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Breast cancer is the most frequent neoplasm in females. It is a heterogenous entity, classified into intrinsic subtypes
based on gene expression data and in corresponding clinical subtypes based on the determination of hormone receptor
expression and proliferative activity estimated from ki67 by immunohistochemistry. As for other tumors, the metabolism of
breast tumors depends on aerobic glycolysis ("Warburg-effect”) and the capability for effective biosynthesis of proteins.
Quantity and quality of protein biosynthesis is mainly controlled in the initiation phase of translation, which is characterized
by a complex interaction of eucaryotic initiation factors with the mRNA and ribosomal proteins to form a translationally
active ribosome. Thus the elF subunit composition varies from cancer to cancer and is a key factor for determining the
cancer cell's proteome. elFs can therefore become a suitable anti-cancer drug target. We here summarize the current
knowledge on elF expression and prognostic impact in breast cancer.
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Breast carcinoma (BC) remains one of the most serious health problems. It is a heterogeneous entity, and mainly
classified according to receptor status for estrogen (ER), progesterone (PR) and egf (HER2/Neu), as well as the
proliferation marker ki67. Gene expression in eukaryotes is regulated at the level of both gene transcription and
translation, where eukaryotic initiation factors (elFs) are key regulators of protein biosynthesis. Aberrant translation results
in an altered cellular proteome, and this clearly effects cell growth supporting tumorigenesis. The relationship between
various elFs and BC entities, as well as the related regulatory mechanisms, has meanwhile become a focus of scientific
interest. Here, we give an overview on the current research state of elF function, focusing on BC.

| 1. Introduction

Worldwide, breast carcinoma (BC) remains one of the most serious health problems. The global annual incidence of
reported BC cases is about 1,700,000. It is expected that incidence and mortality rates will increase significantly in the
next 5-10 years . Up to now, the median survival time in the advanced stage cohorts is still low (median survival time:
24 months) . In developing countries, the BC rates are disproportionately high, and are estimated to increase to 55% in
incidence, and to 58% in mortality, in the next 20 years . BC is a heterogeneous entity, varying in hormone receptor
status and expressions of human epidermal growth factor receptor (HER2) 4. These markers, together with proliferation
(as determined by ki67 expression or mitotic counts) and HER2 are used to assign BC to subtypes, and to predict the
response to targeted therapies.

Additionally, BC can be classified according to gene expression analysis into four major molecular subtypes, namely
luminal A, luminal B, HER2-enriched, and basal like B, From formalin-fixed paraffin-embedded (FFPE) BC samples, one
can directly determine the four original subtypes, by applying a multigene assay i.e., the pam50 gene expression
signature . However, in clinical pathological diagnosis, we usually apply immunohistochemistry (IHC) to distinguish the
four subtypes, by determining the status of the estrogen receptor (ER), progesterone receptor (PR), HER2 and Ki67 in BC
tissue. The different expression status of these four parameters can used to be catalogued the subtypes. Luminal A-like
subtype (approximate 40%) displays ER+ or PR+, or both, HER2- and low Ki67; luminal B-like subtype (approximate
40%) shows ER+ or PR+, or both, HER2- and high Ki67; HER2 subtype is divided into non-luminal (HER2+ and ER- and
PR- (or luminal (HER2+ and ER+ or PR+, or both); basal-like subtype (HER2- and ER- and PR-, also called triple
negative breast cancer). Up to now, at least ten different molecular subtypes have been identified using gene copy
number and expression analyses [8l. These molecular subtypes are then used to guide systemic therapy for BC.

BC subtypes differ markedly in prognosis and in the therapeutic treatment. BC patients are usually treated by combination
therapies of surgery, endocrine therapy, chemotherapy and radiotherapy. ER-positive BC patients are usually treated with
five years of adjuvant endocrine therapy (Tamoxifen for premenopausal women or aromatase inhibitor or a combination of
both after menopause). For preventing relapse in hormone-positive BC, patients might accept an extended endocrine
therapy beyond five years [&. Targeted therapy has substantially contributed to progress in BC therapy. Correspondingly,
improved personalized treatments have minimized the side effects and improved overall survival rates. However, there is



an annual increase in resistance rates to targeted drugs, depending on intra-tumor heterogeneity, adaptive processes and
the patient’s genetic variation . Even when targeted therapeutic strategies are applied, all breast cancer types might
confront the oncologist with developing drug resistance. BC could resist multiple treatment strategies, such as
chemotherapy, endocrine therapy or monoclonal antibody therapy. Hence, the current available targeted therapies are
often limited.

Eukaryotic gene expression is mainly regulated at the level of transcription and translation. The deterioration of protein
biosynthesis, divided into initiation, elongation, termination and ribosomal recycling, leads to an abnormal cellular
proteome that can cause uncontrolled cell growth, as far as carcinogenesis is concerned 19, Of the four stages of the
translational cascade, initiation is the pivotal rate-limiting step. The eukaryotic initiation factors (elFs) act as protein
complexes called elF1, elF2, elF3, elF4, elF5 and elF6.

Indeed, previous research has shown that the dysregulation of several elFs are related to carcinogenesis and cancer
progression [UMI2A3IA4IIS] |y this review, we will emphasize the contribution of elFs to breast carcinogenesis, and
provide a theoretical basis for new-targeted therapies.

2. Eukaryotic Translation Initiation Factors Dependencies in Breast
Cancer

In a recent publication, a strategy to identify putative drug targets based on the genetic manipulation of cancer cell lines
has been developed 28171, For this approach, cell lines have either been manipulated by systematic RNA-interference or
CRIPR/CAS9 knockdown of genes. In order to assess the importance of elFs for breast cancer cell lines, we have
downloaded the data for the CRISPR/CAS9 knockdown for the elFs available. A cancer dependency score of zero
indicates that a gene is not essential for a cell-line and a score of -1 represents the median of all common essential
genes. We therefore selected elFs that have a mean dependency score in breast cancer cell lines smaller than -1 (Figure
1). The lowest score was found for elF1AX, eif2S1 (elF2a), elF2S3 (elF2y) and elF3a. The importance of elF2a and
elF3A for breast cancer is clear from the literature. Interestingly for elF1AX and elF2y, published data are scarce and
deduced from the cancer dependency data—these genes should be investigated in more detail. Survival data from the
KMplotter indicate, indeed, a strong prognostic effect for elF2S3 and elF1AX 18! (Figure 2).

Figure 1. Cancer dependencies for the elFs as taken from the depmapportal (https://depmap.org/portal/). Only elFs
exhibiting mean dependencies lower than —1 are shown.

Figure 2. KM-plotter result for elF2S3 and elF2S3 for relapse-free survival in breast cancer.

| 3. Discussion

elFs regulate the assembly of the functional ribosomal complex. There are six elF-complexes participating in translation
initiation. Disorders of elF expression by over-expression, down-regulation or phosphorylation lead to carcinogenesis or
tumor progression. Disturbance of the translation initiation leads to an abnormal cellular proteome, followed by
uncontrolled cell growth. This highly controlled translation initiation process has attracted the attention of researchers,
leading to an increased interest in targeting cancer by modifying translation initiation. Recent research on elFs in BC has
significantly expanded our knowledge on the broad spectrum of different stimuli of mammary epithelial cells (Table 1),
having an impact on protein biosynthesis.

Table 1. elF subunits and differential expression in breast cancer cell lines.
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Abbr.: HMECs: human mammary epithelial cells; BMECs: bovine mammary epithelial cells. |: decrease; 1: increase;

Both elF1 and elF1la are required in translation initiation, by changing the ribosomal structure to facilitate mRNA-scanning,
in order to allow start codon recognition. elF1 can be affected by different types of genotoxic stress signaling.

The structure of elF2 is more complex with regard to the heterotrimeric composition of the three subunits elF2a, b and c.
Increased phospho-elF2a not only inhibits mRNA translation initiation, but also facilitates the translation of selected
mRNAs. In chemotherapy, Trastuzumab in HER2+ BC can initiate a PKR/elF2a-P pathway; elF2a-P may be a potential
biomarker for Trastuzumab efficacy. It is known that chemotherapy is associated with lots of side effects, limiting its use.
The inhibition of elF2a possibly suppresses BC growth and metastasis, which puts forward a new way of treating BC.

elF3 participates in a few physiological and pathological processes. Some of the subunits emerge as new potential drug
targets. elF3a is also a potential oncogene involved in cancer occurrence, metastasis and therapy response. According to
the physiological and pathological function, elF3a represents a potential drug target. We need more efforts to improve the
usability of currently available molecules or to design novel small molecule elF3a regulators.

Among all the subunits of elF4, elF4E is of very high concern. elF4E activity is regulated through the over-expression or
phosphorylation of its binding protein 4E-BP1 in female BC. Phospho-4E-BP1 is a potential candidate for therapies
directed towards its upstream kinase (mTOR). Moreover, the knockdown of elF4E has also been shown to reduce BC cell
migration and invasion.

As auxiliary proteins, participating in stimulating specific processes, the roles of elF5, elF5A and elF5B in BC have not yet
been well described during the protein translation cycle. Acting as a ribosomal anti-association factor, elF6 has never
been researched thoroughly either.

elFs principally act as regulators of the translation initiation stage, a highly critical step, of utmost interest for targeting
cancer. More detailed studies on elFs are needed to provide further insights into the translation process in malignancies,
which could provide important clues for the treatment of BC. Further studies on small molecule disruptors of elFs or
respective subunits will contribute to gaining a better understanding of the role of translational control, and will be one of
the main focuses of research in the coming years.
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