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Lung cancer is the leading cause of cancer-related death 
in the United States and worldwide. While the 5-year 
survival for lung cancer is a dismal 15%, there have been 
significant advances in treating patients with non-small 
cell lung cancer (NSCLC) in the past decade. These 
recent advances stem from the shift to classifying patients 
with NSCLC into distinct subtypes based upon the 
molecular driver, which include KRAS mutations (~25%), 
EGFR mutations (~15%), ALK translocations (~8%), and 
MET amplification/mutations (~6-7%) (1,2). A subset of 
patients, such as those patients with EGFR- and ALK-
driven NSCLC, have benefitted significantly from the 
use of tyrosine-kinase inhibitors (TKIs) that specifically 
inhibit these oncogenes. While those patients with EGFR-
mutant NSCLC have benefitted from the use of EGFR 
TKIs, therapeutic resistance to these targeted therapies 
is inevitable (3). Studies characterizing the resistance 
mechanisms to EGFR inhibitors (EGFRi) have identified 
multiple mechanisms, which include gatekeeper mutations 
(T790M) within EGFR (49%), MET amplification (5%), 
and transformation to small-cell lung cancer (14%) (3). 
Interestingly, an epithelial-mesenchymal transition (EMT) 
phenotype has been identified as a driver of resistance to 
EGFRi in potentially as many as 20% of EGFR-mutant 
lung cancer patients (4). Initial studies investigating the role 
of EMT in EGFRi resistance identified the AXL kinase 
and its ligand GAS6 as drivers of EMT-mediated EGFRi 
resistance (4). However, little is known about other drivers 
of EMT-mediated resistance. Additional studies are needed 
to identify both novel drivers of EMT and therapeutic 
strategies to overcome EMT-mediated EGFRi resistance. 

Interestingly, Zhang et al. recently demonstrated that 
the EMT transcription factor, ZEB1 is a potential driver 
of EMT-mediated resistance to EGFRi in EGFR-mutant 
NSCLC (5). In this report, the authors demonstrated that 
ZEB1 has opposing functions in EGFR-mutant NSCLC, 
both inhibiting EGFR-driven tumorigenesis and promoting 
resistance to EGFRi (Figure 1). The function of ZEB1 as 
a tumor suppressor appears to be oncogenic driver specific 
as ZEB1 expression inhibited both soft agar and xenograph 
growth in EGFR-mutant NSCLC cell lines, while it 
promoted soft agar and xenograph growth in KRAS-mutant 
NSCLC. However, this tumor suppressive role of ZEB1 
seems to be independent of its ability to induce EMT, 
given that ZEB1 induced EMT in both KRAS- and EGFR-
mutant cell lines. Further investigation of the mechanisms 
by which ZEB1 suppressed EGFR-driven NSCLC revealed 
that ZEB1 suppression of miR-200c expression was required 
for this tumor suppressive phenotype. ZEB1 has been 
previously established to inhibit miR-200c expression, and 
suppression of miR-200c is required for ZEB1-mediated 
EMT and invasion (5,6). Interestingly, the authors were able 
to demonstrate that a target of miR-200c, NOTCH1, directly 
suppresses ERRB3 expression, a member of the EGFR-
family of receptors that has been shown to be required for 
EGFR-driven lung cancer (5). While the authors clearly 
demonstrated that the ZEB1-miR-200c-NOTCH1 signaling 
axis is important for suppression of ERBB3 (Figure 1),  
given the lack of phenotypic data presented, it remains an 
unanswered question if ZEB1 suppression of ERBB3 is 
required for ZEB1-suppression of EGFR-driven NSCLC. 
Additionally, the data presented suggests that there are 
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other miR-200c targets and potentially other ZEB1 target 
genes or signaling pathways that play a role in the tumor 
suppressive function of ZEB1 (Figure 1). 

While a previous report demonstrated that ZEB1 is 
required for EGFRi resistance in a subset of EGFR-driven 
NSCLC, Zhang et al. provided additional evidence for ZEB1 
as a mediator of therapeutic resistance to EGFRi (5,7). The 
authors demonstrated that ZEB1 overexpression is sufficient 
to cause gefitinib resistance in a gefitinib sensitive EGFR-
mutant cell line. Additionally, this resistance is dependent 
upon the ability of ZEB1 to suppress miR-200c and partially 
dependent upon NOTCH1 expression (Figure 1). The 
authors demonstrated γ-secretase inhibitors (BMS-708163 
and DAPT) are able to partially overcome gefitinib 
resistance in a gefitinib resistant cell line. However, the in 
vitro evidence provided with γ-secretase inhibitors suggests 
a relatively minor role for NOTCH1 in the setting of 
ZEB1-mediated resistance. The data presented suggests 
that there are other miR-200c targets or ZEB1 target 

genes that are important for ZEB1-mediated resistance  
(Figure 1). Additionally, given the non-selectivity and dose-
limiting systemic toxicities of γ-secretase inhibitors, there 
may be a limited role for such therapies in the setting 
of EMT-mediated resistance (8). However, monoclonal 
antibody therapies that specifically target NOTCH1 
and one of its ligands, Delta-like 4 (DLL4), have been 
developed and some of which are in early phase trials, may 
provide a more advantageous therapeutic strategy given 
their selectivity for the NOTCH1 signaling pathway (8). 
Further studies, specifically in vivo, are needed to explore 
efficacy and potential toxicities of therapies that combine 
EGFR and NOTCH1 inhibition. Additionally, in order 
to determine the clinical relevance of ZEB1-mediated 
therapeutic resistance, studies are needed to determine how 
frequently ZEB1 is overexpressed in patient tumors in the 
EGFRi resistance setting. 

While other EMT transcription factors (EMT-TF), 
such as ZEB2, the TWIST and SNAIL proteins, have 

Figure 1 ZEB1 suppresses EGFR-mutant non-small cell lung cancer (NSCLC) tumorigenesis and mediates EGFR inhibitor resistance. 
In the discussed report ZEB1 was shown to inhibit EGFR-mutant NSCLC by repressing miR-200c expression, which subsequently 
allows for a target gene of miR-200c, NOTCH1, to repress ERBB3 expression. ZEB1 suppression of ERBB3 expression appears to be an 
important mechanism through which ZEB1 suppresses EGFR-mutant tumorigenesis. However, there may be additional miR-200c targets 
and potentially other ZEB1 targets that are important for the tumor suppressive role of ZEB1. Conversely, ZEB1 suppression of miR-200c 
expression and subsequent derepression of NOTCH1 was also shown to be required for ZEB1-mediated EGFR tyrosine kinase inhibitor 
resistance in NSCLC cell lines. Similar to the tumor suppressive function of ZEB1, ZEB1-mediated resistance most likely involves miR-200c 
targets, beyond NOTCH1, and may require additional ZEB1 target genes. Future studies are required to further delineate the mechanisms 
of ZEB1-mediated suppression of EGFR-mutant NSCLC and EGFR inhibitor resistance.
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been implicated in therapeutic resistance, it remains 
unknown if other EMT-TFs play a role in resistance 
to EGFRi. Interestingly, ZEB2 has been shown to 
inhibit radiation-induced apoptosis by suppressing 
the DNA-damage response. The ability of ZEB2 to 
suppress DNA-damage induced apoptosis seems to 
be largely independent of its ability to induce EMT 
(9,10). Additionally, TWIST1 has been shown to lead 
to chemoresistance in both breast and lung cancer, 
through direct induction of AKT and modulation of 
BCL-2 family members, respectively (11,12). SNAIL1 
and SNAIL2 have both been linked to chemotherapy and 
radiation resistance through their ability to inhibit p53-
mediated apoptosis, by repressing expression of multiple 
genes within the p53 pathway (10,13). In addition to the 
evidence that multiple EMT-TFs mediate therapeutic 
resistance, there is extensive data that EMT-TFs are 
often co-expressed in tumors and in many model systems, 
EMT-TFs can increase expression, often directly, of 
other EMT-TFs (6,14,15). Given the interconnectedness 
of the EMT-TFs signaling networks and potential 
redundancy in their functions,  additional  studies 
are needed to determine if other EMT-TFs mediate 
resistance to EGFRi and if ZEB1-driven resistance 
occurs independently of other EMT-TFs. 

An aspect of EMT-TFs that remains largely unexplored 
is whether the EMT-TF mediated therapeutic resistance 
is EMT-dependent or -independent. A previous report on 
AXL-driven erlotinib-resistance in EGFR-driven NSCLC 
revealed that AXL-mediated resistance required EMT (4). 
More specifically, both AXL-mediated EGFRi resistance 
and AXL-mediated migration and adhesion in this model 
system required vimentin expression (4). While Zhang et al.  
and others have implicated ZEB1 in EGFRi resistance, it 
is largely unclear if EMT is simply a consequence of ZEB1 
overexpression or if EMT is required for ZEB1-mediated 
resistance (5,7). Interestingly, TWIST1 has been shown to 
inhibit oncogene-induce senescence (OIS) and apoptosis 
in lung cancer, largely independently of EMT (16,17). A 
previous study demonstrated that ZEB1 can suppress OIS 
following EGFR overexpression in esophageal cells (18). 
The ability of ZEB1 to suppress OIS in this model system 
occurred in the context of EMT. However, ZEB1 was 
recently shown to mediate radioresistance via increasing 
CHK1 stabi l izat ion and subsequent  homologous 
recombination, a mechanism that seems to be independent 
of its EMT-function (10,19). 

Future studies elucidating the role of EMT in ZEB-

1 mediated EGFRi resistance are needed and may reveal 
new therapeutic targets and strategies to overcome EGFRi 
resistance. Given that AXL kinase has been established 
as an important driver of EMT in lung cancer (4), if 
ZEB1-mediated resistance proves to require EMT, the 
relationship between AXL and ZEB1 should be explored. 
A previous study in hematologic cells demonstrated that 
activation of AXL can induce expression of TWIST1 (20). 
A similar relationship may exist for ZEB1. If ZEB1 and 
AXL signaling pathways prove to be connected, use of 
small molecule AXL kinase inhibitors may be a therapeutic 
option to overcome ZEB1-mediated EGFRi resistance. 
Alternatively, if ZEB1 proves to mediate EGFRi resistance 
independently of EMT, ZEB1 suppression of apoptosis and 
modulation of members of the BCL-2 family of proteins 
should be explored. Given the recent FDA approval of 
the BCL-2 inhibitor, ABT-199, and additional BCL-2,  
BCL-XL, and MCL-1 inhibitors currently under 
investigation, there are potential novel strategies to use 
these BCL-2 inhibitors to overcome ZEB1-suppression 
of apoptosis in response to EGFRi. Ultimately, the 
identification and development of direct inhibitors of ZEB1 
and other EMT-TFs may have significant clinical impact; 
however, this has remained an elusive goal.

In summary, Zhang et al. demonstrate unique divergent 
functions of ZEB1 as both a tumor suppressor and driver 
of EGFRi resistance in EGFR-driven NSCLC. The 
authors show that ZEB1 suppression of ERBB3 expression 
through the ZEB1-miR-200c-NOTCH1 signaling axis may 
be a mechanism by which ZEB1 suppresses EGFR-driven 
NSCLC tumorigenesis. Contrasting this tumor suppressive 
function of ZEB1, the authors present evidence that ZEB1 
mediates EGFRi resistance in EGFR-mutant NSCLC 
cell lines. ZEB1-mediated resistance requires ZEB1-
suppresion of miR-200c, partially requires NOTCH1 
expression, and is associated with EMT. Furthermore, 
the authors demonstrate that gefitinib resistance can be 
partially overcome with γ-secretase inhibitors, providing 
evidence for use of inhibitors of the NOTCH1 signaling 
pathway in the setting of EGFRi resistance. Future studies 
are needed to further elucidate the mechanisms through 
which ZEB1-mediates therapeutic resistance which may 
lead to novel combination therapies to combat EGFRi 
resistance.
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