) and acute myelogenous
(myeloblastic) leukemia (AML) cells from patients that are
enriched with stem cells (2). In the latter study (2), PNC-27
was found to be cytotoxic to leukemia stem cells (LSCs) and
to co-localize with membrane-bound HDM-2 in leukemia
cell membranes such that the extent of membrane HDM-2
expression correlated with the IC50 for PNC-27-induced cell
killing (2). Furthermore, PNC-27 was found to induce AML
stem cell killing in vivo (2). Moreover, this study
demonstrated a significantly higher membrane HDM-2
expression in CD34+ AML blast subpopulations as compared
to CD34– AML blast subpopulations (2). 

Our aim was to extend these studies to additional subtypes
of myelogenous leukemia cells with different phenotypical and
genetic characteristics including more differentiated
subpopulations exhibiting CD34 negativity and different p53
status. In this study, we selected three non-stem cell (CD34–)
AML cell lines corresponding to three different FAB
classification types: M3 (HL60 cells), M4 (OCI-AML3) and
M5 (U937). Herein, we detected high levels of HDM-2
expression in the membranes of these cells and observed a
different treatment efficacy than that previously reported for
AML stem cells when targeting HDM-2 with PNC-27 (2).
Importantly, we show no PNC-27 effect on normal
hematopoietic cells. These studies further elucidate the
mechanism of cell death and suggest that PNC-27 may be an
effective agent in treating leukemia.

Materials and Methods

Peptides. Peptides were synthesized using solid phase method with
>95% HPLC purity. PNC-27 and the negative control peptide, PNC-
29 were obtained from Biopeptides Corp (San Diego, CA, USA).
PNC-27 is derived from the HDM-2 binding domain of p53 and
PNC-29 is derived from cytochrome p450 with a membrane
residency peptide, MRP sequence (shown in italics) attached to their
carboxyl terminal (8-10).

PNC-27: PPLSQETFSDLWKLLKKWKMRRNQFWVKVQRG
PNC-29: FSTGKRIMLGEKKWKMRRNQFWVKVQRG

Cell lines. All cell lines used in this study were CD34-. Human U-
937, a monocytic leukemia cell line (FAB classification, M5) (12)
was a gift from Dr. Shendra Passic, Drexel University College of
Medicine and Dr. Pasun K. Datta, Temple University, Philadelphia,
PA, USA. These cells were maintained in RPMI-1640 with L-
glutamine (VWR International, Radnor, PA, USA) plus 10% fetal
bovine serum (FBS) and 1% penicillin/streptomycin. Human OCI-
AML3 cells, a myelomonocytic leukemia cell line [FAB
classification, M4, (13)], were a gift from Dr. Ellen Lori Weisberg,
Dana-Farber Cancer Institute, Boston, MA, USA and were grown
in Alpha MEM Eagle (Lonza, Alpharetta, GA, USA) plus 20% FBS
and 1% penicillin/streptomycin. Human HL60 cells, a
promyelocytic leukemia cell line (FAB classification, M3) and

Iscove’s Modified Dulbecco’s Medium (IMDM) were obtained from
American Type Culture Collection (ATCC, Manassas, VA, USA)
and these cells were maintained in IMDM plus 10% FBS and 1%
penicillin/streptomycin. Cells were cultured in a humidified
incubator at 37˚C and 5% CO2. 

Rat mononuclear cells (rat MNCs). Blood was collected at
exsanguination from Lewis rats through inferior vena cava
cannulation (IVC) into sodium heparin coated tubes using a standard
procedure by a protocol approved by Drexel University Animal Care
and Use Committee. Blood was mixed 1:1 with RPMI-1640
containing 15 units of heparin per ml. Histopaque-1083 (Sigma
Aldrich, St. Louis, MO, USA) density gradient centrifugation was
used to collect buffy coat, and isolate rat mononuclear cells.
Mononuclear cells were then suspended in RPMI-1640 supplemented
with 10% FBS and 1% penicillin/streptomycin.

Flow cytometry. Cells were grown to confluence, harvested, and
washed with chilled Dulbecco’s phosphate buffered saline (DPBS)
without Ca2+ & Mg2+. Cells were then suspended in chilled DPBS
containing 10% FBS and 2 mM EDTA at a concentration of 1×106
cells/ ml. Cells were blocked and incubated with polyclonal rabbit
anti-HDM-2 (1:20) or IgG isotype control (1:20) for 1 h. After 3
washes, cells were incubated with goat anti-rabbit IgG conjugated
to DyLight® 650 (1:250) for 1 h. Cells were then washed to remove
unbound antibody and stained with 5 μl of 10 μg/ml propidium
iodide (PI). HDM-2 expression on the cell surface was analyzed
using BD AccuriTM C6 cytometer system and compared to
unstained or isotype stained cells. We identified the percentage of
cells positively stained with HDM-2 and calculated median
fluorescence from each group of cells using flow cytometry.

Cell viability assay. Cancer cells were treated with increasing
concentrations of PNC-27 and PNC-29 in 24 well plates. Rat
mononuclear cells were treated with increasing concentrations of
PNC-27 and with 100 μM of PNC-29 in 24 well plates. After 4 h,
cell viability was tested using 3-[4,5-dimethylthiazol-2yl]-2,5-
diphenyl tetrazolium bromide (MTT) assay kit (Promega, Madison,
WI, USA). 

Confocal microscopy. Cells were seeded at a density of 2×106 cells
per 2 ml media per well in a 6 well plate and grown overnight. Cells
were then incubated with PNC-27 or PNC-29 at a concentration of
4 μM for U-937 cells, 60 μM for OCI-AML3 cells and 80 μM for
HL-60 cells for 1 h. These peptide concentrations were determined
from the viability assays. Cells were washed with 1X DPBS and
fixed with 4% formaldehyde in 1X DPBS for 10 min at 37˚C.
Blocking was performed at room temperature for 1 h with 1X DPBS
containing 2% bovine serum albumin (BSA). Cells were treated
with a mixture of polyclonal rabbit anti-MDM-2 (AF1244, Novus
Biologicals, Centennial, CO, USA) [1:10] and monoclonal mouse
anti-p53 (DO-1, Santa Cruz Biotechnology, Santa Cruz, CA, USA)
[1:40] overnight on a shaker at 4˚C. After 3 washes with 1X DPBS,
cells were incubated with secondary antibodies, the polyclonal anti-
rabbit red fluorophore (DyLight® 650) (Abcam Inc., Cambridge,
MA, USA) [1:200] and polyclonal anti-mouse green fluorophore
(DyLight® 488) (Abcam Inc.) [1:200] for 1 h at room temperature
protected from light. Cells were washed with 1X DPBS containing
0.1% tween 20 and suspended in 1X DPBS (0.5×106 cells/1 ml).
Cells were transferred to glass slides using cytospin at 800 rpm for
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Figure 1. U937, OCI-AML3 and HL60 cells express high levels of HDM-2 on their cell membranes. Flow cytometry data was obtained from 3 independent
experiments. Cells were stained with rabbit anti-HDM-2 labeled with anti-rabbit-DyLight® 650 or isotype (IgG) to identify cells that possess membrane
HDM-2. In order to eliminate background, cells were unstained or stained with secondary antibody only. In addition, cells were stained with propidium
iodide to select for live cells and eliminate dead cells. Live A. U937, B. OCI-AML3, C. HL60 and D. rat mononuclear cells (rat MNCs) expressing MDM-
2 on their intact membranes as a percentage of all stained cells (A.I, B.I, C.I and D.I) and expression of  H/MDM-2 as median fluorescence from different
groups of cells (A.II, B.II, C.II and D. II). Data are shown as median fluorescence±SEM. ****p≤0.0001 in comparison to isotype control cells. 
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Figure 2. HDM-2 is expressed in leukemia cell membrane and PNC-27 colocalizes with the membrane HDM-2. Confocal fluorescence microscopy of A.
U937, C. OCI-AML3 and E. HL60 cells indicated the presence of membrane HDM-2 and displayed its association with PNC-27 when leukemia cells were
treated with PNC-27 for 1h. To visualize membrane HDM-2 in red (second column), cells were stained with rabbit anti-HDM-2 followed by incubation with
red fluorescent DyLight® 650 conjugated anti-rabbit. Third column shows PNC-27 staining in green when PNC-27 treated cells were incubated with mouse
anti-human (hu)-p53 followed by green fluorescent DyLight® 488 conjugated anti-mouse. Yellow fluorescence produced by the overlap of red and green
signals at the membrane indicated by white arrows (fourth column) demonstrates colocalization of PNC-27 and HDM-2 on the cell membrane. B, D and F
represent U937, OCI-AML3 and HL60 treated with PNC-29 for 1 h. There is no colocalization in PNC-29 treated cells as the cells are positively stained
with red rabbit anti-HDM-2 only. Cell nuclei were counterstained with blue DAPI and images were captured at 100× magnification. Scale bar, 10 μm.
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Figure 3. Anti-leukemic activity of PNC-27 increases in a dose dependent manner. Leukemia cells were incubated with PNC-27 and PNC-29 (negative
control) and cell viability was examined using MTT assay after 4 h. Cells were lysed with lysis buffer (positive control) to induce maximum cell
lysis. PNC-27 reduced viability of A. U937, B.OCI-AML3 and C. HL60 in a dose dependent manner. PNC-29 did not induce any cytotoxicity in
leukemia cells. PNC-27 and PNC-29 showed no cytotoxicity towards D. normal rat mononuclear cells. Results derived from three independent
experiments and shown as mean absorbance±SEM. 

Figure 4. Anti-leukemic activity of PNC-27 occurs by tumor cell necrosis. A. U937, B. OCI-AML3, C. HL60, and D. normal rat mononuclear cells were
incubated with different concentrations of PNC-27 and PNC-29. Incubation of cells with lysis buffer resulted in maximum LDH release in culture media.
PNC-27 treatment resulted in LDH release in a dose dependent manner. No LDH release was observed in leukemia cells incubated with PNC-29 and D.
rat mononuclear cells incubated with PNC-27 or PNC-29. Experiments were performed in triplicate, and data are shown as mean absorbance±SEM.  



6 min. Cells were then stained with DAPI, covered with a cover slip
and visualized using an OLYMPUS FLUOVIEW FV3000
microscope (Olympus, Waltham, MA, USA) at 100× magnification.
Scale bars were added using cellSens software.

Necrotic and apoptotic assays. All cell lines were incubated with
PNC-27 or PNC-29. The levels of the necrotic marker lactate
dehydrogenase (LDH) in media were determined 4 h post-treatment
using CytoTox96 assay (Promega). 

ANTICANCER RESEARCH 40: 4857-4867 (2020)

4862

Figure 5. Continued



Cells were grown to 60-70% confluence and treated with PNC-
27 or staurosporine (STS), an established apoptosis inducer. U-937,
OCI-AML3 and HL60 cells were treated with 5 μM, 85 μM and 90
μM of PNC-27, respectively. As a positive control of apoptotic
induction, U937 and OCI-AML3 were treated with 4 μM STS
whereas HL-60 were treated with 10 μM STS. The early apoptotic
marker annexin V was measured at 4 h and the late apoptotic
marker caspase-3/CPP32 was measured at 6 h after treatment with
PNC-27. To determine annexin V positive cells, the annexin V
FITC/ propidium iodide (PI) assay kit from BD Biosciences (San
Jose, CA, USA) and Guava InCyte flow cytometer system were
used to stain cells and acquire the data. Caspase-3/CPP32 activity
after 6 h was determined using the Caspase-3/CPP32 colorimetric
assay kit (BioVision Inc., Milpitas, CA, USA).

Computational and statistical methods. GraphPad Prism 8.0
(GraphPad Software, La Jolla, CA, USA) was used to analyze all
quantitative assay results from flow cytometry, confocal
microscopy, MTT assays and LDH assays. Results are shown as
means±1 standard error of the mean (SEM). Statistical significance

between assay values was determined using the two-tailed Student’s
t-test. p-Values<0.05 were considered to indicate statistically
significant difference. IC50 values for each peptide were determined
using nonlinear regression curve fit. 

Results

Membrane HDM-2 is selectively expressed at high levels in
human leukemia U937, OCI-AML3 and HL60 cells. We
examined the expression of HDM-2 on the cell surface of
CD34- U937, OCI-AML3 and HL60 using flow cytometry.
Human monocytes do not grow well in vitro (unpublished
observation and personal communication). Hence, we chose
normal rat mononuclear cells as negative control cells and
compared the expression of HDM-2 in these cells to
leukemia cells. As shown in Figure 1, a large population of
leukemia cells expressed membrane HDM-2 and we noticed
a considerable shift in median fluorescence of HDM-2 in
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Figure 5. Anti-leukemic activity of PNC-27 did not result in early apoptosis as measured by flow cytometry experiments. Early apoptosis was estimated
by annexin V/PI staining of cells (see Methods section). A. U937 were treated with 5 μM PNC-27 or 4 μM staurosporine (STS), B. OCI-AML3 were
treated with 85 μM PNC-27 or 4 μM STS whereas C. HL60 were treated with 90 μM PNC-27 or 10 μM STS for 1h. Frames I in Figures 5 A, B and
C show the cytometric pattern of untreated and unstained cells. Frames II in Figures 5 A, B and C show the cytometric pattern of untreated cells
stained with the annexin V/PI stain showing basal levels of annexin V positive or early apoptotic cells. Frames III in Figures 5 A, B and C show the
cytometric pattern of cells treated with STS only and then stained with the annexin V/PI stain and show that STS induced significant apoptosis as
indicated by high levels of cells positively stained for annexin V. Frames IV in Figures 5 A, B and C show the cytometric pattern of cells treated with
PNC-27 only and then stained with the annexin V/PI stain and show that PNC-27 treatment resulted in basal levels of annexin V positive cells
comparable to no treatment. Frames V in Figures 5 A, B and C are bar graphs that demonstrate the percent of apoptosis (number of early apoptotic
cells as a percentage of all stained cells in the group) induced in the three groups: I. No treatment with STS/PNC-27, II. STS treated and III. PNC-
27 treated. Results are shown as % apoptosis±SEM from four independent experiments. ****p≤0.0001 versus untreated stained cells.



leukemia cells compared to their isotype control (IgG). In
contrast, there was a negligible shift in median fluorescence
of HDM-2 in rat mononuclear cells compared to isotype
control groups. This indicates significant expression of
membrane HDM-2 in the tested human leukemia cells but
not in normal rat mononuclear cells (MNCs). 

PNC-27 binds to membrane HDM-2 in vitro. To test if
membrane HDM-2 can colocalize with PNC-27, cells were
treated with PNC-27 for 1 h. Cells were then incubated with
rabbit anti-HDM-2 fluorescently labeled with red anti-rabbit
antibody and mouse anti-p53 fluorescently labeled with
green anti-mouse antibody. If the two signals are localized
in the same area, yellow fluorescence is emitted indicating
colocalization. 

Confocal images of U937, OCI-AML3 and HL60 (Figure
2A, B and C) further confirmed the expression of HDM-2 in
the membrane by the significant red signal emitted due to
localization of red anti-HDM2 in the membrane. Similarly,
significant green fluorescence was observed at the cell
surface as a result of PNC-27 localization in the membrane.
It should be noted here that U937 and HL60 are p53 null cell
lines and hence, the green fluorescence emitted is completely
from the interaction between green anti-p53 and PNC-27
(DO-1 anti-p53 binds to PNC-27, a peptide construct derived
from p53) on the cell surface. Furthermore, even though
OCI-AML3 has wildtype p53, p53 is not stable at the protein
level and expresses no significant levels of p53 protein (14).
Hence, we can conclude that the green fluorescence in OCI-
AML3 cells is a result of PNC-27 localized at the cell
membrane. We observed strong binding of HDM-2 and
PNC-27 as evidenced by significant yellow fluorescence at
the cell surface. This confirms that PNC-27 can bind to
membrane HDM-2 of human leukemia cells. Absence of
green fluorescence in PNC-29 treated U937, OCI-AML3 and
HL60 cells indicated that the green anti-p53 antibody
staining is specific to PNC-27.

PNC-27 is selectively cytotoxic to human leukemia cells but
not to normal rat mononuclear cells. MTT assay was used
to assess the impact of PNC-27/HDM-2 association on cell
viability. We noticed a dose dependent decrease in cell
viability of U937, OCI-AML3 and HL60 cells after 4 h.
PNC-27 induced cell death in U937 with greater efficiency
at very low IC50 of 4.7 μM as compared to the other two
AML cell lines. The IC50s for OCI-AML3 and HL60 were
83.9 μM and 91.1 μM, respectively. In addition, PNC-27 was
tested in normal rat MNCs and we observed no PNC-27-
induced cytotoxicity in normal cells. The negative control
peptide PNC-29 did not demonstrate any effect on the
viability of cancer and normal cells (Figure 3). Therefore,
PNC-27 induces its cytotoxic effects selectively in leukemia
cells without any toxicity towards normal mononuclear cells

even at a dose higher than the highest IC50 observed. This
observation is consistent with our previous studies where we
observed PNC-27 induced anti-cancer activity in human
leukemia K562 cells while sparing the normal murine
lymphoid cells (3).

Necrosis is the mechanism of anti-leukemic activity of PNC-
27. To investigate the mechanism of cell death, levels of
necrotic and apoptotic markers were measured after
treatment with different concentrations of PNC-27. After 4
h, there was a dose dependent release of LDH in culture
supernatants which indicates necrotic cell death as shown in
Figure 4. In addition, the LDH assay confirmed the absence
of PNC-27-mediated cytotoxicity in normal rat mononuclear
cells. PNC-29 did not increase LDH levels in the media of
cancer or normal cells. 

We then studied the effect of PNC-27 on early and late
apoptotic markers. Apoptosis begins with exposure of
phosphatidylserine on the outer plasma membrane and can
be detected by staining the cells with annexin V.
Staurosporine (STS), a known inducer of apoptosis, was used
as a positive control. There was no significant staining of
cells with annexin V, when treated with PNC-27 (Figure 5).
Since this early event is reversible, we confirmed the
findings by testing the effect of PNC-27 on caspase-3
activation which is a later apoptotic event. As shown in
Figure 6, PNC-27 had no effect on caspase-3 whereas STS
induced significant caspase-3 activity. These observations are
consistent with our previous findings in solid and non-solid
tumors which suggest that PNC-27 induced cell death by
necrosis.

Discussion

We have previously found that PNC-27 induces tumor cell
necrosis, but not apoptosis, in a wide variety of solid tissue
tumors (4, 8, 10, 11) while having no effect on the viability
or growth of untransformed cells. The tumoricidal effect is
due to its ability to rapidly induce trans-membrane pore
formation, resulting in extrusion of intracellular contents and
cell death. We found that PNC-27 co-localizes in cancer cell
membranes with HDM-2 to which it binds in a membrane
active amphipathic helix-loop-helix conformation resulting
in induction of pore formation (4). In this report, we
explored whether PNC-27 produces these same effects on
non-solid tissue tumors such as leukemia cells. We therefore
extended our studies to include hematopoietic tumors. In
particular, we found that PNC-27 killed human chronic
myelogenous leukemia (K562) cells without affecting normal
hematopoietic cells (3) but we did not investigate its
mechanism of action on these cells.

In this study, we expanded our investigations to determine
whether PNC-27 kills other types of leukemia cells in the
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myeloid series and, if so, to determine if it does so by a
similar mechanism. We first noted that a recent study on this
question had been performed using AML cells from ten
different patients that contained high fractions of tumor stem
cells (CD34+) (2). These studies indicated that PNC-27

induces tumor cell necrosis and not apoptosis in a dose-
dependent manner. They further found that there was a good
correlation between the extent of expression of HDM-2 in
the AML cell membranes and the IC50 of PNC-27.
Importantly, this study included the in vivo effects of PNC-
27 after AML cells from each patient were grafted into the
bone marrow of nude mice. Treatment of the mice for three
weeks with PNC-27 reduced the elevated white blood cell
counts to normal levels and significantly prolonged survival
of these mice with no off-target effects compared with the
control group treated with the inactive peptide, PNC-29.
Transplantation of the bone marrow cells of the treated mice
into untreated mice resulted in no increase of white cell
counts, further supporting the efficacy of PNC-27 treatment. 

In our current study, we used a variety of different CD34-
negative AML cells to explore whether PNC-27 can induce
tumoricidal effects generally with leukemias. For this
purpose, we selected three cells lines that differ in genetic
background and aggressiveness to be used in this study. 

In agreement with a recent study (2), we found that PNC-
27 co-localizes with HDM-2 in leukemia cell membranes
and induces rapid leukemia cell necrosis in a dose-dependent
manner. In the previous study, PNC-27 was found not to
affect normal bone marrow stem cells, which was in
agreement with our earlier findings that a closely related
shorter anti-cancer peptide, PNC-28, had no effect on the
abilities of hematopoietic stem cells isolated from human
cord blood to differentiate into stable derivative cell lines in
the presence of growth factors (8). In the present study we
also confirmed that PNC-27 had no effect on normal rat
mononuclear cells, demonstrating that PNC-27 kills cancer
cells with no damage to normal cells. 

Furthermore, the range for our IC50 values for leukemia
cell killing, i.e., 4.7 μM for U937 (myelomonocytic leukemia
with histiocytic features) cells to 91.1 μM for HL60
(promyelocytic leukemia) cells was similar to the range in
the previous study, i.e., 11- 60 μM (2). However, in the
previous study, there was a positive correlation between IC50
and the intensity of membrane HDM-2 expression in the
AML stem cells. We did not observe this correlation in our
present study. The IC50 for U937 cells was 4.7 μM with cell
surface HDM-2 fluorescence intensity of 22,000 while the
IC50 for HL60 cells was 91.1 μM with an intensity of
46,000, two times the value for U937 cells. In other studies,
we have also found that different isoforms of HDM-2 are
expressed in the cell membranes of cancer cells (manuscript-
forthcoming, Thadi et al. 2020), and possible differential
expression of isoforms with varying affinities for PNC-27
may explain these differences between AML stem cells and
more differentiated leukemia cell lines.

As found for solid tissue tumors and the AML cells in the
previous study, we found that PNC-27 induces tumor cell
necrosis in all three leukemia cell lines, and early or late
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Figure 6. PNC-27 mediates its anti-leukemic activity without induction
of late apoptotic events. Increase in caspase-3 activity is an indication
of late apoptotic cells. Caspase-3 activity was estimated after A. U937
cells were treated with 5 μM PNC-27 or 4 μM STS, B. OCI-AML3 cells
were treated with 85 μM PNC-27 or 4 μM STS and C. HL60 cells were
treated with 90 μM PNC-27 or 10 μM STS for 6h. STS induced
significant levels of caspase-3 activity compared to untreated cells
whereas PNC-27 did not induce any caspase-3 activity. Data shows
mean absorbance±SEM from three independent experiments.  **p≤0.01
and ***p≤0.001 versus untreated cells.



stage apoptosis was not observed during PNC-27-induced
cell killing. That PNC-27 induced pore formation in each of
the three cell lines was indicated by the rapid release of
LDH, a cytosolic marker of necrosis, into the medium.
Importantly, PNC-27-HDM-2 membrane interaction affects
the half-life of this agent. Though the half-life of PNC-27
has been found in in vivo experiments to be in the order of
30 min, but once bound to its membrane target HDM-2, its
lifetime is substantially prolonged (10). 

We also confirmed another feature of the tumoricidal effect
of PNC-27 which is its independence of the status of p53 in
cancer cells (4, 8).This gene has been shown to be mutated in
more than 50% of human cancers, including leukemia (15). We
found that PNC-27 kills a wide variety of solid tissue tumor
cells in which p53 is homozygously deleted (4, 8). Two of our
leukemia cell lines, U-937 that contains the DEL46A p53 null
mutation (16) and HL-60 that has a biallelic deletion of p53
gene and is p53 null (17), were killed by PNC-27 which, as
noted above, does not kill normal rat mononuclear cells at
concentrations (100 μM) above the IC50 values for PNC-27 on
both cell lines. However, it likewise kills OCI-AML3, acute
myelomonocytic leukemia cells with wildtype p53. 

Acute myelogenous leukemia primarily affects a patient
population of advanced age, with a median age at diagnosis
of 68 years (18). Many patients have comorbidities and
cannot tolerate cytotoxic chemotherapy. Recently several
targeted, less toxic agents have become available to treat
some patients with AML, including midastaurin and
gilteritinib for FLT3+ patients, and ivosidenib and enasidenib
for patients with IDH1 and IDH2 mutated leukemias. These
treatments are limited, however, because only a minority of
AML patients have these mutations, and many patients still
relapse after treatment. Venetoclax, a BCL2 inhibitor that
induces apoptosis, has a high level of activity, particularly
when combined with a hypomethylating agent, but only
about 60% of patients achieve a meaningful response and
most ultimately relapse (19). Thus, there is significant need
for additional, less toxic therapies in this patient population. 

Our results indicate that PNC-27 appears to be a
promising agent with minimal toxicity. Clinical trials as a
single agent or in combination with some of the other
targeted medications should be pursued. 
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