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A novel multi-CDK inhibitor P1446A-05 restricts melanoma growth and produces
synergistic effects in combination with MAPK pathway inhibitors

Philip Eliadesa,b,*, David M. Millera,c,*, Benchun Miaoa, Raj Kumara, Michael Taylora, Shama Buchd, Sreesha P. Srinivasad,
Keith T. Flahertye, and Hensin Tsaoa

aWellman Center for Photomedicine and Department of Dermatology, Massachusetts General Hospital, Harvard Medical School, Boston, MA, USA;
bTufts University School of Medicine, Boston, MA, USA; cDepartment of Medicine, Brigham and Women’s Hospital, Boston, MA, USA; dPiramal
Enterprises Limited, Mumbai, India; eDivision of Hematology/Oncology, Massachusetts General Hospital Cancer Center, Harvard Medical School, Boston,
MA, USA

ARTICLE HISTORY
Received 29 September 2015
Revised 9 December 2015
Accepted 1 January 2016

ABSTRACT
Nearly 100% of melanomas have a defect in the p16INK4A:cyclin D-CDK4/6:RB pathway, leading to abnormal
cell cycle control and unregulated cellular proliferation. Here, we report that P1446A-05, a novel multi-CDK
inhibitor has significant inhibitory activity against cutaneous and uveal melanoma. Mechanistic studies
revealed that P1446A-05 inhibits phosphorylation targets of CDK members, and induces cell cycle arrest
and apoptosis irrespective of melanoma genotype or phenotype. Additionally, we show preclinical
evidence that P1446A-05 can synergize with other small molecule inhibitors previously studied in
melanoma. Collectively, these data demonstrate that targeting cell cycle and transcriptional CDKs with a
small molecule multi-CDK inhibitor is a viable approach for developing novel anti-melanoma therapeutics.
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Introduction

The astounding progress made in melanoma therapeutics over
the past several years, with successful targeted therapies and
immune checkpoint antagonists, has not been without setbacks.
The most prevailing limitations, the innate resistance of some
melanomas to available treatments and the emergence of
acquired resistance to treatment have propelled the search for
novel agents. One area of intense interest for targeted therapies
is the p16INK4A:cyclin D-CDK4/6:RB pathway (CDK4 path-
way), a major regulatory pathway that helps maintain normal
cellular proliferation by moderating cell cycle progression. An
overwhelming majority of melanomas harbor genomic altera-
tions in the CDK4 pathway, and it has been demonstrated that
such alterations may be drivers of melanomagenesis or tumor
progression, which would suggest a dependency on the key
oncogenes in this pathway.1-5 The success of vemurafenib and
dabrafenib, selective BRAFV600E inhibitors, in melanoma gave
credence to the strategy of targeting oncogene addiction, and in
this light, many inhibitors of the CDK4 pathway are being
investigated for potential therapeutic benefit.

Dysregulated cell cycle control unleashes cells from normal
proliferation and can result in unrestricted cell division and
tumorigenesis.6 Proper cell cycle progression is controlled by a
network of interactions between cyclin-dependent kinases
(CDK), cyclins, and CDK inhibitors, which are synthesized and
complex with each other during specific phases of the cell cycle.
The CDK4 pathway is responsible for regulating the critical
transition from the G1 to the S phase of the cell cycle. As cells

receive mitogenic stimuli to proliferate, the expression of D-
type cyclins increases, and they then complex with and activate
CDK4, or the homologous CDK6, during the G1 phase. CDK4/
6-cyclin D complexes phosphorylate retinoblastoma protein
(RB), which effectively lifts the brake on gene transcription and
allows for cell cycle progression.3,7,8 p16INK4A, a CDK inhibitor,
is part of the negative regulatory loop that keeps the activity of
this pathway in check.2 Alterations in this pathway that lead to
amplified CDK4 pathway signaling and aberrant cell prolifera-
tion have been clinically correlated to increased melanoma risk.
Patients harboring germline homozygous deletions and loss-of-
function (LOF) mutations in CDKN2A (the gene encoding the
p16INK4A protein) and activating mutations in CDK4 are
50 times more likely to develop melanoma.5

The established role that these mutations have in melanoma
biology has led to the synthesis of many CDK inhibitors in the
preclinical and clinical testing pipelines for potential melanoma
therapy. The focus of this study is P1446A-05, a unique multi-
CDK inhibitor that has specific affinity for CDK4-cyclin D1,
CDK1-cyclin B, and CDK9-cyclin T complexes with half-maxi-
mal inhibitory concentrations (IC50) of 90 nM, 25 nM, and
22 nM, respectively.9,10 CDK1 plays a role in the later stages of
the cell cycle, where it is believed to regulate the initiation of
mitosis, when bound to cyclin A, and direct cells through mito-
sis, when complexed with cyclin B.8,11 CDK9 is not a canonical
cell cycle CDK; rather, CDK9-cyclin T participates in transcrip-
tion by phosphorylating the C-terminal domain (CTD) of RNA
polymerase II’s Rpb1 subunit and promoting elongation.8,12,13
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P1446A-05 was previously shown to have potent antitumor
activity across 30 human cancer cell lines, including non-small-
cell lung (NSCL) cancer, colorectal carcinoma, and prostate
cancer.9,10 More recently, in 2 phase I clinical studies in patients
with advanced refractory tumors, P1446A-05 was deemed
to have an acceptable safety profile (NCT00840190,
NCT00772876). In this study, we investigate the anti-mela-
noma activity of P1446A-05 and report that it has significant
inhibitory activity against genotypically and phenotypically
diverse human melanoma cell lines by promoting cell cycle
arrest and inducing apoptosis, and additionally demonstrate
preclinical evidence of synergistic cytotoxicity when P1446A-
05 is combined with other targeted therapies.

Materials and methods

Reagents and antibodies

P1446A-05 was provided by Piramal Healthcare Limited
(Mumbai, India). Dabrafenib and trametinib were purchased
from Selleck Chemicals (Houston, TX). Primary antibodies
used for western blots were purchased from Cell Signaling
Technology (CST; Danvers, MA), Santa Cruz Biotechnology
(SCB; Dallas, TX), or Abcam (Cambridge, MA), as follows:
GAPDH (Abcam cat# ab8245), CDK4 (CST cat# 2906), CDK9
(SCB cat# sc-484), total RB (CST cat# 9309), phospho-RB
Ser780 (CST cat# 9307), total Rpb1 CTD (CST cat# 2629),
phospho-Rpb1 CTD Ser2 (CST cat# 8798), cleaved PARP (CST
cat# 9541). HRP-conjugated secondary antibodies were pur-
chased from CST (cat #’s 7074 and 7076).

Human melanoma cells and cell culture

Human melanoma cell lines used in this study including
BRAFV600E/NRASWT genotypes (A373-C6, A375, K1, K4, SK-
MEL-37, WM1158, and WM793), NRASQ61K/L/BRAFWT geno-
types (Mel Juso, MGH-SW-1, and SK-MEL-63), a BRAFWT/
NRASWT genotype (CHL-1), and several uveal phenotypes
(C918, Mel202, Mel205, MEL270, OCM-1, and OMM 2.3).
A375 and CHL-1 were purchased from American Type Culture
Collection (Rockville, MD); A375-C6 was purchased from
Sigma-Aldrich (Natick, MA); WM793 and WM1158 were
gifted from Meenhard Herlyn (Wistar Institute, Philadelphia,
PA); C918 and OCM-1 were gifted from Elisabeth Seftor
(Children’s Memorial Hospital, Chicago, IL); OMM2.3,
Mel202, Mel205, and Mel270 were gifted from Bruce Ksander
(Schepens Eye Research Institute, Boston, MA); and the follow-
ing cell lines were previously published, with respective cita-
tions: SK-MEL-63,14 K1,15 SK-MEL-37,16 Mel Juso,17 and
MGH-SW-1.18 Cutaneous melanoma cells were cultured in
vitro in Dulbecco’s Modified Eagle Medium (Corning Life Sci-
ences, Tewksbury, MA) supplemented with 10% fetal bovine
serum (Atlanta Biologicals, Norcross, GA), 100 units/mL peni-
cillin (Life Technologies), and 100 mg/mL streptomycin (Life
Technologies). Uveal melanoma cell lines were cultured in vitro
in RPMI-1640 with L-glutamine (Lonza, Walkersville, MD)
supplemented with 10% fetal bovine serum, 1% HEPES
(Lonza), 100 units/mL penicillin, 100 mg/mL streptomycin,
and 0.1% b-mercaptoethanol (Sigma-Aldrich). The A375

shTP53 and shGFP lines, as well as vemurafenib-resistant lines,
were previously generated and described by our laboratory.19-21

All cells were maintained in incubators at 37�C with an atmo-
sphere of 95% room air and 5% CO2.

2D cell viability assays

Melanoma cells were seeded in 96-well, white-walled, tissue
culture plates at a density of 2 £ 103 cells/well; all treatments
were performed in triplicate. Drug compounds were added
24 hours after initial cell seeding and then cells were incubated
for another 72 hours. Cell viability was measured with the Cell-
Titer-Glo luminescence assay (Promega, Madison, WI). In
brief, 30 mL of reconstituted reagent was added to each well,
plates were incubated, protected from light, for 10 minutes at
room temperature on a shaking platform (low speed), and
luminescence (total light emission) was measured on either a
Molecular Devices Spectramax M5 or Spectramax Plus 384
plate reader (Sunnyvale, CA) with an integration time of
500 ms. Raw data were normalized to DMSO-treated controls
and GI50 values were calculated via nonlinear regression curve
fit, with error bars representing 95% confidence intervals
(GraphPad Prism 6, La Jolla, CA). CompuSyn software (Com-
boSyn, Inc.,) was used to calculate synergy based on the meth-
odology and algorithms of Chou.22

3D cell culture

Pre-chilled 96 well plates were coated with matrigel (BD Bio-
sciences, San Jose, CA) (100 ml/well) and incubated for
30 minutes at 37�C. Melanoma cells were seeded on the gel
(100 cells in 100 ml media/well) and incubated for 30 min at
37�C. Then 100 ml media containing 10% matrigel was added
to each well and incubated at 37�C. One week after culture at
37�C with an atmosphere of 95% room air and 5% CO2, the
P1446A-05 was added. After 72 hours of treatment, pictures of
colonies were taken and the sizes of the colonies were measured
and analyzed.

Cell cycle profiling and apoptosis assay

For both cell cycle and apoptosis experiments, cells were seeded
in 6-well tissue culture plates at a density of 3 £ 105 cells per
well; all treatments were performed in triplicate. P1446A-05
and DMSO were added 24 hours after initial cell seeding and
incubated for another 24 or 48 hours. To prepare cells for cell
cycle profiling, all cells were collected, washed twice with PBS,
fixed in 70% ethanol (v/v) and stored at ¡20�C overnight. Cells
were then centrifuged, washed with PBS, and suspended in a
100 mg/ml propidium iodide (Life Technologies) solution with
100 mg/ml of RNAse (BD Biosciences) and 0.1% (v/v) IGEPAL
CA-630 (Sigma-Aldrich) in PBS and incubated, protected from
light, for 30 minutes at room temperature. Flow cytometry was
then performed on a BD FACSCalibur (BD Biosciences), and
data were analyzed using FlowJo 7.6.5 software (Ashland, OR).

For further apoptosis analysis, the manufacturer’s protocol
for an Alexa Fluor 488 annexin V/PI staining kit was followed
(Life Technologies). In brief, cells were collected after P1446A-
05 treatment, washed twice with PBS, and stained with Alexa
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Fluor annexin V and propidium iodide (PI) for 15 minutes,
protected from light, at room temperature. Flow cytometry was
then performed on a BD FACSAria (BD Biosciences), and data
were analyzed using FlowJo 7.6.5 software. Early apoptosis
(annexin VC/PI-) and late apoptosis (annexin VCPIC) popu-
lations were considered in aggregate in Fig. 2C.

Western blot analysis

Western blot was performed using standard protocol previ-
ously described by our laboratory.19-21 In brief, equal amounts
of protein lysate (10–20 mg) were run on pre-cast 4–20% SDS-
polyacrylamide gels and transferred to PVDF membranes (Bio-
Rad, Hercules, CA). The membranes were blocked in 5% milk
in TBS-Tween for 1 hour, and incubated with primary and sec-
ondary antibodies for 2 hours and 1 hour, respectively; blocking
and antibody incubation were performed at room temperature.
Proteins were detected using chemiluminescence substrate
(Pierce, Rockford, IL) and X-ray film (Denville Scientific, South
Plainfield, NJ).

Statistics

The data points represent the mean and error bars correspond
to standard error of the mean (SEM) with n D 3, except in the
GI50 bar graph, where they represent 95% confidence intervals.
2-way ANOVA was used to compare cell cycle profiles and
induction of apoptosis. Statistical analyses were performed
using GraphPad Prism 6 (La Jolla, CA).

Results

P1446A-05 significantly reduces proliferation of human
melanoma cell lines in 2D and 3D culture

P1446A-05 was designed and synthesized as a novel multi-
CDK inhibitor. To determine the activity of P1446A-05
against melanoma, we treated a panel of human cutaneous
and uveal melanoma cell lines with P1446A-05 at a series
of concentrations (0.1 to 30 mM) for 72 hours. The results
demonstrated that P1446A-05 had growth inhibiting effects
across the full panel of cell lines tested, with a 6-fold range
in the concentration that inhibited cellular proliferation by
50% (GI50); the most sensitive (WM793) and least sensitive
(MEL270) cell lines had GI50’s of 0.51 mM and 3.02 mM,
respectively (Fig. 1A). In fact, the 6 uveal melanoma lines
were the least sensitive lines based on GI50 values. The
mean GI50 of these uveal lines was 2.33 mM, which is sig-
nificant higher compared to a mean GI50 of 0.78 mM
among the cutaneous melanoma lines (P < 0.0001). The
four most sensitive lines were BRAFV600E-mutant cell lines,
although there does not appear to be a strict genotype-phe-
notype correlation. The compiled dose-response curves for
all lines tested are presented in the supplementary data
(Fig. S1). The mutation information of the cell lines used is
shown in Table S1. P1446A-05 also had growth inhibitory
and cytotoxic effects on A375 and Mel-Juso spheroid for-
mation in a 3D model. Following 72 hours of P1446A-05

treatment, the colonies were significantly reduced in size in
a dose-dependent manner (Fig. 1B, Fig. S2).

P1446A-05 arrests cell cycle progression and induces
apoptosis irrespective of melanoma genotype or
phenotype

Having established the efficacy of P1446A-05 against the panel
of melanoma cell lines, we sought to characterize the mecha-
nism underlying the observed growth inhibiting response.
Treatment of A375 (BRAFV600E/NRASWT), SK-MEL-63
(NRASQ61K/BRAFWT), and OCM-1 (uveal) revealed increases
in both sub-G1 fractionation and G2/M arrest at 5 mM
P1446A-05; both changes were statistically significant com-
pared to DMSO-treated controls (P<0.001) (Fig. 2A, B). At
lower P1446A-05 concentrations (e.g. 0.5 mM), there appeared
to be an increase in the G1 population (Fig. S3). The substantial
rise in the sub-G1 population for the A375, SK-MEL-63 and
OCM-1 lines at 24 hrs was largely preserved at 48 hrs, except
for the OCM-1 line (Fig. 2A, B). There also appeared to be par-
tial dose dependence in terms of the apoptotic response.

In order to further confirm P1446A-05-induced apoptosis,
we next analyzed the cellular response after P1446A-05 treat-
ment using FITC annexin V (Fig. 2C) and PARP cleavage
(Fig. 2D) assays. The results showed that P1446A-05 signifi-
cantly increased the apoptotic cell percentage (Fig. 2C), and
increased the PARP cleavage (Fig. 2D). These results both cor-
roborated the presence of a robust apoptotic response. Taken
together, these findings indicate that P1446A-05 has dramatic
anti-melanoma activity by arresting cell cycle at G2/M and
inducing cell apoptosis.

P1446A-05 inhibits CDK family members

We next validate the intracellular targets of P1446A-05. Two
cutaneous melanoma lines (A375 and SK-MEL-63) and one
uveal melanoma line (OCM-1) were treated with either DMSO
or P1446A-05 (0.5, 1, 2, and 5 mM) for 6 and 24 hours (Fig. 3).
In terms of transcription, P1446A-05 is known to inhibit
CDK9, which is known to phosphorylate Rpb1 and regulate
transcription.13 As shown in Fig. 3, exposure to P1446A-05
dramatically reduced pRpb1Ser2 by 6 hours, suggesting that
P1446A-05 could rapidly block CDK9. In terms of cell cycle
effects, P1446A-05 reduced pRBSer780, a target of CDK4 and
CDK6, by 24 hours; total RB was also decreased by the drug,
perhaps through its potential anti-transcriptional effects. Inter-
estingly, the effect on pRBSer780 was more pronounced in the
A375 line compared to the OCM1 line, which is consistent
with the viability results (Fig. 1). In addition, pCDK7Thr170 was
diminished with drug treatment (Fig. S4), suggesting that
CDK1 may also be targeted although pCDK7Thr170 is not solely
phosphorylated by CDK1. Thus, P1446A-05 does appear to be
a multi-CDK inhibitor.

P1446A-05 has synergistic potential with other
anti-melanoma small molecule inhibitors

The growing interest in combination therapies aimed toward
therapeutic resistance led us to investigate the potential of
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P1446A-05 to synergize with other MAPK pathway-targeted
therapies to inhibit the proliferation of paired BRAFV600E

vemurafenib sensitive (A375 and K4) and resistant (A375-R
and K4-R) melanoma lines; resistant cell lines were generated
via chronic exposure to increasing concentrations of vemurafe-
nib. These cell lines were treated with either dabrafenib (BRAF
inhibitor) or trametinib (MEK inhibitor) and P1446A-05 for
72 hours. P1446A-05 and dabrafenib demonstrated pockets of
moderately strong to strong synergism in naive A375 cells.
However, the combinations of P1446A-05 and dabrafenib or
trametinib were highly synergistic at almost all dose combina-
tions in the A375-R cells (Fig. 4). While a consistent pattern of
synergy was not identified with the K4 lines (both BRAFV600E),
our results suggest that P1446A-05 and dabrafenib were more
effective against vemurafenib-resistant K4 cells, while P1446A-

05 and trametinib produced better synergy in vemurafenib-sen-
sitive K4 cells (Fig. 4).

Discussion

In this study, we show that a novel multi-CDK inhibitor,
P1446A-05, has in vitro activity against a genotypically and
phenotypically diverse panel of human melanoma cell lines,
produces anti-proliferative effects by modulating G2/M arrest
and inducing apoptosis, and synergizes with other small mole-
cule inhibitors. Together, these findings support the use of
broad-spectrum CDK inhibitors as a potential therapeutic
option for melanoma patients, and are in agreement with pre-
clinical studies that have investigated other multi-CDK inhibi-
tors as anti-melanoma agents.5,12,23,24

Figure 1. P1446A-05 strongly reduces proliferation of human melanoma cell lines in 2D and 3D culture. (A) P1446A-05 exhibits antiproliferative effects across different
melanoma genotypes and phenotypes. Sensitivity ranking placed cutaneous melanoma lines ahead of uveal melanoma lines. Cells were incubated with a range of
P1446A-05 concentrations for 72 hours, and cell viability was analyzed using the CellTiter-Glo luminescence assay. GI50 values were calculated using nonlinear regression
curve fit in GraphPad Prism 6 (error bars show 95% CI). (B) Escalating doses of P1446A-05 demonstrate strong inhibition of 3D melanoma spheroids. Mel Juso cells were
cultured as spheroids in matrigel and micrographs were taken after 72 hours of drug treatment. Representative images are shown; scale bars represent 50 mm in spheroid
images. Analysis of spheroid size was used to calculate % inhibition relative to control.
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We determined that the cellular phenotype underlying the
P1446A-05-mediated growth inhibition was a combination of
G2/M phase cell cycle arrest and apoptosis. Based on other
studies of CDK4/6 inhibitors in melanoma that revealed a pre-
dominant G1 phase arrest with little or no apoptosis, we
expected that P1446A-05 would cause some G1 phase arrest.

5,24

Our results, however, are more in line with those achieved by

dinaciclib, a specific inhibitor of CDK1/2/5/9, which also causes
G2/M phase cell cycle arrest and apoptosis.12,23

We validated that P1446A-05 inhibits the kinase function of
CDK4 and CDK9, so while we are confident that the anti-pro-
liferative effects produced by this drug resulted in some part
from appropriate CDK inhibition, it is impossible to rule out
contributory off-target effects. The decreases in CDK4 and

Figure 3. Intracelluar target validation. P1446A-05-mediated inhibition of CDK4 and CDK9 was confirmed via protein gel blotting for relevant phosphotargets in both CDK
pathways. CDK4s phosphotarget on RB protein (ser780) becomes inhibited by 24 hours across all 3 cell lines in a dose dependent manner. CDK9s phosphotarget on RNA-
PII’s Rpb1 (ser2) revealed better inhibition at 6 hours, and was only inhibited with the highest dose of P1446A-05 at 24 hours. The housekeeping protein GAPDH served
as a loading control.

Figure 2. P1446A-05 induces cell cycle arrest and apoptosis. (A, B) P1446A-05 causes G2-phase cell cycle arrest and an increase in sub-G1-phase cells at 24 and 48 hours.
Cells were treated with 1 mM and 5 mM P1446A-05 for 24 hours and 1 mM P1446A-05 for 48 hours. Cell cycle progression was assessed using PI staining and flow cytom-
etry. (C) P1446A-05 induces apoptosis, which correlates to the increase in sub-G1-phase cells. A375 and SK-MEL-63 cells were treated with 1 mM P1446A-05, and OCM-1
cells were treated with 1.5 mM P1446A-05. Apoptosis was assessed using annexin VPI staining and flow cytometry. (D) Compared to DMSO-treated controls, A375 cells
treated with 1 mM P1446A-05 revealed a robust increase in cleaved PARP. GAPDH served as a loading control. Error bars represent SEM from triplicates. �P < 0.0001, #P
< 0.001.
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CDK9 levels after treatment with high-dose P1446A-05 for
24 hours were not expected, but a possible explanation for this
effect, as well as the observed decreases in total RB and total
Rpb1, is reduced gene expression secondary to P1446A-05-
mediated inhibition of CDK9, which is involved in transcrip-
tional regulation. Supporting this explanation is the fact that
expression levels of these proteins were least affected in the
OCM-1 cell line, which was less sensitive to P1446A-05, in
terms of GI50 value, than A375 and SK-MEL-63.

The celebrated success stories of targeted therapies, starting
with vemurafenib and being echoed by dabrafenib and trameti-
nib, are incomplete without recognizing that the majority of
patients with an initial disease response will eventually relapse
as their melanomas develop resistance to inhibition of the
MAPK pathway. The paradigm of anti-melanoma targeted
therapies is shifting from monotherapy to combination ther-
apy, with the goal of targeting multiple pathways to prevent the
emergence of acquired resistance. Increased p16INK4A:cyclin D-
CDK4/6:RB pathway signaling is one of many proposed mech-
anisms behind acquired resistance to BRAF inhibition, and

copy number variants in important genes in this pathway have
been correlated to worse BRAF inhibitor treatment
response.2,3,25 The results of our synergy studies using matched
vemurafenib-sensitive and vemurafenib-resistant A375 and K4
cell lines are particularly intriguing and support the therapeutic
strategy of combining CDK inhibitors with targeted MAPK
therapies. To explain the mechanism of this synergy would be
highly speculative, however, further exploration of the physio-
logic mechanisms responsible for the synergy of these drug
combinations is needed to elucidate and fine-tune their poten-
tial therapeutic benefits. For instance, in the A375 model, com-
binations of P1446A-05 with dabrafenib or trametinib worked
better against vemurafenib-resistant cells, suggesting that a
promising application of either combination would be in
patients who have progressed on BRAF inhibitor therapy.

In summary, this study presents P1446A-05 as an effective
in vitro anti-melanoma agent that produces cytotoxic effects
against a range of melanoma genotypes and phenotypes by
causing cell cycle arrest and apoptosis. P1446A-05 has previ-
ously demonstrated in vitro activity in colorectal, NSCL, and

Figure 4. Synergism between P1446A-05 and other small molecule inhibitors. (A) Isobolograms demonstrating synergy between P1446A-05 and dabrafenib or trametinib.
The isobolograms were generated using Compusyn software. P, P1446A-05; T, trametinib; D, dabrafenib. (B) Heat maps depicting combination indices (CI’s) for dose com-
binations of P1446A-05 with dabrafenib and trametinib. A375 and K4 cell lines, both sensitive and resistant (A375-R, K4-R) to vemurafenib, were treated. Cells were incu-
bated with all drug combinations at indicated doses for 72 hours, cell viability was analyzed with CellTiter-Glo, and CI’s were calculated using CompuSyn software.
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prostate cancer, and has completed 2 phase I clinical trials in
patients with advanced refractory malignancies, with an accept-
able safety profile (NCT00840190, NCT00772876).9,10 Our
work provides further preclinical, mechanistic support for
P1446A-05 as a potential novel cancer therapy, especially for
advanced melanoma patients. We also demonstrate the poten-
tial for P1446A-05 to synergize with other small molecule
inhibitors to create enhanced combination therapies for mela-
noma. Further in vitro and in vivo investigations of specific
multi-CDK inhibitors, which target both canonical cell cycle
and transcriptional CDKs, alone and in combination, are war-
ranted to expand upon these preliminary findings and enhance
synergistic and therapeutic potential.
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