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27  SHORT ABSTRACT:
28 A method for establishing afatinib-resistance cell lines from lung adenocarcinoma PC-9 cells
29  was developed, and resistant cells were characterized. The resistant cells can be used to
30 investigate epidermal growth factor receptor tyrosine kinase inhibitor-resistance
31 mechanisms, applicable for patients with non-small cell lung cancer.
32
33 LONG ABSTRACT:
34  Acquired resistance to molecular target inhibitors is a severe problem in cancer therapy. Lung
35  cancer remains the leading cause of cancer-related death in most countries. The discovery of
36  “oncogenic driver mutations,” such as epidermal growth factor receptor (EGFR)-activating
37  mutations, and subsequent development of molecular targeted agents of EGFR tyrosine
38  kinase inhibitors (TKIs) (gefitinib, erlotinib, afatinib, dacomitinib, and osimertinib) have
39  dramatically altered lung cancer treatment in recent decades. However, these drugs are still
40 not effective in patients with non-small cell lung cancer (NSCLC) carrying EGFR-activating
41 mutations. Following acquired resistance, the systemic progression of NSCLC remains a
42  significant obstacle in treating patients with EGFR mutation-positive NSCLC. Here, we present
43 a stepwise dose escalation method for establishing three independent acquired afatinib-
44  resistant cell lines from NSCLC PC-9 cells harboring EGFR-activating mutations of 15-base pair
45  deletions in EGFR exon 19. Methods for characterizing the three independent afatinib-
46 resistance cell lines are briefly presented. The acquired resistance mechanisms to EGFR TKils
47  are heterogeneous. Therefore, multiple cell lines with acquired resistance to EGFR-TKIs must
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be examined. Ten to twelve months are required to obtain cell lines with acquired resistance
using this stepwise dose escalation approach. The discovery of novel acquired resistance
mechanisms will contribute to the development of more effective and safe therapeutic
strategies.

INTRODUCTION:

Five tyrosine kinase inhibitors, targeting epidermal growth factor receptor (EGFR), including
gefitinib, erlotinib, afatinib, dacomitinib, and osimertinib are currently available for treating
patients with EGFR mutation-positive non-small cell lung cancer (NSCLC). Over the past
decade, therapies for such patients have undergone dramatic development with the
discovery of new potential EGFR-TKIs. Among patients with lung adenocarcinoma, somatic
mutations in EGFR are identified in approximately 50% of Asian and 15% of Caucasian
patients’. The most common mutations in EGFR are an L858R point mutation in EGFR exon
21 and 15-base pair (bp) deletions in EGFR exon 192. In EGFR mutation-positive patients with
NSCLC, EGFR-TKIs improve the response rates and clinical outcomes compared to the
previous standard of platinum doublet chemotherapy?3.

Gefitinib and erlotinib were the first approved small molecule inhibitors and are generally
referred to as first-generation EGFR TKls. These EGFR TKIs block tyrosine kinase activity by
competing with ATP and reversibly binding to ATP binding sites®. Afatinib is a second-
generation EGFR TKI that irreversibly and covalently binds to the tyrosine kinase domain of
EGFR and is characterized as a pan-human EGFR family inhibitor®.

Despite the dramatical benefit of these therapies in patients with NSCLC, acquired resistance
is inevitable. The most common resistance mechanism against first- and second-generation
EGFR TKIs is the emergence of the T790M mutation in EGFR exon 20, which is present in 50—
70% of tumor samples®®. Other resistance mechanisms include bypass signals (to MET, IGF1R,
and HER2), transformation to small cell lung cancer, and induction of epithelial-to-
mesenchymal transition, which occur pre-clinically and clinically®. The resistance mechanisms
to EGFR TKls are heterogeneous. By identifying novel resistance mechanisms in preclinical
studies, it may be possible to develop novel therapeutics to overcome resistance. Optimal
sequence therapies that maximize the clinical benefit to patients must consider the resistance
mechanisms and therapeutic target.

It is imperative to choose the right parental cell line, as it is the basis of all the subsequent
experiments. The selection strategies begin with clinical relevance; it is necessary to choose
a chemotherapy and radiation naive cell line. Previous chemotherapeutic and/or radiative
treatment may induce the alteration of resistance pathways and changes of the expression
of drug resistance markers. In this study, PC-9 cells, carrying 15-bp deletions in EGFR exon 19,
are employed for the establishment of acquired resistance to afatinib. This cell line was
derived from a Japanese NSCLC patient, who did not receive prior chemotherapy and
radiation.

Because afatinib is administered orally on a daily basis, continuous in vitro treatment, where

the cells are cultured constantly in the presence of afatinib would be clinically relevant. The
dose of drugs used in the various steps of the experiment must be optimized for the parental
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cell line selected. A cytotoxicity assay can be used for determining a suitable drug range,
which should be comparable to the pharmacokinetic information of the drug.

Throughout the selection process, the whole population of cells is maintained as a single
group; cloning or other separation methods are not used. The cells are first continuously
exposed to a low level of the drug. Subsequently, after the cells adapt to grow in the presence
of the drug, the dose of the drug is slowly increased to the final optimal dose of drug!®iZ,
Alternatively, a pulse drug-administration or mutagenesis can be used for selecting resistance
cells, which are also performed prior to drug treatment 1#13, Unfortunately, cases where drug
resistance fails to develop are generally not reported. The selection strategies are developed
with the aim of trying to mimic the conditions of cancer patients for rebuilding clinically
relevant resistance. Sometimes, to identify molecular changes associated with mechanisms
of drug resistance, a high drug concentration is used. This model becomes less clinically
relevant.

Here, we describe a method for establishing three independent afatinib-resistant cell lines
from PC-9 cells harboring 15-bp deletions in EGFR exon 19 as well as the initial
characterization of the afatinib-resistant cell lines.

PROTOCOL:
1. Establishment of three independent afatinib-resistant PC-9 cell lines

1.1. Determination of the initial afatinib exposure concentration for PC-9 cells using the 3-
(4,5-dimethylthiazol-2-yl)-2,5- diphenyltetrazolium bromide (MTT) assay

1.1.1. Culture PC-9 cells in growth medium containing fetal bovine serum (10%), penicillin
(100 U/mL), and streptomycin (100 pg/mL) in a cell-culture treated 10-cm dish in a 5% CO>
incubator at 37 °C.

1.1.2. Resuspend PC-9 cells at 4 x 10* cells/mL in growth medium and then seed at 50 uL/well
in a 96-well microplate. The final concentration of cells is 2.0 x 102 cells/50 pL/well. Incubate
overnight in a 5% CO; incubator at 37°C.

1.1.3. Add 50 pL of afatinib solution at different concentrations: 0, 0.002, 0.006, 0.02, 0.06,
0.2,0.6, 2, 6, and 20 uM to the wells containing the growth medium (50 pL). The final volume
and concentrations of afatinib are 100 pL and 0, 0.001, 0.003, 0.01, 0.03,0.1,0.3, 1, 3,and 10
UM, respectively.

1.1.4. Incubate the 96-well plate for 96 h in a 5% CO; incubator at 37 °C.
1.1.5. Add 15 pL of the dye solution (see Table of Materials) to each well and incubate for 4
h in a 5% CO; incubator at 37 °C, and then add 100 puL of solubilization/stop-solution (see

Table of Materials) to each well and incubate overnight in a 5% CO; incubator at 37 °C.

1.1.6. Measure the optical density at 570 nm (ODs70) using a microplate reader (see Table of
Materials). Prepare 6-12 replicates and repeat the experiments at least three times.
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1.1.7. Use statistical software (see Table of Materials) to graphically plot these data as a semi-
log graph and calculate the ICsq value, which is the drug concentration that reduces response
to 50% of its maximum (see Table of Materials).

1.2. Continuous exposure of PC-9 cells to the irreversible EGFR-TKI, afatinib, by stepwise
dose escalation in three independent 10-cm dishes

1.2.1. Culture PC-9 cells in p100 dishes containing 10 mL of growth medium. When the PC-9
cells reach the sub-confluent stage, transfer 1 mL of cell suspension into three new p100
dishes, with 9 mL of growth medium. The 1:10 diluted PC-9 cells become sub-confluent in 3-
4 days, with a cell number of approximately 4-5 x 10° cells/mL.

1.2.2. Onthe next day, add 1/10 of the ICso value of afatinib into each of the three p100 dishes.

NOTE: Afatinib is reconstituted in DMSO at stock concentrations of 1 uM, 10 uM, 100 uM, 1
mM, and 5 mM. 1 to 10 ul of afatinib-solution is added into 10 mL of growth medium in the
culture, as per the required final concentrations.

1.2.3. When the cells in the afatinib-containing p100 dishes become sub-confluent, mix well
by aspiration with a 1-mL pipette and add 1 mL of the cell suspension to 9 mL of fresh growth
medium in a new p100 dish. Next, add 10—-20% higher concentrations of afatinib to the new
culture.

1.2.4. Increase the afatinib concentration of 0.1 nM to 1 uM in the medium by the stepwise
dose escalation with the afatinib concentration increased by 10-20% at each step over the
period of 10-12 months.

NOTE: When the afatinib concentration approaches the I1Cso value, cell growth becomes quite
slow. If the cells are split 1:9, they may not grow, as these cells are killed by higher
concentrations of afatinib. Therefore, at higher afanitib concentrations, the cells can be split
at a ratio of 1:2. The most resistant cells were grown in afatinib-contained medium for 3-14
days, and the medium was not changed until the resistant cells needed to be passaged.

1.2.5. Culture the afatinib-resistant cells for 2—3 months in 1 uM afatinib-containing growth
medium. At an afatinib concentration of 1 uM, 10-12 months are required for developing
resistance to afatinib in this model. Perform the MTT assay to confirm that the cells are
resistant to afatinib. The three independently established afatinib resistance cell lines were
named AFR1, AFR2, and AFR3.

2. Characterization of three independent afatinib-resistant cells

2.1. Determination of the growth curve of parental PC-9 cells and establishment of afatinib-
resistant cells

2.1.1. Culture the PC-9, AFR1, AFR2, and AFR3 cells in growth medium in a 5% CO; incubator
at 37 °C.
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2.1.2. Resuspend the cells at 5 x 102 cells/mL with growth medium, and seed 100 pL/well into
a 96-well microplate, such that the final concentration of cells is 500 cells/100 pL/well.

NOTE: The MTT assay is performed to measure the ODsyo values at 0, 1, 2, 3, 5, and 7 days.
Six 96-well microplates are required for each day.

2.1.3. Perform the MTT assay every 24 h and then on days 0, 1, 2, 3, 5, and 7. Measure the
ODs70 values and prepare 6—12 replicates; repeat the experiments at least three times, and
graphically plot the results using a statistical software (see Table of Materials).

2.2. Identification of the genomic DNA alterations in EGFR by real-time PCR

NOTE: Afatinib is a small molecule inhibitor that targets EGFR tyrosine kinase. The EGFR
expression status is determined at the DNA and protein levels.

2.2.1. Genomic DNA is isolated using a DNA purification kit (see Table of Materials) following
the manufacturer’s instructions. Measure the concentration of the isolated genomic DNA
with a spectrophotometer (see Table of Materials) and adjust all genomic DNA samples to 25

ng/ ulL.

2.2.2. Amplify 50 ng of genomic DNA, which is equivalent to 2 pL of the 25 ng/uL stocks, using
a SYBR Green master mix (see Table of Materials) and analyze the results using a
fluorescence-based RT-PCR-detection system (see Table of Materials).

NOTE: PCR cycling conditions began with an initial denaturation step at 95 °C for 20 s,
followed by 40 cycles of 95 °C denaturation for 3 s, 60 °C annealing for 30 s. The specific primer
sets are as follows: EGFR F: 5'-CAAGGCCATGGAATCTGTCA-3/, R: 5'-
CTGGAATGAGGTGGAGGAACA-3'. Normalization gene LINE-1 F: 5'-
AAAGCCGCTCAACTACATGG-3', R: 5'-TGCTTTGAATGCGTCCCAGAG-3'.

2.3. Evaluation of the effect of protein alterations on the EGFR level by western blot analysis

2.3.1. Treat the cells with afatinib continuously prior to experiments for 24 h. Wash PC-9,
AFR1, AFR2, and AFR3 cells twice with PBS and then seed them in growth media without
afatinib. Wash PC-9, AFR1, AFR2, and AFR3 cells twice with 5 mL of ice-cold PBS.

2.3.2. Lyse the cells in RIPA buffer containing 0.1% protease cocktail (see Table of Materials)
and phosphatase inhibitor Il and Ill (see Table of Materials) and incubate this solution at 4 °C
for 30 min. Centrifuge the lysates for 10 min at 100 x g and 4 °C and collect the cleared lysates.

2.3.3. Determine protein concentrations using the bicinchoninic acid assay (see Table of
Materials), adjust all protein samples to 0.5 or 1 ug/pL using 4x sample buffer (500 mM Tris
(PH 6.8), 40% glycerol, 8% SDS, 20% H.0, 0.02% bromophenol blue) and boil at 96 °C for 5
min. Store these protein samples at -80 °C until western blot analysis is performed.
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2.3.4. Separate equal amounts of protein samples, preferably 20-30 pL, by 8% SDS-page and
transfer the proteins to a polyvinylidene fluoride (PVDF) membrane.

NOTE: Sodium dodecyl! sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) is commonly
used in the lab for the separation of proteins based on their molecular weight.

2.3.4.1. Clean glass plates with ethanol and assemble the glass plate and spacers. Prepare 8%
poly-acrylamide gels containing 1.5 M Tris-HCl, pH 8.8, 40% Bis-acrylamide, 10% SDS, 10%
APS, and TEMED. Polymerize for 30 min at room temperature.

2.3.4.2. Subsequently, prepare a stacking gel containing 0.5 M Tris-HCIl, pH 6.8, 40% bis-
acrylamide, 10% SDS, 10% APS, and TEMED. Add the stacking gel solution, insert the comb,
and polymerize the gel for 20-30 min at room temperature.

2.3.4.3. Place the gels in the electrophoresis apparatus and fill the tank with running buffer
(0.25 M Tris, 1.92 M glycine, and 1% SDS). Load equal amount of protein samples (20-30 pL)
and run the gel at 180 V. Stop electrophoresis once the dye front flows out of the gel, after
approximately 60 min.

2.3.4.4. Wash the gel for 1-2 min with TBST and then transfer the proteins on to a PVDF
membrane by semi-dry blotting (see Table of Materials) for 1.5 h at a constant current of 300
maA.

2.3.5. Block the membranes with 5% of nonfat dry milk (see Table of Materials) diluted with
TBST solution (see Table of Materials) for 1 h at room temperature, and then probe the
membranes with anti-EGFR, anti-phospho-EGFR (Y1068), anti-HER2, anti-HER3, anti-MET, and
anti-actin antibodies (diluted 1:3000 in TBST) (see Table of Materials) at 4 °C overnight.

2.3.6. Wash the membranes with TBST three times for 10 min, and then expose the
membranes to the secondary antibody (diluted 1:200 in TBST) for 1-1.5 h at room
temperature. Wash the membranes five times with TBST for 10 min at room-temperature,
expose them to the ECL solution (see Table of Materials), and visualize the signals using films.

2.4. Analysis of EGFR mutations by sequencing

2.4.1. Amplify genomic DNA using specific primers for EGFR exons 19-21. The PCR cycling
conditions begin with an initial denaturation step at 94 °C for 1 min, followed by 30 cycles of
denaturation at 98 °C for 10 s, annealing at 55 °C for 30 s, and extension at 72 °C for 1 min.

NOTE: The specific primers for EGFR exon 19: F: 5'-GCAATATCAGCCTTAGGTGCGGCTC-3' R: 5'-
CATAGAAAGTGAACATTTAGGATGTG-3’, exon 20: F: 5'-CCATGAGTACGTATTTTGAAACTC-3', R:
5'-CATATCCCCATGGCAAACTCTTGC-3', and exon 21: F: 5'-ATGAACATGACCCTGAATTCGG-3', R:
5'-GCTCACCCAGAATGTCTGGAGA-3'.

2.4.2. Purify the amplified PCR products using a PCR purification kit (see Table of Materials)
and sequence the amplicons.
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REPRESENTATIVE RESULTS:

The schema for establishing three afatinib-resistance cell lines from PC-9 cells using a
stepwise dose-escalation procedure is shown in Figure 1. Figure 2 shows a decrease in cell
proliferation of parental PC-9 cells as the concentration of afatinib is increased, indicating that
PC-9 cells are sensitive to afatinib exposure. Figure 3 shows the afatinib-resistance of the
three cell lines. None of the three afatinib-resistant cell lines, AFR1, AFR2, and AFR3, showed
suppression of cell proliferation under afatinib exposure. Figure 4 shows the cell-proliferation
curves for PC-9, AFR1, AFR2, and AFR3 cells. The three afatinib-resistant cell lines exhibited
significantly slower growth than the parental PC-9 cells. Figure 5 shows the expression levels
of EGFR gDNA in PC-9 and the three afatinib-resistant cells, which indicate that afatinib-
resistant cells expressed significantly higher levels of EGFR gDNA than the parental PC-9 cells.
Figure 6 shows the protein expression of EGFR in PC-9 and afatinib-resistant cells. At
comparable gDNA expression levels, EGFR protein expression was higher in resistant cells
than in parental PC-9 cells. Figure 7 shows that the sequencing results of EGFR exons 19 and
20 in PC-9, AFR1, AFR2, and AFR3 cells. PC-9 cells showed 15-bp deletions in EGFR exon 19
and wild-type EGFR in exon 20. However, AFR1 and AFR2 cells exhibited amplification of wild-
type EGFR exon 19. AFR3 cells contained 15-bp deletions in EGFR exon 19 as in PC-9 cells, but
the point mutation T790M was observed in EGFR exon 20.

FIGURE AND TABLE LEGENDS:

Figure 1: Schema of the process used to establish three afatinib-resistant cell lines from PC-
9. First, PC-9 cells were separated into three p100 dishes and exposed to afatinib at 1/10 of
the ICso value. Next, afatinib concentrations in the growth medium were increased by
stepwise dose escalation to 1 uM. After 10—12 months, three independent afatinib-resistant
cell lines were established and named AFR1, AFR2, and AFR3.

Figure 2: Parental PC-9 cells are sensitive to the irreversible EGFR TKI, afatinib. Cells were
seeded into a 96-well microplate at 2 x 103 cells/well/50 pL of growth medium, and
preincubated overnight. The cells were treated with the indicated concentrations of afatinib
for 96 h. An MTT assay was performed, ODs70 values were measured using a microplate reader
(see Table of Materials) and expressed as a percentage of the value obtained for the control
cells. Data are presented as mean + SEM of values from 6-12 replicate wells.

Figure 3: Established cells exhibited resistance to irreversible EGFR TKI, afatinib. Cells were
seeded into a 96-well microplate at 2 x 10° cells/well/50 pL of growth medium and
preincubated overnight. The cells were treated with the indicated concentrations of afatinib
for 96 h. An MTT assay was performed, ODs70 values were measured using a microplate reader
(see Table of Materials) and expressed as a percentage of the value obtained for the control
cells. Data are presented as mean * SEM of values from 6-12 replicate wells.

Figure 4: Afatinib-resistant cell lines showed slower proliferation than parental PC-9 cells.
Cells were seeded into 96-well microplates at 5 x 10? cells/100 pL/well. MTT assay was
performed, and ODs7o values were measured on days 0, 1, 2, 3, 5, and 7 using a microplate
reader (see Table of Materials) and expressed as a percentage of the value obtained for the
control cells. Data are presented as mean + SEM of values from 6-12 replicate wells.
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Figure 5: Gene copy number of EGFR was elevated in afatinib-resistant cells. The elevation
of the EGFR gene copy number was measured by quantitative PCR of genomic DNA isolated
from PC-9, AFR1, AFR2, and AFR3 cells.

Figure 6: Basal level of EGFR protein was increased in afatinib-resistant cells. Western blot
analysis of phospho-EGFR, EGFR, HER2, HER3, and MET expression in PC-9, AFR1, AFR2, and
AFR3 cells. B-Actin was used as a loading control.

Figure 7: DNA sequence reads in EGFR exons 19 and 20. Genomic DNA of PC-9, AFR1, AFR2,
and AFR3 was amplified with specific primers for EGFR exon 19 and 21, and purified for
sequencing.

DISCUSSION:

Here, we described a method for establishing three independent afatinib-resistant cell lines
and characterized these cells by comparison to parental PC-9 cells. By stepwise dose
escalation exposure, the parental PC-9 cells acquired resistance to afatinib over a period of
10-12 months. Clinically, the resistance mechanisms to EGFR TKls are heterogeneous, and
therefore, after the initial treatment with afatinib, PC-9 cells were divided into three
independent p100 dishes and exposed further to afatinib. Initially, cell growth was not
significantly slowed, but as the drug concentration approached the I[Cso value, cell
proliferation was slowed. This is a critical step for obtaining cells with acquired resistance to
inhibitors. The proliferating cells should be split and transferred to new p100 dishes at a ratio
of 1:10 or 1:5. When PC-9 cells were cultured in a p100 dish, some adherence was observed,
but most cells grew in suspension. As the concentration of afatinib was increased, the cells
adhered to the bottom of the tissue culture treated dishes. If most cells are adherent, they
can be detached with a cell-scraper. The final concentration of afatinib was 1 uM, which is
about 5 times the maximum serum concentration (Cmax)!*. To obtain clear differences
between parental and resistance clones, the final concentration was set to be higher than

Cmax-

One serious concern during the procedure is bacterial contamination, even though RPMI-
1640 contains penicillin and streptomycin. To avoid this, two p100 dishes containing fresh
growth medium can be prepared when the cells are split. When the cells reach the sub-
confluent stage, the cells in one p100 dish can be further split, while the cells in the other
p100 dish can be stored at -80 °C in cryopreservation medium (see Table of Materials) as a
backup, such that if one line is contaminated, the stored line can be used.

It would be difficult to completely reproduce the acquisition of afatinib resistance in humans
using cell culture. The emergence of the T790M mutation in EGFR exon 20 was reported as
the dominant cause of resistance to afatinib. In our report, one resistant clone contained the
T790M mutation!!. Furthermore, the increase in wild-type EGFR, such as in AFR1 and AFR2
cells, has been reported by us and other groups>'é. The loss of the EGFR mutation and
increase in wild type EGFR is also reported in clinical samples from patients with acquired
resistance to EGFR-TKIs "8, Therefore, in vitro studies of our current model may reflect the
molecular profiles of clinical specimens with acquired resistance.
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This stepwise dose escalation method is considered the most reliable for obtaining acquired
resistant cells lines. However, initial high-dose afatinib exposure in cultured cells would likely
better reflect the effects of afatinib treatment in patients with cancer, although establishing
resistant cells is more difficult. Not only floating cell lines, such as PC-9 but also adherent cell
lines, such as HCC827, 11-18, or HCC4006, can be employed for this method. This stepwise
dose escalation method is also useful for establishing clones resistant to other inhibitors,
using other cell lines, representing other types of cancer.

Exposure of parental cells to mutagenic agents, such as N-ethyl-N-nitrosourea, followed by
selection of cells resistant to afatinib or osimertinib treatment has been reported to enable
rapid acquisition of resistant clones 192°. However, this artificial method tends to cause
specific base substitutions, such as GC to AT transitions and AT to TA transversions. Moreover,
EGFR TKl is not a mutagenic agent in patients with NSCLC. Therefore, the method of stepwise
dose escalation is more representative than using mutagenic agents.

Although EGFR TKIs are initially effective, cells eventually develop resistance to such single-
target drugs, making it difficult to cure cancer. Inhibitors that target multiple molecules are
therefore essential to develop. To this end, it is necessary to obtain cells with acquired
resistance to multi-target inhibitors and evaluate the mechanisms underlying drug resistance.
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ltem 1: The Author elects to have the Materials be made available (as described at
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QStandard Access

Item 2: Please select one of the following items:

D Open Access

QThe Author is NOT a United States government employee.

I:]The Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

DThe Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.
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L Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole;
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-

nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; “Institution” means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; “JOVE” means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion
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of the Article, and in which the Author may or may not
appear.

2. Background. The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JOVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3. Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.
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4, Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

5. Grant of Rights in Video — Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JOVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JoVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 helow,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum
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rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JOVE the right to use the Author's name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11. JoVE Discretion. If the Author requests the
assistance of JOVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JoVE may, in its sole
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The. Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JoVE’s attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a USS$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.

CORRESPONDING AUTHOR
Name:
Toshimitsu Yamaoka
Department:
Showa University
{rEtiation: Advanced Cancer Translational Research Institute
Title:

Associate Professor
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1. Upload an electronic version on the JoVE submission site
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March 17, 2019

Bing Wu, Ph.D.
Editorial Board Members & Editor
Journal of Visualized Experiments

Dear Dr. Wu and Members of the JoVE Editorial Board:

Thank you for reviewing our manuscript MS# JoVE59473, titled «

Establishment and characterization of three afatinib-resistant lung adenocarcinoma PC-9
cell lines developed with increasing doses of afatinib”. We are delighted to know that the Editor
is quite enthusiastic about this work. Our responses to the Scientific Review Editor are
addressed in detail in the attached document. All changes to the revised manuscript are
highlighted in yellow.

We much appreciate your consideration of our revised report for publication in the Journal of
Visualized Experiments. We believe that addressing the Scientific Review Editor’s comments
has substantially improved the quality and impact of the manuscript. Please do not hesitate to
contact us if you have further questions or points of clarification.

We look forward to hearing from you.

Sincerely,

Toshimitsu Yamaoka, MD, PhD

Advanced Cancer Translational Research Institute
Showa University

1-5-8 Hatanodai, Shinagawa-ku

Tokyo 142-8555, Japan

Phone: +81-3-3784-8146, Fax: +81-3-3784-2299
E-mail: yamaoka.t@med.showa-u.ac.jp
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Response to the JoVE Scientific Review Editor's comments:

We thank the JoVE Scientific Review Editor for his/her overall evaluation and are pleased
that the reviewer recommended changes to our protocol.

Comments
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are
no spelling or grammar issues.
Response: Thank you very much for your suggestion. We have used the English Editing
service provided by Editage. They helped us proofread the manuscript thoroughly.

2. Please avoid long steps/notes (more than 4 lines).
Response: We agree with the Review Editor on avoiding long sentences and steps. We have
revised and rearranged the protocols accordingly.

3. Step 1.1.1: Please write this step in the imperative tense.
Response: We have changed this sentence to imperative.

4. 1.1.2: Please write this step in the imperative tense.
Response: Thank you very much for your suggestion. We have changed this sentence to
imperative.

5. 1.2.2: Please write this step in the imperative tense.
Response: Thank you very much for your suggestion. We have corrected the sentence.

6. 1.2.5: Please write this step in the imperative tense.
Response: We have changed this sentence to imperative.

7. 2.4.1: Please write this step in the imperative tense.
Response: We have changed this sentence to imperative.

8. Figure 7: Please add a short description of the figure in Figure Legend.
Response: We appreciate your suggestions. The legend to Figure 7 was added.

9. Please do not abbreviate journal titles.
Response: Thank you very much for your suggestion. We have made the required change.

Thank you again for considering the publication of our revised report in the Journal of
Visualized Experiments. We believe that by addressing the Scientific Review Editor’s comments
we have substantially improved the quality and impact of the manuscript. Please do not hesitate




to contact me if you have further questions or points of clarification



