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Abstract

Objective—Recent sequencing studies of head and neck squamous cell carcinomas (HNSCCs)
have identified the phosphatidylinositol 3-kinase (P13K) pathway as the most frequently mutated,
oncogenic pathway in this cancer type. Despite the frequency of activating genomic alterations in
PIK3CA (the gene encoding the catalytic subunit of PI3K, targeted inhibitors of PI3K have not
shown clinical efficacy as monotherapies. We hypothesized that co-dependent pathways, including
the Ras-MEK-ERK pathway, may still be functional in the presence of PI3K inhibitors and might
serve as mediators of this resistance.

Methods—We assessed the hypothesis using resazurin cell viability and trypan blue exclusion
assays. We also used Western blot to characterize Ras-MEK-ERK pathway activity.

Study Desigh—We evaluated this hypothesis in six PIK3CA-amplified, PI13K inhibitor-resistant
HNSCC cell lines following treatment with pan and alpha-isoform selective PI13K inhibitors
(BKM120 and HS-173 respectively). We also tested the effect of combination treatment with PI3K
inhibitor HS-173 and MEK inhibitor trametinib or EGFR inhibitor gefitinib.

Results—Our results displayed maintenance of Ras-MEK-ERK pathway activity in 4 of 6
HNSCC cell lines after PI3K inhibitor treatment. We also found that UM-SCC-69 and UM-
SCC-108 cells display synergistic responses to dual therapy.

Conclusion—This study suggests that inhibition of the PI3K and Ras-MEK-ERK pathways
might be effective in some HNSCC patients; however, it also prompts the study of additional
resistance mechanisms to identify synergistic combination therapies for tumors resistant to these
di-therapies.

TCorrespondence: J. Chad Brenner, Ph.D., 1150 E. Medical Center Dr., 9301B MSRB3, Ann Arbor, M| 48109-0602.
chadbren@med.umich.edu.
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Introduction

Head and neck squamous cell carcinoma (HNSCC) is the sixth most common form of
cancer by incidence worldwide and represents ~3% of cancer cases in the United States.
Common modalities used to treat HNSCC patients include surgery, radiation, and cytotoxic
chemotherapy. Despite the use of these regimens, however, patient prognosis is poor and
recurrence and metastasis are very common. Five year survival rates for HNSCC are only
40-50% and have remained unchanged for many years 1.

An increased understanding of the genetic alterations in HNSCC may guide the use of
targeted therapies and improve patient survival 2. Recent sequencing studies have identified
mutations and copy humber changes in genes within a number of cellular pathways in
HNSCCs. These genetic changes may contribute to cancer development or progression, and
learning more about them will guide personalized medicine protocols for this cancer type,
which seek to match patients with an effective treatment option given the specific genetic
signature of their disease 3. Among the most comprehensive genetic analyses of HNSCCs
is the The Cancer Genome Atlas (TCGA) dataset, which profiles somatic mutations and
copy number alterations in 279 HNSCC patients. This study and others have identified the
phosphatidylinositol 3-kinase (P13K) pathway as the most frequently mutated, oncogenic
targetable pathway in this cancer type 7 8. Of the genes in the PI13K pathway, PIK3CA,
which encodes the catalytic subunit and alpha isoform of PI3K, is the most frequently
altered. Activating mutation and/or amplification of this gene were observed in 36.9% of the
TCGA HNSCC cohort 7. These aberrations lead to increased cell growth and viability, may
drive tumor progression, and are more commonly observed in advanced stage disease 2 10,

Inhibitors of PI3K have been developed and tested in clinical trials for HNSCC as well as
other cancer types. Despite frequent activation of the PI3K pathway and its importance in
HNSCC; however, these therapies have shown limited efficacy in unmatched clinical trials to
date. In one recent trial, for example, HNSCC patients were given docetaxel alone or in
combination with PX-866, an oral pan-PI3K inhibitor. The addition of PX-866 did not
improve progression free survival in this cohort 1.

Resistance to treatment with PI3K inhibitors is poorly understood, although some data has
suggested that these compounds are more effective in patients with alterations in P/IK3CA or
loss of PTEN. (PTEN is a tumor suppressor gene that acts as a “brake” on PI3K function
and is inactivated in 10% of HNSCC patients according to TCGA data.) While an analysis
of early clinical trials for PI3K inhibitors showed that PI3K altered patients were more
responsive to PI3K inhibitors than patients without P/K3CA mutation or PTEN loss, this
study also indicated only an 18% overall response rate within the PI3K altered molecular
subgroup 12. These findings suggest that important resistance mechanisms to PI3K inhibitors
are frequently present, even in PI3K altered HNSCCs.
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PI3K inhibitor resistance may be due to activation of a compensatory pathway, which cells
utilize to grow and divide even in the absence of PI3K signaling. The Ras-MEK-ERK
pathway, as an important contributor to cell proliferation and growth, is a likely candidate
for codependence in cases of PI3K inhibitor resistance. Previous studies have demonstrated
that PI3K and MEK inhibitors are synergistic in some HNSCCs 13-15, as well as in a variety
of other cancer types 16-19, In addition, based on preclinical evidence and frequent genetic
alterations in HNSCC, trials for pan PI3K inhibitor BKM120 and alpha-isoform specific
PI3K inhibitor BYL719 are ongoing (examples include: NCT02537223, NCT02051751 and
NCTO01602315). These agents are being tested in patients not only as monotherapies but also
in combination with anti-EGFR antibody cetuximab. Inhibiting a receptor tyrosine kinase
such as EGFR blocks Ras-MEK-ERK signaling and has shown efficacy in other cancer
models 20. However, the specific patients that are responsive to mono- and combination
therapies cannot currently be identified—each patient's tumor has a unique genetic signature
and there is to date a lack of useful biomarkers to stratify and predict responses to treatment
with PI3K inhibitor combination therapies.

In this study, we explore the sensitivity of several models with P/IK3CA genetic alterations
to combination therapies being considered for HNSCC personalized medicine trials. We
sought to identify the relationships between drug sensitivity and resistance mechanisms in
these models in order to begin to understand what percentages of patients would respond to
each proposed combination therapy. We examined activation of the Ras-MEK-ERK pathway
as a mechanism for resistance to PI3K inhibitors in PI3K altered HNSCC. To do this, we
tested six HNSCC cell lines, each of which displayed both amplification of P/IK3CA and
resistance to PI3K inhibitor monotherapy treatment, for compensation through this pathway
in the presence of PI3K inhibitors.

Materials and Methods

Cell Culture

Chemicals

UM-SCC cells (University of Michigan) are derived from human head and neck squamous
cell carcinoma patient tumor samples and were cultured in a humidified incubator at 37 °C
with 5% (vol/vol) CO, as previously described 2. Cells were cultured in DMEM with 10%
FBS, 1X Pen/Strep, 1X NEAA. Details of DNA copy number analysis are being submitted
as a separate manuscript. All cell lines were confirmed to contain wild type PIK3CA as
previously reported from Nimblegen V2 exome capture based experiments 22,

BKM120, HS-173, trametinib, and gefitinib were purchased from Selleck Chemicals. All
compounds were initially dissolved in 100% DMSO to 10 mM and then diluted to the
indicated concentrations for studies /n vitro.

Western Blotting

Cells at 70-80% confluency were treated with DMSO or inhibitor(s) for six hours prior to
harvesting and lysing in radioimmunoprecipitation assay buffer. Ten micrograms of each cell
harvest was used, and standard Western blot protocols were followed as previously
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described 23. Primary antibodies against pERK1/2 (Thr202/Tyr204) (1:1000, catalog No.
4370; Cell Signaling Technology), ERK (1:1000, catalog No. 4695; Cell Signaling
Technology), pAKT (Ser473) (1:1000, catalog No. 4060; Cell Signaling Technology), AKT
(1:1000, catalog No. 4685; Cell Signaling Technology), and HSP90 (1:2000, catalog No.
4877; Cell Signaling Technology) were incubated overnight at 4°C or for 1 hour at room
temperature, followed by a goat anti-rabbit horseradish peroxidase (catalog No.
111-035-045; Jackson ImmunoResearch) secondary antibody at room temperature for 1
hour. The blots were then visualized with chemiluminescence and imaged. 300dpi or greater
images were retained from all Westerns and representative blots are shown.

Trypan Blue Assay

To test for cell membrane integrity and access cell viability, 32,000 cells per well were
seeded into 24-well cell culture plates. After 24 hours, cells were exposed to DMSO or
inhibitor in a multipoint dose-response. After 72 hour exposure, cells were disaggregated in
50 pL of medium.10 pL of the suspension was mixed with 10 pL of trypan blue (0.4%
Invitrogen) and viability and total cell count were measured using Countess Automated Cell
Counter (Invitrogen).

Resazurin Assay

To study relative cell viability, 2,000 cells per well were seeded (in 50 pL volume) in 84-
well microplates using a Multiflo liquid handling dispensing system. After 24 hours, cells
were treated with inhibitor or DMSO in a 10-point two-fold dilution series in quadruplicate.
96-well plates were prepared with inhibitors in 200X concentration and then diluted to 10X
concentration in media in a second 96-well plate using the Agilent Bravo Automated Liquid
Handling Platform and VWorks Automation Control Software. These inhibitors were then
used to treat the cells with the desired compound concentration, again using liquid handling
robotics. Cells were stained with 10 pL of 440 uM resazurin (Sigma) in PBS for 12-24 hours
before fluorescent signal intensity was quantified. Quantification occured 72 hours after
treatment using the Cytation3 fluorescence plate reader at excitation and emission
wavelengths of 540 and 612 nM, respectively.

Statistical Analysis

Results

Statistical analyses were performed using GraphPad Prism 6 software. Unpaired, two-tailed
Student's t-tests were conducted to compare total cell counts following DMSO and 1 uM
trametinib treatment from trypan blue exclusion assays with p<0.05 considered statistically
significant. For resazurin assays, 1Csq values were determined from the mean and standard
deviation of at least quadruplicate measurements for each treatment and cell line.

PIK3CA Alteration in HNSCC Cell Lines

We first identified a panel of cell lines that displayed amplification of P/K3CA to comprise
our HNSCC panel. Copy number amplification for the six cell lines ranged from 2.67 to 6,
with UM-SCC-69 and -108 exhibiting the highest level of amplification with 6 and 4 copies
of PIK3CA, respectively. UM-SCC-2 and -14A had lower levels of PIK3CA amplification,
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each with 2.67 copies of the gene as shown in Figure 1A. None of the six cell lines
displayed mutations in P/IK3CA 22,

PIK3CA Amplified HNSCC Sensitivity to PI3K Inhibitors

To then determine the sensitivity of the P/IK3CA amplified HNSCC cell lines in our panel to
PI3K inhibition, we used a resazurin cell viability assay to determine the 1Csq value for each
cell line in response to alpha-isoform specific PI3K inhibitor HS-173 and the pan PI3K
inhibitor BKM120. We identified similar sensitivity to these agents, consistent with common
alterations in P/IK3CA and the important role of the alpha isoform in HNSCC. UM-SCC-1
cells were the most sensitive, with ICgq less than 1 uM for both inhibitors. UM-SCC-108
displayed the greatest resistance to a PI3K inhibitor, with an I1Csq close to 25 uM for HS-173
(Figure 1A, S1). Despite the moderate responses to these treatments, 1Csq values of these
magnitudes are indicative of at least partial PI3K inhibitor resistance, suggesting the
opportunity to assess combination therapies that are being advanced for clinical trials in
these models.

PI3K inhibitor resistant HNSCC cell lines display differential activation of the Ras-MEK-
ERK pathway

Thus, to learn more about the mechanisms of resistance of PI3K inhibitors in HNSCC, we
first examined the activation of downstream PI3K and Ras-MEK-ERK pathway members
after PI3K inhibitor treatment in each of the cell lines in our panel. We hypothesized that
Ras-MEK-ERK pathway activity would be maintained if the pathway represents an
important compensatory mechanism. We treated each cell line with 5 pM HS-173 or
BKM120 and used Western blotting to assess phosphorylated and total levels of Akt and
ERK (Figure 1B-G). In each cell line, Akt phosphorylation was reduced after treatment
with HS-173 or BKM120, consistent with the effect of these drugs on downstream members
of the PI3K pathway. In the UM-SCC-1 and UM-SCC-2 cells, phosphorylation of ERK was
also reduced by 5 uM PI3K inhibitor treatment (Figure 1B, C). In the other four cell lines,
ERK phosphorylation was maintained (Figure 1D-G). This maintenance of Ras-MEK-ERK
pathway activity suggests that this pathway may be a co-dependent with the PI3K pathway
in the UM-SCC-14A, 69, 92, and 108 cells.

Potential Synergy of PI3K and MEK Inhibitors in HNSCC

To explore the hypothesis that MEK signaling maintains viability in the presence of
PIK3CA inhibition in some models, we then tested the combination of PI3K inhibitor
HS-173 and MEK inhibitor trametinib in the panel of HNSCC cells. If Ras-MEK-ERK
pathway activation is a mechanism of resistance to PI3K inhibitor treatment, adding
trametinib as a second inhibitor might sensitize the cells to the inhibitors and result in a
synergistic reduction in cell viability. Using a resazurin cell viability assay, we observed at
synergistic effects of these two agents in UM-SCC-69 and UM-SCC-108 cells (Figure 2).
Lack of benefit from the combination with MEK inhibitor in other HNSCC cell lines was
not due to the inability of trametinib to block downstream Ras-MEK-ERK pathway activity,
as 5 UM treatment resulted in complete inhibition of ERK phosphorylation via Western
blotting (Figure 2, insets). We also performed trypan blue exclusion assays to examine the
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effect of this drug concentration on absolute cell viability in the two cell lines in which PI3K
and MEK inhibitors displayed greater than additive effects (Figure 3). Trypan blue
exclusion assays demonstrated that while trametinib monotherapy inhibited cell
proliferation, it did not reduce cell viability (p<0.05). Combining PI13K and MEK inhibitors
led to further reductions in cell viability.

Potential Synergy of PI3K and EGFR Inhibitors in HNSCC

Ras-MEK-ERK pathway activity can also be inhibited more broadly using an agent targeted
against a receptor tyrosine kinase such as the epidermal growth factor receptor (EGFR).
EGFR is frequently amplified in HNSCC and cetuximab, a monoclonal EGFR antibody is
the only FDA-approved targeted therapy for this cancer type. Currently, several clinical trials
are exploring PI3K inhibitors in combination with cetuximab. We hypothesized that
blocking EGFR and the downstream Ras-MEK-ERK pathway in combination with PI3K
might be a more effective treatment than using a PI3K and MEK inhibitor combination in
some models. To explore this possibility, we treated the cell lines displaying Ras-MEK-ERK
pathway activity after PI3K inhibitor treatment (UM-SCC-14A, 69, 92, and 108) with
HS-173 in combination with gefitinib, a small molecule inhibitor of EGFR. Results of a
resazurin cell viability assay for HS-173 in combination with gefitinib again indicated
potential synergy in UM-SCC-69, but not in UM-SCC-14A, 92, or 108 (Figure 4). We also
treated these four cell lines with vehicle, 1 uM gefitnib, 1 uM HS-173, or a combination of
the inhibitors at 1 uM each. Western blot analysis of each cell line indicated that ERK
phosphorylation was reduced by gefitinib treatment and Akt phosphorylation was reduced
by HS-173 treatment. These results are consistent with the effects of these inhibitors on
downstream members of the Ras-MEK-ERK and PI3K pathways, respectively. Treatment
with both drugs led to decreased phosphorylation of both ERK and Akt, indicating that this
combination caused the inhibition of expected targets (Figure5).

Discussion

In summary, our PIK3CA amplified HNSCC cell lines show intermediate to strong
resistance to PI3K inhibitors suggesting that matched PI3K targeted therapies may not be
effective as monotherapies in this cancer type. While some of the more sensitive UM-SCC
cell lines in our panel display similar sensitivity to PI3K inhibitors as compared to PIK3CA
mutant or PTEN deleted cancer cell lines with 1Csq of approximately 1 pM 24 25 other
resistant models (particularly UM-SCC-92) have 1Csq values closer those of fibroblast cells.
This data is consistent with a phase 1/2 study of PX-866 and docetaxel in patients with solid
tumors (NCT01204099), in which only a few HNSCC patients with P/K3CA amplification
responded to the monotherapy despite pharmacodynamics experiments showing on target
effect of the drug 11. As many groups have postulated that compensation occurs through
either EGFR signaling or directly though alternative pathways activating Ras-MEK-ERK
signaling, we also assessed response to dual inhibitor therapies targeting P/IK3CA and EGFR
or MEK/ERK signaling. These experiments showed 2/6 (33%) of the cell lines displayed
additive to synergistic effects of alpha-isoform specific PI3K inhibitor HS-173 and MEK
inhibitor trametinib or EGFR inhibitor gefitinib; there was no benefit of the addition of the
Ras-MEK-ERK inhibitor in the other models. This data is promising and supports the
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preclinical data for combination trials simultaneously inhibiting both of these

pathways 1315 Our data predict that these treatments will lead to response in a subset of
tumors, but also suggests that additional unknown compensatory mechanisms are driving
PIK3CA inhibitor resistance in other HNSCCs.

Thus, the data presented here suggest that multiple different pathways drive PI3K inhibitor
resistance and additional work is needed to understand the frequencies with which each
pathway is utilized and the biomarkers predicting which combination therapy would most
benefit individual patients. While we didn't fully assess all combinations that have been
suggested in the literature, our data provides the foundation for future studies in HNSCC
that leverage unbiased approaches. Further testing of additional HNSCC cell lines, might
identify other PIK3CA amplified models with more significant responses to PI3K
monotherapy or to combinations that are advancing in clinical trials. Likewise, systematic
discovery based approaches to identify novel combinations that inhibit the growth of models
resistant to both the Ras-MEK-ERK + PI3K and EGFR + PI3K therapies are needed to
understand the additional pathways driving resistance. These studies might also improve cell
kill in an even more complex therapeutic setting (e.g. tri-therapy or cycled di-therapies). For
example, exploring other PIK3CA amplified or mutated HNSCC models might allow us to
stratify responses based on additional genetic alterations in the PI3K, Ras-MEK-ERK, and
other cellular pathways. We could then assess genetic biomarkers (personalized medicine) to
predict which patients might be most and least sensitive to a specific PI3K-based
combination regimen. Indeed, focusing on developing therapies for the most highly recurrent
compensatory pathways may be one approach to improving therapy.

We have entered an exciting time in the HNSCC field. Several institutions have initiated
personalized medicine protocols, such as the MiOTOseq trial, which aim to characterize the
molecular genetics of every consenting HNSCC patient that enters the clinic. These studies
are likely to lead to the development of complex genetic databases and, hopefully, increase
the enrollment of HNSCC patients on appropriate interventional trials. As noted above,
personalized trials have increased the overall survival of patients with HNSCC 26 27 but the
overall rates of improvement have been underwhelming. As the field moves forward, we
need to begin to understand how HNSCCs respond to matched targeted therapies in order to
take the next step towards improving overall response. Here, we focused on understanding
the resistance pathways to inhibitors of the most recurrently altered oncogenic pathway in
HNSCC. Our data indicates a complex and differential response to matched therapy; it also
suggests the value of future work utilizing unbiased approaches to nominate co-dependent
pathways driving this resistance. Developing an improved understanding of resistance to
matched therapies in HNSCC as well as the frequencies with which each resistance
mechanism is observed represents one key step to improving the overall survival of patients
enrolling in personalized medicine trials.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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I1Csq via resazurin assay (A) and Western blot analysis of PI3K and Ras-MEK-ERK pathway

activation in UM-SCC-1 (B), 2 (C), 14A (D), 69 (E), 92 (F), and 108 (G) following

treatment with HS-173 or BKM120.
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Cell viability via resazurin assay and Ras-MEK-ERK pathway activation via Western blot

analysis (insets) for UM-SCC-1 (A), 2 (B), 14A (C), 69 (D), 92 (E), and 108 (F) after
treatment with trametinib and/or HS-173.
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Live and total UM-SCC-69 (A) and UM-SCC-108 (B) cells after 72 hour treatment with
increasing concentrations of trametinib and/or HS

exclusion assay.

Figure 3.
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Figure 4.

Cell viability for UM-SCC-14A (A), -69 (B), —92 (C), and —108 (D) after 72 hour treatment
with increasing concentrations of gefitinib and/or HS-173, as measured using a resazurin

assay.
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Western blot analysis of downstream PI13K and RAS-MEK-ERK pathway activation in UM-

SCC-14A (A), —-69 (B), —92 (C), and -108 (D) following 6 hour treatment with 1 uM

gefitinib and/or 1 uM HS-173.
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