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Abstract Pancreatic neoplasms have been reliably classi-
fied on the basis of their histopathology and immunophe-
notype. In this study, we report on a pancreatic tumor
whose phenotype and genotype could not be assigned to
any known tumor entity. The tumor was observed in the
pancreatic head of a 54-year-old woman. It was found to be
a solid infiltrating carcinoma with abundant clear cells.
Apart from cytokeratin, the tumor cells expressed vimentin,
S100, and MUC-1. DNA microarray analysis revealed a
transcription profile clearly differing from that of normal
pancreatic tissue and pancreatic ductal adenocarcinoma.
Despite metastatic behavior, the tumor displayed a more
favorable course than conventional pancreatic ductal ade-
nocarcinoma. We suggest that this tumor be called solid
type clear cell carcinoma of the pancreas.
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Introduction

The pancreas gives rise to a wide spectrum of neoplasms with
diverse differentiation and biological behavior [33]. System-
atic analyses of pancreatic tumors, advances in immunohis-
tochemistry, and the application of additional molecular
diagnostic tools such as mutation analyses or transcriptional
profiling make it possible not only to classify and subclassify
pancreatic tumors better but also to identify yet undescribed
pancreatic tumor entities [11, 15].

We report the case of a 54-year-old woman suffering
from a primary pancreatic tumor. Despite extensive mor-
phological, immunohistochemical, and molecular analyses,
this tumor could not be assigned to any known pancreatic
tumor entity to date [9, 33].

Case report

A 54-year-old woman of Arabic origin presented with
obstructive jaundice, a short history of abdominal discomfort,
and weight loss of 5 kg within 4 weeks. She denied fever,
chills, nausea, or vomiting. No exocrine or endocrine
pancreatic insufficiency was noted. Her prior medical history
revealed hypertension. Eighteen years ago, she had undergone
open cholecystectomy for symptomatic cholecystolithiasis.
The family history was negative for malignant diseases.

At the initial diagnostic workup, endoscopic retrograde
cholangiopancreatography (ERCP) showed a double duct sign
with dilatation of the common bile duct and the main
pancreatic duct. A helical CT scan of the abdomen revealed a
hypodense lesion in the pancreatic head, measuring 5 cm in
largest diameter. There was no evidence of liver metastases or
other primary or secondary tumors outside the pancreas.
Tumor markers CEA and CA19-9 were within normal limits.
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The tumor was completely resected via a partial pancreatico-
duodenectomy (classical Whipple procedure). Histopatholog-
ically, the resected tumor was staged pT3 pN0. The
postoperative course was uneventful, and the patient was
discharged from the hospital without adjuvant treatment. After
an asymptomatic period of 1 year, routine follow-up CT scan
detected three new masses located in segment 5 of the liver
(1.2 and 3.5 cm in largest diameter; Fig. 1) and in the right
lower lobe of the lung (1.1 cm). After an explorative
laparotomy and confirmation of metastases of the primary
pancreatic tumor by frozen section, the masses were resected
performing an extended right hemihepatectomy and a wedge
resection of the right lower lobe of the lung. After another
disease-free period of 2 years, further routine follow-up
revealed a 5-cm abdominal mass. Again, the patient
underwent an explorative laparotomy, now showing a mass
adhering to the right colon flexure and the small bowel. A
complete surgical resection of the tumor was achieved by
performing a right hemicolectomy and segmental resection of
the ileum. After another disease-free interval of 2 years, the
patient presented with weight loss and abdominal discomfort.
A CT scan of the abdomen revealed diffuse liver metastases
and local recurrence in the right abdomen with infiltration of
the right renal vein. Currently, 4 years after the initial
diagnosis, the patient is still alive, although with disease.

Materials and methods

Histology and immunohistochemistry

For histological examination, sections obtained from formalin-
fixed, paraffin-embedded tumor tissue were stained with
hematoxylin and eosin (H and E) and periodic acid-Schiff
(PAS). Immunohistochemical analyses were carried out with
primary antibodies directed against pancytokeratins (KL-1;

1:20; Immunotech), cytokeratins 5/6 (1:25; Dako, Carpenteria,
CA), cytokeratin 7 (1:50; Dako), cytokeratin 8 (1:100; Dako),
cytokeratin 18 (1:10; Dako), cytokeratin 19 (1:50; Dako),
cytokeratin 20 (1:20; Dako), p53 (1:100; Dako), DPC/SMAD4
(1:50; Santa Cruz Biotechnology, Santa Cruz, CA), β-catenin
(1:200; BD Transduction Laboratories, Lexington, KY),
epidermal growth factor receptor (EGFR; 1:50; Zymed
Laboratories, Invitrogen, Carlsbad, CA), estrogen receptor
(1:50; Dako), progesterone receptor (1:50; Dako), synapto-
physin (1:2; BioGenex, San Ramon, CA), chromogranin A
(1:2; Histoprime), neuron specific enolase (1:5; Histoprime),
vimentin (1:1,000; Dako), actin (1:2; Enzo Diagnostics),
desmin (1:2; Linaris), HMB-45 (undiluted, Enzo Diagnostics),
LCA (1:5; Immunotech, Beckman Coulter, Fullerton, CA),
melan A (1:25; Dako), alpha-1-fetoprotein (1:100; Dako),
OCH1E5 (1:50; Dako), CD56 (1:50; Novocastra Laboratories,
Newcastle upon Tyne, UK), S100 protein (1:300; Dako),
MUC-1 (1:100; Novocastra, Newcastle, UK), CD99 (1:20;
WAK-Chemie), trypsin (1:500; Ventrex Laboratories, Port-
land, OR), alpha-amylase (1:150; Gene Tex, San Antonio,
TX), andWT1 (1:50; Dako), using the avidin–biotin–complex
method. If necessary, antigen retrieval was achieved by
microwave pretreatment in citrate buffer (p53, Smad4, β-
catenin, estrogen and progesterone receptors, cytokeratin 20,
OCH1E5) or in ethylenediaminetetraacetic acid (EDTA) buffer
(cytokeratin 5/6) or by pronase digestion (EGFR, S100) of the
slides.

Molecular analyses

For mutation analyses of exon 1 of K-ras and exon 3 of β-
catenin, genomic DNA was extracted and amplified by
polymerase chain reaction (PCR), using standard protocols.
The following primers were used: K-ras 1F: 50-GTG TGA
CAT GTT CTA ATATAG TCA-30; K-ras 1R: 50-GAATGG
TCC TGC ACC AGTAA-30;β-cat 3 F: 50-GGA GTT GGA
CAT GGC CAT GG-30; β-cat 3R: 50-CCT GTT CCC ACT
CAT ACA GG-30. After purification, the PCR products
were bidirectionally sequenced on an ABIPrism 377 DNA
sequencer (Applied Biosystems, Foster City, CA, USA),
using the BigDye Termination kit (Applied Biosystems).

For analysis of the SYT-SSX1/2 fusion transcript, total
RNA was extracted using standard protocols. Reverse
transcriptase PCR was performed using the following
primers: FP (SYT) 50-CCAGCGAGGCCTTATGGATA-30

and RP (SSX): 50-TTTGTGGGCCAGATGCTTC-30.

DNA microarrays

In total, 3,872 human complementary DNAs (cDNAs)
representing genes that are of relevance to pancreatic cancer
were selected [7, 14]. Amino-modified PCR products were
arrayed onto slides with an epoxy surface (Epoxy Slides,

Fig. 1 Helical CT scan of the abdomen showing a metastasis in
segment 5 of the liver. The tumor displayed in this figure was resected
performing a right hemihepatectomy
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Quantifoil Micro Tools, Jena, Germany) with a Micro-
Arrayer from Engineering Services (Virtek’s arrayer sys-
tem, BioRad, Munich, Germany).

Transcriptional profiling

Total RNAwas extracted with guanidine isothiocyanate from
snap-frozen pancreatic tissues, including ten normal pancreas
samples and five pancreatic ductal adenocarcinomas. Fluores-
cence-labeled cDNA samples were prepared from 10-μg total
RNA and incorporation of Cy3-or Cy5-labeled dCTP during
first-strand synthesis. The labeling reaction was performed at
least three times in total. To prevent bias caused by preferential
label incorporation into particular sequences, the dyes were
swapped between hybridizations. Hybridization was done
under glass coverslips at 62°C overnight. After washing in
0.1× sodium saline citrate, fluorescence signals were detected
on a confocal ScanArray 5000 scanner (Packard BioChip
Technologies, Billerica, MA). Quantification of the signal
intensities was performed with the GenePix Pro 4.1 software
(Axon Instruments, Union City, CA).

Data analysis

Data quality assessment, normalization, and correspon-
dence cluster analysis were performed with the analysis
and data warehouse software package M-CHiPS (Multi-
Conditional Hybridization Intensity Processing System), in
which more than 7,800 hybridization experiments are
currently stored (http://www.mchips.org) [12, 13]. Normal-
ization was performed as described in detail by Beissbart
et al. [4]. For further analysis, only genes that exhibited
significant changes between at least one sample and the
control material of the normal pancreas were selected. Data
analysis and also the compilation of experimental and
sample-specific annotations met the criteria for MIAME2
compliance [8]. Correspondence analysis [12] is an explor-
ative computational method for the study of associations
between variables, such as genes and hybridizations, in a
multidimensional space. It simultaneously displays data for
two or more variables in a low-dimensional projection, thus
revealing associations between them. The closer the
positional location in the blot, the higher is the degree of
correspondence, enabling better data interpretation.

Results

Pathomorphological, immunohistochemical, and molecular
findings

At gross examination, the primary pancreatic tumor,
measuring 5 cm in largest diameter, displayed a well-

circumscribed, firm, homogeneously white to yellowish cut
surface without cystic changes. Microscopically, the tumor
consisted of round to oval cells with large nuclei and
eosinophilic or clear cytoplasm (Fig. 2), the latter being
found in approximately 70 to 80% of the cells. The tumor
cells were predominantly arranged in solid sheets, inter-
mingled with abundant fibrovascular stalks. Focally, the
tumor both displayed trabecular and acinar-like growth
patterns. PAS staining did not reveal any cytoplasmatic
granules.

Microscopically, the tumor had poorly defined margins
and infiltrated the peri-pancreatic fatty tissue and the
duodenal wall. Invasion of blood vessels was not seen.
There were no regional lymph node metastases.

Immunohistochemically, the tumor cells displayed strong
and diffuse staining reactions for pancytokeratin (KL1),
cytokeratin 18, β-catenin (membrane bound), and EGFR (in
80% of the tumor cells). Staining for DPC4/SMAD4 was
positive but rather weak in comparison with non-neoplastic
tissue, the latter displaying strong and diffuse positivity. Focal
positive staining reactions were observed for cytokeratin 7,
cytokeratin 8, S100, MUC-1, and vimentin, whereas no
staining was detected for cytokeratins 5/6, 19, and 20, trypsin,
alpha-amylase, actin, desmin, progesterone receptor, estrogen
receptor, lymphocytic common antigen, melan A, HMB-45,
alpha-1-fetoprotein, CD99, OCH1E5, WT1, and the neuroen-
docrine markers synaptophysin, chromogranin A, CD56, and
neuron-specific enolase. There was no nuclear accumulation of
p53 (Table 1).

Molecular analyses revealed wild-type copies of exon 1
of K-ras and of exon 3 of β-catenin. A SYT-SSX1/2 fusion
transcript was not detected.

The resected metastases (liver, lung, and abdominal
cavity) showed comparable gross, microscopic, and immu-
nohistochemical characteristics as the primary pancreatic
tumor. The resection specimen of the primary tumor as well
as the resection specimens of the metastases displayed
resection margins free of tumor.

Based on these findings, the working diagnosis of a
well-differentiated clear cell carcinoma with unusual ex-
pression of vimentin, S100, and MUC-1 was established.

Microarray analysis

Gene expression profiles were generated using high-density
DNA microarrays with 3,872 human genes that had been
identified to be tumor-associated [7]. The samples obtained
from pancreatic ductal adenocarcinomas and normal pan-
creatic tissues, labeled with either Cy3 or Cy5, were
analyzed in competitive hybridizations.

After scanning and quantification of the spot intensities,
data were normalized and filtered. In total, 168 PCR
fragments contained sequences that were significantly
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differentially transcribed in at least one of the samples
analyzed. The results were subjected to correspondence
cluster analysis [4], which is an explorative computational
method for the investigation of associations between
variables, such as genes and hybridizations, in a multidi-

mensional space. It simultaneously displays data for two (or
more) variables in a low-dimensional projection, thus
revealing associations between them.

In Fig. 3, not only the differentially transcribed genes
(gray dots) but also the results of clustering of the

Fig. 2 Histomorphological and
immunohistochemical findings.
Microscopically, the tumor dis-
played round to oval cells
(a–c; H and E) that frequently
displayed clear cytoplasm
(d). The tumor cells were pre-
dominantly arranged in solid
sheets, intermingled by fibro-
vascular stalks (b). Focally, aci-
nar-like formations were seen
(b, arrowhead). The tumor bor-
ders were microscopically ill
defined (a). Immunohistochemi-
cally, the tumor cells showed
focal positivity for cytokeratin 7
(staining red; e), diffuse posi-
tivity for cytokeratin 18 (f),
membranous positivity for
β-catenin (g), and diffuse posi-
tivity for vimentin (h). Original
magnifications: ×32 (a), ×64
(b and c), ×102 (d–h)
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individual hybridizations—and, thus, the individual tissue
samples (colored squares)—are shown. Co-localization of
genes and individual experiments are indicative of a strong
association between them.

As is apparent from Fig. 3, the transcript profiles
permitted an accurate classification of normal pancreatic
tissue (cluster I, red circle) and pancreatic ductal adenocar-
cinoma (cluster II, blue squares). Profiling the RNA of the
patient’s tumors described here produced a novel distinct
blot position (cluster III, green squares; cluster IV, turquoise
squares; cluster V, pink squares). Cluster III represents the
patient’s primary pancreatic tumor, cluster IV the liver
metastasis, and cluster V the abdominal metastasis. All
repetitions of the analysis produced the same result,
actually forming a cluster of their own in the correspon-
dence analysis. Distances to the other tumor cluster
demonstrated that the samples exhibited a significantly

different transcriptional profile. The distribution of clusters
II–V is highlighted by circles.

Additional immunohistochemical analysis

For verification of the microarray analysis, additional
immunohistochemical analysis was carried out for two
genes (fibronectin and vitronectin). Transcriptional micro-
array analysis showed a strong difference in fibronectin
expression between the tumor and normal pancreatic tissue.
Therefore, we performed immunohistochemical stainings
against fibronectin and vitronectin to confirm the results of
the microarray analysis. The patient’s pancreatic tumors
showed a massive increase in the expression of both
fibronectin and vitronectin when compared with normal
pancreatic tissue. The differences in fibronectin expression
of the patient’s primary pancreatic tumor in comparison to
normal pancreatic tissue are displayed in Fig. 4.

Discussion

We report the clinicopathological, immunohistochemical, and
molecular findings of a malignant pancreatic tumor that could

Fig. 3 Cluster analysis. Correspondence cluster analysis of transcript
profiles made from normal pancreatic tissue (cluster I, red circle),
pancreatic ductal adenocarcinomas (cluster II, blue squares), and
tumors described here (clusters III–V). In the resulting bi-plot, each
hybridization of an individual sample is depicted as a colored square.
Genes that exhibited significantly differential transcription levels are
shown as gray dots. The closer the co-localization of two spots (both
genes and tumors), the higher is the degree of association between
them. As a control, normal pancreatic tissue was used (cluster I, red
circle). As all other experiments were compared to this control, only
the center of gravity of all normal tissue samples is shown rather than
individual experiments. Cluster II (blue squares) is made of pancreatic
ductal adenocarcinomas. Cluster III represents the patient’s primary
pancreatic tumor (green squares), cluster IV the liver metastasis
(turquoise squares), and cluster V the abdominal metastasis (pink
squares). The distribution of clusters II–V is highlighted by circles

Table 1 Tested immunohistochemical markers

Immunohistochemical marker Result

Actin −
Alpha-amylase −
Alpha-1-fetoprotein −
β-catenin +a

CD56 −
CD99 −
CEA −
Chromogranin A −
CK5/6 −
CK7 +b

CK8 +b

CK18 +
CK19 −
CK20 −
c-Kit −
Desmin −
EGFR +a

Estrogen receptor −
HMB-45 −
Lymphocytic common antigen −
Melan A −
MUC-1 +b

Neuron-specific enolase −
OCH1E5 −
Pancytokeratin (KL1) +
Progesterone receptor −
p53 −
Synaptophysin −
S-100 +b

Trypsin −
Vimentin +b

WT1 −

(Plus sign) positive staining, (minus sign) no staining
aMembrane positivity
b Focal positivity
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not be assigned to any known pancreatic tumor entity [16, 33].
The predominantly solid growth pattern and clear cell
features displayed by this tumor are frequent findings in
endocrine pancreatic neoplasms. Nevertheless, the present
tumor lacked the expression of neuroendocrine markers and,
therefore, did not qualify for this diagnosis [10].

Some endocrine neoplasms of the pancreas display a
morphologic overlap with acinar cell carcinoma [28]. This
might be due to a common cell of origin, which to date has
not been identified [28]. Focal acinar-like differentiation
and the strong immunohistochemical expression of cyto-
keratin 18 suggested the diagnosis of an acinar cell
carcinoma [2, 18, 19]. However, this diagnosis was rejected
because the tumor did not show any expression of the
pancreatic enzymes trypsin and amylase.

Due to the relatively young age and female gender of the
patient, a solid pseudopapillary neoplasm had to be
considered for differential diagnosis [1]. Recently, a clear
cell variant of this tumor entity has been described [3].
Although solid pseudopapillary neoplasms usually present
a benign clinical course, a few cases of an aggressive
variant have been reported [35, 36]. However, the lack of
any cystic or pseudopapillary histomorphological features,
and the immunohistochemical profile of the tumor, in
particular the lack of expression of neuron-specific enolase
and the membrane-bound expression of β-catenin, were not
in accordance with the diagnosis of solid pseudopapillary
neoplasms. Furthermore, the present tumor displayed a
wild-type genotype of β-catenin, whereas solid pseudopa-
pillary neoplasms characteristically display point mutations
in exon 3 of this gene [1, 21].

Ductal adenocarcinoma is by far the most common
primary tumor of the pancreas. As a variant, few cases of a
clear cell ductal adenocarcinoma have been described [23,

29]. As in the present case, some of these tumors were
found to display solid arrangements of clear cell tumor
cells. K-ras mutation analyses were obtained in two of
these cases, both revealing point mutations in codon 12, a
finding that could not be reproduced for the present case.
Other frequent alterations include p53 mutations (up to
70%) and DPC4/SMAD4 mutations (approximately 50%)
[38], leading to abnormal protein expression. p53 mutations
can result in nuclear accumulation of p53 [32]. The DPC4/
SMAD4 tumor-suppressor gene can be inactivated either by
intragenic mutation in one allele coupled with loss of the
other allele (loss of heterozygosity) or deletion of both
alleles (homozygous deletion) [20]. In our case, however,
there was no evidence for a mutation in the p53 gene or loss
of DPC4/SMAD4 expression. Immunohistochemical label-
ing showed diffuse DPC4/SMAD4 expression but no
nuclear accumulation of p53. Because there is a good
correlation between immunohistochemical labeling and
genetic analysis [28], alterations in the p53 gene and
DPC4/SMAD4 gene were deemed very unlikely. Although
the present tumor displayed some features of pancreatic
ductal adenocarcinoma such as expression of EGFR [22],
the immunohistochemical staining pattern for cytokeratins
(only scarce positivity for cytokeratins 7 and 8 and
negativity for cytokeratin 19) did not match the diagnosis
of ductal adenocarcinoma [38]. Furthermore, transcriptional
profiling revealed strong evidence for a tumor that
significantly differed from ductal adenocarcinoma.

The tumor’s clear cell morphology and immunohisto-
chemical positivity for cytokeratin, vimentin, and S100
suggested the possibility of a myoepithelial carcinoma
(malignant myoepithelioma). This tumor represents approx-
imately 1% of salivary gland tumors, most frequently
affecting the parotid gland [26, 31], and is rarely found to

Fig. 4 Verification of gene tran-
scription data by immunohisto-
chemistry: Normal pancreas
showed rather weak and focal
expression of fibronectin
(a; brownish staining), whereas
strong expression was seen in
the patient’s primary pancreatic
tumor (b). Original magnifica-
tion: ×102
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arise from submucosal bronchial glands [25]. For the
present case, the diagnosis of myoepithelial carcinoma
became unlikely because it lacked expression of actin,
which is seen in up to 80% of myoepithelial carcinomas
[26, 31], and because it lacked the expression of the
myoepithelial marker cytokeratin 5/6.

On rare occasions, the pancreas gives rise to mesenchy-
mal tumors [5, 24]. Due to the clear cell morphology and
the strong expression of vimentin, the differential diagnosis
of a synovial sarcoma was taken into account. However,
lack of expression of the immunohistochemical marker
CD99 and of the SYT/SSX172 fusion transcript made the
diagnosis improbable.

Finally, the possibility of a metastasis to the pancreas
was taken into account. Metastases in the pancreas have
been described for various tumors, including renal cell
carcinoma, breast carcinoma, colon carcinoma, malignant
melanoma, and sarcoma [37]. Although metastases in the
pancreas usually occur as part of disseminated disease,
large autopsy series have described the prevalence of
solitary pancreatic metastasis to be as high as 6 to 11%
[9, 17, 27, 30, 34, 39]. However, clinical investigation
failed to detect any extra-pancreatic primary tumor in our
patient. In some cases, lack of detection of a primary tumor
may be due to spontaneous tumor regression. This
phenomenon has been described for malignant melanoma,
including few cases of occult primary tumors and solitary
pancreatic metastases [6]. However, malignant melanoma
was excluded by immunohistochemical analyses.

In summary, the case described in this report represents a
primary pancreatic tumor with histomorphological, immu-
nohistochemical, and molecular features that cannot be
assigned to any known pancreatic or extra-pancreatic tumor
entity. We propose that this tumor be called solid type clear
cell carcinoma of the pancreas.
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