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Abstract

Activation of translation initiation is a common trait of cancer cells. Formation of the
heterotrimeric eukaryotic initiation factor F (elF4F) complex is the rate-limiting step in 5
m7GpppN cap-dependent translation. This trimeric complex includes the elF4E cap binding
protein, the elF4G scaffolding protein, and the DEAD box RNA helicase elF4A. elF4A is an ATP-
dependent helicase and because it is the only enzyme in the elF4F complex, it has been shown to
be a potential therapeutic target for a variety of malignancies. To this end, we have used a simple
ATPase biochemical screen to survey several hundred marine and terrestrial derived natural
products. Herein, we report the discovery of two natural products from marine sources, elisabatin
A (1) and allolaurinterol (2), which show low uM inhibition of elF4A ATPase activity.
Enzymological analyses revealed 1 and 2 to be ATP-competitive, and cellular evaluations showed
reasonable cytotoxicity against A549 (lung cancer) and MDA-MA-468 (breast cancer) cell lines.
However, only compound 2 showed potent inhibition of helicase activity congruent with its
ATPase inhibitory activity.
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Ongoing problems with resistance to cancer chemotherapies have led researchers to
investigate the possibility of targeting nodes of regulation in cancer cells.! A number of
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examples of these efforts have appeared in recent years including clinically approved
proteasome inhibitors? and compounds targeting HSP90 that are or have been in clinical
trials.3 Another potential target in this genre is the DEAD-box RNA helicase associated with
the eukaryotic initiation factor complex (elF4F), called elF4A.* Recruitment of ribosomes to
mRNA to initiate translation is a carefully regulated process requiring several protein
complexes. The rate limiting step in this process is the formation of the elF4F heterotrimeric
complex that then recruits the 43S pre-initiation complex, which allows for 5° UTR
scanning of the mMRNA.® In many malignant cells, increased translational rates are observed
and this is often due to increased levels of elF4F proteins.5:” Moreover, because the length
and complexity of the 5° UTR greatly influences elF4A activity and many oncogenes
contain complex 5 UTRs, targeting this activity has been shown through genetic and
chemical biological strategies to be a viable cancer therapeutic strategy.*#-10 However, to
date, this has not been clinically validated.

The Eukaryotic Initiation Factor 4A (elF4A) is the founding member of the DEAD-box
RNA helicases, structurally related to ATP-dependent enzymes involved in RNA processing
and translation. 11-13 e]F4A forms the enzymatic core of the elF4F translation-initiation
complex, which unwinds secondary structures at the 5" ends of mRNAs, permitting
scanning for start codons by 43S ribosomal pre-initiation complexes.!* Natural products that
interfere with elF4F, such as silvestrol,12:16 pateamine A,17.18 and hippuristanol (Fig. 1),%19
have potent anti-tumor activities and act by altering elF4A’s interaction with RNA.8

In an effort to discover lead compounds that inhibit elF4A, a simple malachite green based
assay was employed.20-22 |n this assay, the release of inorganic phosphate (P;) from ATP
forms a phosphomolybdenum complex that interacts with malachite green, generating a
green signal, which can be converted to the amount of inorganic phosphate, P;. Although this
assay is not as sensitive as some coupled assays23:24 or radioactive assays,* it does not
require deconvolution of the signal as coupled assays do (to account for potential inhibition
of a coupling enzyme) and it is higher throughput and more environmentally friendly than
radioactive assays. Evaluation of the statistical parameters of the assay revealed a robust
signal with excellent statistical parameters (Z-factor >0.7; using EDTA as a positive control
and DMSO as a negative control) when screening with 500 nM elF4A and 250 UM ATP,
indicating this procedure should give reliable data in a high-throughput context. As such, the
malachite green assay was readily adapted to 384-well plates and used to screen 500 marine
and terrestrial derived natural products. Moreover, because this is a high-throughput assay, a
small panel of other DEAD box helicases was screened in parallel to look for elF4A
selective compounds. Our preliminary screen produced four hits (a 0.8% hit rate). After
further investigation, we proceeded with two hits, elisabatin A (1) and allolaurinterol (2)
(Fig. 1). Also, shown in Fig. 1 is the known elF4A inhibitor hippuristanol (3). The two hits
from this work, 1 and 2, were subsequently confirmed in triplicate and then advanced to an
8-point dose-response, which confirmed both compounds to be single-digit UM inhibitors of
elF4A activity (Fig. 2A and C).

After confirming compounds 1 and 2 to be bona fide elF4 A inhibitors, the mechanism of
inhibition was explored using a Lineweaver-Burke analysis. To do so, four concentrations of
each of the inhibitors were screened against serial dilutions of substrate (ATP) to get a series
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of rates. The reciprocal rates were then plotted as a function of the reciprocal substrate
concentration. In this analysis, the point of intersection of the four lines informs the
mechanism of inhibition. In the present case, the lines converge at the y-axis (Fig. 2B and
D), which indicates an ATP-competitive mechanism of inhibition.25:26 A replot of the slopes
of these lines as a function of inhibitor concentration yields a straight line that intersects the
x-axis at the negative value of the K; (Fig. 2B and D insets). The K;s for 1 and 2 are 55.04
and 3.86 pM, respectively.

During the initial screen of the natural products collection, a panel of DEAD box helicases
was evaluated, but to broaden the scope of this selectivity search, a larger panel of ATP-
utilizing enzymes, including the initial DEAD box helicases, was evaluated using an 8-point
serial dilution dose-response. In this analysis, standard P-loop utilizing enzymes (p97,
DDX3, DDX17, and DDX39A)27 were used as well as the non-P-loop chaperones (GroEL
and HSPA1A).28 As shown in Fig. 3, both compounds 1 and 2 are selective for elF4A, with
most other enzymes surveyed having 1Csq values greater than 100 uM. However, there was
modest inhibition of DDX39A by compound 1, although elF4A selectivity was ~20-fold.
The precise reason for compound 1 being less selective relative to DDX39A is not currently
understood.

Next, the effects of compounds 1 and 2 on elF4A mediated helicase activity were measured
and compared to the known elF4A inhibitor 3. Compound 3 is an allosteric modulator that
binds to the C-terminal region of elF4A,1° whereas 1 and 2 are ATP-competitive molecules
most likely binding to the ATP-binding pocket at the interface between the N-terminal and
C-terminal domains.2? It was, therefore, of interest to determine if inhibition of ATP
hydrolysis blocks the RNA resolving action. The assay used for this analysis uses a
fluorescently labeled strand of RNA annealed to a template next to a black-hole quencher,
which blocks fluorescent signaling when both strands are annealed to the template. Upon
introduction of elF4A, elF4B, and ATP, the fluorescent strand is released from the template,
dequenching the fluorophore and providing a robust signal.3% In order to prevent rebinding
to the original strand a large excess of a blank template is present. All three of the
compounds were used at 100 uM. Surprisingly, even at this level, compound 1 showed only
modest inhibition of elF4A (34%) relative to a DMSO control, whereas compound 2 showed
near complete inhibition of the helicase activity, at a level similar to compound 3 (Fig. 4).
Presently, this difference between compounds 1 and 2 remains without an explanation.

Finally, the cytotoxic activities of compounds 1 and 2 were evaluated against a lung cancer
cell line (A549) and a breast cancer cell line (MDA-MA-468). A previously reported
compound, elisabatin B, which was isolated from the same organism as 1, had been reported
to have cytotoxic activity against a variety of cancers in the NCI-60 panel,3! but only modest
activity was reported for compound 1 against the NCI-60 panel.33 Compound 2 has been
previously shown to have antibiotic activity, but had not been reported to have cytotoxic
activity against cancer cell lines.32 However, given the current discovery that compounds 1
and 2 target elF4A, it was expected that they would have cytotoxic activity. To this end, an
MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay was used to
determine the LDsg of both compounds using an 8-point dose response (Fig. 5). Both
compounds showed modest toxicity against A549 (40.2 uM and 41.4 yM) and MDA-
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MA-468 (35.2 uM and 31.7 uM) cell lines. These values are approximately 10-fold higher
than the ICgq values. A number of factors may contribute to this difference including limited

ce
on

ph

llular penetrance or metabolism. Although these studies do not indicate elF4A to be the
ly cellular target of 1 and 2, it is likely a mode of cellular action. Improvement of the
armacology and potency of 1 and 2 will be reported at a later date.
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Fig. 1.
elF4A inhibitors from an ATP hydrolysis screen against a small collection of marine derived

natural products. Elisabatin A (1) was from extracts of the West Indian gorgonian octocoral
Pseudopterogorgia elisabethae. Allolaurinterol (2) from dichloromethane extract of the
marine red alga Laurencia obtusa. Hippuristanol (3) is a previously reported elF4A inhibitor.
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Compounds 1 and 2 inhibit eIF4A in an ATP competitive manner. A) Dose response of
compound 1 and elF4A. elF4A ATPase activity was measured in the presence of serial
dilutions of 1 and the percent inhibition was plotted as a function of [1] using a semi-log
plot. B) Lineweaver-Burke analysis of 1 reveals a predominantly competitive mechanism.

The inset shows a slope replot of the data as a function of inhibitor concentration. C) Dose-
response for compound 2 conducted as for 1. D) Lineweaver-Burke analysis of compound 2
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reveals a predominantly competitive mechanism of inhibition. The inset shows a slope replot

of the data as a function of inhibitor concentration.
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Fig. 3.
Both compound 1 and 2 show selectivity for elF4A in biochemical assays. A), B)

Compounds 1 and 2 were both measured against the panel of ATPases indicated along the x-
axis. * indicates the 1Cgq is >100 pM.
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1 2 3

Helicase activity assays. The ability of compounds 1 and 2 to inhibit elF4A helicase activity
were measured in a helicase assay and compared to 3. The helicase assay used measures the
dequenching of a fluorophore upon release from a double strand in the Presence of elF4A

and elF4B.
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Cytotoxicity of compounds 1 and 2. A) An 8-point dose-response against A549 lung cancer
cells. Cell viability was measured using an MTT assay and percent survival was plotted as a
function of compound concentration on semi-log axes. The LDsg values are 40.2 uM and
41.4 uM for 1 and 2, respectively. B) Same as A) except MDA-MA-468 breast cancer cells
were used. The LDgq values are 35.2 pM and 31.7 uM for 1 and 2, respectively. Circles

indicate compound 1 and squares are compound 2.
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