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Abstract. Approximately 50% of prostate cancer types
harbor the transmembrane protease, serine 2: Erythroblast
transformation-specific-related gene (ERG) fusion, resulting
in oncogenic expression of the ERG transcription factor. ERG
represents an attractive target for potential future anticancer
therapy in advanced and metastatic prostate cancer. To better
understand whether the analysis of the primary cancer is
sufficient to estimate the ERG expression status of the lymph
node metastases, the present study examined patterns of
immunohistochemical ERG expression in a tissue microarray
created from multiple primary and metastatic sites of 77 pros-
tate cancer tissues. Among the identified tumor types, 80%
were either entirely ERG-positive (38%) or ERG-negative
(42%) across all (at least 9) analyzed different tumor sites.
The results were heterogeneous in 20% of the tumor types
and typically resulted from small ERG-negative areas within
otherwise ERG-positive tumor types. Comparison of the ERG
expression status in 51 primary cancer types with at least
three interpretable lymph node metastases revealed an entirely
identical ERG status in all tumor sites in 75% of the cases,
including 16 ERG-positive and 22 ERG-negative cancer types.

Correspondence  to: Dr Ronald Simon, Institute of
Pathology, University Medical Center Hamburg-Eppendorf,
Martinistrasse 52, Hamburg D-20246, Germany

E-mail: r.simon@uke.de

Abbreviations: ERG, erythroblast transformation-specific-related
gene; ICH, immunohistochemistry; TMPRSS2:ERG, transmembrane
protease, serine 2: erythroblast transformation-specific-related gene
fusion; TMA, tissue microarray

Key words: prostate cancer, transmembrane protease, serine 2:
erythroblast transformation-specific-related gene fusion, nodal
metastasis, immunohistochemistry, tissue microarray

The remaining 13 cancer types exhibited ERG heterogeneity
within the primary tumor, while all metastases had an iden-
tical (12 positive and 1 negative) ERG status. The results of
the present study revealed a high degree of concordance of
the ERG expression status between primary prostate cancer
types and their lymph node metastases. Therefore, potential
anti-ERG therapy may also be effective against lymph node
metastases in the majority of cases of ERG-positive metastatic
prostate cancer.

Introduction

Prostate cancer is the most frequent malignancy in men (1).
Approximately 10-20% of patients suffer from cancer invading
into the lymph system at the time of diagnosis (2-4). Finding
tumor cells in a lymph node is unequivocal proof of dissemina-
tion and is associated with poor patient prognosis (5-9). Thus,
novel therapies are needed to effectively target metastatic
cancer cells.

Approximately 50% of prostate cancers harbor a gene
fusion linking the androgen-regulated gene transmembrane
protease, serine 2 (TMPRSS2) with transcription factors of
the erythroblastosis virus E26 transforming sequence (ETS)
family, typically erythroblast transformation-specific-related
gene (ERG) (10). The TMPRSS2:ERG fusion protein may be
an optimal target for a novel therapy, as it is highly specific for
prostate cancer cells. In addition, potential anti-TMPRSS2:ERG
therapy is unlikely to have major side effects, since this fusion
protein is absent in normal tissues. Recent advances in the
delivery of inhibitory RNAS or peptides to human cancer raise
the possibility that anti-TMPRSS2:ERG therapy may become
available in the future (11-14).

It has been recently demonstrated that the TMPRSS2:ERG
fusion typically occurs early during tumor development
and is often homogeneously distributed across the cancer
bulk (15-18). However, we also observed that up to 60% of
ERG-positive cancers may at the least have small areas lacking
ERG expression (18,19). This raises the question whether lymph
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node metastasis arises from ERG-negative or -positive areas,
and whether the ERG status of the primary cancer represents
the ERG status of the lymph node metastasis. In a recent
study, discrepant ERG findings were observed in the lymph
nodes of 30% of 84 prostate cancers (20). Such differences in
the ERG status between primary and metastatic tumor sites
would challenge the concept of anti-ERG therapy. We herein
performed a thorough ERG-mapping study in 77 prostate
cancers exhibiting lymph node involvement at the time of
diagnosis. We constructed a tissue microarray (TMA) with
20 spots per primary cancer and all tumor-containing lymph
nodes for maximal representation of the tumor bulk. Our
findings demonstrated a high degree of concordance of the ERG
expression status between primary prostate cancers and their
lymph node metastases, and little intratumoral heterogeneity.

Materials and methods

Tissue samples. The prostate cancer heterogeneity TMA
consisted of 1,727 prostate cancer tissue spots and 80 control
spots from normal tissue (lung, liver, skin, lymph node and
kidney) distributed across 4 paraffin blocks, all derived from
77 patients who underwent radical prostatectomy at the UKE
between 2009 and 2010, who were found to have lymph node
metastases. A total of 24-61 primary tumor-containing blocks
and 1-16 blocks from the corresponding lymph node metastases
were collected from each patient. For the TMA construction,
20 0.6-mm punches were collected from each primary tumor,
with one additional punch from each of the corresponding
metastatic lymph nodes. If possible, all 20 primary cancer
tissue punches were collected from different paraffin blocks.
The number of sampled lymph nodes per patient was as
follows: 1 node in 4 patients, 2 nodes in 17 patients, 3 nodes in
30 patients, 4 nodes in 7 patients, 5 nodes in 5 patients, 6 nodes
in 4 patients, 7 nodes in 5 patients, 10 nodes in 1 patient,
11 nodes in 1 patient, 14 nodes in 2 patients, and 16 nodes in
1 patient. All cancers were unifocal tumors according to the
criteria of Wise et al (21): The tumor areas were defined as
part of a single focus if they were within 3 mm of each other in
any section or within 4 mm on adjacent sections.

Immunohistochemistry (IHC). ITHC analysis of ERG was
performed as previously described (17). Rabbit recombinant
monoclonal ERG antibody (clone EPR3864, dilution 1:450;
Epitomics) was used and visualized with DAKO EnVision
(Dako Diagnostics AG, Zug, Switzerlan). Freshly cut TMA
sections were analyzed in one day and in one experiment.
The sections were deparaffinized and exposed to heat-induced
antigen retrieval for 5 min at 121°C in citrate buffer (pH 7.8).
Only nuclear ERG staining was scored. Staining intensity was
assessed on a scale of 0 (negative), 1 (weak), 2 (moderate), and
3 (strong) (Fig. 1). Any detectable staining (=1) was considered
as ERG-positive.

Results

Of the 77 different cancers, 69 had at least 9 interpretable
ERG results in the 20 tissue spots obtained from the primary
cancer: 12 cancers had 20 interpretable spots, 21 cancers had
19 interpretable spots, 35 cancers had 10-18 interpretable spots,
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and 1 cancer had 9 interpretable spots. At least one lymph
node metastasis was analyzable from 70 cancers, whereas 54
cancers had at least three analyzable lymph node metastases.

ERG heterogeneity in the primary cancer. Of the 69 primary
cancers with at least 9 interpretable tissue spots, 14 (20%)
were heterogeneous (Fig. 2). Heterogeneity was found in every
Gleason score. Representative images of heterogeneous cases
with single discrepant ERG-positive or ERG-negative spots
are shown in Fig. 3. An identical ERG result was found in
all tissue spots of 55/69 (80%) tumors, of which 26/69 (38%)
primary cancers were homogeneously ERG-positive and 29/69
(42%) homogeneously ERG-negative.

Comparison between primary cancers and their lymph
node metastasis. This analysis was restricted to the subset
of 49 cancers with at least 9 interpretable tumor spots in
the primary cancer and with at least 3 interpretable lymph
node metastases (Fig. 4). In the subset of primary cancers
with a homogeneous ERG staining result, 38/38 (100%)
were identical with their metastasis. In the subset of
primary cancers with a heterogeneous ERG staining result,
12/13 (92%) cancers were ERG-positive and 1/13 (8%) was
ERG-negative.

Discussion

The results of the present study suggest a high degree of
concordance (50/51, 98%) of ERG expression between
primary cancer and lymph node metastasis. We found 40/69
(58%) of the cancers to be ERG-positive, in accordance with
earlier reports of 40-60% ERG positivity in studies with
13-317 prostate cancers, which were analyzed as conventional
large sections (15,17,18,22,23) or as TMA spots (19,24,25).
For example, we found 45% ERG-positive cases in a recent
study of all tumor-containing conventional large sections
of 317 prostate cancers obtained from 125 patients (18), and
55% ERG-positive cancers in a TMA study with one 0.6-mm
tissue spot per cancer using the same ERG antibody and IHC
protocol (19). Thus, the fraction of ERG-positive cancer is
independent from the amount of tissue analyzed.

Whether ERG activation is associated with prostate cancer
aggressiveness is a matter of debate. For example, certain studies
have suggested an association between ERG expression and
advanced tumor stage (26,27), high Gleason grade (26), or poor
patient prognosis (26,28), while other studies, including ours,
could not confirm such findings (19,29,30). In our earlier TMA
study on 2,800 cancers, ERG expression was identified in 55%
non-metastatic and 54% metastatic cancers (19). The similar rate
of ERG positivity (58%) in the present high-risk cancer series
selected for lymph node metastasis provides strong additional
evidence against a relevant role of ERG in tumor aggressiveness.

While 80% of the primary cancers were homogeneous in
terms of ERG expression, this percentage increased to 98% for
the metastases. These data suggest that the ERG expression
status is typically preserved during metastatic spread. Similar
findings were reported by an earlier heterogeneity study on
86 primary prostate cancers with matched lymph node metas-
tases (20), where 71% of the cancers had identical ERG findings
in at least 2 samples, each obtained from the primary and
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Figure 1. Representative images of ERG staining intensities in homogeneous cases: (A) Negative, (B) weak, (C) moderate and (D) strong. Original spot size
(0.6 mm) x100 magnification. ERG, protein encoded by the erythroblast transformation-specific-related gene.

metastatic tumor sites. Smaller studies on 13 (31) and 26 (32)
cancers reported a concordance rate between 77 and 100%.

In our study, discrepant findings between the primary and
metastatic sites were yielded from cases with heterogeneous ERG
expression in the primary cancer. However, it should be noted
that 8 of 14 primary cancers with heterogeneous ERG staining
were rated as discrepant only because one individual TMA spot
yielded a different ERG result. It remains uncertain whether such
cases represent true heterogeneity. Although we strictly followed
the guidelines to identify individual foci, it cannot be excluded
that some discrepant findings are due to collision of cancer foci
that cannot be distinguished histologically, or that local varia-
tions of staining account for rare false-negative findings.

Although some heterogeneous findings may be associated
with technical issues, this is not always the case. In order to
ensure a high representativeness of the analyzed cancers, we
limited our study to tumors with at least 9 analyzable primary
tissue spots and at least 3 analyzable metastases. Identifying
=2 discrepant spots in ~7% of primary cancers suggests that
a fraction of cancers may harbor true intrafocal heterogeneity.
Such findings support our hypothesis that ERG fusion may
also develop at a later time after the cancer has been estab-
lished. We have already made this observation in our earlier

study on conventional large sections, where we found 42%
of ERG-positive tumors to have at least small ERG-negative
areas (17). The higher heterogeneity rate in the latter study is
most likely attributed to the higher amount of cancer tissue that
can be analyzed in conventional large sections. Our findings
raise the possibility that a relevant fraction of ERG-positive
prostate tumors may initially develop as ERG-negative. This is
of interest in the light of earlier discussions on whether ERG
fusion is sufficient to initiate prostate cancer (33,34). Based on
our data, it may be hypothesized that ERG activation represents
a very early progression event rather than a cancer-initiating
alteration in several cases. This view is further supported by
studies reporting that mouse prostate with forced ERG expres-
sion displayed only subtle morphological changes (34), and
that additional alterations, such as loss of the PTEN tumor
suppressor, was required to develop invasive cancer (34).

The limitation of the present study is that it is purely descrip-
tive and does not involve any comparisons between molecular
groups that would allow for statistical testing. The same is the
case for the comparison of the ERG status in primary cancers
and their metastases: All cancers are metastatic so that there
is no comparison between subsets that are defined by specific
molecular or histologic features.
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CaseNr. 71| 8 (44 |67 |41 (22 |32 (39 (76|15 |30 (64|26 |10
Gleason 4+5(4+3|4+3 |4+3 |5+4 |4+3 [5+4 |4+5|3+4 |4+5|3+4 [5+4 |3+4 |5+4

Spot 1 pos | pos | pos | pos | pos | pos | pos | pos | n.a.|neg|n.a.| neg| neg| neg

Spot2 |[neg|pos |pos|pos|pos|pos|pos|pos|pos|pos|n.a |neg|neg|neg

Spot3 |pos|pos|pos|pos|n.a.|pos|pos|pos|neg|pos|pos|neg|pos|neg

Spot4 |pos|pos|pos|pos|pos|pos|pos|pos|pos|neg|n.a.|pos|neg|neg

Spot5 |pos|pos|pos|pos|pos|pos|n.a.|pos|pos|n.a.|pos|neg|neg|neg

Spot 6 pos | pos | pos | pos | pos | pos | pos | pos | pos | pos | n.a. | pos | neg | neg

Spot 7 pos | pos | pos | pos | pos | pos | pos | pos | neg| n.a.| pos | neg| pos | neg

Spot 8 pos | pos | pos | pos | pos | pos | pos | n.a. | neg| n.a.| neg| pos | pos | neg

Spot9 |pos|pos|pos|pos|pos|pos|pos|pos|pos|pos|n.a.|neg|n.a.|neg

Spot 10 | pos | pos | pos | pos | neg| pos | pos|neg|pos|n.a.|n.a.| neg|neg|neg

Spot 11 | pos|pos|neg|n.a.|pos | pos|neg|pos |pos|neg|pos|pos|neg|n.a.

Spot 12 | pos | pos | pos | pos | pos | pos | pos | pos | pos | pos | neg | pos | neg [ neg

Spot 13 | pos | neg|pos | pos | pos |n.a.|pos | pos | pos | pos | pos | pos | neg| pos

Spot 14 | pos | pos | pos | pos | pos | n.a.| pos | pos | pos | pos | pos | pos | neg | neg

Spot 15 |pos|n.a.|n.a.|pos|pos|pos|n.a.|pos|pos|n.a.|pos|pos|neg|neg

Spot 16 | pos | pos | pos | pos | pos | pos | pos | pos | pos | n.a. | pos | pos | neg | n.a.

Spot 17 | pos | pos | pos | pos | pos [ n.a.| pos | pos | pos | pos | neg|pos|n.a.|n.a.

Spot 18 |pos|pos |pos | pos | pos|pos|n.a.|pos|pos|pos|pos|pos|n.a.|n.a.

Spot 19 |pos | pos | pos | pos | pos | pos | pos | neg | pos | pos | neg| pos | n.a. | neg

Spot 20 |pos|pos|pos|neg|n.a.|neg|n.a.|pos|pos|pos|pos|pos|n.a.|neg

LN 1 pos | pos | pos | pos | pos | pos | n.a. | pos | pos | pos | pos | pos | pos | neg
LN 2 pos | pos | pos | pos | pos [ pos | n.a. | pos [ pos | pos | n.a.| pos | pos | neg
LN 3 pos | pos | pos | pos | pos | pos | pos | pos | pos | pos | pos | pos | pos | neg
LN 4 pos | pos | n.a.| pos | pos|pos|n.a.|pos|pos|n.a.|pos|pos|n.a.|n.a.
LN 5 pos|pos|n.a.|pos|pos|n.a.|n.a.|n.a.|pos|pos|n.a.ln.a.ln.a.[n.a.
LN 6 pos|pos|n.a.|n.a.|pos|pos|n.a.|n.a.|n.a.|pos|n.a.|n.a.|n.a.| n.a.
LN 7 pos|n.a.|n.a.|n.a.|pos|n.a.|n.a.|n.a.|n.a.|n.a.| n.a.| n.a.| n.a.| n.a.
LN 8 pos|n.a.|n.a.|n.a.|pos|n.a.|n.a.|n.a.|n.a.|n.a.|n.a.|n.a.| n.a.| n.a.
LN 9 n.a.|n.a.|n.a.|n.a.|pos|n.a.|n.a.|n.a.|n.a.|n.a.|n.a.|n.a.|n.a.|n.a.

LN 10 n.a.|n.a.|n.a.|n.a.|pos|n.a.|n.a.|n.a.|n.a.|n.a.|n.a.|n.a.|n.a.|n.a.

LN 11 n.a.|n.a.|n.a.|n.a.|pos|n.a.|n.a.|n.a.|n.a.|n.a.|n.a.|n.a.|n.a.|n.a.

LN 12 n.a.|n.a.|n.a.|n.a.|pos|n.a.|n.a.|n.a.|n.a.|n.a.[n.a.|n.a.|n.a.| n.a.

Figure 2. Fourteen primary prostate cancer cases and their Gleason grade with heterogeneous ERG findings. Red color indicates ERG-positive primary
cancer spots, and green color ERG-negative primary spots. Grey color indicates non-analyzable spots. ERG, protein encoded by the erythroblast
transformation-specific-related gene.



6242

Case no. 10, spot 13

ONCOLOGY LETTERS 16: 6238-6244, 2018

Case no. 32, spot 11

) I o8
" .._
1 ) 1
- A . Lo
! v ‘.
1w r. d
I L I#. - %
#
l': ..' g 4
1 = o
5 * ‘.’.'
' :hk . am v
' e = "f
I ¥ P
N TN
SO Nk N
& : ~

Figure 3. Representative pictures of cases from Fig. 2 with heterogeneous tumor samples e.g., case no. 10 the single positive spot 13 and case no. 32 the single
negative spot 11. Note the ERG-positive tumor cells to the right from the dotted line in this spot. Original spot size (0.6 mm) x100 magnification.
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Figure 4. Comparison of the ERG status in 49 primary cancers with matched lymph node metastases. ERG, protein encoded by the erythroblast

transformation-specific related gene.

The TMPRSS2:ERG fusion oncogene is unique to
50% of prostate cancers, making it an attractive target
for highly specific anticancer therapy. To date, no
TMPRSS2:ERG-specific drug has been developed, but recent
advances suggest that gene silencing with small interfering
RNAs (siRNAs) or peptides may become an option in the
future (11,13,14). For example, in a xenograft tumor mouse
model, knockdown of ERG overexpression strongly inhibited
tumor growth already in the first week of treatment, and
partially restored tumor cell differentiation without any signs
of toxicity (11). The typically homogeneous ERG expression

across all primary and metastatic tumor cells in ERG-positive
prostate cancer suggests that anti-TMPRSS2:ERG therapy
may prove to be highly effective in the future. In addition, the
homogenous staining makes it highly likely that ERG-positive
cancers will be reliably identified through analysis of prostate
biopsies.

In summary, the results of our study demonstrated a high
degree of concordance of ERG expression between primary
prostate cancers and their lymph node metastases, with some
intratumoral heterogeneity. Analysis of small samples of the
cancer, such as needle biopsies, may be sufficient to select
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patients for putative anti-TMPRSS2:ERG therapy, should it
become available in the future.
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