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In a fluorescence polarization screen for the MYC–MAX interac-
tion, we have identified a novel small-molecule inhibitor of MYC,
KJ-Pyr-9, from a Kröhnke pyridine library. The Kd of KJ-Pyr-9 for
MYC in vitro is 6.5 ± 1.0 nM, as determined by backscattering
interferometry; KJ-Pyr-9 also interferes with MYC–MAX complex
formation in the cell, as shown in a protein fragment complemen-
tation assay. KJ-Pyr-9 specifically inhibits MYC-induced oncogenic
transformation in cell culture; it has no or only weak effects on the
oncogenic activity of several unrelated oncoproteins. KJ-Pyr-9 pref-
erentially interferes with the proliferation of MYC-overexpressing
human and avian cells and specifically reduces the MYC-driven tran-
scriptional signature. In vivo, KJ-Pyr-9 effectively blocks the growth
of a xenotransplant of MYC-amplified human cancer cells.
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MYC is a transcriptional regulator that occupies an apex
position in the organizational hierarchy of the cell (1–3).

It belongs to a family of basic helix–loop–helix leucine zipper
(bHLH-LZ) proteins that dimerize with the small bHLH-LZ
protein MAX to become functional (4). The MYC–MAX het-
erodimer preferentially binds to the palindromic DNA sequence
CACGTG, referred to as the E-box motif. As a transcription
factor, MYC can bind to the promoters of target genes to
stimulate or repress transcriptional activity (5–7). The human
genome contains three MYC genes, c-MYC, N-MYC, and L-
MYC. Throughout this paper, we will use “MYC” to indicate the
protein product of the c-MYC gene.
MYC is involved in almost all cancers (8, 9). It is rarely mutated,

but achieves gain of function through overexpression or amplifi-
cation. Because of this broad pathogenic significance, MYC is
an important cancer target. However, both conceptual and
practical difficulties have stood in the way of identifying potent
and effective small-molecule inhibitors of MYC. The conceptual
obstacles reflect concern about inhibiting a gene that controls
essential cellular activities. Because MYC plays an important
role in cell proliferation (10, 11), it is often argued that inhibition
of this function would lead to broad and unacceptable side effects
in vivo. However, studies with the dominant-negative MYC con-
struct Omomyc have shown that inhibiting MYC has only mild
and rapidly reversible effects on normal, fast-proliferating tissues
(8, 12, 13). The main practical difficulty in targeting MYC is
the absence of pockets or grooves that could serve as binding
sites for small molecules (14).
The preferred strategy for the identification of potential MYC

inhibitors has been interference with MYC–MAX dimerization
(15–18). The formation of the MYC–MAX heterodimer involves
the bHLH-LZ domains of the two partner molecules with a
protein–protein interaction (PPI) surface of ∼3,200 Å2. This sur-
face lacks well-defined binding sites for small molecules and
therefore is widely considered as “undruggable.”However, despite
the large interaction surface, a single-amino acid substitution can
completely disrupt the dimerization of MYC with MAX (14). This
observation provides proof of principle that a high-affinity ligand

to a portion of the interaction surface would be sufficient to dis-
rupt the interaction.
Early inhibitors of MYC–MAX dimerization were small

molecules designed to target the MYC–MAX interface. The best
of these were able to inhibit MYC–MAX dimerization and on-
cogenic cellular transformation induced by MYC (15, 16). The
most widely used MYC inhibitor, 10058-F4 (16), has an effect
on the transcriptome that strikingly resembles that of MYC-
targeting shRNA (19). These compounds are useful as experi-
mental tools in cell culture, but lack the potency or appropriate
pharmacokinetic properties for in vivo applications.
As part of our continuing efforts to identify small molecules

able to target structural “sweet spots” and disrupt PPIs, we have
recently discovered a new series of small-molecule antagonists
of the MYC–MAX PPI. The most potent member of this family
of compounds binds to both MYC and MYC–MAX with nano-
molar affinity. It also inhibits MYC-driven oncogenic trans-
formation as well as MYC-dependent transcriptional regulation.
The promising pharmacokinetic properties of this molecule
allowed preliminary in vivo studies. This new inhibitor of the
MYC–MAX PPI effectively interfered with the growth of a
MYC-driven xenograft tumor, making it to our knowledge a first-
in-class chemical probe for investigating the modulation of
the MYC–MAX PPI as an anticancer strategy. In this commu-
nication, we present the chemical and biological properties of
this compound.

Results
A Library of Pyridine Compounds Yields Effective Inhibitors of MYC.A
previously described Kröhnke pyridine library (20) was screened
by fluorescence polarization (21) for inhibition of MYC–MAX
dimerization. The human MYC and MAX bHLH-LZ domains
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were expressed in Escherichia coli and combined with an E-box–
containing DNA duplex labeled with Alexa Fluor 594. When
these three components are mixed, MYC and MAX hetero-
dimerize and bind to the E-box DNA. A binding event results in
an increase in the fluorescence polarization, whereas compounds
that inhibit the formation of this complex cause a decrease in the
fluorescence polarization. Initial library screening was conducted
with mixtures (Fig. S1). Those mixtures that showed the stron-
gest inhibition were resynthesized as individual compounds and
rescreened, yielding four effective molecules, shown in Fig. 1.
The relative binding affinities of each of these compounds for
MYC–MAX and MAX–MAX were reassessed, vide supra, and
each displayed significantly higher affinity for MYC–MAX over
MAX–MAX dimers (Binding of KJ-Pyr-9 to MYC).

Specificity of Inhibition. An assay of MYC-induced oncogenic
transformation in chicken embryo fibroblasts (CEF) was used as
a secondary screen to determine inhibition of MYC in a bi-
ological setting. CEF were infected with the retroviral expression
vector RCAS, mediating expression of ATG-MYC, a variant of
human MYC that has the noncanonical CTG start codon
replaced by an ATG start codon. The ATG start codon mediates
higher expression and greater potency in oncogenic trans-
formation, resulting in rapid formation of focal microtumors in
the cell monolayer. We also used RCAS-expressing MYC from
the wild-type sequence as well as a modified construct expressing
only the smaller isoform of MYC (Fig. S2). The effects of the
inhibitors were the same as with ATG-MYC. In these experi-
ments, only KJ-Pyr-9 and KJ-Pyr-10 interfered with the onco-
genic activity of MYC (Table 1). We surmise that failure to show
a cellular effect is likely the result of poor compound solubility in
culture media. Because KJ-Pyr-9 had the best aqueous solubility
of the four compounds selected, all further experiments were
conducted with KJ-Pyr-9.
The assay of oncogene-induced cellular transformation in

CEF was also used to determine selectivity of KJ-Pyr-9 for MYC.
KJ-Pyr-9 was tested against ATG-MYC, N-MYC, and three
unrelated oncoproteins, v-Src, v-Jun, and the H1047R mutant of
phosphatidylinositol 3-kinase (PI3K) (Fig. 2A). The oncogenic
activity of N-MYC and ATG-MYC was strongly inhibited by KJ-
Pyr-9, whereas the unrelated oncoproteins were either un-
affected (v-Src) or were inhibited at significantly higher con-
centrations (v-Jun, PI3K H1047R). Massive overexpression of
MYC induces apoptosis in CEF. As shown in Fig. 2B, KJ-Pyr-9
effectively inhibits the apoptosis-linked emergence of cleaved
caspase 3.

Binding of KJ-Pyr-9 to MYC. Despite being the most water-soluble
of the series, KJ-Pyr-9 has a low solubility in water (12.5 μM).
Because of this limitation, many commonly used methods such as
analytical ultracentrifugation, isothermal calorimetry, and non-
covalent mass spectrometry fail to provide definitive evidence for
direct binding. However, we were able to demonstrate a direct
interaction and determine a binding constant for KJ-Pyr-9 and
MYC using backscattering interferometry (BSI) (17, 22) (Table
2). The results show that KJ-Pyr-9 directly binds to MYC (6.5
nM) as well as to the MYC–MAX heterodimer (13.4 nM), but
only weakly to the MAX homodimer (>1 μM). The data suggest
that KJ-Pyr-9 is capable of binding to the disordered monomeric
form of MYC and that it can dissociate the intact MYC–
MAX complex.
To test the ability of KJ-Pyr-9 to enter cells and specifically

interfere with the formation of a functional MYC–MAX com-
plex, we applied a protein fragment complementation assay
(PCA) based on Renilla luciferase (Rluc). Rluc-based PCA sen-
tinels have been designed and used to study the dynamics of PPIs
in vivo (23, 24). An advantage of this assay is that it reports
absolute values of protein-complex formation in real time. We
used an efficient and sensitive PCA biosensor that is based on
the PPI involving the full-length MAX protein and the C-ter-
minal bHLH-LZ in MYC (MYC332–439). The assay showed that
KJ-Pyr-9 selectively reduced complex formation of MYC332–439

with MAX, compared with the effect on an unrelated biosensor
based on the homodimer of the protein kinase A regulatory
subunits (RII:RII) used here as a control (Fig. S3). KJ-Pyr-9 also
interfered with MAX homodimerization, albeit to a lesser degree
than MYC–MAX heterodimerization (Fig. S3). These data
support the conclusion that KJ-Pyr-9 enters cells and specifically
interferes with MYC–MAX complex formation.

The Effect of KJ-Pyr-9 on Cellular Proliferation. For the study of the
effect of KJ-Pyr-9 on MYC-driven cellular proliferation, we used
the human B-cell line P493-6. In these cells, the expression of
MYC is under the control of a Tet-off promoter. In the absence
of doxycycline, MYC is expressed, leading to robust cell pro-
liferation. As an inhibitor of MYC dimerization, KJ-Pyr-9 should
have no activity in the absence of the MYC protein. Both
KJ-Pyr-9 and doxycycline inhibited the growth of P493-6, as
shown in Fig. 3. Importantly, when KJ-Pyr-9 and doxycycline are
used in combination, there is no additional inhibition beyond
either compound alone. Elevated activity of MYC is also essential
in the proliferation of numerous cancer cell lines. We tested
KJ-Pyr-9 against three cell lines known to be dependent on in-
creased MYC activity: NCI-H460, MDA-MB-231, and SUM-
159PT. The proliferation of all cell lines tested was inhibited,
with IC50 values between 5 and 10 μM (Fig. S4A). Additionally,

Fig. 1. (Left) Fluorescence polarization data of KJ-Pyr-4, KJ-Pyr-6, KJ-Pyr-9, and KJ-Pyr-10, comparing binding to MYC–MAX with the interaction with
MAX–MAX. (Right) Structures of the four compounds.
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the proliferation of Burkitt lymphoma cell lines, which show
constitutively high expression of c-MYC, is more sensitive to
KJ-Pyr-9 (IC50 values between 1 and 2.5 μM) (Fig. S4B). KJ-Pyr-9
was further assessed against selected proliferating avian and
human cells (Fig. S5). Whereas normal quail embryo fibroblasts
(QEFs) and QEFs oncogenically transformed by the v-jun on-
cogene or by the chemical carcinogen methylcholanthrene were
only slightly impaired in their growth, cells transformed by the
retroviral v-myc were significantly more affected (Fig. S5A). A
similar result was obtained with human fibroblasts and distinct
human cancer cell lines. Notably, the leukemia cell lines K-562,
MOLT-4, and HL-60, which express high levels of MYC, were
strongly inhibited in their proliferation, whereas human fibro-
blasts and the colon carcinoma cell line SW-480 were not af-
fected (Fig. S5B).

Interference with the Transcriptional Signature of MYC. To study the
effect of KJ-Pyr-9 on MYC-dependent transcription, we again
chose P493-6 cells, in which MYC expression can be suppressed
with doxycycline. These cells have been widely used as a model
system to investigate the transcriptional targets of MYC (7, 25–
27). RNA sequencing (RNAseq) was performed in triplicate on
untreated P493-6 cells as well as those treated separately with
KJ-Pyr-9 and doxycycline to assess the effect of KJ-Pyr-9 on the
transcriptional targets of MYC. The data were analyzed by gene
set enrichment analysis (GSEA) (28, 29) and are summarized in
Fig. 4 and Table S1. Doxycycline-treated cells showed strong
negative enrichment for previously established gene signatures of
MYC (25–27) (Table S1). Treatment of P493-6 cells with
KJ-Pyr-9 also resulted in this negative enrichment of essentially
the same MYC-driven transcriptional signatures. We conclude
that KJ-Pyr-9 specifically interferes with the MYC-dependent
transcriptional program.

In Vivo Activity of KJ-Pyr-9. Previous MYC inhibitors have not
been effective in animal model studies. These failures resulted
from insufficient affinity toward MYC or poor pharmacokinetic
properties. We investigated the pharmacokinetic properties of
KJ-Pyr-9 in mouse and rat and found that the concentrations
of KJ-Pyr-9 achievable in the blood are sufficient to cause in-
hibition of MYC in vitro (Materials and Methods). We observed
no signs of acute toxicity at a dose of 10 mg/kg. Rather sur-
prisingly, KJ-Pyr-9 also crossed the blood–brain barrier and was
present at higher concentrations in brain tissue than in the blood
after 4 h.
To test the in vivo effectiveness of KJ-Pyr-9, nude mice re-

ceived a xenograft of MDA-MB-231 cells suspended in Matrigel
and injected s.c. into the left and right flanks. When the tumors
had reached an average volume of 100 mm3, mice were treated
daily with 10 mg/kg KJ-Pyr-9 or vehicle control by i.p. injection
for 31 d. Inhibition of tumor growth by KJ-Pyr-9 was noted after
8 d of treatment. By day 31, the tumor volume in the KJ-Pyr-9–
treated animals had not increased significantly (Fig. 5). At the
conclusion of the experiment the tumors were extracted and
weighed. The weight measurements were in agreement with the
volume determinations and confirmed the ability of KJ-Pyr-9 to

halt tumor growth (Fig. 5). Treatment with KJ-Pyr-9 had no
effect on the body weight of the animals.
To determine drug activity in tumor cells, protein lysates were

prepared from frozen tumor samples and analyzed by Western
blot. These blots showed that the expression of the MYC sup-
pression target NDRG1 was significantly increased by treatment
with KJ-Pyr-9. The degree of this enhancement varied between
tumors. Immunofluorescence staining of NDRG1 and histolog-
ical analysis suggested that the variability was caused by differ-
ences in the amounts of necrotic areas within the different tumors
(Fig. S6). These observations suggest that KJ-Pyr-9 gained access to
the tumor tissue and inhibited the transcriptional activity of MYC.

Discussion
Protein–protein interactions are difficult targets for small-mol-
ecule ligands (18, 30–38). The interacting surfaces are large and
devoid of structural landmarks, and the interaction energies are
typically not focused within a cleft. There is no theoretical
method of identifying accessible critical residues or “hot spots”
that could induce a conformational change resulting in the dis-
ruption of the PPI. These problems are augmented by the bias in
available libraries that target enzymes and GPCRs, taking ad-
vantage of distinct pockets and grooves that are suitable for high-
affinity interactions with small molecules. However, highly ef-
fective small-molecule inhibitors of PPI have been identified,
and these successes serve as encouraging proofs of principle (18,
31–34, 38–41). New strategies for identifying weak binders have
become available (42), biophysical and cell-based screening
methods are being improved, and different types of libraries are
being generated.

Table 1. Effects of inhibitor compounds on the efficiency of
MYC-induced oncogenic transformation

Compound (10 μM) EOT*

KJ-Pyr-4 1.12
KJ-Pyr-6 0.79
KJ-Pyr-9 0.00083
KJ-Pyr-10 0.00017

*Efficiency of transformation indicates focus counts in the presence of inhibitor
over focus counts of control plates. Oncogenic transformation was determined
in chicken embryo fibroblasts using the RCAS vector expressing ATG-MYC in
which the noncanonical initiation codon CTG had been optimized to ATG.

Fig. 2. (A) Dose–response of KJ-Pyr-9 versus oncogenic transformation in-
duced by MYC, N-MYC, v-Src, PIK3CA-H1047R, and v-Jun. Data from a rep-
resentative experiment conducted with cells derived from a single chicken
embryo. In these transformation assays, the MYC expression vector pro-
duced the larger isoform of MYC, initiated by the first initiation codon that
had been mutated from CTG to ATG. Identical results were obtained by
expressing MYC from the wild-type mRNA sequence and from an mRNA
sequence in which the first initiation codon CTG is mutated to a non-
functional CAG, thus forcing expression of only the smaller isoform of MYC.
EOT, efficiency of transformation. (B) CEF were infected at a multiplicity of
infection of 10 with the RCAS retroviral vector expressing ATG-MYC. Cells were
transferred on days 3 and 5 postinfection and treated or not treated with
KJ-Pyr-9, and cleaved caspase 3 was determined by Western blot on day 9.
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The importance of MYC in cancer has steadily risen since it
was first identified as the oncogenic component in a retrovirus
(43, 44) and then linked to human disease by the chromosomal
translocation in Burkitt lymphoma (45). A gain of function in
MYC is seen in nearly all human cancers. In addition, animal
model systems have revealed unexpected roles of this oncopro-
tein in cancers that nominally have a non-MYC etiology. Thus, a
KRAS-driven lung cancer can be eradicated by dominant-nega-
tive MYC (46). In human cancer cell lines, acquired resistance to
inhibitors of PI3K can be mediated by MYC (47).
The inhibitory action of KJ-Pyr-9 on oncogenic cellular

transformation is most potent against MYC and far less effective
against several other oncoproteins. In this context, the data on
v-Src are in apparent conflict with previous work that has shown
a dependence of Src-mediated oncogenic transformation on
MYC (48). However, the inhibition of MYC by KJ-Pyr-9 is not
complete, and residual MYC activity could suffice to allow Src-
induced cellular transformation. KJ-Pyr-9 has a strong effect on
the viability and proliferative capacity of several human cancer
cell lines. These effects are particularly striking in the case of
leukemia cells, but they extend to cell lines derived from solid
tumors as well. In the P493-6 cell model, KJ-Pyr-9–induced in-
hibition of proliferation is MYC-dependent. The data on the
xenotransplant of a MYC-dependent human cancer cell line
show a block of tumor growth in the presence of the compound.
However, the effects of KJ-Pyr-9 in cell culture and in vivo are
cytostatic, not cytocidal, in contrast to the effect of Omomyc
overexpression in tumors (49). This may stem from incomplete
inhibition of MYC, with residual activity facilitating cell survival,
or it may reflect fundamental differences between Omomyc and
KJ-Pyr-9 as inhibitors of MYC. Omomyc sequesters MYC into
a heterodimeric complex away from MAX, whereas KJ-Pyr-9
interferes with the binding of MYC to MAX. In a cancer setting, a
merely cytostatic action might appear as a therapeutic disadvan-
tage. However, it would also reduce side effects on rapidly pro-
liferating normal tissues, and the effect on cancer cells could be
enhanced by a combination with other possibly targeted drugs.
Direct binding of KJ-Pyr-9 to MYC was demonstrated by BSI

(22). The choice of this novel and highly sensitive technique
was prompted by the low solubility of KJ-Pyr-9. Low solubility
imposes some experimental restrictions and, for animal studies
that require higher injectable concentrations of KJ-Pyr-9, we
were able to increase solubility by using Tween 80 in the vehicle
without any toxic effect. Low solubilities have been observed
with other PPI inhibitors including Taxol (50, 51) and ABT-737
(52) and, although not ideal, the low solubility does not interfere
with their clinical effectiveness. Direct, intracellular binding of
KJ-Pyr-9 to MYC is also supported by our experiments using
PCA constructs.
GSEA of the RNAseq data obtained with the doxycycline-

treated P493-6 cells (MYC-off) shows strong negative enrich-
ment scores that are in full concordance with the numerous
previously published MYC gene signatures (25–27). The en-
richment scores generated from the RNAseq data of KJ-Pyr-9–
treated cells reveal a highly significant overlap with the same
MYC gene signatures and with the doxycycline effect on P493-6
cells. The great majority of genes down-regulated by doxycycline
are also down-regulated by KJ-Pyr-9. However, the doxycycline
and KJ-Pyr-9 gene sets are not completely overlapping; an

explanation of the small minority of “outliers” will require ad-
ditional work.
Our work raises several questions that need to be addressed by

future studies. Among these is a determination of the KJ-Pyr-9
binding mode and binding site(s) to MYC. Such data would
probably also help to explain the selectivity for MYC over MAX.
Additionally, in vivo observations are very limited at this time.
They need to be expanded to other animal models and include
an examination of normal rapidly proliferating tissues.

Materials and Methods
Fluorescence Polarization Assay. His-tagged bHLH-LZ domains of MYC and
MAX were expressed in E. coli and purified by HisTrap. Fluorescence polariza-
tion assays were conducted as described (21), except that 5-carboxyfluorescein
was replaced with Alexa Fluor 594.

Renilla Luciferase-Based Protein Fragment Complementation Assay. HEK293
cells were grown in DMEM supplemented with 10% (vol/vol) FBS. The in-
dicated Rluc-PCA expression constructs were transiently overexpressed in
a 24-well plate format. Twenty-four or 48 h posttransfection, confluent cells
were treated with 20 μM KJ-Pyr-9. Following treatment, the growth medium
was exchanged and cells were resuspended in PBS. Cell suspensions were
transferred to white-walled 96-well plates and subjected to bioluminescence
analysis using the LMax II 384 luminometer (Molecular Devices). Rluc bio-
luminescence signals were integrated for 10 s following addition of the Rluc
substrate benzylcoelenterazine to intact cells (5 μM; NanoLight). For im-
munoblot analyses, anti-Renilla luciferase antibodies to detect either F[1]-
fused (Millipore; MAB4410) or F[2]-fused (Millipore; MAB4400) hybrid
proteins were used (23, 24).

Assay for Oncogenic Transformation in Cell Culture. Oncogenic transformation
was determined in cultures of chicken embryo fibroblasts as previously de-
scribed (53, 54). CEF were infected with a series of 10-fold dilutions of the
indicated virus. Compounds were added to the nutrient agar overlay. Ad-
ditional compound-containing overlay was added every 3 d until experimental
end point. ATG-MYC was created by site-directed mutagenesis changing the
CTG start codon of human c-MYC to ATG. It was then inserted into the ret-
roviral expression vector RCAS(A).sfi (55).

Backscattering Interferometry. Data were collected on an instrument built by
Molecular Sensing. N-terminal His-tagged maltose-binding protein fusions of
the MYC and MAX bHLH-LZ domains were cloned and expressed in E. coli.
These fusion proteins were purified by Ni-NTA column chromatography and
buffer-exchanged to 60 mM Tris·HCl (pH 7.5), 150 mM NaCl, 9 mM MgCl2,
3 mM EDTA by dialysis in Slide-a-Lyzer cassettes (Thermo Scientific). Constant
amounts of MYC, MAX, or MYC–MAX heterodimer were mixed with in-
creasing amounts of KJ-Pyr-9 and analyzed by backscattering interferometry.
The resulting changes in the index of refraction were plotted and fitted to a
logistic curve to determine Kd.

Table 2. Dissociation constants of KJ-Pyr-9 and MYC, MAX, and
the MYC–MAX dimer as measured by backscattering
interferometry

Protein Kd

MYC 6.5 ± 1.0 nM
MYC–MAX 13.4 ± 3.9 nM
MAX >1.0 μM

Fig. 3. Effect of KJ-Pyr-9 on the proliferation of P493-6 cells. Expression of MYC
in these cells is suppressed by doxycycline, resulting in cessation of cell pro-
liferation. Cell proliferation is also halted by KJ-Pyr-9 alone or in combination
with doxycycline. Error bars represent standard error of the mean (SEM).
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Cell Lines. P493-6 cells were kindly provided by Chi Van Dang (University of
Pennsylvania, Philadelphia). P493-6 cells were grown in RPMI-1640 (Life Tech-
nologies) supplemented with 10% tetracycline-free FBS (Gemini) and 1× peni-
cillin, streptomycin, L-glutamine (Sigma). Cells were incubated at 37 °C in a 5%
CO2 atmosphere. The human cancer cell lines were NCI-H460 (ATCC) (large-cell
lung cancer), MDA-MB-231 (National Cancer Institute) (adenocarcinoma of the
breast), SUM-159PT (Asterand) (estrogen-independent breast cancer), and SW-
480 (ATCC) (colorectal carcinoma). K-562, MOLT-4, and HL-60 were derived
from chronic myeloid leukemia in blast crisis, acute lymphoblastic leukemia, and
acute myeloid leukemia, respectively. Human immortalized fibroblasts were
provided by J. Troppmair (Medical University Innsbruck, Innsbruck, Austria). Cell
culture of quail (Coturnix japonica) embryo fibroblasts and of the established
quail cell lines Q8, QEF/MC29, VJ, and QT6 was performed as described (56).

Cell-Proliferation Assays. Assays used staining with the redox dye resazurin
(Sigma) to measure cell viability (57). Cells were seeded at 103 per 100-μL well
in 96-well plates and grown in the presence of 2.5% FBS. MDA-MB-231 cells
were cultured in DMEM; SUM-159PT cells were cultured in HAM’s F12; and
NCI-H460 cells were cultured in RPMI-1640. MDA-MB-231 cells were exposed
to KJ-Pyr-9 for 216 h with fresh compound-containing medium supplied at
120 and 192 h; SUM-159PT cells were exposed to the compound for 120 h
and fresh medium with the appropriate compound concentrations was sup-
plied at 48 h; and NCI-H460 cells were grown with compound for 72 h. Tripli-
cate cultures of P493-6 cells were grown in six-well plates from a starting
density of 1 × 105 cells per mL in 4 mL culture medium per well. Compounds
were added immediately following cell seeding. Following compound addi-
tion, cells were distributed by vortexing the plate at 400 rpm for 10 s. One
hundred-microliter samples were taken after vortexing and counted using a
Beckman Coulter Z1 counter at 0, 12, 24, 36, 48, 60, 72, and 96 h of incubation.

Pharmacokinetics. Three mice were injected with 10 mg/kg KJ-Pyr-9 dissolved
in 10:10:80 Tween 80:DMSO:5% dextrose in water intraperitoneally. At 4 h,
concentrations of KJ-Pyr-9 in the plasma and in the brain were 3.5 and
12.4 μM, respectively. Rats were dosed with 1 mg/kg i.v.; elimination half-
lives in plasma were ∼1.84 h (rats).

Xenograft Experiments. Ten 8-wk-old female nude mice (HSD:athymic nude-
Foxn1nu) were injected with 5 × 106 MDA-MB-231 cells s.c. into the left and
right flanks. Cells were suspended in high-concentration Matrigel (BD Bio-
sciences) before injection. Xenograft tumors were allowed to grow until the
average volume of the tumors reached 100 mm3, as measured by external
calipers. At this point, the mice were divided into two groups. One received
10 mg/kg KJ-Pyr-9 and the other received vehicle only, dosed daily by i.p.
injection. Tumor volume and mouse weight were measured daily. Vehicle
used in all cases was 10:10:80 Tween 80:DMSO:5% dextrose in water. The

mice were treated for a period of 31 d. At the end of the experiment, the
mice were euthanized and tumors were excised. Tumors were weighed.
Samples of each tumor were fixed in formalin for histology and frozen for
Western blotting. All vertebrate experiments were conducted with the ap-
proval of The Scripps Research Institute (TSRI) Institutional Animal Care and
Use Committee.

Fig. 4. GSEA of RNAseq comparing the effect of doxycycline (A) with the effect of KJ-Pyr-9 (B) on the MYC gene signature published by O’Donnell et al. (26).
Both drugs target the established MYC signature; the overlap between their effects is highly significant, but not 100%.

Fig. 5. KJ-Pyr-9 interferes with the growth of a xenograft of MDA-MB-231
cells. Mice were injected with 5 × 106 MDA-MB-231 cells s.c. into the left and
right flanks. When tumors reached a volume of 100 mm3, half of the mice
were given daily i.p. injections of 10 mg/kg KJ-Pyr-9 and the other half re-
ceived vehicle only. Tumor growth was followed for 31 d. (A) Tumor volumes
of treated and untreated animals. (B) Tumor weights of treated and un-
treated animals. (C) Time course of tumor volumes. Error bars indicate 95%
confidence intervals.
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Statistical Methods. Tumor volumes were calculated using (length) × (width)2.
Tumor volumes were evaluated using Efron’s bootstrap (58) procedures as
implemented in R (59–62). Mean volumes and 95% confidence intervals
were determined using bootstrap resampling with 106 randomizations and
graphed using the ggplot2 package (63). P values were determined using
the resampling permutation method with 106 randomizations.
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