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Autophagy-associated proteins BAG3 and p62 in testicular cancer
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Abstract. Testicular germ cell tumors (TGCT) represent the
most common malignant tumor group in the age group of 20
to 40-years old men. The potentially curable effect of cyto-
toxic therapy in TGCT is mediated mainly by the induction
of apoptosis. Autophagy has been discussed as an alternative
mechanism of cell death but also of treatment resistance in
various types of tumors. However, in TGCT the expression and
role of core autophagy-associated factors is hitherto unknown.
We designed the study in order to evaluate the potential role of
autophagy-associated factors in the development and progres-
sion of testicular cancers. Eighty-four patients were assessed
for autophagy (BAG3, p62) and apoptosis (cleaved caspase 3)
markers using immunohistochemistry (IHC) on tissue micro-
arrays. In addition, western blot analyses of frozen tissue of
seminoma and non-seminoma were performed. Our findings
show that BAG3 was significantly upregulated in seminoma
as compared to non-seminoma but not to normal testicular
tissue. No significant difference of p62 expression was
detected between neoplastic and normal tissue or between
seminoma and non-seminoma. BAG3 and p62 showed distinct
loco-regional expression patterns in normal and neoplastic
human testicular tissues. In contrast to the autophagic markers,
apoptosis rate was significantly higher in testicular tumors as
compared to normal testicular tissue, but not between different
TGCT subtypes. The present study, for the first time, exam-
ined the expression of central autophagy proteins BAG3 and
p62 in testicular cancer. Our findings imply that in general
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apoptosis but not autophagy induction differs between normal
and neoplastic testis tissue.

Introduction

The effect of cytotoxic treatment in testicular tumors is mainly
moderated by the induction of apoptosis (1). Due to the rapid
response after exposure to chemotherapeutic agents an intact
and effective apoptotic pathway in most testicular cancers is
assumed (2). Nevertheless, various patients show complex
clinical courses, including tumors with chemoresistence and
thus lower apoptosis rates (3). Recent studies have shown that
the elimination of cells may be also conducted using the alter-
native cell death pathway ‘autophagy’ (4,5).

Autophagy is an evolutionarily conserved, pervasive and
multi-step ‘self-eating’ process, by which cytosolic mate-
rial is sequestered in a double-lipid membrane, delivered
to the lysosome for degradation and digested to provide
energy and to build the foundation for cell-survival (6).
While autophagy has for long been considered to be a bulk
degradation process, recent discoveries show that it rather
displays a sophisticated portfolio of selectivity provided by
different molecular strategies such as the detection of several
autophagy receptor proteins, including pacemaker molecules
such as p62 (SQSTM1) and BCL2-associated athanogene 3
(BAG3) (7-9). To the best of our knowledge, no study has been
published to date that examined the expression of the cohesive
autophagy proteins BAG3 and p62 in testicular cancer. The
aim of our study was to get first evidence for the potential
role of autophagy-associated factors in the development and
progression of testicular cancers. Therefore, we performed
immunohistochemistry and western blot analyses for p62 and
BAGS3 of testicular cancer specimens of different entities and
corresponding normal appearing testis tissue.

Materials and methods

Patient selection and clinicopathological analysis. Orchi-
ectomy specimens of 84 testicular cancer patients from
the Goethe University Hospital Frankfurt, Germany from
2002 to 2011 were evaluated. All patients provided written
informed consent for the use of their tissues, and the study was
approved by the Ethics Committee of the Goethe University
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Frankfurt/Main, Germany. All patients revealed adequate
clinical follow-up data.

Tissue microarray. All tissue samples were retrieved from
orchiectomy specimens, fixed in 10% buffered formalin and
embedded in paraffin at time of surgery. For tissue microarray
(TMA) construction hematoxylin and eosin-stained slides of
human testicular germ cell tumors (TGCTs) were reviewed by
a certified pathologist. The most representative areas of each
tumor sample, and assigned corresponding biopsies of the
transitional zone and the unaffected sites of the orchiectomy
specimens, were marked and adequate cores were removed
from the formalin-fixed paraffin-embedded (FFPE) block in
triplicates. These samples were assembled in the array. The
TMA location number was linked to the database including
the clinicopathological data.

Immunohistochemistry. An automated immunostainer
(Ventana, Strasbourg, France) using standard protocols
was used for immunohistochemical staining. Briefly, 4-ym
samples were heated to 100°C, incubated with Inhibitor D
(Ventana), and then incubated with the primary antibody
(antibodies: p62, monoclonal mouse anti-p62 Ick ligand; dilu-
tion: 1:100; BD Transduction Laboratories, Franklin Lakes,
NIJ, USA; BAG3, polyclonal rabbit antibody; dilution, 1:100;
Abnova, Taipei City, Taiwan; cleaved caspase 3, polyclonal
rabbit antibody; dilution: 1:100; Cell Signaling, Danvers, MA,
USA). The secondary antibody solution was incubated after
rinsing, followed by sequential incubation with Blocker D
and SA-HRP D (both from Ventana). Visualization was
accomplished using diaminobenzidine (DAB) D and DAB
H,0O, D (Ventana). Finally, the slides were counterstained with
hemalaun and mounted. The detailed immunohistochemical
staining procedure was previously described (10). Notably,
not every core of the TMA was evaluable for each protein
(p62/BAG3) due to technical reasons, resulting in variations of
numbers of the analyzed tissue specimens.

Scoring. The stained TMAs were evaluated with an Olympus
BX50 light microscope. For semi-quantitative evaluation of
the slides, a multi-score of staining frequency and intensity
was applied. Staining frequency was assessed as follows:
0 (0-1%), 1 (1-10%), 2 (10-25%), 3 (25-50%), and 4 (>50%). The
staining intensity was rated as follows: no staining, 0; weak, 1;
moderate, 2; and strong, 3. This scoring system was previously
described (11).

SDS-PAGE and western blotting. Frozen tissue of 3 tumors
were available for analysis. Tumor and normal tissue were
snap-frozen in liquid nitrogen, homogenized and incubated in
lysis buffer (20 mM Tris-HCI buffer, pH 7.4; 150 mM NacCl,
1.5 mM ethylenediaminetetraacetic acid (EDTA); 3% glyc-
erol; 1 mg/ml BSA; 1% NP-40; 1 mg/ml leupeptin; 5 mg/ml
aprotinin; 2 mg/ml pepstatin A) for 60 min at 0°C. Protein
lysates were loaded onto 12 or 15% SDS-polyacrylamide
gels. Proteins were separated at 135 V and then blotted to
nitrocellulose membranes (Protran BA83; 2 ml; Schleicher
und Schuell, Dassel, Germany) in Towbin buffer [25 mM Tris,
192 mM glycine and 20% methanol (v/v)] at 15 V for 35 min.
The blots were blocked in blocking buffer (5% BSA, 50 mM
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Tris-HCI pH 7.5, 150 mM NaCl and 0.05% Tween-20) at 20°C
for 1 h. The resulting blots were probed with a rabbit mono-
clonal anti-BAG3 antibody diluted 1:3,000 (Biozol, Abnova),
a mouse monoclonal anti-p62 antibody diluted 1:1,000 (BD
Biosciences), a rabbit monoclonal anti-caspase 3 antibody
diluted 1:1,000 (Cell Signaling) and a mouse monoclonal
anti-glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
antibody (Calbiochem) diluted 1:10,000.

Statistical analysis. The semi-quantitative scores were
assigned as ordinal scale response variable and analyzed along
with nominal variables (tissue/tumor type). Non-parametric
Wilcoxon test was used for statistical analyses. Corresponding
normal and tumor tissues were assessed using a matched-pairs
analyses. A significance level 0=0.05 was selected for all tests.
Statistical analysis was performed using JMP 11.0.0 software
(SAS, Cary, NC, USA).

Results

BAG?3, but not p62, is significantly upregulated in seminoma
as compared to both non-seminoma and normal testicular
tissue. Immunohistochemical analyses for p62 (Fig. 1A-C)
revealed that p62 protein was mainly detected within the
parenchyma of normal testicular tissue (Fig. 1A), which was
resected adjacent to non-seminomas (Fig. 1B) or classical
seminomas (Fig. 1C). Notably, in both normal (Fig. 1A) and
neoplastic (Fig. 1B and C) testicular tissue, stromal tissue
components remained largely negative for p62. In general
staining scores for p62 were rather low reaching a median
expression score of 3 in both normal (range 1-6) and neoplastic
(range 0-9) testicular tissue.

Only slightly higher expression values were obtained for
BAG3. While normal testicular tissue (Fig. 1D) displayed
a median expression score of 4 (range 0-9), non-semi-
nomas (Fig. 1E) and seminomas (Fig. 1F) showed a median
expression score of 3.5 (range 0-9) and 6 (range 1-12),
respectively. In contrast to p62, BAG3 was also weakly
expressed in stromal tissue of both normal (Fig. 1D) and
neoplastic (Fig. 1E and F) specimens.

Statistical analyses of the immunohistochemical staining
revealed no significant differences in p62 expression between
normal and neoplastic testicular tissue (Fig. 2A) or between
non-seminoma and seminoma (Fig. 2B).

While no significant differences were detected for BAG3,
expression in normal testicular tissues when compared to testic-
ular tumor tissues in general (Fig. 2C), seminomas displayed
significantly higher BAG3 expression levels (p=0.0021) when
compared to their non-seminomatous counterparts (Fig. 2D).

A matched-pairs analysis for p62 and BAG3 expression
in non-neoplastic testicular tissues and their corresponding
adjacent neoplastic tissues did not reveal any significant differ-
ences between the tissues (data not shown).

In contrast to the autophagy markers investigated in our
study, apoptosis rates were significantly higher in testicular
tumors as compared to tumor-adjacent normal testicular tissue
while no differences in the apoptosis levels were seen in the
comparison between seminomas and non-seminomas (Fig. 3).
It is worthwhile mentioning that all investigated testicular
tumors were chemonaive indicating that the detected apoptosis
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Figure 1. Immunohistochemistry of autophagy-associated molecules in human testicular cancer. p62 immunohistochemistry in (A) normal testis tissue,
(B) non-seminoma (mixed small cell and embryonal carcinoma) and (C) classical seminoma. BAG3 immunohistochemistry in (D) normal testis tissue,
(E) non-seminoma (mixed small cell and embryonal carcinoma) and (F) classical seminoma. Scale bar, 100 #m; magnification, x20 for all images.
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Figure 2. Statistical analysis of immunohistochemical stainings of TMA. Immunohistochemical staining scores are depicted for (A) p62 expression in 19
punches of normal appearing testicular tissue (median, 3; range, 1-6) and 66 punches of tumor tissue (median, 3; range; 0-9). (B) p62 expression in tumor
tissue punches of 34 non-seminoma (median, 3; range, 0-9) and 32 seminoma specimens (median; 3; range, 0-9). (C) BAG3 expression in 23 normal appearing
testicular tissue (median, 4; range, 0-9) and 73 punches of tumor tissue (median, 4; range, 0-12). (D) BAG3 expression in tumor tissue punches of 42 non-
seminoma (median, 3.5; range, 0-9) and 31 seminoma specimens (median, 6; range, 1-12). p-values were obtained using non-parametric Wilcoxon test.

levels in our cohort reflect the endogenous rate of type-I cell
death. Western blot analysis demonstrated that in contrast to
unequivocally increased apoptosis levels in TGCT tissues,
similarly or even slightly higher expression levels of BAG3
and/or p62 were detected in normal testicular control tissue as
compared to corresponding TGCT samples (Fig. 4).

p62 and BAG3 display distinct loco-regional expression
patterns in normal and neoplastic human testicular tissues.
Although, except for BAG3 expression in seminomatous Vvs.
non-seminomatous tumors, statistical comparisons for p62
or BAG3 expression did not reveal significant differences
between normal and neoplastic testicular tissues or between
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Figure 3. Cleaved caspase 3 expression in testicular cancer. (A) Cleaved caspase 3 immunohistochemistry in normal appearing testicular tissue (seminoma
patient). (B) Cleaved caspase 3 immunohistochemistry in a seminoma (A and B, tissue from the same patient). (C) Cleaved caspase 3 immunohistochemistry in
normal appearing testicular tissue (non-seminoma patient). (D) Cleaved caspase 3 immunohistochemistry, empryonal carcinoma (C and D, tissue from the same
patient) (scale bar, 100 ym for all images). (E) Cleaved caspase 3-positive cells in % in 21 punches of normal appearing testis tissue (mean, 1%; range 0-1%) and
50 punches of tumor tissue (median, 2%; range, 0-7%). (F) Cleaved caspase 3-positive cells in % in 20 punches of non-seminomas (median, 3.5%; range, 0-7%)
and 30 seminomas (median, 2%; range, 0-7%); p-values were obtained using non-parametric Wilcoxon test.
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Figure 4. Protein biochemical analyses of autophagy- and apoptosis-asso-
ciated molecules in normal and neoplastic testicular tissues. Western blot
analysis of p62, BAG3 and cleaved caspase 3. GAPDH served as a loading
control. H1 is a specimen of a seminoma pT2, L1, VO and RO. H2 represents
tissue of a seminoma pT3, L1, VO and RO. H3 is an NSGCT, mixed malignant
germ cell tumor consisting of a malignant teratoma (>50%), embryonic carci-
noma (~30%) with a yolk sac tumor component, pT2, L1, V1 and RO.

the distinct seminomatous and non-seminomatous tumors,
we aimed at taking a closer look at the immunohistochemi-
cally stained specimens with regard to potential expression
differences in areas with distinct microenvironmental prop-
erties. In some perivascular areas in seminomas, both p62
(Fig. 5A and Aa) and BAG3 (Fig. 5B and Ba) expression was
considerably stronger as compared to more remote tumor
regions (Fig. 5Ab and Bb).

Another repeatedly observed distinct staining pattern was
found in perinecrotic areas of higher malignant testicular
tumors such as embryonal carcinomas (Fig. 5C and D).

Both p62 (Fig. 5C) and BAG3 (Fig. 5D) were considerably
upregulated in close proximity to necrotic foci, however,
decreasing again at a distance of only a few micrometers from
the border of the necrotic zone.

Finally, a slightly stronger protein expression of p62
(Fig. 5SE) and BAG3 (Fig. 5F) was observed at the border zone
between normal and neoplastic testicular tissue. Although
the immunohistochemical results did not reach significance
when the whole specimens were taken into account, these
loco-regional staining differences may provide a more sophis-
ticated view on autophagy-associated molecules in normal and
neoplastic testicular tissues.

Discussion

Autophagy is highly contextual in regard to tumor cell death
and survival decisions. In general autophagy acts as a pro-
survival stress response, but it can also trigger cytodestructing
effects (12-15). In our study we investigated the expression
profiles of BAG3 and p62 in different types of testicular
cancer and normal appearing testis tissue to gain insight into
a potential in vivo relevance of autophagy in the development
and progression of testicular cancer. Both p62 and BAG3 play
a crucial role in the sophisticated portfolio of autophagy (16).

BAG3 was shown to sustain cell survival and it underlies
resistance mechanisms to chemotherapy in several human
neoplasms in vitro (17-19). Protein homeostasis in aged (or
stressed) cells is driven by an increased BAG3 expression,
regulated by the transcription factor heat shock factor 1
(HSF1) (20) and stabilized by the recruitment of the macro-
autophagy pathway involving HSP70, SQSTM1/p62 and
LC3 (7,21,22). It is also known that BAG3 mitigates proteo-
toxicity via selective autophagy (23).
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Figure 5. p62 and BAG3 protein expression display distinct loco-regional patterns. (A) p62 immunohistochemistry, seminoma, scale bar, 200 pm; (a) location
of the zoomed-in image (Aa); (b) location of the zoomed-in image (Ab); (Aa) cut-out of (A), scale bar, 50 ym; (Ab) cut-out of (A), scale bar, 50 ym. (B) BAG3
immunohistochemistry, seminoma, scale bar, 200 ym; (a) location of the zoomed-in image (Ba); (b) location of the zoomed-in image (Bb); (Ba) cut-out of
(B), scale bar, 50 ym; (Bb) cut-out of (B), scale bar, 50 ym. (C) p62 immunohistochemistry, testicular embryonal carcinoma with necrosis; (a) location of
the zoomed-in image (Ca), scale bar, 500 ym; (Ca) cut-out of (C), ‘N’ indicating necrosis, scale bar, 100 ym. (D) BAG3 immunohistochemistry, testicular
embryonal carcinoma; (a) location of the zoomed-in image (Da), scale bar: 500 ym; (Da) cut-out of (D), ‘N’ indicating necrosis, scale bar, 100 ym. (E) p62
immunohistochemistry, overview of a border zone of a seminoma, scale bar, 500 ym; (a) ocation of the zoomed-in image (Ea); (b) location of the zoomed-in
image (Eb); (Ea) cut-out of (E), scale bar, 50 ym; (Eb) cut-out of (E), scale bar, 50 ym. (F) BAG3 immunohistochemistry, overview of a border zone of a semi-
noma, scale bar, 500 pm; (a) location of the zoomed-in image (Fa); (b) location of the zoomed-in image (Fb); (Fa) cut-out of (F), scale bar, 50 ym; (Fb) cut-out

of (F), scale bar, 50 ym.

The cargo receptor p62 functionally interfaces to the
autophagic machinery through degradation of ubiquitin-tagged
proteins. p62 recruits protein aggregates as substrate to
autophagic membranes to form autophagosomes and thus
promotes their degradation (24). In addition, p62 itself is a
substrate for autophagic degradation and accumulates upon
inhibition of autophagy (24,25).

We noted that BAG3 and p62 are not upregulated in
testicular cancers as compared to normal testicular tissue in
both immunohistochemical and immunoblotting analyses.
The normal tissue even shows slightly higher expression
levels of BAG3 and/or p62. The expansive growing tumor may
induce pressure on the normal tissue particularly in a clois-
tered organ such as the testis. The resulting insufficient supply
of e.g. oxygen and changes in microenvironmental nutrition
may induce autophagy in order to mitigate the adverse condi-
tion and then avoid cell damage or even cell death (26). Our
findings implicate that microscopically normal appearing
testicular tissue may be stressed at the molecular level due

to the neighboring pathologies and thus induces protective
mechanisms.

In regards to BAG3 these results are contrary to previous
studies which detected substantial BAG3 expression in several
types of human cancers, such as glioblastoma, pancreatic carci-
noma, leukemia and thyroid carcinoma, compared with very
low basal levels of BAG3 in non-malignant cells (18,27,28).
Other studies have reported that an increased expression of
BAG3 was shown to induce the formation of p62 bodies (9)
and thus promoting selective autophagy via its interaction with
p62. In our case, p62 may not be upregulated, hypothetically
due to the fact that p62 itself is a substrate for autophagic degra-
dation (9). We observed that in both normal and neoplastic
testicular tissue, stromal tissue components remained largely
negative for p62. In contrast, previous studies have shown that
stromal p62 expression was associated with the histological
grade and molecular subtype (29,30). Our results demonstrated
that there is no significant difference in autophagy induction
in neoplastic tissue when compared to normal testicular tissue.
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Contrary to these findings, apoptotic activity is significantly
increased in testicular tumor, but not in normal testicular tissue,
as proliferative tumor tissue of a certain size usually becomes
hypoxic, eventually necrotic and thus enhanced apoptosis can
be detected particularly at the margins of hypoxic or necrotic
tumor areas (31,32). Up to now the loco-regional expression
patterns of autophagy in TGCTs have not been a subject of
research. We believe that a ‘topographical’ point-of-view may
be a determinant for the interpretation of our results. In our
case, areas of crucial relevance for local and systemic tumor
progression and survival show increased expression patterns
of p62 and BAG3. When having a holistic view on the staining
a slightly stronger protein expression for p62 and BAG3 was
noted at the border zone where tumor pins protrude into the
normal testicular tissue, a fact that may represent a protective
barrier, in order to protect the tumor.

Another repeatedly observed distinct staining pattern of
BAG3 and p62 was found in perinecrotic (where presumably
hypoxia is maximal) areas of higher malignant testicular
tumors such as embryonal carcinomas. Autophagy induction
in cancer cells may occur due to hypoxia (13,32), and it has
been previously demonstrated that expression of hypoxia-
inducible factor 1o (HIF-1a) downstream targets is associated
with a higher histologic grade in fibroepithelial tumors of the
breast (33). In this scenario autophagy provides the nutrients
needed for cancer survival and stabilization of HIF-1a allows
for instance that higher grade phyllode tumors adapt to
hypoxia (30). In another clinical setting, the cardiac infarc-
tion, this hypothesis has been verified. Autophagy is more
prominent in cardiomyocytes in the border zone than in those
in more remote areas, and the size of the autophagosomes was
exceedingly large in the former. Previously, Kanamori et al
suggested a protective role during post-infarction cardiac
remodeling (34). Surprisingly contrary to these findings, in
some perivascular areas in seminoma, presumably a site with
optimal oxygenation and nutrient status, both p62 and BAG3
expression was considerably stronger as compared to more
remote tumor regions.

Up to now there are no studies that have explored the rela-
tionship between seminoma and non-seminoma in respect to
autophagy. We observed that BAGS3 is significantly upregulated
in seminoma compared to non-seminoma. This difference
may be due to the heterogeneity of testicular germ cell tumors
(TGCT). As stated by Elstrand et al, discrepancies may be due to
the very complex types of intracellular molecular interaction of
the BAG3 proteins (i.e. with HSP proteins and Bcl-2 members)
in tumors of various origin and differentiation (22,27,35,36).
While seminoma and non-seminoma show great similarity in
etiology, precursor lesions and chromosome 12p alterations,
different TGCT subtypes display distinct tumor genetics that
may explain their different histology and biological behavior.
Studies have revealed differences between seminoma and non-
seminoma e.g. for KRAS, NRAS and BRAF (37). Different
genetic factors may also influence the autophagic behavior of
the testicular tumor entities. Further investigations are neces-
sary to determine the exact expression profile of autophagy
proteins in different types of testicular cancer.

The limitations of the present study are defined through
the fact that autophagy is a dynamic, multistep process and the
accurate measurement of autophagy involves the quantification
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of autophagic flux (38). Therefore, the identification of
proteins associated with autophagy or those that are
degraded by autophagy through quantitative methods such
as immunohistochemistry (IHC)/tissue microarray (TMA)
may be problematic. These methods provide a snapshot of the
identified proteins at a specific point in time and are actually
unable to reflect the activity of autophagy.

In conclusion, even though autophagy markers display a
loco-regional expression pattern in normal and neoplastic
human testicular tissue, our findings imply that in general
apoptosis, but not autophagy induction differs between
normal and neoplastic testis tissue. The precise differences
and interrelationships of autophagy in respect to seminoma
and non-seminoma have to be further investigated with an
autophagy-related molecular calibration of these two distinct
types of testicular cancer.
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