
Abstract. Background/Aim: Urothelial carcinoma (UC) of the
urinary bladder is the second most common tumor in the field
of urology and is characterized by a relatively aggressive growth
behavior. New therapeutic approaches are required to improve
the prognosis of affected patients. We hypothesized a link
between dysregulation of eIFs and the development of UC.
Therefore, in the present work, we investigated the expression
behavior of eIF1, eIF1AY, eIF1AX, eIF2α, eIF3a, eIF3b, eIF4B,
eIF4E, eIF4G, eIF5A, eIF5B, and eIF6 in UC compared with
that in urothelial tissue. Materials and Methods: Paraffin-
embedded tumor tissue samples from 107 patients suffering from
UC were examined. Seventy-six patients contained adjacent
urothelial tissue. Three tumor tissue cylinders (tumor collective)
and two urothelial tissue cylinders (control collective) were
collected per patient and embedded in tissue microarray (TMA)
blocks. Immunohistochemical staining of the TMA sections was
then performed. The staining results were assessed semi-
quantitatively. Staining intensities and immunoreactive scores

(IRS) of both collectives were compared. In each case, a
distinction was made between cytoplasmic and nuclear staining.
Results: Significant up-regulation of eIF1AY, eIF2α, eIF3a,
eIF3b, eIF4B, eIF4G, eIF5B, and eIF6 was found in the
cytoplasm of UC. In contrast, eIF1 and eIF5A were significantly
down-regulated in the cytoplasm of UC. eIF5A and eIF6 were
significantly down-regulated in the nuclei of UC. Conclusion:
Dysregulation of eIFs in the urothelium of the urinary bladder
is linked to carcinogenesis at this site.

The urothelial carcinoma (UC) of the urinary bladder
accounts for the second most common tumor in the subject
area of urology and is characterized by a relatively
aggressive growth behavior. According to the Center for
Cancer Registry Data at the Robert Koch Institute,
approximately 22,400 men and 7,100 women in Germany
developed UC (Ta, Tis, T1-T4) in 2014. In the presence of
metastases, the 10-year survival rate drops well below 10%.
Numerous risk factors responsible for the development of
UC have been demonstrated. The main undisputed risk factor
is smoking (1-3). Tobacco contains numerous carcinogenic
substances such as nitrosamines, which have been linked to
the development of UC (4). Occupational exposure to
carcinogenic substances has been confirmed as a risk factor
as well as working exposures in the dye and metal industries
and hairdressing profession, could be associated with the
development of UC (1, 3, 4). Male sex, chronic inflammation
of the urinary bladder, arsenic-containing drinking water,
radioactive radiation, and cyclophosphamide are also
considered to be risk factors for UC (1, 3-5).
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In the process of translation, a cell translates the genetic
information of the messenger ribonucleic acid (mRNA) into
a corresponding polypeptide. Translation is tightly regulated
and divided into four main steps: Initiation, elongation,
termination, and ribosomal recycling. 

There are several mechanisms of eukaryotic translation.
The canonical, cap-dependent translation represents the main
mechanism. In addition, a cap-independent mechanism also
exists, which is facilitated by internal ribosome entry sites
(IRES) (6, 7).

The main players of eukaryotic translation initiation are
the eukaryotic initiation factors (eIFs) consisting of eIF1,
eIF1A, eIF2, eIF2B, eIF3, eIF4A, eIF4E, eIF4G, eIF4B,
eIF4H, eIF5, eIF5B and eIF6. Translation of mRNA occurs
at ribosomal subunits (UE) 40S and 60S. In this process, the
eIFs enable and coordinate the ideal course of initiation.
Dysregulation of eIFs can lead to tumor growth (7-9).
Aberrant translation can result in preferential translation of
oncogenic mRNA sequences that tumors require to maintain
malignant growth processes (10). 

The cap-dependent pathway of translation initiation can be
simplified into four main steps and begins with the formation
of the 43S preinitiation complex (PIC). This is composed of
eIF1, eIF1A, eIF3, eIF5, the ribosomal 40S-UE, and the me-
thionine-transfer RNA-eIF2-GTP complex (Met-tRNA-eIF2-
GTP complex), also known as the ternary complex (TC). 

This is followed by the formation of the 48S-PIC. For this,
the mRNA is recruited to the 43S-PIC with the help of the
eIF4F complex. eIF4F is a heterotrimeric complex composed
of eIF4A, eIF4E and eIF4G. The eIF4F complex and eIF4B
recognize and bind to the 5’ cap of mRNA. The mRNA-eIF4F
complex then binds to the 43S PIC. The mRNA is then scanned
in a 5’-3’ direction until a corresponding adenine-uracil-guanine
(AUG) start codon is found. The latter step is facilitated by eIF1
and eIF1A. After successful attachment of the anti-codon
sequence of the Met-tRNA-eIF2-GTP complex to the start
codon of the mRNA, guanosine triphosphate (GTP) is
hydrolyzed and eIF2-guanosine diphosphate (GDP), eIF1, eIF3,
and eIF5 are released. Subsequently, the 60S-UE binds to the
48S initiation complex with the help of eIF5B and eIF6. After
correct binding, eIF5B is hydrolyzed and dissociates to form a
translatable 80S complex. Subsequently, eIF1A also dissociates
from the complex (7-9, 11-15). As the pace-keeping mechanism
of the protein biosynthesis, the eIFs play a major part in the
initial step. In case of dysregulation of protein biosynthesis as
seen in cancer, eIFs may function as therapeutic targets. The
aim of the study was to identify eIFs that may potentially
function as therapeutic targets and prognostic biomarkers.

Materials and Methods
Data collection of the patient collective. This study included 107
patients who were treated for their UC disease by transurethral

resection of the urinary bladder (TUR-B) or cystectomy at the
Department of Urology, University Hospital Magdeburg, Germany,
between 2010 and 2018. Corresponding paraffine blocks with tumor
tissue were selected from the archives of the Institute of Pathology
at Magdeburg University Hospital and tested for suitability for the
production of tissue microarrays (TMAs). Informed consent was
obtained from all subjects involved in the study. The study was
performed with review and approval of the Ethics Committee of the
University of Magdeburg (ethics vote number 21/19). Clinical-
pathological patient data were stored in a Microsoft Excel 2016
database. The following patient data were collected:
Last name, first name, date of birth, sex, case number, time of initial
diagnosis, histo-pathological diagnosis of the tumor, T stage, and
tumor differentiation grade. In the further course, the data were used
pseudonymously.
Among the 107 patients with UC (tumor collective), 76 patients also
showed adjacent non-neoplastic altered urothelium (control group).
16.8% of patients (n=18) were female with an average age of 73
years. Men were represented with 83.2% (n=89) with an average
age of 71 years. The ratio between men and women was nearly 5:1.
The average age was 71 years with a median of 73 years. The
youngest patient was 46, and the oldest was 91 years old based on
the date of the first diagnosis.
Low-grade UC comprised 8.4% (n=9) of cases and high-grade
carcinomas comprised 87.9% (n=94). No grading was possible in
3.7% of patients (n=4). The tumor T stages were as follows:
Ta: 0.9% (n=1), T1: 5.6% (n=6), T2: 47.7% (n=51), T3: 30.8%
(n=33), T4: 15.0% (n=16).

Archive and selection criteria. The data of the formalin fixed paraffin-
embedded (FFPE) tissue samples were collected from the laboratory
information system ISP (Imassense, Berlin, Germany) of the University
Hospital Magdeburg. Blocks were selected for sufficient tumor material
for the creation of TMAs. Non-neoplastic urothelial tissue was
included. For each tumor block, Hematoxylin-Eosin (HE) stained slides
were obtained and were additionally investigated for suitability for the
study by two independent and board-certified pathologists (TK, NS).
Vital, non-necrotic tumor tissue, and urothelial non-neoplastic tissue
(NNT) were marked according to the positions on the slides. According
to the marked area on the slide, tissue cylinders were punched out from
the corresponding FFPE tissue. Considering the clinicopathological
parameters, 107 cases were suitable for the creation of TMAs by the
Tissue Arrayer MTA-Booster (Version 01), (Alphelys, Plaisir, France).
In total, 76 patients out of 107 also harbored healthy urothelial NNT.

Generation of TMAs. The creation of TMAs was executed with a
Manual-Tissue-Arraying instrument (MTA Booster, Version 01,
Alphelys, France).

To avoid random staining events, three tumor tissue cylinders and
two urothelial cylinders as control were obtained. For obtaining
tumor tissues, hollow needles with a diameter of 0.6 mm were used.
To ensure that urothelial tissue was obtained, hollow needles with
a diameter of 1.0 mm were used. A total of nine TMAs were
created. The TMAs were placed in an incubator at 40°C to embed
the tissue cylinders into paraffin. A motorized Zeiss Hyrax M55
rotation microtome (Zeiss, Oberkochen, Germany) was used for
cutting 4 μm thick slices. After smoothing in a water bath, slices
were fixed onto Polysine adhesion slides (Thermo Scientific,
Waltham, MA, USA). Eleven slices were prepared on 9 TMAs to
be probed with antibodies against 11 eIFs.
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Patient collective. For the study, tumor tissue samples from 107
patients with UC were examined immunohistochemically (tumor
collective). Of these 107 patient samples, 76 contained urothelial
NNT and were suitable as a control collective for the expression
analyses. Figure 1 shows the distribution of the grades among the
patients’ collective, and Figure 2 shows the distribution of the T
stages in the patient cohort. 
Immunohistochemistry (IHC)

The TMAs were stained for eIF1, eIF1aY, eIF2α, eIF3a, eIF3b,
eIF4b, eIF4e, eIF4g, eIF5a, eIF5b, and eIF6 (Table I) using the
BenchMark Ultra stainer (Ventana Medical Systems, Tucson, AZ,
USA). For demasking, the antigen Cell Conditioning Solution
(CC1-mild, Ventana Medical Systems) was added. Primary antibody
incubation time was 32 min. To detect the reaction, the ultraVIEW

Universal DAB Detection Kit (Ventana) was used. The detection
included the HRP masked secondary antibodies (horseradish
peroxidase) as well as 3,3’-diaminobenzidin-tetrahydrochloride
chromogen leading to a brown precipitate. A core counter staining
was achieved with Hematoxylin according to Mayer. Dehydration
was performed with Xylol and ethyl alcohol. Canada balm was used
for covering the slides.

Evaluation of the immunohistochemical staining. The 99 slides were
scanned using a NanoZoomer 360S Whole Slide Imaging Scanner
from Hamamatsu (Hamamatsu City, Japan). The images were
evaluated semi-quantitatively with the use of the program
NanoZoomer-Digital-Pathology (NDP.View2) by PC and JL.
Default options were chosen for evaluation.
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Figure 2. Number of patients according to T stages.Figure 1. Number of patients according to grade.

Table I. Primary antibodies used for detection.

Antibody                                                             Producer                                            Order number                 Dilution                             Method

eIF1, monoclonal                        Thermo Fisher, Waltham, MA, USA                        MA1-077            1:3,000 CC1 mild        DAB Benchmark Ultra
eIF1AY                              Thermo Fisher (Invitrogen), Waltham, MA, USA            PA5-31198             1:500 CC1 mild          DAB Benchmark Ultra
eIF2α (D7D3) XP                       Cell Signalling, Danvers, MA, USA                          #5324P              1:2,000 CC1 mild        DAB Benchmark Ultra
eIF3a                                  Thermo Fisher (Invitrogen), Waltham, MA, USA             PA5-31296              1:50 CC1 mild           DAB Benchmark Ultra
eIF3B (eIF3η D-9)                            Santa Cruz, Dellas, TX, USA                             Sc-137215              1:50 CC1 mild           DAB Benchmark Ultra
eIF4b                                         GeneTex, Alton Pkwy Irvine, CA, USA                    GTX33175            1:500 CC1 mild          DAB Benchmark Ultra
eIF4e                                            Cell Signalling, Danvers, MA, USA                           #9742                 1:100 CC1 mild          DAB Benchmark Ultra
eIF4g                                            Cell Signalling, Danvers, MA, USA                           #2498                  1:50 CC1 mild           DAB Benchmark Ultra
eIF5a                                  Thermo Fisher (Invitrogen), Waltham, MA, USA             PA5-29204             1:250 CC1 mild          DAB Benchmark Ultra
eIF5b                                 Thermo Fisher (Invitrogen), Waltham, MA, USA             PA5-36456              1:50 CC1 mild           DAB Benchmark Ultra
eIF6                                            Biomol/BETHYL, Hamburg, Germany                   A303030A/M          1:100 CC1 mild          DAB Benchmark Ultra



Each TMA spot was evaluated separately. If two or three spots
were available, the median score of the replicates per patient was
built. If only one sample per patient was available, the score for the
sample was calculated. Spots of poor optical quality such as
fragmented and debris samples on the TMA were not evaluated. The
staining intensity of 5-200 spots (I, Intensity from 0 to 3) and the
percentual part of the stained tumor area (D, Density from 0 to
100%) were determined and the median was calculated for I and for
D. Spots were differentiated into cytoplasmic, nuclear, or
cytoplasmic-nuclear staining. The ordinal values for the intensity
staining were (0 – negative staining reaction, 1 – weak positive
staining reaction, 2 – moderate strong positive staining reaction, 3
– strong positive staining reaction). The median was calculated and
was multiplied by the percentual part of the stained area. The
product was divided by 10 to retrieve an immunoreaction score (IRS
score from 0 to 30) per patient. Equation 1 was used:

(1)

Statistical evaluation. The data were evaluated with IBM SPSS
Statistics Version 22, (Armonk, NY, USA).

For each eIF, descriptive statistics such as mean, median,
standard deviation, and interquartile range were used in order to
calculate the average cytoplasmic and nuclear staining intensity and
for the average IRS. 

To compare the staining intensities between tumor and control
samples, the non-parametric, unpaired Wilcoxon–Mann–Whitney–
U signed-rank test was used. A p-value below 0.05 was considered
significant. 

Results
Expression of eIF1. For eIF1, staining was evaluable in 103
patients of the tumor collective and 73 of the NNT collective.
eIF1 was very weakly expressed in both tumor and NNT
tissue. On average, stronger e staining was found in the
cytoplasm compared to the nucleus. The average cytoplasmic
staining in the UC was 0.23 (IRS=1.81). No staining was
observed in 80 out of 103 cases (77.7%), a weak staining was
obtained in 22 of 103 cases (21.4%) and in only one case
(1.0%) a moderately strong staining was retrieved. The NNT
on the other hand, exhibited a significantly higher staining
with an average cytoplasmic staining intensity of 0.75
(IRS=6.80) combined with a significantly higher staining for
eIF1 (p=0.000). Predominantly weak staining (36 of 73 cases,
49.3%) was found. In 25 of 73 cases (34.2%) no staining was
observed and in only 12 cases (16.4 %) a moderately strong
staining was detectable. The tumor and NT collectives
showed on average a similar nuclear expression of eIF1
(Table II, Figure 3, Figure 4).

Expression of eIF1aY/elF1aX. Next to eIF2α and eIF6, EIF1aY
exhibited the strongest staining in UC. A total of 105 stainings
of the tumor collective and 74 of the NNT collective were
included in the statistical analysis. EIF1aY was exclusively
detected in the cytoplasm and expressed in the nucleus (CN)

in only one case of the tumor collective. EIF1aY showed
strong cytoplasmic staining in UC (I=2.76, IRS=26.92) in 85
of 105 tumor samples (81.0%). Seventeen cases (16.2%)
showed moderately strong staining. Only 1 case (1.0 %)
revealed weak cytoplasmic staining. In 2 cases (1.9%), no
staining was detected. In healthy urothelial NNT, on the other
hand, the average cytoplasmic staining intensity was only 1.16
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Table II. Analyzed translation factors, the location, type, number of
samples, average staining intensity, average IRS, and p-value.

eIF           Localization     Type         n      Ø Staining    Ø IRS    p-Value
                                                                    intensity

eIF1            Cytosol        Tumor      103         0.23             1.81       0.000
                                         NNT         73         0.75             6.80           
                   Nucleus       Tumor      103         0.18             0.23       0.554
                                         NNT         73         0.17             1.33           
eIF1aY        Cytosol        Tumor      105         2.76           26.92       0.000
                                         NNT         74         1.16           10.32           
                   Nucleus       Tumor      105         0.03             0.00       0.317
                                         NNT         74         0.00             0.00           
eIF2α          Cytosol        Tumor      105         2.74           27.43       0.000
                                         NNT         74         1.94           19.13           
                   Nucleus       Tumor      105         0.06             0.40       0.157
                                         NNT         74         0.00             0.00           
eIF3a           Cytosol        Tumor      103         1.57           15.55       0.002
                                         NNT         76         1.21           12.11           
                   Nucleus       Tumor      103         0.03             0.14       0.180
                                         NNT         76         0.00             0.00           
eIF3b           Cytosol        Tumor      105         1.92           18.68       0.000
                                         NNT         74         1.07           10.25           
                   Nucleus       Tumor      105         0.00             0.00       1.000
                                         NNT         74         0.00             0.00           
eIF4b           Cytosol        Tumor      105         1.56           15.60       0.000
                                         NNT         75         1.09           10.76           
                   Nucleus       Tumor      105         0.10             0.72       0.125
                                         NNT         75         0.04             0.33           
eIF4e           Cytosol        Tumor      104         1.66           16.59       0.431
                                         NNT         72         1.52           15.16           
                   Nucleus       Tumor      104         0.01             0.05       0.317
                                         NNT         72         0.00             0.00           
eIF4G          Cytosol        Tumor      105         2.27           22.67       0.000
                                         NNT         73         1.56           15.36           
                   Nucleus       Tumor      105         0.00             0.00       1.000
                                         NNT         73         0.00             0.00           
eIF5a           Cytosol        Tumor      105         1.19           11.81       0.005
                                         NNT         72         1.48           14.33           
                   Nucleus       Tumor      105         0.06             0.29       0.001
                                         NNT         72         0.38             2.09           
eIF5b           Cytosol        Tumor      105         1.81           17.22       0.000
                                         NNT         74         1.25           11.05           
                   Nucleus       Tumor      105         0.02             0.08       0.655
                                         NNT         74         0.01             0.01           
eIF6             Cytosol        Tumor      104         2.56           25.35       0.000
                                         NNT         74         1.72           16.64           
                   Nucleus       Tumor      104         0.97             4.62       0.040
                                         NNT         74         1.24             7.20           

Ø: Average.



(IRS=10.32) and was undetectable in most cases (38 of 74
cases, 51.4%). Interestingly, in 21 out of 74 cases (28.4%) a
strong staining was observed. The U-test resulted on average
in a significantly higher cytoplasmic staining intensity of
eIF1aY in the UC (p>0.000) (Table II, Figure 3, Figure 4).

Expression of eIF2α. For eIF2α staining, 105 patients of the
tumor collective and 74 cases of the NNT collective were
analyzed. eIF2α showed strong cytoplasmic staining of 2.74
(IRS=27.43) in the UC. There was strong staining in 81 of
105 cases (77.1%), a medium staining in 21 (20.0%), and a
weak staining in 3 (2.9%) cases. In the cytoplasm of the
NNT collective, eIF2α showed moderate staining intensity
with an average of 1.94 (IRS=19.13). EIF2α was
significantly up-regulated in the cytoplasm of UC cells
(p>0.000). Our results show that eIF2α is largely

cytoplasmically expressed in both the tumor and NNT
collectives and is expressed in the UC in only 2 of 105 tumor
cases (1.9%). Nuclear mean staining intensities of only 0.06
(IRS=0.40) were obtained in the tumor collective and 0.00
(IRS=0.00) in the NNT collective (p=0.157) (Table II,
Figure 3, Figure 4).

Expression of eIF3a. The initiation factor showed
cytoplasmic staining in both the tumor and the NNT
collectives. Only two cases of the tumor collective (1.9%)
showed expression of eIF3a in the nucleus. The nuclear
staining intensity of eIF3a in the tumor and NT collectives
was negligible, 0.03 (IRS=0.14) and 0.00 (IRS=0.00),
respectively. With a cytoplasmic staining intensity averaging
1.57 (IRS=15.55), medium staining intensities (62 of 103
cases, 60.2%) accounted for the largest proportion in the
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Figure 3. The percentage of each eIF intensity score per cancer (C) and non-neoplastic tissue (NNT) across all samples.



tumor collective. Weak staining was observed in 35 cases
(34.0%). In only 5 cases (4.9%) there was no staining, and
in one case (1.0%) a strong staining was detected. In healthy
urothelial tissue, however, the average cytoplasmic staining
intensity was only 1.21 (IRS=12.11). As in the tumor
collective, most cases (41 out of 76 cases, 53.9%) showed
rather moderately strong staining. Interestingly, no staining
was detectable in 21 of 76 cases (27.6%). Fourteen cases
(18.4%) showed weak cytoplasmic staining. A significantly
higher cytoplasmic staining intensity of eIF3a was found in
the UC (p=0.002) (Table II, Figure 3, Figure 4).

Expression of eIF3b. For the IHC expression analyses of
eIF3b, 105 stainings of the tumor collective and 74 of the
NNT collective were evaluated. Our results showed that this
eIF was exclusively detected in the cytoplasm and in none of
the cases it was expressed in the nucleus. eIF3b showed
predominantly medium cytoplasmic staining in the UC
(I=1.92, IRS=18.68). We observed strong positive staining in
25 of 105 cases (23.8%), medium staining in 51 (48.6%), and
weak staining in 25 (23.8%). In four cases (3.8%), no staining
was observed. In NNT tissue, on the other hand, no staining
was obtained in 20 of totally 74 cases (27.0 %). Here,
predominantly weak (27 cases, 36.5%) and moderately strong
(25 cases, 33.8%) cytoplasmic stainings were detected. The
average cytoplasmic staining intensity in the NT collective
was only 1.07 (IRS=10.25). Using the Wilcoxon-test, on
average, there was a significantly higher cytoplasmic
expression of eIF3b in tumor tissues compared with that in
NT tissues (p>0.000) (Table II, Figure 3, Figure 4).

Expression of eIF4b. Our results showed that eIF4b was
mainly expressed in the cytoplasm and showed on average,
weak to medium intensity of 1.56 (IRS=15.60) in the tumor
collective. With 63 out of 105 tumor cases (60.0%), medium
cytoplasmic staining (I=2) accounted for the largest
proportion. In contrast, in the NNT collective the average
staining intensity of 1.09 (IRS=10.76) was rather weak, and
about half of all cases (35 of 75 cases, 46.7%) showed weak
cytoplasmic staining. The Wilcoxon-test showed on average a
significantly higher cytoplasmic staining of eIF4b in the UC
(p=0.000). Nuclear average staining intensities only reached
0.10 (IRS=0.72) in the tumor collective and 0.04 (IRS=0.33)
in the NT collective (p=0.125) (Table II, Figure 3, Figure 4).

Expression of eIF4e. For eIF4e, stainings from 104 patients
of the tumor collective and 72 of the non-tumor collective
were evaluable. In the tumor tissue, an average cytoplasmic
staining of 1.66 (IRS=16.59) was observed. The NNT
showed an intensity of 1.52 (IRS=15.16), whereas the
cytoplasmic staining reactivity was similar. The initiation
factor eIF4e was detectable in almost all cases of both
collectives in the cytoplasm. In only one case of the tumor

collective a weak nuclear staining was obtained. Using the
Wilcoxon test, the comparison of the tumor and NNT
collectives led to no significant differences for r cytoplasmic
eIF4e expression (p=0.431) or for nuclear eIF4e expression
(p=0.317) (Table II, Figure 3, Figure 4).

Expression of eIF4G. Our results showed an exclusively
cytoplasmic expression of eIF4g in the tumor and NT
collectives. In the CC, the initiation factor was not detected
in any of the 73 NT and 105 tumor cases. With an average
cytoplasmic staining of 2.27 (IRS=22.67) in the UC, eIF4g
was significantly up-regulated (p=0.000) compared with the
NNT collective (I=1.56 and IRS=15.36). Forty-four of 105
UC cases (41.9%) showed strong cytoplasmic staining, 48
cases (45.7%) showed moderate staining, and 10 cases
(9.5%) weak staining. Three cases (2.9%) had no staining at
all. Interestingly, in contrast, in the NNT collective, 20 of 73
cases (27.4%) did not show any cytoplasmic staining. Here,
moderately strong (27 cases, 37.0%) and strong stainings (20
cases, 27.4%) accounted for the largest proportion (Table II,
Figure 3, Figure 4).

Expression of eIF5a. For eIF5a, stainings from 105 patients
of the tumor collective and 72 of the NNT collective were
evaluated. In the tumor tissue, an average staining intensity of
1.19 (IRS=11.81) was found. In comparison, the NT tissue
showed an average staining intensity of 1.48 (IRS=14.33).
With an average intensity of 0.38 in the CC, the healthy
urothelial tissue showed significantly higher staining
intensities compared with the nucleus in urothelial carcinomas.
Using the U-test, on average, there was significantly lower
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Figure 4. Urothelial carcinoma (UC) tissue without an immunohistochemical
staining (I=0) (left) and non-neoplastic tissue (NNT) with a weak
cytoplasmic intensity (I=1) (right) for eIF1 (1). Strongly stained NNT UC
(I=3), mainly cytoplasmic (left). Healthy urothelial tissue with no staining
(I=0) (right) for eIF1ay (2). Strongly stained UC (I=3), mainly cytoplasmic
(left). Healthy urothelial tissue with no staining (I=0) (right) for eIF2α (3).
Strongly stained UC (I=3), mainly cytoplasmic (left). Healthy urothelial
tissue with no staining (I=0) (right) for eIF3a (4). Strongly stained UC
(I=3), mainly cytoplasmic (left). Healthy urothelial tissue with no staining
(I=0) (right) for eIF3b (5). Strongly stained UC (I=3), mainly cytoplasmic
(left). Healthy urothelial tissue with no staining (I=0) (right) for eIF3c (6).
Strongly stained UC (I=3), mainly cytoplasmic (left). Healthy urothelial
tissue with no staining (I=0) (right) for eIF4e (7). Strongly stained UC (I=3),
mainly cytoplasmic (left). Healthy urothelial tissue with no staining (I=0)
(right) for eIF4g (8). Weakly stained UC tissue (left), mainly cytoplasmic.
Healthy urothelial tissue with a moderate cytoplasmic and strong nuclear
staining (right) for eIF5a (9). Strongly stained UC (I=3), mainly cytoplasmic
(left). Healthy urothelial tissue with no staining (I=0) (right) for eIF5b (10).
Strongly stained UC tissue (I=3), cytoplasmic and nuclear (left). No staining
was obtained (I=0) in healthy tissue (right) for eIF6 (11). Strong cytoplasmic
and nuclear (C) staining.
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cytoplasmic expression of eIF5a in tumor tissue compared to
NNT. Nuclear staining intensity was also significantly higher
in healthy urothelial tissue (Table II, Figure 3, Figure 4).

Expression of eIF5b. EIF5b showed predominantly
intermediate cytoplasmic staining intensity of 1.81
(IRS=17.22) in the UC. Fifteen of 105 cases (14.3%) showed
strong, 59 (56.2%) showed moderately strong, and 27
(25.7%) showed weak stainings. In only 4 cases (3.8%) no
staining was detected. In the cytoplasm of the NNT
collective, the initiation factor was rather weakly to
moderately expressed with an average staining intensity of
1.25 (IRS=11.05). Compared with the NNT collective, eIF5b
was significantly up-regulated in the cytoplasm of the UC
(p>0.000). Our results indicated that the initiation factor was
mostly expressed in the cytoplasm in both the tumor and
NNT collectives. In the nucleus, eIF5b was expressed in only
1 of 74 cases (1.4%). Nuclear average staining intensities of
only 0.02 (IRS=0.08) in the tumor collective and 0.01
(IRS=0.01) in the NT collective (p=0.655) were found
(Table II, Figure 3, Figure 4).

Expression of eIF6. EIF6 was expressed in the nucleus as
well as in the cytoplasm of the Tumor and NNT collectives.
With a cytoplasmic staining intensity averaging 2.56
(IRS=25.35), the initiation factor showed mostly strong
staining (I=3) in 66 of 104 tumor samples (63.5%).
Moderately strong staining intensities (I=2) were shown in
32 cases (30.8%). Four cases (3.8%) showed a weak
cytoplasmic staining (I=1). In only two cases (1.9%) no
staining was detected. In contrast, in healthy urothelial
tissue, the average cytoplasmic color intensity was only 1.72
(IRS=16.64) and was rather moderate in most cases (28 of
74). Interestingly, in 18 out of 74 cases (24.3%) no staining
was obtained. On average, the U-test revealed a significantly
higher cytoplasmic staining intensity of eIF6 in the UC
(p>0.000). Interestingly, the nuclear color intensity of eIF6
was significantly up-regulated in the NNT collective at 1.24
(p=0.040) (Table II, Figure 3, Figure 4).

Discussion

There is evidence that eIF1 may be involved in
tumorigenesis (16, 17). Our results are consistent with those
in the literature and show that eIF1 is significantly down-
regulated in tumor tissue compared to control tissue. The
average cytoplasmic color intensity in the tumor collective
is only 0.23 (IRS=1.81). Surprisingly, the NNT collective has
higher eIF1 expression with an average cytoplasmic staining
intensity of 0.75 (IRS=6.80). Consistent with our results,
Golob-Schwarzl et al. (17) using TMAs from pancreatic
ductal adenocarcinomas, observed a significant down-
regulation of certain eIFs in the cytoplasm of tumor tissues

(n=174) compared to that in NNT tissues (n=10). We
evaluated the expression behavior of eIF1 in the UC in terms
of a potential tumor suppressor function. Interestingly,
patients with low eIF1 expression had worse overall survival
than those with high expression.

Unfortunately, there are hardly any studies dealing with
the expression of eIF1AY in carcinomas. The two genes
encoding the corresponding initiation factors eIF1AY and
eIF1AX exhibit homology of approximately 86% (18). Our
results showed that the initiation factor eIF1A in the UC is
expressed with an average intensity of 2.76 (IRS=26.92) and
is thus significantly up-regulated. In comparison, in the NNT
collective, we observed a cytoplasmic staining intensity of
only 1.16 (IRS=10.32). Furthermore, the initiation factor
eIF1A (eIF1AX/eIF1aY) in the UC was mainly localized in
the cytoplasm.

IF2 is a heterotrimeric protein whose gamma subunit is
either GTP- or GDP-bound. In the GTP-bound state, eIF2
interacts with met-tRNAi to form the ternary complex (TC).
This binds to the 40S subunit and forms the 43S-pre-initiation
complex (PIC). The codon-anticodon interaction triggers GTP
hydrolysis. The resulting eIF2-GDP dissociates from the
mRNA and cannot participate in the reaction in this state.
Only after eIF2b, a Guanosine triphosphate exchange factor
(GEF), replaces GDP with GTP renewal of its participation
is possible. However, recycling by eIF2b can be prevented by
phosphorylation of the eIF2α subunit at the Ser-51 residue
(19, 20). We demonstrated that eIF2α is significantly
upregulated and mainly localized in the cytoplasm.

Spilka et al. (21) were the first to investigate the expression
of eIF3a in UC. Consistent with our results, they showed that
eIF3a is significantly up-regulated in the UC. In our patient
collective, the average cytoplasmic staining intensity in the
UC was 1.57 (IRS=15.55). In contrast, in the NNT collective,
the cytoplasmic staining intensity was 1.21 (IRS=12.11). In
squamous cell carcinomas of the oral cavity, it was shown that
that eIF3a was up-regulated and mainly localized in the
cytoplasm (22). We conclude from these observations that up-
regulation of eIF3a may lead to increased translation and thus
promotion of unhindered cell growth.

Interestingly, up-regulation of eIF3b has already been
demonstrated in breast (23), colon (24), esophageal (25),
prostate and urothelial carcinomas (26). This raises the
fundamental question of the extent to which eIF3b is
involved in carcinogenesis and its role in UC. Our results
indicate that eIF3b shows a predominantly intermediate
cytoplasmic staining in UC (I=1.92, IRS=18.68) and is
significantly up-regulated compared to healthy urothelial
tissue (I=1.07, IRS=10.25). We and also others evaluated the
higher expression of eIF3b in tumor tissue in terms of a
possible cause for the development of UC. Wang et al. (26),
using in vitro experiments on the UC cell lines UMUC3 and
LuL-2, showed that eIF3b silencing via siRNA transfection
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slowed tumor growth and inhibited G1/S transition in the cell
cycle. They hypothesized that by knocking down IF3b, the
cell could remain in the G1 phase and thus tumor growth
could be inhibited.

It was reported that the protooncogenic signaling
pathways PI3-K/mTOR and Ras-MAPK, associated with
proliferation and cell growth, regulate the activity of eIF4b
by phosphorylation at the Ser-422 residue (27). This is
consistent with its activation and higher translation rates and
has been studied in numerous carcinomas (7). The question
that arises is to what extent dysregulation of eIF4b may be
involved in the development of UC and other tumor entities,
and how this might be related to the mTOR pathway. We
found significantly higher eIF4b expression in UC compared
to NNT tissue. Showing cytoplasmic staining intensity of
1.56 on average (IRS=15.60), eIF4b is rather moderately
expressed in UC. In contrast, in the NNT tissue, weak
staining (I=1.09, IRS=10.76) accounted for the largest
proportion. We evaluated these results as a potential cause
for the development of UC. We hypothesize that up-
regulation of eIF4b in UC leads to overstimulation of
helicase activity of eIF4a, thus leading to uncontrolled cell
proliferation and increased translation rates.

eIF4e, as part of the eIF4f complex, plays a key role in
translation initiation and has been suggested by numerous
studies as being primarily responsible for carcinogenesis. As
a downstream target of the protooncogenic mTOR pathway,
eIF4e is regulated by 4E-BP1 and -2 that dock to it. Positive
growth stimuli lead to phosphorylation and consequently
dissociation of 4E-BP from eIF4e with the help of the so-
called mTOR kinases. The now activated eIF4e recognizes
and binds to the 5’ cap of the mRNA, leading to the
formation of the eIF4f complex for translation to proceed (7,
28). In athymic mouse models intravesically implanted with
UC-derived Ku-7-Luc cells, Chi et al. (29) investigated the
dual inhibition of the mTOR downstream targets p70S6K
and eIF4e.

Cap-dependent translation plays a critical role in the
translation of protooncogenic proteins and is tightly
regulated in the initiation phase, the rate-determining step of
protein biosynthesis (30). In order for translation to proceed,
the 5’-cap of the mRNA is recruited to the ribosome with the
help of the eIF4f complex. The formation of eIF4f is
strongly dependent on the interaction between eIF4g, the
scaffold of the complex, and eIF4e, a cap-binding protein
that binds the mRNA (31). The eIF4e/4g binding is
competitively regulated by 4E-BPs that bind to eIF4e. After
phosphorylation by mTOR kinases, the 4E-BPs dissociate
from eIF4e and enable the eIF4e/4g interaction (32). Our
results show that this initiation factor is significantly up-
regulated in UC compared to the NNT collective. In the
tumor collective, a mainly cytoplasmic staining was
observed with an average staining intensity of 2.27

(IRS=22.67). In comparison, the staining intensity in the
NNT collective averaged 1.56 (IRS=15.36). In both the
tumor and NNT collectives, no nuclear staining was
observed in any of the cases. The localization of the staining
can be explained by the function of the initiation factor
during translation in the cytoplasm.

In glioblastomas, it has been shown that eIF5a1 and its
activation by modification appear to play a crucial role in
carcinogenesis (33). The authors demonstrated a significant
up-regulation of eIF5a1 and the hypusination enzymes DHS
and DOHH in 173 glioblastoma samples. Inhibition of
hypusination with N1-guanyl-1,7-diaminoheptane (GC7), a
DHS inhibitor (34), resulted in a strong antiproliferative
effect in glioblastoma cell lines. By in vitro knockdown of
eIF5a1 and DHS using small hairpin RNA (shRNA), the
authors were able to mimic the antiproliferative effects of
GC7. These results suggest that hypusination may play an
important role in carcinogenesis and may also be of interest
in UC progression. Consistent with our results, there are
studies showing that eIF5a1 may act not only as an oncogene
but also as a tumor suppressor. In knock-out mouse models,
it was shown that shRNA-mediated knockdown of eIF5a1
and the enzymes of hypusine synthesis, spermidine synthase,
and DHS promoted the development of B-cell Non-Hodgkin
Lymphoma in vivo (35). Our results in UC show decreased
eIF5a1 expression in the tumor collective and suggest a
tumor suppressor function that may be regulated by hypusine
modification. We evaluated the up-regulation in healthy
urothelial tissue in terms of a possible tumor suppressor
function of eIF5a for the development of UC. Surprisingly,
the initiation factor was found both in the cytoplasm and
nucleus in 62 urothelial tissues, whereas in carcinoma tissue
we observed almost exclusively cytoplasmic expression. It
is reasonable to hypothesize that when eIF5a1 is decreased
during UC carcinogenesis, nucleocytoplasmic export of
protooncogenic mRNAs may occur. This conjecture is
supported by studies that assume that eIF5a1 represents a
shuttle protein whose export from the nucleus is facilitated
by interactions with exportin-1 and exportin-4 (36, 37).

Dysregulation of all these mentioned functions of eIF5b
could play a key role in carcinogenesis and result in aberrant
protein expression. Our results show significant up-
regulation of eIF5b in the cytoplasm in UC. The average
cytoplasmic staining intensity of the tumor collective
composed of 105 patients was 1.81 (IRS=17.22). In the NNT
collective, which consisted of 74 patients, the cytoplasmic
staining intensity was only 1.25 (11.05). Based on our
results, we suggest that the GTPase function of this initiation
factor may play a crucial role in the carcinogenesis of UC.
Rapidly growing cancer cells have a huge energy demand to
maintain their metabolic rate. Dysfunction and up-regulation
of certain subfamilies of small regulatory GTPases, such as
Arf and Ras, have been demonstrated in numerous cancers
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(38). Up-regulation of the initiation factor eIF5b could
accelerate the formation of the translational 80S ribosome
and the transition from the initiation phase to the elongation
phase. This could result in increased and uncontrolled
translation, which may lead to translation of protooncogenic
mRNA sequences.

The mammalian ribosome is composed of a small 40S and
a large 60S subunit. The site of origin of ribosomes is the
nucleus, which contains so-called ribosomal RNAs (rRNA)
that serve as building blocks. EIF6 plays an important role
during ribosome biogenesis and binds to the immature 60S
subunit within the nucleus. A nucleo-cytoplasmic export of
the immature ribosomes to the cytoplasm subsequently
occurs, where eIF6 dissociates to allow the formation of the
mature 80S ribosome in the final step of translation initiation
(39, 40). Through its binding to the 60S subunit, eIF6
represents an important regulatory node and, as a so-called
anti-association factor, prevents the premature assembly of
the two parts (40, 41). Interestingly, our results show
dysregulation of eIF6 in the UC. We found significantly
higher eIF6 expression in UC compared to that in NT tissue.
With a cytoplasmic staining intensity of 2.56 on average
(IRS=25.35), eIF6 was strongly expressed in UC. In contrast,
in healthy urothelial tissue, the average cytoplasmic staining
intensity was only 1.72 (IRS=16.64) and was moderately
expressed in most cases. We evaluated the up-regulation of
eIF6 in the cytoplasm of the tumor collective in terms of
increased translation and as a possible origin of UC.
Dysregulation of eIF6 would allow the initiation factor to
function as an anti-association factor and accelerate the
premature assembly of the ribosome subunits to form the
translatable 80S ribosome. Our results are supported by a
study by Golob-Schwarzl et al. (40), in which the expression
of eIF6 was investigated in gallbladder carcinomas (GBC).
Using IHC analyses of TMAs consisting of 114 tissue
samples, the authors observed significantly higher,
cytoplasmic eIF6 expression in carcinomas compared to
healthy control tissues. To support their findings, the authors
also performed immunoblot analysis on cryotissues from 14
GBCs and 12 non-neoplastic altered gallbladders, which also
revealed an up-regulation in the cytoplasm of GBCs. In the
next step, the authors investigated the effect of siRNA-
mediated knockdown of eIF6 in GBC cell lines. In the
MzChA-2 and TFK-1 cell lines, there was significantly
reduced cell proliferation and increased apoptosis rates.

Conclusion

Our findings strongly support a dysregulation of various eIFs
in UC. Whereas eIF1aY, eIF2α, eIF3a, eIF3b, eIF4b, eIF4g,
eIF5b, and eIF6 were up-regulated in the cytoplasm of UC,
eIF1 and eIF5 were down-regulated, and eIF5 and eIF6 were
decreasingly expressed in the nucleus of the UC cells.

Data on the expression of eIFs in UC are very limited. The
aim of our work was to supplement this and to analyze the
expression behavior of additional eIFs in UC. For this
purpose, FFPE tissue samples from 107 patients with UC
were embedded in TMA blocks and subsequently examined
using IHC. The healthy urothelial tissue of the patient
collective was used as comparative tissue. 

The main results of the present work can be summarized as
follows: eIFs are dysregulated in UC: eIF1aY, 2α, 3a, 3b, 4b,
4g, 5b, and eIF6 are up-regulated in the cytoplasm of UC cells,
eIF1 and eIF5a are down-regulated in the cytoplasm of the UC,
eIF5a and eIF6 are down-regulated in the cytoplasm of the UC.

Eukaryotic translation and the associated molecular
biological processes have gained increasing attention in
cancer research. The initiation of translation is tightly
regulated, and this is enabled by the interplay of eIFs. There
is ample evidence in the literature that dysregulation of eIFs
may contribute to uninhibited growth and consequently to
tumorigenesis (7). Rapidly proliferating tumor cells require
increased protein biosynthesis and have increased energy
requirements. This suggests that protein synthesis rates play
an essential role in the control of cell growth (8).
Dysregulation of eIFs in the first step of protein biosynthesis,
the so-called translation initiation, may play a key role in this
process and turn eIFs into therapeutic targets. 
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