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a  b  s  t  r  a  c  t

The  purpose  of the study  was  to  assess  the  incidence  and  prognostic  role  of epithelial-to-mesenchymal-
transition  (EMT)  in squamous  cell  carcinoma  of the  penis  (SCCP).

Sixty tumor  specimens  of surgically  treated  SCCP  patients  characterized  by  a central  histopathologic
review  were  stained  with  antibodies  against  E-cadherin,  N-cadherin,  �-catenin,  and  vimentin.  Staining
profiles  were  scored  by two independent  raters,  and  correlated  with  pertinent  clinical  and  pathological
parameters  and  cancer-specific  mortality  (CSM;  median  follow-up:  34  months,  interquartile  range:  6–60
months).

Correlation  statistics  proved  good  interobserver  agreement  in  staining  evaluation  (K-values  between
0.62  and  1.00,  all  p <  0.001).  Based  on  consensus  decision  between  both  raters,  36  study  cases  (60%)
showed  a switch  from  E-cadherin  to N-cadherin  (as  a  hallmark  of  EMT),  which  correlated  with  the
presence  of  lymphovascular  invasion  (� = 0.287,  p  = 0.026)  while  failing  to interfere  with  CSM. Although
cadherin  switch  was correlated  with  a  loss  of  membranous  �-catenin  expression  (� =  0.629,  p <  0.001),
none  of  the  study  cases  showed  nuclear  �-catenin  expression,  and  only  three  EMT  cases  (8.3%)  had  tumor
buds revealing  vimentin  expression.

Our  data  suggest  that roughly  half  of surgically  treated  SCCP  cases  exhibit  EMT,  a  parameter  corre-
lating  with  lymphovascular  invasion.  However,  further  studies  are  clearly  needed  to  validate  the  so far
unresolved  possible  role  of  cadherin  switch  in  terms  of  predicting  nodal  spread  in patients  with  SCCP.
Moreover,  the apparently  complex  mechanisms  driving  EMT  in  SCCP  should  be  explored  by  future  stud-
ies,  as  knowledge  about  these  might  provide  a so  far unexploited  basis  for  the development  of novel
targeted  therapies  against  SCCP  with  metastatic  dissemination.

©  2015  Elsevier  GmbH.  All  rights  reserved.

1. Introduction

In several cancer entities, the loss of epithelial properties
has been reported to coincide with increased invasiveness [1].
Epithelial-to-mesenchymal transition (EMT) represents a process
by which epithelial cells undergo a change in appearance and
acquire mesenchymal characteristics. In particular, cancer-related
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EMT  has been linked to invasion and metastatic spread, and accor-
dant mediators pathogenically involved in cancer-related EMT
have therefore become attractive candidates for the develop-
ment of oncological targeted therapies [2–4]. However, to our
knowledge, the phenomenon of EMT  has not been investigated in
squamous cell carcinomas of the penis (SCCP) yet.

In the present study, we evaluated the incidence and prognos-
tic implications of EMT  in surgically treated patients with SCCP.
To this aim, tumor buds at the advancing edge were scored with
respect to the expression patterns of a selected marker panel to
monitor EMT  by immunohistochemistry, and staining profiles were
subsequently correlated with pertinent clinical and pathological
variables and cancer-specific mortality (CSM) [5–8].
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Fig. 1. Squamous cell carcinoma of the penis (SCCP) exhibiting epithelial-to-mesenchymal transition (EMT) by immunohistochemistry. Top, left: low power view illustrating
the  advancing edge of a study SCCP. H&E, 10× objective. Top, middle: stronger magnification of the advancing edge shows tumor buds comprising only a few cohesive
squamous carcinoma cells. H&E, 40× objective. Top, right: tumor buds show loss of membranous �-catenin expression, which is retained at the leading edge. Anti-�-catenin,
40×  objective. Bottom, left: compared with the leading edge, tumor buds show loss of membranous E-cadherin expression. Anti-E-cadherin, 40× objective. Bottom, middle:
tumor  buds exhibit membranous N-cadherin expression. Anti-N-cadherin, 40× objective. Bottom, right: tumor buds but not the leading edge show strong cytoplasmic
expression of vimentin. Anti-Vimentin, 40× objective.

2. Materials and methods

2.1. Study cohort

Based upon a retrospective computerized database analysis,
a total of 110 consecutive SCCP patients were initially iden-
tified. All patients were clinically staged M0  and underwent
elective surgery for SCCP in six different German hospitals between
January 1993 and December 2010 [5]. None of the study patients
received neoadjuvant or adjuvant chemotherapy or radiotherapy.
From all patients, American Society of Anesthesiologists (ASA)
scores were recorded as a commonly employed physical status
classification system for assessing the fitness of patients before
surgery [9].

The retrieved archived slides were subjected to a central
histopathologic review performed by one clinical pathologist (S.G.)
for re-staging according to the recent TNM classification system, as
well as to standardize histopathologic classification, lymphovascu-
lar invasion (LVI), and Broder’s grade [10–14].

After corresponding paraffin-embedded whole-tissue blocks of
the study cases were retrieved from the files, one punch (diam-
eter 1.5 mm)  was taken from the advancing edge of each study
case for tissue microarray (TMA) construction [5]. Subsequently,
4 �m thick serial sections were cut from the same paraffin blocks.
Then, conventionally stained whole-tissue serial sections were
histopathologically scrutinized for the presence of tumor buds
which were defined as single tumor cells or small aggregates com-
prising five tumor cells or less that have become detached from the
invasive front and migrated a short distance into a usually desmo-
plastic stroma (Fig. 1) [15].

Previous to assessment of patient follow-up and death data,
Institutional Review Board approval and approval of Medical Ethics
Committee (MEC) of the federal state Brandenburg for evaluating
CSM based on retrospective evaluation of death certificates was
obtained (LÄKB; MEC.-No.: 34182/13).

2.2. Immunohistochemistry

4 �m thick TMA  sections on a region featuring tumor buds
by conventional histomorphology were subjected to immuno-
histochemistry using an automated staining system (Ventana
BenchMark). Briefly, following deparaffinization, rehydration, and
heat-induced epitope retrieval (CCl mild, Ventana BenchMark), sec-
tions were incubated with antibodies directed against E-cadherin
(Dako, monoclonal, dilution 1:100), N-cadherin (Abcam, mon-
oclonal, dilution 1:500), vimentin (Dako, monoclonal, dilution
1:100), �-catenin (Santa Cruz, monoclonal, dilution 1:200) and
AE1/3 (Dako, monoclonal, dilution 1:200). The incubation time
was 12 min  for anti-�-catenin and 20 min  for the other anti-
bodies employed. Subsequently, the sections were washed with
phosphate-buffered saline (PBS), incubated with rabbit anti-mouse
IgG (1:50), and then, mouse peroxidase-antiperoxidase conjugate
(1:200). Adequate positive and negative controls were run.

Scoring of marker expression using recently published crite-
ria was  performed by considering tumor buds at the tumor–host
interface (Fig. 1) which represent the micro-anatomic area at
which EMT  is presumed to take place [6,16–19]. A switch from E-
cadherin to N-cadherin expression indicates EMT. For E-cadherin
and N-cadherin, only the membranous stain was  considered to be
a positive immunoreaction. By immunohistochemistry, loss of E-
cadherin and/or �-catenin expression was considered if at least 10%
of the depicted tumor buds failed to show membranous marker
expression [6,16]. Special attention was  paid to the presence of
ectopic nuclear and/or cytoplasmic marker expression. For a study
case to be considered N-cadherin and/or vimentin-positive, marker
expression in at least 10% of the depicted tumor buds was  required
[6,16]. Equivocal study cases were subjected to AE1/3 staining, and
co-expression of vimentin and AE1/3 was  required in order to clas-
sify that study case as being vimentin-positive.

The immunostained TMA  sections were read separately by two
independent raters (S.G. and K.A.) blinded to clinicopathologic
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