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Abstract

Inhibitors of the bromodomain and extra-terminal domain (BET) family proteins modulate EWS-
FLI1 activities Ewing sarcoma. However, the efficacy of BET inhibitors as a monotherapy was
moderate and transient in preclinical models. The objective of this study was to identify
mechanisms mediating intrinsic resistance to BET inhibitors and develop more effective
combination treatments for Ewing sarcoma. Using a panel of Ewing sarcoma cell lines and
patient-derived xenograft lines, we demonstrated that IGF1R inhibitors synergistically increased
sensitivities to BET inhibitors and induced potent apoptosis when combined with BET inhibitors.
Constitutively activated AKT significantly protected Ewing sarcoma cells against BET inhibitors,
suggesting that IGF1R regulates responsiveness to BET inhibitors mainly through the PI3K/AKT
pathway. Although two Ewing sarcoma cell lines were resistant to IGF1R inhibitors, they retained
synergistic response to a combination of BET inhibitors and mTOR inhibitors, suggesting that
BET proteins, when IGF1R is not functional, crosstalk with its downstream molecules. Further,
the combination of a BET inhibitor and an IGF1R inhibitor induced potent and durable response in
xenograft tumors, while either agent alone was less effective. Taken together, our results suggest
that IGF1R and the downstream PI3K/AKT/mTOR kinase cascade mediate intrinsic resistance to
BET inhibitors in Ewing sarcoma. These results provide the proof-of-concept for combining BET
inhibitors with agents targeting the IGF1R pathway for treating advanced Ewing sarcoma.
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Introduction

Ewing sarcoma is a highly aggressive tumor of bone and soft tissue primarily found in
children and young adults. The standard of care includes surgery followed by combination
chemotherapy. While localized diseases are often cured, patients with metastatic or relapsed
tumors have a dismal prognosis that has not been significantly improved over decades (1).
Further, systemic chemotherapy is commonly associated with long-term toxicity in survivors
of childhood Ewing sarcoma (2). This tumor is driven by the products of characteristic
chromosomal translocations between the £WSR1 gene and one of five genes encoding the
ETS family transcription factors (EWS-ETS), most commonly FL/I (EWS-FLII) (3). These
tumor-specific fusion proteins are ideal drug targets. However, the lack of effective small
molecule inhibitors for non-enzyme protein targets like EWS-ETS continues to be a major
challenge in pharmacology.

The BET family proteins selectively recognize acetylated histone marks through their
conserved bromodomains and subsequently recruit various supramolecular complexes to
promote active transcription (4). BET proteins are implicated in transcription mediated by a
variety of oncogenic transcription factors, including but are not limited to MYC (5-7),
MYCN (8), androgen receptor (9), GLI1/2 (10, 11), and NF-xB (12, 13). Hence, the
development of selective small molecule inhibitors for the bromodomain of BET proteins
creates new opportunities to modulate these traditionally undruggable oncoproteins. Several
recent studies indicate that BET proteins are implicated in transcription driven by EWS-
FLI1 (14-16). BET inhibitors or depletion of BET expression impedes the EWS-FLI1-
dependent transcription program, leading to compromised cellular proliferation, survival,
and xenograft tumor growth. Many genes directly regulated by EWS-FLI1 are
downregulated in the presence of BET inhibitors, such as CCND1, EZHZ2, GL/1, NROBI,
PRKCB, and VRKI (14-16). However, a comprehensive list of these genes is yet to be
defined. Our data show that inhibition of BET proteins dramatically decreases EWS-FLI1-
driven transcription of IGF1 and attenuates the IGF1R-mediated kinase cascade in Ewing
sarcoma cells (16). This activity of BET inhibitors disrupts a key autocrine loop in Ewing
sarcoma that mediates the crosstalk between EWS-FLI1 and the IGF1R/PI3BK/AKT/mTOR
oncogenic signaling network (17).

The IGF1R pathway is part of the insulin-related signaling network that plays a key role in
development and metabolism (18). It is frequently activated in Ewing sarcoma and crucially
implicate in disease progression (19-21). IGF1R is required for EWS-FLI1 to transform
mouse fibroblasts (22). EWS-FLI1 not only promotes the IGF1 autocrine pathway, but also
suppresses expression of IGFBP3, a negative regulator of the pathway that sequesters and
inactivates serum IGF1 (23). Additionally, the incidence of Ewing sarcoma and the
endogenous IGF1 levels both peak around puberty (24). These findings collectively suggest
a potential synergism between IGF1R signaling and EWS-ETS fusions to drive oncogenesis
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of Ewing sarcoma. Anti-IGF1R therapy for Ewing sarcoma is supported by strong biological
rationales and encouraging preclinical results (25). Although overall clinical efficacy of anti-
IGF1R therapy was limited, a small subset of patients showed significant response (26—28).

The current study tested the hypothesis that IGF1R and the downstream PI3K/AKT/mTOR
kinase cascade mediated intrinsic resistance to BET bromodomain inhibitors in Ewing
sarcoma. The combination of BET inhibitors and kinase inhibitors blocking the IGF1R
pathway induced synergistic response in cultured cells and potent tumor regression in
xenograft models. These findings underscored the synergism between oncogenic
transcription program and signaling pathways in the pathogenesis of Ewing sarcoma and
open a new avenue for the treatment of this disease.

Materials and methods

Cell lines, tissue culture and other reagents

TC32, TC71, A673, CHP-100, and 5838 cells were generous gifts from Patrick Grohar at
Van Andel Research Institute. Other cell lines and the patient-derived xenograft (PDX) line,
TX-E-351x, were obtained from the Children’s Oncology Group (COG). TX-E-351x cells
used /n vitro were dissociated from subcutaneous xenograft tumors and briefly cultured /in
vitro. Cells were maintained at 37°C in 5% CO2 with RPMI-1640 medium supplemented
with 10% fetal bovine serum and 100 U/mL penicillin-streptomycin. All cell cultures were
periodically tested for mycoplasma contamination using PCR. All tissue culture reagents
were purchased from Life Technologies. Antibodies against phospho-IGF1R (#3024), total
IGF1R (#9750), and BRD4 (#13440) was purchased from Cell Signaling. The rabbit
polyclonal antibody specific to the carboxyl-terminal region of FLI1 (sc-356) was purchased
from Santa Cruz Biotechnology. Other antibodies have been described in our recent
publications (16, 29). All chemicals were purchased from MedChemExpress, except that
NHWD870 was provided by Ningbo Wenda Pharmaceuticals (30). The production of Myr-
AKT1 lentivirus was previously described (16, 29) and the primers for quantitative real-time
PCR (gRT-PCR) were listed in Supplemental Table S1.

Cell cycle analysis

Cells in exponential growth were treated with NHWD870 with or without BMS754807 for
24 hours. Subsequently, cells were fixed in 75% ethanol, treated with RNase A, stained with
10 pg/ml propidium iodide, and assessed using flow cytometry on a BD LSRFortessa cell
Analyzer. The percentage of cells in each cell cycle phase was determined by the ModFit LT
software.

Cell viability assays and caspase activation assays

Cells were plated at 2,000 to 4,000 cells per well in 96-well plates and treated with indicated
compounds following a 12-point 2-fold serial dilution. Five days later, cell viability was
determined using the CellTiter-Glo assay kit (Promega). The dose-response curves were
fitted and IC50 values were calculated using GraphPad Prism following a nonlinear
regression (least squares fit) method. Similarly, activities of caspase-3/7 were measured
using a Caspase-Glo 3/7 assay kit (Promega) following the manufacturer’s instructions.
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Relative caspase 3/7 activities were calculated by normalizing the values of caspase-3/7
activities to the values of cell titers assessed in replicated wells.

Colony formation assay

Ewing sarcoma cells were plated at 200 cells per well in 6-well plates in triplicates and
treated the next day. After 5 days of treatment, cells were allowed to grow drug-free for 7
additional days prior to be fixed and stained with 0.5% crystal violet. Colonies were
calculated using the Image J software.

Subcutaneous xenograft tumor assays

All animal experiments were performed at Vanderbilt University Medical Center. The
experiments used female athymic nude mice (6-8 weeks old) under protocols approved by
the Vanderbilt University Institutional Animal Care and Use Committee. To establish
subcutaneous xenografts, Ewing sarcoma cells were prepared as single cell suspension in
50% growth factor reduced Matrigel (BD Biosciences). Cells were injected to both flank
sites of mice with two million cells each side. Tumor size were measured by a digital caliper
two to three times a week and calculated following a formula of Size = Length x Width x
Width/2. Prior to treatment, tumor-bearing mice were randomized into 4 arms that the
median tumor size of each arm was approximately 100 mm3. NHWD870 was formulated in
0.5% hydroxypropyl methylcellulose and 0.1% Tween-80. BMS754807 was formulated in
20% PEG400. Tumor-bearing mice were treated with vehicle, 1 mg/kg/day NHWD870, 10
mg/kg/day BMS754807 or the combination once per day via oral gavage. Tumors were
measured two to three times a week. Mice accidentally died of injury caused by oral gavage
were excluded from analyses.

Statistical analyses

Results

Statistical analyses were performed using GraphPad Prism 5.0. P-values of less than 0.05
were considered significant. The combination index values were calculated using the Chou-
Talalay method with the Compusyn software following the developer’s instructions.

Constitutive activation of IGF1R signaling confers resistance to BET inhibitors

IGF1R is a well-established therapeutic target in Ewing sarcoma (20). Our previous work
has shown that BET inhibition impaired the IGF1 autocrine loop in Ewing sarcoma and
attenuated IGF1R-mediated signaling (16). However, IGF1R and the downstream
PI3K/AKT kinase cascade was only partially blocked in the presence of BET inhibitors,
suggesting a possibility that the residual activity of this pathway is implicated in resistance
to BET inhibitors (Figure 1A) (16). Using an IGF1R kinase inhibitor, BMS754807 (31), we
showed that AKT activity in Ewing sarcoma cells could be effectively blocked, as shown by
loss of AKT phosphorylation at the serine 473 residue (Figure 1A). In contrast, MEK/ERK
activity was low in TC32 and TC71 Ewing sarcoma cells cells and not responsive to IGF1R
inhibitors (Figure 1A). Although IGF1R is known to regulate the MEK/ERK signaling in
many malignancies, our data suggest that the PI3K/AKT signaling is the primary
downstream effector of IGF1R in Ewing sarcoma. Because AKT is a key signaling molecule

Mol Cancer Ther. Author manuscript; available in PMC 2020 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Loganathan et al.

Page 5

downstream of IGF1R and can be activated by amino-terminal myristoylation, we employed
a Myr-AKT1 fusion to constitutively activate the IGF1R/PI3K/AKT kinase cascade
(Supplemental Figure S1) (32). Our results demonstrated that the Glgg value, defined as drug
concentrations required to reduce cell viability by 50%, for a potent and selective BET
bromodomain inhibitor, NHWD870, was increased by approximately 60 times following
Myr-AKT1 expression in TC32 cells (Figure 1B). Similarly, in TC71 cells that expressed
Myr-AKT1, NHWDA870 failed to reach Glsg at 100 nmol/L, the maximal concentrations
tested in these experiments (Figure 1C). In contrast, Glsg of NHWD870 in the control TC71
cells was approximately 1 nmol/L. These data suggest that IGF1R and its downstream
PI3K/AKT kinase cascade are crucially implicated in responsiveness to BET inhibitors in
Ewing sarcoma.

IGF1R inhibitors and BET inhibitors are synergistic in Ewing sarcoma cells

The remarkable impact of constitutive AKT activation on sensitivity to BET inhibitors and
the pivotal role of IGF1R in regulating AKT in Ewing sarcoma provided a strong rationale
to combine BET inhibitors and IGF1R inhibitors. To corroborate this hypothesis, we tested
the combinations of several structurally distinct compounds in these two categories using a
panel of Ewing sarcoma cell lines and cells derived from PDX tumors. In both TC32 and
TC71 cells, the combination of BMS754807 and NHWD870 was more much effective than
either agent alone to reduce cell viability. Glsg values of NHWD870 was reduced from
approximately 3 nmol/L to 0.7 nmol/L in TC32 cells when combined with BMS754807, and
from 5.5 nmol/L to 0.9 nmol/L in TC71 cells (Figure 2A and 2B). We employed the Chou-
Talalay statistical method to determine whether this combination was synergistic (33). This
method provides a quantitative definition of a combination index (CI) value for drug
synergism (CI < 1), antagonism (CI > 1), and additive effects (Cl = 1). As exemplified in
TC32 and TC71 cells, the Cl values of NHWD870 and BMS754807 were significantly
lower than 1 across concentrations of at least two orders of magnitude, indicating strong
drug synergism (Figure 2A and 2B). Similar drug synergism was shown using structurally
distinct BET inhibitors (e.g. JQ1) (34) and IGF1R inhibitors (e.g. OSI-906) (35),
underscoring the specificity of drug actions (Supplemental Figure S2A and S2B). Cell cycle
analyses indicated that the combination of NHWD870 and BMS754807 made more cells
accumulated in G1 phase compared with single agents (Figure 2C and Supplemental Figure
S2C). Additionally, the combination induced a more potent activation of apoptosis as
suggested by activation of caspase 3 (Figure 2D and Supplemental Figure S2D). Following
transient exposure to NHWD870 or BMS754807 alone, some Ewing sarcoma cells retained
the abilities to form colonies (Figure 2E). In contrast, cells temporarily exposed to the
combination almost completely lost their clonogenic potential (Figure 2E and Supplemental
Figure S2E-S2G). These results collectively demonstrate that combining IGF1R inhibitors
with BET inhibitors compromises the key prosurvival mechanisms and induces synergistic
cytotoxic effects, leading to sustained damage to tumorigenicity of Ewing sarcoma cells.

Targeting mMTOR increases sensitivity to BET inhibitors in IGF1R-deficient Ewing sarcoma

tumors

IGF1R is frequently activated in Ewing sarcoma, but not all Ewing sarcoma tumors express
IGF1R (Figure 3A) (21). To more broadly test the hypothesis that IGF1R and the
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downstream PI3BK/AKT/mTOR pathway regulates responsiveness to BET inhibitors in
Ewing sarcoma cells, we examined the efficacy of NHWD870 and BMS754807 alone or in
combination in additional Ewing sarcoma cell lines and low-passage cultures dissociated
from PDX tumors. These data showed that the combination was more potent that either
agent alone in most Ewing sarcoma lines, including 5838 and COG-352 that express EWS-
ERG (Supplemental Figure S3A-S3H). However, limited response was shown in A673 and
CHLA-32. In A673 cells, the combination was more effective than single agents (Figure
3B). However, the maximal efficacy was limited. A673 is an unusual Ewing sarcoma cell
line that carries a BRAFVY600E mytation (36). Hence, the MEK/ERK pathway was strongly
activated in this line (Figure 3A). Not surprisingly, trametinib, a MEK inhibitor, selectively
augmented response to BET inhibitors in A673 but not in TC71 (Supplemental Figure S4A
and S4B). These results suggest that the MEK/ERK pathway may play a prosurvival role in
Ewing sarcoma that resembles the PI3BK/AKT pathway, albeit less common. Another Ewing
sarcoma line that did not show synergistic response to the combination of BET inhibitors
and IGF1R inhibitors was CHLA-32. This line had the lowest IGF1R expression among all
tested Ewing sarcoma lines. Another unusual feature of this line was the lack of activating
AKT phosphorylation at serine residue 473, despite normal AKT expression (Figure 3A). In
line with the deficient IGF1R and AKT activities, CHLA-32 was one of the most BET
inhibition-sensitive Ewing sarcoma cell lines, with an I1Csq value of NHWD870 that was
about100 folds less than that of A673. In contrast, CHLA-32 did not respond to the IGF1R
inhibitor BMS754807 in the presence or absence of BET inhibitors (Figure 3C).

Although a subset of Ewing sarcoma tumors, such as A673 and CHLA-32, may not require
IGF1R, it was not clear whether the entire pathway is dispensable. To address this question,
we showed that a highly selective mTOR inhibitor, rapamycin markedly reduced cell
viability and increased sensitivity to BET inhibitors in A673 and CHLA-32 (Figure 3D and
3E). Hence, despite an uncoupling of IGF1R and its downstream PI3K/AKT kinase
cascades, Ewing sarcoma cells may be still dependent on signaling nodules further
downstream in this pathway, such as mTOR.

BET inhibitors and IGF1R inhibitors do not change EWS-FLI1 expression

Recent studies of BET inhibition in Ewing sarcoma suggest that the activities of BET
inhibitors may be mediated through downregulation of EWS-FLI1 expression (15, 37).
However, our previous work did not identify significant changes at mMRNA or protein levels
of EWS-FLI1 in the presence of BET inhibitors (16). In this study, we asked whether
downregulation of EWS-FLI1 was implicated in the synergistic interaction between BET
inhibitors and IGF1R inhibitors. In TC32 cells, EWS-FLI1 mRNA did not significantly
change following the treatment of NHWD870 + BMS754807 (Figure 4A). The protein
levels of EWS-FLI1 also remained largely consistent whether treated with NHWD870,
BMS754807, or the combination (Figure 4B). Similar results were shown in TC71 cells
(Supplemental Figure S5A). In contrast, antiapoptotic genes, such as BCL2and BIRC3,
were significantly downregulated by NHWD870, while the proapoptotic B/M was
upregulated by NHWD870 (Figure 4C and 4D). Some of these effects were strengthened by
concurrent treatment of BMS754807. Conversely, EWS-FLI1 target genes, such as /GF1,
PPPIRIA, PRKCBand VRKI, only responded to BET inhibitors but not IGF1R inhibitors,
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whether alone or in combination (Supplemental Figure S5B). In addition, MY C was not
responsive to either BET inhibitors or IGF1R inhibitors (Supplemental Figure S5B).
Collectively, these data suggest that modulation of EWS-FLI1 is unlikely implicated in the
synergistic interaction between BET inhibitors and IGF1R inhibitors, whereas changes in
expression of apoptotic regulators may contribute to the combinatorial effects.

The combination of BET inhibitors and IGF1R inhibitors induces tumor regression

The in vivo efficacy of the combination therapy was examined in athymic nude mice
carrying subcutaneous xenograft tumors. Administration of NHWD870 alone greatly
reduced TC32 tumor growth, which was consistent with the observations in our previous
study using the prototypical BET inhibitor, JQ1 (Figure 5A). BMS754807 also significantly
impaired tumor growth (Figure 5A). In contrast, the combination of both compounds
induced a rapid and potent tumor regression (Figure 5A). After 15 days of concurrent
administration of both compounds, the mean tumor volume decreased from 173 cubic
millimeters to 36 cubic millimeters. The median tumor volume became zero, because the
majority of tumors in this arm were undetectable. Following discontinuation of the
treatment, tumors partially regressed in the combination arm resumed growth shortly,
whereas completely regressed tumors had an approximately 10-day latency before relapse
was first detected (Supplemental Figure S6A). There were two completely regressed tumors
did not recur at 20 days after drug withdrawal, although these two tumor-bearing mice were
sacrificed at that point because the recurrent tumors on the other side were too large.
However, one tumor-bearing mouse appeared to be cured as tumors at both flanks remained
undetectable at the end of the experiment, which was 42 days after drug withdrawal
(Supplemental Figure S6A). COG-352 tumors that expressed EWS-ERG were less sensitive
to NHWD870 and BMS754807, as neither of these compounds alone has any significant
impact on tumor growth (Figure 5B). In contrast, the combination reduced the median tumor
volume by 25% after 15-day treatment (Figure 5B), although complete regression was rare
in this model. Toxicity of this combination therapy was limited as shown by the largely
steady body weight of experimental animals (Supplemental Figure S6B).
Immunohistochemical analysis identified modest increases of the proliferative marker, Ki67,
in the BMS754807-treated arm in both xenograft tumor models, which was antagonized by
BET inhibitors (Figure 5C and Supplementary Figure S6C). While the combination did not
dramatically alter cellular proliferation, it induced remarkable apoptosis in TC32 tumors, as
shown by significantly increased cleaved caspase 3 levels (Figure 5D and Supplemental
Figure S6D). The activation of caspase 3 appeared to be less potent in COG-352 tumors than
that in TC32 tumors, consistent with the stronger response to the combination therapy in
TC32. Taken together, these findings suggest that the combination of BET inhibitors and
IGF1R inhibitors has the potential to generate strong therapeutic response in Ewing
sarcoma, at least in part, through induction of apoptotic cell death.

Discussions

Ewing sarcoma is crucially dependent on EWS-ETS fusion proteins for disease initiation
and progression (29). While direct pharmacological intervention for these fusion proteins
remains to elusive, using epigenetic agents to modulate EWS-ETS activities has recently
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emerged as an alternative strategy. The histone lysine demethylase LSD1 has been shown to
regulate EWS-FLI1-dependent transcription. Selective LSD1 inhibitors exhibited
remarkable antineoplastic activities in Ewing sarcoma cells and xenograft models (38). BET
bromodomain proteins are also reported to implicate in active transcription driven by EWS-
FLI1 (14-16). Although targeting these epigenetic regulators compromises transcriptional
activities of EWS-FLI1, it does not fully resemble EWS-FLI1 loss-of-function. Our work
showed that BET inhibition in Ewing sarcoma cells using JQ1 only affected about 10% of
genes sensitive to knockdown of EWS-FLI1 (16). Additionally, both BET inhibitors and
LSD1 inhibitors alone did not induce significant tumor regression in xenograft tumor assays,
questioning their clinical potential as monotherapies in Ewing sarcoma patients. In the
current study, we identified a novel role of the IGF1R signaling pathway in mediating
resistance to BET inhibitors in Ewing sarcoma. Our results further demonstrated that
combining IGF1R inhibitors with BET inhibitors synergistically killed Ewing sarcoma cells
and induced tumor regression in xenograft models.

The crosstalk between BET proteins and oncogenic kinase cascades has been reported in
several tumor models. Our group also demonstrates that concurrently targeting both BET
proteins and the MAPK pathway in colorectal cancer synergistically downregulates MYC
and induced xenograft tumor regression (36). Similarly, the synergism between BET
inhibitors and MEK inhibitors has been reported in triple negative breast cancer, as BET
inhibition impeded kinome reprogramming following exposure to MEK inhibitors (31). In
ERBB2-positive breast cancers, BET inhibitors antagonized lapatinib-induced upregulation
of various functionally overlapping kinases (35). Also in breast cancer, Stratikopoulos and
colleagues reported synergism between BET inhibitors and PI3K inhibitors (34). A different
strategy showed that chronic exposure to BET inhibitors activated an array of oncogenic
kinase cascades in ovarian cancer cells (39). Consistently, the combination of BET inhibitors
and several compounds targeting these kinases were more effective than single agents (39).

Our current study showed that IGF1R and the downstream PI3K/AKT/mTOR kinase
cascade played an instrumental role in regulating responsiveness to BET inhibitors in Ewing
sarcoma. The mechanisms mediating the synergistic effects remain to be fully characterized.
Downregulation of EWS-FLI1 was clearly excluded. Modulating expression of apoptotic
genes was likely implicated in the synergism between BET inhibitors and IGF1R inhibitors.
In line with this model, the combination therapy induced remarkable caspase activation not
only in cultured cells but also in xenograft tumors, leading to rapid tumor regression.
Antagonizing compensatory activation of functionally overlapping kinases has been shown
to mediate the synergism between BET inhibitors with various kinase inhibitors (35, 39).
The MEK/ERK pathway was not significantly activated by the blockade of IGF1R signaling
in TC32 and TC71 cells. Thus, the synergism is unlikely mediated through suppression of
compensatory activation of MAPK signaling, which is common in adult tumors treated with
inhibitors targeting the PI3BK/AKT axis (29). However, although a comprehensive analysis of
kinome reprogramming was not performed in our study, our data do not exclude the
possibility that BET inhibition suppresses activation of other kinases that may compensate
the blockade of IGF1R signaling in Ewing sarcoma cells.
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IGF1R is the most extensively studied oncogenic receptor tyrosine kinase in Ewing sarcoma.
Although clinical outcomes of IGF1R neutralizing antibodies and small molecule kinase
inhibitors in Ewing sarcoma patients were rather disappointing, a small subset of patients
had response, supporting the significance of this pathway in this disease (26—28). Our
findings suggest a novel therapeutic paradigm that the IGF1R-regulated kinase cascade and
the BET protein-dependent transcription program synergistically promote survival and other
malignant phenotypes in Ewing sarcoma. As such, concurrent targeting of both mechanisms
is necessary and sufficient to induce potent therapeutic response. Our results further suggest
that not all Ewing sarcoma tumors are dependent on IGF1R. Hence, to successfully translate
this novel combination therapy, biomarkers to inform IGF1R dependency in Ewing sarcoma
patients would be highly instructive. Interestingly, IGF1R-independent Ewing sarcoma cells,
such as A673 and CHLA-32, could still depend on downstream kinases, such as mTOR.
Recent clinical trials for Ewing sarcoma combined IGF1R monoclonal antibodies and
mTOR inhibitors, benefiting more patients than single agents (36). To make the BET-
targeted combination therapy maximally benefit patients with Ewing sarcoma, it may be
necessary to combine BET inhibitors with agents targeting more than one nodule of the
IGF1R/PI3K/AKT/mTOR pathway, although a therapeutic window needs to be carefully
defined.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. AKT protects Ewing sarcoma cells against BET inhibitors.
(A) TC32 and TC71 cells were treated with 10 nmol/L NHWD870 + 100 nmol/L

BMS754807 for 24 hours and subject to immunoblotting for indicated proteins. Actin was
included as the loading control. (B) TC32 and (C) TC71 cells were infected with control
lentivirus or lentivirus directing expression of Myr-AKT1. Following puromycin selection,
dose-dependent response to NHWD870 was determined as described in methods. Data
shown in all figures represent mean + standard deviation unless otherwise indicated.
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Figure 2. IGF1R inhibitors synergistically increase sensitivity to BET inhibitors.
(A) TC32 and (B) TC71 cells cultured in 96-well plate were treated with NHWD870 +

BMS754807 at a fixed ratio (1:10) for 5 days. Dose response curves were calculated as
described in methods. Combination index (ClI) values were determined using the Chou-
Talalay method. (C) TC32 cells were treated with 10 nmol/L NHWD870 + 100 nmol/L
BMS754807 for 24 hours. Cells were fixed, stained for propidium iodide, and analyzed
using flow cytometry. *: p< 0.05 by Student’s #test, combination vs. vehicle. #: p< 0.05 by
Student’s #test, combination vs. single agent. Veh: vehicle, NHWD: NHWD870, BMS:
BMS754807, Combo: the combination. (D) TC32 cells were treated with 10 nmol/L
NHWDA870 + 100 nmol/L BMS754807 for 48 hours. Caspase 3/7 activities were determined
using the Caspase-Glo 3/7 assay kit (Promega) and normalized to cell titers measured using
the CellTiter-Glo assay Kit. *: p< 0.05 by Student’s #test compared with the control groups.
(E) TC32, TC71 and A4573 cells were treated with 10 nmol/L NHWD870 £ 100 nmol/L
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BMS754807 for 5 days. After drug withdrawal, cells were further incubated for 7 days to
develop colonies, which were visualized by crystal violet staining.

Mol Cancer Ther. Author manuscript; available in PMC 2020 May 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Loganathan et al.

A

D A6T3 e NHWD870 E

Page 15

00 Al B e NHWD870
- S8R8 v ) AB73 g BMs754807
m S ilil SI EI Z 7, ; 21) ,tq % ® P A Combination
s ITIITzCTO0O®O 9
<O OO0V wunEFERFNO >
BRD4 = e ws wn — w= e 3
_'g 50
>
- S — o T T T ]
IGF1R -~ 108 107 104 10
NHWD870 concentrations (mol/L)
PSA73-AKT | " -  ———
AKT ™ = - ——— C RS2 o nawero
100 O BMS754807
= i -u_u"ﬁ"ﬂq\ﬁ A Combination
cerk [ < .
— LY
ERK i i - g s
S
ACTIN oo mmpsasiromens s s 8

10"'“ 16" 1(;" 107
NHWD870 concentrations (mol/L)

CHLA-32

100+ 0 Rapamycin __100- ; ::VZanBZI%
g A Combination S o pamycl
S 754 = A Combination
> g 751
= 50 2 .
.g g 50
g 25+ 8 251
T T T k- 0 T T T ik
1010 10-° 108 107 1010 10 10 107

NHWD870 concentrations (mol/L) NHWD870 concentrations (mol/L)

Figure 3. IGF1R-independent Ewing sarcoma cells are responsive to rapamycin.
(A) Immunoblotting of indicated proteins in Ewing sarcoma cells in exponential growth

phase. (B) Dose response curves of NHWD870 + BMS754807 (1:10) in A673 and (C)
CHLA-32 cells. (D) Dose response curves of NHWD870 + rapamycin (2:1) in A673 and (E)
CHLA-32 cells.
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Figure 4. Inhibition of IGF1R and BET protein does not modulate EWS-FLI11 expression.
(A) TC32 cells were treated with 10 nmol/L NHWD870 £ 100 nmol/L BMS754807 for 24

hours. Expression of EWS-FLI1 was determined by gRT-PCR using 3 distinct pairs of
primers. (B) Immunoblotting of EWS-FLI1 using anti-FLI1 antibody in TC32 cells treated
as described above. (C) Expression of BIM, BCL2 and BIRC3 in TC32 and (D) TC72 cells
was determined by gRT-PCR as described above. *: p< 0.05 by Student’s #test, treated vs.
vehicle. #: p< 0.05 by Student’s #test, combination vs. single agent.
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Figure 5. The combination of NHWD870 and BM S754807 induces tumor regression.
(A) Athymic nude mice bearing TC32 (n=7) and (B) COG-352 (h=6) subcutaneous

xenograft tumors were treated with 1 mg/kg NHWD870 + 10 mg/kg BMS754807 daily via
oral gavage for 15 days. Data presented are mean tumor volume + standard errors. (C)
Selected mice carrying tumors at approximately 500 mm?3 were treated for 3 days as
described above and sacrificed for immunohistological analysis of Ki67 and (D) cleaved
caspase-3. Data were derived from at least three images of distinct tumors. *: p< 0.05 by
Student’s #test, treated vs. vehicle. #: p< 0.05 by Student’s #test, combination vs. single
agent.
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