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Translational control of the proteome:
Relevance to cancer

Translational control is an important but relatively unappreciated mechanism that reg-
ulates levels of protein products. In addition to a global translational control that reg-
ulates the cell’s response to external stimuli such as growth factors, cytokines, stress
and viral infections, selective translational control has recently been demonstrated to
affect many genes related to growth and apoptotic processes. Modifications in the
5’untranslated region of these specific mRNAs may lead to an up-regulation of the
protein product by as much as 100-fold. Translational infidelity has been reported in
some human cancers for oncogenes such as c-myc and mdm2. Furthermore, mod-
ulation of selective translational control has also been demonstrated in cells over-
expressing the translation initiation factor eIF4E. Elevated levels of eIF4E were found
in a broad spectrum of solid tumors (breast, head and neck, colon and bladder carci-
nomas as well as in non-Hodgkin’s lymphomas). Other translation initiation factors and
translation components such as elongation factors and ribosomal proteins have also
been reported to be overexpressed in some human tumors. This review discusses the
relevance of these observations to a cell’s proteome and for tumorigenesis and how
the genomics and proteomics can be used to advance our understanding of the role of
translational control in cancer.
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1 Introduction to translational control

A large proportion of the cell’s resources is devoted to
translation and our appreciation of the range of biological
processes that entail translational control is expanding

rapidly. Numerous studies conducted several years ago
have demonstrated that the translation rate is a major
determinant of cell proliferation. Cell proliferation is ac-
companied by increased rates of protein synthesis and
translation rates generally increase in response to treat-
ment with growth factors, cytokines, hormones and mito-
gens [reviewed in 1]. The involvement of the initiation
phase in the control of cell proliferation has been strongly
documented [reviewed in 2]. Figure 1 represents a simpli-
fied schema of the initiation step of translation. The initia-
tion factor eIF4E has been extensively studied. eIF4E
binds to the cap structure at the 5’ end of the mRNA and
is a key determinant for cell growth [reviewed in 3, 4]. The
importance of eIF4E for growth control was demonstrated
by suppressing its activity: (i) expression of antisense
RNA against eIF4E mRNA results in lengthened cell div-
ision times and diminished translation rates [5]; (ii) ectopic
expression of the eIF4E-binding proteins (4E-BPs), inhib-
itors of eIF4E activity, reduces cell growth [6, 7]. The activ-
ity of several additional translation factors has been de-
monstrated to modulate cell proliferation.

More recently, an accumulation of evidence has pointed
to additional roles for translation factors in the control of
apoptosis. Indeed, eIF4E can mediate both proliferative
and survival signaling. Overexpression of eIF4E com-
pletely substitutes for serum in preserving the viability of
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Figure 1. Schematic drawing of the initiation phase.
Initiation factors are shown as labeled circles.

NIH 3T3 fibroblasts [8]. An anti-apoptotic role for eIF4E
was also demonstrated in rat embryo fibroblasts expres-
sing c-Myc, in that high eIF4E levels rescue the cells
from genotoxic and cytostatic drugs [9]. Enforced
expression of 4E-BP1 sensitizes fibroblasts to apoptosis
in a manner dependent on its ability to diminish eIF4E
activity [10]. This group of data demonstrates that
eIF4E-dependent protein synthesis suppresses apopto-
sis and contributes to cell survival. Another important
mechanism for regulating global rates of protein synth-
esis is the phosphorylation of the alpha subunit of the
initiation factor eIF2, which leads to reduced levels of
ternary complex (Met-tRNAi/eIF2/GTP) and an inhibition
of translation. The interferon-inducible double-stranded
RNA-activated protein kinase PKR, is responsible for
eIF2alpha phosphorylation and has also been exten-
sively studied. Induced synthesis of PKR in HeLa cells
activates apoptosis and fibroblasts overexpressing PKR
are more sensitive to double-stranded RNA promoted
apoptosis [11–13]. eIF2� mediates the induction of

apoptosis by PKR [14]. The initiation factor eIF5A is also
an inducer of apoptosis, its function however remaining
poorly understood [15].

Various individual ribosomal proteins and elongation fac-
tors also play some roles in regulating cell growth and
death. Apoptosis rate can be accelerated or decelerated
by overexpression or reduction of the level of elongation
factor-1 alpha (EF-1�) [16] and its rapid up-regulation is an
immediate early event during oxidative stress-induced
apoptosis [17]. Ribosomal protein S3a (RPS3a) modu-
lates cell growth and death [18, 19]. Enhanced expression
of the ribosomal protein S29 (RPS29) results in increased
apoptosis [20]. In general, the rate of protein synthesis is
rapidly reduced in most cells following the induction of
apoptosis. This inhibition is accompanied by the phos-
phorylation of eIF2� and by the cleavage of the initiation
factors eIF4GI, eIF4GII, eIF2� and eIF3-p35 subunit
[21–23]. Similarly, 4E-BP1 is cleaved during apoptosis
yielding a fragment that retains the ability to bind eIF4E
[24]. The cleavage of all these factors is dependent on
caspase 3 and represents possible events contributing
to translation inhibition in cells undergoing apoptosis.
Because translation factors play an important role in reg-
ulating cell proliferation and apoptosis, it is anticipated
that aberrations in their expression or activity may contri-
bute to malignancy.

Another feature of translational control that may link to
tumorigenesis is the recent demonstration that regulation
of the protein product levels of certain growth-related
genes is controlled selectively. Whereas global transla-
tional control impacts all mRNAs within a cell, selective
controls affect a subset or a single mRNA. An increasing
series of examples has accumulated over the last few
years. The selective translational control can be depen-
dent (i) on mechanisms that target ligands to individual
mRNAs, (ii) on the differential sensitivity of mRNAs to
subtle changes in the activity of components of the
translation machinery. Indeed, structural features in the
5’untranslated region of mRNAs such as a complex
secondary structure and upstream open reading frames
contribute to the efficiency of translation initiation by
eukaryotic ribosomes. Therefore, perturbations in selec-
tive translational control leading to alterations in the levels
of growth-related proteins may contribute to the mechan-
ism of neoplastic transformation.

This review discusses current data on the expression
of translation components in human tumors and trans-
lational infidelity as a new mechanism of tumorigenesis.
The requirement for global analysis by genomics and pro-
teomics to study translational control in cancer are also
discussed.
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2 eIF4E, a key factor or a model molecule
for deregulated translation in cancer?

Sonenberg and coworkers [25] first suggested that dereg-
ulation of a translation factor may participate to malig-
nancy. Indeed, the recognition of the cap structure at
the 5’ end of the mRNA, by the cap-binding protein
eIF4E, is a major regulatory event in translation. Further-
more, because ectopically expressed eIF4E stimulates
cell proliferation and suppresses apoptosis in growth
factor restricted cells, the hypothesis of Sonenberg and
coworkers was that the dysregulation of eIF4E may
also contribute to neoplastic transformation. They report-
ed that a moderate overexpression of eIF4E results in
dramatic phenotypic changes, including rapid prolifera-
tion and malignant transformation of NIH-3T3 fibroblastic
cells. The transformed cells exhibit anchorage-indepen-
dent growth, focus formation in soft agar, and tumor
formation in nude mice. CHO cells expressing the Myc
partner, Max are also transformed by overexpression of
eIF4E [26]. A direct interplay between eIF4E and the
ras oncogene in the process of tumorigenesis was sub-
sequently demonstrated [27, 28]. Decreasing eIF4E level
or activity by antisense RNA or 4E-BP1 ectopic expres-
sion, respectively, results in partial reversal of the trans-
formed phenotype and ras-mediated tumorigenesis [10,
29, 30].

Elevated levels of eIF4E were found in a broad spectrum
of transformed cell lines and solid tumors [31]. De Bene-
detti and co-workers first demonstrated a particular
abundance of eIF4E in breast carcinomas [32–36] and in
head and neck squamous cell carcinomas [37, 38]. Sub-
sequently, high levels of eIF4E have been observed in
colon adenomas and carcinomas [39], in non-Hodgkin’s
lymphomas [40] and in superficial and muscle invasive
primary bladder cancers [41]. Remarkably, eIF4E is re-
lated to the disease progression in these human cancers
and eIF4E abundance might be suitable as a prognostic
tumor marker for breast cancers [34, 35, 38–42]. In ex-
perimental tumors, manipulation of eIF4E function pro-
foundly affects not only tumorigenesis but also tumor
invasion and metastasis [reviewed in 43]. Reducing
eIF4E expression via antisense RNA suppresses both the
tumorigenic and angiogenic properties of a head and
neck squamous cell carcinoma cell line, as demonstrated
by loss of capacity to grow in soft agar, reduced expres-
sion of angiogenic factors, and loss of tumorigenicity in
nude mice [44]. It is noteworthy that elevation of eIF4E
in tumors is not a general consequence of the transform-
ation of the cells as for example, eIF4E is normally
expressed in melanoma [45]. eIF4E is also normal in
lung and pancreas carcinomas (L. Beretta, unpublished
observation).

While general protein synthesis is increased by eIF4E
overexpression in cultured cells, only a small proportion
of proteins is preferentially upregulated by eIF4E. An early
hypothesis was that eIF4E plays a role in carcinogenesis
by increasing general protein synthesis and by preferen-
tially upregulating a subset of putative growth promoting
proteins. This was first suggested with the demonstration
that mRNAs containing extensive secondary structure
in their 5’ noncoding region translate efficiently in cells
overexpressing initiation factor eIF4E [46]. Indeed, the
increased activity of eIF4E in human tumors dispropor-
tionally enhances the translation of a specific array of
potent growth regulatory and malignancy-related pro-
teins, including cyclin D1 and ornithine decarboxylase
(ODC) [47–50]. Depletion of eIF4E suppresses translation
of ODC mRNA [51]. Interestingly, it was previously report-
ed that overproduction of ODC associated with neo-
plastic transformation is caused by relief of translational
repression [52] and expression of an ornithine decarbox-
ylase dominant-negative mutant reverses eIF4E-induced
cell transformation [53]. Recently, it was also demon-
strated that inhibition of Myc-dependent apoptosis by
eIF4E requires cyclin D1 [9]. The increase in eIF4E in colon
carcinomas is accompanied in most but not all cases by
elevation of cyclin D1 levels [39]. Pim-1 protein expres-
sion is also regulated by eIF4E [54]. Most interestingly,
overexpression of eIF4E facilitates the synthesis of two
powerful tumor angiogenic factors, the vascular endo-
thelial growth factor (VEGF) and the basic fibroblast
growth factor (FGF-2), by selectively enhancing their
translation [55–57]. Elevated expression of eIF4E and
FGF-2 isoforms were observed during vascularization of
breast carcinomas [58]. Expression of eIF4E in superficial
and muscle invasive bladder cancer correlates with VEGF
expression and tumor progression [42].

3 Expression of other translation factors
in human cancers

As mentioned in Section 1, another important mechanism
for regulating rates of protein synthesis is the phospho-
rylation of eIF2�, which leads to reduced levels of ternary
complex (Met-tRNAi/eIF2/GTP). Expression of dominant
negative mutant forms of the eIF2� kinase PKR causes
the malignant transformation of immortal cells suggesting
that PKR acts as a tumor suppressor [59–61]. Over-
expression of p58 or TRBP (TAR RNA-binding protein),
cellular inhibitors of PKR also results in cell malignancy
[62, 63]. Even though PKR phosphorylates several sub-
strates, its function in growth control is most likely through
translation. Indeed, overproducing an eIF2� protein bear-
ing a mutation at its unique phosphorylation site causes
malignant transformation of the cells, whereas over-
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expression of the wild-type eIF2� does not [64]. Although
evidence for a role of PKR in cell transformation in vitro
accumulated, a role of PKR in tumorigenesis remains to
be demonstrated. The PKR knockout mouse is normal
and shows no tendency toward neoplasia [65]. PKR
expression and/or activity have been found elevated as
well as reduced in human tumors. In head and neck
squamous carcinomas, PKR expression increased with
the degree of cellular differentiation, as also observed in
the normal squamous epithelium [66, 67]. High level PKR
expression is associated with prolonged disease-free and
overall survival in patients with squamous cell carcinoma
of the head and neck region [68]. Consistent with the con-
cept that the expression of PKR parallels the degree of
cellular differentiation, increased PKR levels were noted
in the majority of colon tumors with increased cellular
differentiation [69]. High expression of PKR was observed
in breast cancer, however there is discordance regarding
PKR activity in breast carcinoma cells [70–72]. PKR levels
are lower in the human leukemic and preleukemic myeloid
cells presenting a deletion on chromosome 5q31 contain-
ing the transcription factor IRF-1 gene [73]. However,
lymphocytes derived from the majority of leukaemia
patients have normal levels of PKR [74]. High expression
of PKR was observed in hepatocellular carcinomas but
also in chronic hepatitis and liver cirrhosis [75]. Recently,
it was demonstrated that follicular cells express PKR
during thyroid carcinogenesis. PKR is more expressed
in papillary carcinoma than in nonpapillary carcinoma
and its expression may be associated with high vascular
invasion [76].

There are a number of other initiation factors that are over-
expressed in tumors as compared to nonmalignant cells.
Up-regulation of eIF2� is correlated with neoplastic trans-
formation of mammary epithelial cells [77]. Increased
expression of eIF2� may play an important role in the
development of non-Hodgkin’s lymphomas and is corre-
lated with their biological aggressiveness [40]. High levels
of eIF4GI due to gene amplification have been observed
in 30% of squamous lung carcinomas [78]. Interestingly,
overexpression of eIF4GI in NIH 3T3 cells promotes in-
creased focus formation, anchorage-independent growth,
and tumor formation in nude mice [79]. High levels of
eIF4AI mRNA are detected in human melanoma cells [44]
whereas eIF2B is elevated in some human breast can-
cer cell lines [72]. A number of eIF3 subunits are over-
expressed in various cancer cells. The int-6 gene, origin-
ally identified as a common integration site for the mouse
mammary tumor virus (MMTV) in mouse mammary
tumors, encodes the p48 component of eIF3. Expression
of eIF3-p48 is decreased in a consistent portion of human
breast and lung carcinomas [80]. Human p48 is found in
nuclear bodies and interacts with the Tax oncoprotein of

human T-cell leukaemia virus type I and the Ret finger pro-
tein [81, 82]. In contrast, amplification and overexpression
of the p40 subunit has been reported in breast and pros-
tate cancer [83]. EIF3-p110 mRNA is overexpressed in
testicular seminomas [84]. The human tumor marker
protein p150 was identified as the largest subunit of eIF3
(also known as p170/p180). Its expression level is up-
regulated in several human cancers including breast, cer-
vical, esophageal, and stomach carcinomas [85–87].
Expression of the initiation factor, hu-sui1, is repressed in
tumor cells from patients with hepatocellular carcinoma
and by hepatitis B X antigen [88]. A list of the translation
initiation factors identified to be dysregulated in human
cancers is presented in Table 1.

Table 1. Translation initiation factors reported to date to
have deregulated expression in human tumors

Protein Function Cancer

eIF4E Binds the mRNA cap Up–regulated in breast
[32–36], head and neck
squamous cell [37, 38]
and colon [39] carinomas,
non–Hodgkin’s lym-
phomas [40] and primary
bladder cancer [41]

eIF2� Modulates eIF2� Up–regulated in non–
Hodgkin’s lymphomas [40]

eIF2B Binds to eIF2�, eIF5 Up–regulated in breast
carcinomas [72]

eIF4G1 Binds eIF4E, in
eIF4Fcomplex

Amplified and up–regulated
in squamous lung cancer
[78]

eIF4A1 RNA helicase, in eIF4F
complex

Up–regulated in melanoma
[44]

eIF3–p40
eIF3–p48
eIF3–
p110
eIF3–
p150

Regulated 80S ribosome
dissociation and
mRNA binding to
40S ribosomal
subunits

Up–regulated in breast
carcinoma and prostate
cancer [83]

Down–regulated in breast
and lung carcinomas [80]

Up–regulated in testicular
seminoma [84]

Up–regulated in breast,
cervical, esophageal and
stomach carcinomas
[85–87]

eIF5A Stimulates eIF2
GTPase

Up–regulated in pancreatic
and colon cancers

Other translational components, including elongation fac-
tors and ribosomal proteins, are also found at abnormal
levels in some cancer cells. The elongation factor EF-1�
is elevated in tumors of the pancreas, colon, breast, lung
and stomach [89]. High levels of EF-1� mRNA have been
reported in pancreatic [90], colon [91, 92] and gastric [93]
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carcinomas. Mutations in the coding sequence of the
gene, gene amplification, and gene rearrangement do
not account for the high frequency of overexpression of
the EF-1� in colorectal and pancreatic cancers [94]. Sev-
eral ribosomal protein genes are overexpressed in pros-
tate and colon cancer cell lines and tissues [95–98].

4 Translation infidelity in tumorigenesis

It was previously demonstrated that mRNAs for several
growth factors and proto-oncogenes are poorly trans-
lated [99]. The regulated translation efficiency of these
mRNAs is mostly controlled by their 5’-noncoding
sequences. A growing body of evidence links certain
cancers to reduced translation of a tumor suppressor
gene or to elevated translation of a proto-oncogene. Willis
and co-workers [100] first demonstrated an aberrant
translational control of the c-myc oncogene in multiple
myeloma, leading to a 10- to 25-fold increase in the
amount of c-myc protein. They further observed a C-T
mutation, present in 42% of bone marrow samples
obtained from patients with multiple myeloma and suffi-
cient to cause enhanced translation of c-myc [101]. The
mdm2 gene, which has potential transforming activity
when overexpressed, is amplified in a significant percent-
age of sarcomas and other tumors. In addition, mdm2
proteins have been found overexpressed by more than
100-fold, resulting from enhanced translation, in a variety
of tumor cells [102, 103]. There are two transcripts from
the mdm2 gene. They arise from the use of different pro-
moters and differ only in their 5’ leaders. The long form
mdm2 mRNA contains two upstream ORFs and is ineffi-
ciently translated in comparison with the short form [104].
Overexpression of mdm2 in certain tumors results from a
switch in promoter usage. The short mdm2 form is gener-
ated by initiation from the internal p53-responsive pro-
moter region of the gene [103]. Transcripts that differ in
their 5’ untranslated regions have also been described
for the oncogene Gli1, involved in the formation of basal
cell carcinoma and other tumor types. These alternative
transcripts are generated by exon skipping. One of the
three transcripts identified (the shorter one) is induced in
basal cell carcinomas, is translated more efficiently and is
responsible for the up-regulation of Gli1 expression in the
tumor cells [105]. Again, in some head and neck squa-
mous cell carcinomas, failure to remove a 5’ intron with
eight upstream ATG codons from the HYAL1 gene, a can-
didate tumor suppressor gene, leads to the generation of
a second transcript species that is not translated [106].
Other examples of infidelity include a mutation of the
tumor suppressor protein p16 (Ink4) 5’UTR that creates
an upstream, out-of frame ATG initiation codon, reducing
its translation in melanoma [107]. In some cervical carci-

noma cell lines, integration of the papillomavirus DNA
generates an untranslatable form of APM-1 mRNA, a
gene with tumor suppressor properties [108]. A con-
served mechanism for controlling the translation of �-F1-
ATPase mRNA between the fetal liver and hepatocarci-
noma cells was demonstrated. This mechanism involves
translation-inhibitory proteins that bind the 3’-untrans-
lated region of �-F1-ATPase mRNA [109].

5 Application of genomic and proteomic
technologies to the study of translational
control

Several studies have demonstrated abnormal expression
of translation factors mRNAs in malignant tissues and
the impressive list above strongly suggests a link be-
tween the translational apparatus and cancer. However,
because of the lack of a systematic examination of a large
set of translation-related proteins, the specificity of these
observations remains questionable. What other trans-
lation factors show dysregulation in cancer tissues? Does
abnormal expression correlate with an abnormal activity
of these factors? What are the molecular effects of such
abnormalities? Most importantly, does alteration in the
expression of translation factors mark a critical transition
in cancer progression?

In the past few years, the development of DNA microarray
technology has provided a powerful means to compara-
tively analyze genome-wide patterns of mRNA expres-
sion. As part of a collaborative effort at the University of
Michigan, we are currently performing a systematic com-
parison of the mRNA expression of a large set of trans-
lation-related proteins in 220 human tumors, using oligo-
nucleotide microarrays as designed by Affymetrix (Santa
Clara, CA, USA). The 220 human tumors consist of
41 ovarian tumors, 57 lung carcinomas grades 1 and 3,
50 colon tumors, 24 oligodendrogliomas grades 3 and 2,
40 astrocytomas grades 4 and 1, and 8 pancreas tumors.
Among the approximately 6300 full-length human genes
contained in the HuArray chips, we selected 119 trans-
lation-related genes, including 23 initiation factors, 6 elon-
gation factors, 79 ribosomal proteins and 11 factors reg-
ulators of translation factor activities. Our data indicate
that abnormal expression level in tumors is selective to
some factors and is not a general feature of translation-
related genes as shown for some representative trans-
lation initiation factors in Fig. 2. In addition, abnormal
expression of some translation factors, not previously
reported in cancer, was detected. For example, eIF5A
expression is strongly up-regulated in pancreatic tumors
as compared to normal and in colon cancer. The poly(A)-
binding protein, PABPC1, interacts with eIF4G and

Proteomics 2001, 1, 1191–1199 Translation and cancer 1195



Figure 2. Tree view diagrams of the translation initiation
factor genes that have significant differences in expres-
sion levels between various tumor types.

modifies translation efficiency. In lung tumors, PABPC1
is strongly overexpressed. In other studies, expression
profiles of colorectal cancer cells from eight tumors with
corresponding noncancerous colonic epithelia, using a
DNA microarray consisting of 9216 genes and including
4220 genes of known function, identified among the
44 up-regulated genes: the ribosomal proteins L8, L18,
L18a, L29, L6, L3. L7, S5, S19 and eIF3-p110 and
among the 85 down-regulated genes, eIF3-p36 [110].
High expression of a very large group of ribosomal genes
was also correlated with ovarian tumors that were histo-
logically well differentiated, as compared to the most
poorly differentiated tumors [111]. High expression of
ribosomal proteins may therefore be correlated with less
aggressive ovarian tumors. Microarray analysis also
allows simultaneous monitoring of the translation state
and level of individual mRNA species, using probes gen-
erated from mRNAs separated according to degree of
ribosome loading, into well-translated and under-trans-
lated pools. This approach was shown to be an effective
tool for determining translation profile on mRNA level
for a large number of genes, as well as for identifying
translationally regulated genes [112, 113]. Applying this
approach to cells overexpressing translation factors as
well as cancer cells would lead to a fuller understanding
of the relevance of translational control in cancer. So far,
the synthesis of only a few proteins greatly enhanced by
eIF4E has been reported. A more global analysis of the
mRNAs that are strongly dependent on excess eIF4E for
efficient translation may result in a better understanding
of the role of eIF4E in malignancy.

Cellular behavior is dictated by protein activities and
the activity of a large number of translation factors is
regulated by their phosphorylation state or by caspase-
dependent degradation. Phosphorylation of initiation
factors provides the major means to control the rate of
mRNA binding to ribosomes. The phosphorylation status
of eIF4E, eIF4G, eIF4B, eIF3 and eIF2� correlates with
both translational and growth rates of the cell. An exam-
ple is the regulation of eIF4E activity by phosphorylation.
eIF4E is phosphorylatable on a single serine residue and
eIF4E phosphorylation enhances its activity. Both eIF4E
isoforms can be separated by 2-D PAGE as shown in
Fig. 3. It has to be noted that even though eIF4E is the
limiting factor in translation, both eIF4E isoforms are
detectable by silver staining of 2-D gels prepared from
whole cell extracts. In addition, pathways and kinases
involved in the phosphorylation of translation factors
have been related to cell growth and cellular transform-
ation. The two oncoproteins P3k (homolog of the catalytic
subunit of phosphoinositide (PI) 3-kinase) and Akt (also
called protein kinase B) were originally isolated from
tumorigenic retroviruses [114, 115] and induce oncogenic
transformation. Akt is a downstream target of PI-3 kinase
and affects numerous downstream targets, including the

Figure 3. Silver stained 2-D gel and position of the
unphosphorylated and phosphorylated forms of eIF4E.
As shown in the close-up sections, eIF4E is phospho-
rylated in proliferating cells but not in resting cells.
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protein kinase mTOR, responsible for regulating the phos-
phorylation and therefore activities of p70 S6 kinase and
4E-BP1. It was recently demonstrated that oncogenic
transformation by P3k and Akt is dependent on targets
that control translation and on the kinase mTOR, [116].
P70 S6 kinase has been shown to be amplified in breast
cancer [117–120]. Therefore, proteomic technology would
allow a better documentation of the activity of certain
translation factors in cancer cells.

6 Conclusion

There are sufficient indications of an important role for
translation in the regulation of the growth-related gene
products and cellular transformation that the translational
apparatus can already be considered an attractive target
for therapeutic intervention. There is an emerging new
class of anticancer compounds that inhibit translation
initiation, as for example eicosapentaenoic acid (EPA), a
polyunsaturated fatty acid. EPA exerts anticancer activity
in vitro and in animal models of experimental cancer. EPA
activates PKR and inhibits eIF2� [121]. A similar mechan-
ism of action has been previously described to mediate
the anticancer effects of clotrimazole [122]. EIF5A is the
only cell protein that contains the unusual basic amino
acid hypusine and recent data indicate that the post-
translational modification of eIF5A could be a suitable
target for the potentiation of the activity of anti-cancer
drugs [123]. Interestingly, tumor therapy based on IL-15
gene transfection, using alternative IL-15 cDNA with high
translational efficiency, was reported to be effective
against murine fibrosarcomas [124]. Therefore, it is antic-
ipated that detailed knowledge about global and selective
translation controls in the normal and malignant cells will
yield invaluable information about mechanism of action
and efficacy of existing and novel therapeutics for the
treatment of human cancer.
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