bioRxiv preprint doi: https://doi.org/10.1101/2020.05.26.117911; this version posted May 29, 2020. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

Oncogenic mutation or overexpression of oncogenic KRAS or BRAF is not

sufficient to confer oncogene addiction.

Reina E. Ito'?, Chitose Oneyama3, and Kazuhiro Aokil?#

'Quantitative Biology Research Group, Exploratory Research Center on Life and Living Systems
(EXCELLS), National Institutes of Natural Sciences, 5-1 Higashiyama, Myodaiji-cho, Okazaki,
Aichi 444-8787, Japan.

2Division of Quantitative Biology, National Institute for Basic Biology, National Institutes of
Natural Sciences, 5-1 Higashiyama, Myodaiji-cho, Okazaki, Aichi 444-8787, Japan.

3Division of Cancer Cell Regulation, Aichi Cancer Center Research Institute, 1-1 Kanokoden,
Chikusa-ku, Nagoya, Aichi 464-8681, Japan

*Department of Basic Biology, School of Life Science, SOKENDAI (The Graduate University
for Advanced Studies), 5-1 Higashiyama, Myodaiji-cho, Okazaki, Aichi 444-8787, Japan.

* To whom correspondence should be addressed: Exploratory Research Center on Life and
Living Systems, National Institute for Basic Biology, National Institutes of Natural Sciences,
Myodaiji, Higashiyama 5-1, Okazaki, Aichi 444-8787, Japan. Tel.: 81-564-59-5235;

E-mail: k-aoki@nibb.ac.jp.

Oncogene, Cancer Science, PL0oS One, Sci Rep


https://doi.org/10.1101/2020.05.26.117911
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.05.26.117911; this version posted May 29, 2020. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

Abstract

Oncogene addiction is a cellular property by which cancer cells become highly dependent on the
expression of oncogenes for their survival. Oncogene addiction can be exploited to design
molecularly targeted drugs that kill only cancer cells by inhibiting the specific oncogenes. Genes
and cell lines exhibiting oncogene addiction, as well as the mechanisms by which cell death is
induced when addicted oncogenes are suppressed, have been extensively studied. However, it is
still not fully understood how oncogene addiction is acquired in cancer cells. Here, we take a
synthetic biology approach to investigate whether oncogenic mutation or oncogene expression
suffices to confer the property of oncogene addiction to cancer cells. We employed human
mammary epithelium-derived MCF-10A cells expressing the oncogenic KRAS or BRAF. MCF-
10A cells harboring an oncogenic mutation in a single-allele of KRAS or BRAF showed weak
tumorigenic activity, but no characteristics of oncogene addiction. MCF-10A cells
overexpressing oncogenic KRAS demonstrated the tumorigenic activity, but MCF-10A cells
overexpressing oncogenic BRAF did not. Neither cell line exhibited any oncogene addiction
properties. These results indicate that the introduction of oncogenic mutation or the
overexpression of oncogenes is not sufficient for cancer cells to acquire oncogene addiction, and

that oncogene addiction is not associated with tumorigenic potential.
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Introduction

Most human cancers develop over a long period of time, from a few years to several decades, as
mutations accumulate in various proto-oncogenes and tumor suppressor genes 2. During this
process, cancer cells rewire the intracellular signal transduction system by accumulating
mutations and epigenetic changes, and consequently acquire the characteristics of malignant
tumors. On the other hand, it is well-established that the overexpression of oncogenes suffices
for the neoplastic transformation of non-cancerous cells in vitro and in vivo, resulting in infinite
proliferation, anchorage independence, and angiogenesis *°. Therefore, properties that can be
acquired over a long period of time appear to be different from the tumorigenesis induced by the
proto-oncogenes/tumor suppressor genes activation/inactivation.

Oncogene addiction (or oncogene pathway addiction) is a characteristic of cancer cells in
which malignant cells are dependent for their proliferation and survival on a particular proto-
oncogene and/or tumor suppressor gene 7. Thus, the proliferation and survival of oncogene-
addicted cancer cells are dramatically impaired by suppression of the oncogenes. For example,
the inhibition of addicted oncogenes with RNAI or small chemical inhibitors causes apoptosis in
oncogene-addicted cancer cells, but not in other cells (Fig. 1), thereby providing a rationale for
molecularly targeted therapy 8. Imatinib (Gleevec), a BCR-ABL1 kinase inhibitor, and Gefitinib
(Iressa), an EGFR inhibitor, are typical examples of drugs successfully targeted to the
appropriate molecules and are effective for the treatment of chronic myeloid leukemia (CML)
and non-small cell lung cancer, respectively °. Several molecular mechanisms by which cancer
cells die through acute inhibition of addicting oncogenes selectively required for survival have
been reported, including oncogene shock, oncogene amnesia, genetic streaming, synthetic
lethality, and others %!, However, little is know about how and when the property of oncogene
addiction is acquired, and which oncogene(s) is prone to cause oncogene addiction, although the
phenomenon has been reported to involve epigenetic DNA changes that accompany the
development of cancer 2,

The Ras-ERK signaling pathway plays a pivotal role in a wide range of cell functions
such as cell proliferation, differentiation, and survival, but also plays a key role in tumorigenesis
1314 "Indeed, the KRAS gene is the second-most frequently mutated gene in human cancers, after
the p53 gene, and the BRAF gene is also frequently mutated in melanoma and colorectal cancer
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2, KRAS- or BRAF-mutated cancer cells also exhibit oncogene addiction. Suppression of the
expression of mutated KRAS by antisense or siRNA caused cell cycle arrest and apoptosis in
KRAS-mutated cultured cancer cell lines, and epithelial-mesenchymal transition (EMT) was
closely associated with KRAS dependency 1. Knockdown by RNAI or treatment with a
BRAF-selective inhibitor leads to the inhibition of cell proliferation and survival in BRAF-
mutated cancer cell lines 1-2°. However, these results were obtained by using cell lines
established from human patients, it is impossible to trace when and how oncogene addiction is
acquired. Interestingly, the expression of oncogenic HRAS or KRAS has been shown to induce
tumor formation in a doxycycline-inducible in vivo tumorigenesis model, and withdrawal of the
drug resulted in tumor shrinkage 2?2, However, Chin et al. also showed that these cells do not
alter their growth rate regardless of doxycycline treatment in vitro 2. Thus, it remains unclear
whether oncogene addiction is achieved by the acquisition of tumorigenic properties through
expression of the KRAS or BRAF oncogenes. In this study, we examined whether an oncogenic
mutation in a single allele of KRAS or BRAF or overexpression of KRAS or BRAF oncogenes was

sufficient to induce oncogene addiction.

I viva . . On
Normal cells Tumongenesity ididtion
+ Mormal cells Mo Mo
w  Mutation. Oncogene with one allele
~ seyeral deletion, mutant cells ? ?
decads + epigenetic
change et ncogene-overexpresed
¥ cells Yes !
¥ ] Oncogene-addicted
Oncogene-addicted cancer cells Yes Yes
cancer cells

Figure 1. Tumorigenicity and oncogene addiction.
(A) In vivo process by which cancer cells acquire oncogene addiction.
(B) The table compares different type of cells with respect to tumorigenicity and oncogene

addiction.

Results

In vitro characterization of MCF-10A cells harboring a single allele mutation of KRAS
G12V or BRAF V600E.
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The human normal mammary gland-derived MCF-10A cell lines were used in this study. The
MCF-10A cells were spontaneously immortalized without defined factors 2. They are not
tumorigenic, i.e., they are not able to grow under anchorage-independent conditions or to form
tumors when injected subcutaneously into nude mice 2,

To reconstitute oncogene addiction, we first obtained MCF-10A cells harboring KRAS
G12V or BRAF V600E mutation, which were generated by genome editing with adeno-
associated virus (hereafter referred to as KRAS G12V/+ or BRAF V600E/+ cells) 242°, Mutation
of a single allele of KRAS G12V and BRAF V600E was confirmed by direct sequencing (Fig.
S1A). KRAS G12V/+ cells grew as efficiently as parental MCF-10A cells onto two-dimensional
dishes, showing islands of densely packed cells (Fig. 2A). Meanwhile, BRAF V600E/+ cells
exhibited more scattered and fibroblastic morphology (Fig. 2A). We next evaluated anchorage-
independent colony formation in soft agar, which is a feature of transformation 2°. Seven days
after seeding in the soft agar, the parental MCF-10A cells hardly proliferated, whereas KRAS
G12V/+ cells grew slowly and formed small spheroids (Fig. 2B). Under the same condition,
BRAF V600E/+ cells formed larger and more spheroids than KRAS G12V/+ cells (Fig. 2B),
suggesting an increase in transformation activity in BRAF V600E/+ cells. Despite the smaller
size of colonies, the number of colonies in KRAS G12V/+ cells was comparable to that of BRAF
V600E/+ cells 4 weeks after seeding in the soft agar (Fig. S1B and S1C). Consistent with these
data, BRAF V600E/+ cells showed significantly higher basal phosphorylation of ERK,
downstream of KRAS and BRAF, under normal and serum-starved conditions (Fig. 2C and 2D).
Parental and KRAS G12V/+ cells responded well to EGF stimulation, while BRAF V600E/+
cells demonstrated less sensitivity to EGF, probably because of its higher basal activity (Fig. 2C
and 2D). The expression levels of KRAS and BRAF showed no substantial changes in these cell
lines (Fig. S1D), suggesting that the differences between parental cells and the mutant cell lines
were attributable to the increased activity of KRAS and BRAF. These results indicated that a
single allele mutation of BRAF V600E in MCF-10A cells enhances in vitro tumorigenic activity,
while a single allele KRAS G12V results in cells with similar or slightly increased in vitro

transformation activity.
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Figure 2. Characterization of MCF-10A cells harboring a single allele mutation of KRAS
G12V or BRAF V600E.
(A and B) Morphology of the indicated MCF-10A cells seeded onto a cell culture dish for two
days (A) or seeded in soft agar for seven days (B).
(C) Western blot analysis from the parental MCF-10A, KRAS G12V/+, and BRAF V600E/+ cell
lines under the indicated conditions.
(D) Quantification of ERK phosphorylation in panel C. Relative pERK/ERK values normalized
by parental MCF-10A cells cultured in full growth medium condition are shown with the SD (n
> 3).

Evaluation of oncogenic KRAS or BRAF addiction in MCF-10A cells harboring a single
allele mutation of KRAS G12V or BRAF V600E.
We next quantified to what extent cells were addicted by the expression of KRAS or BRAF
oncogene. For this purpose, the effect of KRAS or BRAF ablation on cell growth was examined
with crystal violet staining and RNA interference (RNAI) %27, In addition, to reduce the off-
target effect of RNAI, siPOOLs were used to deplete KRAS and BRAF; siPOOLs dilute the off
target effects by pooling multiple siRNAs against the target genes 28

As a control, we used two lung cancer-derived cell lines, A549 (homozygous KRAS
G12S mutation; KRAS non-addicted) and H358 (heterozygous KRAS G12C mutation; KRAS-
addicted), and melanoma-derived cell line, A375 (homozygous BRAF V600E mutation; BRAF-
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addicted) 6. The knockdown of KRAS or BRAF with siPOOLs was confirmed in these cell lines
(Fig. S2A). A549 cells showed modest inhibition of cell growth by KRAS depletion (Fig. 3A and
3B). H358 and A375 cells exhibited strong suppression of cell growth by KRAS and BRAF
ablation with the siPOOLSs (siRNA), respectively (Fig. 3A and 3B). ERK phosphorylation
seemed not to be correlated with the extent of cell growth inhibition induced by siPOOLs-
mediated gene knockdown, in contradiction to the earlier report 6. The inhibition of cell growth
was observed even under a full growth condition for the cancer cell lines; these cells were indeed
addicted to the expression of the KRAS or BRAF oncogene for their cell growth.

We then examined whether KRAS G12V/+ and BRAF V600E/+ cells were addicted to
their oncogenes. First, sSiPOOLs were introduced into parental, KRAS G12V/+, and BRAF
V600E/+ MCF-10A cells cultured in “full growth medium”. However, we were unable to
reproducibly quantify the effect of RNAI on KRAS or BRAF ablation and cell growth.
Therefore, we used “partial growth medium”, which contained DMEM and serum without the
supplements included in the “full growth medium”. Under the culture condition with the partial
growth medium, MCF-10A cells grew and proliferated slowly, making it easier to assess the
depletion of KRAS and BRAF (Fig. S3A). Parental MCF-10A cells did not show any detectable
change in cell growth by the knock-down of the KRAS or BRAF gene (Fig. 3C and 3D). We
found that neither KRAS nor BRAF depletion resulted in substantial cell growth in KRAS
G12V/+ and BRAF V600E/+ cells (Fig. 3C and 3D), indicating that cell growth in these cells
was not dependent on the expression of the KRAS or BRAF oncogene. Meanwhile, the
oncogenic mutation in a single allele of KRAS or BRAF leads to sustained proliferative signaling
2 enabling MCF-10A cells to grow in the culture medium without EGF and serum, namely, the
“starvation medium” (Fig. 3E). Interestingly, the growth factor independence was derived from
KRAS expression in KRAS G12V/+ cells, whereas it was not derived from BRAF expression in
BRAF V600E/+ cells (Fig. 3F and 3G). In sum, we concluded that KRAS G12V/+ cells and
BRAF V600E/+ cells were not addicted to the oncogene, even though these cells acquired the

ability to grow without growth factors.
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Figure 3. Evaluation of oncogenic KRAS or BRAF addiction in MCF-10A cells harboring a
single allele mutation of KRAS G12V or BRAF V600E.

(A and B) Cell growth assays following siRNA-mediated negative control, KRAS, or BRAF
ablation in the A549, H358, and A375 cell lines. Four days after transfection with SiRNA,

relative cell densities were determined by crystal violet staining. Representative 96-well plates

are shown (A). The mean relative cell number is shown with the SD (n = 2) (B).
(C and D) Cell growth assays following siRNA-mediated negative control, KRAS, or BRAF
ablation in the parental MCF-10A, KRAS G12V/+, and BRAF V600E/+ cell lines grown in the

partial growth medium. Three days after transfection with siRNA, relative cell densities were

determined by crystal violet staining. Representative 96-well plates are shown (C). The mean
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relative cell number is shown with the SD (Parental, n = 4; KRAS G12V/+, n = 4; BRAF
V600E/+, n=3) (D).

(E) Cell growth assays in the parental MCF-10A, KRAS G12V/+, and BRAF V600E/+ cell lines
grown in starvation medium for four days with the indicated siRNA. Relative cell densities were
determined by crystal violet staining. Representative 96-well plates are shown (lower). Mean
relative cell numbers are shown with the SD (Parental, n = 3; KRAS G12V/+, n = 9; BRAF
V600E/+, n=8) (upper).

(F and G) Cell growth assays following siRNA-mediated negative control, KRAS, or BRAF
ablation in the KRAS G12V/+ and BRAF V600E/+ cell lines grown in starvation medium. Four
days after transfection with siRNA, relative cell densities were determined by crystal violet
staining. Representative 96-well plates are shown (F). The mean relative cell number is shown
with the SD (n = 8) (G).

In vitro characterization of MCF-10A cells overexpressing KRAS G12V or BRAF V600E.
Next, we examined whether overexpression of KRAS G12V or BRAF V600E induced the
property of oncogene addiction. The FLAG-tagged KRAS G12V or BRAF V600E oncogene was
introduced into parental MCF-10A cells through lentivirus, producing MCF-10A cells over-
expressing KRAS G12V or BRAF V600E (hereinafter referred to KRAS G12V OE or BRAF
V600E OE cells)(Fig. S4A and 4B). During the course of experiments, we recognized that long-
term culture of BRAF V600E OE cells reduced the expression levels of BRAF V600E and ERK
phosphorylation levels (Fig. S4B), probably due to the adaptation through a reduction of BRAF
V600E expression and/or negative feedback mechanisms 2°. Thus, we referred to early-passage
(< 1 week from the establishment of cell lines) and late-passage (> 1 week) cells as BRAF
V600E OE early cells and BRAF V600E OE late cells, respectively.
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Figure 4. Characterization of MCF-10A cells overexpressing KRAS G12V or BRAF
V600E.

(A and B) Morphology of the indicated MCF-10A cells seeded onto a cell culture dish for two
days (A) or seeded in soft agar for seven days (B).

(C) Western blot analysis of the parental MCF-10A, KRAS G12V OE, and BRAF V600E OE
late cell lines under the indicated conditions.

(D) Quantification of ERK phosphorylation in panel C with empty vector expressing MCF-10A.
Relative pERK/ERK values normalized by the parental MCF-10A cells under the full growth
medium condition are shown with the SD (Empty vector, n = 1; KRAS G12V OE, n = 5; BRAF
V600E OE late, n =5).

The morphology of KRAS G12V OE cells cultured on the plastic dish was scattered and
fibroblastic, whereas BRAF V600E OE late cells exhibited a typical epithelial cell shape to the
same extent that the empty vector-introduced control cells did (Fig. 4A). KRAS G12V OE cells
displayed rapid cell growth in soft agar, forming large colonies one week after seeding (Fig. 4B).
Raptured spheroids were observed two weeks after seeding (Fig. S4C), and finally, many small
colonies were observed four weeks after seeding (Fig. S4D). BRAF V600E OE late cells showed
no anchorage-independent growth in soft agar, but BRAF V600E OE early cells formed small
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colonies in soft agar after one week (Fig. 4B), large colonies at two weeks that were equal in size
to those in anchorage-independent growth of BRAF V600E/+ cells for 4-weeks (Fig. S4C), and
finally, a small number of larger colonies at 4 weeks after seeding (Fig. S4D). Consistent with
the change in cell morphology and anchorage-independent growth, strong ERK phosphorylation
was maintained in KRAS G12V OE cells under all conditions (Fig. 4C and 4D). Despite the
higher basal ERK phosphorylation in BRAF V600E OE early cells (Fig. S4B), BRAF V600E OE
late cells showed comparable or slightly higher levels of ERK phosphorylation in comparison to
control cells (Fig. 4C and 4D).

Evaluation of oncogenic KRAS or BRAF addiction in MCF-10A cells overexpressing
KRAS G12V or BRAF V600E.

Finally, we quantified the effect of depletion of KRAS and BRAF with siPOOLs (siRNA) on cell
growth in KRAS G12V OE and BRAF V600E OE late cells, respectively. The knockdown
efficiency of siPOOLs targeting KRAS and BRAF was confirmed by western blotting (Fig. SSA
and S5B). To our surprise, KRAS or BRAF ablation did not reduce the cell growth rate in KRAS
G12V OE or BRAF V600E OE late cells cultured in the partial growth medium (Fig. 5A and
5B). Like KRAS G12V/+ cells, KRAS G12V OE cells demonstrated growth factor independence
(Fig. 5C), and this was dependent on the expression of KRAS (Fig. 5D and 5F). BRAF V600E
OE late cells showed a modest increase in cell growth under the serum starvation condition (Fig.
5C). Taken together, the overexpression of KRAS G12V or BRAF V600E enhanced more or less

in vitro tumorigenicity, but it did not suffice to induce oncogene addiction in MCF-10A cells.
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Figure 5. Evaluation of oncogenic KRAS or BRAF addiction in MCF-10A cells
overexpressing KRAS G12V or BRAF V600E.

(A and B) Cell growth assays following siRNA-mediated negative control, KRAS, or BRAF
ablation in parental MCF-10A, KRAS G12V OE, and BRAF V600E OE late cell lines grown in
the partial growth medium. Three days after transfection with siRNA, relative cell densities were
determined by crystal violet staining. Representative 96-well plates are shown (A). The mean
relative cell number is shown with the SD (n = 4) (B).

(C) Cell growth assays in empty vector-introduced MCF-10A, KRAS G12V OE, and BRAF
V600E OE late cell lines grown in the starvation medium for four days with the indicated
siRNA. Relative cell densities were determined by crystal violet staining. Representative 96-well
plates are shown (lower). Mean relative cell number are shown with the SD (empty vector
control, n = 3; KRAS G12V OE, n =8; BRAFV600E OE, n = 8) (upper).

(D and E) Cell growth assays following siRNA-mediated negative control, KRAS, or BRAF
ablation in the KRAS G12V OE cell line grown in the starvation medium. Four days after
transfection with siRNA, relative cell densities were determined by crystal violet staining.
Representative 96-well plates are shown (D). The mean relative cell number is shown with the
SD (n=38) (E).
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Discussion

In this study, we examined the association between oncogene addiction and tumorigenicity (Fig.
6A). In the human normal mammary gland-derived MCF-10A cell lines, an oncogenic mutation
in a single allele of the KRAS or BRAF gene induced modest anchorage-independence,
proliferative capacity, and phosphorylation of ERK, while the cells did not exhibit oncogene
addiction. Similarly, MCF-10A cells overexpressing the oncogenic KRAS G12V or BRAF
V600E protein demonstrated several properties of tumorigenicity, but did not show any signs of
oncogene addiction. From these results, we conclude that, at least in the KRAS or BRAF gene of
MCF-10A, the introduction of an oncogenic mutation or overexpression of an oncogene does not
ensure the acquisition of oncogene addiction, and the properties of tumorigenicity are not

necessarily coupled with oncogene addiction.

A
In vitro tumorigenic properties
Oncogene
Anchorage Crowth factor addicticon
pERK 2D morphology independence independence
{growth rate)

Parental MCF-104 - Epithelial - - -
KRAS G12Vi+ +- Epithelial + ++ de';ﬁdim -
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B
m&lct?hgnic Accumulation of mutations
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some in vifro tumorigenisities
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Figure 6. Model for the acquisition of oncogene addiction.
(A) A table summarizing the results of this study.

(B) Schematic diagram showing how oncogene addiction is acquired.
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Why was the oncogenic mutation or over-expression of KRAS or BRAF in MCF-10A
cells not sufficient to induce oncogene addiction? A reasonable possibility is that, after the
introduction of the first oncogene mutation in vivo, tumor cells accumulate the oncogenes and/or
tumor suppressor gene mutations with epigenetic alterations over a long period of time, gradually
acquiring oncogene addiction (Fig. 6B). Indeed, sensitivity to BRAF and MEK inhibitors, a
feature of BRAF addiction, has been associated with distinct phenotype plasticity of the
differentiation state and global alterations in gene expression programs in BRAF-mutated
melanomas %32, Further, it has been reported that a gene expression pattern associated with
epithelial-mesenchymal transition (EMT) correlates with KRAS addiction 6. Malignant tumor
cells exhibiting the property of oncogene addiction may undergo environmental changes in vivo
that render the cells oncogene-addicted. In other words, the in vitro culture of MCF-10A cells
may be insufficient to cause genetic and/or epigenetic alteration, leading to oncogene addiction.
It would be of critical importance to identify such an environment or stimuli in order to enhance
the effects of molecularly targeted drugs. Another possibility is that oncogene addiction may be
tissue-specific; thus mammary gland-derived MCF-10A cells may be inherently incapable of
acquiring KRAS or BRAF addiction. Oncogenic KRAS or BRAF addiction has been found in
lung and colon cancers and melanomas, where KRAS or BRAF is frequently mutated 6. Human
breast cancers rarely show KRAS and BRAF mutations, whereas mutations in genes that activate
the PI3K-Akt pathway have been reported *. Interestingly, Her2 amplification and
PIK3CAM47R_nositive breast cancer exhibited PI3K dependency in a mouse model 34,
suggesting that genes that are strongly involved in tumorigenesis in a specific tissue are also
likely to show oncogene addiction.

In this study, we observed phenotypic differences in MCF-10A cells expressing
oncogenic KRAS or BRAF. These differences may have been due to differences in the
expression levels and/or differences between KRAS G12V and BRAF V600E. Significant
increases in ERK phosphorylation and tumorigenic activity were not observed in KRAS G12V/+
cells (Fig. 2), whereas both changes were observed in KRAS G12V OE cells, which expressed
oncogenic KRAS G12V at approximately 20-fold the level of endogenous KRAS (Fig. S4A).
Interestingly, neither case demonstrated an oncogene-induced senescence phenotype. It has been
reported that cellular senescence is induced when the expression of HRAS G12V is twice that of

endogenous RAS in MCF-10A cells and human mammary epithelial cellss/h TERT *. Moreover,
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Caco-2 cells that express low levels of oncogenic KRAS show cellular senescence 6. These
results suggest that, compared to endogenous KRAS, an approximately two-fold higher
expression of oncogenic KRAS is required to induce cellular senescence, and cellular senescence
will not be induced by substantially higher or lower levels of expression. With respect to BRAF,
our results showed that the expression of BRAF V600E from the endogenous gene locus
enhanced ERK phosphorylation and tumorigenicity (Fig. 2), but these characteristic features
were gradually diminished when BRAF V600E was overexpressed, and eventually, cells with
low BRAF V600E expression were selected (Fig. 4 and Fig. S4). Although BRAF V600E-
induced cellular senescence has not been reported in mammary epithelial cells, melanocytes and
fibroblasts have been reported to show cellular senescence by overexpression of BRAF V600E
37 1t is reasonable to assume that overexpression of BRAF V600E induced cellular senescence,
thereby leading to the selection of cells with low BRAF V600E expression. However, the
susceptibility of oncogene-induced senescence is cell type-dependent. In fibroblasts,
overexpression of oncogenic KRAS induces senescence 8, while endogenous KRAS G12D
expression enhances cell proliferation *°. In the future, a more quantitative investigation will be
needed to reveal the relationship between the expression level of oncogenes and the consequence
of tumorigenicity and cellular senescence.

Future studies should focus on the development of an experimental system for the
acquisition of oncogene addiction in various cell lines. It has been reported that overexpression
of Myc followed by suppression leads to apoptosis as a model of oncogene addiction “°.
However, it is technically difficult to trace the process by which cells acquire oncogene addiction
in an in vivo model. Therefore, it will be necessary to develop an in vitro experimental system
for the acquisition of oncogene addiction. Understanding what environmental changes lead to
oncogene addiction and what state changes the cell undergoes in the process will be important in

augmenting the effects of molecularly targeted drugs.

Materials and methods

Plasmids, reagents, and antibodies

The plasmids used in this study are listed as follows: pCSlineo-MCS, pCSlineo-Flag-
BRafVV600E, pCSlineo-Flag-KRasG12V, and pCSllibsr-Flag-BRaf\VV600E. Plasmids were
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constructed in accordance with the standard molecular biology methods. The antibodies used for
western blot and immunofluorescence analyses are as follows: phospho-anti-Erk1/2
(Thr202/Tyr204) (E10) and anti-Erk1/2 (137F5) were from Cell Signaling Technology; anti-
KRAS (clone 3B10-2F2) was from Sigma; anti-Raf-B (F-7) was from Santa Cruz
Biotechnology.

Cell lines

MCEF-10A parental cells, MCF-10A BRAF V600E/+ cells, and MCF-10A KRAS G12V/+ cells
(catalog numbers HD PAR-003, HD101-012, and HD101-004) were purchased from Horizon
Discovery. KRAS G12V OE and BRAF V600E OE were established through lentivirus-
mediated gene transfer into the parental MCF-10A cells. In brief, the lentiviral pCSlineo or
pCSllbsr vectors were transfected into Lenti-X 293T cells (Clontech) together with the
packaging plasmid psPAX2 (a gift from Dr. D. Trono, Addgene plasmid #12260), and pCMV-
VSV-G-RSV-Rev (a gift of Dr. Miyoshi, RIKEN, Japan) by using the linear polyethyleneimine
“Max” MW 40,000 (Polyscience). After two days, MCF-10A parental cells were cultured in the
virus-containing media in the presence or absence of 8 ug/mL polybrene for 3-4 hrs. Two days
after infection, the cells were selected by at least one-week treatment with 150 ug/ml G418 or 10
pg/mL blasticidin (InvivoGen, San Diego, CA). Bulk populations of selected cells were used in
this study. An empty vector, pCSlIineo-MCS, was used as a control. All cell lines were
maintained at 37°C under 5% CO2 with antibiotics.

MCF-10A cell lines were maintained in the full growth medium, which consisted of
DMEM/F12 (1:1) (Cat#11330-032, Gibco) supplemented with 5% horse serum (Cat#16050-122,
Invitrogen), 10 mg/ml insulin (Cat#12878-44, Nacalai Tesque), 0.5 mg/ml hydrocortisone
(Cat#1H-0888, Invitrogen), 100 ng/ml cholera toxin (Cat#101B, List Biological Laboratories),
20 ng/ml hEGF (Cat#AF-100-15, PeproTech), and 1% penicillin/streptomycin (Cat#26253-84,
Nacalai Tesque). For some experiments, partial growth medium and starvation medium were
used; the former contained DMEM/F12 (1:1) supplemented with 5% horse serum and 1%
penicillin/streptomycin, and the latter consisted of DMEM/F12 (1:1) supplemented with 2%
horse serum, 10 mg/ml insulin, 0.5 mg/ml hydrocortisone, 100 ng/ml cholera toxin, and 1%
penicillin/streptomycin.

The A549, H358 (CI-H358), and A375 cell lines were purchased from the American


https://doi.org/10.1101/2020.05.26.117911
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.05.26.117911; this version posted May 29, 2020. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

Type Culture Collection. H358 cell lines were maintained in RPMI 1640 media (ATCC
modification) (Cat#A10491-01, Gibco) supplemented with 10% fetal bovine serum. The A549
and A375 cell lines were maintained in DMEM high glucose (Cat#08459-64, Nacalai Tesque)
supplemented with 10% fetal bovine serum and in DMEM high glucose (Cat#08459-64, Nacalai
Tesque) supplemented with sodium pyruvate and 10% fetal bovine serum, respectively. All cell

lines were maintained at 37°C under 5% CO2.

Genomic DNA preparation and sequencing

Genomic DNA was prepared from cells using QuickExtract solution (Nalgene) following the
manufacturer's instruction. PCR amplification was done using KOD FX Neo (Toyobo). PCR
primers to amplify DNA were designed to target the oncogene mutated region (15" exon for
BRAF and 2" exon for KRAS). Direct sequencing of PCR products was carried out by
FASMAC. The amplification primers were as follows: BRAF-Fw, 5'-
ATCTCACCTCATCCTAACACATTTCAAGCCCC-3'; BRAF-Rv, 5'-
GACTTTCTAGTAACTCAGCAGCATCTCAGGGCC-3'; KRAS -Fw, 5'-
GCCTGCTGAAAATGACTGAA-3'; KRAS-Rv, 5-AGAATGGTCCTGCACCAGTAA-3'.

Soft-agar colony formation assay

Cells (2 x 1074 per well) were mixed with 0.3% agarose, low gelling temperature (Cat#35640,
SIGMA) in the full growth medium, plated on top of a solidified layer of 0.6% agarose in full
growth medium # in a 6-well plate, and fed every 3 days with full growth medium. Photographs
were taken by an OLYMPUS CKX53 inverted microscope with a DP20 digital camera
(OLYMPUS). After 4 weeks, the colonies were stained with MTT (1 mg/ml in PBS solution)
and imaged using an EPSON GT-X900 scanner.

Western blot analysis

Cells were washed once with PBS and lysed directly in 1x SDS sample buffer (1 M Tris-HCI pH
6.8, 50% glycerol, 10% SDS, 0.2% bromophenol blue, and 10% 2-mercaptoethanol). After
sonication and heat denaturation by boiling, the samples were separated by premade 5-20%
gradient SDS-polyacrylamide gel electrophoresis (PAGE) (Nakalai or Atto) and transferred to
Immobilon-FL Polyvinylidene Difluoride (PVDF) membranes (Millipore, Billerica, MA). After
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blocking with skim milk (Morinaga, Tokyo) or Odyssey blocking buffer (LI-COR), the
membranes were incubated with primary antibodies diluted in skim milk, BSA, or Odyssey
blocking buffer (LI-COR), followed by secondary antibodies diluted in Odyssey blocking buffer.
Proteins were then detected by an Odyssey Infrared scanner (LI1-COR) and analyzed by using the
Odyssey software. For the analysis of ERK phosphorylation in the parental MCF-10A, KRAS
G12V/+, and BRAF V600E/+ cell lines, cells were seeded with full growth medium for 1 day
before the serum starvation; washed once with PBS and changed to starvation medium for 24
hrs; and finally treated with 10 ng/ml EGF for 10 min. In the case of ERK phosphorylation
analysis in MCF-10A cells overexpressing KRAS G12V or BRAF V600E, the respective cell
numbers were difficult to manipulate because of the different proliferation rates. Therefore,
MCEF-10A cells overexpressing KRAS G12V or BRAF V600E were seeded with the indicated
medium, i.e., full growth medium or starvation medium, for 24 hrs and treated with 10 ng/ml
EGF for 10 min.

Oncogene-addiction experiments

For siRNA-mediated knockdown experiments to examine oncogene-addiction, we used siPOOLsS
(siTOOLs Biotech). The negative control siPOOL, BRAF targeted siPOOL and KRAS targeted
siPOOL were purchased from siTOOLs Biotech. Reverse transfection of cancer cell lines and
MCF-10A cell lines with siPOOLs was performed in Nunc edge 2.0 (96-Well Plates, Thermo
Fisher) using Lipofectamine RNAiMax reagent (Invitrogen) according to the siPOOLs
transfection protocol. Seeding density and siPOOL concentrations were modified depending on
the cell lines and culture conditions used. After 3 to 4 days of siPOOL treatment, cells were
washed once with PBS and stained with 0.1% crystal violet for 10 min, then washed three times
with PBS and photographed with an EPSON GT-X900 scanner (1200 dpi). Relative cell number
calculations were performed by ImageJ (Fiji) in comparison with the corresponding cell lines
treated with a negative control siPOOL. For cancer cell lines, 1 nM siPOOL-reverse transfected
cells were cultured in the RPMI 1640 medium (ATCC maodification) (Cat#A10491-01, Gibco)
supplemented with 10% fetal bovine serum for 4 days with the following cell densities, 6x10"3
cells/well for H358, 1x1073 cells/well for A549, and 1-2x10"3 cells/well for A375. And knock-
down experiment of the derivative cell lines of MCF-10A was performed the following

conditions; in partial growth medium condition, reverse transfection in 6x1073 cells with 1 nM
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siPOOLs for 3 days, and in starvation medium condition, reverse transfection in 3x10"3 cells
with 0.5 nM siPOOLs for 4 days.
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