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Abstract 
 
Introduction: 
Pancreatic cancer is one of the major causes of cancer related death worldwide. Its 

most important subtype is pancreatic ductal adenocarcinoma (PDAC). Deregulation 

of protein synthesis has been observed in various malignancies. Translation 

initiation is the rate-limiting step of protein synthesis which is regulated by eukaryotic 

translation initiation factors (eIFs). Differential expression of various eIFs has 

recently been reported in a range of malignancies. However, knowledge concerning 

eIF expression in PDAC remains scarce. The aim of this work was to provide 

insights into eIF expression patterns in PDAC and to analyze potential usefulness 

of eIFs as prognostic biomarkers. 

 

Methods: 
Immunohistochemistry (IHC) was used to characterize eIF expression in 174 cases 

of PDAC compared to 9 non-neoplastic pancreatic tissues (NNTs). In vitro 

expression analysis was performed on protein level using Immunoblots for PDAC 

(n = 56) and NNT (n = 28) and on mRNA level using qRT-PCR for PDAC (n = 38) 

and NNT (n = 22). Survival analysis was performed with protein expression data 

and in silico with The Cancer Genome Atlas (TCGA) public dataset (n = 125).  

 

Results: 
PDAC samples showed differential expression of various eIF subunits such as 

downregulation of eIF1, eIF2, eIF3C and eIF6 and upregulation of eIF3A in IHC. 

Immunoblot analysis confirmed the downregulation of eIF1, eIF2, eIF3C and eIF6 

and further showed downregulation of eIF1A, phosphorylated eIF2 (p-eIF2), 

eIF3B and eIF4E. mRNA levels of EIF1 and EIF1AX were found at lower levels in 

PDAC samples. High eIF2 protein level correlated with worse outcome. 

Additionally, high EIF2A and EIF3C mRNA levels correlated with poor prognosis, 

whereas high EIF1 mRNA predicted better outcome.  
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Conclusion: 
In this work, alterations in the expression of various eIFs in PDAC were 

demonstrated on protein and mRNA level, indicating their importance for pancreatic 

tumorigenesis.  

Additionally, their relevance for tumor biology is supported by the findings, that EIF1, 

EIF2A and EIF3C mRNA as well as eIF2 protein levels significantly correlated with 

patient overall survival. They might therefore serve as prognostic biomarkers. 

However, further investigation is needed to fully understand the molecular 

mechanisms and implications of eIFs in PDAC tumorigenesis.  
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Zusammenfassung 
 
Einleitung: 
Das Pankreaskarzinom ist eine der häufigsten Ursachen für Krebs-assoziierte 

Mortalität weltweit. Der häufigste histologische Subtyp ist das duktale 

Adenokarzinom (PDAC). Unter einer Vielzahl von anderen dysregulierten 

Prozessen wurde rezent die Relevanz alterierter Proteinbiosynthese in einigen 

Malignomen aufgezeigt. Der geschwindigkeitsbestimmende Schritt der Translation 

ist deren Initiation, welche durch eukaryotische Translationsinitiationsfaktoren 

(eIFs) gesteuert wird. Veränderungen der Expression unterschiedlicher eIFs und 

deren tumorbiologische Bedeutung wurden bereits in einigen Tumoren 

demonstriert. Im PDAC hingegen ist diesbezüglich bisher wenig bekannt. Das Ziel 

dieser Arbeit war daher, das Expressionsmuster der eIFs im PDAC und deren 

Evaluation hinsichtlich prognostischer Bedeutung zu erforschen.  

 
Methoden: 
Die Expression unterschiedlicher eIFs wurde mittels Immunhistochemie (IHC) in 

174 PDACs ermittelt und mit 9 nicht-neoplastischen Kontrollgeweben (NNTs) 

verglichen. In vitro wurde auf Proteinebene mittels Immunoblot die eIF-Expression 

in PDACs (n = 56) bestimmt und mit NNTs (n = 28) verglichen, sowie auf RNA-

Ebene in PDACs (n = 38) und NNTs (n = 22) mittels qRT-PCR. Überlebensanalysen 

wurden mit Proteindaten sowie mit öffentlich zugänglichen RNA-Daten (TCGA) 

durchgeführt.  

 
Ergebnisse: 
In den Tumorproben zeigten sich alterierte Expressionsmuster verschiedener eIFs 

wie beispielsweise die reduzierte Expression von eIF1, eIF2, eIF3C und eIF6 

sowie die erhöhte Expression von eIF3A in der IHC. Die reduzierte Expression von 

eIF1, eIF2, eIF3C und eIF6 bestätigte sich im Immunoblot, welcher außerdem eine 

reduzierte Expression von eIF1A, phosphoryliertem eIF2 (p-eIF2), eIF3B und 

eIF4E zeigte. Auf mRNA Ebene zeigte sich eine reduzierte Expression von EIF1 

und EIF1AX in den Tumorproben. Hohe eIF2 Proteinexpression korrelierte mit 

schlechterem Gesamtüberleben. Hohe EIF2A und EIF3C mRNA Expression 
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korrelierte mit einer signifikant schlechteren Prognose, wohingegen hohe EIF1 

mRNA Expression mit einem günstigeren Verlauf korrelierte. 

 
Schlussfolgerung: 
In dieser Arbeit konnten Alterationen der Expression mehrerer eIFs im PDAC auf 

Protein und mRNA Ebene demonstriert werden, wodurch ihre potentielle Relevanz 

für die pankreatische Karzinogenese aufgezeigt wird. Verdeutlicht wird dies auch 

dadurch, dass beispielsweise die Expression von EIF1, EIF2A und EIF3C auf 

mRNA Ebene und die Expression von eIF2 auf Protein Ebene signifikant mit der 

Prognose der Patienten korrelierte. Nichtsdestotrotz ist zusätzliche Forschung auf 

dem Gebiet notwendig um die molekularen Mechanismen und die Implikationen der 

eIFs in der pankreatischen Tumorgenese gänzlich zu erklären.  
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1 Introduction 

1.1 Pancreatic cancer 

1.1.1 Epidemiology, etiology and risk factors 
Pancreatic cancer (PC) is among the most fatal forms of cancer ranking fourth in 

cancer-related deaths in both sexes in 2018 (1). It is surpassed only by lung, 

colorectal and prostate cancer in men and by breast, lung and colorectal cancer in 

women (1). With an estimated 55,440 newly diagnosed cases in the United States 

in 2018 it comprises around 3.2% of all new cancer cases (2). Despite this relatively 

small proportion, it accounts for almost 7.3% of total cancer-related deaths with an 

estimated 44,330 deaths due to pancreatic cancer, markedly underlining its fatality 

compared to other forms of cancer (2). Similarly, high numbers are also reported for 

the European Union, where 44,500 deaths due to PC are estimated for 2018 with 

an unfavorable trend, marking a slight increase in mortality rates in women, in 

contrast to declining mortality rates observed in most other entities (3).  

When analyzed on a global scale, there were an estimated 458,918 (2.5% of all 

diagnosed cancers) new cases of PC in 2018 and almost the same amount of 

deaths due to the disease (432,242, 4.5% of total cancer deaths) (4). Importantly, 

the incidence and the mortality rates due to PC will most likely increase, as the 

impact of most risk factors is rising due to the demographic and life-style 

development worldwide (5). 

As the abovementioned numbers clearly demonstrate, PC is and continues to be a 

massive burden for global health. Therefore, numerous studies have tried to 

elucidate potential causes and risk factors for the disease. The most well-

established, non-familial risk factors include cigarette smoking (as well as second-

hand smoke), diabetes mellitus, chronic inflammation (chronic pancreatitis), diet, 

obesity and advancing age (5,6). Of the environmental factors, smoking is an 

etiologic factor for about 25% of PC cases and was also shown to negatively affect 

survival, with increasing hazard ratios for higher consumption (7,8). Taking all 

environmental factors into account, meta-analytical epidemiological studies found 

that almost two-thirds of PCs are potentially preventable (9).  

Besides the modifiable risk factors, a broad range of inherited factors has been 

linked to PC. These include genetic alterations implied in well-known cancer-
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predisposition syndromes such as Li-Fraumeni syndrome (TP53), Lynch Syndrome 

(mutations in mismatch repair genes such as MLH1, MSH2 or MSH6), hereditary 

breast and ovarian cancer syndrome (BRCA1/2), Peutz-Jegher´s syndrome 

(STK11), Ataxia telangiectasia (ATM) and forms of hereditary pancreatitis (PRSS1, 

SPINK1) (10). In contrast to these genetically defined syndromes, there is yet 

another group of PC-susceptible patients without specific genetic mutation 

accounting for 4-10% of all cases, summarized as familial pancreatic cancer (FPC) 

with at least two first-degree-relatives affected by the disease (11).  

 

1.1.2 Pathology of (pre)malignant pancreatic tumors 
Malignant pancreatic tumors are mainly classified based on their microscopic 

appearance regarding cellular morphology, histoarchitecture and differentiation 

(either originating from ductal, acinar or islet/neuroendocrine cells) and their 

macroscopic characteristics (solid or cystic) (12). By far the most common 

malignancy, representing ~85% of cases, is pancreatic ductal adenocarcinoma 

(PDAC), followed by neuroendocrine tumors (NETs, ~5%) and other rarely 

encountered types such as acinar cell carcinoma, pancreatoblastoma and solid-

pseudopapillary neoplasms (12). The focus herein will be on PDAC.  

 

1.1.2.1 Pancreatic ductal adenocarcinoma (PDAC) 

PDAC is mainly located in the head of the pancreas and macroscopically appears 

as white, firm lesion with infiltrating character with a mean size of around 3 cm in 

resected specimens (Figure 1A) (13).  

The histological characteristics of PDAC include glandular structures composed of 

atypical cells with adjacent strong desmoplastic reaction (14). The glandular 

histoarchitecture is successively lost during the process of dedifferentiation. Well- 

and moderately-differentiated tumors (G1 & G2) show medium- to small-sized 

glandular and duct-resembling structures with aberrant and irregular growth 

patterns (15). The nuclei can be multiple times larger than those of adjacent non-

neoplastic cells (16). In well-differentiated tumors, the mitotic rate is usually low. 

High-grade tumors (G3), in contrast, display poorly-differentiated glands, tumor cells 

in solid nests as well as single infiltrating cells, loss of mucin production and often 

high numbers of mitoses (Figure 1B - E) (15).  
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Figure 1: Macroscopic and histological characteristics of pancreatic ductal adenocarcinoma.  
(A) Gros morphology of PDAC. (B-E) Key histological features of PDAC: (B) haphazard glandular structures, 
(C) perineural invasion, (D) venous invasion and (E) glandular structures directly adjacent to muscular arteries. 
(Figure reprinted from (13), with kind permission of the publisher) 

 

Further common features of PDAC include perineural infiltration, lymph and blood 

vessel invasion and early metastatic spread to local lymph nodes. A large study 

including 1,175 ductal adenocarcinomas in pancreaticoduodenectomy specimens 

found a distribution of tumor differentiation of 3% well-, 56% moderately-, 46% 

poorly-differentiated and 0.2% undifferentiated/anaplastic tumors (17).  
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As histopathological differential diagnosis of PDAC can be challenging, Hruban and 

Klimstra summarized the key features of PDAC as opposed to reactive glands  

(Table 1) (13). 

Table 1: Histopathology of PDAC.  
Key features in histopathological diagnosis of PDAC compared to reactive changes. (Content adopted from 
(13), with kind permission of the publisher)  

Ductal adenocarcinoma Reactive glands (e.g. pancreatitis) 

Haphazard gland arrangement  Lobular gland arrangement 

Perineural invasion Neuroendocrine cells may be close to nerves 

Vascular invasion  

Glands directly adjacent to muscular artery Glands separated from vessels by acinar cells 

or connective tissue 

Luminal necrosis May have polymorph leucocytes but no 

necrotic epithelial cells 

Incomplete lumina Complete rings of epithelial cells form lumina 

Four-to-one rule (nuclei vary in size within one 

gland more than four to one) 

Nuclei sizes vary less than four to one in one 

gland 

Glands without connective tissue in fat Glands in fat are associated with connective 

tissue 

 

Immunohistochemically, most ductal adenocarcinomas show reactivity with site-

unspecific epithelial markers such as different cytokeratins (cytokeratin 7,8,18,19 

and partially 20), but also different mucins (mucin 1, 3, 5AC, 6) and general tumor 

markers, also currently used as serum tumor markers in clinical follow-up 

(carcinoembryonic antigen, carcinoma antigen 19-9) (18–20). Furthermore, most 

pancreatic adenocarcinomas show altered expression of p53 and loss of p16 and 

SMAD4 expression (21). 

Besides the typical appearance described above, different variants of PDAC have 

been reported. These include adenosquamous carcinoma, colloid carcinoma, 

undifferentiated or anaplastic carcinoma, osteoclast-like giant cell tumor, signet-ring 

cell carcinoma, medullary carcinoma and hepatoid carcinoma (22–28).  
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1.1.2.2 Precursor lesions  

The model of step-wise tumorigenesis first arose in 1990, when Vogelstein and 

Fearon proposed the adenoma-carcinoma sequence for colorectal cancer, stating 

that malignant tumors develop through multiple, accumulating genetic events 

yielding premalignant lesions that later manage to acquire malignancy-defining traits 

(e.g. the ability to invade surrounding structures or the formation of distant 

metastases) (29). Models developed later-on have proposed that PDAC arises in 

very similar fashion: through successive dedifferentiation and malignant 

transformation of precursor lesions (Figure 2) (30). Ever since, multiple studies have 

demonstrated further evidence and broadened our understanding of these 

premalignant conditions, summarized in (31). The most common precursor lesion is 

pancreatic intraepithelial neoplasia (PanIN), followed by intraductal papillary 

mucinous neoplasm (IPMN) and mucinous cystic neoplasm (MCN) (32). Another 

recently identified pancreatic premalignant lesion is intraductal tubulopapillary 

neoplasm (ITPN), though its molecular profile differs from the majority of PDACs, 

suggesting alternative oncogenic pathways (33). 

 

 
Figure 2: Multi-step carcinogenesis of pancreatic cancer. 
Model of successive dedifferentiation of normal pancreatic epithelium from low and high grade PanIN to invasive 
carcinoma (left to right). Altered key regulators are listed as well. (Figure reprinted from (14), with kind 
permission of the publisher) 

 

1.1.2.2.1 Pancreatic intraepithelial neoplasms (PanINs) 

PanINs are neoplastic lesions with ductal morphology (usually <0.5cm) and are 

currently separated into two grades (low and high grade) (34,35). Histological 

features of PanIN range from flat epithelial lesions with (micro)papillary or basally 

pseudostratified architecture, basal nuclei with mucin and none or minor signs of 
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atypia in low-grade lesions (former PanIN-1A and 1B) to highly atypical 

(macronucleoli, shift in nucleus-to-cell-size favoring the nucleus, atypical mitoses) 

epithelial cell clusters with necrotic cells protruding into the duct-lumen, cribriform 

gland structures and loss of cell polarity (basal-to-apical cell structure) in high-grade 

(former PanIN-3) lesions (Figure 3A, B) (36). However, as PanINs are defined as 

non-invasive precursor lesions, the basement membrane is still intact, prohibiting 

every kind of infiltrative or metastatic spread. In recent genetic studies, PanINs were 

shown to harbor similar genetic alterations that are also encountered in its end-

stage, malignant variant – i.e. PDAC (37,38).  

 

1.1.2.2.2 Intraductal papillary mucinous neoplasms (IPMNs) 

This distinct entity reflects a group of grossly visible lesions (usually >1cm) with 

papillary architecture and mucin-producing, hypersecreting, columnar cells in either 

the main pancreatic duct, the branch ducts or both (39,40). Based on more detailed 

histological characterization IPMNs have been classified to various subtypes: the 

gastric, intestinal, pancreatobiliary and oncocytic type (Figure 3C - F) (41,42). As 

pancreatic cysts are often identified incidentally in asymptomatic patients by 

magnetic resonance imaging (with a prevalence up to 19.9% (43)), the evaluation 

of their malignant potential is of great interest.  

Molecular profiling of IPMNs revealed mutations commonly encountered in PDAC 

such as the KRAS point mutation in codon 12 but also, and importantly, 

characteristic mutations in the GNAS gene, discriminating it from other precursor 

lesions (44). The same study found that the mutation is also found in PDACs 

associated with IPMNs, but not in other cystic pancreatic neoplasms or PDACs 

without associated IPMNs, hinting to its role in malignant transformation of IPMNs 

and its potential in underpinning the causative precursor of a given invasive tumor 

(44). Various other commonly deregulated pathways such as the PI3K/AKT 

pathway, the hedgehog pathway and the expression of human telomerase reverse 

transcriptase (hTERT) were shown to be altered to different extent in IPMNs, 

summarized in (45).  
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Figure 3: Haematoxylin-Eosin (HE) staining of various precursor lesions of PDAC.  
Pancreatic intraepithelial neoplasia (PanIN) (A) low-grade and (B) high-grade. Intraductal papillary mucinous 
neoplasm (C) gastric type, (D) intestinal type, (E) pancreatobiliary type and (F) oncocytic type. (Figure reprinted 
from (46), with kind permission of the publisher) 

 

1.1.2.2.3 Mucinous cystic neoplasms (MCNs) 

Mucinous cystic neoplasms (MCN) are cystic lesions with an ovarian-type stroma 

topped by a mucin-producing epithelial lining, almost exclusively affecting women  

(47). They are grossly visible with sizes > 1cm and do usually not, in contrast to 

IPMNs, communicate with larger pancreatic ducts (48). As in IPMNs and PanINs, 

MCNs do also harbor mutations that are encountered in invasive adenocarcinomas, 

some of which are: KRAS, TP53 and SMAD4 mutations (47). As demonstrated by 
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thorough pathological investigation, invasive carcinoma does occur focally in these 

lesions, making total resection a necessity to prevent malignant progression (49). 

 

1.1.2.2.4 Intraductal tubulopapillary neoplasms (ITPNs) 

ITPNs are rare (< 1% of exocrine pancreatic neoplasms), recently identified 

pancreatic neoplasms characterized by grossly visible, nodular masses without 

mucin production (50). Histologically, they display tubulopapillary growth with 

cribriform glandular structures, high-grade atypia, focal necrosis and – in contrast to 

IPMNs – no supranuclear mucin (50). ITPNs are frequently associated with invasive 

cancers, with reports ranging from 30 to 81% (33,51). However, molecular profiling 

and modern sequencing techniques have revealed distinct mutation patterns in 

ITPNs and their associated epithelial malignancies, differing vastly from other 

precursor lesions and PDAC itself – e.g. KRAS and BRAF mutations did not occur 

in any ITPN samples (in 19 examined cases, respectively (51,52)) – indicating 

involvement of different oncogenic pathways. As their contribution to common 

PDAC carcinogenesis therefore seems rather negligible, ITPNs will not be further 

detailed here.  

 

1.1.3 Molecular pathology of PDAC 

1.1.3.1 Key regulators in PDAC carcinogenesis 

As indicated above, pancreatic carcinogenesis is a multi-step process resulting from 

accumulating genetic alterations, leading from normal epithelium, to non-invasive 

precursor lesions with increasing atypia to invasive carcinoma. The number and 

identity of involved genes and their respective pathways were identified through 

large-scale sequencing revealing that pancreatic cancers harbor 63 genetic 

alterations on average (53). Contextualizing the altered genes to cellular processes 

showed core pathways (e.g. DNA damage control, apoptosis, KRAS signaling, 

Wnt/Notch signaling) that are deregulated in pancreatic cancer to different extent 

(53). Among these, changes in four driver genes have turned out to be of critical 

importance: the KRAS oncogene mutation and TP53, p16/CDKN2A and SMAD4 

inactivation (the latter three functioning as tumor suppressor genes) (54).  
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KRAS activation occurs through an activating point mutation in around 90% of 

pancreatic cancers and is almost exclusively found in codon 12 of the oncogene 

(rarely also in 13 and 61), most commonly changing the normal glycine to aspartate 

(G12D) or valine (G12V) (55). The actively rendered pathway is involved in initiating 

tumorigenesis (as it occurs early in precursor lesions such as PanINs and was 

shown to induce PanIN formation in mouse models) and has a plethora of 

downstream effects such as activation of the MEK/ERK pathway via RAF and 

activation of the PI3K/AKT/mTOR pathway (Figure 4) (56–59).  

 

 
Figure 4: KRAS signaling and downstream effectors.  
Depicted are the downstream effectors of the KRAS oncoprotein (asterisk indicates the mutational activation). 
Activation of the RAF/MEK/ERK cascade leads to enhanced proliferative signaling, whereas the 
PI3K/AKT/mTOR axis regulates protein synthesis, cellular metabolism and cell survival. Green arrows indicate 
activating signals, red arrows indicate anti-tumorigenic feedback-loops. (Figure reprinted from (59), reused 
under the creative commons license CC BY 4.0) 

 

In case of the tumor suppressor genes mentioned above inactivation of both alleles 

is needed. This is achieved through combinations of either homozygous deletions 

or loss of heterozygosity. This leads to inactivation of p16/CDKN2A in > 90% 

(leading to loss of cell cycle control), TP53 in around 75% (causing deregulation of 

cellular proliferation and impaired apoptosis upon DNA damage) and SMAD4 in 
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around 55% (deregulating signal transduction of transforming growth factor ) of 

PDACs (54,60). 

Besides these key factors encountered in the majority of tumors, novel analyses 

have tried subclassifying pancreatic cancers into distinct molecular and genetic 

subtypes. Whole genome-approaches have yielded classifications according to 

chromosomal structure and stability with first hints to clinical applicability in 

predicting chemotherapy response (61). Additionally, expression of transcriptional 

factors and pathway members were used to define four main subtypes of pancreatic 

cancers on a molecular basis: the squamous, pancreatic progenitor, immunogenic 

and aberrantly differentiated endocrine exocrine (ADEX) subtype (62). These 

promising results might allow for personalized therapeutic approaches in the future.  

 

1.1.3.2 Cells of origin in PDAC  

Although vast knowledge on molecular characteristics and genetic aberrations in 

PDAC and its precursor lesions accumulated over the last few decades, the precise 

cell type giving rise to these neoplasms remains a topic of discussion (63). Early 

findings, based mainly on histomorphology, characterized most PDACs as being 

descendant directly from duct epithelium (64). Multiple studies have tried creating a 

more detailed model by using genetically engineered mouse (GEM) models, most 

of which rely on inducible KRASG12D expression in certain pancreatic cell types to 

trace the origin of different precursors. The most convincing model to date is, that 

both the acinar cell and the duct epithelial cell can give rise to PDAC, but with 

different pathophysiology (65).  

The majority seems to arise from acinar cells via transdifferentiation to duct-like cells 

through a process called acinar-to-ductal metaplasia (ADM), consecutively causing 

PanIN and PDAC formation (66–68). Notably, NR5A2 encoding a key regulator of 

acinar cell function, was identified as PDAC-susceptibility locus and its conditional 

deletion in mice was shown to dramatically promote PanIN and PDAC formation, 

supporting the ADM-PanIN-PDAC model (69). Importantly, the transdifferentiation 

process was also shown to occur in cultured human cells, indicating that this 

pathway may also be prevalent in humans (70).  

Nonetheless, the genuinely postulated cell of origin – as indicated above, the duct 

epithelial cell – was also shown to play an important role in PDAC carcinogenesis. 

The subset of tumors developing via IPMNs is hypothesized to descend from this 
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population (63). Evidence supporting this hypothesis came from multiple studies, 

one of which showed that loss of BRG11 reproducibly causes IPMN and PDAC 

formation as well as transformation of adult duct cells, but inhibits KRAS-driven 

PanIN development in acinar cells (71). Additionally, PDAC formation in a murine 

model was effectively recapitulated through expression of oncogenic KRAS and 

inactivation of TP53 (whereas sole oncogenic KRAS expression did not suffice) in 

ductal epithelial cells, supporting their potential as effective cells of origin in PDAC 

(72).  

While the dualistic acinar cell→PanIN→PDAC versus ductal cell→(IPMN→)PDAC 

model might be too simplistic to explain the actual process in its details, it poses an 

attractive framework to explain PDAC development as known to date (Figure 5). 

Notably, attempts to differentiate the cellular origin in PDAC specimens revealed 

that AGR2 could be used as molecular marker, whose high expression points 

towards a ductal cell origin and low expression to an acinar cell origin (65).  

 
Figure 5: Cells of origin in PDAC.  
Pathogenetic models of acinar-derived PDACs and duct-derived PDACs are indicated. PanIN precursors are 
typical for acinar-derived tumors, whereas PanIN-like bystander lesions can occur in both types. Also, AGR2 
expression may allow for stratification concerning the cell of origin. (Reprinted from (65), reused under the 
creative commons license CC BY 4.0)  

                                              
1A subunit of the SWI/SNF chromatin remodeling complex whose loss is implicated in KRAS-
dependent formation of cystic pancreatic neoplasms.  
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1.1.4 TNM classification and stages of pancreatic cancer 
The recently released, revised version of the UICC/AJCC Cancer Staging Manual, 

8th Edition, classifies pancreatic cancer as indicated in Table 2 (73). The resulting 

prognostic stages are shown in Table 3. 

 

Table 2: TNM classification of pancreatic cancer according to the UICC and AJCC Cancer Staging 
Manual, 8th Edition (2017).  

Primary tumor (T) 

TX Primary tumor cannot be assessed 

T0 No evidence of primary tumor 

Tis Carcinoma in situ (including high-grade PanINs, IPMNs, MCNs, ITPNs) 

T1  
T1a 
T1b 
T1c 

Tumor ≤ 2 cm  
Tumor ≤ 0.5 cm 
Tumor > 0.5 cm and < 1 cm 
Tumor 1 to 2 cm 

T2 Tumor > 2 and ≤ 4 cm 

T3 Tumor > 4 cm 

T4 Tumor involves celiac axis, superior mesenteric artery and/or common 
hepatic artery, regardless of size 

Regional lymph nodes (N) 

NX Regional lymph nodes cannot be assessed  

N0 No regional lymph node metastasis 

N1 Metastasis in 1-3 regional lymph nodes 

N2 Metastasis in 4 or more regional lymph nodes 

Distant metastasis (M) 

M0 No distant metastasis 

M1 Distant metastasis 

 

Table 3: Prognostic stages in pancreatic cancer according to the UICC and AJCC Cancer Staging 
Manual, 8th Edition (2017). 

Stage T N M 

0 Tis N0 M0 

IA T1 N0 M0 

IB T2 N0 M0 

IIA T3 N0 M0 

IIB T1-3 N1 M0 

III Any T (N1 if T4) N2 M0 

IV Any T Any N M1 
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1.1.5 Diagnosis, treatment and prognosis 
The diagnosis of PDAC is usually made at an advanced stage, as the disease lacks 

specific early symptoms (74). Due to the dismal prognosis resulting from this 

constellation, Keane et al. aimed to reveal alarming symptoms occurring within 2 

years prior to diagnosis (75). In their cohort (n = 2,790), the patients experienced 

the following symptoms: abdominal pain (44%), jaundice (31%), change in bowel 

habit (27%), dyspepsia (20%), nausea/vomiting (17%), back pain (16%), new-onset 

diabetes (14%), non-cardiac chest pain (12%), weight loss (11%) and lethargy 

(11%). Notably, in a subgroup analysis, among 296 patients 268 (91%) presented 

to primary health care providers with relevant symptoms within the same period. 

Evaluation is initiated through either clinical suspicion if some of the 

abovementioned symptoms are presented or because of incidental findings in 

abdominal radiologic examinations due to other reasons. 

The recommendations of the European Society for Medical Oncology for diagnostic 

work-up of a pancreatic mass starts with computed tomography (CT) and branches 

upon the initial findings (76): Non-metastatic, resectable and locally advanced 

disease should be further investigated using endoscopic ultrasound (EUS). 

Magnetic resonance imaging might be considered in non-characterizable lesions. 

Fine-needle aspiration biopsy of either the primary lesion via EUS or metastatic 

lesions (e.g. in the liver) in advanced disease should be performed in all tumors 

except confirmed non-metastatic, resectable lesions (15-20%) where immediate 

surgery without biopsy is recommended. Histopathological work-up of either the 

biopsy or the resected specimen confirms the diagnosis. The only prognostic 

biomarker currently in use is the serum level of carbohydrate antigen  

19-9 (CA 19-9), whose applicability lies in the measure of disease burden, possible 

treatment guidance and as prognostic parameter (high preoperative levels indicate 

a worse prognosis).  

Treatment options depend on the staging results, classifying disease as either 

resectable, borderline resectable, locally advanced or metastatic disease (76): 

Whereas treatment in resectable disease primarily consists of surgery followed by 

adjuvant chemotherapy or (within trials) chemoradiotherapy, neoadjuvant 

chemoradiotherapy should be used in patients with borderline resectable disease to 

enable consecutive surgery. In contrast, treatment of locally advanced and 



 30 

metastatic disease relies exclusively on chemotherapy (plus possible radiotherapy 

in locally advanced disease). 

The prognosis of pancreatic cancer is strongly associated with the AJCC stage at 

time of diagnosis. The median overall survival drops with increasing stage, as 

indicated by survival data for surgically resected disease: for stage IA it was 38 

months, stage IB 24 months, stage IIA 17 months, stage IIB 17 months and stage 

III 14 months when stratified by the 8th Edition staging system (77).  

As resection especially increases survival for early-stage disease, this effect 

decreases with higher stage-disease, so that the median overall survival for stage 

IV disease – whether resected or non-resected – is 2.5 months and 5-year overall 

survival is 0.7% (78)2. Furthermore, as stage IV disease accounts for the majority 

of patients making up 55.2% in this study (with ntotal = 121,713), the collective 

median overall survival across all stages is a disastrous 3.5 months (78). 

  

                                              
2 The stage IV survival data refer to the 6th edition of the staging manual. However, definition of stage 
IV disease is identical to the recent 8th edition. 



 31 

1.2 Translation initiation and its relevance for PDAC 
1.2.1 Translation in eukaryotes 

Translation is the process of protein synthesis from RNA by deciphering its 

nucleotide sequence, yielding polypeptide chains (79,80). Altered protein synthesis 

is a main characteristic of human tumors resulting from the fact that many oncogenic 

pathways regulate translation as one of their most downstream effects (81). 

Translation is subdivided into four steps: initiation, elongation, termination and 

ribosome recycling. The rate-limiting step and consequently, the most tightly 

regulated one, is the initiation process, concerted by a plethora of eukaryotic 

translation initiation factors (eIFs), acting in manifold ways to generate the fully 

functional ribosomal apparatus (82). Thus, translation initiation with its major players 

is also the process most implicated in tumorigenesis and progression and has 

therefore received growing attention over the last few decades, harnessing a large 

body of knowledge concerning its relevance in human cancers (83).  

Generally, translation initiation consists of five distinct steps. First, the 43S 

preinitiation complex (PIC) is formed. Simultaneously, the messenger RNA (mRNA) 

is activated through attachment of eIF4F via an eIF4F-cap complex, followed by 

recruitment of this mRNA complex to the prepared 43S PIC, forming the 48S 

initiation complex (IC) (84). This results in scanning of the mRNA to localize the 

initiation codon. Lastly, the 60S ribosome joins, causing peptide synthesis to 

commence (82). After this brief overview, the process and the involved eIFs will be 

detailed in the following chapters and is schematically outlined in Figure 6.  

 

1.2.1.1 Translation initiation  

1.2.1.1.1 Assembly of the 43S preinitiation complex (PIC)  

In order to prepare the small, 40S subunit of the ribosome for translation, several 

factors must be recruited to it. As translation starts at an AUG and happens through 

complementary, transfer RNAs (tRNAs) acting as adaptors with specific amino acids 

bound to them, the respective first tRNA, i.e. the initiator-methionyl-tRNA (Met-

tRNAi) needs to be directed to the small subunit. For this purpose, it is bound by 

eIF2 and GTP, forming the ternary complex (TC) (85). eIF2 is a heterotrimeric 

complex, consisting of three subunits (eIF2,  and ) (86).  



 32 

 
Figure 6: Translation initiation in eukaryotes.  
(1 + 2) 43S preinitiation complex assembly starts with formation of the ternary complex. (3a) mRNA activation 
is enabled by various interaction partners and is followed by (3b) mRNA recruitment to the PIC. (4) The PIC 
scans the mRNA until (5) start codon recognition. (6) Joining of the large subunit (60S). (7) GTP hydrolysis and 
factor dissociation yields the functional 80S initiation complex and enables elongation. For details about involved 
eIFs see main text. (Reprinted from (85), with kind permission of the publisher) 
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Importantly, translational activity is negatively regulated through phosphorylation of 

eIF2, as it blocks eIF2B, the guanine-exchange factor (GEF) of eIF2 from 

exchanging its hydrolyzed GDP to an active GTP, fixing it in an inactive state (87). 

Global protein synthesis is regulated through this process by integrating diverse 

pathways upon various stimuli such as nutritional stress, endoplasmic reticulum 

stress or during antiviral response (88). However, in case of non-phosphorylated 

eIF2 the TC is abundantly formed and consecutively bound to the 40S subunit by 

eIF1, eIF1A, eIF3 and eIF5 to initiate translation (89,90). 

 

1.2.1.1.2 Preparation of the mRNA – eIF4F binding 

Following transcription, eukaryotic mRNAs undergo two important modifications that 

act to prevent degradation: addition of a 5´ 7-methyl-guanosine cap and a 3´ poly(A) 

tail (91). Both modifications are crucially needed for the canonical3, cap-dependent 

pathway of translation initiation, which is regarded as the standard mechanism in 

eukaryotes (85). The 5´ cap is recognized by eIF4F, a multi-subunit factor consisting 

of eIF4E, eIF4A and eIF4G (92). Binding of the cap is mediated through eIF4E, 

whereas eIF4A acts as a helicase unwinding secondary structures in the 5´ 

untranslated region (5´ UTR) (92). eIF4G, the largest subunit, tethers the subunits 

and the mRNA together by acting as a molecular scaffold, having attachment sites 

for eIF4A, eIF4E, poly-(A)-binding protein (PABP1) and eIF3 (93). PABP attaches 

to the 3´ poly(A) tail of the mRNA, thereby enabling circularization of the mRNA 

through interaction with eIF4G – a mechanism implied in stabilization and translation 

regulation through facilitating reinitiation on the same mRNA after ribosomal 

termination (94–96). Finally, the interaction site with eIF3 is needed for mRNA 

recruitment to the 43S PIC (97). 

 

1.2.1.1.3 mRNA recruitment – 48S IC formation 

As mentioned above, the interaction of eIF3 as part of the 43S PIC and eIF4G bound 

to the activated mRNA is crucial for mRNA binding to the small ribosomal subunit, 

leading to the formation of the 48S IC. The responsible eIF3 subunits for this 

interaction were shown to be eIF3C, eIF3D and eIF3E (97). Furthermore, besides 

                                              
3As opposed to non-canonical initiation through various mechanisms, e.g. internal ribosomal entry 
sites (IRES).   
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mapping the interaction sites, the activity of this interaction was studied and was 

shown to be stimulated in vivo by activation of the PI3K/AKT/mTOR pathway (98). 

To date, multiple other bridging contacts between the 43S PIC, the mRNA and 

phosphorylation sites on various eIF3 subunits have been identified (99). Loading 

of the activated mRNA onto the 43S PIC causes the latter to undergo multiple 

structural rearrangements to fit the mRNA into its binding channel and to form the 

functional 48S IC (84). However, the specific location and interaction of all involved 

factors including their regulation remains to determined. 

 

1.2.1.1.4 Scanning and start codon selection 

Following the formation of the 48S IC at the 5´ end of the mRNA, the former starts 

scanning the mRNA in 5´→ 3´ direction until an AUG initiation codon is encountered 

(100). eIF1 and eIF1A seem to play a crucial role in stabilizing the scanning 

competent conformation and in start site recognition fidelity (82,101,102). 

Additionally, the eIF4F complex and eIF4B seem to aid the scanning process 

through unwinding of secondary structures in the 5´ UTR (82). A key event in halting 

the scanning process is the dissociation of eIF1 from its binding site upon base 

pairing of the initiating codon and the complementary initiator tRNA, keeping the 

small ribosomal subunit in its position (103). This conformational change causes 

eIF5, the GTPase-activating protein (GAP) of eIF2, to activate eIF2-GTP hydrolysis 

and release of organic Pi, the latter marking the irreversible step in start codon 

selection (104).  

 

1.2.1.1.5 48S IC and 60S subunit joining 

Formation of a fully functional ribosome is enabled by joining of the large 60S 

subunit, carrying the peptidyl-transferase activity (105). The process is regulated by 

eIF6, which is bound to the 60S subunit and prevents premature association. 

Multiple cellular signaling pathways integrate towards eIF6 affinity to the large 

subunit, mediating its dissociation (105). Besides eIF6 dissociation from the 60S 

subunit, the remaining eIFs from the 40S subunit must dissociate to enable subunit 

joining. This is mediated through eIF5B, causing eIF1, eIF2-GDP and eIF5 to 

dissociate from the inter-subunit cleft (106). After subunit joining, GTPase activity of 

eIF5B is stimulated by eIF1A, resulting in its dissociation from the newly formed 80S 
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ribosome (107). In a final step, eIF1A dissociates and the elongation-competent 80S 

ribosome starts translation (107).  

  

1.2.2 eIFs and their implications in cancer 
The role of various eIFs and their differential expression in numerous entities has 

recently been reviewed in (108,109). Therefore, the following will only cover the eIFs 

discussed in this work.  

 

1.2.2.1 eIF1 and eIF1A 

eIF1 (encoded by EIF1, also sui1 on chromosome 17) is a protein with a length of 

113 amino acids (12.7 kDa) cooperating with eIF1A (encoded by EIF1AX, as it 

resides on chromosome X), measuring 144 amino acids (16.5 kDa), to enhance 

start codon selection fidelity (108,110). eIF1 furthermore seems to play a role in 

response to genotoxic stress, as it is induced upon treatment with genotoxic stimuli 

such as UV light (111). Besides its role in translation initiation, eIF1A has recently 

been shown to affect miRNA processing by stimulating AGO2, a protein implicated 

in biogenesis through cleavage of miRNA-precursors (112). However, knowledge 

concerning the involvement of eIF1 and eIF1A in carcinogenesis remains scarce.  

 

1.2.2.2 eIF2 and phospho-eIF2 

eIF2 (encoded by EIF2S1) is a 315 amino acids (36.1 kDa) long subunit of the 

heterotrimeric eIF2 complex, acting through providing the Met-tRNAi to the 40S 

subunit and by enabling start codon recognition through hydrolyzing the eIF2-

associated GTP (86). Importantly, regulation of eIF2 occurs through 

phosphorylation of eIF2 to p-eIF2, causing higher affinity to its GEF eIF2B, but 

inhibiting the GTP-GDP exchange activity, which in turn significantly reduces TC 

abundance, leading to inhibition of global protein synthesis (88). However, presence 

of p-eIF2 has been shown to selectively favor translation of activating transcription 

factors involved in cellular response to various stressors, also referred to as 

“integrated stress response” (113). Though several studies implicated this pathway 

as anti-neoplastic and pro-apoptotic, also high levels eIF2-phosphorylation in 

human tumors were described (114,115). Besides the phosphorylation status, other 

roles of eIF2 in tumorigenesis have been described. Overexpression was found in 
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a plethora of tumors, which seems to be the most common eIF2 alteration (108). 

However, eIF2 mutants that evade phosphorylation (eIF2S51A) have been shown 

to facilitate transformation of normal cells (116). Hence, eIF2 and its regulation 

seem to play a role in tumor formation.   

 

1.2.2.3 eIF3A 

eIF3A (encoded by EIF3A, also EIF3S10, p170 or p150) is the largest subunit, 

consisting of 1,382 amino acids (170 kDa), of the multimeric eIF3 complex 

(108,117). Its relevance for tumor biology has been well established and its 

overexpression has been implicated in an array of malignancies, such as colon 

(118), lung (119) and urothelial carcinoma (120) among other cancer entities.  

 

1.2.2.4 eIF3C 

eIF3C (encoded by EIF3C) is a 913 amino acid long (110 kDa) subunit of the eIF3 

complex and resides on the p-arm of chromosome 16 (108,121). eIF3C specifically 

interacts with eIF1 (110). It was shown to act pro-oncogenic, as artificial 

overexpression in NIH 3T3 cells leads to enhanced proliferation, anchorage-

independent growth and attenuated apoptosis (122). 

 

1.2.2.5 eIF4E 

eIF4E (encoded by EIF4E4) is composed of 237 amino acids (25 kDa) and is 

responsible for 7-methylguanosine cap recognition and binding of the eIF4F 

complex, therefore being critical for translation initiation (123). Besides this cap 

recognition function, it also acts through stimulation of the helicase activity of eIF4A 

enhancing transcription of mRNAs with highly structured 5´UTRs as encountered in 

many pro-oncogenic mRNAs (124). Consistent with these findings, overexpression 

of eIF4E hardly affects translation of the vast majority of cellular genes, including 

housekeeping genes, but rather selectively increases translation of key regulatory 

and malignancy-promoting genes (125). However, other mechanisms of regulating 

eIF4E activity and availability are also of great importance. eIF4E-binding proteins 

(4E-BPs, with three known isoforms referred to as 4E-BP1, 2 and 3), act through 

                                              
4 Multiple paralogues have been described, such as EIF4E2 and EIF4E3 encoding the identically-
named proteins. However, as eIF4E1 is the biologically most relevant protein product, it will herein 
be referred to as eIF4E, as commonly done in the literature.  
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binding of eIF4E, thereby inhibiting its activity (126). Thus, 4E-BPs function as tumor 

suppressors. Loss of 4E-BPs or inactivation through phosphorylation have been 

shown to dramatically promote tumorigenesis and to be of prognostic relevance in 

various tumors (127,128). Lastly, eIF4E itself is also subject to phosphorylation by 

mitogen-activated protein kinase (MAPK)-interacting kinases, termed MNK1 and 2 

(129). Unsurprisingly, phosphorylated eIF4E has been shown to promote 

tumorigenesis in a variety of studies, acting through selective translation of pro-

tumorigenic mRNAs (130–132).    

 

1.2.2.6 eIF4G 

eIF4G (encoded by EIF4G1) is the largest eIF4F subunit, composed of 1,606 amino 

acids (175 kDa) (108). As indicated above, its main function is to act as a molecular 

scaffold, recruiting and coordinating an abundance of factors (82). Overexpression 

of eIF4G was found in various entities, such as squamous cell lung carcinoma (133) 

and breast cancer (134), and was shown – similar to eIF4E – to selectively enhance 

translation of survival-related genes upon DNA damage in vitro, implicating its 

relevance in tumorigenesis (135).  

 

1.2.2.7 eIF5 

eIF5 (encoded by EIF5) is a 431 amino acid long (49 kDa) protein acting in the final 

stages of translation initiation by promoting GTP hydrolysis prior to subunit joining 

(108,136). Some evidence implicates eIF5 in tumor biology, with one study hinting 

to oncogenic ATF4 induction upon eIF5 overexpression (137). Notably, eIF5 

knockdown was shown to reduce overall translation and to alter cellular behavior in 

colorectal cancer cell lines by inducing apoptotic markers and by impeding 

proliferation in vitro (138).  

 

1.2.2.8 eIF6 

Last, eIF6 (encoded by EIF6), with a length of 245 amino acids (27 kDa), regulates 

cytoplasmic availability of the 60S subunit, thereby affecting the last step of initiation, 

i.e. subunit joining (82,108). Additionally, it is required for ribosome biogenesis in 

the nucleus (83,139). Nucleolar overexpression was found in various tumors, 

including head and neck cancers (140) and colorectal carcinomas (141). However, 



 38 

the cytoplasmic relevance, function and contribution of eIF6 in tumorigenesis are a 

less straight-forward matter. As would be expected from the anti-association factor 

activity indicated above, eIF6 overexpression in various cell lines was shown to 

cause strong translational inhibition (142). Conversely, a haploinsufficiency mouse-

model (eIF6+/-) demonstrated impaired G1/S cycle progression, defective translation 

initiation and reduction of transformational response upon oncogenic stimuli (143). 

Interestingly, eIF6 was also found to play a role in microRNA-mediated 

posttranscriptional silencing of various genes and its depletion alters regulation of 

target protein and mRNA levels (144). Hence, differential expression of eIF6 in vivo 

may affect cellular behavior in either way, depending on the altered miRNAs and 

their respective targets. Adding to this notion, eIF6 and Drosha5 were found to be 

co-overexpressed in ovarian cancer (145). Confusingly, the same study also 

showed that low eIF6 expression correlates with worse outcome, somewhat 

contrasting to its pro-tumorigenic properties implied through overexpression. Hence, 

the relevance of eIF6 in tumorigenesis seems to be context-dependent and remains 

to be fully elucidated.  

 

1.2.3 eIFs in PDAC 
Relatively little is known about the role of eIFs in PDAC so far. However, some hints 

about their involvement in PDAC biology have been reported in recent years.  

 

1.2.3.1 eIF3A overexpression 

Wang et al. demonstrated eIF3A overexpression on mRNA level in 30 PDAC cases 

and on protein level, via immunohistochemistry, in 140 cases (146). They found no 

correlation of eIF3A expression with age of onset, gender, tumor size, location of 

differentiation (146). However, significant correlation of eIF3A expression was 

observed with nodal positivity and TNM stage (146). Furthermore, they 

demonstrated functional relevance of eIF3A in PDAC biology, as knockdown in 

several cell lines caused inhibition of cell motility and proliferation (146). 

 

                                              
5 A protein regulating miRNA biogenesis to their active forms, which then continue to exert their 
functions in a RNA induced silencing complex (RISC).  
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1.2.3.2 Enhanced eIF4E activity 

As described above, eIF4E activity may be enhanced through several mechanisms 

including hyperphosphorylation of eIF4E or regulation of its binding protein  

(4E-BP1 and 2). Indeed, such alterations have also been shown in PDAC. eIF4E 

phosphorylation was shown to be implicated in irradiation response of PDAC cell 

lines through mediating a SOX2-dependent response (147). Additionally, eIF4E 

phosphorylation mediates ZEB1-dependent epithelial-mesenchymal transition 

(EMT) and targeting of eIF4E-phosphorylating kinases leads to growth inhibition of 

human PDAC organoids (148). 

Besides direct modifications of eIF4E, its regulator, 4E-BP, was also shown to be 

altered in PDAC. Martineau et al. reported downregulation of 4E-BP1 in human 

PDAC samples and demonstrated successive loss of 4E-BP1 in a mouse model of 

PDAC (149). This loss consequently rendered eIF4E available for activation via 

phosphorylation and was shown to enhance tumor growth in mice (149). 

 

1.2.3.3 eIF5A overexpression 

eIF5A, a factor found to undergo a very specific posttranslational modification called 

hypusination, was shown to be upregulated in PDAC (150). This alteration was 

recently shown to alter metastatic behavior of pancreatic tumors (151) and to affect 

protein expression and cell growth through regulation of various transcription factors 

(152). Notably, inhibition of hypusination of eIF5A reduced PDAC cell growth (150). 

Hence, this might be used as potential therapeutic target.  

 

1.2.3.4 eIF3f loss 

Lastly, eIF3f, a factor thought to act as tumor suppressor and thought of as negative 

regulator of translation, was shown to be downregulated in PDAC (153). 

Accordingly, overexpression of eIF3f causes inhibition of global protein synthesis 

and reduces cell proliferation (154). 
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1.3 Aims of the study 
Recent years have seen a tremendous increase in our understanding of the 

molecular details of translation and its relevance for health and disease. The major 

players implicated in its regulation, namely eIFs, have been analyzed in many 

cancer entities. However, the knowledge concerning eIFs in PDAC remains very 

limited. Based on findings in other tumors and pathophysiological ideas 

accompanying protein synthesis in transformed cells, we hypothesized that eIFs 

might also be of great relevance in PDAC.  

 

We aimed at elucidating the expression of various eIFs in PDAC sections via 

immunohistochemistry and tissue specimens via immunoblotting. Additionally, we 

correlated expression scores with various clinicopathological data to find potential 

diagnostic or prognostic associations. Besides expression analysis on protein level, 

we also characterized mRNA levels of promising eIFs.  

 

Finally, gene expression and survival data from the publicly accessible The Cancer 

Genome Atlas (TCGA) data base were analyzed to reveal any important 

associations of eIF gene expression with clinical outcome, hinting to biological 

implications of the respective factors.  

 

Consequently, we tried to uncover findings that might shed light upon novel 

therapeutic targets or potential new biomarkers to facilitate diagnosis and to improve 

the dismal prognosis associated with this highly malignant disease.  
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2 Materials and Methods 

2.1 Immunohistochemistry 

2.1.1 Patient samples 
We examined a total of 174 PDAC cases on tissue microarrays (TMAs) provided by 

the Institute of Pathology at the Technical University of Munich, Munich, Germany. 

Each case was represented by three cones on the TMA slides. Patient data and 

clinicopathological classification are summarized in Table 4. As a control, non-

neoplastic pancreatic tissue was collected at the Institute of Pathology at the 

Medical University of Graz, Graz, Austria. A total of 9 formalin-fixed, paraffin-

embedded (FFPE) control samples classified by two board-certified pathologists 

(J.H. and I.B.) were collected. Sample collection and use were done under approval 

of the local ethics committee (Nr. 28-294 ex 15/16). 

Table 4: Clinicopathological data of 174 PDAC cases on TMAs. 
Absolute numbers (and % of total) of the cohort used in this study. 

 Total (%) Male (%) Female (%) 

n 174 (100) 98 (56.3) 76 (43.7) 

Mean age 64.14 62.44 66.33 

pT     

1/2 35 (20.1) 15 (15.3) 20 (26.3) 

3/4 139 (79.9) 83 (84.7) 56 (73.7) 

pN     

0 42 (24.1) 22 (22.4) 20 (26.3) 

1 132 (75.9) 76 (77.6) 56 (73.7) 

pM    

0 168 (96.6) 93 (94.9) 75 (98.7) 

1 6 (3.4) 5 (5.1) 1 (1.3) 

Grading    

1 7 (4) 4 (4.1) 3 (3.9) 

2 92 (52.9) 51 (52) 41 (54) 

3 75 (43.1) 43 (43.9) 32 (42.1) 
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2.1.2 Immunohistochemical staining 
TMAs and non-neoplastic FFPE samples were stained for expression of eIF1, 

eIF2, eIF3A, eIF3C, eIF4E, eIF4G, eIF5 and eIF6. FFPE samples were cut into 

slices of 4 m thickness, attached to adhesive-coated glass slides and fixed at 65°C 

for 60 minutes. Staining was done with a Ventana Immunostainer XT (Ventana 

Medical Systems, Tucson, USA) using an ultra-VIEW universal DAB Detection Kit 

(Ventana Medical Systems, Tucson, USA) and cell-conditioning solution for 30 

minutes via heat-induced epitope retrieval (HIER). The primary antibodies and 

dilutions used are listed in Table 5. Antibodies were incubated for 30 minutes at 

room temperature. 

Table 5: Antibodies used for immunohistochemical staining.  

Primary Antibody Company Dilution Secondary Antibody 

eIF1 Sigma Aldrich (HPA043003) 1:30 Rabbit 

eIF2 (D7D3) XP Cell Signaling (#5324) 1:100 Rabbit 

eIF3A Cell Signaling (#2538) 1:50 Rabbit 

eIF3p110 (B-6) (eIF3C) Santa Cruz (sc-74507) 1:2000 Mouse 

eIF4E Cell Signaling (#9742) 1:100 Rabbit 

eIF4G Cell Signaling (#2498) 1:25 Rabbit 

eIF5 Gene Tex 1:100 Rabbit 

eIF6 Gene Tex(GTX63642) 1:250 Rabbit 

 

2.1.3 Expression evaluation/ scoring 
Staining was evaluated for its intensity and the amount of positively stained cells. 

Staining intensity was classified using an intensity score ranging from 0-3 (0: no 

staining, 1: weak staining, 2: moderate staining, 3: strong staining), whereas the 

amount of positive cells was quantified using a proportion score ranging from 0-4 

(0%: 0, 1-10%: 1, 11-49%: 2, 50-79%: 3, 80-100%: 4). By multiplication, an overall 

tissue intensity score (TIS) taking both parameters into account was calculated 

ranging from 0-12; final expression was classified as follows: 0 no expression, 1-4 

weak expression, 5-8 moderate expression, 9-12 strong expression. 
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2.1.4 Statistical analysis 
Graphical analysis and statistical testing were done using GraphPad Prism V8.0.2 

software (GraphPad software Inc., La Jolla, CA, USA). All data are presented as 

means  standard of the mean (SEM). Significance level was set as p < 0.05; all 

data were analyzed with descriptive statistics and Mann-Whitney-U-test. 

Significance is depicted in the graphics as follows: * p < 0.05, ** p < 0.01, *** p < 

0.001, **** p < 0.0001. 

 

 

2.2 Western Blot analysis 

2.2.1 Patient samples 
A total of 56 tumor samples and 28 non-neoplastic pancreatic tissues (NNTs), 

serving as controls, were collected at the Institute of Pathology in Magdeburg, 

Magdeburg, Germany and used for this study. The tissue samples were 

cryopreserved after collection and stored at -80°C until analysis. Sampling and use 

of the tissue were done under the approval of the local ethics committees in Graz 

(Nr. 28-294 ex 15/16) and in Magdeburg (Nr. 08/18). The in- and exclusion criteria 

for patient samples used in this study were:  

 

 

 

 

Inclusion criteria:  
-Age: 18-100 years 
-Sex: male and female 
-Disease status:  

• Histologically verified neoplasm of the pancreas (all types of 
adenocarcinomas, neuroendocrine tumours (NETs), adenomas) 
of all grades and clinicopathological stages 

• Hematogenic or lymphogenic metastatic pancreatic tissue (e.g. in 
the liver or lymph nodes) 

• Pre/postsurgically treated (adjuvant/neoadjuvant) and untreated 
patients (solely surgery as pimary approach)  

-Surgery material cryopreservable/obtainable < 24h after surgery 
 
Exclusion criteria:  

-Age: < 18; > 100 
-Histologically unidentifyable origin of neoplastic tissue (cancer of unknown 
primary = CUP-syndrome) 
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The in- and exclusion criteria for the NNTs were: 

 

2.2.2 Protein extraction and Immunoblot (Western Blot) 
Homogenization of frozen tissue samples was performed using a MagNA Lyser 

homogenizer (Roche Diagnostics, Risch-Rotkreuz, Switzerland) in NP-40 Lysis 

buffer (0.05M Tris-HCl, 5M NaCl, 0.5% NP-40, 0.1M Pefabloc, 1M DTT, complete 

Mini, PhosSTOP). Protein concentration of the lysate was determined using the 

Bradford protein assay (Biorad Protein Assay Dye Reagent, BioRad Laboratories 

GmbH, Munich, Germany). Every sample was diluted with NP-40 Lysis buffer to 

yield an end concentration of 3 µg/µl. 30 µg protein were loaded onto 12.5% SDS-

PAGE gels (30% Acrylamid / Bisacrylamid stock solution, ROTH, Karlsruhe, 

Germany). Gel composition is stated in Table 6. Electrophoresis was performed in 

mini-vertical electrophoresis units (Hoefer Inc., Richmond, USA). PVDF membranes 

(Immobilin-P transfer membrane, Millipore, Massachusetts, USA) were used for 

blotting in a Semi Dry Blotting Unit (SCIE-PLAS, Cambridge, England) for 90 

minutes with 80 mA per gel. Primary antibodies are shown in Table 7. The stated 

dilutions were prepared in 0.1% tris-buffered saline tween (TBST) with 5% bovine 

serum albumin (BSA). Primary antibody incubation was done overnight at 4°C. 

Secondary antibodies were horseradish peroxidase-conjugated anti-mouse (1:3000 

dilution) and anti-rabbit (1:5000 dilution) antibodies (GE Healthcare Life Sciences, 

Buckinghamshire, England) and were incubated for 60 minutes at room 

temperature. Visualization was done in the Image Quant LAS 500 detection system 

(GE Healthcare, Little Chalfont, UK) by chemiluminescence using Amersham ECL 

Inclusion criteria: 
-Age: 18-100 years 
-Sex: male and female 
-Disease status:  

• Morphologically/macroscopically normal tissue obtained during 
surgery 

-Surgery material cryopreservable/obtainable < 24h after surgery 
 

Exlcusion criteria:  
 -Age: < 18; > 100 
 -Disease status: 

• Autoimmunpancreatitis 
• Chronic pancreatitis 
• Acute pancreatitis 
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Western Blotting Detection Reagent (GE Healthcare Life Sciences, 

Buckinghamshire, England). Immunoblot analysis and quantification was performed 

using the software Image J (National Institutes of Health, USA). Signals were 

normalized to glyceraldehyde-3-phosphate dehydrogenase (GAPDH).  

 

Table 6: Immunoblot gel composition.  
The indicated amounts were used for generating 4 gels. SDS = Sodium dodecylsulfate, APS = ammonium 
persulfate, TEMED = Tetramethylethylenediamine.  

 Separating Gel Collecting Gel 
Aqua dest.  9.84 ml 12.5 ml 

Tris 1.5M 7.5 ml (pH 8.8) 5 ml (pH 6.6) 

Acrylamid 12.18 ml 2 ml 

10% SDS 300 µl 200 µl 

APS 300 µl 100 µl 

TEMED 22.5 µl 30 µl 

 

Table 7: Primary antibodies used for Immunoblot analysis. 

Primary Antibody Company Dilution 

eIF1 Sigma Aldrich 1:1000 

eIF1A Abcam 1:1000 

eIF2α (D7D3) XP Cell Signaling 1:1000 

Phospho-eIF2α (Ser51)(D9G8) Cell Signaling 1:1000 

eIF3B (= eIF3η (D-9)) Santa Cruz 1:1000 

eIF3C Cell Signaling 1:1000 

eIF4E Cell Signaling 1:1000 

eIF4G Cell Signaling 1:1000 

eIF5 Gene Tex 1:1000 

eIF6 Cell Signaling 1:1000 

GAPDH Sigma-Aldrich 1:1000 
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2.2.3 Statistical analysis 
Immunoblot data are represented as means ± standard error of the mean (SEM). 

Statistical testing was performed using a Mann-Whitney-U test for overall 

expression and one-way ANOVA for multiple comparisons. Signifance levels were 

set to p < 0.05. Means of duplicates were used for generation of results. Tumor 

samples with highly diverging duplicates (standard deviation > 1) were excluded 

from analysis due to inacurracy. All analyses and graphs were genereated in 

GraphPad Prism software V8.0.2 (GraphPad software Inc., La Jolla, CA, USA). 

Significance is depicted in the graphics as follows: * p < 0.05, ** p < 0.01, *** p < 

0.001, **** p < 0.0001.  

 

 

2.3 RNA analysis 
2.3.1 RNA isolation 

Fresh-frozen tissue from PDAC and NNT specimens was used to isolate total RNA 

using a Trizol-based protocol. 70-100 mg of tissue were used per sample and 

homogenized with MagNA Lyser Green Beads (Roche Diagnostics, Risch-

Rotkreuz, Switzerland) in 1ml Trizol reagent (Life Technologies, Carlsbad, 

California, USA). The MagNA Lyser (Roche Diagnostics, Risch-Rotkreuz, 

Switzerland) was set to 6,500 rpm for 30 seconds. After the lysate was incubated at 

room temperature for 10 minutes, 200 µl chloroform was added, followed by another 

3 minutes of incubation at room temperature. The sample was then centrifuged at 

10,000 rpm for 15 minutes at 4°C. After phase-separation, the upper, RNA-

containing phase was pippeted into 500 µl isopropanol and consecutively 

centrifuged at 10,000 rpm for 15 minutes at 4°C. The supernatant was then 

discarded. The RNA pellet was washed 2 - 3 times with 1 ml of 80% ethanol. The 

pellet was then dried for 5 minutes at 37°C. The dried pellet was dissolved in 50 – 

200 µl RNase free water (upon pellet size estimation). Afterwards, incubation at 

58°C for 10 minutes was done. RNA purity and quantity were assessed at a 

NanoDrop spectrophotometer (Thermo Scientific, Waltham, Massachusetts, USA). 

The sample was then stored at -80°C until utilization.  
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2.3.2 Reverse transcription 
Reverse transcription was performed using the High-Capacity cDNA Reverse 

Transcription Kit (Applied Biosystems, Foster City, California, USA) according to the 

manufacturer´s instruction. Accordingly, 20 µg RNA was added to 10 µl of 2x RT 

master mix (Table 8). Nuclease free H2O was added to an end volume of 20 µl. PCR 

was done using a PCR GeneAmp9700 thermocycler (Applied Biosystems, Foster 

City, California, USA). The programm settings are described in Table 9. 1:10 and 

undiluted cDNAs were stored at -20°C until further utilization.  

 
Table 8: Components of the 2x Reverse Transcriptase Master Mix. 

Component Volume L 

10x RT Buffer 2.0   

25x dNTP Mix (100 mM) 0.8  

10x RT Random Primers 2.0  

MultiScribe™ Reverse Transcriptase 1.0  

RNase Inhibitor 1.0  

Nuclease-free H2O 3.2  

Total Volume per Reaction 10.0  

 

Table 9: Program settings used for reverse transcription. 
 Temperature °C] Time min] 

Step 1 25 10 

Step 2 37 120 

Step 3 85 5 

Step 4 4 ∞ 

 

 

2.3.3 Quantitative real-time PCR  
For quantitative real-time PCR (qRT-PCR) the Power SYBR Green PCR Master Mix 

Kit (Applied Biosystems, Foster City, California, USA) was utilized. Primers were 

self-designed using Primer-Blast and synthesized by Eurofins MWG operon 

(Germany). Detailed primer information is given in Table 10. qRT-PCR was 

performed with 30 ng of cDNA in a reaction volume of 10 µl, pippeting was done 

utilizing a Hamilton Microlab STAR (Hamilton Germany GmbH – Robotics, 

Germany). The programs were set according to the manufacturer´s instructions.  
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Table 10: Primers used for qRT-PCR. 
Forward (Fwd) and reverse (Rev) primers including their sequence, length and melting temperature (Tm) are 
shown. 

Gene Primer  Sequence (5’-3’) Length Tm [°C] 

EIF1 Fwd GAAACGGCAGGAAGACCCTTA 21 60 

 Rev CGGATGCTCAATTACAGTACCAT 23 59 

EIF1AX Fwd AACAGACGCAGGGGTAAGAAT 21 61 

 Rev CCTGAGCATACTCCTGACCAT 21 61 

EIF2A Fwd TGGTGAATGTCAGATCCATTGC 22 60 

 Rev TAGAACGGATACGCCTTCTGG 21 61 

RPL41 Fwd AAGATGAGGCAGAGGTCCAA 20 58 

 Rev TCCAGAATGTCACAGGTCCA 20 58 

YWHAZ Fwd ACTTTTGGTACATTGTGGCTTCAA 24 60 

 Rev CCGCCAGGACAAACCAGTAT 20 60 

 

2.3.4 Statistical analysis 

Expression analysis was done by relative quantification using the 2-Ct-method. 

Normalization was done to ribosomal protein L41 (RPL41) and 14-3-3 protein 

zeta/delta (YWHAZ) as internal housekeeping genes (HKGs). All samples were 

determined in triplicates, the Ct values were averaged for further analysis. X-fold 

expression calculation was done by dividing the averaged  

2-Ct-values of the tumor samples by 2-Ct-values of NNTs. Addtionally, statistical 

testing for significance was done after log-transformation of 2-Ct values using a  

t-test. Variance equality was tested by F test.  

 

2.4 In Silico expression and survival analysis 
125 PDAC subjects from The Cancer Genome Atlas (TCGA) database were 

analyzed to reveal associations between eIF expression and survival. Using the R 

survival package, Kaplan-Meier curves were generated. Association was tested via 

log-rank test. p < 0.05 was set as significance threshold.   
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3 Results 

3.1 Expression analysis via Immunohistochemistry and 

Western Blot 
3.1.1 Housekeeping gene (HKG) testing 

Prior to analyzing various eIFs in the entire cohort via Western Blot, small-scale 

testing for the most stably expressed housekeeping gene (HKG) was performed in 

4 NNTs and 5 PDAC samples (Figure 7). The tested proteins were importin 8 

(IPO8), succinate dehydrogenase complex subunit A (SDHA), actin and GAPDH. 

As GAPDH expression was the most stable across all tested samples, it was chosen 

as reference HKG for all subsequent analyses. As experimental pre-test, eIF4E was 

also analyzed to test for method applicability for eIF analysis.  

 
Figure 7: Housekeeping gene testing for Western Blot analysis.  
4 NNTs and 5 PDAC samples were tested for IPO8, SDHA, actin and GAPDH signal intensity. Additionally, 
eIF4E was visualized to test if experimental settings were appropriate for eIF detection.  

 

3.1.2 eIF1 

3.1.2.1 Immunohistochemistry 

169 PDAC specimens were evaluated for their eIF1 expression and compared to 9 

NNT specimens. Representative sections are shown in Figure 8A. Among the 169 

samples, 97 were G1/2 and 72 were G3. eIF1 was downregulated in PDAC samples 

in the overall comparison (NNT vs. tumor of all grades, p < 0.0001, Figure 8B, C) 

and in the subgroup analysis (NNT vs. G1/2 and NNT vs. G3, both  

p < 0.0001) with no significant difference between different groups of differentiation 

(G1/2 vs. G3, p = 0.4260, Figure 8D, E).  
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Figure 8: Immunohistochemical evaluation of eIF1 expression in PDAC compared to NNT. 
(A) Representative sections of eIF1 staining in NNT and PDAC. Scale bar indicates 100 m. (B) Downregulation 
of eIF1 expression in NNT versus PDAC samples (all grades), p < 0.0001. (C) Distribution of expression in NNT 
compared to PDAC samples. (D) Downregulation of eIF1 expression in NNT versus PDAC samples, 
subgrouped by differentiation. NNT vs. G1/2, p < 0.0001. NNT vs. G3, p < 0.0001 (E) Distribution of expression 
in NNT compared to PDAC samples, subgrouped by differentiation (G1/2 and G3). (nNNT = 9, ntumor = 169, nG1/2 
= 97, nG3 = 72) 
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3.1.2.2 Western Blot 

56 PDAC specimens were analyzed and compared to 28 NNT specimens. 

Representative blots are shown in Figure 9A. Downregulation was observed in 

tumor samples compared to NNTs (p = 0.0029, Figure 9B). A subgroup analysis of 

28 NNTs and 26 PDAC samples where information on tumor grade was available 

showed significant downregulation of eIF1 in G3 tumors compared to NNT  

(p = 0.0488) and no significant difference for G1/2 tumors (Figure 9C). No significant 

difference was present between G1/2 and G3 tumors. However, for eIF1 the 

replicate experiment yielded no analyzable blots, the depicted results are therefore 

single measures.  

 

 
Figure 9: Western Blot analysis of eIF1 expression.  
(A) Representative blots of eIF1 and GAPDH as HKG. (B) Downregulation of eIF1 in PDAC (n = 56) compared 
to NNT (n = 28), p = 0.0029. (C) Subgroup analysis of PDACs with available differentiation status  
(n = 26). G3 PDACs show significant reduction of eIF1 expression (p = 0.0488).  
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3.1.3 eIF2 

3.1.3.1 Immunohistochemistry 

165 PDAC specimens were evaluated for their eIF2 expression and compared to 

9 NNT specimens. Representative sections are shown in Figure 10A. Among the 

165 samples, 95 were G1/2 and 70 were G3. eIF2 was downregulated in PDAC 

samples in the overall comparison (NNT vs. tumor of all grades, p < 0.0001, Figure 

10B, C) and in the subgroup analysis (NNT vs. G1/2 and NNT vs. G3, both  

p < 0.0001, Figure 10D, E). Additionally, significant differences were detectable 

between differentiation states, with higher expression in poorly differentiated tumors 

compared to well and moderately differentiated ones (G1/2 vs. G3, p = 0.0119, 

Figure 10D, E).  

 

3.1.3.2 Western Blot 

53 PDAC specimens were analyzed and compared to 28 NNT specimens. 

Representative blots are shown in Figure 11A. Downregulation was observed in 

tumor samples compared to the controls (p < 0.0001, Figure 11B). A subgroup 

analysis of 28 NNTs and 26 PDAC samples where information on tumor grade was 

available showed that the observed downregulation is present across all 

differentiation states (NNT vs. G1/2, p = 0.0065, NNT vs. G3, p = 0.0002) with no 

significant differences within these groups (G1/2 vs. G3, p = 0.9620) (Figure 11C). 

Additionally, p-eIF2 expression was determined via Western Blot (Figure 12A). 

Overall expression was significantly reduced in PDAC samples (n = 52) compared 

to NNTs (n = 28) (p = 0.0005, Figure 12B). Subgroup analysis showed that this 

downregulation is primarily attributable to downregulation in G1/2 tumors (n = 11), 

where a significant difference compared to NNT (n = 28) was present (p = 0.0184, 

Figure 12C). No significant difference was present between NNT and G3 (n = 12, p 

= 0.3474), and between differentiation subgroups (p = 0.8034).  
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Figure 10: Immunohistochemical evaluation of eIF2 expression in PDAC compared to NNT. 
(A) Representative sections of eIF2 staining in NNT and PDAC. Scale bar indicates 100 m.  
(B) Downregulation of eIF2 expression in NNT versus PDAC samples (all grades), p < 0.0001. (C) Distribution 
of expression in NNT compared to PDAC samples. (D) Downregulation of eIF2 expression in NNT versus 
PDAC samples, subgrouped by differentiation. NNT vs. G1/2, p < 0.0001. NNT vs. G3, p < 0.0001. G1/2 vs. G3, 
p = 0.0119. (E) Distribution of expression in NNT compared to PDAC samples, subgrouped by differentiation 
(G1/2 and G3). (nNNT = 9, ntumor = 165, nG1/2 = 95, nG3 = 70)  



 54 

 
Figure 11: Western Blot analysis of eIF2 expression. 
(A) Representative blots of eIF2 and GAPDH as HKG. (B) Downregulation of eIF2 in PDAC (n = 53) 
compared to NNT (n = 28), p > 0.0001. (C) Subgroup analysis of tumors with available differentiation status  
(n = 26). Significant reduction of eIF2 expression in G1/2 (p = 0.0065) and G3 tumors (p = 0.0002).  

 
Figure 12: Western Blot analysis of phospho-eIF2 expression. 
(A) Representative blots of p-eIF2 and GAPDH as HKG. (B) Downregulation of p-eIF2  in PDAC (n = 52) 
compared to NNT (n = 28), p = 0.0005. (C) Subgroup analysis of PDACs with available differentiation status  
(n = 23). G1/2 tumors show significant reduction of p-eIF2 expression (p = 0.0184).  
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3.1.4 eIF3A 

3.1.4.1 Immunohistochemistry 

173 PDAC specimens were evaluated for their eIF3A expression and compared to 

9 NNT specimens. Representative sections are shown in Figure 13A. Among the 

173 samples, 99 were G1/2 and 74 were G3. eIF3A was upregulated in PDAC 

samples in the overall comparison (NNT vs. tumor of all grades, p = 0.0132, Figure 

13B, C) and in the subgroup analysis (NNT vs. G1/2, p = 0.0318 and NNT vs. G3, 

p = 0.0107, Figure 13D, E). No significant differences were detectable between 

differentiation states (G1/2 vs. G3, p = 0.2197).  

 

3.1.5 eIF3C 

3.1.5.1 Immunohistochemistry 

168 PDAC specimens were evaluated for their eIF3C expression and compared to 

9 NNT specimens. Representative sections are shown in Figure 14A. Among the 

168 samples, 96 were G1/2 and 72 were G3. eIF3C was downregulated in PDAC 

samples in the overall comparison (NNT vs. tumor of all grades, p < 0.0001, Figure 

14B, C) and in the subgroup analysis (NNT vs. G1/2 and NNT vs. G3, both  

p < 0.0001, Figure 14D, E). No significant differences were detectable between 

differentiation states (G1/2 vs. G3, p = 0.7858). 

 

3.1.5.2 Western Blot 

47 PDAC specimens were analyzed and compared to 28 NNT specimens. 

Representative blots are shown in Figure 15A. Downregulation was observed in 

tumor samples compared to the controls (p = 0.0048, Figure 15B). A subgroup 

analysis of 28 NNTs and 22 PDAC samples where information on tumor grade was 

available indicated that the observed downregulation is only present in G1/2 tumors 

(n = 12, p = 0.0009, Figure 15C). No significant differences were detectable between 

NNT and G3 tumors (n = 10, p = 0.2058) or between different groups of 

differentiation (G1/2 vs. G3, p = 0.3947, Figure 15C).  
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Figure 13: Immunohistochemical evaluation of eIF3A expression in PDAC compared to NNT. 
(A) Representative sections of eIF3A staining in NNT and PDAC. Scale bar indicates 100 m. (B) Upregulation 
of eIF3A expression in NNT versus PDAC samples (all grades), p = 0.0132. (C) Distribution of expression in 
NNT compared to PDAC samples. (D) Upregulation of eIF3A expression in NNT versus PDAC samples, 
subgrouped by differentiation. NNT vs. G1/2, p = 0.0318. NNT vs. G3, p = 0.0107. (E) Distribution of expression 
in NNT compared to PDAC samples, subgrouped by differentiation (G1/2 and G3). (nNNT = 9, ntumor = 173,  
nG1/2 = 99, nG3 = 74)  
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Figure 14: Immunohistochemical evaluation of eIF3C expression in PDAC compared to NNT. 
(A) Representative sections of eIF3C staining in NNT and PDAC. Scale bar indicates 100 m.  
(B) Downregulation of eIF3C expression in NNT versus PDAC samples (all grades), p < 0.0001 (C) Distribution 
of expression in NNT compared to PDAC samples. (D) Downregulation of eIF3C expression in NNT versus 
PDAC samples, subgrouped by differentiation. NNT vs. G1/2, p < 0.0001. NNT vs G3, p < 0.0001. (E) 
Distribution of expression in NNT compared to PDAC samples, subgrouped by differentiation (G1/2 and G3). 
(nNNT = 9, ntumor = 168, nG1/2 = 96, nG3 = 72) 

  



 58 

 
Figure 15: Western Blot analysis of eIF3C expression.  
(A) Representative blots of eIF3C and GAPDH as HKG. (B) Downregulation of eIF3C in PDAC (n = 47) 
compared to NNT (n = 28), p = 0.0048. (C) Subgroup analysis of PDACs with available differentiation status  
(n = 22). G1/2 tumors show significant reduction of eIF3C expression compared to NNT (p = 0.0009).  

 

 

3.1.6 eIF4E 

3.1.6.1 Immunohistochemistry 

171 PDAC specimens were evaluated for their eIF4E expression and compared to 

9 NNT specimens. Representative sections are shown in Figure 16A. Among the 

171 samples, 98 were G1/2 and 73 were G3. eIF4E expression was not significantly 

altered in PDAC samples compared to NNT (p = 0.1168, Figure 16B, C). The 

subgroup analysis revealed no significant differences in neither of the groups (NNT 

vs. G1/2, p = 0.1064, NNT vs. G3, p = 0.2367, G1/2 vs. G3, p = 0.1989, 

Figure 16D, E).  
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Figure 16: Immunohistochemical evaluation of eIF4E expression in PDAC compared to NNT. 
(A) Representative sections of eIF4E staining in NNT and PDAC. Scale bar indicates 100 m. (B) No significant 
differences in eIF4E expression in NNT versus PDAC samples (all grades) were detected. (C) Distribution of 
expression in NNT compared to PDAC samples. (D) No significant differences in eIF4E expression in NNT 
versus PDAC samples, subgrouped by differentiation (G1/2 and G3) were detected. (E) Distribution of 
expression in NNT compared to PDAC samples, subgrouped by differentiation (G1/2 and G3). (nNNT = 9,  
ntumor = 171, nG1/2 = 98, nG3 = 73)  
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3.1.6.2 Western Blot 

53 PDAC specimens were analyzed and compared to 28 NNT specimens. 

Representative blots are shown in Figure 17A. Downregulation was observed in 

tumor samples compared to the controls (p < 0.0001, Figure 17B). A subgroup 

analysis of 28 NNTs and 26 PDAC samples where information on tumor grade was 

available showed that the downregulation is present in both groups of differentiation 

(NNT vs. G1/G2, n = 13 and NNT vs G3, n = 13, both p < 0.0001, Figure 17C). No 

significant differences were detectable between different groups of differentiation 

(G1/2 vs. G3, p > 0.99, Figure 17C). 

 

 
Figure 17: Western Blot analysis of eIF4E expression.  
(A) Representative blots of eIF4E and GAPDH as HKG. (B) Downregulation of eIF4E in PDAC (n = 53) 
compared to NNT (n = 28), p < 0.0001. (C) Subgroup analysis of PDACs with available differentiation status  
(n = 26). Both differentiation groups show decreased eIF4E expression compared to NNT, both p < 0.0001.  
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3.1.7 eIF4G 

3.1.7.1 Immunohistochemistry 

167 PDAC specimens were evaluated for their eIF4G expression and compared to 

9 NNT specimens. Representative sections are shown in Figure 18A. Among the 

167 samples, 95 were G1/2 and 72 were G3. eIF4G expression was not significantly 

altered in PDAC samples compared to NNT (p = 0.8154, Figure 18B, C). Significant 

alterations in eIF4G expression compared to NNT were not detected in any of the 

differentiation groups (NNT vs. G1/2, p = 0.5169, NNT vs. G3, p = 0.8779, Figure 

18D, E). However, G3 tumors showed higher eIF4G expression compared to G1/2 

tumors (p = 0.0266, Figure 18D, E).  

 

3.1.8 eIF5 

3.1.8.1 Immunohistochemistry 

168 PDAC specimens were evaluated for their eIF5 expression and compared to 9 

NNT specimens. Representative sections are shown in Figure 19A. Among the 168 

samples, 96 were G1/2 and 72 were G3. eIF5 expression was not significantly 

altered in PDAC samples compared to NNT (p = 0.3867, Figure 19B, C). Significant 

alterations in eIF5 expression compared to NNT were not detected in any of the 

differentiation groups (NNT vs. G1/2, p = 0.3710, NNT vs. G3, p = 0.4633, Figure 

19D, E). Furthermore, no significant difference in eIF5 expression between 

differentiation groups was present (p = 0.6785, Figure 19D, E).   

 

3.1.9 eIF6 

3.1.9.1 Immunohistochemistry 

164 PDAC specimens were evaluated for their eIF6 expression and compared to 9 

NNT specimens. Representative sections are shown in Figure 20A. Among the 164 

samples, 92 were G1/2 and 72 were G3. eIF6 was downregulated in PDAC samples 

in the overall comparison (NNT vs. tumor of all grades, p = 0.0093, Figure 20B, C) 

and in the subgroup analysis (NNT vs. G1/2, p = 0.0083 and NNT vs. G3, p = 0.0252, 

Figure 20D, E). No significant differences were detectable between differentiation 

states (G1/2 vs. G3, p = 0.4047). 
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Figure 18: Immunohistochemical evaluation of eIF4G expression in PDAC compared to NNT. 
(A) Representative sections of eIF4G staining in NNT and PDAC. Scale bar indicates 100 m. (B) No alteration 
in eIF4G expression in NNT versus PDAC samples (all grades) was detectable. (C) Distribution of expression 
in NNT compared to PDAC samples. (D) No significant differences in eIF4G expression in NNT versus PDAC 
samples, subgrouped by differentiation (G1/2 and G3) were present. G3 tumors showed higher eIF4G 
expression compared to G1/2 tumors, p = 0.0266 (E) Distribution of expression in NNT compared to PDAC 
samples, subgrouped by differentiation (G1/2 and G3). (nNNT = 9, ntumor = 167, nG1/2 = 95, nG3 = 72) 
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Figure 19: Immunohistochemical evaluation of eIF5 expression in PDAC compared to NNT. 
(A) Representative sections of eIF5 staining in NNT and PDAC. Scale bar indicates 100 m. (B) No alteration 
in eIF5 expression in NNT versus PDAC samples (all grades) was detectable. (C) Distribution of expression in 
NNT compared to PDAC samples. (D) No significant differences in eIF5 expression in NNT versus PDAC 
samples, subgrouped by differentiation (G1/2 and G3) were present. Different tumor grades showed no 
significant differences. (E) Distribution of expression in NNT compared to PDAC samples, subgrouped by 
differentiation (G1/2 and G3). (nNNT = 9, ntumor = 168, nG1/2 = 96, nG3 = 72) 
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Figure 20: Immunohistochemical evaluation of eIF6 expression in PDAC compared to NNT. 
(A) Representative sections of eIF6 staining in NNT and PDAC. Scale bar indicates 100 m. (B) Downregulation 
of eIF6 expression in NNT versus PDAC samples (all grades), p = 0.0093. (C) Distribution of expression in NNT 
compared to PDAC samples. (D) Downregulation of eIF6 expression in NNT versus PDAC samples, 
subgrouped by differentiation. NNT vs. G1/2, p = 0.0083. NNT vs G3, p = 0.0252. (E) Distribution of expression 
in NNT compared to PDAC samples, subgrouped by differentiation (G1/2 and G3). (nNNT = 9, ntumor = 164, nG1/2 
= 92, nG3 = 72) 
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3.1.9.2 Western Blot 

53 PDAC specimens were analyzed and compared to 28 NNT specimens. 

Representative blots are shown in Figure 21A. Downregulation was observed in 

PDAC samples compared to NNT (p = 0.0052, Figure 21B). A subgroup analysis of 

28 NNTs and 26 tumor samples where information on tumor grade was available 

revealed no significant differences in eIF6 expression between either of the groups 

(p > 0.99 for all groups, Figure 21C).  

 

 
Figure 21: Western Blot analysis of eIF6 expression.  
(A) Representative blots of eIF6 and GAPDH as HKG. (B) Downregulation of eIF6 in PDAC (n = 53) compared 
to NNT (n = 28), p = 0.0052. (C) Subgroup analysis of PDACs with available differentiation status  
(n = 26). No significant differences in eIF6 expression were detected (p > 0.99 for all groups).   
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3.1.10 Additional factors analyzed by Western Blot 

3.1.10.1 eIF1A 

54 PDAC specimens were analyzed and compared to 28 NNT specimens. 

Representative blots are shown in Figure 22A. Downregulation was observed in 

PDAC samples compared to NNT (p < 0.0001, Figure 22B). A subgroup analysis of 

28 NNTs and 26 PDAC samples where information on tumor grade was available 

showed significant downregulation for the G3 group compared to NNT (p = 0.0013), 

whereas the other groups showed no significant differences (Figure 22C).  

 
Figure 22: Western Blot analysis of eIF1A expression.  
(A) Representative blots of eIF1A and GAPDH as HKG. (B) Downregulation of eIF1A in PDAC (n = 54) 
compared to NNT (n = 28), p < 0.0001. (C) Subgroup analysis of PDACs with available differentiation status  
(n = 26). Significant differences were detected in G3 tumors compared to NNT (p = 0.0013). 

 
3.1.10.2 eIF3B 

52 PDAC specimens were analyzed and compared to 28 NNT specimens. 

Representative blots are shown in Figure 23A. Downregulation was observed in 

PDAC samples compared to NNT (p = 0.0037, Figure 23B). A subgroup analysis of 

28 NNTs and 24 PDAC samples where information on tumor grade was available 

showed significant differences in the G1/2 (n = 12) group compared to NNT (p = 

0.0004, Figure 23C). G3 vs. NNT (p = 0.1261) and G1/2 vs. G3 (p = 0.2771) showed 

no significant differences. 
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Figure 23: Western Blot analysis of eIF3B expression.  
(A) Representative blots of eIF3B and GAPDH as HKG. (B) Downregulation of eIF3B in PDAC (n = 52) 
compared to NNT (n = 28), p = 0.0037. (C) Subgroup analysis of PDACs with available differentiation status  
(n = 24). Significant downregulation was detected in the G1/2 group compared to NNT (p = 0.0004).  
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3.2 mRNA expression analysis – qRT-PCR 

For mRNA expression analysis, total RNA from 22 NNTs and 38 PDAC samples 

was isolated and subjected to reverse transcription to generate cDNA as described 

in the methods part. As HKG, mean Ct values of RPL41 and YWHAZ were used, as 

they were the most stably expressed HKGs and yielded specific products  

(Figure 24A - D). 

 

 
Figure 24: Amplification plots and melt curves of utilized HKGs (RPL41 and YWHAZ).  
(A) Amplification plot of RPL41. (B) Melt curve plot of RPL41. The amplicon-specific peak is visible at 82.5°C. 
(C) Amplification plot of YWHAZ. (D) Melt curve plot of YWHAZ. The amplicon-specific peak is visible at 77.5°C. 
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3.2.1 EIF1 mRNA expression 

EIF1 mRNA expression was reduced 0.710-fold in PDAC (n = 34) compared to NNT 

(n = 19) (Figure 25A). Statistical analysis after log-transformation revealed that this 

decrease was significant (p = 0.0338, Figure 25B). Amplification and melting curve 

plots were assessed to ensure specificity (Figure 25C, D). Samples with unspecific 

amplification products were excluded from data analysis.  

 

3.2.2 EIF1AX mRNA expression 
EIF1AX mRNA expression was reduced 0.413-fold in PDAC (n = 30) compared to 

NNT (n = 16) (Figure 26A). Statistical analysis after log-transformation revealed that 

this decrease was significant (p = 0.0002, Figure 26B). Amplification and melting 

curve plots were assessed to ensure specificity (Figure 26C, D). Samples with 

unspecific amplification products were excluded from data analysis.  

 

3.2.3 EIF2S1 mRNA expression 
EIF2S1 mRNA expression was reduced 0.753-fold in PDAC (n = 35) compared to 

NNT (n = 19) (Figure 27A). However, statistical analysis after log-transformation 

revealed that this decrease was not significant (p = 0.2829, Figure 27B). 

Amplification and melting curve plots were assessed to ensure specificity  

(Figure 27C, D). Samples with unspecific amplification products were excluded from 

data analysis.  
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Figure 25: qRT-PCR analysis of EIF1 mRNA expression in PDAC.  
(A) EIF1 mRNA expression analyzed by 2-Ct-method. A 0.710-fold decrease is seen in PDAC (n = 34) 
compared to NNT (n = 19) (B) Log-transformed data analyzed by t-test. Significantly lower amounts of EIF1 
mRNA was present in PDAC compared to NNT, p = 0.0338. (C) Amplification plot of analyzed samples. (D) Melt 
curve plot of analyzed samples. The amplicon peaks are present at around 77°C.  
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Figure 26: qRT-PCR analysis of EIF1AX mRNA expression in PDAC.  
(A) EIF1AX mRNA expression analyzed by 2-Ct-method. A 0.413-fold decrease is seen in PDAC  
(n = 30) compared to NNT (n = 16) (B) Log-transformed data analyzed by t-test. Significantly lower amounts of 
EIF1AX mRNA was present in PDAC compared to NNT, p = 0.0002. (C) Amplification plot of analyzed samples. 
(D) Melt curve plot of analyzed samples. The amplicon-specific peak is present at around 75°C.  
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Figure 27: qRT-PCR analysis of EIF2S1 mRNA expression in PDAC.  
(A) EIF2S1 mRNA expression analyzed by 2-Ct-method. A 0.753-fold decrease is seen in PDAC  
(n = 35) compared to NNT (n = 19) (B) Log-transformed data analyzed by t-test. No significant decrease is seen 
in PDAC compared to NNT, p = 0.2829. (C) Amplification plot of analyzed samples. (D) Melt curve plot of 
analyzed samples. The amplicon-specific peak is present at 77°C. A smaller primer dimer peak is present at 
72°C. 
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3.3 Clinical relevance of eIF expression – survival analysis  
 

3.3.1 Survival analysis with protein data 
Kaplan-Meier curves were generated for patients of the IHC cohort where survival 

data was available (n = 155). Groups were first stratified by eIF expression (low (0 

and 1) vs. high (2 and 3) expression) and the log-rank test was applied. 

Furthermore, groups were sub-stratified by grading into 4 distinct groups (G1/2 with 

low eIF vs. G1/2 with high eIF vs. G3 with low eIF vs. G3 with high eIF) and analyzed 

with the log-rank test.  

 

3.3.1.1 eIF2 

Patients with high eIF2 expression showed significantly poorer outcome compared 

to patients with low expression (n = 148, p = 0.0401, Figure 28A). The median 

overall survival in the low expression group was 532 days compared to 370 days in 

the high expression group. Sub-stratification by grading showed significant 

differences in overall survival, with the worst outcome for patients with high eIF2 

and poor differentiation (p = 0.0443, Figure 28B). Median overall survival was 611 

(G1/2 and low eIF2), 434 (G1/2 and high eIF2), 448 (G3 and low eIF2) and 268 

(G3 and high eIF2) days, respectively.  

 
Figure 28: Survival analysis of PDAC patients stratified by eIF2 expression.  
(A) Significant difference in overall survival is present between patients with low versus high eIF2 expression, 
p = 0.0401. (B) Sub-stratification by tumor grade. Patients with high eIF2 and poor differentiation (G3) show 
the worst outcome.  
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3.3.1.2 eIFs without significant influence on survival on protein level 

Additional eIFs were stratified into low and high expression and analyzed for their 

effect on overall survival. No significant influence on patient survival was found for 

eIF3A (p = 0.6168), eIF3C (p = 0.2073), eIF4E (p = 0.6721), eIF4G (p = 0.5172), 

eIF5 (p = 0.8686) and eIF6 (p = 0.2041) (Figures 29 and 30). Median overall survival 

is given in Table 11. Further stratification by tumor grade showed no significant 

influences on overall survival (Figures 29 and 30).  

Table 11: Median overall survival (days) of patients stratified by eIF expression.  
 eIF3A eIF3C eIF4E eIF4G eIF5 eIF6 

Low eIF  432 452 434 386 404 532 

High eIF 431 308 348 452 612 406 

 

 
Figure 29: Survival analysis of PDAC patients stratified by eIF3A and eIF3C expression.  
(A + C) Survival analysis stratified by eIF3A and eIF3C expression. No significant differences were observed. 
(B + D) Survival analysis stratified by eIF expression and tumor grade. No significant differences were observed.   
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Figure 30: Survival analysis of PDAC patients stratified by eIF4E, eIF4G, eIF5 and eIF6 expression. 
(A, C, E, G) Survival analysis stratified by eIF expression. No significant differences were observed. (B, D, F, 
H) Stratification by eIF expression and tumor grade. No significant differences were observed. 
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3.3.2 In silico survival analysis with mRNA data 
Survival analysis on mRNA level was performed for patient data available on the 

TCGA data bank (n = 125). Significant influence on overall survival was found for 

EIF1, EIF2A and EIF3C.  

 

3.3.2.1 EIF1 

Higher levels of EIF1 mRNA correlated with better overall survival compared to 

tumors expressing low levels of EIF1 mRNA (p = 0.048, Figure 31).  

 

 
Figure 31: Survival analysis of TCGA patient data, stratified by EIF1 mRNA level.  
Patients with high EIF1 mRNA level (red) show better overall survival compared to patients with low EIF1 mRNA 
level (blue), p = 0.048, n = 125.  

 

 

3.3.2.2 EIF2A 

Low levels of EIF2A mRNA (encoding eIF2A, not eIF2 whose mRNA is termed 

EIF2S1) correlated with better overall survival compared to tumors expressing high 

levels of EIF2A mRNA (p = 0.002, Figure 32). 
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Figure 32: Survival analysis of TCGA patient data, stratified by EIF2A mRNA level.  
Patients with low EIF2A mRNA level (blue) show better overall survival compared to patients with high EIF2A 
mRNA level (red), p = 0.002, n = 125.  

 

 
3.3.2.3 EIF3C 

Low levels of EIF3C mRNA correlated with better overall survival compared to 

tumors expressing high levels of EIF3C mRNA (p = 0.026, Figure 33). 

 

 
Figure 33: Survival analysis of TCGA patient data, stratified by EIF3C mRNA level.  
Patients with low EIF3C mRNA level (blue) show better overall survival compared to patients with high EIF3C 
mRNA level (red), p = 0.026, n = 125. 
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3.3.2.4 eIFs without significant influence on survival on mRNA level 

mRNA levels of additional eIFs were analyzed for their influence on patient survival. 

No significant influence on overall survival was found for EIF1AX (p = 0.187), EIF3A 

(p = 0.280), EIF4E (p = 0.361), EIF4G1 (p = 0.058), EIF5 (p = 0.661) and EIF6  

(p = 0.132) mRNA levels (Figure 34). 

 

 
Figure 34: Survival analysis of TCGA patient data, stratified by EIF1AX, EIF3A, EIF4E, EIF4G1, EIF5 
and EIF6 mRNA levels. 
(A – F) No significant influences on overall survival were observed for (A) EIF1A, (B) EIF3A, (C)EIF4E,  
(D) EIF4G1, (E) EIF5 and (F) EIF6 mRNA levels.   
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4 Discussion 
 

Understanding tumor biology on a molecular level and dysregulation of cellular 

processes is of great importance to improve patient outcome in the future. Thus, 

developing novel tailored therapies and prognostic models based on biomarkers is 

crucially depending on continuous research efforts elucidating pathways and 

therapeutic targets, especially in entities with such dismal prognosis as PDAC.  

 

In this study, evidence is presented hinting to differential expression of various eIFs 

in PDAC, adding to previous research implicating eIFs in tumor biology in many 

other entities. Additionally, prognostic relevance of some eIFs was found, providing 

potential novel tools for identification of subgroups of patients with either more or 

less favorable prognosis.  

 

4.1 Methodological limitations 
First, the subset of analyzed cells differs from method to method. In the Immunoblot 

and qRT-PCR, whole tissue samples are analyzed after tissue homogenization. 

Therefore, the measured protein and mRNA levels are also influenced by all tumor 

stromal cells such as infiltrating immune cells, endothelial cells and connective 

tissue cells. As pancreatic cancer shows especially dense and multifaceted stromal 

reactions (155), caution is warranted when interpreting the results. To properly 

account for this issue, IHC results are of great use, as they allow for tumor cell-

specific analysis of expression. Interpretation is therefore done as synopsis of all 

methods.  

Second, the presented data are solely descriptive. As no definitive molecular 

mechanism for the obtained results is currently available, it remains unknown if the 

described findings are causatively implicated in pancreatic carcinogenesis or if they 

are bystander products resulting from other primarily affected pathways. 

Exemplarily, for the downregulated factors, further research might focus on 

generating an overexpression model and analyzing if tumor biology is thereby 

affected.  

Last, inter-tumor heterogeneity poses a tremendously hard factor to account for. As 

mentioned above, genetic diversity of tumors that all histologically appear as PDAC 
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is utterly complex (62). Such genetic sub-classifications have not been considered 

here, analyzing all PDAC samples in one group (except for stratification by tumor 

grade) as if they were biologically the same entity. It is therefore likely, that 

generalized statements made here concerning PDAC do not apply for all biologically 

distinct subgroups.  

 

4.2 eIF expression patterns in PDAC 
eIF1 was found downregulated in tumor tissue on protein level (IHC, Immunoblot) 

and on mRNA level (qRT-PCR). Interestingly, the immunohistochemical analysis 

shows total loss of eIF1 expression in all but one sample. The finding, that eIF1 

seems present in the Immunoblot and qRT-PCR, albeit at low levels, might be 

attributable to stromal cells, as indicated above. The rationale underlying this loss 

or downregulation may be found in the protein´s function. As described above, eIF1 

functions to ensure start codon recognition fidelity (82) and was initially described 

as translation initiation inhibitor sui1 in yeast (156). Overexpression of EIF1 (hu-

sui1) was performed in hepatocellular carcinoma cells (HepG2) and caused 

effective suppression of growth (157), further underlining its tumor-suppressive 

powers. Additional recent data demonstrated that eIF1 deprivation and the 

consecutive imprecise initiation codon recognition substantially affects translational 

control of at least 245 different transcripts by enhancing expression of their 

respective upstream open reading frames (uORFs) in the 5´UTR (158). The same 

study also associated eIF1 deprivation with downregulation of eIF2. Generally, 

eIF1 might, through the mechanisms mentioned above, lead to alteration of 

expression of both growth-stimulatory genes and tumor-suppressive genes, 

ultimately contributing to cancerous phenotype. In line with these suggestions were 

the findings in this study, that high levels of EIF1 mRNA are associated with better 

outcome and vice versa. Downregulation was also found for eIF1A on both protein 

and mRNA levels. As eIF1A is functionally similar to eIF1, this may be due to the 

very same, abovementioned reasons. Furthermore, eIF2 was found 

downregulated on protein level, both in IHC and the Immunoblot. This finding may 

be attributable to the fact, that almost all NNTs used as comparison showed an 

intense expression of eIF2, leading to detection of relative downregulation in the 

PDAC samples. Nonetheless, PDAC samples also demonstrated considerable 
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expression of eIF2. However, this difference was not seen on mRNA level. 

Therefore, the detected relative downregulation of eIF2 may be primarily caused 

by translational or posttranslational regulation. As described above, eIF1 loss 

coincides with downregulation of eIF2 (158), even though the extent of eIF2 

downregulation here exceeds the reported quantity. Regarding functional aspects, 

eIF2 was shown to be a regulator of global protein synthesis, making its 

downregulation in tumor cells rather unexpected. Notably, eIF2 activity is tightly 

regulated, which is achieved by phosphorylation (159). Hence, the additional finding 

described here, that the phosphorylated form of eIF2 is also less abundant in 

PDAC might diminish the effect or even abolish the expected translational inhibition 

caused by eIF2 downregulation. However, as the phosphorylation of eIF2 also 

represents an important survival mechanism under hypoxic and anoxic conditions 

(160) (as it is commonly encountered in PDAC and is associated with tumor 

aggressiveness (161)), this axis should be further investigated and might reveal 

promising findings. Limitations to the abovementioned statements result from the 

fact, that p-eIF2 expression was only analyzed via immunoblot in this study. 

Therefore, experiments confirming these findings with other methods are still 

pending. Besides overall expression, analysis of different tumor grades revealed 

higher eIF2 expression in poorly differentiated tumors compared to well and 

moderately differentiated tumors. This may reflect its role as oncoprotein found in 

most other entities, with higher expression rates accompanying successive 

dedifferentiation. Besides eIF1 and eIF2, relevant alterations were also found for 

eIF3C and eIF6. Relatively little is known about eIF3C in tumor biology so far, but 

reports have implicated it as oncoprotein in breast cancer cell lines (BT474 and 

MDA-MB-231) (162) and as contributing factor to drug resistance in lung cancer cell 

lines (PC9/ER) (163), somewhat contrasting the downregulation of eIF3C reported 

here. However, the abovementioned reports were done in vitro only. Interestingly, 

another study reported differential expression of eIF3C in meningioma, with eIF3C 

expression depending on cellular contexts: samples where expression of the eIF3C 

interaction partner schwannomin, a tumor suppressor, was lost showed increased 

eIF3C expression, whereas tumors with intact schwannomin showed decreased 

eIF3C expression (164). A similar, context-dependent expression of eIF3C in PDAC 

might be possible. Therefore, further studies elucidating interaction partners of 
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eIF3C and their functions might explain these findings. The function of eIF6 on the 

other hand, is much better understood. The cytoplasmic function is to prevent 

premature ribosomal subunit joining and eIF6 overexpression has been found in a 

variety of tumors (165), such as colorectal cancer (138), non-small cell lung cancer 

(166) and head and neck cancer (140). Its downregulation in PDAC compared to 

healthy pancreatic tissue might therefore be the result of the very high baseline 

expression in the control tissue rather than a carcinogenetic necessity. Nonetheless, 

the molecular mechanisms causing this expression shift might reveal novel 

pathways and therefore deserves attention. Lastly, eIF3A was found to be 

overexpressed in PDAC in IHC. However, this has already been described (146) 

and confirms the reported findings.  

 

Besides dissecting the findings factor by factor, a possible explanation might help 

interpret this almost global eIF downregulation. PDAC, as described in the 

introduction, arises from a variety of precursor lesions, with one model hinting to the 

acinar cell as its most common cell of origin (65). Thus, PDAC is a result of 

successive dedifferentiation of acinar cells, which constitute an exocrine cell type 

physiologically producing vast amounts of proteins such as digestion enzymes. 

Consequently, the almost global downregulation of eIFs in neoplastic pancreatic 

tissue described in this study might be the result of relative loss of eIF expression 

through mutational or epigenetic strikes occurring during pancreatic tumorigenesis. 

However, to confirm these hypotheses further research is needed. As novel single-

cell approaches allow for detailed characterization of cell-type specific protein and 

gene expression, this might be possible in the near future. Additionally, in this study 

the cell of origin yielding the respective tumor was not taken into account. If duct 

cell-derived tumors and acinar cell-derived tumors were analyzed separately and 

compared to their respective cell of origin, one might indeed find divergent 

regulations of eIF expression.  
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4.3 Clinical potential of eIFs in PDAC  
eIFs were shown to be of possible clinical interest as prognostic biomarkers, as 

eIF2 expression in IHC and EIF2A, EIF1 and EIF3C mRNA expression significantly 

correlated with overall survival. Specifically, EIF2A and EIF3C mRNA levels as well 

as eIF2 protein levels were found to be unfavorable prognostic factors. In contrast, 

EIF1, whose expression level was also found to be downregulated in PDAC, was 

found to be a favorable prognostic factor. Besides measuring mRNA or protein 

levels of the indicated factors in the primary tumor tissue, another possible 

application might result from quantifying their presence in patient blood via 

circulating tumor cells. If such tests yield significant prognostic parameters remains 

to be investigated, though. Hence, to evaluate their applicability, prospective studies 

would be of great use. Last, therapeutic potential of inhibiting eIFs in PDAC needs 

to be addressed. Generally, the observed relative downregulation must not 

necessarily indicate, that inhibitory approaches are not useful in this entity. As 

discussed for some factors such as eIF2, the expression is still considerably high, 

making therapeutic inhibition a possibility. If the effects of inhibition will be as 

promising as in other entities remains to be seen. However, targeting the translation 

machinery shows rapid advancements in preclinical tests (167) which should not 

spare PDAC. 

 

4.4 Conclusion 
In summary, this study demonstrates that the expression of various eIF subunits is 

altered in PDAC and that some of these changes correlate with clinical outcome. 

However, mechanistic insights into the underlying causes are yet pending. 

Consequently, eIFs might be regarded as important players in PDAC 

carcinogenesis and should receive further attention in future research.  
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