Letter to the Editor

L))

Check for
updat

Epithelial-to-mesenchymal transition and drug resistance:

transitioning away from death

Kyung-A Song, Anthony C. Faber

Philips Institute for Oral Health Research, VCU School of Dentistry and Massey Cancer Center, Richmond, VA, USA
Correspondence to: Anthony C. Faber. Department of Oral and Craniofacial Molecular Biology, Philips Institute for Oral Health Research, VCU

School of Dentistry and Massey Cancer Center, Virginia Commonwealth University, Richmond, VA 23298, USA. Email: acfaber@vcu.edu.

Response to: Garinet S, Didelot A, Garelli E, er al. How apoptosis and epithelial-to-mesenchymal transition are nested in EGFR inhibitors resistance

in lung cancer. ] Thorac Dis 2019;11:47-9.

Marcucci F, Rumio C. From “high” ZEB1 to “low” B-cell lymphoma 2-interacting mediator of cell death (BIM)—an epithelial-mesenchymal

transition (EMT)-associated drug resistance pathway elucidated. ] Thorac Dis 2019;11:1-5.

Submitted May 18, 2019. Accepted for publication May 31, 2019.
doi: 10.21037/jtd.2019.06.11
View this article at: http://dx.doi.org/10.21037/jtd.2019.06.11

Cancer metastasis occurs via spreading cancer cells from the
primary cancer site to distant organs through the lymphatic
system and bloodstream. Lung carcinoma has typical sites
of metastasis, such as adrenal glands, bone, brain, liver, and
lymph nodes (1). Cancer cell movement from the initial site
requires a complicated cellular bioprocess. Epithelial-to-
mesenchymal transition (EMT) is a crucial cellular process
that promotes metastasis in a variety of tumors by leading
to loss of an epithelial cell phenotype, including apical-
basal polarity and intracellular junctions, and by gain of
mobility through increasing or decreasing a number of
genes directed by a small number of EMT transcription
factors (2). In addition, as cell phenotype converts from
epithelial to mesenchymal, there is almost invariable
downregulation of E-cadherin and upregulation of
N-cadherin and vimentin (2). Through these changes,
cancer cells are freed to migrate, intravasate and eventually
invade other tissues, serving as seed cells for metastatic
lesions (3).

Several transcription factors, such as the ZEB
(ZEB1/2), basic helix loop helix protein 38 (TWIST),
and Snail (SNAIL1/2), have been reported as factors that
can mediate gene expression (4) and regulate EMT (5).
Among these, ZEB1 may be particularly important as a
key transcription factor for EMT: in the earliest stages
of EMT, ZEB1 is induced by TGF-p signaling, a critical
cellular initiator of EMT (6). ZEB1 is correlated with
resistance to chemotherapy in cancers and disrupts the
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epithelial phenotype by repressing epithelial microRNAs
like miRNA-200 family members (7). In addition, ZEBI
is broadly involved in EMT in lung, breast, and colorectal
cancer through several signaling pathways (8).

While much of the traditional work investigating
EMT has been in the context of metastasis, it has also
been increasingly appreciated that EMT greatly impacts
responses to a broad number of anti-cancer drugs
(9-11). This has become increasingly problematic with the
growing implementation of targeted therapies, where many
secondary resistant mechanisms are druggable, however
where EMT is not (12,13) and may in this way possibly be
an ultimate and terminal resistant mechanism of a broad
number of cancers to a broad number of anti-cancer agents.
While some of the resistance associated with EMT involves
activation of alternative survival pathways (11,14), how
EMT induces resistance to targeted therapies is largely
unknown.

To this point, we (4) recently observed that vimentin
and ZEB1 are correlated with lower expression of the pro-
apoptotic BCL-2 family member, BIM, throughout several
cell line and tumor datasets. As BIM is a critical component
of the cell death response, in particular following targeted
therapies in solid tumors (15-20), we hypothesized that
EMT was therefore suppressing apoptosis, which may
explain why EMT confers resistance to targeted therapies.
By studying EGFR mutant lung cancers treated with
EGFR inhibitors (EGFRi), we utilized an EMT system
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Figure 1 How EMT suppresses apoptosis. The EMT transcription
factors (ZEB1 and TWIST1) can directly bind to the promoter
and intronic regions of the pro-apoptotic BH3-only gene,
BCL2L11 (BIM). Navitoclax (ABT-263) is a potential therapeutic
strategy for de-repressing the available cellular BIM in the cell, to
re-sensitize EMT EGFR mutant lung cancer cells and other EMT
cancers. Alternatively, directly targeting the EMT transcription
repressors, like with harmine, can reverse EMT resistance as well.

EMT, epithelial-to-mesenchymal transition.

employing a Tet-on/off ER-TWIST plasmid that can
activate ZEBI expression and EMT based on the presence
of 4-hydroxytamoxifen (4-OHT). Using this system, we
confirmed low expression of BIM and EGFRI efficacy in
the EMT-induced cell lines. Mechanistically, we found that
ZEB1 bound to and inhibited BIM expression by binding
directly to the BIM (BCL2L11) promoter and repressing its
expression.

ABT-263 (navitoclax) is a small molecule inhibitor that
can induce apoptosis by binding to the anti-apoptotic
proteins BCL-2 and BCL-XL, which results in an increase
in unbound BIM. We demonstrated that navitoclax is
sufficient to restore an apoptotic response in the low BIM
expressing EGFRi-resistant EMT cells, resensitizing the
cells to EGFRi.

Interestingly, Yochum and colleagues (21) have recently
published similar data in EGFR mutant lung cancer. In their
study, the authors demonstrate suppression of BIM in EGFR
mutant lung cancers that have undergone EMT, which
associates with apoptotic resistance and frank resistance.
However, instead of focusing on ZEB1, the authors reveal
that a fellow EMT transcription factor, TWIST1, can
suppress BIM. The authors demonstrate that the navitoclax
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analog, ABT-737, sensitizes their EMT EGFR mutant
lung cancer models to EGFR inhibition. In addition, they
identified a TWIST1 inhibitor, harmine, that could also
re-sensitize EMT EGFR mutant lung cancers via a similar
mechanism of apoptosis sensitization. Together, our studies
compliment each other and highlight an understudied
and important consequence of EMT—repressed BIM and
cell death—that could provide a therapeutic solution to
targeting EM'T EGFR mutant lung cancers, and potentially
other EMT cancers from other targeted therapy paradigms
(Figure I).

As there is an ongoing clinical phase Ib trial
(NCT02520778) combining ABT-263 and AZD 9291
(osimertinib) in previously treated metastatic EGFRi-
resistant EGFR mutant non-small cell lung cancer
(NSCLC), it would be intriguing if the connection between
EMT and response could be elucidated.

So how big of a role does suppressed apoptosis play in
EMT-mediated resistance in lung cancer? As mentioned
by Marcucci and Rumio (22), EMT may rewire the cell to
activate the PI3K pathway in alternative ways (23), and may
thus serve as an important component of EMT-mediated
drug resistance. This includes activation of other alterative
RTKs, like FGFR and AXL (24,25). Along these lines, we
recently demonstrated that in KRAS mutant lung cancers,
cancers with an EMT phenotype activated PI3K in an
ERBB3-independent way, while KRAS mutant lung cancers
with an epithelial phenotype activated PI3K in an ERBB3-
dependent matter. For the EMT KRAS mutant lung
cancers, some were reliant on FGFR1, offering a druggable
target (24).

Additionally, as noted by Garinet et /. (26), miRNAs
are emerging as another promising target for combination
therapy to overcome EMT-mediated drug resistance in lung
cancer. MiRNA silencing has been implicated in EMT and
tumor invasion and several miRs have been associated with
key regulatory pathways, including EGFR and KRAS in
NSCLC (27). Forced expression of miR-483-3p, a miRNNA
significantly silenced in gefitinib-resistant NSCLC cells
and lung tissues, increased sensitivity of gefitinib-resistant
lung cancer cells to EGFR inhibition by directly targeting
integrin B3, thereby repressing downstream FAK/Erk
pathway (28).

Therefore, EM'T appears to alter the cell in a number
of ways, and targeting an apoptotic deficiency, while being
an important component, likely will not address all the
difficulties EMT cancers present. Given the universal
means in which EMT may confer resistance to a large
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number of anti-cancer drugs in solid tumors, ongoing
clinical investigations of navitoclax with different targeted
therapies and other anti-cancer agents could yield important

information if, for instance, gene expression is measured or

histological characterization of the tumors are included.
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