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Abstract A characteristic of human gastroenteropancre-
atic neuroendocrine tumors (GEP-NET) is a minute
unobtrusive primary tumor which often cannot be detected
by common physical examinations. It therefore remains
unidentified until the tumor has spread and space-occupy-
ing metastases cause clinical symptoms leading to diag-
nosis. Cases in which the primary cannot be located are
referred to as NET with CUP-syndrome (cancer of
unknown primary syndrome). With the help of array-CGH
(comparative genomic hybridization, Agilent 105K) and
gene expression analysis (Agilent 44K), microdissected
primaries and their metastases were compared to identify
up- and down-regulated genes which can be used as a
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marker for tumor progression. In a next analysis step, a
hierarchical clustering of 41.078 genes revealed three
genes [C-type lectin domain family 13 member A
(CD302), peptidylprolyl isomerase containing WD40
repeat (PPWDI) and abhydrolase domain containing 14B
(ABHD14B)] which expression levels can categorize the
metastases into three groups depending on the localization
of their primary. Because cancer therapy is dependent on
the localization of the primary, the gene expression level of
these three genes are promising markers to unravel the
CUP syndrome in NET.
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Abbreviations

ABHDI14B Abhydrolase domain containing 14B

CD302 C-type lectin domain family 13 member A

CDH22 Cadherin 22

DACT2 Dapper, antagonist of beta-catenin, homolog
2

CGH Comparative genomic hybridization

CUP Cancer of unknown primary

GEP-NET Gastroenteropancreatic neuroendocrine tumor

GI-NET Gastrointestinal neuroendocrine tumor

IHC Immunohistochemistry

IL-8 Interleukin 8

NET Neuroendocrine tumor

PDEC Poorly differentiated carcinoma

PNET Pancreatic neuroendocrine tumor

PPWDI Peptidylprolyl isomerase containing WD40
repeat

RET Rearranged during transfection (proto-
oncogene)

WDET Well differentiated neuroendocrine tumor
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Introduction

Human gastroenteropancreatic neuroendocrine tumors
(GEP-NETs) are neoplasms with different cellular and
hormonal differentiation which arise from the diffuse
endocrine cell system. NET are rare with an incidence of
1-4/100.000. Two-thirds of all NETs are located in the
GEP system [1, 2]. According to their location and
molecular profile they can be classified into gastrointestinal
NETs (GI-NETs) and pancreatic NETs (PNETs) [3, 4].
NETs may functionally be active leading to characteristic
clinical syndromes. The carcinoid syndrome is the most
frequent and is characterized by flushing, diarrhea and
right-sided heart disease. Prognostic factors for NETs are
the location of the primary tumor, the clinical stage, the
presence of liver metastases and the proliferation rate
(Karnofsky Index (KI)-67 Index) [5-7].

Surgical treatment is the gold standard, however an anti-
proliferative treatment becomes more and more frequent.
The location of primary tumors also determines the type of
treatment for NETs. NETs derived from ileum or jejunum
respond to long-acting somatostatin analogues and show an
antiproliferative response compared with a placebo
whereas PNETs may be treated by streptozotocin based
chemotherapy [8].

The molecular pathways underlying the tumorigenesis
of NETs are poorly understood. Genetic aberrations and
instability are critical criteria in tumorigenesis which can
be detected by microarray based comparative genomic
hybridization (CGH). A multiplicity of deregulated genes
in NETs have been detected and described in many studies
but histopathological data and a context to clinical behavior
is still missing in most of these studies [3, 9—12].

Recently, investigations have discovered strong dis-
tinctions in the genetic profile of PNETs and other
GI-NETs (e.g. small intestine, gastric, rectal) [3, 12].
Between both types losses on chromosomes 3 and 11 and
gains on chromosomes 4, 5, 14, 19 and 20 were observed
[13-17]. Different modifications, losses of chromosomal
regions 3p, 21q, and 6 and gains on 4, 7, 9q, 14q, and Xq
are associated with metastatic events [18].

Previous studies have shown in different tumor entities
(e.g. lymphoma, colorectal carcinoma) a higher level of
similarity in the gene expression profiles between the pri-
mary tumors and their metastases than between primary
and environmental normal cell tissue [19]. Recently, a
correlation in the similarity of the gene expression profile
and the WHO classification was noted in well-differenti-
ated PNET. In further studies the influence of gene
expression profiles become more and more important to
predict the clinical behavior of NETs [20-22].

Therefore, the aim of the present study was to investi-
gate the DNA aberration pattern and the gene expression
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profiles of GEP-NETSs’ primaries and metastases. Beneath
an inconsistent DNA aberration profile we found that the
expression level of three genes [C-type lectin domain
family 13 member A (CD302), peptidylprolyl isomerase
containing WD40 repeat (PPWDI) and abhydrolase
domain containing 14B (ABHD14B)] in NET metastases is
a characteristic for the origin of primaries. These genes can
allocate the primary of the metastases to the stomach, the
ileum or the pancreas, respectively. Because therapy is
often dependent on the localization of the primary, this
result could be a promising diagnostic tool.

Materials and methods
Patients and specimen preparation

23 frozen tissue samples from 17 NET-patients including 17
metastases and six primaries were provided from the
Department of General and Visceral Surgery, Zentralklinik
Bad Berka, Germany. After surgery the tumor samples were
frozen immediately to avoid DNA and RNA degradation
and stored by —80°C until preparation. The frozen tissue
samples were cut into 10 um thick slices and put on glass
slides. One tumor section was stained with hematoxylin and
eosin (HE) and histological characterized through an
expert’s survey. For DNA and RNA-isolation only the
tumor cells from 10 to 20 unstained tumor sections were
micro dissected with the help of the laser-based microscope
(Microbeam C; Zeiss) and collected in a reaction tube
[23, 24]. Two liver metastases in which tumor cells were
present in less than 40% were excluded from the analysis.

Array-CGH

To investigate individual chromosomal imbalances in these
tumor samples the high resolution array-CGH platform from
Agilent was used. Array-CGH experiment was performed
with the Human Genome Microarray Kit 105A according to
the manufacturer’s instructions (www.agilent.com, protocol
v. 5.0, June 2007). For array-CGH 12 NETs were investi-
gated, these comprised of eight metastases and four prima-
ries. The aim was the identification of consistent aberration
pattern for primaries and metastases in which chromosomal
regions might harbor genes which are involved in the path-
ogenesis and progression of NETs.

The patient’s genomic DNA (gDNA) was then isolated
from the collected tumor-pieces using QIAmp DNA Mini
Kit from Qiagen. Depending on the gender of the patient
male or female pooled gDNA was used as reference DNA.
One microgram of tumor and reference DNA was digested
with the restriction enzymes Alul and Rsal. Then both
DNA samples were labeled with a fluorescent dye: Cy5
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(tumor-DNA) and Cy3 (reference-DNA) with the Agilent
Genomic DNA Enzymatic Labeling Kit Plus. Labeled
tumor and reference DNA was purified, measured, com-
bined, denatured, pre-annealed with Cot-1 DNA (Roche)
and blocking reagent (Agilent) and then hybridized to the
60-mer length oligonucleotide probes on the 105K micro-
array-surface. These oligonucleotide probes were immo-
bilized onto specially-prepared glass slides using a
proprietary non-contact industrial inkjet printing process
(www.Agilent.com). This in situ synthesis process prints
60-mer length oligonucleotide probes, base-by-base, from
digital sequence files. After 40 h of hybridization in a
rotating oven (Agilent Technologies) at 65°C and 20 rpm
the microarrays were washed and scanned at 5 um reso-
lution with an Agilent G2565CA scanner. The raw data
(tiff-images) were extracted with Feature Extraction versus
10.5.1.1. (Agilent Technologies) and analyzed with CGH
Analytics v 3.5.14 (Agilent Technologies).

Gene expression analysis

Because the genetic mechanism of tumor progression in
NETs is still unclear, the gene expression profile of micro-
dissected primaries and metastases should be compared to
discover similarities and differences which can be used as a
marker for tumor progression in this tumor entity. Further-
more, the genetic signature of the NETSs can help to localize
the primary in NET patients with cancer of unknown primary
(CUP) syndrome. The One Color 44K microarray-based
gene expression analysis was performed with the Human
Genome Quick Amp Labeling Kit according to the manu-
facturer’s instructions (www.agilent.com, protocol v. 5.7,
March 2008). For gene expression analysis 22 frozen tumor
tissue samples of 16 patients were analyzed: including 16
metastases and six primaries and three pairs of primary and
metastases of the same patients. Metastases from 14 patients
were used for hierarchical cluster analysis.

The 22 fresh frozen tumor samples were microdissected
to separate tumor tissue from normal tissue. RNA was
isolated from the tumor tissue pieces using the RNeasy
Mini Kit from Qiagen. RNA amount, purity and quality
were checked with Agilents bioanalyser. The sample input
RNA varies between 200 ng and 1 pg. To amplify the
target material and to generate fluorescent cDNA (com-
plimentary DNA) simultaneously the Quick Amp Labeling
Kit from Agilent was used. T7 RNA polymerase incorpo-
rates cyane 3-labeled CTP. Amplified and labeled cDNA
samples were purified with the RNeasy Mini Kit from
Qiagen and afterwards the cDNA concentration and cyane
3 dye concentration was measured using the NanoDrop
ND-1000 UV-Vis Spectrometer v. 3.2.1.

The cDNA got hybridized to the 60-mer length oligo-
nucleotide probes on the 44K microarray-surface. After

17 h of hybridization in a rotating oven (Agilent Tech-
nologies) at 65°C and 10 rpm the microarrays were washed
and scanned at 5 pm resolution with an Agilent G2565CA
scanner. The raw data (tiff-images) were extracted with
Feature Extraction versus 10.5.1.1. (Agilent Technologies)
and analyzed with the GeneSpring GX v. 10.0.2 (Agilent
Technologies). The hybridization quality was checked for
spatial artifacts with QC-Reports. The raw data were nor-
malized individually by the quantile method (and by shift
to 75 percentile) and background correction was done by
using baseline transformation: median of all samples
(median polishing), which results in log 2 scale trans-
formed data. To ensure a Gaussian-like distribution and to
control the quality, the data were inspected by using his-
tograms, matrix plots, box-whisker plots, correlation plots,
quality control metrics plot and by 3D PCA (principal
component analysis) scores. Two samples with too high
background signal were excluded from the analysis. The
statistical analysis was done with ANOVA, with none post
hoc test. For the P value computation the asymptotically
method was chosen and for P value correction the Benja-
min Hochberg FDR (false discovery rate) was chosen. Fold
change analysis was performed on the 5,400 selected genes
which had an FDR corrected P value <0.05. The fold
change cut off was set to ten. 1,760 genes with a fold
change >10 were hierarchically clustered on entities and
conditions by using Euclidian distance metric and centroid
linkage rule. A decision tree with very stringent conditions
was generated to find handful genes in the metastases
which are equally expressed in their primary. So those
genes could significant separate the metastases in three
groups depending on the localization of the primary.

Immunohistochemistry

To validate the different expressed genes, which were
discovered by gene expression analysis, immunohisto-
chemistry (IHC) was performed on frozen tissue sections
with the corresponding antibody [25]. The fixation of the
tumor sections was done by incubation in ice cold acetone
for 9 min and then dried on air for 30 min. The first step of
staining was the blocking with biotin. For this purpose
avidin solution was brought onto the tumor sections and
incubated for 10 min in a wet chamber at room tempera-
ture. After washing with TBS-T buffer the glass slides were
incubated for 10 min with biotin-solution and then washed
again with TBS-T buffer. One hundred microliter of the
1:1,000 diluted first antibody (e.g. rearranged during
transfection (RET)-antibody) was applied to the tumor
sections. After 1 h of incubation in a wet chamber by room
temperature and three washing steps with TBS-T, the
second antibody was brought onto the tumor sections. After
30 min of incubation and washing, streptavidin was
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applied for further 30 min. To ensure the specificity of the
staining a levamisol and chromogen solution was applied.
The counterstaining was done with hematoxylin and
afterwards the blueing of the nuclei was done with tab
water. At the end the tumor sections were covered with
glycerol-gelatine. The histological evaluation was done
through an expert’s survey.

Results

The genetic profile of metastases and their primaries was
investigated to detect new targets of tumor progression, to
find new accurate prognostic tools and to adapt medical
treatment.

Patient’s characteristics

For both analyses a total of 23 frozen tumor tissue samples
of 17 patients were analyzed: they comprised of 17
metastases and six primaries and three pairs of primary and
metastases of the same patients. Ten of the 17 patients
(59%) presented an advanced local spread (T4-status). 15
of the 17 patients (88%) showed lymph node infiltration at
the primary. 17 metastases were resected from 14 patients.
Ten well differentiated NETs (WDET, KI-67: <5%), two
well differentiated endocrine carcinomas (WDEC,
KI-67 <10%) and five poorly differentiated carcinomas
(PDEC, KI-67: >10%). The median KI was 90% (Table 1).
For array-CGH 12 NET were investigated, including eight

Table 1 Patients’ characteristics

metastases and four primaries. For gene expression analy-
sis 22 NETs were investigated, including 16 metastases and
six primaries. Patient 8 and 27 were NET patients with
CUP syndrome and also excluded from cluster analysis.
Therefore in total, metastases from 14 patients were used
for hierarchical cluster analysis (Fig. 3).

DNA-array-CGH

Each single tumor, independent of primary or metastases,
displayed chromosomal imbalances (Fig. 1). No consistent
DNA-aberration pattern could be found. In metastases
more aberrations could be detected than in primary NET.
Small DNA-gains were more frequent than DNA losses.
The most frequent gains involved chromosome 16p (42%),
Tp (33%), 14q (33%), 15q (33%), 17q (33%). In 25% of all
cases 5p, 8q, 9q, and the X-chromosome were amplified.
The most common deletions included chromosome 1, 10q,
11, 13q, 14q, 15q, 17p and 21q in 25% of all cases. The
whole chromosome 18 was lost in 58% of all tumors. In the
chromosomal region 10q11.2 continuous gains or losses
were found. This indicates the involvement and a specific
function of the RET proto-oncogene in GEP-NET. In order
to validate the results concerning the loss and gain of the
RET proto-oncogene, these results were exemplarily com-
pared with the results of the gene expression analysis, and
IHC was applied on the kryo-sections of the tumors to
validate the data on the protein level (Table 3; Fig. 2). For
example in the tumor cells of liver metastases 21 a deletion
of the RET oncogene could be detected, the gene

Sample Sex/age Location of primary Location of metastasis TNM-state KI (%) KI-67 Index (%)
1 F/45 Ileum Uterus, lymph node T4N2M1 90 10

4 M/51 Stomach Liver T4N2M1 100 5-10
7 M/79 Pancreas Stomach T4NOM1 100 20

8 F/71 Ccup Lymph node TxNxM1 100 40

9 M/56 Ileum Liver, lymph node T4N2M1 90 1

11 M/73 Pancreas - T3NIMO - 2-5

12 M/61 Pancreas Thyroid gland T4N2M1 80 1

14 F/61 Pancreas Stomach T4N2M1 20

15 M/52 Ileum Lymph node, peritoneal T3N2M1 100 2

17 F/52 Large intestine Lymph node T3N2M1 100 2

18 M/75 Pancreas Lymph node, small intestine T4N2M1 70 10-20
19 M/49 Tleum Liver, pancreas, uterus T4N1IM1 90 1

21 M/47 Stomach Liver T4N2M1 90 60

23 F/69 Ileum Liver T4N1IM1 90 3

24 M/80 Ileum Liver T3NIM1 70

26 M/74 Ileum Lymph node, liver-MTS T3N2M1 80

27 M/14 CUP Liver TxNxM1 100 2-5

F female, M male, CUP carcinoma with unknown primary
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DNA-aberration profile of twelve neuroendocrine tumor samples
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Fig. 1 Array-CGH aberration profile of 12 NET samples. The array-CGH aberration profile displays DNA-gains and -losses for each

chromosome of 12 investigated NETs

expression was down-regulated but the IHC shows a neg-
ative-moderate staining pattern for RET protein. This IHC
result can be explained because the normal liver tissue
displayed a moderate staining, not the tumor cells. For array-
CGH and gene expression analysis only tumor tissue was
used, but IHC was performed on Kryo-sections including
tumor tissue and normal cell tissue (Table 3; Fig. 2).

RNA-gene expression analysis and hierarchical
clustering can allocate the metastases to their primaries

The gene expression analysis with the 44K microarray
from Agilent revealed 22 up-regulated genes and 11 down-
regulated in the metastases. All genes exhibit a fold
change >10 and an FDR corrected P value <0.05
(Table 2).

Exemplarily five proteins of these 33 different expressed
genes were selected for IHC and thereby the gene
expression results could be validated on the protein level.
IHC results are exemplarily shown in this paper for RET
protein, Cadherin 22 protein, and Dact2 protein whose
genes were up-regulated. Furthermore results are shown for
interleukin 8 (IL-8) protein, whose gene was down regu-
lated in the metastases (Table 2; Fig. 2). RET, Cadherin 22
and Dact2 were found to be expressed in the cytoplasm and

notably strong in the membrane of tumor cells in metas-
tases which were growing invasive into the environmental
stroma tissue. Interestingly, the tumor cells in liver
metastases were widely not stained for all three proteins,
but normal liver tissue displayed a strong reaction. Most
metastases were nearly complete negative for IL-8,
whereas a strong expression of IL-8 could be detected in
tumor cells in the primary. Results are not shown.

In a next analysis step the gene expression profile of all
primaries was separately investigated and throughout a
hierarchical cluster analysis three gene clusters including
1,760 different expressed genes could be revealed. These
three gene clusters were specific to primaries located in
stomach, pancreas and ileum, respectively (Fig. 3). These
three cluster caliber (edit format) were applied to the gene
expression profiles of all metastases. For each metastasis—
independent of where it was located—one of these three
gene clusters was almost identical depending where their
primary was located.

To make the prediction of the localization of the primary
as significant and as specific as possible a statistical deci-
sion tree with very stringent conditions was generated and
revealed three genes out of these 1.760 which could predict
the primary site of origin (Table 4; Fig. 4). The first gene
in the decision tree is CD302. If CD302 is up-regulated in
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Table 2 Up and down regulated genes between metastases and
primaries

Gene symbol Cytoband Regulation Fold change
(MTS vs. (MTS vs.
primaries) primaries)

RET 10q11.21 Up 114

MAGEA9 Xq28 Up 10.0

SLCI18A1 8p21.3 Up 23.6

HLXB9 7936.3 Up 16.8

DACT2 6q27 Up 154

CALB1 8q21.3 Up 10.0

PRODH?2 19q13.12 Up 142

GPR112 Xq26.3 Up 11.3

PRSS12 4926 Up 12.5

KIAA1086 19p13.3 Up 13.7

DPYSL5 2p23.3 Up 26.0

DCX Xq22.3 Up 16.3

HRASLS 3q29 Up 12.7

STXBPSL 3q13.33 Up 10.8

SEZ6L 22ql12.1 Up 19.5

GRIK3 1p34.3 Up 16.9

HS6ST3 13g32.1 Up 13.1

ATCAY 19p13.3 Up 72.1

Svac 5q13.3 Up 10.0

CDH22 20q13.12 Up 159

THC2539939 2q37.3 Up 104

LOC285986 7921.3 Up 28.0

IL8 4q13.3 Down 59.4

CXCL3 4q13.3 Down 18.9

HLA-DQAL 6p21.32 Down 19.8

MS4A7 11q12.2 Down 10.7

HLA-DRB5 6p21.32 Down 15.5

THC2541992 1g32.1 Down 13.6

REGIA 2p12 Down 11.6

AREG 4q13.3 Down 10.8

THC2609820 8p21.1 Down 14.1

RPS4Y1 Ypl1.31 Down 12.1

GPR109B 12q24.31 Down 27.1

the metastasis with a fold change >13 this indicates that
the primary is located in the ileum. The next gene in the
decision tree is PPWDI. If PPWDI is down-regulated in
the metastasis with a fold change <3 the prediction for the
localization of the primary is the pancreas. If ABHDI14B is
up-regulated with a fold change >4 this indicates that the
primary is located in the stomach (Table 4; Fig. 4).

Those three groups correspond well to the two WHO
classifications of GEP-NET categories: GI-NETs (group 1:
metastases with primary in the stomach; group 2: metas-
tases with primary in the ileum) and PNETs (group 3:
metastases with primary in the pancreas).
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The expression level of those three genes (CD302,
PPWDI and ABHD14B) in metastases of two NET patients
(8 and 27) with CUP syndrome could give evidence as to
where the primary tumor is located.

It can be concluded that in this study a very high level of
similarity in the gene expression profile between the pri-
mary tumor and their metastases can be shown.

Discussion

NETs are rare and heterogeneous in their clinical outcome.
Primary NETs are often difficult to detect and therefore
lead to a diagnosis late in their development [2, 26, 27].
NET patients with CUP syndrome cannot benefit from
therapies tailored toward distinct tumor types. Due to
biological prognostic factors like tumor staging, existence
of liver metastases, proliferation rate, whether the tumor is
hormone producing or not and most importantly depending
on the localization of the primary, the therapy has to be
individualized for each NET patient. Therefore for more
than 10 years several attempts were made to identify the
location of the primary site of origin with specific gene
expression signatures of their metastases. It is assumed that
in tumor patients with CUP syndrome the metastases have
a growth advantage compared to the primary [28]. The
underlying genetic mechanism for tumorigenesis and pro-
gression is still unclear. It is known that for many solid
tumors these mechanisms are caused by chromosomal
aberrations which lead either to amplifications of onco-
genes or to deletions of tumor suppressor genes. These
gains or losses have positive or negative impacts on gen-
ome stability, angiogenesis, cell proliferation and apoptosis
that are hallmarks of tumorigenesis and metastasis [13, 14, 29,
30]. With the help of genome-wide array-CGH analysis it
became relatively easy to detect nearly all copy number
variations and loss of heterozygosity (LOH) events with high
resolution in frozen and paraffin embedded tumor tissue
samples. Beneath these numeric aberrations a changed gene
expression is common in malignancies where signal pathways
are disturbed and modified. With the help of microarray-based
analysis of the gene expression it is possible to illustrate and
evaluate the modified profile of all metabolic-, signal- and
structural genes, which are necessary for cell proliferation,
cell differentiation and apoptosis.

The aim of the present study was to investigate the
underlying genetic mechanisms of tumor progression in
NET by defining a consistent aberration- and gene
expression pattern for primaries and metastases. The sec-
ond starting point of this study was the investigation of
different expressed gene clusters which can be used as an
organ specific molecular classifier for neuroendocrine
metastases with unknown primary.



Clin Exp Metastasis (2011) 28:637-647

643

Table 3 Results for array-CGH analysis and IHC of the RET proto-oncogene and the RET protein, respectively

Sample Location Array-CGH Gene expression IHC

11 MTS: mesenterial + 0-X

111 MTS: uterus + 0-X

3 Liver-MTS 0-X
MTS: liver — X (sporadic and adenoid)
MTS: stomach / n X (adenoid formation)
MTS: lymph node DNA-loss 0-X

91 MTS: liver /

91l Primary: ileum DNA-gain - XX

11 / —

12 / + X (marginal)

141 / —

1411 Primary: pancreas -

15 MTS: lymph node / —+ X (membranous)

17 Primary DNA-gain

18 Primary: pancreas - 0 (normal liver cells: stained)

191 MTS: ileum + X

1911 MTS: liver + XXX

19111 + X-XXX

211 Primary: stomach / - X

2110 MTS: liver DNA-loss — 0-XX

22 n

231 MTS: liver + 0

24 MTS: liver — X

261 Primary: ileum +

2611 Normal liver cells -

27 MTS-liver n

MTS metastasis, 0 negative tumor cells, no staining, X positive, weak staining, XX positive, moderate staining, XXX positive, strong staining,
0-X heterogeneous staining: positive and negative tumor cells, — down regulated, 4 up regulated (over expressed), n normal expressed

Array-CGH

The array-CGH analysis, where we set the cut-off for
detected aberrations to 5 Mb, revealed more aberrations in
metastases than in primary NETs. This is consistent with a
study by Zhao et al. [31]. Overall small DNA gains were
more frequent than DNA losses (Fig. 1). Both observations
implicate that DNA gains might be associated with higher
tumor stages. The most common aberration in the inves-
tigated NETs was the loss of the whole chromosome 18 in
58% of the cases. This event was detectable in primaries
and metastases which lead to the conclusion that the loss of
chromosome 18 paired with further individual aberrations
might be an early event in tumorigenesis and tumor pro-
gression. This concurs with the conclusions in other pub-
lications [32-34]. Interestingly in our study five out of
seven tumors with loss of chromosome 18 were classified
as WDET with a KI-67 Index <5% (Table 1). Such a low
KI-67 Index, however, indicates a slow cell division rate
and therefore a slow tumor growth [7]. One explanation for

these contradictory results could be that the tumor accu-
mulated so many aberrations that normal mitosis was not
possible anymore.

A gain-of-function mutation in the RET proto-oncogene
(e.g. DNA amplification) is associated with the develop-
ment of different types of human cancer including multiple
endocrine neoplasia type 2A and 2B and sporadic NETs
from different locations (pheochromocytomas, medullar
and papillary thyroid carcinomas and parathyroid tumors)
[35].

Further genes which were amplified or deleted, respec-
tively, are: BIRCS (Survivin) MEN1, H19, IGF2, Cyclin D,
p53, c-Myc, c-Met, EGFR, erb-B2, E-Cadherin, and wnt
which are associated to important cancer pathways or play
a central role in cell cycle and tumor progression [3, 32]. It
can be concluded that the array-CGH can display an
enormous number of DNA aberrations which affect many
known proto-oncogenes and tumor suppressor genes.
Nevertheless it was not possible to obtain a common
aberration pattern for primaries and metastases.
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Fig. 2 IHC for different
proteins. a IHC for RET protein
on a metastasis in the liver
(Table 1, patient 191I). The
protein (colored in red) is
located in the cytoplasm and/or
membrane in the tumor cells.

b IHC for Cadherin 2 on a
metastasis in the liver (Table 1,
patient 4). The protein (colored
in red) is located in the
cytoplasm and/or membrane in
the tumor cells. ¢ IHC for
“dapper, antagonist of beta-
catenin, homolog 2” (encoded
by the DACT?2 gene) on a
metastases in the stomach
(Table 1, patient 7). The protein
(colored in red is located in the
cytoplasm and/or membrane in
the tumor cells. d The
metastases of tumor sample 19
consist of negative tumor cells
for IL-8 (Table 1, patient 19)

Gene expression analysis

Previous studies on the proteomic level have shown that
protein signatures can allocate metastases to a specific
tumor entity [19]. It is also known that there is a higher
level of similarity in the gene expression profiles between
the primary tumors and their metastases than between
primary and environmental normal cell tissue [22]. The
first three seminal studies about prediction of primaries
with the help of microarray based expression profiles of
their metastases were published in 2001 by Ramaswamy
[36], Su [37] and Yeang [38]. In the entire previously
discussed studies microarray based gene expression anal-
ysis were used to predict the primary site of origin in
patients with CUP syndrome for the most common solid
tumor entities but not for NETs. Other groups have suc-
cessfully shown that gene expression analysis can identify
the primary site for CUPs by using databases (e.g. the
CupPrint database (www.Agendia.com; Amsterdam, the
Netherlands) with multiclass classifier based on different
algorithms (e.g. k-nearest neighbor algorithm and vector
machine algorithm) [10, 21, 26, 36, 37, 39-51]. Varadhachary
et al. [48] evaluated the Veridex assay comprising of 10
genes which allows the localization of the primary in lung,
breast, colon, ovary, pancreas and prostate.

There are some studies in which different expressed
genes in PNETs are compared to their metastases, com-
pared to a cell lines and compared with other pancreatic
tumors to find potentially novel markers for PNETs with

@ Springer

CUP syndrome [10, 52, 53]. In other studies researchers
compared gene expression patterns in GI-NETs with their
metastases and cell lines to find new tumor markers for
tumorigenesis [18]. But to our knowledge no studies were
published to find different expressed genes between
metastases and their primaries of both NET categories
(PNET and GI-NETs) paired with a genetic signature for
metastases of both categories which may predict the pri-
mary site of origin in NET patients with CUP syndrome.
Molecular genetic events of both are just described and
discussed on the DNA-level discovered by array-CGH [54,
55].

Besides gene expression profiling IHC remains the most
important method for phenotypical classification and
identification of certain tumor markers in different tissues
[56]. Some genes which were discovered by the previous
discussed gene expression studies have been established as
markers for IHC. In many studies these IHC markers and
known histopathological markers were combined to predict
the primary site of adenocarcinomas in patients with CUP
syndrome [39, 52, 53].

It can be concluded that primaries in breast, colon and
lung can be detected easily, primaries located in ileum,
stomach, pancreas and biliary tract are more difficult to
detect [48, 53]. So these assays (e.g. Veridex) are not
useful for NET patients with CUP syndrome when the
primary is located in the stomach or ileum which is most
often the case. All known classifiers are multiclass classi-
fier which needs at least 10 genes to allocate the primary.
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Fig. 3 HeatMap. Hierarchical cluster analysis of 14 neuroendocrine
metastases showing the expression profile of 1.760 genes throughout
the metastases could be categorized into three groups: “pancreas
(n = 6)”, “ileum (n = 6)” and “stomach (n = 2)” depending on the
localization of their primary

Microdissection

In the field of genomic and proteomic research laser
assisted tissue microdissection is an established method to
generate homogeneous samples from distinct morphologi-
cal areas for downstream analyses. Nevertheless, based on
citations it is estimated that in array based studies in only
about 10% tissue microdissection was used [57, 58]. In our

Table 4 Three gene classifier which can predict the localization of
the primary

Gene Primary located Primary located Primary located
in ileum versus  in stomach versus in pancreas
stomach pancreas versus ileum

CD302 FC: +13.3 FC: 3.2 FC: —4.1

PPWDI FC: +2.8 FC: +1.2 FC: =35

ABHDI4B FC: —-2.6 FC: +4.5 FC: —-1.9

Bold enteries represents significant gene

FCfold change shows the relation between gene expression of one gene
based on the baseline level of all 41.000 investigated genes. A positive
value indicates a gene overexpression, a negative value indicates a
down regulation of the gene compared to the baseline level of all genes

all
-
CcD302
.
1
| |
ileum rest
PPWD1/
ABHD14B
. 1
| | |
stomach pancreas

Fig. 4 Decision tree. The decision tree illustrates the principle of our
three gene classifier to predict the primary site of origin in NETs with
CUP syndrome

study we used microdissected tumor tissue for both anal-
yses and could therefore establish a decision tree out of
three genes (CD302, PPWDI1 and ABHD 14B) with the help
of hierarchical cluster analysis and biostatistical investi-
gations. The three found genes are not directly connected
to malignancies. The CD302 protein is a C-type lectin
receptor which is involved in cell adhesion and migration,
as well as in endocytosis and phagocytosis [59-61]. The
PPWDI gene and its encoding protein peptidylprolyl
isomerase containing WD40 repeat is described in just one
publication [62]. ABHDI4B is almost unknown and no
publication could be found.

Their expression level in metastases can predict the
primary site of origin for ileum, stomach and pancreas with

@ Springer
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a prediction score between 0.67 and 1 (Table 4; Fig. 4).
The combination of three genes is the smallest described
and known classifier to predict the localization of the pri-
mary in NET patients with CUP syndrome for both cate-
gories (PNETS and GI-NETS). It is obvious that this small
classifier of three genes is enabled by microdissection
which reduces the complexity of tissue drastically. In all
previous studies, larger classifiers were obtained because
no microdissection was performed. Recently IHC for these
three genes is going on to validate the gene expression
results on protein level. Results are not shown.

Conclusion

We developed a stringent classifier including three genes
which can predict the site of primary origin in both WHO-
classified NET-categories by the use of highly defined tissue
material although we analyzed—as all other studies on
CUP—a relatively small number of tumor samples. To
validate our newly discovered model further blinded and
prospective studies have to follow as well IHC experiments.

Disclosure I have no relevant financial interests related to this
manuscript. I certify that all my affiliations with or financial
involvement with any organization or entity with a financial interest
in or financial conflict with the subject matter or materials discussed
in the manuscript have been disclosed.
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