
Programmed cell death protein 4 expression in renal cell 
carcinoma, penile carcinoma and testicular germ cell cancer

Nicolas Fischer, Friederike Göke, Philip Kahl, Vera Splittstößer, Brigitte Lankat-Buttgereit, Stefan C Müller, 
Jörg Ellinger

Nicolas Fischer, Department of Urology, Helios Klinikum 
Krefeld, 47805 Krefeld, Germany
Nicolas Fischer, Vera Splittstößer, Stefan C Müller, Jörg El-
linger, Department of Urology, University of Bonn, 53127 Bonn, 
Germany
Friederike Göke, Philip Kahl, Department of Pathology, Univer-
sity of Bonn, 53127 Bonn, Germany
Brigitte Lankat-Buttgereit, Department of Internal Medicine, 
Philipps-University of Marburg, 35043 Marburg, Germany
Author contributions: Fischer N, Lankat-Buttgereit B and El-
linger J contributed to study idea and conception; Fischer N, 
Göke F, Kahl P and Splittstößer V contributed to histopathologi-
cal preparation and evaluation; Fischer N and Ellinger J contrib-
uted to manuscript preparation; Müller SC and Ellinger J contrib-
uted to editing and revision; Müller SC and Ellinger J contributed 
to supervision.
Correspondence to: Dr. Jörg Ellinger, PhD, Department of 
Urology, University of Bonn, Sigmund-Freud-Strasse 25, 53127 
Bonn, Germany. joerg.ellinger@ukb.uni-bonn.de
Telephone: +49-228-28714249  Fax: +49-228-28719150
Received: March 12, 2014          Revised: July 10, 2014
Accepted: August 27, 2014
Published online: November 24, 2014 

Abstract
AIM: To investigate the expression of programmed cell 
death 4 (Pdcd4) tumor suppressor gene in tissue speci-
men of renal cell carcinoma (RCC), testicular germ cell 
cancer and penile cancer.

METHODS: Pdcd4 expression was studied using im-
munohistochemistry in 188 cases of RCC and 28 con-
trols (including 9 oncocytoma); in 74 cases of penile 
carcinoma (including 17 metastatic tissue samples) and 
26 controls; in 11 cases of seminoma, in 14 cases of 
non-seminoma and 5 controls.

RESULTS: Control tissues exhibited strong core and 
cytoplasmatic Pdcd4 staining. In contrast, core and cy-

toplasmatic Pdcd4 levels were significantly decreased in 
cancer tissues. 

CONCLUSION: Our data support a role for Pdcd4 
(down-) regulation in urologic tumors. Interestingly, 
Pdcd4 expression seem to be a potential diagnostic 
marker for renal or penile tumors.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Programmed cell death 4 has increasingly 
become the focus of investigative tumor research in 
the last years. It has shown to be involved in many tu-
morous entities, some of which we present for the first 
time in this paper. Its involvment in apoptosis, invasion 
and metastasis has been proved in numerous works 
and showed to be a target for diagnostic and therapeu-
tic measures. We investigate its role and cellular ex-
pression patterns in urologic tumors, especially some, 
that haven’t been investigated to this extent or at all to 
this date.
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INTRODUCTION
Programmed cell death 4 (Pdcd4) expression is known 
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to be suppressed in many tumors, for example urothelial- 
or colorectal cancer[1,2]. As shown in a previous study, 
Pdcd4 expression levels may have a tumor specific ex-
pression pattern and a potential as a diagnostic marker[1]. 
It inhibits RNA binding of  the initiations factors eIF4A 
and eIF4G[3,4]. The Pdcd4 gene is located on chromo-
some 10q24 and encodes a 469 aminoacids long protein. 
A major regulator of  Pdcd4 expression, microRNA 21 
(miR-21) is induced by the transforming growth factor-β 
pathway. High miR-21 expression leads to a suppression 
of  Pdcd4 expression and an induction of  metastasis, in-
vasion and intravasation in cell culture[5]. In Pdcd4 over-
expressing cells, the subsequent carbonic anhydrase Ⅱ 
down-regulation shows its influence on the translational 
level[6]. At the transcriptional level Pdcd4 influences the 
uPAR gene promoter through phosphorylation of  the 
Sp transcription factors in colorectal cells[7]. Interestingly, 
this pathway is not confirmed for breast cancer: the lack 
of  suppression of  uPAR transcription by Pdcd4 overex-
pression therefore shows a possible tissue specific role of  
Pdcd4 and its involvement in carcinogenesis[8].

Renal cell carcinoma
Renal cell carcinoma (RCC) stands for 2%-3% of  all hu-
man cancers with an incidence of  5.8 and a mortality of  
1.4 per 100000. Mostly men in the age of  60 to 70 are 
affected. Important risk factors are smoking, obesity and 
hypertension as well as having a first-degree relative with 
RCC. The different subtypes of  RCC are clear cell RCC 
(ccRCC), papillary RCC (pRCC), chromophobe RCC 
(chRCC) and sarcomatoid RCC (sRCC).

Testicular cancer
This entity represents between 1%-1.5% of  male cancers 
and about 5% of  all urological tumors, with an incidence 
of  3-10 per 100000 males/year Peak incidence is in the 
third decade of  life for non-seminoma and in the fourth 
decade for seminoma. Risk factors are cryptorchidism, 
undescended testes, Klinefelter’s syndrome, positive fa-
milial history, a contralateral tumour or a precancerous 
lesion and infertility. The two subtypes include seminoma 
and non-seminomatous germ cell tumor (NSGCT).

Penile cancer
Penile cancer has an incidence of  < 1/100000 males in 
western countries. It is related to race and ethnicity, most 
frequently affecting white hispanics (1/100000). Risk fac-
tors are social, cultural, hygienic and/or religious practices.

The role of  Pdcd4 in penile- and testicular carcinoma 
has not been reported or investigated to this date. Recent 
studies to RCC stipulate a role for Pdcd4 in tumor prog-
ress and survival[9]. We thus investigated its expression 
pattern in human renal-, testicular-and penile tissue in the 
largest cohorts published to this date.

MATERIALS AND METHODS
Patients
The expression of  Pdcd4 in tumorous and normal tissue 
was studied using a tissue microarray as described in a 
previous study[10]. The microarray included 188 RCC, 74 
penile squamous cell carcinoma and 25 testicular cancer 
(11 seminoma, 14 NSGCT) samples with their comple-
mentary controls; see Supplementary tables for clinico-
pathological parameters. The study was approved by our 
institutional ethics committee (ethic vote 199/10). The 
clinical pathological parameters are listed in Tables 1-4.

Immunohistochemistry
The construction of  the tissue microarray was reported 
earlier[1]. Immunohistochemical staining was performed 
automatically (DAKO TechMate™ 500, Danmark) for 
Pdcd4 [1:400, Anti-Pdcd4 (rabbit) antibody, United States] 
following the manufacturer´s instructions as described in a 
previous work[1]. Negative and positive controls were run 
using rabbit igG-isotype in a concurrent manner. Inflam-
matory, stromal and normal cells expressed Pdcd4 and 
therefore served as internal positive control. The stained 
microarrays were archived with a pathology scanner (Pan-
noramic MIDI Scanner, 3D-HISTECH, Hungary) for 
subsequent analyses (Figures 1 and 2).

Pdcd4 expression was scored by one pathologist who 
was unaware of  the patients’ clinical history. According 
to Mudduluru et al[11], we evaluated the core and cytoplas-
matic immunostainings. Core Pdcd4 staining was classi-
fied in four groups according to the amount (in percent) 
of  stain-positive nuclei (core quantity: score): none: 0; 
≤ 30%: 1; 30%-70%: 2 and ≥ 70%: 3. Cytoplasmic and 
core stainings were matched by the intensity of  the stain-
ing results (none, weak, intermediate or strong). The sum 
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Table 1  Clinicopathological parameters for patients with 
seminomatous testicular germ cell cancer  n  (%)

Variables Carcinoma (n  = 11) Control (n  = 5)

Age in years mean (range)          40.58 (33-53) 30.75 (24-42)
Pathological stage
   pT1   7 (63.6) NA
   pT2   2 (18.2) NA
   pT3   2 (18.2) NA
Lymphnode metastasis
   cNx 1 (9.1) NA
   cN0   7 (63.6) NA
   cN1 1 (9.1) NA
   cN2   2 (18.2) NA
M-stage
   cMx 1 (9.1) NA
   cM0 10 (90.9) NA
Tumor marker
   HCG increased   5 (45.5) NA
   LDH increased   3 (45.5) NA
   AFP increased                 0 (0) NA
Clinical tumor stage
   CSⅠA   5 (45.5) NA
   CSⅠS   3 (27.3) NA
   CSⅡB 1 (9.1) NA
   CSⅡC   2 (18.2) NA

NA: Not applicable; HCG: Human choriogonadotropin; LDH: Lactatdehy-
drogenase; AFP: Alpha-fetoprotein; CSⅠA: Clinical stage 1A.



of  these scores was assesed as well. 

Statistical analysis 
Clinicopathological parameters were correlated with 
Pdcd4 expression using the χ 2-test. Statistical analyses 
were performed with SPSS, version 20 (IBM Corporation, 
United States). Statistical significance was concluded at P 
< 0.05.

RESULTS
RCC
Cytoplasmic and core Pdcd4 levels were increased in 
normal renal tissue compared to RCC (P < 0.001). Pdcd4 
expression was reduced in patients with locally advanced 
RCC. Furthermore, statistical analysis showed high sig-
nificance levels in staining patterns between the renal tu-
mor types (sRCC, pRCC, ccRCC and chRCC). Especially 
cytoplasmatic staining showed the strongest correlation 
levels (P < 0.0001). Further significant results showed in 
T-stage dependent stainings (P = 0.001) and tumor size (P 
= 0.011). Figure 3 presents tumor type dependent stain-
ing results.

Penile cancer
Both, core (P < 0.001) and cytoplasmic (P = 0.047) 
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Figure 1  Histopathological staining results of malignant (pT2) renal tissue (A) and of a control sample (B) (haematoxylin and eosin staining, magnification 
factor: 40 ×).

A B

A B

Figure 2  Histopathological staining results of malignant (pT3) penile tissue (A) and of a control sample (B) (haematoxylin and eosin staining, magnifica-
tion factor: 40 ×).
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Table 2  Clinicopathological parameters for patients with non-
seminomatous testicular germ cell cancer  n  (%)

Variables Carcinoma (n  = 14) Control (n  = 5)

Age in years mean (range)         32.58 (16) 30.75 (18)
Pathological stage
   pT1   5 (26.3) NA
   pT2   5 (26.3) NA
   pT3   3 (15.8) NA
   pTx   1 (18.2) NA
Lymphnode metastasis
   Nx   7 (36.8) NA
   N0   4 (21.1) NA
   N3   3 (15.8) NA
M-stage
   Mx   4 (21.1) NA
   M0   9 (47.7) NA
   M1 1 (5.3) NA
Tumor markers
   HCG increased 13 (68.8) NA
   LDH increased   7 (36.8) NA
   AFP increased 12 (85.7) NA
Clinical stage
   ⅠS   8 (42.1) NA
   ⅡA   2 (10.5) NA
   ⅡC   3 (15.8) NA
   NA 1 (5.3) NA

NA: Not applicable; HCG: Human choriogonadotropin; LDH: Lactatdehy-
drogenase; AFP: Alpha-fetoprotein.
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immunohistochemistry (IHC) results were compared to 
grading and tumor recurrence. There is no correlation 
with nodal status. 

Testicular cancer
In seminoma and NSGCT, only weak correlation levels 
to clinicopathological parameters were calculated. Thus, 
Pdcd4 staining results correlate in differentiating healthy 
from malignant tissue in both entities (P = 0.007). An-
other notable significance is cytoplasmatic stainings to al-
pha-fetoprotein (AFP)-levels (P = 0.032) (Figure 6). This 
insinuates a potential for Pdcd4 as a diagnostic marker in 
this tumorous entity. 

DISCUSSION
Our results show a decreasing Pdcd4 expression in uro-
logic tumors (i.e., RCC and penile carcinoma). As shown 
in a previous study, Pdcd4 expression levels may have a 
tumor specific expression pattern[1]. 

Shiota et al[12] showed that Pdcd4 interacts with the 
DNA binding domain of  Twist1, through inhibition of  
the DNA binding ability and Y-box binding protein-1 
(YB-1) expression, reducing cell growth. The immuno-
histochemical stainings showed an inverse correlation 
between core Pdcd4 and YB-1 expression.

Shi et al[13] could show an effect of  miR-21-expression 
on docetaxel resistance, insinuating a more complex role 
of  Pdcd4 in tumor aggressivity and chemoresistance. 
Pdcd4 overexpression in the study of  Shiota et al[12] 
showed a high sensitivity to chemotherapeutics (cisplatin 
and paclitaxel). Thus, the data displayed there (clinico-
pathological parameters and follow-up) and the data of  
our study is not extensive enough to correlate Pdcd4 
expression levels and tumor chemosensitivity. A COX 
regression analysis could not confirm this hypothesis of  
Pdcd4 as a prognostic marker in survival or progress. The 
weak correlation levels are presumably due to the small 
cohort restraining the arithmetic power of  this analysis. 
Because of  these results and the cohort size, a multivari-
ate analysis was redundant. Another possible explanation 
for these results are the weak responses of  metastatic 
disease to further therapy in advanced tumor stages.

Pdcd4 levels were decreased in penile carcinoma tissue 
when compared to non-malignant penile skin (Figure 
4). Furthermore, we observed lower Pdcd4 levels in 
locally advanced and less-differentiated penile carcino-
mas. A strong correlation in differentiating tumorous 
from healthy tissue was found. Especially core stainings 
showed the strongest significance (P < 0.0001) level in 
this group. T-Stage dependent stainings also correlate 
with core and cytoplasmatic Pdcd4 expression, insinuat-
ing a stage dependent expression and regulation of  Pdcd4 
(Figure 5). Other significant results were calculated when 
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Figure 3  Percentual distribution of core intensity (A), cytoplasmatic-(B) and programmed cell death 4 staining results in correlation to renal cell carcinoma 
subtype and controls. Left weak/negative staining, right strong/positive staining result. RCC: Renal cell carcinoma; ccRCC: Clear cell RCC; pRCC: Papillary RCC; 
chRCC: Chromophobe RCC; sRCC: Sarcomatoid RCC.

Table 3  Clinicopathological parameters for patients with 
renal tumors  n  (%)

Variables RCC (n  = 188) Normal/oncocytoma (n  = 28)

Age in years mean
(range)

      60.4 (0-85) 56.86 (26-75)

Sex
   Male 128 (68.1)    12 (42.9)
   Female   60 (31.9)    16 (57.1)
Pathological stage
   pT1   81 (37.5) NA
   pT2   40 (18.5) NA
   pT3   57 (26.4) NA
   pT4   3 (1.4) NA
   Missing     7 (16.2) NA
Lymphnode 
metastasis
   pN0   96 (44.4) NA
   pN1   6 (2.8) NA
   pN2   9 (4.2) NA
   pNx   72 (33.3) NA
   Missing     5 (15.3) NA
Metastasis
   M0 114 (52.8) NA
   M1   24 (11.1) NA
   M2   1 (0.5) NA
   Mx   42 (19.4) NA
   Missing     7 (16.2) NA
Grade
   G1   56 (25.9) NA
   G2 111 (51.4) NA
   G3 12 (5.6) NA
   G4   2 (0.9) NA
   Missing     7 (16.2) NA

NA: Not applicable; RCC: Renal cell carcinoma.
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A recent study by Li et al[9] showed a T-stage depen-
dent expression of  Pdcd4. Thus, the significant correla-
tion between Pdcd4 expression and survival could not be 
confirmed in our study. A possible explanation for this is 
our differentiation of  RCC subtypes in our study design. 
Our analysis shows a clear difference in Pdcd4 expression 
patterns within the subgroups, this being probably due 
to their distinct tumor biology. IHC Pdcd4 expression 
was positive in the core and cytoplasmatic compartment 
in RCC samples: The levels changed according to tumor 
progression (T-stage dependent). This supports the hy-
pothesis of  tumor-specific expression patterns of  Pdcd4 
and a possible shuttle function between the cellular com-

partments. Thus, Li et al[9] described a solely core expres-
sion; the use of  a different antibody for IHC could ex-
plain these diverging results. However, this differentiation 
is important regarding the good discriminative potential 
of  our IHC for differing malignant RCC tissue from the 
benign renal tissue and oncocytoma. Prognostic relevance 
such as described by Li et al[9] could not be verified in our 
study.

A high sensitivity and specificity could be confirmed 
for penile carcinoma as well. These data are similar to re-
sults in bladder carcinoma samples obtained in a previous 
study and suggerate a similar regulation in these tumor-
ous entities[1]. To assess these similarities and to evaluate 
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Figure 4  Percentual distribution of core (A) and cytoplasmic programmed cell death 4 (B) levels in penile carcinoma tissue compared to metastasies and 
controls. Left weak/negative staining, right strong/positive staining result.
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Figure 5  Percentual distribution of core (A) and cytoplasmatic (B) programmed cell death 4 staining results in correlation to T-stage of penile carcinoma 
and controls. Left weak/negative staining, right strong/positive staining result.
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Figure 6  Percentual distribution of core (A) and cytoplasmatic (B) programmed cell death 4 staining results in correlation to Seminoma-, non-seminoma-
tous germ cell tumor and controls. Left weak/negative staining, right strong/positive staining result. NSGCT: Non-seminomatous germ cell tumor.
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the role of  a shuttle function of  the gene, we calculated 
different IHC-expression variables (core and cytoplas-
matic intensity and quantity). A statistical evaluation (χ 2-
test) of  these IHC expression patterns with established 
variables (T-stage, resection status and tumor grade) 
support the similarities between these epithelial tumors. 
Thus, a validating COX regression analysis could again 
not confirm this hypothesis of  Pdcd4 as a prognostic 
marker in survival or progress.

In testicular samples, expression levels correlated 
significantly in the malignant/healthy group, in T-stage-
dependent staining results and to AFP-levels. This insinu-
ates a potential for Pdcd4 as a diagnostic marker. How-
ever, our cohort did not have a sufficient size to evaluate 
clinical outcome. Accordingly, a ROC analysis revealed 
only weak sensitivity and specificity and a survival analy-
sis (COX) was not possible. Another problem in elucidat-
ing the role of  Pdcd4 in NSGCT is the cellular inhomo-
geneity of  the tumor cells within each probe (chorion-, 
embryonal-, cystic-carcinoma and yolk sack tumor).

Our study supports the important role for Pdcd4 
downregulation in renal-, testicular- and penile carcinoma. 
Interestingly, Pdcd4 expression seem to be a potential di-
agnostic marker for renal or penile tumors.

COMMENTS
Background
Programmed cell death 4 (Pdcd4) is involved in the process of apoptosis. It was 
first described in 1995 by Shibahara et al. Its upregulation has an effect on tran-
scription, translation and many signal transduction pathways. In many tumorous 
entities its expression levels are suppressed, so that it was stipulated that it has 
a tumor-suppressive function through the initiation of cellular apoptosis. Espe-
cially translation and transcription pathways seem to be affected by the active 
gene. This could not be verified in all tumorous entities, so that the authors as-
sume a cancer-specific expression pattern. Wei et al (2009), Matsuhashi et al 

(2007) and Mudduluru et al (2009) compared expression levels in healthy and 
tumorous tissues of ovarian-, squamous- and colorectal-carcinoma. In these 
probes there was a “shift” from the nuclear-in healthy probes to the cytoplas-
matic compartment in malignant tissue. These results could not be verified in 
all tumorous entities. Studies with urologic tumors have shown diverging results 
concerning the expression levels or were not published at all. In a previous 
work, the authors could show a very significant correlation between the tumor 
stage and expression patterns in transitional cell carcinoma.
Research frontiers
Shi et al could show an effect of microRNA 21 (miR-21)-expression on docetax-
el resistance, insinuating a more complex role of Pdcd4 in tumor aggressivity 
and chemoresistance. In this study, there was a negative correlation between 
low miR-21 expression levels with high docetaxel chemosensitivity and high 
Pdcd4 expression. The expression levels of Pdcd4 could be used to elaborate 
an individual therapeutic strategy and a prognostic evidence for each patient.
Innovations and breakthroughs
The studies of Woodard et al (2008) and Jansen et al (2004) demonstrated 
high Pdcd4 expression in clear cell renal cell carcinoma cell lines after hav-
ing treated these with Fluvostatin and a higher geldamycin sensitivity in cells 
with high Pdcd4 expression levels. Fluvostatin being an inhibitory agent for 
pAkt and S6K1, inhibitors of Pdcd4. A recent study by Li et al (2012) showed a 
T-stage dependent expression of Pdcd4. This analysis shows a clear difference 
in Pdcd4 expression patterns within the subgroups, this being probably due to 
their distinct tumor biology. Immunohistochemistry (IHC) Pdcd4 expression was 
positive in the core and cytoplasmatic compartment in RCC samples: The lev-
els changed according to tumor progression (T-stage dependent). This supports 
the hypothesis of tumor-specific expression patterns of Pdcd4 and a possible 
shuttle function between the cellular compartments.
Applications
This study supports the important role for Pdcd4 downregulation in renal-, 
testicular- and penile-carcinoma. Therapeutic and prognostic possibilities are 
discussed for other tumourous entities (i.e., squamous carcinoma, Dou et al 
2014). Especially chemosensitivity and therapeutic options can be evaluated for 
patients showing high IHC Pdcd4 expression levels.
Terminology
Pdcd4: Programmed cell death 4; NSGCT: Non-seminomatous germ cell tumor.
Peer review
The manuscript by Fisher et al is to investigate the Pdcd4 expression in renal 
cell carcinoma, penile carcinoma, and testicular germ cell cancer. The authors 
found that the Pdcd4 is strongly expressed in core and cytoplasm, but core and 

Table 4  Clinicopathological parameters for patients with penile carcinoma  n  (%)

Variables Carcinoma (n  = 57) Metastasis (n  = 17) Control (n  = 26)

Age in years mean (range)          63.32 (35-93)  62.96 (11-87) 64.15 (37-97)
Pathological stage
   Cis                 4 (7) NA
   pT1 26 (45.6) NA
   pT2 15 (26.3) NA
   pT3 11 (19.3) NA
   pT4 1 (1.8) NA
Lymph node metastasis
   cN0 50 (87.7) NA
   pN+   7 (12.3) NA
M-stage
   cM0               57 (100) NA
Grading
   G1 9 (17) NA
   G2 36 (67.9) NA
   G3   8 (15.1) NA
   Missing                 4 (7) NA
Surgical margins
   R0 55 (79.7)    10 (58.8)
   R1 2 (2.9) 0 (0)
   R2                 0 (0)      2 (11.8)

NA: Not applicable.

 COMMENTS
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cytoplasmic Pdcd4 levels is significantly decreased in the cancer tissues. These 
findings are important and may reveal a novel biomarker for renal and prostate 
cancers.
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