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Abstract

Introduction—Thymic epithelial tumors (TETS) are rare tumors originating from the epithelia of
the thymus, and therapeutic options beyond surgery are limited. Pathogenesis of TETS is poorly
understood, and the scarcity of model systems for these rare tumors makes the study of their
biology very challenging.

Methods—A new cell line (MP57) was established from a thymic carcinoma specimen and
characterized using standard biomarker analysis, as well as next generation sequencing (NGS),
and functional assays. Sanger sequencing was used to confirm the mutations identified by NGS.

Results—MP57 possesses all the tested thymic epithelial markers and is deemed to be a bona
fide thymic carcinoma cell line. NGS analysis of MP57 identified a mutation in PIK3R2, a
regulatory subunit of PI3K. Further analysis identified different mutations in multiple PI3K
subunits in another cell line and several primary thymic carcinoma samples, including two
catalytic subunits (PIK3CA and PIK3CG) and another regulatory subunit (PIK3R4). Inhibiting
PI3K with GDCQ0941 resulted in /n vitro antitumor activities in TET cells carrying mutant PI3K
subunits.

Conclusions—Alterations of PI3K, due to mutations in its catalytic or regulatory subunits, is
observed in a subgroup of TETs, in particular thymic carcinomas. Targeting PI3K may be an
effective strategy to treat these tumors.

Keywords
Thymic epithelial tumor; PI13K; Mutation; PI3K inhibitor

Correspondence: Giuseppe Giaccone, MD PhD, Research Building, Room W503B, 3970 Reservoir Road, Washington, DC 20007,
ESA Phone 202.687.7072; Fax: 202.687.0313; gg496@georgetown.edu.

New address: European Institute of Oncology, Milan, Italy
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

Conflict of interest: The authors report no conflict of interest



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Alberobello et al.

Page 2

Introduction

Thymic Epithelial Tumors (TETS) are rare tumors originating from epithelial cells of the
thymus with an annual incidence rate of 0.13 per 100,000 persons in the United States.
Based on the World Health Organization (WHO) classification system, TETs are
histologically classified into thymomas types A, AB, B1, B2, and B3, and thymic
carcinomas.! Thymomas maintain the architectural structure of the thymus, whereas thymic
carcinomas are not recognizable from carcinomas that arise in other sites. The WHO
histological classification has prognostic value,?3 and thymomas types A, AB, and B1 have
a 10-year survival rate of more than 80%.4 Thymomas B2 ad B3 have an intermediate
behavior and thymic carcinomas are aggressive tumors: they exhibit cytological atypia and
high histological heterogeneity, lack typical structure of the thymus, and have higher
metastatic potential, with 5-year survival rates at approximately 50%.%8 Surgical resection is
the main therapeutic intervention for TETSs at early stages, while advanced and recurrent
disease are treated with chemotherapy.’8-13

Although targeted therapies have produced successful results in other cancer types in
selected patient populations, only a few clinical trials have shown some efficacy with
targeted treatments in TETs.211.14.15 This is largely due to lack of understanding of the
biology of these tumors. However, recent genetic studies using comparative genomic
hybridization, whole genome expression analysis and next generation sequencing have
provided new insights in the biology of this rare cancer. Thymic carcinomas have a distinct
molecular signature that segregates them from the thymoma subtypes.®16-23 Such genetic
differences, combined with the histology-based classification system, are clinically relevant
for both prognosis and treatment of TETs and may contribute to identification of new
molecular targets for therapeutic intervention.3:7+19.20

The rarity of TETs represents a great challenge to the study of the biology of these tumors as
well as to the development of novel therapeutic strategies. The challenge is in large part due
to the shortage of model systems and currently there are only six cell lines available for this
tumor type.24-28 Here, we report the establishment of a new cell line (designated as MP57)
derived from a patient with thymic carcinoma. Through characterization of MP57 along with
other cell lines and primary tumors, we identified 5 actionable mutations in 4 different
subunits of PI3K. These mutations were mostly found in thymic carcinomas. We further
demonstrated that inhibiting PI13K has /n vitro antitumor activity in the TET cells carrying
mutant PI13K subunits.

Materials and Methods

Cell Lines

MP57 is a thymic carcinoma cell line newly established from a tumor specimen collected at
autopsy. The patient history has been described elsewhere.® Tumor cells were retrieved
through autopsy from the primary mediastinal mass. The solid tumor was dissociated into
single cell suspension using gentleMACs dissociator (Miltenyil Biotech, San Diego, CA,
USA). After dissociation, the sample was cultured in RPMI 1640 medium supplemented
with 10% FBS, 1% penicillin/streptomycin (Gibco, Life technologies, Grand Island, NY,
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USA) in an incubator with 5% CO, atmosphere at 37°C. Medium was replaced every 3-4
days. T1889 is a thymic carcinoma cell line kindly provided by Dr. Marco Breinig,2° and
IU-TABL1 is a type AB thymoma cell line kindly provided by Dr. Sledge GW Jr. 27 All these
cell lines are cultured in RPMI plus 10% FBS and 1% penicillin/streptomycin.

Immunofluorescence (IF) Staining

MP57 cells were seeded on 12 mm cover glass coated with Poly-L-Lysine (Corning, NY,
USA). Sixteen hours later, cells were fixed in 4% formaldehyde for 15 minutes, and
incubated with blocking buffer (1x PBS pH7.4 plus 8% BSA and 0.3% Triton™ X-100) for
60 minutes. Cells were then incubated for 1 hour at room temperature (RT) with different
primary antibodies, followed by incubation with the secondary antibody AlexaFluor488 and
DAPI for 90 minutes. After IF staining, the cover glasses were mounted with cover slips,
and photos were taken on a Fluorescence Microscope. Primary antibodies for EpCAM, E-
Cadherin, c-KIT, p63, Vimentin and N-cadherin were purchased from Cell Signaling
Technology (Danvers, MA). Anti-Cytokeratin clone AE1/AE3 antibody was from Dako
(Carpinteria, CA), and the AlexaFluor488 and DAPI were purchased from Invitrogen Life
technologies (Grand Island, NY).

Flow Cytometric Analysis

Cells were trypsinized, washed in 1x PBS pH7.4, centrifuged at 350x g for 5 minutes, and
resuspended in ice-cold staining buffer (1x PBS pH7.4, plus 1% BSA). Cells were then
incubated with the fluorochrome-conjugated antibodies for 20 minutes on ice, and flow
cytometric analysis of the stained cells was performed using FACS Calibur (BD, San Jose,
CA, USA). APC anti-human c-Kit (clone 104D2), PE anti-human EpCAM (clone 9CD), and
Pe/Cy7 anti-human E-Cadherin antibodies were purchased from BioLegend (San Diego,
CA, USA). Anti-Fibroblast-PE (human; clone: REA165) was obtained from MACS Miltenyl
Biotec, (San Diego, CA).

Cell Proliferation Assay

Cells were seeded at 5000 cells/well density in 96-well plates for CellTiter-Glo Luminescent
Cell Viability Assay (Promega, Madison, WI). The plates were incubated for 24, 48 or 72
hours at 37°C and 5% CO2 before adding 100 ul of Cell Titer-Glo reagent to lyse the cells.
After 10 minutes incubation period at room temperature, the luminescent intensity was
measured using GloMax Multidetection system (Promega, Madison, W1, USA).

The Trypan Blue dye exclusion assay was used as an alternative method to assess cell
proliferation. Cells (5 x 10% cells/well) were seeded in 24-well plates. After 24, 48 and 72
hours, cells were detached from the well using TrypLe (Gibco, Life technologies, Grand
Island, NY), and resuspended in medium. Cell viability was evaluated by adding Trypan
Blue solution (0.4% in phosphate buffered saline PBS) (Gibco, Life technologies, Grand
Island, NY) to the cell suspension. After 3 minutes incubation, the unstained cells (non-
viable) and stained cells (viable) were counted in a hemacytometer.
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Drug Sensitivity Testing

Cells were plated at 5,000 cells/well in 96-well plates in growth medium. After overnight
culturing, cells were treated with/without GDC-0941 (Selleck Chemicals LLC, Houston,
TX) for 72 hours. Dimethyl sulfoxide (DMSQO) (Sigma-Aldrich, St. Louis, MO) was used as
solvent for GDC-0941 and as treatment control. Cell viability was assessed using CellTiter-
Glo Luminescent Cell Viability Assay (Promega, Madison, WI), according to the
manufacturer’s instructions. The assay was performed in triplicate for each experiment.

Cell Cycle Analysis

Cells were plated at a density of 200,000 cells per well in 24-well plates and incubated at
37°C overnight. Subsequently, cells were treated with DMSO or GDC-0941 for 24 hr. Cells
were then washed, trypsinized, fixed with ethanol and analyzed using FACS Calibur, and the
data were processed with FLOWJO (Tree Star).

Apoptosis Assay

Apoptosis was measured by Annexin V/propidium iodide (PI) staining (Life technologies,
Grand Island, NYY), followed by FACS analysis.

Western Blotting

Cell lysates were extracted in ice-cold RIPA lysis buffer (ThermoFisher, Waltham, MA)
containing protease/phosphatase inhibitor cocktail (Roche). Equal amounts of total protein
were separated on polyacrylamide gels and then transferred onto PVDF membranes (Life
technologies, Grand Island, NY). The membranes were incubated with blocking buffer for 1
hour at RT and then with the primary antibodies for overnight at 4°C. The following day, the
membranes were incubated with the appropriate peroxidase-conjugated secondary
antibodies, and proteins were detected by an ECL detection system (Pierce, ThermoFisher,
Waltham, MA). Anti-p-AKT (S473), anti-AKT, anti-p-ERK, and anti-ERK antibodies were
purchased from Cell Signaling, and anti-R-actin antibody was obtained from Sigma.

Transwell Migration Assay

Cells were seeded in polycarbonate membrane filter inserts (8.0 pm pore size) in 6-well
Transwells (Corning Life Sciences, Acton, MA) at 5x10° per well with 2 ml medium in the
upper insert chamber and 1 ml medium in the lower chamber. After 16 hours incubation
with/without GDC-0941, cells at the lower chamber were stained with crystal violet and
counted, according to the manufacturer’s instructions.

Xenograft Tumor Growth in Mice

Cells (1x108 cells/mouse) were subcutaneously inoculated into 4-6 weeks old female
immunocompromised athymic nude mice (Charles River, Charles River, MA). Tumors were
measured weekly by vernier caliper, and the volumes were calculated using the equation V=
Y x (L x W2). Tumor sections were stained by hematoxylin and eosin (H&E) for histology
or by immunohistochemistry for detection of p63 (Ventana Medical Systems, Inc., Tucson,
AZ) and cytokeratin-7 (CK7) (Santa Cruz Biotechnology, Inc., Dallas, TX).
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Genomic DNA Extraction

Genomic DNA was extracted from cell line pellet, whole blood or formalin-fixed paraffin-
embedded (FFPE) tissue using the DNeasy Blood and Tissue Kit (Qiagen, Valencia, CA).
DNA was quantified using the Quantifluor ONE dsDNA kit with the K562 genomic DNA
standard on the GloMax-Multi+ Microplate Reader (Promega, Valencia, CA), following the
manufacturer’s protocol.

Next-Generation-Sequencing Library Construction

Briefly, each DNA sample was sheared to a target size of 150 to 200 base pairs (bp) using
the Covaris M220 Focused-ultrasonicator (Covaris, Woburn, MA). MP57 samples and 1U-
TAB1 sheared DNA samples were constructed into individual libraries using the SureSelect
XT reagent kit (Agilent Technologies, Santa Clara, CA) or the Personal Genome
Diagnostics (PGDx) custom library kit (PGDx, Baltimore, MD), according to the
manufacturers’ protocols. Each library was hybridized to RNA baits from the SureSelect
Human Kinome v1 panel (Agilent Technologies, Santa Clara, CA, USA) or our PGDx
custom gene panel (PGDx, Balitmore, MD) for 24 hours and captured using streptavidin-
coated beads. A unique index tag was added to each library sample by a 12-cycle PCR
amplification. Quality and quantity of the indexed libraries were assessed using the High
Sensitivity DNA 1000 kit on the 2100 Bioanalyzer system (Agilent Technologies, Santa
Clara, CA). The indexed libraries were combined into 4 nM pools and sequenced on the
MiSeq.

MiSeq Sequencing and Data Analysis

Paired end sequencing was performed on the MiSeq according to the manufacturer’s
protocols (Illumina, San Diego, CA). The Human Kinome panel targets over 500 kinases
and 612 genes in total, which equates to a 3.2 megabase pair (Mb) region size. The PGDx
custom gene panel (1.3 Mb region size) targets the exons of 206 cancer genes and also
evaluates specific genes for copy number variation and translocations. A complete list of the
genes in the Human Kinome panel can be found on Agilent Technologies website, while the
full list of the targeted genes in the PGDx custom panel can be found in the supplementary
material (Supplementary Table 1). Alignment to the human reference genome 19 (GRCh37,
UCSC hg19 assembly), quality trimming, and variant calling were executed by the MiSeq
Reporter software or the PGDx custom server analysis pipeline.

Annotations and filtering of all variants were completed through Illumina’s VariantStudio
software v2.2.1. The databases used to annotate variants included VEP v2.8 (Ensembl, SIFT,
PolyPhen), 1000 Genomes, COSMIC version 65, ClinVar (2013), dbSNP v137, RefSeq,
NHLBI Exome Variant Server, and UCSC (hg19). The following filters were applied to all
variants called in the FFPE tumor: (1) PASS filter - variant not flagged for low coverage
depth, low genotyping, low quality, low variant frequency, indel repeat greater than 8, and
strand bias; (2) Mapping quality score greater than 30; (3) Read depth greater than 30; (4)
Synonymous variants and non-coding (intron) variants found outside of splicing regions
were filtered out; (5) removal of variants that also exist in the paired normal blood sample.
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RESULTS

Establishment and characterization of MP57 thymic carcinoma cell line

A 45-year-old male with history of 30 packs/year smoking and 11 years of ashestos
exposure initially presented with a two-week history of cough, upper respiratory symptoms
and worsening left shoulder pain radiating to the forearm. A CT and PET-FDG scanning
revealed an anterior mediastinal prevascular mass (7.4 cm), several positive mediastinal
nodes and a lesion in the right upper lobe of the lung with no extra thoracic disease. Biopsy
of the mediastinal mass was performed by anterior mediastinotomy, and pathology revealed
a poorly differentiated carcinoma compatible with a diagnosis of thymic carcinoma stage
IVa. Patient was enrolled on phase | trial of belinostat in association with PAC chemotherapy
(cisplatin, doxorubicin, and cyclophosphamide).8 The patient received only two cycles of
therapy due to disease progression with increased size of the mediastinal mass and initial
pericardial invasion. Patient was then enrolled in a phase 11 trial of single agent sunitinib.®
Unfortunately, he progressed very rapidly, developed extreme fatigue, and died shortly
thereafter of right ventricular heart failure.

An autopsy was performed, and tumor tissue was collected from the mediastinal mass and
processed for the establishment of MP57 cell line as detailed in the Materials and Methods
section. The morphology of MP57 cells at passage 16t and 30t are identical with polygonal
shape (Fig. 1A). They grew adherently as a monolayer and have been cultured for more than
80 passages. Immunofluorescence analysis showed that MP57 cells retained the positivity of
several thymic epithelial markers including cytokeratin clone AE1/AE3, EpCAM, E-
Cadherin, ¢-KIT, and p63 (Fig. 1B). The expression of these epithelial markers on the cells
was also confirmed by flow cytometric analysis (Fig. 1C). There was no sign of fibroblast
component present in the population, as determined by the absence of human fibroblast
marker (Fig. 1C) and the negative staining for Vimentin and N-Cadherin (Supplementary
Fig. 1).

MP57 cells are tumorigenic in athymic nude mice

The doubling time of MP57 cells was approximately 24 hours, comparable to that of T1889
and IU-TABL1 cells as determined by CellTiter-Glo Luminescent Cell Viability Assay and
Trypan Blue dye exclusion assay (Fig. 2A-B). We then evaluated tumorigenicity of MP57
cells 7n vivo. The cells (passage 5) were embedded in matrigel and inoculated
subcutaneously into 10 athymic nude mice (1x10° cells/mouse). The xenograft tumors
became apparent in about 2 weeks after inoculation, and in five weeks the average tumor
size reached 200 mm3 (Fig. 2C-D), indicating that MP57 is tumorigenic.

The xenograft tumors were then harvested and processed for histological analysis. The
morphology of MP57 cells in the xenograft tumor resembled that of the primary tumor from
the patient autopsy, and they both were positive for cytokeratin 7 (CK7) and p63, two thymic
epithelial markers (Fig. 2E). These data confirmed that MP57 is a bona fide thymic
carcinoma cell line.
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Mutation analysis of MP57 primary tumor and cell line

We utilized a targeted exome sequencing approach using the MiSeq platform to profile
genetic mutations in MP57. The MiSeq Kinome sequencing run that included the blood, cell
line, and FFPE tumor samples yielded 5.5 gigabases (Gb) of data with 94.5% >Q30 (5.3
Gb). The median read depth of the targeted regions was 258, and in the tumor, 97.7%,
95.1%, and 61.7% of target regions were sequenced to at least 20, 100 and 500 reads,
respectively. Each filtered variant location was viewed concurrently in IGV between the
paired blood, cell line, and tumor sample. We focused on variants that had a >30% allelic
frequency in the primary tumor, greater than 70% allelic frequency in the MP57 cell ling,
and zero frequency (100% wild type) in the blood of the same patient. After variant filtering,
6 single nucleotide variations (SNVs) and 1 deletion in the coding regions of the detected
genes were revealed in both MP57 primary tumor and cell line (Supplementary Table 2).
Among them are a 7P53 frame shift mutation, which was identified in the thymic tumor
biopsy from the same patient by an NGS study conducted previously,22 validating the power
of the MiSeq approach. Other mutations were identified in the genes of PIK3R2, TAF1,
CSNK2A3, SGK223, and TTN (Supplementary Table 2).

To further investigate the mutation profile of the MP57 cell line, we also sequenced it using
our PGDx custom gene panel, which caters towards cancer-associated genes. The FFPE
tumor was not sequenced with this panel due to insufficient input of DNA. The custom gene
panel run yielded 6.17 Gb of data with 94% >Q30 (5.9 Gb), The MP57 cell line produced
525 Mb of data and 3.5 million reads with a 131 mean read depth. Additional mutations
were discovered in the genes that were not included in the Kinome panel (Supplementary
Table 3). MiSeq using PGDx custom panel also confirmed the 7253 frame shift mutation
and detected a 4-fold amplification of the P/IK3CA gene.

PI13K subunit mutations in thymic carcinomas

The PIK3R2 mutation identified in MP57 thymic carcinoma cell line using the Kinome
panel is of particular interest. PIK3R2 is one of the regulatory subunits of PI3K, which
consists of catalytic and regulatory subunits and requires both functional components for its
kinase activity.30 Using Sanger sequencing, we confirmed that the mutation in PIK3R2is a
homozygous G>C missense mutation resulting in G373R amino acid substitution in the
MP57 cell line (Fig. 3A and Supplementary Table 2). This mutation matches a COSMIC
entry (COSM993028) and is considered deleterious and probably damaging, according to
SIFT and PolyPhen analyses (Table 1).

Interestingly, a mutation in a different subunit of PI3K, along with other gene mutations, was
also identified in the type AB thymoma cell line IU-TAB1 through MiSeq sequencing
analysis using the PGDx custom gene panel (yielding 1.1 Gb of data and 7.3 million read
with a 149 mean read depth) (Supplementary Table 4). The mutation is in the PIK3CA, a
catalytic subunit of PI3K, and Sanger sequencing confirmed it as a heterozygous G>A
mutation (Fig. 3A). This missense mutation causes an amino acid substitution of E545K in
PIK3CA, which is also deleterious and possibly damaging with multiple COSMIC entries
(Supplementary Table 4).

J Thorac Oncol. Author manuscript; available in PMC 2017 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Alberobello et al.

Page 8

We then retrospectively analyzed the NGS data from a cohort of 54 human TET samples
reported previously; among them, 28 samples was sequenced by whole exome sequencing,
and the other 26 by targeted exome sequencing using a 197-gene panel in which only
PIK3CA from the family was included.?2 We found three different mutations in three
different subunits of PI3K, and to our surprise, all these mutations were found in thymic
carcinomas (Table 1). The three PI3K subunits found to have mutations in these primary
tumors are PIK3CG catalytic subunit, PIK3R4 regulatory subunit, and PIK3CA. All three
mutations were confirmed with Sanger sequencing (Fig. 3B). These gene mutation data
suggest that alteration of PI3K activity may play a critical role in the pathogenesis of thymic
carcinoma.

In vitro antitumor activities of PI3K inhibition in TET cells

We examined the effect of PI3K inhibition on the signaling and behavior of TET cells with/
without mutations in the subunits of PI3K using GDC-0941, a pan-PI3K inhibitor.
GDC-0941 treatment resulted in a dose-dependent decrease of AKT phosphorylation in
MP57 and IU-TABL1, as well as in T1889 cells (Fig. 4A), indicating that GDC-0941 can
inhibit the signaling downstream of both mutant and wild type PI3K. In parallel, GDC-0941
significantly inhibited the cell viability of MP57, IU-TABL, and T1889 (Fig. 4B). IU-TAB1
cells, which harbor an activating mutation in the PIK3CA, displayed the best sensitivity to
GDC-0941 (IC5p 134 nM), whereas PI3K-wild-type T1889 cells were least sensitive (ICsq at
416 nM) among the three tested cell lines. In MP57 cells, it is possible that both PIK3R4
mutation and PIK3CA amplification contribute to aberrant activation of AKT.

To determine the effect of GDC-0941 on cell cycle progression, we treated both MP57 and
IU-TAB1 cells with GDC-0941 at the indicated concentrations (0, 200nM, 500nM and 1
uM) and performed FACS analysis 24 hours after treatment (Fig. 5A). We observed a
significant increase of cell numbers in the GO-G1 phase, particularly in the IU-TAB1 cells
treated with GDC-0941, indicating that GDC-0941 induce G1 arrest in these cells.
Interestingly, prolonged exposure of MP57 cells to the inhibitor resulted in significant
increase of apoptotic cells as determined by Annexin V and PI staining, but such effect was
less significant in the GDC-0941-treated 1U-TAB-1 cells (Fig. 5B). In addition, oncogenic
PI3K is also known to play a role in cancer cell invasion and metastasis.3! We then
performed migration assays to assess the effect of PI3K inhibition by GDC-0941 on the
motility of MP57 cells. Compared to DMSO control, GDC-0941 treatment resulted in a
strong inhibition of MP57 cell migration in a dose-dependent fashion (Fig. 5C). These data
suggest that blocking PI3K in TET cell lines has antitumor activity, especially in those with
mutations in catalytic or regulatory subunits of PI3K.

Discussion

Human cell lines derived from tumors represent important model systems for studying tumor
biology and for evaluating drug efficacy. For TETS, such resources are very limited. In this
study, we report a newly established thymic carcinoma cell line, MP57, which expresses all
tested thymic epithelial markers and is tumorigenic in immune-compromised mice. Targeted
exome sequencing of MP57 genomic DNASs revealed a homozygous loss-of-function
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mutation in the tumor suppressor TP53, causing frame-shift and truncation of the protein.
We recently showed that mutations in TP53 are a frequent event in thymic carcinoma and
are associated with poor prognosis.32

Importantly, in MP57 cells, we also identified a homozygous missense mutation in the
PIK3RZ2 gene, which encodes one of the regulatory subunits of PI3K, p85p. This mutation
results in a substitution of Gly373Arg in p85p subunit, and is considered to be deleterious/
probably damaging by SIFT/PolyPhen prediction. This gene mutation has been previously
reported in endometrial cancer, leading to enhanced PI3K activity and activation of its
downstream AKT.33 Mutations of various genes in the PI3K pathway have been frequently
detected in head and neck squamous cell carcinoma (HNSCC) and endometrial cancer.33:34
By extending our search for such alterations in TETS, we identified three additional
mutations in four samples including three primary tumors of thymic carcinomas and one
type AB thymoma cell line, IU-TABL. These missense mutations are in the PIK3CG,
PIK3R4 or PIK3CA gene, resulting in amino acid substitution of Arg20His in p110-y
(catalytic subunit), Ser173Thr in p150 (regulatory subunit), or Glu545Lys in p110a
(catalytic subunit), respectively. In HNSCC and endometrial cancer, PIK3CA was found to
be the most frequently mutated gene among the genes encoding the subunits of PI3K, and its
Glu545Lys mutation has been reported in both cancer types.33:34

Deregulation of the PI3K pathway plays a critical role in the development and progression
of cancer, and has been frequently implicated in a wide spectrum of malignancies, including
glioma, prostate, breast, ovarian, and endometrial cancer.63536-38 p|3K has many important
biological activities, especially cell proliferation and survival via activation of its
downstream AKT and the mammalian target of rapamycin (mTOR). Components of the
PI3K pathway are attractive molecular targets for cancer intervention, and a number of
inhibitors targeting this pathway have been developed.3® GDC-0941 (Pictilisib) is an oral
bioavailable, highly selective class | PI3K inhibitor.? The antitumor activity of GDC-0941
has been assessed as a single agent and in combinations with various drugs including
erlotinib, fulvestrant, and trastuzumab.*1-4> Supported by preclinical studies, GDC-0941 is
currently in early phase clinical trials in patients with advanced solid tumors.4647 Patients
with PIK3CA mutation showed relatively better response to PI3BK/AKT/mTOR inhibitors in
early phase trials, especially in those with PIK3CA H1047R mutation.*8 Nonetheless, not all
patients with PIK3CA mutations responded to those inhibitors, in part because such
mutations often coexist with other genetic alterations such as KRAS and BRAF
mutations.49-54 Thus, targeting PI3K alone might not be sufficient to achieve meaningful
clinical response in those cases.

The identification of mutations in the subunits of PI3K in TETs has not been previously
reported. Here, we reported not only the identification of PI3K subunit mutations, but also
the antitumor activities of PI3K inhibitor in the TET cells. Using GDC-0941, we
demonstrated that inhibiting P13K resulted in a suppression of its downstream AKT and a
dose-dependent inhibition of cell viability in the PI3K mutated MP57 and IU-TAB1 as well
as in PI3K wild type T1889 cells. Although it is unclear whether different PI3K mutations
might have different impact on its downstream signaling and biological activities, we found
that GDC-0941 caused apoptosis in MP57 cells, but induced G1 cell cycle arrest in 1U-
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TABL1 cells without clear indication of apoptosis. Noteworthy, MP57 is a thymic carcinoma
cell line harboring a mutation in the PIK3R2 encoding a regulatory subunit, whereas 1U-
TABL1 is a type AB thymoma harboring a mutation in the PIK3CA encoding a catalytic
subunit. Our data indicate that PI3K with mutations in different subunits might exert its
oncogenic activities by preferentially engaging selective pathways, for instance, cell cycle
arrest versus apoptosis.

Taken together, we have established a new thymic carcinoma cell line (MP57) and identified
mutations in the genes encoding different subunits of PI3K in multiple TETs. We also
demonstrated that PI3K inhibitor has antitumor activities in TETS in vitro. Given that most
P13K mutations were identified in thymic carcinomas, we speculate that targeting PI3K
pathway might be a viable target for treatment in this rare malignancy. Further
characterization of the oncogenic activities of PI3K and evaluation of its inhibitors in TETS,
particularly thymic carcinomas, are needed.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Morphology and characterization of MP57 primary cells. (A) Photographs of MP57

morphology at passage 16™ and 30!, taken under a light inverted microscope (magnification
40x). (B) Immunofluorescence staining of thymic epithelial markers in MP57. The staining
of cytokeratin clone AE1/AE3, EpCAM, E-Cadherin, c-Kit, and p63 are indicated by FITC.
DAPI was used for staining of nuclei. (C) Cell surface marker analysis of MP57 by flow
cytometry. Cytokeratin clone AE1/AE3, EpCAM, p63, c-Kit, and E-Cadherin, and human
fibroblast antibody were analyzed. Black histogram represents control isotypes.
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MP57
Xenograft Tumors

@ ep2Heonice

Proliferative and tumorigenic activities of MP57 cells. Cell proliferation was measured by
(A) CellTiter Glo Viability assay, and (B) Trypan-Blue dye exclusion method. For
comparison, T1889 and 1U-TABL cells were also examined. (C) Tumorigenicity of MP57
cells in immunocompromised athymic nude mice (n=10). The curve represents the growth of
subcutaneous tumors within the 5-week window. (D) MP57 xenograft tumors at the
experimental end-point (day-35 post-inoculation). (£) Histological comparison between
MP57 xenograft tumor and the primary tumor obtained from patient autopsy. Morphology of
tumor cells was examined by H&E staining. The expression of cytokeratin 7 and p63 was

determined by immunohistochemistry.
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Figure 3.

N-Thy015

Padua001

Identification of mutations in the genes encoding subunits of PI3K in TET samples. Sanger
sequencing confirmation of mutations identified by MiSeq in (A4) PIK3RZ2in MP57 cells and
PIK3CA in IU-TABL cells. (B) Sanger sequencing of mutations identified in PIK3CA,
PIK3CG, and PIK3R4, in three TET primary tumor samples, respectively. Arrows indicate
the mutated nucleotides.
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Figure 4.

PI3K inhibition suppressed AKT activation and reduced viability of TET cells. (A) Western
blot analysis of AKT phosphorylation in MP57, IU-TAB1, and T1889 cells treated with the
indicated concentration of GDC-0941 for 6 hours. As controls, total AKT and p-actin were
also probed. (B) The viability of the indicated cells treated with increasing concentrations of
GDC-0941 (ranging from 70nM to 20 uM) for 72 hours, determined by CellTiter Glo
Viability assay. The ICsq concentrations were calculated using GraphPad Prism program.
The assay was performed in triplicate, and the error bars represent standard deviations.

J Thorac Oncol. Author manuscript; available in PMC 2017 August 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Alberobello et al.

Page 18

A MP57 IU-TAB1
120 120
« 190 | noo | —
T o || _ Tl BN
o [a— [re— eza O | G2/m
E 60 . mE 2 60 i
© o i - weorsr |2 a0 i — A — “Go/G1
il BN BN B - 1A
o+ ’ . 'R 5 .
DMSO 0.2uM 0.5uM 1uM DMSO 0.2uMm 0.5uM 1pM
GDC0491 GDC0491
B GDC0491
DMSO

0.2pM 0.5uM 1uM

g

B o
£

.SHM ; 56
]
s &)

i v

“ 47 @ 02 05 1 5

DM

GDC0491 (uM)

Figure 5.
Effects of GDC-0941 on cell cycle, apoptosis, and motility of PI3K mutated TET cells. (A)

Cell cycle analysis of MP57 and 1U-TABL1 cells treated with the indicated concentrations of
GDC-0941 for 72 hours, determined by flow cytometry of propidium iodide (PI) staining.
DMSO treatment was used as the controls. (B) Analysis of apoptosis by flow cytometry
using Annexin V and PI staining of the cells treated with the indicated concentrations of
GDC-0941 for 72 hours. (C) Migration assay of MP57 cells treated with/without
GDC-0941. Migrating cells were visualized by crystal violet staining (left), and the
quantification was shown in the graph bars (right). Error bar represents standard deviation.
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