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Versatility of the translational machinery during stress:
changing partners to keep dancing
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Cap-dependent translation is initi-
ated by the binding of eIF4E to the
cap structure at the 5’ end of mRNAs.
During hypoxic stress, global transla-
tion decreases because eIF4E is inac-
tivated. In a recent article in Nature,
Lee and colleagues show that residual
hypoxic translation is maintained by
a specialized isoform of eIF4E, which
binds to target mRNAs in complex
with a hypoxia-induced RNP.

Translation of most messenger RNAs
in the cell is initiated by binding of eu-
karyotic initiation factor (eIF) 4E to the
m’GpppN cap structure at the mRNA
5" end. Multiple eIF4E isoforms have
been described in a variety of organ-
isms along the evolutionary scale, but
their functions remain for the most part
obscure [1]. Translation is drastically
reduced upon low oxygen tension (hy-
poxia) by mechanisms that inhibit the
function of elF4E. Cell function under
hypoxia, however, is maintained by a
significant degree of “residual” transla-
tion. In a recent article in Nature, Lee
and colleagues show that the elF4E
homologue 4E2, in complex with the
transcription factor HIF-2a and the
RNA-binding protein RBM4, sustains
cap-dependent translation during hy-
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poxia [2]. Thus, by using a specialized
isoform of eIF4E in complex with a
hypoxia-induced RNP, the translational
machinery preserves selective protein
synthesis during stress (Figure 1).

The hypoxia inducible factor (HIF)
family of transcription factors maintain
cellular oxygen homeostasis. HIF-2a. is
induced under hypoxia and activates the
expression of epidermal growth factor
receptor (EGFR), a factor that confers
growth advantage to hypoxic tumor
cells. Lee and colleagues first show that
the accumulation of EGFR is indepen-
dent of the transcriptional activity of
HIF-2a. First, EGFR protein accumu-
lates in cells treated with transcription
inhibitors; second, no changes in the
steady state amounts of EGFR mRNA
are detected upon hypoxia; and third,
depletion of HIF-1f, a factor required
for HIF transcriptional activity, has no
effect on EGFR expression. These re-
sults pointed to a surprising direct role
of HIF-2a in EGFR mRNA translation,
a notion reinforced by the finding that
HIF-2a associates with polysomes.

The authors further show that HIF-
2a associates to a region of EGFR 3’
UTR that is necessary and sufficient to
drive translation of reporters in a HIF-
2o-dependent manner. HIF-2a does
not contain discernible RNA-binding
motifs, raising the possibility that RNA
binding is mediated by interactions
with bridge RNA-binding proteins. An

unbiased search for HIF-2a interactors
identified RBM4, a protein involved
in translational control [3, 4]. RBM4
interacts with the HIF-2a-responsive
region of EGFR 3’ UTR, and its deple-
tion results in dissociation of HIF-2a
from EGFR mRNA, indicating that
RBM4 recruits HIF-2a to the 3" UTR
of the EGFR transcript. Furthermore,
depletion of RBM4 abrogates the hy-
poxic translation of endogenous EGFR
or EGFR reporters without affecting the
levels of HIF-2c.. Thus, RBM4 mediates
the effects of HIF-2a in hypoxic transla-
tion of EGFR mRNA.

But the HIF-2a/RBM4 complex
regulates more than just EGFR trans-
lation. Silencing of HIF-2a or RBM4
considerably reduced the rate of global
hypoxic translation as measured by *S-
methionine incorporation into nascent
proteins. UV crosslinking of RNAs
associated with the HIF-2o/RBM4
complex identified CGG or CG boxes
in hundreds of transcripts, a hallmark of
RBM4 binding [5]. Consistent with the
relevance of the RBM4 site, mutation
of a specific CGG box in the 3’ UTR
of EGRF abrogated hypoxia-induced
translation of a reporter. The CGG,
however, was not sufficient to confer
hypoxic translation, as it must be em-
bedded in a region that the authors refer
to as the tHRE (RNA Hypoxia Response
Element).

How does the HIF-2a/RBM4 com-
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Figure 1 Translational control under hypoxia. In normal growing conditions (normoxia, 21% O,), translation of the vast major-
ity of transcripts is initiated via a mechanism where elF4E binds to the cap structure (black circle) together with elF4A and
additional factors (elF4G and PABP, gray ovals) to promote ribosome recruitment. In this condition, 4EBP remains hyper-
phosphorylated and inactivated by mTOR. Under hypoxia (1% O,), inactivation of mTOR leads to accumulation of hypophos-
phorylated 4EBP, which binds and inactivates elF4E leading to reduced global translation. Hypoxia also induces the expres-
sion of HIF-2a, which interacts with RBM4, elF4A and elF4E2. Binding of RBM4 to the RNA Hypoxia Response Element (rHRE)
allows the recruitment of this complex to a subset of transcripts and their translation by an elF4E2-dependent mechanism.

plex stimulate global translation under
hypoxia? The cap-binding complex,
composed of elF4E, the RNA helicase
elF4A and the scaffolding protein
elF4G, is a common target for transla-
tion regulation. Testing interactions with
components of this complex revealed
that neither HIF-2a nor RBM4 interact
with elF4E or elF4G, but they do inter-
act with eIlF4A and the elF4E isoform
4E2, suggesting that the HIF-2o0/RBM4
complex binds to an alternative cap-
binding assembly. eIF4E2, also known
as 4E-homologous protein (4EHP) [6],
does not interact with elF4G and binds
only weakly to 4EBP1, a factor that
binds and inhibits e[F4E under hypoxia
[2, 7-9]. The low affinity of eIF4E2
for 4EBP1 explains its resistance to
inactivation in this metabolic condi-
tion. HIF-20. and RBM4 are retained in
m’GTP cap columns under hypoxic, but
not normoxic, conditions and silencing
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of eIF4E2 prevents this binding. Thus,
elF4E2 tethers the HIF-20/RBM com-
plex to the cap structure.

Importantly, silencing of eIF4E2,
but not elF4E, prevented the transla-
tion of rHRE-containing targets and
dramatically reduced the amount of **S-
methionine incorporation into nascent
proteins under hypoxia. Conversely,
silencing of elF4E, but not elF4E2,
inhibited basal translation of HIF-2a
targets and reduced global translation
under normoxia. These results uncov-
ered a switch from elF4E- to elF4E2-
dependent translation in response to
oxygen tension (Figure 1). They further
identified eIF4E2 as an activator of
translation.

One question that emerges from this
study is why eIF4E2 does not function
in general translation during normoxia.
The explanation may lie on the obser-
vation that el[F4E2 has a weak binding

affinity for the cap structure and, in
normal conditions, it cannot compete
with elF4E for cap binding [10]. During
hypoxia, however, eIF4E is inactivated
by 4EBP, increasing the chances that
elF4E2 binds the cap. Increased local
concentration of eIF4E2 on specific
targets promoted by interactions with
RNA-binding proteins [2], or post-
translational modifications of elF4E2
[11] may contribute to translational
stimulation under particular conditions.
Finally, interaction of eIF4E2 with
specific initiation factor isoforms could
also provide versatility in translational
control.

The stimulatory role of e[F4E2 in
translation during hypoxia contrasts
with the known function of this factor
in other biological contexts. During
Drosophila embryo axis formation, for
instance, d4EHP is recruited to caudal
and nanos mRNAs by the RNA-binding
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proteins Bicoid and Brat, respectively,
and inhibits the translation of these tran-
scripts [12, 13]. The capacity of d4EHP
to inhibit translation has been attributed
to its inability to bind eIF4G, which has
a primarily scaffolding function during
translation initiation and supports mul-
tiple interactions for ribosome recruit-
ment. In agreement with this, human
elF4E2 does not interact with elF4G
during hypoxia. How can then eIF4E2
stimulate translation? One possibility
is that a specific eIF4G isoform acts
together with e[F4E2 during hypoxia.
Indeed, precedent for functional eIF4G
isoforms exist in the literature. The
elF4G homologue protein DAP5/p97
is known to support translation of select
mRNAs during endoplasmic reticulum
stress and has also been proposed to
function in non-stressed cells [14, 15].
Although DAPS lacks the elF4E-bind-
ing domain, it could retain the capacity
to interact with eIF4E homologues.
Alternatively, novel proteins could
substitute for the scaffolding function
of elF4G during translation initiation.
One candidate for this is HIF-2a itself,
which strongly interacts with elF4A.
Delineation of the composition of the
cap-binding complex associated with
elF4E2 during hypoxia may clarify
these issues. Nevertheless, the results
of Lee and colleagues illustrate the
plasticity of the translational machinery
to adapt to changing metabolic condi-
tions.
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