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Abstract

Targeting epidermal growth factor receptor (EGFR) through an allosteric mechanism provides a 

potential therapeutic strategy to overcome drug-resistant EGFR mutations that emerge within the 

ATP binding site. Here, we develop an allosteric EGFR degrader, DDC-01-163, which can 

selectively inhibit the proliferation of L858R/T790 (L/T) mutant Ba/F3 cells while leaving 

wildtype EGFR Ba/F3 cells unaffected. DDC-01-163 is also effective against osimertinib-resistant 

cells with L/T/C797S and L/T/L718Q EGFR mutations. When combined with an ATP-site EGFR 
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inhibitor, osimertinib, the anti-proliferative activity of DDC-01-163 against L858R/T790M EGFR-

Ba/F3 cells is enhanced. Collectively, DDC-01-163 is a promising allosteric EGFR degrader with 

selective activity against various clinically relevant EGFR mutants as a single agent and when 

combined with an ATP-site inhibitor. Our data suggests that targeted protein degradation is a 

promising drug development approach for mutant EGFR.

Graphical Abstract

We have developed mutant-selective allosteric EGFR degraders (blue) that mediate the formation 

of the cereblon (CRBN)-degrader-EGFR ternary complex, resulting in mutant EGFR, but not WT, 

degradation. The lead degrader, DDC-01-163 is broadly effective against drug-resistant mutants, 

and exhibits enhanced potency when combined with an inhibitor, osimertinib. The targeted EGFR 

degradation represents a promising strategy to overcome drug resistance.
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Introduction

Epidermal growth factor receptor (EGFR) is a well-known oncogenic driver in many cancers 

including non-small cell lung cancer (NSCLC).[1] The development of EGFR-targeted small 

molecule drugs in the past two decades has changed the clinical landscape in which NSCLC 

patients are now treated.[2] Specifically, targeted therapy directed by genotype-screening has 

now become the standard practice for treating NSCLC patients harboring oncogenic EGFR 

mutations. However, earlier generations of tyrosine kinase inhibitors (TKIs) such as 

Jang et al. Page 3

Angew Chem Int Ed Engl. Author manuscript; available in PMC 2021 August 17.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



gefitinib, erlotinib, and afatinib caused dose-limiting toxicities such as diarrhea and skin 

rash. Moreover, acquired mutations to EGFR TKI therapy often occur within a year after 

onset of treatment. One of the most frequent secondary mutations observed in more than half 

of the patients with acquired drug resistance is the Thr790 to Met790 (T790M) mutation.[3] 

The T790M mutation increases the affinity of the active site for ATP, thereby allowing the 

nucleotide to outcompete the binding of reversible EGFR TKIs. This motivated the 

discovery of the third-generation EGFR inhibitor osimertinib, which circumvents the 

resistance caused by T790M mutation and also displays improved selectivity for mutant 

EGFR over wildtype EGFR. As a result, treatment with osimertinib is well tolerated, with 

marked reduction in adverse drug reactions. Osimertinib was subsequently approved for 

first-line treatment of metastatic NSCLC harboring the two most common EGFR activating 

mutations, L858R and exon 19 deletions in 2018.[4]

Despite its efficacy, osimertinib succumbs to the inevitable emergence of acquired drug 

resistance. Patients treated with osimertinib often develop the Cys797 to Ser797 (C797S) 

mutation, rendering them resistant to osimertinib and all other irreversible EGFR inhibitors 

due to the disruption of a potency-conferring covalent bond with Cys797.[5] Various other 

osimertinib resistant mutations such as G796D/S/R, L792F/Y/H, C797G and L718Q have 

also been reported in clinic.[6] Given that all these mutations are located within the ATP-

binding site where TKIs bind, development of compounds with a different binding mode 

may represent a viable therapeutic strategy.

Toward this end, we previously reported the rational discovery and characterization of a 

series of allosteric EGFR inhibitors (EAI001, EAI045 and JBJ-04-125-02)[7] that are active 

against drug-resistant EGFR mutants. Our mechanistic and structural characterization of 

EAI001-EGFR interactions showed that the compound could effectively inhibit L858R/

T790M/C797S EGFR in vitro, while it required cetuximab, an antibody-based drug that 

blocks EGFR dimerization[8], for in vivo activity. We established that this was due to EGFR 

asymmetric dimer formation, resulting in one of the allosteric pockets being harder to 

occupy. Therefore, EAI001 was only effective when used in combination with a dimer 

disrupting agent, like cetuximab. Since cetuximab is an anti-EGFR antibody that binds to all 

forms of EGFR including the wildtype, toxicity-related concerns limit the potential of this 

therapeutic regimen.

Small molecule mediated targeted protein degradation (TPD) has recently emerged as a 

promising alternative to inhibition. TPD relies on the use of degrader molecules to bind the 

protein target of interest and recruit it to an E3 ubiquitin ligase. This proximity with the E3 

ligase results in target polyubiquitination and subsequent proteasomal degradation. In this 

space, small molecules called PROteolysis TArgeting Chimeras (PROTACs) have been of 

increasing interest. PROTACs are heterobifunctional molecules with two domains, one is 

used to recognize and bind the target, and the other is used to bind the E3 ligase, connected 

by a linker. Over the last few years, we and others have used cereblon (CRBN)- or von 

Hippel Lindau (VHL)-E3 ligase-dependent PROTACs to achieve degradation of a range of 

protein targets, including several kinases, indicating that this method may be applicable to 

EGFR.[9] Recently, the first EGFR-targeted PROTACs based on ATP-competitive EGFR 

inhibitors were developed and reported as effective inducers of EGFR degradation.[9i, 10] 
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However, given that they target the ATP binding site, it remained unclear whether they 

would be effective against clinically relevant EGFR mutations.

Given the unique binding mode of the mutant selective allosteric EGFR inhibitors, we 

sought to adapt allosteric compounds to a heterobifunctional degrader to further enhance 

their ability to block EGFR activation. We postulated that a degrader based on an allosteric 

EGFR inhibitor would selectively degrade a broad spectrum of drug-resistant EGFR 

mutants, while leaving wildtype EGFR intact. Here we describe the preparation of a series of 

mutant-selective allosteric EGFR degraders, and report the complete characterization of our 

lead compound DDC-01-163.

Results and Discussion

To assess the potency of newly synthesized molecules, we employed a Homogeneous Time 

Resolved Fluorescence (HTRF) kinase assay (Figure 2A)[7a] and a cell proliferation assay 

that is broadly used for assessing target-oriented potency of kinase inhibitors. Specifically, 

Ba/F3 cells transformed by the oncogenic kinase,[11] in our case, the EGFR L858R/T790M 

mutant, were used as a primary assessment method to examine the cellular potency. Since 

our allosteric EGFR inhibitor was inactive as a single agent in cell proliferation assays, any 

observed anti-proliferative activity of these degraders would be mainly due to EGFR 

degradation and not the potency of the allosteric inhibitor alone. Hence, this allowed us to 

distinguish the effect of EGFR degradation and anti-proliferative activity simultaneously.

We used EAI001 as a starting point for our degrader design.[7a] Since EAI001 is buried deep 

in the allosteric pocket,[7a] we synthesized JBJ-07-149, which has a 1-(pyridin-2-

yl)piperazine at the 6-position of isoindolinone, resulting in the extension of EAI001 to a 

solvent exposed region (Figure 1B). JBJ-07-149 potently inhibited the catalytic activity of 

EGFR L858R/T790M in vitro (IC50 = 1.1 nM, Figure 2A), and anti-proliferative activity in 

the presence of cetuximab (EC50 = 0.148 μM, Figure S1), but remained ineffective as a 

single agent in proliferation assays (EC50 = 4.9 μM, Figure S1). Using JBJ-07-149 as a 

starting point, we designed a bifunctional degrader molecule, DDC-01-163, in which 

JBJ-07-149 was linked to pomalidomide, a CRBN ligand, via a linker conjugated to the 

piperazine moiety of JBJ-07-149 and positioned it toward the solvent exposed exterior 

(Figure 1). The structure-activity relationship of allosteric EGFR PROTACs is summarized 

in Table S1. Among the diverse linkers tested, including 1-, 2-, 3-, or 4- polyethylene glycols 

(PEGs) and carbon linkers with various lengths, 3-PEG linker displayed the most potent 

anti-proliferative activity against L858R/T790M-Ba/F3 cells (11g, 11k and DDC-01-163). 

Changing linker attachment site from ortho- to meta-position on thalidomide (11m and 11n) 

and replacing the amine linkage with the ether linkage (11o) led to the loss of potency. 

PROTACs featuring a VHL E3 ligase recruiting ligand, instead of CRBN ligand, were 

inactive (11p and 11q). Collectively, DDC-01-163 was the most potent analog in the 

antiproliferative assays.

During our PROTACs development process, we identified JBJ-04-125-02 (Figure 1B), an 

allosteric inhibitor with a 2-hydroxy-5-fluorophenyl group with improved potency, including 

the ability to inhibit cell proliferation of Ba/F3 cells as a single agent.[7b] Therefore, in 
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addition to DDC-01-163, we synthesized and tested JBJ-04-125-02-based allosteric EGFR 

degraders. Specifically, we transformed JBJ-04-125-02 to a PROTAC molecule using the 

same strategy described for DDC-01-163, which resulted in generation of JBJ-07-038 

(Figure 1B). In parallel, we substituted the hydroxyl group (Y) on JBJ-04-125-02 with a 

fluorine and generated JBJ-07-200 (Figure 1B), as a strategy to potentially increase cell 

membrane permeability.

Our in vitro assay showed that DDC-01-163 exhibited an acceptable biochemical potency 

with an IC50 value of 45 nM against EGFR L858R/T790M, albeit inferior to its parent 

allosteric EGFR inhibitor JBJ-07-149 (IC50 = 1.1 nM; Figure 2A). We also observed that 

JBJ-07-038 (IC50 = 19 nM) was more potent against EGFR L858R/T790M than 

DDC-01-163 while the fluorine substitution in JBJ-07-200 (IC50 = 390 nM) reduced 

biochemical activity (9-fold and 21-fold compared to DDC-01-163 and JBJ-07-038, 

respectively; Figure 2A).

Since PROTACs often exhibit poor cell-penetration due to their high molecular weight and 

presence of many hydrogen bond acceptors and donors, we sought to evaluate cellular 

permeability and intracellular CRBN engagement using a previously described cellular 

assay.[12] Briefly, this is a competition-based assay that measures the ability of a degrader 

molecule to displace BRD4BD2-directed CRBN ligands, which subsequently leads to the 

restoration of BRD4BD2-GFP signal. Our results revealed that DDC-01-163 could engage 

CRBN better than JBJ-07-038 (Figure 2B). As predicted, JBJ-07-200 exhibited more potent 

CRBN engagement than JBJ-07-038, likely due to better cell permeability (Figure 2B). In 

addition, further CRBN cellular engagement studies confirmed that JBJ-04-125-02-based 

degraders had less potent rescue effect due to the presence of free hydroxyl group (Figure 

S3). These observations were in line with the results of cellular assays where DDC-01-163 

and JBJ-07-200 showed superior anti-proliferative activity and effect on EGFR degradation 

compared to JBJ-07-038 (Figures 2C and 3). This outcome suggests that a highly potent 

protein ligand is not always ideal for generating an effective PROTAC and that cell 

membrane permeability is a critical contributing factor to the ultimate potency of the 

compound.

As a negative control, we prepared an N-methyl glutarimide analog (control-DDC-01-163) 

of DDC-01-163 that has diminished affinity for CRBN.[13] Even though control-

DDC-01-163 could bind to the EGFR allosteric pocket (Figure 2A), it could not compete for 

CRBN binding (Figure 2B) and, as expected, displayed no anti-proliferative effects (Figure 

2C).

We next examined the ability of these EGFR degraders to selectively inhibit mutant cell 

proliferation in Ba/F3 cell lines that were either stably transfected with the EGFR L858R/

T790M mutant or wildtype EGFR. DDC-01-163 potently inhibited the proliferation of 

L858R/T790M mutant EGFR Ba/F3 cells (EC50 = 0.096 μM) while sparing the wildtype 

EGFR Ba/F3 cells (EC50 > 10 μM; Figure 2C and S2). This striking mutant-selectivity likely 

arises primarily from the parent allosteric inhibitor scaffold.[7a, 7b] Interestingly, 

DDC-01-163 was 51-fold more potent than its parent allosteric EGFR inhibitor, JBJ-07-149 

(0.096 μM vs 4.9 μM) in cellular assays, despite being 45-fold less potent than JBJ-07-149 
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in biochemical assays. Consistent with our CRBN engagement assays, JBJ-04-125-02-based 

degrader such as JBJ-07-038 (EC50 = 0.48 μM) displayed an inferior anti-proliferative 

activity in L858R/T790M EGFR-Ba/F3 cells and JBJ-07-200 (EC50 = 0.15 μM) was more 

potent than JBJ-07-038.

To assess the effects of our PROTACs on EGFR degradation, we treated wildtype EGFR and 

EGFR L858R/T790M Ba/F3 cells with increasing concentrations of DDC-01-163, 

JBJ-07-038 and JBJ-07-200 for 6, 24 and 48 hours and measured EGFR protein abundance 

at each time point by Western blotting. As illustrated in Figure 3, DDC-01-163, JBJ-07-038 

and JBJ-07-200 did not affect protein levels in wildtype Ba/F3 cells. Notably, DDC-01-163 

was most effective at reducing protein levels of L858R/T790M EGFR in a dose-dependent 

manner with a maximum degradation observed at 24 hours (59 – 62%) which was sustained 

for 48 hours at 0.1 μM. Interestingly, we also observed reduced protein degradation at higher 

concentrations (1 μM) over time (at 48 hours) for all three EGFR PROTACs, consistent with 

the hook effect commonly observed in other degraders[9i, 14].

To further confirm the mechanism of action of DDC-01-163, we performed competitive in 
vitro assays by treating L858R/T790M Ba/F3 cells with the CRBN ligand pomalidomide or 

the parent allosteric EGFR inhibitor JBJ-07-149 in the presence or absence of 0.1 μM 

DDC-01-163. Densitometry analyses of Western Blotting showed a marked decrease of 

EGFR protein to 44% in cells treated with DDC-01-163 alone (Figure 4). However, the 

presence of pomalidomide and JBJ-07-149 prevented EGFR degradation even in the 

presence of DDC-01-163, indicating that the engagement to both EGFR and CRBN was 

essential for EGFR degradation (Figure 4A) and that anti-proliferative activity of 

DDC-01-163 was highly dependent on EGFR degradation. We also tested whether we could 

rescue the EGFR degradation effect by treating the cells with an NEDD8 activating enzyme 

1 inhibitor, MLN4924, which blocks neddylation of the cullin RING ligase, CUL4, resulting 

in the disruption of CRBN E3 ligase function. Our Western blot showed that pre-treatment 

with an increasing concentration of MLN4924 in L858R/T70M EGFR-Ba/F3 cells could 

indeed rescue EGFR degradation by DDC-01-163 (Figure 4B).

We next tested whether the same phenomenon was observed in human cancer cells with 

L858R/T790M EGFR mutation by using H1975 cells. Consistent with our Ba/F3 cells data, 

treatment with 0.1 μM DDC-01-163 led to increased EGFR degradation over time with 

maximal degradation occurring between 24 to 48 hours (Figure 5A). Competitive assays 

using pomalidomide and JBJ-07-149, as well as rescue studies with increasing 

concentrations of MLN4924 prevented DDC-01-163-induced degradation as observed in 

Ba/F3 cells (Figure 5B and 5C). This suggests that our allosteric EGFR PROTAC degrader, 

DDC-01-163, may have potency beyond murine cells and could also be applicable to human 

cancer cells.

Inspired by recent studies showing that combination treatment with allosteric EGFR 

inhibitor JBJ-04-125-02 and ATP-site inhibitor osimertinib could enhance apoptosis and 

delay onset of drug resistance,[7b] we examined whether dual modulation of EGFR using an 

allosteric PROTAC and an ATP-site inhibitor would be more effective than single-agent 

treatment. To compare the inhibition of cell proliferation in single agent versus combination 
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treatment, we performed an 11-point dose escalation experiment using osimertinib or 

DDC-01-163 alone or in combination with two constant doses of DDC-01-163 and 

osimertinib respectively (Figure 6A). Our results showed that the addition of both 0.01 μM 

and 0.1 μM of DDC-01-163 shifted the dose-response curve of osimertinib to the left, 

indicating that combination treatment was more effective at inhibiting cell proliferation than 

single agent treatment. Similarly, the addition of 0.01 μM osimertinib also shifted the dose-

response curve of DDC-01-163 to the left; however, the addition of a higher dose (0.1 μM) 

of osimertinib to dose titration of DDC-01-163 had an antagonistic effect.

To further understand how the combination treatment of an allosteric EGFR degrader with 

osimertinib affects EGFR activity and protein degradation, we performed similar 

experiments in L858R/T790M EGFR Ba/F3 cells and assessed both EGFR activity and 

EGFR degradation after treatment for 24 hours by Western blotting with phospho-EGFR and 

total EGFR antibodies. Consistent with our cell proliferation assays, both inhibition and 

degradation effects of 0.1 μM DDC-01-163 were apparent in the presence of increasing 

concentration of osimertinib. Similarly, the addition of 0.01 μM osimertinib to increasing 

concentration of DDC-01-163 led to an overall enhanced inhibition of EGFR 

phosphorylation, albeit slightly blunted or less efficient degradation of EGFR (Figure 6B). 

Collectively, our cell proliferation assays and western blotting studies revealed that the 

combination of the protein degrader DDC-01-163 and the EGFR TKI, osimertinib, could 

modulate EGFR together, leading to enhanced anti-proliferative activity compared to either 

agent alone. However, an antagonistic effect is apparent at higher doses, suggesting that the 

optimization of both compounds in order to remain within the therapeutic window is 

important to achieve maximal synergistic effect.

Resistance to current NSCLC drugs was a major motivation for developing EGFR mutant-

selective allosteric degrader. Therefore, we evaluated the effect of DDC-01-163 in this 

context using Ba/F3 cell lines that were stably transfected with L858R/T790M/C797S 

EGFR (LT/C797S EGFR),[15] and L858R/T790M/L718Q EGFR (LT/L718Q EGFR) (Figure 

7).[15b, 16] These tertiary mutations have been found in NSCLC patients whose tumors 

developed acquired drug resistance after treatment with osimertinib. As anticipated, both cell 

lines were resistant to clinically approved EGFR inhibitors (gefitinib, afatinib and 

osimertinib) and the parent allosteric EGFR inhibitor, JBJ-07-149, in our cell proliferation 

assay (Figure 6A). However, DDC-01-163 was highly effective in inhibiting the cell 

proliferation of LT/C797S (EC50 = 0.041 μM), and LT/L718Q (EC50 = 0.028 μM) EGFR 

Ba/F3 cells (Figure 7A), consistent with the result shown in L858R/T790M EGFR-Ba/F3 

cells (Figure 2C).

We next examined the effect of DDC-01-163 on EGFR degradation in osimertinib-resistant 

cell lines with either DMSO, 0.1 μM DDC-01-163 or 0.1 μM osimertinib for 24 hours 

followed by Western blot analysis. As expected, osimertinib treatment did not induce EGFR 

degradation or alter the phosphorylation of EGFR compared to DMSO, indicating that these 

cell lines were osimertinib resistant (Figure 7B). Conversely, the degradation of EGFR was 

apparent when cells were treated with 0.1 μM of DDC-01-163. Consequently, 74% and 71% 

degradation were observed in LT/C797S EGFR and LT/L718Q EGFR cells respectively after 
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DDC-01-163 treatment, which led to the subsequent inhibition of EGFR activity (Figure 

7B).

Conclusion

DDC-01-163 is a mutant-selective allosteric EGFR degrader that inhibits proliferation of 

L858R/T790M EGFR mutant Ba/F3 cells while sparing wildtype EGFR-Ba/F3 cells. 

Moreover, the allosteric degrader activity was cetuximab-independent, therefore 

representing a significant advance over the parental allosteric inhibitor. We found that 

DDC-01-163 induced selective degradation and inhibited proliferation of mutant EGFR cells 

in a dose- and time-dependent manner and notably, without affecting wildtype EGFR. These 

results were consistent with our studies in the human cancer cell line, H1975. Similar to 

other published studies, we also observed the hook effect, a decrease in degradation at 

higher concentrations,, which reinforces prior conclusions that higher concentrations of 

PROTAC degraders are not necessarily more efficacious. Moreover, our studies with 

DDC-01-163 and osimertinib revealed that combination treatment with an allosteric 

degrader and a ATP-site tyrosine kinase inhibitor was possible and more effective than either 

agent alone, hence, suggesting that dual modulation of target proteins by the enzymatic 

inhibitor and protein degrader could enhance their efficiency to inhibit overall cell growth. 

However, it is important to note, as seen in our studies that synergy can be concentration-

dependent; therefore, it is imperative to identify the optimal combined doses of both 

compounds when characterizing PROTACs with other drugs.

One of the most challenging issues in targeted therapy is that all patients eventually acquire 

mutations that render them resistant to therapy. Here we show that mutant-selective 

allosteric EGFR degrader DDC-01-163 was efficacious in not only L858R/T790M mutant 

EGFR cells but also in cells that have acquired resistance to osimertinib. Furthermore, 

because DDC-01-163 is a degrader targeted at an allosteric site, we anticipate that the onset 

of resistance could be delayed through combination and/or sequential treatment regimen as 

the mutations that emerge would presumably be different from that of TKIs. Therefore, it is 

evident that further development of allosteric EGFR PROTACs could present a valuable 

approach that could benefit a broader range of patients harboring EGFR mutations and 

warrants further characterization and optimization.
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Figure 1. 
(A) A schematic binding mode of allosteric EGFR PROTAC complexed with EGFR and 

cereblon (CRBN). (B) Chemical structures of an allosteric EGFR inhibitor (JBJ-07-149), 

allosteric EGFR PROTACs (DDC-01-163, JBJ-07-038, and JBJ-07-200), and a negative 

control of DDC-01-163 (control-DDC-01-163).
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Figure 2. 
(A) Inhibition of L858R/T790M EGFR by JBJ-07-149, DDC-01-163, control-DC-01-163, 

JBJ-07-038 and JBJ-07-200. Enzyme activity of purified EGFRL858R/T790M measured using 

HTRF assay at indicated concentrations of each compounds. (B) Cellular CRBN 

engagement assay evaluating the ability of DDC-01-163, control-DDC-01-163, JBJ-07-038, 

JBJ-07-200, and lenalidomide to protect BRD4BD2 from dBET6-mediated degradation 

measured by three independent experiments. (C) The average IC50 values (μM ± S.D.) of 

JBJ-07-149, DDC-01-163, control-DDC-01-163, JBJ-07-038 and JBJ-07-200 in wild type 
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EGFR and L858R/T790M EGFR mutant Ba/F3 cells were measured from at least three 

independent experiments, each performed with six replicates.
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Figure 3. 
Western blot analysis of total EGFR protein levels in wild type EGFR and L858R/T790M 

BaF3 cells treated with increasing concentrations of DDC-01-163, JBJ-07-038 and 

JBJ-07-200 for 6, 24, 48 hours. Tubulin was used as a loading control for relative protein 

expression. Densitometry analysis were performed and shown as a percentage of EGFR 

protein left compared to DMSO control after data was normalized to tubulin.
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Figure 4. 
Western blot analyses of total EGFR protein level in L858R/T790M BaF3 cells after cells 

were (A) treated in a competitive study with either DMSO, 10 μM pomalidomide or 1 μM 

JBJ-07-149 for 24 hours; or (B) treated in a rescue study with increasing concentrations of 

the NEDD8 activating enzyme inhibitor, MLN4924, for 24 hours in the presence or absence 

of DDC-01-163. Tubulin was used as a loading control for relative protein expression. 

Densitometry analysis were performed and shown as a percentage of EGFR protein left 

compared to DMSO control after data was normalized to tubulin.

Jang et al. Page 17

Angew Chem Int Ed Engl. Author manuscript; available in PMC 2021 August 17.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 5. 
Western blot analysis of total EGFR protein level in H1975 cells after cells were (A) treated 

with 0.1 μM of DDC-01-163 for 0, 4, 8, 24, 48, 72 hours; or (B) treated in a competitive 

study with either DMSO, 10 μM pomalidomide or 1 μM JBJ-07-149 for 24 hours; or (C) 
treated in a rescue study with increasing concentrations of the NEDD8 activating enzyme 

inhibitor, MLN4924, for 24 hours in the presence or absence of DDC-01-163. Tubulin was 

used as a loading control for relative protein expression. Densitometry analysis were 
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performed and shown as a percentage of EGFR protein left compared to DMSO control after 

data was normalized to tubulin.
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Figure 6. 
(A) Cell viability assay examining the growth inhibitory effect of L858R/T790M Ba/F3 cells 

and (B) Western blot analyses assessing the EGFR activity (phospho-EGFR) and protein 

degradation levels (total EGFR) after treatment with dose escalated osimertinib and 

DDC-01-163 alone (DR) or in the presence of a constant dose of DDC-01-163 or 

osimertinib respectively in L88R/T790M Ba/3 cells. Tubulin was used as a loading control 

for relative protein expression. Densitometry analyses were performed and the percentage of 

EGFR protein left shown is compared to DMSO control after data was normalized to 

tubulin. The percentage of EGFR activity shown is compared to the DMSO control after 

data was normalized to total EGFR.
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Figure 7. 
(A) Cell viability assay examining the growth inhibitory effect of dose escalated gefitinib, 

afatinib, osimertinib, JBJ-07-149 and DDC-01-163 and; (B) Western blot analyses assessing 

the EGFR activity (phospho-EGFR) and protein degradation levels (total EGFR) after 

treatment with either DMSO or 0.1 μM DDC-01-163 or 0.1 μM osimertinib for 24 hours in 

three different osimertinib resistant Ba/F3 cell lines harboring L858R/T790M/C797S, and 

L858R/T790M/L718Q EGFR mutations. Tubulin was used as a loading control for relative 

protein expression. Densitometry analysis were performed and the percentage of EGFR 

protein left shown is compared to DMSO control after data was normalized to tubulin. The 

percentage of EGFR activity shown is compared to the DMSO control after data was 

normalized to total EGFR.
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