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Deregulation of cap-dependent translation is associated with
cancer initiation and progression. The rate-limiting step of protein
synthesis is the loading of ribosomes onto mRNA templates stimu-
lated by the heterotrimeric complex, eukaryotic initiation factor
(elF)4F. This step represents an attractive target for anticancer drug
discovery because it resides at the nexus of the TOR signaling
pathway. We have undertaken an ultra-high-throughput screen to
identify inhibitors that prevent assembly of the elF4F complex.
One of the identified compounds blocks interaction between two
subunits of elF4F. As a consequence, cap-dependent translation is
inhibited. This compound can reverse tumor chemoresistance in a
genetically engineered lymphoma mouse model by sensitizing cells
to the proapoptotic action of DNA damage. Molecular modeling
experiments provide insight into the mechanism of action of this
small molecule inhibitor. Our experiments validate targeting the
elFAF complex as a strategy for cancer therapy to modulate chemo-
sensitivity.
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Eukaryotic translation initiation is tightly regulated at the step
of ribosome recruitment. This process involves binding of
eukaryotic initiation factor (eIF) 4F complex to mRNA cap struc-
tures (m’ GpppN; where N is any nucleotide). eIF4F is composed
of: eIF4E, the cap-binding protein; eIF4A, a DEAD-box RNA
helicase; and elF4G, a scaffolding protein that bridges the inter-
action between eIF4E and eIF4A (1). Binding of eIF4F to the cap
structure (via eIF4E) delivers eIF4A to the 5’ end of the mRNA
template, an event required to disrupt RNA structure or RNP
complexes to prepare a ribosome landing pad. eIF4E is the least
abundant initiation factor, is rate-limiting for eIF4F complex
assembly, and its availability for translation is regulated by the
PI3K/Akt/mTOR pathway (1). The binding of one of three eIF4AE
negative regulators (eIF4E-Binding Proteins [4E-BPs]) to eIFAE
is controlled by mTOR—with mTOR-dependent phosphoryla-
tion of 4E-BPs leading to their dissociation from the binary
4E-BP:eIF4AE complex. Because 4E-BPs and eIF4G (there are
two isoforms, called eIF4GI and eIF4GII, that share all structural
features and show 46% sequence identity) compete for binding to
a common site on eIF4E, 4E-BP binding to eIF4E decreases its
availability for incorporation into the eIF4F complex and reduces
translation initiation rates—with modest consequences on global
translation but more pronounced effects on translation of specific
mRNAs (1). This discriminatory effect on translation initiation is
dependent on the amount of secondary structure present in the
5" UTRs of mRNAs—with mRNAs harboring more secondary
structure being more dependent on eIF4F for ribosome loading
(2, 3). Gene expression profiling has identified mRNA transcripts
whose translation is preferentially stimulated by altered eIF4E
levels, indicating that eIF4E can affect the expression of a large
gene set that impinge on several signaling nodes.

Several lines of evidence indicate that translational regulation
is usurped in human tumors. Many cancers harbor lesions in the
PI3K/Akt/mTOR pathway, which predictably affect eIF4F activ-
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ity (4). eIF4E is overexpressed in many human cancers and
hyper-phosphorylated 4E-BP is associated with tumor progres-
sion and adverse prognosis (5). Ectopic overexpression of eIF4E
in vitro (6) and in vivo (7) is oncogenic and associated with che-
moresistance. Hence, targeting eIF4F activity has been pursued
to determine the consequences on tumor cell growth and chemo-
sensitivity.

Conceptually, the mRNA-ribosome loading step of eukaryotic
translation initiation can be blocked at several points, and include
inhibiting mRNA cap-eIF4E interaction with cap analogues,
interfering with eIF4F subunit interaction (i.e.,—eIF4E:eIF4G
or elF4G:elF4A), blocking eIF4A RNA helicase activity, and
preventing eIF4F subunit synthesis. Although some of these ap-
proaches are beginning to be explored, it is not clear that they will
exert similar effects on cell proliferation in vitro or that they will
allow for a therapeutic response in vivo. In cell culture, seques-
tration of eIF4E by ectopic overexpression of 4E-BP1 in eIF4E
transformed cells can partially reverse tumorigenicity (8). As well,
antisense RNA oligonucleotides directed to eIF4E (9), peptides
directed to the eIF4E:eIF4G interaction site (10), or small mo-
lecule inhibition of the eIF4E:eIF4G interaction (11) suppress
transformation and induce apoptosis in vitro, although the poten-
tial of these approaches has not been tested in vivo. Importantly,
and more clinically relevant, antisense targeting of eIF4E (12) or
small molecule inhibition of eIF4A helicase activity (13, 14) show
promising efficacy in blocking tumor growth in vivo in several
preclinical cancer models. Herein, we explore the consequences
of blocking eIF4E:elF4G interaction in vivo on chemoresistance
in a genetically defined preclinical lymphoma model.

Results

Ultra-High-Throughput Screening Identifies elF4E:elF4Gl Inhibitors. A
previous high-throughput screen (HTS) for eIF4E:eIF4G inhibi-
tors probed a small collection of ~16,000 compounds and iden-
tified a molecule that binds to eIF4E, called 4EGI-1 (11). This
compound inhibits eIF4E:eIF4G interaction, yet stimulates
elF4E:4E-BP1 interaction (11). To explore the therapeutic poten-
tial of uncoupling eIF4E from both eIF4G and 4E-BP, we sought
to identify new compounds that could block interaction of eIF4AE
with eIF4G and 4E-BP1. To this end, a library of 217,341 com-
pounds was screened using a time resolved (TR)-FRET based
assay consisting of His-tagged eIF4E and a glutathione S-trans-
ferase (GST)-tagged fragment of eIF4GI (GST-eIF4Gls;7_g6)
(Fig. 14). Following dose-response analysis of 798 primary hits,
120 compounds showed an ICs, < 20 pM (Fig. 14). These com-
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Fig. 1.

UltraHTS TR-FRET identifies inhibitors of elF4E:elF4GI interaction. A. Schematic diagram of TR-FRET based assay and attrition rate from secondary and

functional assays. B. Schematic representation of the FF/HCV/Ren bicistronic construct used to characterize inhibitory potential of primary hits in in vitro transla-
tion extracts. Heat map showing results of secondary in vitro translation assay and of the counterscreen to identify compounds that nonspecifically inhibited luc
enzyme activity. Experiments were performed in duplicates and average values obtained were normalized to DMSO controls. nd, not done. C. Structure of

4E1RCat and its dose response in the TR-FRET assay.

pounds were further evaluated in an in vitro translation assay to
score for their ability to inhibit cap-dependent but not Hepatitis
C Virus internal ribosome entry site (HCV IRES) mediated
translation (Fig. 1B). A counterscreen to identify false positives
that nonspecifically quenched the luciferase enzymatic reaction
rather than inhibiting cap-dependent translation was also per-
formed (Fig. 1B). After testing all other compounds (harboring
or lacking quenching activity) in an in vitro translation assay using
[*>S]-methionine to monitor protein synthesis, we identified
three that inhibited cap-dependent translation, one of which we
describe in detail herein (called 4E1RCat; PubChem ID
16195554). 4E1RCat displayed an ICsy, < 10 pM in the TR-FRET
assay (Fig. 1C) and its resynthesis confirmed its activity (Fig. 1C;
ICso ~4 uM). We performed structure-activity relationship
(SAR) analysis on 4E1RCat using the TR-FRET assay and tested
16 analogs containing modifications at two positions of the mole-
cule (Fig. S14). Structure confirmation, resynthesis, and SAR
analysis led to the identification of several oxo-pyrrolyl benzoic
acid analogs that showed low micromolar potency inhibition
for the eIF4E:eIF4G interaction based on the initial hit structure.
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However, none of the modifications to the “A” or “B” moieties
improved the ICsy compared to 4E1RCat in the TR-FRET assay
(Fig. S1B).

Modeling Binding of 4E1RCat to elF4E Predicts Interference with elF4G
and 4E-BP Binding. /1 silico probing of the three-dimensional sur-
face of eIF4E for potential drug binding sites by computational
solvent mapping (15) revealed the presence of five shallow pock-
ets that form an elongated binding site and could support small
molecule interactions (Fig. 24). 4E1RCat shows potential for
binding to four of these pockets (Fig. 2B). Both 4E-BP1 and
eIF4G bind to a common site on the dorsal side of eIF4E (mod-
eled in Fig. 2C) and it is clear that 4E1RCat is predicted to clash
with this interaction (Fig. 2C). This modeling data offers a poten-
tial mechanism by which 4E1RCat inhibits eIF4E:eIF4G and
elF4E:4E-BP1 interaction.

Inhibition of Cap-Dependent Translation Initiation by 4E1RCat. Much

of our current understanding of factor assembly on mRNA tem-
plates during translation initiation is based on reconstitution and
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Fig. 2. Modeling of 4E1RCat bound to elF4E. A. Location of the largest hot
spots of elF4E. Results are shown for the elF4E structure cocrystallized with
segment 47-66 of 4E-BP1 (PDB code 1WKW), but are essentially identical
for the other two available X-ray structures (PDB codes 1IPB and 2W97).
The largest consensus site, CS1, (shown in yellow), binds 24 probe clusters
and defines the main hot spot. The other large consensus sites are CS2
(magenta, 22 probe clusters), CS3 (cyan, 19 probe clusters), and CS4 (salmon,
10 probe clusters). Consensus site CS6 is small (ochre, 5 probe clusters), but
indicates a shallow channel connecting the consensus sites CS1 and CS3. The
close-up of the hot spots also shows (in red) the location of residues V69,
L131, and 1138 on the surface of elF4E. B. The most likely binding pose of
4E1RCat. The predicted hot spots are superimposed for reference. C. Segment
47-66 of 4E-BP1 from the elF4E:4E-BP1 complex (PDB code 1WKW) superim-
posed on the hot spots. For 4E-BP1, the side chain of Y54 of the motif extends
toward CS2, L59 is deep in the pocket that binds CS1, confirming the impor-
tance of the main hot spot, and the side chain of M60 overlaps with CS6.

biochemical approaches that have dissected various steps of this
process. One very useful assay for monitoring ribosome binding
to mRNA is the visualization of 80S complexes on radiolabeled
mRNA templates following sedimentation velocity centrifuga-
tion. In this assay, 4E1RCat reduced 80S ribosome complex
formation (Fig. 34), albeit not to the same extent as observed
for m’GTP (Fig. S2). The inhibition of ribosome recruitment
to mRNA by 4E1RCat was cap-specific, because this compound
showed no inhibitory effect on 80S complex formation on the
GpppG-HCV IRES (Fig. 34).

4E1RCat blocked elF4E:eIF4G and eIF4E:4E-BP1 interac-
tion (Fig. 3B). This compound also inhibited the ability of full-
length eIF4GI to bind to GST-eIF4E (Fig. S3). To determine
if 4E1RCat could disrupt preformed eIF4F complexes, we used
m’GTP-agarose to purify the eIF4F complex from Ribosome Salt
Wash (RSW) (Fig. 3C) and from extracts prepared from
4E1RCat treated MDA-MB-231 cells (Fig. 3D). Western blot
analysis probed for the presence of eIF4E and the copurifying
subunits, eIF4A and eIlF4Gl, in the m’ GTP eluents. The amount
of eIF4GI present in the eIF4F complex was reduced in vitro
(Fig. 3C) and in vivo (Fig. 3D).

In vitro translations were performed to assess the effects of
4E1RCat on bicistronic mRNAs harboring IRESes that do not
require eIF4F for ribosome recruitment (HCV and CrPV) (16)
(Fig. 44 and Fig. S4) and on a bicistronic mRNA harboring
an IRES that requires eIF4G but not eIF4E for ribosome recruit-
ment (17) (EMCV, Fig. S4). As expected, m’ GDP inhibited cap-
dependent firefly (FF) expression, whereas the general transla-
tion inhibitor, anisomycin, inhibited production of both FF
and renilla (Ren) from FF/HCV/Ren mRNA (Fig. 44, lanes 2
and 4, respectively). 4E1RCat inhibited cap-dependent transla-
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tion from FF/HCV/Ren in a dose dependent manner and did not
affect Ren expression (Fig. 44, compare lanes 5-10). 4E1RCat
also inhibited cap-dependent production of Ren Luc from
Ren/CrPV/FF although the extent of cap-dependent inhibition
was not as strong as seen with FF/HCV/Ren (Fig. S44). At higher
concentrations of compound, CrPV IRES mediated translation
was stimulated—an effect that could be due to increased ribo-
some availability and has been previously reported with other
inhibitors of initiation (18). 4E1RCat inhibited cap-dependent
translation from FF/EMCV/Ren but did not affect translation
initiation mediated by the EMCV IRES (Fig. S4B). 4E1RCat
inhibited protein synthesis in vivo in MDA-MB-231 and HeLa
cells, but did not significantly affect RNA or DNA synthesis
(Fig. 4B). Inhibition of protein synthesis by 4E1RCat in vivo
was readily reversible (Fig. SS5). 4E1RCat decreased polysomes,
increased the fraction of 80S ribosomal subunits (Fig. 4C), and
decreased levels of Mcl-1 and c-Myc proteins, two eIF4E-depen-
dent mRNAs (19, 20) (Fig. 4D).

4E1RCat Reverses Chemoresistance. The Ep-Myc lymphoma model
is a powerful, genetically defined system for studying drug action
in vivo. Activation of mTOR signaling in this preclinical model
through constitutive activation of the serine/threonine-specific
kinase AKT or loss of Pten accelerates tumorigenesis and pro-
motes chemoresistance—effects that have been attributed to
increased eIF4F activity (7, 21). In this model Pten*/~Eu-Myc
and Tsc2™/~Eu-Myc tumors are resistant to doxorubicin and
we have previously shown that inhibition of mTOR signaling
(7, 22) or elF4A activity (13) can dramatically impact on this
and significantly extend tumor-free survival. We therefore used
this model to assess the consequences of 4E1RCat on chemore-
sistance (Fig. 54).

Treatment of mice bearing Pten™/~Eu-Myc or Tsc27/~Eu-Myc
lymphomas with 4E1RCat alone was not effective in inducing any
noticeable remission, whereas doxorubicin (Dxr) or rapamycin
(Rap) induced a short-lived remission (Fig. 5B and Fig. S6A4).
Dxr and 4E1RCat synergized in mice and extended tumor-free
remissions for up to 14 d (Fig. 5B, p < 0.001; Fig. S6B,
p < 0.001), similar to what was observed with Dxr and Rap. This
effect was unlikely due to 4E1RCat nonspecifically increasing Dxr
efficacy because we did not observe synergy between 4E1RCat
and Dxr in mice bearing Ep-Myc lymphomas (Fig. S6B). Nor did
we observe synergy in vitro on Ep-Myc lymphomas, in contrast to
the effects of 4E1RCat and Dxr on Tsc2*/~Eu-Myc lymphomas
(Fig. S6C). Analysis of Pten*/~Ey-Myc tumor samples 6 h after
treatment revealed an increase in the number of apoptotic cells
for 4E1RCat + Dxr treated samples, compared to Dxr or
4E1RCat only samples (Fig. 5C). As expected, levels of Mcl-1
were decreased in tumors following treatment of mice with
4E1RCat (Fig. 5D). These results indicate, that 4E1RCat sensi-
tizes Pten*/~Eu-Myc and Tsc2*/~Eu-Myc lymphomas to the
cytotoxic effects of Dxr by inhibition of a prosurvival pathway.
4E1RCat was targeting translation in vivo as determined by poly-
some profiles analysis (Fig. 5E).

Discussion

We have identified and characterized a small molecule inhibitor
that blocks interaction of eIF4E with two of its binding partners,
elF4G and 4E-BP1. Molecular modeling of 4E1RCat indicates
that it binds to eIF4E to the region that is also utilized by eIF4G
and 4E-BP1 for binding (Fig. 2). The binding site is also located
at residues that show preferential broadening of heteronuclear
single quantum coherence peaks by the small molecule inhibitor
4EGI-1 (11). However, the inhibitory properties of 4E1RCat are
different from 4EGI-1, because the latter blocks eIF4E:elF4G
but paradoxically increases eIF4E:4E-BP1 interaction (11).
These results indicate that 4E1RCat and 4EGI-1 share overlap-
ping but nonidentical sites.
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Fig. 3. 4E1RCat inhibits cap-dependent translation initiation. A. Inhibition of cap-dependent 80S complex formation by 4E1RCat. 32P-labeled m’ GpppG-FF Luc
A" or GpppG-HCV mRNA was incubated with cycloheximide (CHX) and either vehicle (1% DMSO) or 50 pM 4E1RCat in RRL. Total counts recovered from each
gradient and the percent mRNA bound in 80S complexes were—m’GpppG-FF/mRNA + 1% DMSO [58895 cpm, 14.2% binding]l, m’GpppG-FF/mRNA+
4E1RCat [60503 cpm, 10.6% binding], GpppG-HCV/mRNA + 1% DMSO [64426 cpm, 14.2% binding], and GpppG-HCV/mRNA + 4E1RCat [67592 cpm, 17%
binding]. B. Effect of 4E1RCat on the interaction between elFAE and GST-elF4Glsq7_gog (left), GST-elF4GII555 655 (center), and GST-4E-BP1 (right). GST-pull downs
were performed in the absence (lanes 1, 3, and 5) or presence (lanes 2, 4, and 6) of 4E1RCat. Glutathionine eluents were probed for the presence of GST-tagged
proteins (denoted by an asterisk) and elF4E by Western blotting. C. 4E1RCat inhibits elF4F complex assembly in vitro. Pull-down experiments from RSW were
performed as described in the Materials and Methods. GTP and m’GTP eluents were fractionated by SDS-PAGE and probed for the presence of elF4E, elF4A,
and elF4Gl by Western blotting. D. 4E1RCat inhibits eIF4F complex assembly in vivo. Pull-down experiments from cell extracts were performed as described in
the Materials and Methods. Input and m’GTP eluents were analyzed by SDS-PAGE and probed for the presence of elF4E and elF4Gl by Western blotting.

We note that 4E1RCat appeared to be a weaker inhibitor  eIF4E:eIF4G interaction, 4E1RCat is predicted to uncouple
than m’GTP in preventing 80S complex formation (Fig. 34  eIF4A binding to the mRNA from the eIF4E-cap recognition
and Fig. S2). The lower efficiency in inhibition may be due to  step, because cap-dependent eIF4A binding a priori requires
differences in binding affinities, the inability of 4E1RCat to effi- elF4E-cap recognition. One potential target that has been
ciently disrupt all preformed eIF4F complex, or the ability of  implicated in the chemosensitizing response is Mcl-1 (19, 22),
the newly released elFAG/elIF4A dimers to partially compensate  whose levels we find decreased in the presence of 4E1RCat
for loss of eIF4F activity. Along these lines, we note that eIF4AG (Figs. 4 and 5).

can function in stimulating mRNA translation independent of 4E1RCat represents a starting pharmacophore upon which
elF4E. Truncated mutants of elF4G that lack the elF4E-binding improve biological activity—both with respect to potency
site havef been' shoYVn to stimulate translation of uncapped (Fig. 1C) and selectivity (http:/pubchem.ncbi.nlm.nih.gov/
mRNAS in rabbit reticulocyte lysate (RRL) (23), restored trans- summary/summary.cgi?cid=16195554&loc=ec_rcs). Indeed, the
la.“"“ of gapped mRNASs in eIF4F-dep1eted RRL (24), apd n modeling results presented herein (Fig. 2) also suggests a frame-
vivo can stimulate initiation of translation (25). In reconstituted - D .

. T work for achieving this improvement—by extension of 4E1RCat
systems, eIFAG (lacking the eIF4E binding site) and eIF4A can into an adjacent binding groove (Fig. 2B). We are currently
cfficiently load 48S complexes on capped and uncapped B-globin exploring this avenue. 4E1RCat also 6ffers. a pharmacological

mRNA (26). These observations are consistent with reports : . - '
approach by which to interrupt eI[F4E-dependent signaling nodes

demonstrating that translation initiation is reduced, but not Y : : . :
abolished, by removal of the cap structure (27). Hence, we do not deregulated in neoplasia and provides a chemical genetic tool

expect complete inhibition of translation by 4E1RCat upon expo- ~ With which to explore translational control.
sure to cells, which is what was observed (Fig. 4B). .
We find that 4E1RCat can reverse chemoresistance in a Myc- IM?It_te"aTIS alng Meltho_(tis ) ot d translati f bicistroni
. . . . _ n Vitro Translations. In vitro transcriptions an ransiations o Icistronic
driven lymphoma model, consistent with the idea that deregu MRNA reporters were performed as previously described (28). Firefly (FF)

L%fi(}i{tcranslatlon playSH?4E01§ n th.ls phen.omen(.)llll (7) Bi;ause and renilla (Ren) luciferase (luc) activity (RLU) was measured using a Berthold
at prevents ¢ rom Interacting with two own Lumat LB 9507 luminometer. To eliminate luc quenchers, in vitro translation

protein par'tner.s, our ’date.l does th allow us FO dl?Crlmlnate reactions were performed with FF/HCV/Ren in the absence of compounds.
between which interaction is resp0n§1ble for th.e biological effects  after 1 h at 30 °C, compounds were added to the translations and FF and
observed. However, we favor the interpretation that 4EIRCat  Ren juc activity measured. To visualize in vitro translated products, reactions
acts through disruption of eIF4E:eIF4G interaction because this  yere performed in micrococcal nuclease treated Krebs extracts in the pre-
would be consistent with results demonstrating that blocking  sence of [35S]-methionine. Translations were analyzed on a 10% SDS-polya-
the eIF4A subunit of eIF4F from loading onto mRNA templates  crylamide gel, treated with En®Hance (PerkinElmer), dried, and exposed to
(13, 14) shows similar chemosensitizing properties. By targeting  X-Omat film (Kodak).

Cencic et al. PNAS | January 18,2011 | vol. 108 | no.3 | 1049

BIOCHEMISTRY


http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1011477108/-/DCSupplemental/pnas.1011477108_SI.pdf?targetid=SF2
http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1011477108/-/DCSupplemental/pnas.1011477108_SI.pdf?targetid=SF2
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=16195554&loc=ec_rcs
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=16195554&loc=ec_rcs
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=16195554&loc=ec_rcs
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=16195554&loc=ec_rcs
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=16195554&loc=ec_rcs
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=16195554&loc=ec_rcs
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=16195554&loc=ec_rcs

A FF/HCV/Ren B o> C

Vv
5P HCV & 02
Promoter FF Luc IRES RenLuc : :

& == DMSO
Q -

o = Hel.
@ e -0.3 4

=50uM

n
o
o;

w0
[=
=)

Volts

Polysomes

—_
W
1

W FF [Ren 044

-0.54

oy
(=)
1

T T T 1
0 200 400 600 800
Time [sec]

o
n
1

RLU (Relative to DMSO)
Relative Rate of Incorporation

4E1RCat

3.125
6.25
12.5
25
5
100
+ [PH-Thymidine

=
S

DMSO
m/GDP
GDP
Aniso

kDa
62 FF

475 B Mol

32.5 Ren
1234567891011

Fig. 4. Effects of 4E1RCat on translation. A. Effect of 4E1RCat on in vitro translations performed in Krebs extracts programmed with FF/HCV/Ren. A sche-
matic representation of FF/HCV/Ren mRNA is provided (top). In vitro translations were performed in the presence of 3°S-Met and a representative auto-
radiograph of the products after fractionation by 10% SDS-PAGE is provided (bottom). Reactions contained vehicle (1% DMSO) (lane 1), 500 uM m’GDP (lane
2), 500 pM GDP (lane 3), and 50 uM anisomycin (lane 4), the indicated concentrations of 4E1RCat (lanes 5-10), or lacked input mRNA (lane 11). Center: FF and
Ren RLU values (relative to DMSO controls) from two independent experiments with the SEM indicated. B. 4E1RCat inhibits protein synthesis in vivo. The rate
of incorporation of each radioisotope tracer into TCA-insoluble material was monitored and is expressed relative to vehicle (DMSO) treated cells, which is set
at 1. Results are the average of three experiments with the error of the mean shown. C. Polysome profiling analysis of Jurkat cells treated with 50 yM
4E1RCat. D. 4E1RCat inhibits c-Myc and Mcl-1 production. Jurkat cells were treated with 4E1RCat for 1 h, cell extracts prepared, and analyzed by Western
blotting for c-Myc (Santa Cruz SC-40), Mcl-1 (Rockland), and actin (Sigma A5441) expression.
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Fig. 5. 4E1RCat alters chemosensitivity of Pten/~Eu-Myc tumors in vivo. A. Representation of Eu-Myc model and treatment response. B. Kaplan-Meier plot
showing tumor-free survival of mice bearing Pten*/~Eu-Myc tumors following treatment with doxorubicin (Dxr, solid black line; n = 10), rapamycin (Rap, solid
green line; n = 9), Rap and Dxr (dashed black line; n = 10), 4E1RCat (4E1RCat, solid red line; n = 10), or 4E1RCat and Dxr (dashed red line; n = 10). C. Combina-
tion treatment of 4E1RCat and doxorubicin increases the percentage of apoptotic cells. Representative TUNEL staining on sections of Pten*/~Eu-Myc tumors
following treatments (original magnification x 20-fold). The percentage of cells that stained positive represents the average of four different fields, where 500
cells were counted per field. D. 4E1RCat inhibits Mcl-1 production in vivo. E. 4E1RCat inhibits protein synthesis in vivo.
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elF4F Pull-Down Experiments. Pulldown experiments of elF4F were performed
as previously described (14). In the case of RSW, this was treated for 1 h with
either 1% DMSO or 50 uM 4E1RCat, whereas for cell extracts, MDA-MB-231
extracts prepared from cells treated with either 1% DMSO or 50 uM 4E1RCat
for 4 h. Primary antibodies used were anti-elF4E (Santa Cruz), anti-elF4Gl
(Bethyl), and anti-elF4A (29). Secondary antibodies were from Jackson Immu-
no Research.

Treatment Studies. One million secondary Pten*/~Eu-Myc, Tsc2*/~Eu-Myc, or
Ep-Myc lymphoma cells were injected into the tail vein of 6-8 w old female
C57BL/6 mice. When tumors were palpable, mice were treated with rapamy-
cin (4 mg/kg daily for 5 d), 4E1RCat (15 mg/kg daily for 5 d), or doxorubicin
(once at 10 mg/kg). Compounds were administered via intraperitoneal
(i.p.) injection in 5.2% PEG 400/ 5.2% Tween 80. For combination studies,
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