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eIF4E3, a new actor in mRNA metabolism 
 and tumor suppression
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The eukaryotic translation initiation fac-
tor eIF4E is a potent oncogene elevated 
in an estimated 30% of human cancers.1,2 
Its elevation in mouse models and tissue 
culture is linked to tumorigenesis and 
transformation, respectively. eIF4E acts 
in mRNA export and translation of spe-
cific transcripts by binding the methyl  7 
guanosine cap found on the 5' end of 
mRNAs. These transcripts typically 
encode proteins involved in prolifera-
tion, survival, invasion and metastases.3,4 
The eIF4E family is comprised of three 
members:5 the most commonly studied is 
referred to as eIF4E1 or eIF4E (as above); 
the second member is eIF4E2, also known 
as 4E-HP; and finally, the third member 
eIF4E3, which, to date, has been the least 
studied.

New findings suggest that, unlike 
eIF4E1, eIF4E3 acts as a tissue-specific 
tumor suppressor.6 For instance, eIF4E3 
inhibits expression of both mRNA export 
and translation targets of eIF4E1, con-
sistent with its nuclear and cytoplas-
mic localization (Fig. 1A). Importantly, 
eIF4E3 overexpression represses oncogenic 
transformation. Further, eIF4E3 expres-
sion is severely reduced in acute myeloid 
leukemia (AML) specimens and lost in 
HNSCC (head and neck squamous cell 
carcinoma), where in both cases eIF4E1 
levels are known to be highly elevated. 
Given the potential role of eIF4E3 in sup-
pressing eIF4E1 function, it seems likely 
that these cancers are driven by both the 
gain of oncogenic activity of eIF4E1 and 
loss of the suppressive activity of eIF4E3.

Making eIF4E3 unique among the 
family members is its novel recognition of 
the m7G cap moiety on the RNAs. For all 
the family members, cap-binding activ-
ity is central to their biological activities. 

Highlighting the importance of this activ-
ity, a cap competitor ribavirin inhibits 
eIF4E1 activity in AML patients leading 
to clinical responses.7 Previous studies 
suggested that the only manner by which 
eIF4E family members recognize the m7G 
cap was through intercalation of the m7G 
cap between two aromatic residues, form-
ing a sort of aromatic sandwich. However, 
initial studies of the eIF4E3 sequence 
revealed that it was missing one of the 
conserved aromatic residues to make such 
a sandwich.5 This led to the hypothesis 
that eIF4E3 did not bind the m7G cap. 
However, our recent NMR and biophysi-
cal studies indicate that eIF4E3 does bind 
the cap using a unique mode of m7G cap 
recognition and discriminates between 
m7G and guanosine.6 This involves an aro-
matic residue on one side of the cap moiety 
and a cluster of hydrophobic and charged 
residues making extensive contacts on the 
other side, including an important con-
served cysteine residue (Fig. 1B). This 
binding modality leads to weaker binding 
than eIF4E1, but similar to eIF4E2.

Aside from its novel cap recognition 
strategy, eIF4E3 displays other differ-
ences relative to eIF4E1. One example 
is that eIF4E3 does not associate with 
critical regulators of eIF4E1 function. For 
instance, eIF4E must bind eIF4G in order 
to associate with the ribosome, and, addi-
tionally, 4E-BP1 is a key negative regula-
tor of eIF4E1.4 In cells, no association is 
detected between either 4E-BP1 or eIF4G 
and eIF4E3. Biophysical studies dem-
onstrate that binding of these factors for 
eIF4E3 is very much reduced relative to 
eIF4E1. Thus, eIF4E3 is not expected to 
actively engage the ribosome or compete 
for at least one class of inhibitor (4E-BP1). 
Structural analyses of the dorsal surface of 

eIF4E3, which is the expected binding site 
for these regulators, indicate that struc-
tural differences underlie the observed 
behavior. Another difference between 
eIF4E1 and eIF4E3 is that the central 
residue for phosphorylation-mediated 
regulation of eIF4E1 (S209)1 is absent in 
eIF4E3.

Our current model is that eIF4E3 
competes for the same pool of transcripts 
as eIF4E1, thereby impeding the abil-
ity of eIF4E1 to promote the expression 
of these proliferative and survival fac-
tors (Fig. 1A). Our studies suggest that 
eIF4E3 impacts both mRNA export and 
translation.6 Given the reduced affinity 
of eIF4E3 for the cap structure, it seems 
likely that additional co-factors associate 
with eIF4E3 in cells to increase its affinity 
for the cap. Alternatively (but not mutu-
ally exclusively), there could be additional 
elements in the RNAs themselves, such as 
the 4E-sensitive element (4E-SE) identi-
fied for eIF4E1,3 that promote recruitment 
of eIF4E3. Determination of the RNA 
pools affected is obviously very important. 
Another interesting twist is the presence of 
a variant form of eIF4E3, which is missing 
the first 89 residues and, thus, many of the 
residues required for cap binding. It will 
be exciting to determine what roles this 
variant may play in the cell. Importantly, 
the tissue distribution of eIF4E3 is more 
limited than eIF4E1, indicating that this 
level of regulation is context-specific.6

Many inhibitory mechanisms have 
been described for eIF4E1, mainly 
through the interaction of negative regu-
latory proteins such as 4E-BP1, PML and 
VPg with its dorsal surface.4,8 The mecha-
nism proposed here is completely novel 
in that eIF4E3 is competing for the same 
pool of RNAs through a novel cap binding 
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activity. Given that eIF4E3 impedes onco-
genic transformation and its expression is 
lost in some cancers, this new mechanism 
likely has important biological and per-
haps clinical implications.
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Figure 1. Schemes depicting the regulation of eIF4E1 activity (A) and the sequence features of 
eIF4E1 and eIF4E3 (B). (A) Model showing eIF4E3 competition of both nuclear and cytoplasmic 
functions of eIF4E1. For simplicity, only two regulatory proteins are shown (PML and 4E-BPs). The 
protein X on eIF4E3 represents a possible co-factor(s), which could increase its affinity for the 
cap in cells. The red circle denotes the cap on the 5' end of the mRNA. In (B), asterisks highlight 
the regions involved in cap recognition, including the important Trp residues (W) in eIF4E1 and 
their corresponding residues in eIF4E3 (see main text). Black arrows on eIF4E3 show the N- and 
C-terminal ends for the second variant of eIF4E3. Secondary structure elements are shown by 
red cylinders and blue arrows for α-helices and β-strands, respectively. Note that there is ~25% 
identity between eIF4E1 and eIF4E35 and 100% identity between the second variant of eIF4E3 and 
the corresponding region of eIF4E3 variant 1.


