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The novel MET inhibitor, HQP8361, possesses
single agent activity and enhances therapeutic
e�cacy of osimertinib, against NSCLC cells with
acquired resistance to osimertinib due to MET
ampli�cation
Danlei Yu 

Emory University School of Medicine
Yiting Li 

Emory University School of Medicine
Kevin D-H Sun 

Emory University School of Medicine
Jiajia Gu 

Emory University School of Medicine
Zhen Chen 

Emory University School of Medicine
Taofeek K Omonikoko 

Emory University School of Medicine
Suresh S Ramalingam 

Emory University School of Medicine
SHi-Yong Sun  (  ssun@emory.edu )

Emory University School of Medicine https://orcid.org/0000-0002-0117-8826

Research

Keywords: EGFR, MET, AZD9291, resistance, HQP8361, lung cancer

Posted Date: April 29th, 2020

DOI: https://doi.org/10.21203/rs.3.rs-25317/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-25317/v1
mailto:ssun@emory.edu
https://orcid.org/0000-0002-0117-8826
https://doi.org/10.21203/rs.3.rs-25317/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/18

Abstract
Background

The oncogenic protein, MET (or c-MET), is involved in the positive regulation of cell survival and
proliferation and in mediating acquired resistance to EGFR-TKIs including AZD9291 (osimertinib). Thus,
MET inhibition is a promising strategy for overcoming acquired EGFR-TKI resistance due to MET
ampli�cation. HQP8361 (MK8033) is a novel and selective MET kinase inhibitor that has completed a
phase I clinical trial. The current study focuses on determining the activity and mechanism of action of
HQP8361 as a single agent and in combination with AZD9291 against human NSCLC cells, particularly
EGFR-mutant NSCLCs with acquired resistance to AZD9291.

Methods

Drug effects on cell growth in vitro were evaluated by measuring cell number alterations and colony
formation and in vivo with mouse xenogtaft models, respectively. Apoptosis was assessed with annexin
V/�ow cytomentry and protein cleavage. Protein alterations were detected with Western blotting. Protein
degradation was determined by comparing protein half-lives and inhibiting proteasome. Gene
overexpression and knockout were achieved with lentiviral infection and CRISPR/Cas9, respectively.
Signi�cance of differences between two tested groups was analyzed with two-sided unpaired Student's t
tests.

Results

The majority of human NSCLC cell lines tested, including those harboring EGFR-activating mutations with
acquired resistance to AZD9291, had very low or undetectable levels of MET and p-MET and were
insensitive to HQP8361. However, AZD9291-resistant (AR) cell lines derived from the EGFR-mutant
HCC827 cell line possessed high levels of MET and p-MET and responded to HQP8361 single agent and
particularly to the combination of HQP8361 and AZD9291. The HQP8361 and AZD9291 combination
synergistically decreased the survival of these HCC827/AR cell lines with enhanced induction of
apoptosis that involved alteration of Bim and Mcl-1 levels via modulating their degradation. Moreover, the
combination also very effectively inhibited the growth of HCC827/AR xenografts in nude mice.

Conclusions

These preclinical �ndings support the potential of HQP8361 in the treatment of NSCLCs with MET
ampli�cation or highly activated MET protein and, when combined with AZD9291, in overcoming
acquired resistance to EGFR-TKIs due to MET ampli�cation.

Background
The MET (c-MET) proto-oncogene is located in the long arm of human chromosome 7 and encodes MET
(c-MET) protein that functions as a membrane tyrosine kinase receptor. The binding of MET to its ligand
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hepatocyte growth factor (HGF), secreted by stromal cells, induces dimerization and activation of the
receptor, subsequent recruitment of several intracellular effector adaptor proteins such as growth factor
receptor-bound protein 2 (GRB2), GAB1, SRC, and PI3K, and eventual activation of downstream signaling
pathways (1). The HGF/MET signaling pathway is highly regulated and plays an important role in cell
proliferation, survival, embryogenesis, and cellular migration and invasion (2, 3). The most common
variants in the HGF/MET signaling pathway in human non-small cell lung cancer (NSCLC) patients
include point mutations, ampli�cation, exon 14 skipping mutations, and fusion (4).

MET gene ampli�cation has been recognized as an important mechanism accounting for the emergence
of acquired resistance to epidermal growth factor receptor (EGFR) tyrosine kinase inhibitors (TKIs)
including the third generation EGFR-TKI, AZD9291 (osimertinib). MET gene ampli�cation is detectable in
approximately 5–22% of EGFR-mutant (EGFRm) NSCLC patients with acquired resistance to �rst
generation EGFR-TKIs (5–7), and to AZD9291 and other third generation EGFR-TKIs (1). Mechanistically,
it has been suggested that MET ampli�cation activates EGFR-independent phosphorylation of ErbB3 and
downstream activation of the PI3K/AKT pathway, bypassing the suppression of an EGFR inhibitor (8).
Thus, co-inhibition of both EGFR and MET would be required to overcome resistance to EGFR-TKIs
caused by MET ampli�cation (1). In line with this, our previous preclinical study suggested that
monotherapy with AZD9291 or other third generation EGFR-TKI will likely be ineffective for the treatment
of EGFRm NSCLCs with acquired resistance to �rst or second generation EGFR-TKIs due to MET gene
ampli�cation and protein hyper-activation and that effective treatment will require combination with MET
inhibition (9). In the clinic, patients with MET ampli�cation after AZD9291 resistance tend to have inferior
median progression-free survival and median overall survival compared to patients without the
appearance of or increase in MET ampli�cation (10). Clinical pilot studies show that patients with
EGFRm NSCLC with newly acquired MET ampli�cation after AZD9291 resistance experienced partial
response when treated with the combination of AZD9291 and crizotinib (a MET/ALK dual inhibitor) (10,
11).

HQP8361 (also named MK8033) is a novel selective MET kinase inhibitor that has completed a Phase I
study in solid tumors and will move forward to a Phase II trial as a monotherapy in MET ampli�ed solid
tumors including NSCLC, gastric cancer and hepatocellular carcinoma
(https://www.ascentagepharma.com/product-candidates/tki-candidates/HQP-8361/). The current study
focused on assessing the single agent activity of HQP8361 in human NSCLC cells and particularly its
combinatorial activity with AZD9291 against EGFRm NSCLCs with acquired resistance to AZD9291.
Findings from this study may provide strong preclinical support for the design and conduct of HQP8361
clinical trials and for its clinical application for overcoming AZD9291-resistance in NSCLC patients with
EGFR mutations.

Methods
Reagents. HQP8361 was provided by Ascentage Pharm (Rockville, MD). AZD9291, crizotinib
(PF02341066) and other reagent and antibodies were the same as described previously (9).
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Cell lines and cell culture. Human NSCLC cell lines including those resistant cell lines used in this study,
were described in our previous studies (9, 12, 13). HCC827/AR0.5 and HCC827/AR2 were established
through exposing HCC827 cells to 0.5 µM or 2 µM AZD9291 once every 3 days for roughly 3 months. Bim
knockout (KO) and ectopic Mcl-1 expression in HCC827/AR cell lines were established using the same
procedures described in our previous studies (14, 15). These cell lines were not genetically authenticated.
They were cultured in RPMI 1640 containing 5% fetal bovine serum at 37 °C in a humidi�ed atmosphere
of 5% CO2 and 95% air.

Cell survival assays. Cell numbers in 96-well plates were measured by the sulforhodamine B (SRB) assay
as previously described (16). Combination index (CI) for drug interaction (e.g., synergy) was calculated
using CompuSyn software (ComboSyn, Inc.; Paramus, NJ). The effects of the given drug treatments on
colony formation in plates were determined as previously described (17).

Detection of apoptosis. Apoptosis was evaluated with an annexin V/7-AAD apoptosis detection kit (BD
Biosciences; San Jose, CA) following the manufacturer's instructions. Protein cleavages were also
detected by Western blot analysis as additional indicators of apoptosis.

Western blot analysis. Preparation of whole-cell protein lysates and Western blot analysis were described
previously (18).

Animal xenograft and treatments. Animal experiments were approved by the Institutional Animal Care
and Use Committee (IACUC) of Emory University and conducted as described in our previous study (9).
Treatments included vehicle, AZD9291 (5 mg/kg/day, og), HQP8631 (25 mg/kg/day; og), and their
combination. At the end of the treatments, mice were sacri�ced with CO2. The tumors were then removed,
weighed, and frozen in liquid nitrogen. Certain portions of tumor tissues were homogenized in protein
lysis buffer for preparation of whole-cell protein lysates for Western blotting to detect the given proteins.

Statistical analysis. The statistical signi�cance of differences (e.g., in tumor sizes or weights) between
two tested groups was analyzed with two-sided unpaired Student's t tests (for equal variances) or with
Welch's corrected t test (unequal variances) by use of Graphpad InStat 3 software. Results were
statistically signi�cant at P < 0.05.

Results
HQP8361 is effective in suppressing the growth of AZD9291-resistant EGFRm NSCLC cell lines with
hyper-activated c-Met. To determine the single agent activity of HQP8361 against the growth of human
NSCLC cells, we �rst analyzed its effects on the growth of a panel of human NSCLC cell lines including
those with acquired resistance to AZD9291. Among 18 cell lines tested, only the AZD9291-resistant cell
line, HCC827/AR, responded to HQP8361 with an IC50 of around 1 µM (Figs. 1A). By examining MET and
p-MET levels in these cell lines, we found that HCC827/AR cells possessed the highest levels of both MET
and p-MET, whereas other cell lines expressed low levels of MET and undetectable levels of p-MET
(Figs. 1B and 1C). We established two additional AZD9291-resistant cell lines from HCC827 named
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HCC829/AR0.5 and HCC827/AR2 through repeated treatment of HCC827 cells with �xed high
concentrations of AZD9291 at 0.5 µM and 2 µM, respectively (Fig. S1). Like HCC827/AR cells, both
HCC829/AR0.5 and HCC827/AR2 exhibited high levels of MET and p-MET (Fig. 1D) and responded better
than HCC827 cells to HQP8361 (Fig. 1E). These data clearly suggest that HQP8361 has single agent
activity only in cell lines with hyper-activated MET.

HQP8361, when combined with AZD9291, synergistically decreases the survival of AZD9291-resistant
cell lines with hyper-activated MET and enhances induction of apoptosis. Given that MET ampli�cation is
an important mechanism accounting for the emergence of acquired resistance to EGFR-TKIs including
AZD9291 and that targeting MET can overcome acquired AZD9291 resistance caused by this mechanism
(1, 9), we then examined the effects of the HQP8361 and AZD9291 combination on the survival and
apoptosis induction of different AZD9291-resistant cell lines. Treatment with each agent alone minimally
decreased the survival of HCC827/AR cells, while the combination very effectively decreased survival
with CIs < 1 (Fig. 2A), indicating synergistic effect. However, the combination was ineffective in both PC-
9/AR and PC-9/3M cell lines (Fig. 2A). Consistently, the combination enhanced induction apoptosis in
HCC827/AR cells, but not in PC-9/AR cells as measured by both annexin V-positive cells (Fig. 2B) and
PARP cleavage (Fig. 2C). Colony formation assay, which allows repeated treatment of cells, also
demonstrated that the combination of HQP8361 and AZD9291 was much more effective than either
single agent alone in inhibiting the formation and growth of HCC827/AR cells (Fig. 2D). Similarly, the
HQP8361 and AZD9291 combination synergistically decreased the survival (Fig. 2E) and enhanced the
induction of apoptosis (Figs. 2F and 2G) of both HCC827/AR0.5 and HCC827/AR2 cells. These �ndings
suggest that the combination of HQP8361 and AZD9291 is very effective against AZD9291-resistant
cells with MET ampli�cation or MET hyper-activation.

The combination of HQP8361 and AZD9291 enhances Bim elevation and Mcl-1 reduction accompanied
with augmented suppression of mTOR signaling. To understand the mechanisms by which the
combination of HQP8361 and AZD9291 enhances induction of apoptosis, we conducted time-course
analyses of Bim and Mcl-1 alterations in HCC827/AR cells in response to the combination treatment. As
presented in Fig. 3A, Mcl-1 levels were reduced the most and Bim levels were increased the most in cells
exposed to the combination, in comparison with levels in cells exposed to either HQP8361 or AZD9291
alone. These effects occurred early at 8 h and extended to 36 h after treatment in parallel with increased
PARP cleavage. Consistently, enhanced Bim elevation and Mcl-1 reduction by the HQP8361 and AZD9291
combination was also observed in HCC827/AR0.5 cells (Fig. S2). Similar effects on Mcl-1 and Bim were
caused by the combination of crizotinib and AZD9291, although the reduction of Mcl-1 was greater in
HCC827/AR cells treated with HQP8361 and AZD9291 than with crizotinib and AZD9291 given that
crizotinib alone apparently decreased Mcl-1 levels (Fig. 3B).

Moreover, we assessed the impact of the HQP8361 and AZD9291 combination on signaling pathways
downstream of EGFR and c-Met that may modulate Bim and Mcl-1 levels in this cell line. Interestingly, the
combination did not enhance suppression of ERK1/2 phosphorylation until a very late time point (e.g.,
36 h; Fig. 3A). This differed from the effect of the crizotinib and AZD9291 combination, which
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substantially enhanced reduction of p-ERK1/2 levels (Fig. 3B). Augmented inhibition of S6
phosphorylation (S235/236) was clearly detected early at 8 h, whereas enhanced suppression of Akt
(both S473 and T450) and 4EBP1 (T37/46) phosphorylation was observed a little later, at or after 16 h
post treatment. We noted that the combination exerted much more substantial suppression of S6
phosphorylation than of Akt and 4EBP1 phosphorylation (Fig. 3A). Strong suppression of S6
phosphorylation by the combination was also observed in HCC827/AR0.5 cells (Fig. S2). Similar effects
were seen with the combination of crizotinib and AZD9291 (Fig. 3B). Nonetheless, the combination of
HQP8361 and AZD9291 enhanced suppression of mTOR signaling in HCC827/AR cells.

We noted that treatment with HQP8361 alone increased the levels of p-MET in both HCC827/AR and
HCC827/AR0.5 cells; this effect could be suppressed when combined with AZD9291. Further, the
combination of HQP8361 and AZD9291 clearly decreased total MET levels (Figs. 3A and S2). In contrast,
crizotinib alone abolished MET phosphorylation (Fig. 3B). However, both HQP8361 and particularly
crizotinib increased the levels of both ErbB3 and p-ErbB3 in HCC827/AR cells. When combined with
AZD9291, increased ErbB3 phosphorylation was abolished despite further increase in ErbB3 levels
(Fig. 3B).

The combination of HQP8361 and AZD9291 regulates Bim and Mcl-1 levels through modulation of their
protein stability. Considering that AZD9291 combined with crizotinib, a MET and ALK dual inhibitor,
enhances the elevation of Bim levels by delaying its degradation (9), we next analyzed whether the
combination of HQP8361 and AZD9291 affects the degradation of Bim and Mcl-1, resulting in enhanced
Bim elevation and Mcl-1 reduction in HCC827/AR cells. By conducting a CHX chase assay, we observed
that Bim was degraded much more slowly and Mcl-1 was degraded much faster in cells exposed to the
combination of HQP8361 and AZD9291 than in those exposed to DMSO, HQP8361 or AZD9291 alone
(Fig. 4). These results demonstrate that the combination of HQP8361 and AZD9291 slows Bim
degradation while facilitating Mcl-1 degradation in HCC827/AR cells.

Enhanced Bim elevation and Mcl-1 contribute to augmented induction of apoptosis in HCC827/AR cells.
To demonstrate the role of Bim elevation in enhancing apoptosis by the HQP8361 and AZD9291
combination, we generated Bim knockout cell lines from HCC827/AR cells and then examined the impact
of Bim loss on the induction of apoptosis by the HQP8361 and AZD9291 combination. As presented in
Figs. 5A and 5B, the combination of HQP8361 and AZD9291 enhanced the induction of apoptosis as
measured by PARP cleavage and annexin V-positive cells in the control HCC827/AR cells as
demonstrated above, but these effects were signi�cantly attenuated in the two tested Bim KO cell lines. In
HCC827/AR cells expressing ectopic Mcl-1, the combination of HQP8361 and AZD9291 induced much
less cleavage of PARP and caspase-3 and signi�cantly fewer annexin V-positive cells than in vector-
control cells (Figs. 5C and 5D), indicating that enforced Mcl-1 expression in HCC827/AR cells
compromises the ability of the HQP8361 and AZD9291 combination to enhance the induction of
apoptosis.
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The combination of HQP8361 and AZD9291 signi�cantly inhibits the growth of HCC827/AR tumors in
vivo with modulation of the levels of Bim, Mcl-1 and other protein markers. We lastly determined the
effect of the HQP8361 and AZD9291 combination on the growth of HCC827/AR xenografts in nude mice.
While treatment with HQP8361 or AZD9291 alone had limited inhibitory effect on the growth of
HCC827/AR tumors, the combination of HQP8361 and AZD9291 potently and signi�cantly retarded the
growth of HCC827/AR tumors in comparison with either single agent treatment in terms of tumor sizes
(Figs. 6A and 6B) and weights (Fig. 6C). Mice receiving the combination treatment had comparable body
weights with those in other groups (Fig. 6D), indicating that the combination does not accordingly
increase toxicity while enhancing anti-tumor activity.

We also analyzed alterations of several protein markers in these tumor tissues and found that the
combination of AZD9291 and HQP8361 effectively decreased Mcl-1 levels and increased the levels of
Bim and cleaved PARP, whereas each single agent had limited or no modulatory effects on the levels of
these proteins (Fig. 6E). These results indicate that the HQP8361 and AZD9291 combination enhances
the modulation of Bim and Mcl-1 levels accompanied with augmented induction of apoptosis in vivo. In
agreement with the data generated in cell cultures, the combination of HQP8361 and AZD9291 was more
effective than each single agent in decreasing the levels of p-S6, p-4EBP1 and p-Akt, but did not affect p-
ERK levels (Fig. 6E), indicating that the combination also effectively enhances the suppression of mTOR
signaling in vivo.

Discussion
In the current study, we found that among a panel of 18 human NSCLC cell lines, the novel c-Met selective
inhibitor HQP8361 showed single agent activity against the growth of the only cell line, HCC827/AR, with
acquired resistance to AZD9291 and other EGFR-TKIs due to MET gene ampli�cation and MET hyper-
activation (9). Other NSCLC lines tested, including 4 cell lines with acquired resistance to AZD9291, had
low levels of MET and particularly p-MET and were insensitive to HQP8361 (Fig. 1). These �ndings
together suggest that HQP8631 may have single agent activity only in cancer cells with high levels of
MET (e.g., due to gene ampli�cation) or hyper-activated MET. AZD9291-resistant cell lines such as
HCC827/AR with MET ampli�cation or hyper-activated MET protein fall into this category, implying that
EGFRm NSCLCs with acquired resistance to AZD9291 due to MET gene ampli�cation and protein hyper-
activation may be responsive to HQP8361 monotherapy. This is supported by our data generated from
two additional HCC827-derived AZD9291-resistant cells lines (HCC827/AR0.5 and HCC827/AR2) with
hyper-activated MET and responsiveness to HQP8361.

MET inhibition has been suggested to be a potential therapeutic strategy for overcoming acquired
resistance caused by MET ampli�cation (1, 9). Indeed, HQP8361 synergized with AZD9291 in decreasing
cell survival and inducing apoptosis only in HCC827/AR cell lines including HCC827/AR0.5 and
HCC827/AR2, but not in other AZD9291-resistant cell lines without activated MET (Fig. 2). Our in vivo
study also demonstrated very promising activity of the HQP8361 and AZD9291 combination against the
growth of HCC827/AR tumors and enhanced induction of apoptosis in these tumors (Fig. 6). Hence,
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HQP8361, when combined with AZD9291, shows great potential for overcoming acquired resistance to
AZD9291 and possibly other EGFR-TKIs due to MET gene ampli�cation or protein hyper-activation, likely
via enhancement of apoptosis. Therefore, MET detection is critical and may guide the selection of
patients with acquired resistance to EGFR-TKIs who may bene�t from treatment with the HQP8361 and
AZD9291 combination.

We previously reported that AZD9291 combined with another MET inhibitor, such as crizotinib or SGX523,
enhances the induction of apoptosis in HCC827/AR cells and effectively suppresses the growth of
HCC827/AR tumors (9). Mechanistically, HQP8361, when combined with AZD9291, shares some
common mechanisms with crizotinib or SGX523 in enhancing Bim elevation by delaying Bim degradation
and augmenting suppression of Akt, S6 and ErbB3 phosphorylation (9). However, HQP8361 possesses
some features that are distinct from those of crizotinib and/or SGX523. The combination of crizotinib or
SGX523 with AZD9291 effectively decreased p-ERK1/2 levels in HCC827/AR cells (9)(Fig. 3B); but this
was not the case for the combination of HQP8361 and AZD9291 as demonstrated both in vitro and in
vivo (Figs. 3 and 6E). Treatment with crizotinib alone decreased Mcl-1 levels but when combined with
AZD9291 caused little or no further decrease in Mcl-1 levels (9) (Fig. 3B). In contrast, HQP8361 alone did
not apparently decrease Mcl-1 levels, but rapidly and robustly decreased Mcl-1 levels when combined
with AZD9291 (Fig. 3). Another clear difference between HQP8361 and crizotinib or SGX523 is that
HQP8361 alone increased p-MET levels, whereas both crizotinib and SGX523 potently abolished MET
phosphorylation (Fig. 3) (9). However, HQP8361 combined with AZD9291 reduced the levels of p-MET
induced by HQP8361 and interestingly decreased MET levels (Fig. 3). Albeit with slightly varied
mechanisms, these MET inhibitors effectively overcome acquired resistance to AZD9291 or other EGFR-
TKIs caused by MET ampli�cation when combined with AZD9291.

Phosphorylation of 4EBP1 and/or S6 (or p70S6K) is known to be the downstream readout of mTOR
complex 1 (mTORC1) activity, whereas Akt phosphorylation (at both S437 and T450) is the readout of
mTORC2 (19–21). In this study, treatment with the HQP8361 and AZD9291 combination enhanced
suppression of the phosphorylation of 4EBP1, pS6 and Akt both in vitro (Fig. 3) and in vivo (Fig. 6E),
indicating that the combination effectively inhibits both mTORC1 and mTORC2 signaling pathways in
AZD9291-resistant cells and tumors in the background of MET gene ampli�cation and/or MET protein
hyper-activation. It has been suggested that MET ampli�cation and protein hyper-activation causes
EGFR-TKI resistance mechanistically by activating EGFR-independent phosphorylation of ErbB3 and
downstream activation of the PI3K/AKT pathway, providing a bypass pathway in the presence of an
EGFR-TKI (8). Given that the HQP8361 and AZD9291 combination also effectively suppressed ErbB3
phosphorylation, it is reasonable to speculate that the suppression of mTORC1 and mTORC2 signaling
by the combination is likely to be secondary to ErbB3 suppression.

We previously established the HCC827/AR cell line through exposure to a gradually increasing
concentration of AZD9291, starting with a low concentration (e.g. 10 nM), over a long period of time (9).
In this study, we used a different strategy to establish two additional AZD9291-resistant lines (i.e.,
HCC827/AR0.5 and HCC827/AR2) through repeated exposure of HCC827 cells directly to �xed high
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concentrations of AZD9291 at 500 nM, which is close to the clinically achievable steady-state plasma
level of AZD9291 in NSCLC patients receiving a 80 mg/day dosage (22), and at 2 µM, respectively, for
roughly 3 months. This procedure may better recapitulate the clinical situation where acquired resistance
develops during treatment with AZD9291. These cell lines showed similar features with substantially
elevated levels of MET and p-MET and increased sensitivities to HQP8361 (Fig. 1) or HQP8361 and
AZD9291 combination (Fig. 2). The establishment of these cell lines provides additional models for
studying AZD9291 resistance.

Conclusions
The current study provides preclinical evidence in support of the potential e�cacy of the novel MET
inhibitor, HQP8361, in the treatment of NSCLCs with highly activated MET as a monotherapy and of
EGFRm NSCLC with resistance to AZD9291 or other EGFR-TKIs due to MET ampli�cation or protein hyper-
activation when combined with AZD9291. Thus, the future validation of HQP8361 for these indications in
the clinic is warranted.

List Of Abbreviations
HGF, hepatocyte growth factor; NSCLC, non-small cell lung cancer; EGFR, epidermal growth factor
receptor; TKIs, tyrosine kinase inhibitors; KO, knockout; CI, combination index; SRB, sulforhodamine B;
CHX, cycloheximide.
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Figure 1

Human NSCLC cell lines are in general insensitive to HQP8361 (A and E) except those with high levels of
MET and p-MET (B-D). A and E, The indicated cell lines seeded in 96-well plates were exposed to varied
concentrations of HQP8361 for 3 days. Cell numbers were estimated with sulforhodamine B (SRB) assay.
The data are means ± SDs of four replicate determinations. B-D, The indicated cell lines with similar cell
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densities were harvested for preparation of whole-cell protein lysates and then used for Western blotting
to detect the indicated proteins. SE, shorter exposure.

Figure 2

HQP8361 combined with AZD9291 synergistically decreases cell survival (A and E), induces apoptosis (B,
C, F and G) and suppresses colony formation and growth (D) in c-Met activated AZD9291-resistant
NSCLC cell lines. A and E, The indicated cell lines seeded in 96-well plates were treated with varied
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concentrations of HQP8361 alone, AZD9291 alone and their respective combinations. After 3 days, cell
numbers were determined with sulforhodamine B (SRB) assay. The data are means ± SDs of four
replicate determinations. The numbers inside the graphs are CIs. B, C, F and G, The indicated cell lines
were treated with DMSO, 200 nM AZD9291, 250 nM HQP8361 and AZD9291 plus HQP8361 for 48h.
Apoptosis was evaluated with Western blotting for detection of PARP and caspase cleavage (C, F) and
with annexin V/�ow cytometry (B, G). Data in B and G are means ± SDs of duplicate determinations. D,
HCC827/AR cells seeded in 12-well culture plates were treated with DMSO, 100 nM AZD9291, 100 nM
HQP8361 or the combination of AZD9291 and HQP8361; these treatments were repeated every 3 days.
After 12 days, the plates were stained with crystal violet dye, counted and then photographed. The data
are means ± SDs of triplicate determinations.
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Figure 3

The combination of AZD9291 and HQP8361 enhances modulation of apoptosis-associated protein
levels, MET levels and mTOR signaling (A) in HCC827/AR cells, with effects on ERK and MET
phosphorylation different from those of the HQP8361 and crizotinib combination (B). HCC827/AR cells
were exposed to DMSO (D), 200 nM AZD9291 (A), 250 nM HQP8361 (H), 200 nM crizotinib, AZD9291
plus HQP8361 (C) or AZD9291 plus crizotinib for varied times as indicated (A) or 18 h (B). The cells were
then harvested for preparation of whole-cell protein lysates and subsequent Western blot analysis.
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Figure 4

The combination of AZD9291 and HQP8361 stabilizes Bim protein (A and B), but induces Mcl-1 protein
degradation (C and D) in HCC827AR cells. HCC827/AR cells were treated with DMSO, 200 nM AZD9291,
250 nM HQP8361 or the combination of AZD9291 and HQP8361 for 8 h and then exposed to 10 ug/ml
CHX. At the indicated times after addition of CHX, Western blotting was used to detect the indicated
proteins (A and C). NIH image J software was used to quantify band intensities. Bim and Mcl-1 levels are
shown as percentage of levels at 0 time post CHX treatments (B and D),

Figure 5

Bim knockout (A and B) or enforced expression of ectopic Mcl-1 (C and D) compromises the activity of
HQP8361 and AZD9291 in enhancing the induction of apoptosis in HCC827/AR cells. The indicated cell
lines with Bim knockout (A) and Mcl-1 overexpression (C) were exposed to DMSO, 200 nM AZD9291, 250
nM HQP8361 or HQP8361 plus AZD9291 for 48h. The cells were then harvested for preparation of whole-
cell lysates and subsequent detection of the tested proteins by Western blotting (A and C) and for
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detection of apoptotic cells with annexin V/�ow cytometry (B and D). The data are means ± SDs of
duplicate determinations.

Figure 6

The combination of AZD9291 and HQP8361 effectively inhibits the growth of HCC827/AR xenografts (A-
C) without enhancing mouse toxicity (D) and modulates the levels of Bim, Mcl-1 and other proteins in
vivo (E). HCC827/AR xenografts were treated (once daily) with vehicle, 5 mg/kg AZD9291 (og), 25 mg/kg
HQP8361 (og) or AZD9291 plus HQP8361. Tumor sizes and mouse body weights were measured once
every two or three days (A and D). At the end of the treatments, mice were sacri�ced and tumors were
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removed, weighed (B) and photographed (C). The data are means ± SE (n = 6). Whole-tumor protein
lysates were prepared from two tumors randomly in each group to detect the indicated proteins by
Western blotting (E). CF, cleaved fragment.
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