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Solid pseudopapillary neoplasms of the
pancreas show an interruption of the
Wnt-signaling pathway and express

gene products of 11q

Katharina Tiemann, Ulrike Heitling, Markus Kosmahl and Giinter Kl6ppel

Department of Pathology, University of Kiel, Kiel, Germany

Solid pseudopapillary neoplasms of the pancreas almost consistently show a -catenin mutation activating the
Whnt-signaling pathway, resulting in overexpression of cyclin D1, but not in overt malignancy of this tumor.
Besides cyclin D1, a set of markers (ie FLI-1, CD56 and progesterone receptor), whose genes map to
chromosome 11q, are frequently expressed in solid pseudopapillary neoplasms. Chromosome 11q is a region
that is also often affected in pancreatic neuroendocrine tumors. This immunohistochemical study was
undertaken to gain insights into the downstream regulation of the Wnt-signaling pathway and the significance
of overexpressed gene products belonging to chromosome 11q for the tumorigenesis in solid pseudopapillary
neoplasms. Fourteen solid pseudopapillary neoplasms were analyzed for the expression of cyclin-dependent
kinase inhibitors p21, p27, p16 and hyperphosphorylated retinoblastoma (pRb) proteins. In an extended series
of 93 solid pseudopapillary neoplasms, f-catenin, cyclin D1, FLI-1 and CD56 expression was examined and
compared with that in 22 pancreatic neuroendocrine tumors. Solid pseudopapillary neoplasms (98%) showed
aberrant expression of p-catenin with a concomitant cyclin D1 expression in 69% of the cases, but no
expression of pRb (0%) was found. p27 and p21 were expressed in 100% (14/14) and 86% (12/14) of the cases,
but only 2/14 (14%) were positive for p16. FLI-1 was expressed in 63% of solid pseudopapillary neoplasms, but
only in 1/22 pancreatic neuroendocrine tumors (5%), cyclin D1 expression was present in 14% of the latter. We
conclude that in solid pseudopapillary neoplasms the activated Wnt-signaling pathway is disrupted, and that
p21 and p27 are contributing to this fact by blocking of the hyperphosphorylation of the Rb protein, thus
causing the very low proliferation rate characterizing the solid pseudopapillary neoplasms. The accumulation
of high expression of proteins whose genes are located on chromosome 11q is characteristic of solid

pseudopapillary neoplasms, but not of pancreatic neuroendocrine tumors.
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Solid pseudopapillary neoplasms of the pancreas,
though histopathologically well recognized, remain
enigmatic tumors as far as their histogenesis is
concerned. Genetically, solid pseudopapillary neo-
plasms are characterized by a mutation of the
f-catenin gene in exon 3, resulting in an aberrant
immunohistochemical expression pattern of fS-cate-
nin. This expression is accompanied by cyclin D1
overexpression, a cell cycle associated protein and
primary target of Wnt signaling, that has also been
reported in neuroendocrine tumors.>* Cyclin D1
expression is often associated with tumor progres-
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sion in various cancers and a marker of mantle cell
lymphoma.**®

Phenotypically, most or a considerable number of
solid pseudopapillary neoplasms express markers
that are related to neuroendocrine features. These
markers include synaptophysin, CD56, the proges-
terone receptor, NSE and CD10.”® Recently, we
showed that solid pseudopapillary neoplasms ex-
press FLI-1, which has also been demonstrated in
neuroendocrine tumors of the skin (so-called Merkel
cell carcinomas).” Finally, a non-mutation-mediated
activation of c-kit was demonstrated in about 50% of
solid pseudopapillary neoplasms,’® a finding similar
to that seen in neuroendocrine small cell carcino-
mas of the lung."""*

When the genes encoding for the above mentioned
markers are localized, it is striking that many of
them reside on chromosome 11q, a chromosomal
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area that also is involved in the genetics of
pancreatic neuroendocrine tumors because it har-
bors the MEN1 gene."® The genes that map to the
long arm of chromosome 11 include the cyclin D1
gene, which maps to 11q13, the CD56 (NCAM) and
FLI-1 genes, which are located on 11q23 and 11q24,
respectively, and the progesterone receptor, which is
found on 11q22.

The aim of this study was to get more insight
into the mechanisms of the Wnt pathway in solid
pseudopapillary neoplasms that has been activated
by the mutated f-catenin gene. Furthermore, we
wanted to examine the expression of a group of
markers that are frequently expressed in solid
pseudopapillary neoplasms and that reside on
chromosome 11q. By comparing their expression
pattern with that of neuroendocrine tumors of the
pancreas we investigated, whether these tumors
bear some resemblance to each other with regard to
the chromosome 11q set of markers. To this end, we
examined a large series of solid pseudopapillary
neoplasms and neuroendocrine tumors from the
pancreas.

Materials and methods

The study was performed on tumor resection speci-
mens. The cases were retrieved from the consulta-
tion files of the Departments of Pathology and
Pediatric Pathology of the University of Kiel,
Germany. Clinical information was obtained from
the patients’ records. The study included 93 cases of
solid pseudopapillary neoplasms, two of which
showed liver metastasis or gross invasion and 22
cases of well-differentiated neuroendocrine tumors
of the pancreas with metastasis or invasion. The
pancreatic neuroendocrine tumors were classified
according to the WHO classification of tumors of the
endocrine pancreas."® Table 1 summarizes tumor
types, age and sex of the patients.

Immunohistochemistry

For immunohistochemical staining the following
antibodies were used at the stated dilutions: FLI-1
(Santa Cruz Biotechnology, Santa Cruz, CA, USA;
1:100); NCAM (CD56) (Novocastra, Newcastle upon
Tyne, UK; 1:50); f-catenin (Zymed, San Francisco,
CA, USA; 1:250); cyclin D1 (Novocastra; 1:10),
hyperphosphorylated retinoblastoma protein (Phar-

Table 1 Clinicopathological data on the investigated tumors

mingen, Heidelberg, Germany; 1:100), p16 (Neo-
Markers, Newmarket, UK; 1:50), p21 (Novocastra;
1:10), p27 (DAKOCytomation, Glostrup, Denmark;
1:50). Immunohistochemical staining was per-
formed using a standard protocol with heat-induced
antigen retrieval in citrate buffer using a pressure
cooker, as described previously.” Staining was
visualized using the avidin-biotin method with
3,3-diaminobenzidine as chromogen. The cutoff
level for marker expression was 5%. For some cases,
the complete marker panel could not be used
because of lack of tumor tissue in the paraffin
blocks. pRb, p16, p21 and p27 expression was
evaluated in 14 cases of solid pseudopapillary
neoplasms, including the invasive ones.

Statistical Analysis

For the statistical analysis the y*test (SPSS® 13.0)
was used. Differences were considered significant if
P<0.05.

Results
Histopathology

All solid pseudopapillary neoplasms showed the
histological pattern typical for these tumors. In brief,
solid pseudopapillary neoplasms revealed admixed
solid and pseudopapillary areas with necrosis or
cholesterol deposits as signs of regression. The
nuclei were uniform and seldom showed nucleoli.
Mitoses were absent.

Pancreatic neuroendocrine tumors showed a solid
or trabecular growth pattern with occasional gland
formation. Advanced stage was confirmed by local
invasion and/or metastases.

Immunohistochemistry

Solid pseudopapillary neoplasms showed the ex-
pected aberrant f-catenin expression pattern in 98%
(91/93) of the cases, cyclin D1 expression was noted
in 69% (62/90; Figures 1 and 2a) with 60% of the
cases exhibiting a reactivity in 10-50% of the
nuclei. No case showed expression of pRb (0/14),
while p27 and p21 were present in 100% (14/14)
and 86% (12/14) of the cases investigated, respec-
tively (Figure 2b and c). p21 showed a usually weak
staining pattern, the expression ranged between 5

Tumor type Age, mean Age, range Sex, female/male Number of cases
Solid pseudopapillary neoplasm 32 11-71 63:7° 93
Pancreatic neuroendocrine tumor 55 36-75 11:11 22

@Sex of the other 23 patients unknown.

Modern Pathology (2007) 20, 955—-960



Solid pseudopapillary neoplasm and Wnt pathway
K Tiemann et al

Figure 1 FLI-1 expression in a solid pseudopapillary neoplasm.

and 60%, whereas p27 usually exhibited a moderate
to strong reaction in 70% to almost 100% of the
tumor cells. p16 was detected only in two cases,
these patients were 63 and 71 years old.

FLI-1 expression was observed in 58/92 solid
pseudopapillary neoplasms (63%; Figure 1), 64% of
these showing a reactivity in 10-50% of the nuclei.
CD56 was detected in 97% (86/89) of solid pseudo-
papillary neoplasms.

In the pancreatic neuroendocrine tumors, normal
membranous expression of f-catenin was observed
in pancreatic neuroendocrine tumors (91%). Cyclin
D1 expression was not regularly observed in PETs
(3/22 positive; 14%).

FLI-1 was only expressed in one pancreatic
neuroendocrine tumor (1/22; 5%). Expression of CD56
was 50% in pancreatic neuroendocrine tumors
(Table 2).

No marker showed a positive correlation with
advanced tumor stage, neither in solid pseudo-
papillary neoplasms (including only two invasive
cases) nor in the pancreatic neuroendocrine tumors.
A lack of FLI-1 expression correlated significantly
with a lack of cyclin D1 expression in pancreatic
neuroendocrine tumors (19/22). No other significant
correlations were found.

The results are summarized in Table 2 for the
marker expression in both investigated tumor
entities and in Table 3 for cell cycle-associated
markers in solid pseudopapillary neoplasms.

Discussion

The cellular origin of solid pseudopapillary neo-
plasms is still an unresolved issue. It has been
impossible to link the solid pseudopapillary neo-
plasm cells to any specific cell type of the pancreas
or extrapancreatic tissues. However, this tumor,
which seems to come from nowhere, shows some

Figure 2 (a) Cyclin D1 expression in a solid pseudopapillary
neoplasm. (b) p27 expression in a solid pseudopapillary neo-
plasm. (c) p21 expression in a solid pseudopapillary neoplasm.

striking features that make it distinct from all the
pancreatic and extrapancreatic neoplasms. Apart
from its biological features, that is occurrence in
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Table 2 Marker expression in the investigated tumor entities

B-catenin (aberrant)

Cyclin D1 FLI-1 CD56

98% (91/93)
9% (2/22)

Solid pseudopapillary neoplasm
Pancreatic neuroendocrine tumor

69% (62/90)
14% (3/22)

63% (58/92)
5% (1/21)

97% (86/89)
50% (11/22)

Table 3 Cell cycle-associated markers in solid pseudopapillary
neoplasms

Marker Positive cases
p16 2/14 (14%)
p21 12/14 (86%)
p27 14/14 (100%)
pRb 0/14 (0%)

young women and low-grade malignancy, peculiar
characteristics include its f-catenin mutation at
exon 3"? and the accumulation of aberrantly
expressed gene products of chromosome 11q.

It has been shown that 83—90% of solid pseudo-
papillary neoplasms have an activation of the Wnt-
signaling pathway due to mutation of the f-catenin
gene in exon 3. This mutation leads to a f-catenin
that escapes intracytoplasmic phosporylation and,
subsequent degradation and binds to the T-cell
transcription factor (Tcf)/lymphoid enhancer-bind-
ing factor (Lef). The p-catenin—Tcf/Lef complex is
then translocated to the nucleus, as indicated by
nuclear expression of f-catenin, which has proved
to be an immunohistochemical feature of solid
pseudopapillary neoplasms.® In the nucleus, the -
catenin—Tcf/Lef complex activates the transcription
of several oncogenic genes, among them cyclin D1.%®
This results in cyclin D1 overexpression in 70—
100% of solid pseudopapillary neoplasms, as has
been demonstrated in this and several other
studies.»®*® One aim of our study was to clarify
why the overexpression of the cell cycle-associated
cyclin D1 in solid pseudopapillary neoplasms fails
to increase their proliferative activity as it does in so
many other neoplasms™"? but instead results in a
low growth rate.

It is known that the complex formed by cyclin D1
and its cyclin-dependent kinases (CDKs) phospho-
rylates the retinoblastoma (Rb) protein. This causes
the release of the transcriptional activator E2F,
which blocks the transcription of genes required to
drive the cell into the S phase of the cell cycle. The
ability of the cyclin D1/CDK4 complex to phosphor-
ylate the Rb protein is inhibited by p21 and p27.?° In
two solid pseudopapillary neoplasms, p21 and to a
lesser extent p27 were shown to be upregulated.*®
We investigated a subset of 14 tumors in our solid
pseudopapillary neoplasms series and also found
overexpression of p21 and p27 in all but two (for
p21) solid pseudopapillary neoplasms. In the same
subset of solid pseudopapillary neoplasms, which
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includes one metastasizing and one grossly invasive
solid pseudopapillary neoplasm, we were, however,
unable to detect hyperphosphorylated Rb using an
antibody recognizing the (hyper) phosphorylated Rb
protein. This inverse correlation of the expression
patterns of p21 and p27 compared to pRb suggests
an intact function of p21 and p27 as inhibitors of
cell cycle progression at the G1 and G2 checkpoints.
It is also known that estradiol and progesterone
influence expression of p27 and p21*"?* as well as
cyclin D1 expression.?®** Since solid pseudopapil-
lary neoplasms consistently express the progester-
one receptor, they may be hormone sensitive.
Considering the influence and regulatory potential
of estrogen and progesterone on the cell cycle and its
components, this may lead to p27 and p21 expres-
sion and regulation of the cyclin D1/CDK4 complex.
Whereas this balance works in solid pseudopapil-
lary neoplasms, a decrease in p27 has been found in
endocrine and nonendocrine tumors.*® Conse-
quently, the inhibitory effect of p27 on the cyclin
D1/CDK4 complex is diminished in these tumors.
The lack of nuclear expression of p16 found in most
solid pseudopapillary neoplasms in our series
(except in two that occurred in the oldest patients)
and usually indicates cell cycle promotion (since
intact p16 leads to cell cycle arrest via the inhibition
of the phosphorylation of the Rb protein by the
cyclin D1/CDK complex) also seems to be over-
ridden by the inhibitory effects of p21 and p27 on
cell cycle progression. In concordance with the
literature, accumulation of p16 is observed with
advancing age and is not an effect caused by the
tumor.*® Although these complex data have to be
interpreted with caution, in the case of solid
pseudopapillary neoplasms, they may indicate that
the activated Wnt/f-catenin-signaling pathway that
is often associated with enhanced tumor cell
proliferation appears to be antagonized by p21 and
p27, which would help to explain the low growth
rate of this special neoplasm.

It is unclear why p21 and p27 are overexpressed
in solid pseudopapillary neoplasms. An altered p53
which commonly accounts for p21 and p27 over-
expression can be ruled out, since p53 inactivation
is an exceptional finding in solid pseudopapillary
neoplasms.>"® In solid pseudopapillary neoplasms,
p21 and p27 are, therefore, to be upregulated by
factors that so far are not known. In particular, there
is no indication that the p21 and p27 overexpression
is linked to the genetic alterations, which, in
addition to the f-catenin mutation, are most con-
spicuous in the molecular profile of solid pseudo-



papillary neoplasms. These changes concern the
long arm of chromosome 11. The long arm of
chromosome 11 is known as an area of imprinting,
for example, for familial paragangliomas.?” The
observed changes are not associated with gross
chromosomal aberrations of this region, because
such alterations were ruled out by comparative
genomic hybridization of solid pseudopapillary
neoplasms.?® However, despite the absence of gross
chromosome abnormalities, this chromosomal area
seems to be vulnerable to distinct genetic changes in
solid pseudopapillary neoplasms, because it harbors
a number of genes whose proteins are frequently
found to be overexpressed. These proteins include
cyclin D1, FLI-1, progesterone receptor and CD56.
The overexpression of cyclin D1 may be explained
by the activation of the Wnt/f-catenin pathway, as
discussed above. Since the gene locus for cyclin D1
maps closer to the centromere and not in continuity
with the other three markers, there is no ready
explanation for their overexpression. It is, however,
of interest that the progesterone receptor and CD56
are also commonly expressed in pancreatic and
other neuroendocrine tumors, suggesting that solid
pseudopapillary neoplasms are related to neuro-
endocrine tumors, especially pancreatic neuroendo-
crine tumors. This assumption seems to be further
supported by the synaptophysin positivity that solid
pseudopapillary neoplasms exhibit in up to 22% of
the cases.” However, the evidence for a relationship
between solid pseudopapillary neoplasms and neu-
roendocrine tumors also ends here, since solid
pseudopapillary neoplasms have never been found
to express other essential neuroendocrine features
such as chromogranin A, peptide hormones” or
neurosecretory granules.”® We also were unable to
confirm the reported frequent upregulation of cyclin
D1 expression in pancreatic neuroendocrine tu-
mors3°®! on the basis of our data. In our series, we
found that cyclin D1 expression is rare in pancreatic
neuroendocrine tumors in contrast to solid pseudo-
papillary neoplasms. Moreover, FLI-1, which has
been found to be increased in neuroendocrine
neoplasms such as Merkel cell carcinomas,” was
expressed in only one pancreatic NET. This rare
expression rate of FLI-1 in pancreatic neuroendo-
crine neoplasms contrasts with the frequent FLI-1
positivity in solid pseudopapillary neoplasms.
Taken together, these findings suggest that solid
pseudopapillary neoplasms are characterized by an
accumulation of aberrantly expressed gene products
on chromosome 11q that are also observed in NETs,
but that these genes, apart from cyclin D1, neither
show so far any clear molecular interaction with the
activated Wnt/f-catenin-signaling pathway, nor de-
finitely support a neuroendocrine origin of solid
pseudopapillary neoplasms. The marker accumula-
tion on chromosome 11q, therefore, remains an
interesting genetic finding of yet unknown signifi-
cance for the molecular pathogenesis of solid
pseudopapillary neoplasms.
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In summary, our results may suggest that the
cyclin-dependent kinase inhibitors p21 and p27
play a role in stopping the activated Wnt/f-catenin-
signaling pathway, resulting in a low tumor growth
rate. The factors that govern the overexpression of
p21 and p27; however, have yet to be explained. The
remarkable clustering of proteins whose genes map
to chromosome 11g22-24 in solid pseudopapillary
neoplasms may indicate that this is a region of
potential significance for the tumorigenesis of solid
pseudopapillary neoplasms and needs further in-
vestigation.
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