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Abstract: Clinical management of malignant mesothelioma (MM) is very challenging due to marked resistance of 
this tumor to chemotherapy. Various mechanisms lead to a less than ideal drug concentration inside of MM cells, 
diminishing cytotoxicity. Consequently, single cytotoxic drugs achieve very modest response rates in MM patients, 
and combination regimens using standard and novel therapies have achieved only limited improvement in overall 
survival. Here, we demonstrate that MYC has either proliferative or pro-survival effects in MM cells during normal or 
stressed conditions, respectively. A MYC inhibitor 10058-F4 reduced MM cell proliferation via down regulation of cy-
clin D. Under serum starvation conditions, MM cells became quiescent, and the addition of MYC inhibitors triggered 
apoptosis in the resting MM cells. We also found that high concentrations of the PAK inhibitor PF3758309 killed MM 
cells, but the drug had only cytostatic effects at lower concentrations. These quiescent cells underwent apoptosis 
upon pharmacological inhibition of MYC. A novel MYC inhibitor KJ-Pyr-9 and a newer PAK inhibitor, FRAX597, also 
demonstrated marked cytotoxic cooperativity. Collectively, these findings demonstrate that targeting of MYC can 
sensitize MM cells and provide rationale for inhibition of MYC and PAK as a novel combinatory regimen for the treat-
ment of this otherwise therapy-resistant, clinically incurable malignancy.
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Introduction

Malignant mesothelioma (MM) is a treatment-
resistant malignancy that is usually associated 
with exposure to asbestos. This disease is rap-
idly progressive, with a median overall survival 
of only 9 to 17 months [1]. Genetic studies of 
MM have revealed frequent deletions of 
CDKN2A, which encodes the tumor suppres-
sors p16INK4A and p14ARF, simultaneously 
resulting in the inactivation of the two gate-
keeper tumor suppressor pathways, i.e., the Rb 
and p53 pathways, respectively [2]. NF2 is one 
of the most frequently inactivated genes in MM 
[3, 4]. Re-expression of NF2/Merlin in MM cells 
inhibits cell cycle progression through the down 
regulation of cyclin D1 [5]. The p21-activated 
kinase (PAK) has been shown to phosphorylate 
and inactivate NF2 [6], and we have reported 
that PAK activation is a common feature in MM 
cells [7]. PAK is also an upstream regulator of 
ERK, NFkB, Catenin and Aurora pathways [8, 
9]. Moreover, ERK2 is essential for the prolifer-

ation of MM cells [10]. PAK has also been shown 
to be activated in many MMs, and we previously 
reported that PAK inhibitor IPA-3 can induce 
MM cell death [7].

Pleural MM is a virtually incurable disease 
because of its marked resistance to conven-
tional chemotherapies. The current preferred 
first-line treatment is the combination of cispla-
tin and pemetrexed. Still, nearly all patients fail 
this treatment [11]. Moreover, targeted reagents 
such as the EGFR inhibitor gefitinib or the 
PDGFR inhibitor imatinib mesylate have shown 
no clinical efficacy. Also, the combination of cis-
platin and gemcitabine with the VEGF monoclo-
nal antibody bevacizumab resulted in no signifi-
cant improvement in patient response rate or 
survival [1]. Therefore, innovative and effective 
approaches to eradicate MM cells are urgently 
needed.

MYC has been found to be frequently amplified 
in many malignancies such as lung, colorectal, 
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breast and prostate carcinomas [12]. Addi- 
tionally, chromosome translocation-mediated 
up regulation of MYC is a causal mechanism for 
the development of various lymphoid malignan-
cies [13]. Tissue-specific ectopic expression of 
MYC in mice is also known to induce T- and 
B-cell neoplasms as well as tumors of the 
breast, liver, skin, pancreas and bone [14]. MYC 
up regulation causes cell cycle progression 
through the up regulation of cyclins and the 
repression of p15 and p21 [15]. Moreover, MYC 
promotes genomic instability and angiogene-
sis. In addition to genes involved in cell prolif-
eration, MYC target genes play a role in cell sur-
vival, DNA dynamics, RNA modification, energy 
metabolism and macromolecular synthesis 
[16, 17]. Mechanistically, MYC binds to the pro-
moters of its target genes and promotes elon-
gation by regulating transcription pause release 
[18]. Also, because MYC controls multiple com-
ponents of ribosome biogenesis, it can indirect-
ly regulate gene expression at the translational 
level [19]. These critical functions underlie 
MYC-induced tumorigenesis [14]. Furthermore, 
it is now believed that low but persistent levels 
of MYC are responsible for the start of cellular 
transformation, because low, as opposed to 
high, levels of MYC enable cells to evade ARF-
p53 surveillance and thereby circumvent apop-
tosis [20]. Thus, MYC is essential for both initia-
tion and maintenance of malignancy.

MYC inhibition by a dominant-negative MYC, 
dubbed Omomyc, was shown to suppress Kras-
induced lung cancer in a mouse model [21]. 
Furthermore, a small-molecule MYC inhibitor, 
10058-F4, can induce cell cycle arrest and/or 
apoptosis in human acute myeloid leukemia 
and lymphoma [22, 23]. This type of inhibitor 
binds MYC and stabilizes the monomer over the 
highly ordered MYC-MAX heterodimer, thus 
abolishing MYC’s function [24, 25]. One mecha-
nism of the inhibitor’s efficacy is through the 
down regulation of RNA polymerase II levels at 
the promoter of MYC target genes [18]. This 
inhibitor also showed anti-cancer effects in 
gastric and prostate tumors [26, 27]. It also 

greatly facilitates Akt inhibitor-induced cell 
death in T-cell lymphomas [28]. Recently, a 
novel MYC inhibitor KJ-Pyr-9 was discovered to 
be able to suppress MYC function and inhibit 
cancer cell growth via a similar mechanism 
[29]. 

In contrast to the extensive reports on the 
oncogenic role of MYC in other cancers, the role 
of MYC in the pathogenesis of MM is not well 
established. Immunohistochemistry studies 
have revealed that MYC is more frequently 
expressed in MM tissues than in normal meso-
thelium [30]. Recently, FUSE-binding protein-
interacting repressor (FIR), a c-myc transcrip-
tional repressor, has been shown to induce 
apoptosis in MM cells [31]. Other than these 
reports, the role of MYC in MM, and whether it 
can be targeted efficaciously by using small 
molecular inhibitors, is largely unknown. Here, 
we report that MYC is frequently up regulated  
in MM cells, and MYC inhibitors induce apopto-
sis in MM cells upon serum depletion or PAK 
inhibition-induced cell cycle arrest.

Materials and methods

Cell culture 

MM cells used in this investigation were as pre-
viously described [32]. Cells were maintained in 
RPMI1640 medium supplemented with 10% 
FBS containing 100 μg/mL penicillin and strep-
tomycin and 2 mM L-glutamine.

Reagents 

Antibodies against cyclin D2, D3, GAPDH, β- 
actin, and horseradish peroxidase (HRP)-linked 
secondary antibodies were purchased from 
Santa Cruz Biotechnology. Antibodies against 
MYC, cleaved caspase-3, PARP, PAK1,2,3, p- 
AKT/AKT, and p-ERK/ERK were from Cell Sig- 
naling. p-PAK1,2,3 antibody and MYC inhibitors 
10058-F4 and 10074-G5 were from Sigma-
Aldrich. KJ-Pyr-9 was obtained from Millipore. 
PAK inhibitor PF3758309, FRAX597 and IPA-3, 

Figure 1. MYC is up regulated in MM cells, and inhibition of MYC suppresses MM cell proliferation. A. MYC is over 
expressed in 78% MM cell lines as shown by immunoblotting (18 of 23). Note: MeT-5A, 7086 and LP9 are non-
malignant mesothelial cell lines. MYC1 (CUG-initiated), MYC2 (AUG-initiated). B. MTS assay depicting viability of MM 
cells treated with MYC inhibitor 10058-F4 at the indicated concentrations for 30 h. C. Immunoblotting demonstrat-
ing that 10058-F4 reduces cyclin D2 and D3 levels and induces p21Waf1/Cip1 expression. No caspase-3 activity 
was found. D. Cell cycle analysis of MM cells (Meso1, Meso41, 211H, 2052) following 10058-F4 treatment or serum 
starvation. 
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BRD inhibitor JQ1, as well as MEK inhibitors 
U0126 and PD0325901 were obtained from 
Selleckchem.

Cell viability assay

Cell viability was measured by MTS assay 
(Promega). In brief, cells were seeded at 1×104 
cells/well in 96-well plates. OD values at 595 
nm was evaluated 1 to 4 h after incubation with 
10% MTS using a 96-well microplate reader.

Western blot analysis

Total cellular protein was extracted by using 1× 
cell lysis buffer (Cell Signaling) supplemented 
with 2 mM PMSF. Cell debris was removed  
by spinning at 15,000× g for 15 min at 4°C. 
Protein concentrations were determined using 
Bradford reagent. Proteins (50 µg/well) were 
loaded into the Tris-Glycine buffered SDS-PAGE 
gel (Invitrogen). Separated protein was then 
transferred onto PVDF membranes (Millipore). 
Membranes were blocked with 5% non-fat milk 
in Tris-buffered saline with tween (TBST) for 1 h 
and then incubated with primary antibodies at 
4°C overnight. After washing 3x with TBST, 
membranes were incubated with secondary 
antibody at RT for 1 h, and further washed 
three times. Film was exposed and developed 
for HRP signals.

Flow cytometry analysis

Flow cytometry (LSRII, BD Biosciences) was 
used to analyze cell death markers. An apopto-
sis detection kit containing AnnexinV-FITC and 
Propidium Iodide (PI) were purchased from BD 
Pharmingen. For cell cycle analysis, cells were 
fixed with 70% ice-cold ethanol, washed twice 
with PBS, and stained with 50 µg/mL PI. Data 
were analyzed by using FlowJo.

Results

Inhibition of MYC suppresses cell proliferation

Twenty-three human MM-derived cell lines 
were used to determine the expression of MYC 
protein, along with three non-transformed 
mesothelial cell lines (MeT-5A, 7086 and LP9). 
Immunoblotting revealed that 18 of 23 (78%) 
MM cell lines showed up regulation of MYC 
expression in MYC1 (CUG-initiated), MYC2 
(AUG-initiated), or both isoforms (Figure 1A). 
For further investigations, we chose six cell 
lines with either medium (Meso1, Meso25 and 
Meso41) or high (MSTO211H, NCI2052 and 
NCI2452) levels of MYC expression to deter-
mine if suppression of MYC by small molecule 
inhibitors affects MM cell viability. Mitochondrial 
activity-based MTS assay showed that MM 
cells have reduced viability or proliferation 
when treated with the MYC inhibitor 10058-F4 
at 40 µM for 30 h (Figure 1B). Immunoblotting 
demonstrated that 10058-F4 reduced cyclin 
D2 and D3 levels and induced p21Waf1/Cip1 
expression after 16-24 h of treatment. In- 
terestingly, cyclin D2 exhibited up regulation  
at an early time point (4 h) in some cell lines, 
suggesting a transient, non-transcriptional 
effect of the inhibitor. Activity of the survival 
factor AKT kinase was not altered following 
MYC inhibition (Figure 1C). No PARP cleavage 
was detected, indicating that apoptotic cas-
pase-3 was not engaged (not shown). Therefore, 
the reduced cell MTS activity was interpreted to 
be due to a cytostatic effect of 10058-F4 
(Figure 1C). We next performed cell cycle analy-
sis on cells treated with 10058-F4. Inhibition  
of MYC inhibition resulted in a significantly 
increased proportion of cells arrested at G1 
phase (Figure 1D). MM cells cultured without 
serum (mitogen depletion) similarly underwent 
cell cycle arrest.

Figure 2. MYC inhibition triggers apoptosis of MM cells when medium is depleted of serum. A. MTS assay to monitor 
MM cell viability following treated with MYC inhibitor 10058-F4 at 40 mM for 20 h in serum free or normal medium. 
MTS activities were normalized to each control. B. Microscopic depiction of increased cell death in serum-starved 
MM cells treated with 10058-F4. C. Membrane integrity was monitored by using AnnexinV staining and analyzed 
by FACS. Representative set of experimental findings is shown (AnnexinV: Early Apoptosis; PI: Necrosis; AnnexinV/
PI: Late Apoptosis). D. MM cells in early apoptosis, late apoptosis, and necrosis following treatment with 10058-F4 
plus serum starvation are significantly higher than those in control cells or cells treated with 10058-F4 alone. E. 
Cells were fixed, stained with PI, and cell cycle analysis was performed by FACS to visualize apoptotic sub-G1 popu-
lation. F. 10058-F4 plus serum starvation significantly increases the proportion of sub-G1 cells compared with that 
of control treatment. G. Western blot analysis indicating activation of caspase-3. (S24: starved for 24 h; I4: Inhibitor 
for 4 h). H. Signal intensity as assessed using fluorchem SP (Alpha Innotech). *P<0.05, **P<0.01, ***P<0.005, 
****<0.001.
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MYC blockade induces cell death of serum-
starved MM cells

Evasion of growth suppression is one of the 
cancer hallmarks [33]. When incubated with 
serum-free medium, MM cells did not show cell 
death. However, when we treated the cells with 
10058-F4 at 40 mM for 20 h either in serum-
free or normal media, we found that 10058-F4 
dramatically diminishes the viability of cells cul-
tured under serum-free versus serum-contain-
ing medium, implying a cytotoxic effect of MYC 
inhibition under such conditions (Figure 2A). 
Indeed, the serum-starved MM cells with 
10058-F4 demonstrated microscopic morphol-
ogy of cell death (Figure 2B). Collectively, these 
findings indicate that MYC has a pro-survival 
role in MM cells during mitogen depletion. To 
assess the type of cell death caused by 10058-

F4 in serum-starved MM cells, treated cells 
were stained with AnnexinV-FITC and PI. 
Apoptotic cells lose membrane integrity, such 
that the inner side of the membrane can be 
bound by AnnexinV. FACS analysis showed that 
serum-starved, 10058-treated MM cells had 
significantly more cells in early apoptosis 
(AnnexinV+) and late apoptosis (AnnexinV+PI+) 
when compared to control cells (either serum 
starvation alone or 10058-F4 alone), indicating 
that the type of cell death caused by 10058-F4 
is mainly apoptotic (Figure 2C, 2D). In parallel, 
cells were fixed and stained with PI to visualize 
the apoptotic sub-G1 population by FACS. This 
analysis revealed that 10058-F4 significantly 
increased DNA condensation in serum-starved 
MM cells (Figure 2E, 2F). Mechanistically, cas-
pase-3 was cleaved and activated (Figure 2G, 
2H, Figure S1A-C). Use of a second MYC inhibi-

Figure 3. PAK inhibitor PF3758309 induces cell cycle arrest or apoptosis in a dose-dependent manner. A. MM cells 
were treated with PF3758309 at indicated concentration for 30 h, and MTS assay was performed to evaluate cell 
viability. B, C. MM cells were treated with PF3758309 at indicated concentration for 24 h. Flow cytometry analysis 
revealed that low concentrations of PF-3758309 induce cell cycle arrest. D, E. MM cells treated with PF3758309 at 
indicated concentration for 20 h revealing that higher concentrations of PF3758309 trigger apoptosis, as character-
ized by loss of membrane integrity and sub-G1 DNA condensation (F, G).
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tor, 10074-G5, produced virtually identical re- 
sults, including a reduction in cyclin D levels 
under normal serum conditions and induction 
of apoptosis when serum was depleted (Figure 
S2A). The BRD4 inhibitor JQ1 has also been 
shown to suppress MYC transcription [34]. 
Similarly, we found the JQ1 can also inhibit MM 
cell viability under normal culture conditions in 
the majority of cell lines, and such inhibition 
was enhanced by serum-depletion in most cell 
lines (Figure S2B). Notably, however, JQ1 was 
found to promote the proliferation of MTSO- 
211H. This suggests that in addition to inhibit-
ing MYC, JQ1 inhibits other BRD4-associated 
super-enhancers, which may include negative 
regulators of the cell cycle. Thus, the overall 
effect of JQ1 appears to depend on a balance 
of the super-enhancer related expression of 
oncogenic factors as well as tumor suppre- 
ssors.

PAK inhibitor PF3758309 inhibits the viability 
of MM cells in a dose-dependent manner

We now report that another PAK inhibitor, 
PF3758309, has increased efficacy compared 
to IPA-3. MM cells were treated with PF3758309 
or IPA-3 at the indicated concentrations for 20 
h, and MTS assay demonstrated that treatment 
with PF3758309 caused decreased cell viabil-
ity as compared to IPA-3 (Figure 3A, Figure 
S3A). Low concentrations of PF3758309 induc-
es cell cycle arrest (Figure 3B, 3C, Figure S3B) 
and reduction of Cyclin A (Figure S3C). Higher 
concentrations of the drug triggers loss of mor-
phological integrity (Figure S3D). The latter 

effect was due to apoptosis, as it was charac-
terized by sub-G1 DNA condensation (Figure 
3D, 3E, Figure S3E) and loss of membrane 
polarity (Figure 3F, 3G). Moreover, caspase-3 
was found to be activated by higher doses of 
PF3758309 (Figure S3E). MYC protein levels 
were unchanged at low concentrations of 
PF3758309, but were diminished at higher 
drug concentrations (Figure S3E).

MYC inhibition switches PF3758309-induced 
cytostasis to cell death

MM cells were treated the 40 µM of 10058-F4 
and 2.5 µM of PF3758309 either alone or in 
combination for 30 h. We found that the combi-
nation of 10058-F4 and PF3758309 signifi-
cantly reduces cell proliferation/viability (Figure 
4A). Such combinatorial treatment augmented 
the sub-G1 apoptotic population (Figure 4B, 
4C) and loss of cell membrane integrity (Figure 
4D, 4E). Western blotting revealed robust cas-
pase-3 cleavage and activation after treatment 
for 20 h (Figure 4F, 4G). IPA-3 also showed 
cooperativity with 10058-F4 (Figure S4A). 
Interestingly, JQ1 worked well with PF3758309 
to diminish cell viability (Figure S4B).

The novel MYC inhibitor KJ-Pyr-9 sensitizes 
cells to cytoxicity induced by a new PAK inhibi-
tor, FRAX597

Since 10058-F4 has been reported to have 
adverse pharmacological dynamics [35], we 
decided to test the effects of a newly devel-
oped MYC inhibitor, KJ-Pyr-9, with a newer PAK 
inhibitor, FRAX597. MM cells were treated with 

Figure 4. MYC inhibitor switches PF3758309-induced cytostasis to cell death. A. MST assay of viability of cells 
treated with 40 µM of 10058-F4 and 2.5 µM of PF3758309, either alone or in combination for 30 h. B, C. After treat-
ment for 20 h, sub-G1 population was visualized by FACS. D, E. Loss of membrane integrity was analyzed by using 
AnnexinV/PI staining. F, G. Caspase-3 cleavage and activation were analyzed by western blotting and densitometry.
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Figure 5. A novel MYC inhibitor KJ-Pyr-9 cooperates with FRAX597 in abolishing MM cell viability. A. The PAK inhibitor FRAX597 triggers cell death in a dose-depen-
dent manner, and KJ-Pyr-9 markedly augments FRAX597’s toxicity. Moreover, KJ-Pyr-9 alone induces greater levels of apoptosis in the absence than in the presence 
of serum in all three MM cell lines tested. B. Induction of caspase-3 with FRAX597 (2 µM) is enhanced by co-treatment with KJ-Pyr-9 (12.5 µM), as shown by Im-
munoblotting. All treatments in panels A and B were performed for 30 h.
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KJ-Pyr-9 at the indicated concentrations, either 
alone or in combination with 2 µM of FRAX597, 
with or without serum. We found that both 
KJ-Pyr-9 and FRAX597 had dose-dependent 
cytotoxic effects and that such effects were 
amplified when these agents were used in com-
bination (Figure 5A, Figure S5A). Interestingly, 
like 10058-F4, KJ-Pyr-9 alone had more pro-
found cytotoxic effects under serum starvation 
conditions. The level of cleaved caspase-3, 
used as a biochemical marker of apoptosis, 
supported such conclusions (Figure 5B, Figure 
S5B).

Discussion

MYC is a key pro-survival factor in many human 
cancers, but its role in the development and 
maintenance of MM is not well understood. Our 
studies demonstrate that MYC is frequently up 
regulated in tumor cells derived from MM 
patients, and that MYC has either proliferative 
or pro-survival effects in MM cells during nor-
mal or stressed conditions, respectively. MYC 
inhibition reduced MM cell proliferation via 
down regulation of cyclin D.

The unusually strong resistance of MM to che-
motherapy makes clinical management of this 
disease extremely challenging. Our studies 
demonstrate that MYC has pro-survival effects 
in MM cells during stressed conditions such as 
upon serum withdrawal or PAK inhibition-
induced cell cycle arrest. In our proof-of-princi-
ple experiments, MM cells became quiescent 
upon serum withdrawal from medium, and inhi-
bition of MYC activity by 10058-F4 triggered 
apoptosis in the resting MM cells. Our study 
also indicates that MYC inhibition achieved by 
inhibitors that block MYC/MAX interaction is 
more efficacious than that of BRD inhibitors 
such as JQ1, as the latter broadly suppresses 
BRD-associated gene transcription.

Conventional treatment of MM patients with 
cisplatin and pemetrexed has a poor response 
rate when used alone or in combination. 
Recently, PAK has emerged as a promising drug 
target. PAK activation is frequently observed in 
human MM cells in vitro as well as in a mouse 
model of MM [7]. The six mammalian Paks are 
categorized into group I (PAK1-3) and group II 
(PAK4-6), which have overlapping as well as 
distinct functions. Although PF3758309 has 

the lowest IC50 with PAK4, it can inhibit both 
group I and group II PAKs [36]. PF3758309 
blocks the growth of multiple human tumor 
types [37]. We chose PF3758309 over IPA-3, 
as the former has an IC50 to PAKs of about 
1000 times lower than that of IPA-3 [37]. We 
discovered that PF3758309 exerted either 
cytostatic or cytotoxic effects in a dose-depen-
dent manner. Low levels of PF3758309 induced 
cell cycle arrest in MM cells, whereas higher 
concentrations of this drug efficiently triggered 
apoptosis. Multidrug resistance is an innate 
feature of MM, which might reduce the toxicity 
of PF3758309 to a cytostatic effect. To circum-
vent this effect, we used MYC inhibitors, which 
were able to transition this PF3758309-
induced quiescent state to apoptosis. Our  
further studies with KJ-Pyr-9 and FRAX597, 
novel inhibitors to MYC and PAK, respectively, 
revealed that such collaborating anti-MM viabil-
ity is not due to off-target effect from a particu-
lar inhibitor.

Collectively, these findings demonstrate that 
targeting MYC is a feasible strategy to re-sensi-
tize MM cells to mitogen-depletion or PAK-
inhibition induced cell death. By targeting MYC 
in MM patients, it may be possible to overcome 
drug resistance-induced cytostasis, thus pro-
viding rationale for inhibition of MYC and PAK 
as a novel combinatory regiment for the treat-
ment of this otherwise therapy-resistant, incur-
able cancer.
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Figure S1. MYC inhibitor 10058-F4 triggers apoptosis in MM cells under serum starvation conditions. A. MM cell 
line NCI-2052 was treated with 10058-F4 plus serum starvation. Membrane integrity was monitored by FACS. B. 
Western blot analysis was performed to assess activation of caspase-3, inactivation of YAP, and expression of cyclin 
D2 in NCI-2052 and in (C) Meso34 and Meso38 cells.
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Figure S2. MYC inhibitor 10074-G5 and BRD4/MYC inhibitor JQ1 induces cell death under serum starvation condi-
tions. A. MM cells were treated with 10074-G5 at 40 μM for 24 h under normal or serum-depleted culture condi-
tions. Immunoblotting was performed to evaluate the expression of Cyclin D2, D3 as well as PARP cleavage. B. MM 
cells were treated with BRD4 inhibitor JQ1 at the indicated concentration for 36 h, with or without serum. MTS assay 
was performed to evaluate cell viability.
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Figure S3. PAK inhibitors reduces viability of MM cells. A. Meso1, Meso25, Meso41, NCI-2052, NCI-2452 lines 
were treated with IPA-3 at the indicated concentration, and MTS activity was measured after 24 h. B. NCI-2052 and 
MSTO211H cells were treated with PF3758309 at the indicated concentrations for 20 h, and cell cycles were ana-
lyzed by FACS. C. PF3758309 induces apoptosis in a dose dependent manner. Cells were treated with PF3758309 
at the indicated concentrations for 24 h, and the caspase3 cleavage was shown by western blotting. D. NCI2052 
and MSTO211H cells treated with 10 µM PF3758309, and cell morphology was assessed 20 h after treatment. E. 
sub-G1 populations were visualized by FACS.
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Figure S4. Different MYC inhibitors cooperate with different PAK inhibitors to suppress cell viability. A. MST as-
say of cell proliferation/viability when cells are treated the 40 µM 10058-F4 and 15 µM IPA-3, either alone or in 
combination for 24 h. B. MM cells were treated with BRD4/MYC inhibitor JQ1 either alone or in combination with 
PF3758309. Cell viability was measured after 24 h.
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Figure S5. A novel MYC inhibitor KJ-Pyr-9 boosts FRAX597- induced apoptosis in MM cells. A. MM cells were added with PAK inhibitor PRAX597 at the indicated 
concentration and MTS activity was measured after 48hr. B. AnnexinV/PI staining of MM cells when treated with KJ-Pyr-9 alone or in combination with FRAX597, or 
under serum starvation conditions.


