Preclinical Evaluation of eFT226, a Novel, Potent and Selective elF4A Inhibitor with Anti-tumor
Activity in B-cell Malignancies

#1530

Peggy A. Thompson, Boreth Eam, Nathan P. Young, Sarah Fish, Joan Chen, Maria Barrera, Haleigh Howard, Ana Parra, Jotsaign\&idanton, lvy NJ. Hung, Gregory S. Parker, Gary G. Chiang, Christopher J.
Wegerski, Andres Nevarez, Jeff Clarine, Samuel Sperry, Alan Xiang, Chinh Tran, Christian Nilewski, Garrick K. PackaviicHd¢isepBaul A. Sprengeler, Justin T. Ernst, Siegfried H. Reich, Kidgelster

eFFECTORherapeutics, San Diego, CA

Abstract -

Translationakontrol of oncoproteinexpressiornasbeenimplicatedin the pathogenesi®of
multiple solidtumors and hematologicaimalignanciesProteinsynthesigs tightly regulated
largelyat the initiation stagethrough the eukaryotictranslationinitiation factor 4F (elFF)
complex elHMA, an RNAhelicase,is an essentialcomponentof the translation initiation
complexandselectivelyregulatesa subsetof mMRNAdasedon the sequenceand structure
of the 5’-untranslatedregion (UTR)B-cellreceptorsignalingactivatesel A resultingin the
selectiveupregulationof oncogenesnvolvedin cell proliferation, survivaland metastasis
B-cell malignanciesare often associatedvith dysregulationof oncogeneor anti-apoptotic
proteins (e.g., c-MYC CCNIV/3, BCR and MCI:1) that contain structured 5’-UTRsand
require enhancedelHA activity for translation

eFR26 is a potent and selectiveelHA inhibitor that promotes elHA bindingto specific
MRNAsequencesand interfereswith the assemblyof the elMF initiation complex eF226

selectivelyinhibits translationof mMRNAsontaininglonger5-UTRsan increasedrequency
of UORFgupstreamopenreadingframe),and polypurineand/or G-quadraplexrecognition
motifs. Thesequencedependencyof eFR26 translationalinhibition wasevaluatedin anin

vitro translationassaydemonstratingpotent inhibition of reporter constructscontaininga

polypurine motif in the 5-UTR(IG, ~2 nM). Direct binding studies also confirmed the

formation of a stableternary complexbetweeneFR26, el”MA and mRNAoligonucleotides
containing polypurine motifs. This results in eFR26 selectively and translationally
downregulatinga subset of genesthat are important for tumor growth and survival

eFR26 showed potent anti-proliferative activity (GL, < 15 nM) and an induction of

apoptosis against a panel of B-cell lymphoma cell lines Sensitivity to eFR26 was
associatedvith dosedependentdecreasesn the oncogenidriversc-MYC CCNDY/ 3, BCR

or MCL:1 in AB((activatedB-Cell)and GCHgerminalcenter B-cell) DLBCIDiffuseLargeB-

cell Lymphoma)subtypesand B u r k lymhphoma eFR26 has good pharmacokinetic
properties that result in potent in vivo efficacywith < 1 mg/kg/week IV administration

PreclinicakfficacystudiesusingeF 26 showedin vivo activity acrosshematologicatumor

models suggestingthat eFR26 may be active in tumor types where overexpressiornor

amplificationof oncogenessuchasc-MYG CCNDY/ 3, BCR or MCL:1 playa role in disease
pathogenesisTheseresultsdemonstratethe potential of eF226 for the treatment of B-

cell malignanciesClinicaltrials in patients with hematologicaland other malignanciesare

planned
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 elF4A RNA helicase is an essential component of the translation
initiation complex that regulates multiple key oncogenes involved in
tumor cell proliferation, survival and metastasis
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* B-cell receptor signaling activates pathways that enhance elF4A activity
leading to the translation of NFkB target genes (i.€., c-MYC, BCL2)

 eFFECTOR Therapeutics has designed eFT226, a potent, small molecule
inhibitor of elF4A

eFT226 Selectively Binds to Free elF4A
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Figure 1. eFT226 forms a ternary complex with free elF4A1. A) TheelHA FL63L binding site mutation
was introduced using CRISPRene editing. B) Pulldown experimentsusing biotinylated eFR226 shows
selectivebinding to free elMAL,, not the eFAF complex elHMAl, 4E, 4B and 4B protein levels were
analyzedby western blot. 200uM unlabeledeF26 was usedto competewith the biotinylatedeFR26
binding TheelHA bindingsite mutation blocksinteractionof eFR226with elHA.

eFT226 is a Sequence Specific Translational Regulator
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Figure 2. eFT226 is a sequence specific translational regulator. A) eFR26 inducesthe formation of a

stableternary complex[eIMA-RNAeF26). Biacoresensogram®f elMAL bindingto an AGAGAGRNA
surfacein the presence(green)or absence(black)or eFR226 showsthat eFR26 increaseshe residence
time for elMA with AGAGAMRNA Thedependenceof ternary complexformation on the RNAsequenceas

summarizedn the table on the right. Sensogramsvere fitted usinga globalfitting functionto determine
the equilibrium dissociationconstants B) Inhibition of in vitro translation by eFR26 is sequence
dependent Luciferasereporter gene constructscontaining5’-UTRswith 6-mer sequencemotif repeats
were transientlytransfectedinto the MDA-MB-231 cellline and treated with increasingconcentrationsof

eF 26 or hippuristanolfor 4 hr in triplicate. Datawere fitted to a four parameterdoseresponsecurve

Green AGAGAGBIue GGCGGMRed CCGCC@nd Black CAACAAIG,, valuesare summarizedin the

table on the right.

elF4A1 Binding Site Mutation Rescues eFT226 Anti-Tumor Activity
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Figure 3. elF4A1 binding site mutation rescues eFT226 anti-tumor activity. A) Downregulationof eF226
sensitivegenesis rescuedwith elMA1 F163L knockin mutation. Cellswere treated with eFR26 for 3 or
24 hr and protein levelswere analyzedby westernblot. B) elA1 F163L mutation rescueseFR26 anti-
proliferative activity linking the anti-tumor phenotype to elMA1l inhibition. Cellswere treated with
eFR26for 72 hr and cell proliferationwasassessetby CellTiterGlo

Inhibition of Key Oncogenes by eFT226 is Mediated Through the 5’-UTR
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Figure 4. Protein expression of key oncogenes is regulated by eFT226 through the 5’-UTR.
Doxycyclinanducible constructsA) MYC[ORFonly] or MYC[5'-UTR+ ORF and B) MCLL [ORFonly] or
MCL [5-UTR+ ORF were over expressedn the HERI3T cell line. Cellswere treated with eFR26 for 3

hr. MYC MCLL, CCNR and GAPDHprotein levels were analyzedby western blot analysis Sequence

analysisof the 5'-UTRidentified polypurine motifs similarto the high affinity binding sitesidentified by
direct binding providing potential interaction sites for eFR26-inducedternary complexformation and
translationalregulation

eFT226 Inhibits Growth and Induces Apoptosis in Tumor Cell Lines
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Figure 5. eFT226 translationally regulates key oncogenic drivers resulting in inhibition of growth and
survival. A) Tabulatedsummaryof eFR26 GL, valuesand induction of apoptosisfor the indicatedcell
lines Growth inhibition was analyzedby CTGassayafter treating cellsfor 72 hr with eF 26, apoptosis
was assessedy AnnexinV and PI staining of tumor cells and analyzedby flow cytometry after 24 hr
treatment with eF 226 (apoptoticsignature - [weak]to +++[strong]). B) Treatmentof TMD8 and Pfeiffer
DLBCltumor cellswith eFR26 for 3 and 24 hr resultsin translationalregulation of oncogenicprotein
levels as assessedoy western blot analysis Depletion of protein levels after eFR26 treatment was
unaffected by pretreatment with 10 nM bortezomib (BTZ for 2 hr. eFR26 treatment does not inhibit
MRNAlevelsfurther supportingthe mechanisnof translationalregulation(datanot shown) €) GSEAlot
and heatmapdepictingthe down-regulationof a B cellline derivedMY Csignaturein TMD8 cellsfollowing
50 nM eF 26 treatment for 6 hr using RNASeqganalysis NES normalizedenrichmentscore na, not
tested, Burkitt, Burkitt ymphomg DLBCLdiffuse large B-cell ymphoma HL,Hodgkinlymphomg MCL,
mantle celllymphomg MM, multiple myeloma
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Figure 6. eFT226 down regulates MCL1 and induces tumor cell death. A) Experimentaldesign of
competition experiment B) MCLL [ORF only] overexpressionis insensitive to eFR26 treatment
demonstratinga survivaladvantagein mixed populations Ramoslymphoma cells were infected with
either ControtGFPor MCLL [ORFonly]-RPHentiviral constructs Cellsmixed at a 1:1 ratio were treated
with variousconcentrationsof eFR26for 48 hr. Thepercentpopulationof live cellswasassessedby flow
cytometry,

In vivoTumor Growth Inhibition by eFT226
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Figure 7. eFT226 inhibits the growth of B-cell lymphoma xenografts in vivo. A) TMIB xenograftbearing
animalswere treated with the indicated dose of eF226 Q1W for 15 days Left panel tumor volume
measurementsRightpanel body weight measurementdakenthroughoutthe tumor study. B) Tableof
tumor growth inhibition valuesat day 14-22 in lymphomaxenograftmodelsfor the indicated dosesof
eFR26 (Q1W IVor IP) P-values(in parenthesesyere calculatedfrom the meantumor volumerelative
to vehiclecontrol usingone-way ANOVA
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Figure 8. Exposure-Response relationship of eFT226 in vivo. A) Pfeiffer xenograftbearinganimals
were treated with the indicateddoseof eFR26for 14 daysandtumor growth inhibition wasmeasured
B-D) Pfeiffer xenograftbearinganimalswere treated with 1mg/kg of eFR26 and tumor and plasma
sampleswere harvestedat time points (1-72 hr) post dose B) CCNDRQ and C) MYCprotein levelswere
measuredby immunoblot and normalizedrelative to GAPDHD) Relative CCNDR protein levelswere
plotted asa function of the correspondingeFR26tumor concentration

* (Clinical

* eFT226 is a potent and selective inhibitor of elF4A1
* eFT226 translationally regulates the protein expression of multiple

oncogenic target genes (MYC, MCL1, BCL2) through the formation of
a stable ternary complex [elFAA-mRNA-eFT226] with sequence
specific recognition motifs in the 5’-UTR resulting in a block in tumor
cell proliferation and induction of cell death

* eFT226 is well-tolerated and shows efficacy against B-cell lymphoma

xenograft models in vivo

trials with eFT226
malignancies are planned
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