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Abstract
The PI3K/mTOR pathway is commonly dysregulated in many hormone receptor-
dependent tumors and plays a key role in promoting tumor growth and
mediating drug resistance. In particular, PI3K and mTORC1/2 inhibitors have
been intensively studied in the treatment of hormone receptor-dependent
cancers and have shown benefit in some clinical settings. However, issues such
as dose-limiting toxicities and emergent resistance limit the broader utility of
these inhibitors. The translation initiation factor eIF4E is essential for the
translation of m7G-capped mRNA and is a key point of convergence for both the
PI3K/mTOR and MAPK signaling pathways. We have designed a series of potent,
selective and orally-available m7G cap-competitive inhibitors of eIF4E (eFT-4Ei)
with favorable drug-like properties. These inhibitors bind to eIF4E either in its
free form or as eIF4E-4EBP and eIF4F complexes within tumor cells and
downregulate hormone receptor-dependent signaling. Ribosomal profiling of
eIF4E inhibitor-treated tumor cells identified a subset of translationally regulated
target genes that overlap with mTORC1/2 regulated genes, but also a unique set
of translationally regulated target mRNAs. Consistent with this observation, our
eIF4E inhibitors show some similarities yet several important differences from
existing mTORC1 or mTORC1/2 dual inhibitors in both cellular and physiological
assays. Finally, significant anti-tumor efficacy was observed with eIF4E inhibition
in vitro and in vivo. Taken together, these results highlight the potential for
targeting eIF4E as a novel therapeutic strategy to treat hormone-receptor
dependent cancers.
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• eIF4E is part of the eIF4F translation initiation complex, which is 
comprised of eIF4E, eIF4A, and eIF4G. 

• eIF4E is required for the translation of m7G-capped mRNA
• eIF4E is a key downstream effector of the PI3K/mTORC1 pathway
• eFFECTOR Therapeutics has designed a series of potent, selective 

small molecule inhibitors of eIF4E targeting the m7G-cap binding site 
using structure-based drug design 

Figure 1. eFFECTOR small molecule eIF4E inhibitors target the
7- methyl-GTP cap binding site. A) Crystal structure of eIF4E with
7-methyl-GTP (m7GTP) bound. Key interactions between eIF4E
and m7GTP are highlighted in white. B) Table of assay values for
eIF4E inhibitors used in this study. n.t., not tested. C) Cell lysates
were incubated with biotinylated eIF4E inhibitor (eFT-4Ei-1) or
biotinylated m7GTP. Ligand-bound protein complexes were
isolated on streptavidin beads and immunoblotted with the
indicated antibodies.
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Figure 4. Inhibition of eIF4E inhibits breast cancer cell proliferation and downregulates estrogen
receptor expression and activity. An estrogen receptor-positive breast cancer cell line, MDA-MB-361,
was treated with the indicated concentrations of eFT-4Ei-3. A) Cell proliferation was measured by
CellTiter Glo after 72 h. B) Cell lysates were immunoblotted with the indicated antibodies at 24 h post-
treatment. C) mRNA levels of estrogen receptor (ESR1), 4E-BP2 (EI4EBP2) and the ER target gene
TRIM25 were quantitated by qRT-PCR at 24 h post-treatment.
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Figure 7. Inhibition of eIF4E represses tumor growth
in vivo. MDA-MB-361 xenograft-bearing animals
(n=7/arm) were treated with the indicated
dose/schedule (denoted by arrowheads) of eFT-4Ei-3
for the denoted time period. A) Tumor volume
measurements. B) Body weight measurements.
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Figure 2. eIF4E selectively regulates the translation of a
subset of target mRNAs. A) SW620 cells were treated with
DMSO or eFT-4Ei-2 (600 nM, 3 h). Ribosome profiling
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Log2 Translation Rate

eIF4Ei-regulated genes pval < 0.01

<5% genes modulated by 4Ei
75% are downregulated

5’ UTR Motif Sequence
p-value

eIF-4Ei mTORi

5’-TOP (terminal oligopyrimidine tract) 0.02 0.01

PRTE (pyrimidine-rich translational element) 0.08 0.01

CERT (Cytosine enriched regulator of translation) 0.0003 0.77

Target 5’ UTR Elements eFT-4Ei-3
IC50, nM

ODC1 TOP, PRTE, CERT 0.032

4E-BP2 CERT 0.304

Tubulin None 35
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C.

identified ~224 genes (depicted in green) that showed decreased translation rate with eFT-4Ei-2
treatment relative to control (Log2 fold change |0.75|, p-value ≤ 0.01). Pathways significantly regulated
by eIF4E were identified by IPA and are listed in the table. Similarities and differences with ribosome
profiling of a mTORC1/2 inhibitor (PP242) are depicted in the Venn diagram. B) Table of key regulatory
motifs identified in the 5’ UTR region of eIF4Ei-sensitive genes with associated p-values, p < 0.05 is
considered significant. C) Reporter assay of 5’ UTR-luciferase constructs derived from target genes
transfected in HAP1 cells and treated with eFT-4Ei-3 for 4 h.

Figure 3. On-target activity of eIF4E inhibitors. An eIF4E mutation that maintains m7G-cap binding but
abrogates inhibitor binding was engineered into the eIF4E locus of HAP1 cells by CRISPR (HAP1-R). A)
HAP1 or HAP1-R cells were incubated with the indicated concentrations of eFT-4Ei-3 for 72 h. Cell
proliferation was assessed by CellTiter Glo. B). HAP1 or HAP1-R cells were incubated with the indicated
concentrations of eFT-4Ei-3 for 24 h. Cell lysates were immunoblotted with the indicated antibodies.
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Figure 6. eIF4E inhibition is differentiated from mTOR inhibition. A) MDA-MB-361 cells were
treated with the indicated concentrations of eFT-4Ei-3 or everolimus (RAD001) for 24 h. Lysates
were immunoblotted with the indicated antibodies. B) Balb/c mice (n=5/arm) were dosed with
eFT-4Ei-3 or INK128 30 min prior to oral glucose challenge. At the indicated time points, blood
was collected from animals and glucose levels were assessed.

IPA p-value

eIF2 Signaling 5.58e-22

Regulation of eIF4 and p70S6K signaling 3.10e-10

mTOR Signaling 2.27e-6

Gluconeogenesis I 1.79e-5

Compound

Biochemical assays Proliferation
IC50, nM

Cap-
binding 
IC50, nM

Biacore
KD, nM HAP1 HAP1-R

eFT-4Ei-1 4 n.t. n.t. n.t.

eFT-4Ei-2 1 n.t. 58 3054

eFT-4Ei-3 0.033 0.047 0.5 7424

• eFFECTOR Therapeutics has designed a series of potent, selective,
and orally-available small molecule inhibitors of eIF4E targeting the
m7G-cap binding site

• Ribosome profiling with eIF4Ei highlights the regulation of a subset of
genes involved in mTOR signaling (mRNA translation, ribosome
biogenesis, metabolism) as well as unique signaling pathways

• eIF4E inhibition blocks breast cancer cell proliferation and specifically
downregulates estrogen receptor expression/activity at the
translational level

• eIF4E inhibition is differentiated from PI3K/mTOR inhibition (lack of
feedback activation of AKT, MNK1/2, ER or hyperglycemia)

• eIF4E inhibitors show significant anti-tumor efficacy on a daily or
intermittent dosing schedule in vivo
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Figure 5. Translational downregulation of estrogen receptor expression following eIF4E inhibition.
MDA-MB-361 cells were treated with 100 nM eFT-4Ei-3 for 3 h. A) Cell lysates were separated by
centrifugation in sucrose density gradients and mRNA was isolated from collected fractions.
Monosome- and polysome-containing fractions are denoted. B-D) mRNAs for the indicated targets
were quantified by qRT-PCR in each of the collected fractions. Black, DMSO treated; Green, eFT-4Ei-3
treated.

eFT-4Ei-3 dose % TGI @ day 25

30 mg/kg QD 135

300 mg/kg Q1W 146
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