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Abstract
AIM: To investigate differential points of solid-pseudo-
papillary neoplasm (SPN) of the pancreas and pancre-
atic endocrine tumor (PET).

METHODS: Ten cases of SPN and fourteen cases of 
PET were studied in this retrospective study. Clinical 
and pathologic features, immunostaining reactions and 
β-catenin  gene mutations were analyzed. 

RESULTS: The mean age of SPN patients was 25.6 years  
and these patients had no specific symptoms. The 
mean diameter of the tumors was 11.0 cm, 9/10 cases 
were cystic or a mixture of solid and cystic structures, 
and there was hemorrhage and necrosis on the cut 
surface in 8/10 (80%) cases. Characteristic pseudo-

papillary structure and discohesive appearance of the 
neoplastic cells were observed in all 10 (100%) cases. 
The results of immunostaining showed that nuclear ex-
pression of β-catenin and loss of E-cadherin in all the 
cases, was only seen in SPN. Molecular studies discov-
ered that 9/10 (90%) cases harbored a point mutation 
of exon 3 in β-catenin  gene. On the other hand, the 
mean age of PET patients was 43.1 years. Eight of 14 
cases presented with symptoms caused by hypoglyce-
mia, and the other 6 cases presented with symptoms 
similar to those of SPN. The mean size of the tumors 
was 2.9 cm, most of the tumors were solid, only 3/14 
(21%) were a mixture of solid and cystic structures, 
and macroscopic hemorrhage and necrosis were much 
less common (3/14, 21%). Histologically, tumor cells 
were arranged in trabecular, acinar or solid patterns 
and demonstrated no pseudopapillary structure and 
discohesive appearance in all 14 (100%) cases. The 
results of immunostaining and mutation detection 
were completely different with SPN that membrane 
and cytoplastic expression of β-catenin without loss of 
E-cadherin, as well as no mutation in β-catenin  gene in 
all the cases. 

CONCLUSION: Both macroscopic and microscopic 
features of SPN are quite characteristic. It is not dif-
ficult to distinguish it from PET. If necessary, immunos-
taining of β-catenin and E-cadherin is quite helpful to 
make the differential diagnosis. 

© 2010 Baishideng. All rights reserved.
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INTRODUCTION
Solid-pseudopapillary neoplasm (SPN) of  the pancreas is 
a relatively rare and its histogenesis is still controversial. 
There are some similarities between SPN and pancreatic 
endocrine tumor (PET), especially the non-functioning 
ones, in clinical and pathological manifestations[1-3]. Both 
have few specific clinical symptoms and signs and lack 
exclusive features on ultrasonography, imaging examina-
tion and laboratory tests. Histopathologically, both may 
be very similar and the results of  immunohistochemistry 
reported in the literature showed that expression pro-
files of  the two tumors overlapped[4,5], which sometimes 
results in difficulty in distinguishing the two entities. In 
recent years, studies have shown that the vast majority 
of  SPN harbored a point mutation on exon 3 of  β -catenin 
gene, which has not yet been discovered in other pan-
creas tumors. In this study we took the mutation of  
β -catenin gene as major diagnostic evidence and explored 
the major points of  pathological differential diagnosis of  
SPN and non-functioning PET. 

MATERIALS AND METHODS
Case selection
A total of  24 cases pathologically diagnosed as SPN or 
PET were retrieved from the files of  Department of  
Pathology, Xiangya Hospital, Central South University, 
China, during the period from 1999 to 2008. 

Morphologic review
The clinical data, description of  gross morphology, H&E 
sections and immunohistochemical staining of  all the 
cases were reviewed and the pathological diagnoses were 
re-evaluated. 

Immunohistochemical study
Immunohistochemical stains were performed on forma-
lin-fixed, paraffin-embedded 5 μm sections from all pa-
tients. Eleven consecutive sections were prepared from 
each tissue block and stained for the following markers: 
pan cytokeratin (pan CK, DAKO), anti-trypsin (ACT, 
DAKO), anti-chymotrypsin (AACT, DAKO), vimentin 
(Vim, DAKO), synaptophysin (Syn, DAKO), chromo-
granin (CgA, Santa cruz), neuron-specific enolase (NSE, 
DAKO), insulin (Ins, Santa cruz), somatostatin (Som, 
Santa cruz), glucagon (Glu, Santa cruz), pancreatic poly-
peptide (PP, Santa cruz), E-cadherin (E-cad, Santa cruz), 
β-catenin (Santa cruz) and Ki-67 (DAKO). The sections 
were deparaffinized in xylene and rehydrated through 

graded alcohols. Antigen retrieval was performed in  
1 mmol/L of  EDTA (pH 8.0) in a microwave oven at 
98℃. Endogenous peroxidases were inactivated by im-
mersing the sections in 0.3% hydrogen peroxide for 
20 min. Staining was performed with the DAKO En Vi-
sion Kit (DAKO) and the sections were developed with 
3,3’-diaminobenzidine tetrahydrochloride and counter-
stained with hematoxylin.

DNA preparation, polymerase chain reaction (PCR) 
amplification
Tumor tissue was microdissected from formalin-fixed, 
paraffin-embedded blocks using a scalpel and placed 
into microcentrifuge tubes for DNA extraction. DNA 
extraction was performed with a FFPE DNA Isolation 
Kit from Omega Biotek following the manufactur-
ers’ protocol. Exon 3 of  β-catenin was amplified by 
PCR. The primer sequences were as follows: sense: 
5'-ATGGAACCAGACAGAAAAGC-3'; anti-sense: 
5'-TTCCCACTCATACAGGACTT-3'. PCR cycling con-
ditions were: 2 mmol/L MgCl2 and 1 U Platinum-Taq 
polymerase (Takara), initial denaturation 5 min 94℃, 40 
denaturation cycles 30 s 94℃, 30 s annealing 52-60℃, 
30 s elongation 72℃, and final elongation 7 min 72℃. 
Using a PCR Purification Kit (Takara), purification of  
the PCR product was done essentially as recommended 
by the manufacturer. 

DHPLC analysis, sequencing
DHPLC analysis was carried out on a WAVE DNA frag-
ment analysis system (Transgenomic Inc.) equipped with 
a DNASep® Column. PCR products were denatured 
for 5 min at 95℃ before being gradually reannealed by 
decreasing the sample temperature from 95 to 45℃ over 
a period of  50 min to enable the formation of  hetero-
duplexes. DHPLC analysis was carried out at a flow-rate 
of  0.9 mL/min and buffer B (0.1 mol/L TEAA, 25% 
acetonitrile), with a gradient increase of  2% per min for 
4 min. Sequencing reactions were set up with 30 ng puri-
fied PCR fragment template and 10 pmol sequencing 
primer in 10 μL total reaction volume following a dye 
terminator protocol. Sequencing primers were identical 
to amplification primers. Sequence alterations were veri-
fied by sequencing both DNA strands and by analyzing 
an independently generated PCR amplicon.

RESULTS
Twenty-four cases, including 6 SPN and 18 PET, were 
re-evaluated according to clinical characteristics, gross 
morphology and microscopic features, results of  immu-
nohistochemistry and molecular findings. Six cases of  
SPN continued to have the original diagnosis, 14 cases 
of  18 PET were thought to be PET, the other 4 cases of  
PET were revised as SPN, and no other kind of  tumor 
was found. Therefore there were 10 cases in the SPN 
group and 14 cases in the PET group.

There were 7 females and 3 males in the SPN group 
and 9 females and 5 males in the PET group. The mean 
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age was 25.6 years (range: 14-43 years) in the SPN group 
and 43.1 years (range: 16-52 years) in the PET group. 
Eight PET cases presented with symptoms of  endocrine 
disorders, such as confusion, psychiatric disturbances, 
and even coma caused by hypoglycemia. All patients in 
the SPN group and 6 cases in the PET group had non-
specific and similar clinical symptoms, including a dull 
aching pain in the abdomen (6 cases in the SPN group 
and 2 in the PET group); a painless abdominal mass in 
the epigastric region (3 in the SPN and 1 in the PET 
group); and non-specific abdominal symptoms for which 
they had been examined (1 case in the SPN group and 3 
in the PET group). 

Macroscopically all the SPN and PET cases were 
well-circumscribed single masses except for 1 PET case, 
which showed multiple masses. The mean diameters 
were 11.0 cm (range: 5-20 cm) in the SPN group and 
2.9 cm (range: 1.5-5.7 cm) in the PET group. Cystic or 
cystic-solid areas with zones of  hemorrhage and necro-
sis, or cystic spaces filled with necrotic debris were seen 
in 8/10 (80%) cases of  SPN, and only 3/14 (21%) cases 
of  PET. For both tumors there was no preferential lo-
calization within the pancreas.

On microscopy, SPN was composed of  cells ar-
ranged in the form of  solid sheets (Figure 1A), micro-
cysts and pseudopapillary areas which showed charac-
teristic pseudopapillae with the fibrovascular axis of  
the branch-shaped area surrounded by several layers of  
polygonal epithelioid cells (Figure 1B). The cells had 
moderate amounts of  eosinophilic to vacuolated cyto-
plasm. The nuclei were ovoid and folded with indistinct 

nucleoli and few mitoses. Regional cystic degeneration, 
hemorrhage, necrosis, aggregates of  foamy histiocytes, 
cholesterol clefts were common. PET were usually ar-
ranged in three patterns: (1) trabecular or gyrus-like; (2) 
acinar- or duct-like (Figure 1C); and (3) solid or diffuse 
structure. The tumor cells were usually small and round 
with a granular eosinophilic or clear cytoplasm. Hemor-
rhage and necrosis were seen in only 3 cases, and pseu-
dopapillary structures and cellular dyscohesive degen-
eration were not observed in all cases. The clinical and 
pathological features of  SPN and PET are summarized 
in Table 1.

Immunohistochemistry
The immunohistochemical results are summarized in 
Table 2. Nuclear translocation and accumulation of  
β-catenin protein was seen in neoplastic cells in all SPN 
cases (Figure 1D). The tumor cells of  PET cases showed 
only normal membranous and cytoplastic β-catenin 
labeling, but were negative for nuclear accumulation 
(Figure 1E). The other immunostains showed an over-
lap, even including synaptophysin and chromogranin A, 
between these two tumors. Ki-67 proliferative index was 
less than 1% in most of  the tumors in both groups.

DHPLC analysis
Nine of  10 SPN cases presented DHPLC heteroduplex 
bimodal or shoulder-type peaks on DHPLC muta-
tion detection, which indicated mutations on exon 3 of 
β -catenin gene.

All 14 samples of  PET showed a single peak on 
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Figure 1  Histopathological and immunohistochemical features of solid-pseudopapillary neoplasm (SPN) and pancreatic endocrine tumor (PET). A: SPN ar-
ranged in solid areas, patternless sheets of uniform epithelial cells with numerous small blood vessels (hematoxylin-eosin, original magnification × 200); B: SPN formed 
characteristic pseudopapillary changes due to the degenerative and discohesive nature of the tumor cells (hematoxylin-eosin, original magnification × 200); C: PET ar-
ranged in acinar-like pattern; the tumor cells are small and round with granular eosinophilic or clear cytoplasm (hematoxylin-eosin, original magnification × 200); D: β-catenin 
immunostaining of SPN: Nuclear translocation and accumulation of β-catenin protein (arrow) is seen in neoplastic epithelial cells (original magnification × 200); E: β-catenin 
immunostaining of PET: Membrane and cytoplasmic positive expression of β-catenin protein without nuclear stain (arrow) (original magnification × 200).
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DHPLC mutation detection indicating no mutations of  
β -catenin gene exon 3 in PCR amplified fragments.

Sequencing
Sequencing confirmed results of  DHPLC mutation detec-
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Table 1  Clinical and pathological features of SPN and PET

Case No. Sex/age (yr) Tumor location Size (cm) Cystic or solid H/N PP areas

SPN group
   1 F/17 Body   9.5 Cystic Present Present
   2 F/19 Tail   6.0 Cystic Present Present
   3 F/14 Head   8.0 Cystic Present Present
   4 M/20 Body & tail 10.0 Cystic & solid Present Present
   5 F/24 Head 10.0 Cystic Present Present
   6 F/33 Body & tail   5.0 Solid Absent Present
   7 F/21 Body & tail 20.0 Cystic & solid Present Present
   8 M/43 Body 10.5 Cystic & solid Present Present
   9 F/27 Tail 12.0 Cystic& solid Present Present
   10 F/38 Unclear 19.5 Cystic & solid Present Present
PET group
   11 F/16 Head   1.5 Solid Absent Absent
   12 F/53 Body   2.0 Solid Absent Absent
   13 M/44 Tail   1.5 Solid Absent Absent
   14 F/40 Head   4.5 Solid Absent Absent
   15 M/43 Head   3.0 Solid Absent Absent
   16 F/49 Head   1.5 Solid Absent Absent
   17 F/34 Head   2.0 Solid Absent Absent
   18 F/46 Head   1.5 Solid Absent Absent
   19 F/49 Tail   5.5 Solid Absent Absent
   20 M/52 Head   3.0 Cystic & solid Present Absent
   21 F/50 Tail   1.5 Solid Absent Absent
   22 M/37 Tail   4.2 Cystic & solid Present Absent
   23 F/45 Body   3.4 Solid Absent Absent
   24 M/46 Tail   5.7 Cystic & solid Present Absent

H/N: Hemorrhage/necrosis; PP: Pseudopapillary; SPN: Solid-pseudopapillary neoplasm; PET: Pancreatic endocrine tumor.

Table 2  Immunohistochemical results of SPN and PET

Case No. AACT AAT Vim NSE Syn CgA CK EMA Ins Som Glu PP E-cad Beta Ki-67 (%)

SPN group
   1 + + + - - - - + - - - - - N/C > 1
   2 + + + + + - + + - - - - - N/C > 1
   3 + + - + - + - - - - - - - N/C > 1
   4 + + - + + - - - - - - - - N/C > 1
   5 + + + + + - - + - - - - - N/C > 1
   6 - + + + + - + - - - - - - N/C > 1
   7 + + + + - + - - - - - - - N/C > 1
   8 + - + - + - - - - - - - - N/C > 1
   9 - + - - - - + - - - - - - N/C > 1
   10 + - - - + + + - - - - - - N/C    2
PET group
   11 - - - + + - + + + - - - + C/M > 1
   12 - - - + + + - + + + - + C/M > 1
   13 - - - + + + - - + - - - + C/M > 1
   14 - - + + + + + + - - - - + C/M > 1
   15 - - - + + + + + - - +- + + C/M > 1
   16 - - - + + + + - - - - - + C/M > 1
   17 - - + + + + + + + + - - + C/M > 1
   18 - - - + + + + + + - - - + C/M > 1
   19 + - - + + + - - - - - - + C/M    2
   20 - - - - + + - - - - - - + C/M > 1
   21 + - - + + + + + + - - - + C/M > 1
   22 - + - - - + + - - - - - + C/M    3
   23 - + + - + - + + - - - - + C/M > 1
   24 + - + - - - - + - - - - + C/M    4

N/C: Nuclear & cytoplasm; C/M: Cytoplasm & membrane; AACT: α-1-Antichymotrypsin; AAT: α-1-Antitrypsin; Vim: Vimentin; NSE: Neuron-specific 
enolase; Syn: Synaptophysin; CgA: Chromogranin; CK: Cytokeratin; Ins: Insulin; Som: Somatostatin; Glu: Glucagon; E-cad: E-cadherin.

Liu BA et al . Differential diagnosis of SPN of the pancreas



tion that 9 cases of  SPN had a point mutation of  β -catenin 
gene exon 3. Mutations involving codons were as follows: 
4 cases at codon 32, 2 at codon 33, 2 at codon 34 and 1 
case at codon 37 (Table 3, Figure 2).

DISCUSSION
SPN of  the pancreas is an uncommon tumor, consti-
tuting only about 1%-2% of  exocrine pancreatic neo-
plasms[6]. SPN is clinically and histologically quite similar 
to the more common PETs, especially the non-function-
ing ones.

SPN predominantly occurs in adolescent girls and 
young women with a reported frequency of  87% to 90% 
(mean age of  22 to 25 years)[7]. Such a striking gender 
and age predilection of  SPN is different from PET.

Functioning PET demonstrates specific clinical 
symptoms and signs which provides a suggestion for 
consideration of  endocrine tumors. However, the clinical 
manifestations of  SPN and non-functioning PET in our 
cases as mentioned in literature are not specific[8]. The 
patients in both groups present with unclear clinical fea-
tures including abdominal discomfort, mild abdominal 
pain, poor appetite and nausea which are related to tu-
mor compression on the adjacent organs, and a palpable 
mass in the abdomen[9,10]. Occasionally a mass may be 
found in the abdomen during complementary imaging 
studies such as ultrasound or CT scan[11,12].

Both SPN and non-functioning PET have not been 
associated with specific clinical laboratory test findings 
including serum tumor markers[12,13]. The imaging fea-
tures of  both tumors present similarities in most cases, 
including ultrasonography, CT scanning, MRI and other 
imaging examinations. For both SPN and PET the best 
treatment is surgical resection. The routine imaging ex-
aminations are satisfactory for preoperative tumor loca-
tion and understanding of  the relationship between tu-
mors and surrounding tissue. However, it is difficult for 
imaging studies to determine the nature of  the lesions.

Both SPN and PET can occur in any part of  the 
pancreas, though PET occurring in the pancreatic tail is 
more common[8]. SPN usually has much larger dimen-
sions than PET. In contrast to the smaller mass (mean 
diameter 2.7 cm) of  non-functioning PET, SPN is often 

much larger in size (mean of  10 cm at presentation in 
our study). Most of  the cases in both groups are charac-
terized with a tumor that is separated from the normal 
pancreas by a complete or incomplete fibrous capsule. 
On the cut surface, hemorrhagic and cystic areas are 
much more common in SPN than in PET.

Histologically, both SPN and PET could be arranged 
as solid areas and the size and shape of  the tumor cells 
were relatively uniform with round or oval nuclei and 
vacuolated or eosinophilic large cytoplasms. It was dif-
ficult to distinguish these two kinds of  tumor if  only 
such histological pattern was used as the diagnostic 
basis. However, the unique morphological characteris-
tics of  SPN, large areas composing of  pseudopapillary 
structures indicating evidence of  cellular dyscohesive de-
generation and cholesterol clefts, aggregation of  foamy 
histiocytes, and characteristic microscopic features of  
SPN allow easy differential diagnosis from PET.

Immunohistochemical findings reported in early 
literature were of  variation and absence of  a specific 
profile. There was overlap of  positive expression on im-
munostaining using such markers as α1-antitrypsin, α1-
antichymotrypsin, NSE, Syn, progesterone receptor, 
carcinoembryonic antigen, pan CK, vimentin, CD10, 
CD56, and cyclin D1, so that immunohistochemistry 
was incapable of  giving much helpful additional infor-
mation for the differential diagnosis of  SPN. However, 
more recently, the situation was changed by applications 
of  E-cadherin and β-catenin which possess highly sen-
sitivity and specificity. Literature reports[14-17] and our 
results showed that nuclear expression of  β-catenin and 
loss of  E-cadherin were seen in nearly all cases of  SPN. 
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Table 3  The details of β-catenin  gene exon 3 mutation in 
SPN

Case No. Codon Base substitution Amino acid conversion

1 33 TCT→TGT Ser→Cys
2 37 TCT→TAT Ser→Tyr
3 34 GGA→GTA Gly→Val
4 Wild type
5 32 GAC→TAC Asp→Tyr
6 34 GGA→AGA Gly→Arg
7 33 TCT→CCT Ser→Pro
8 32 GAC→TAC Asp→Tyr
9 32 GAC→GTC Asp→Val
10 32 GAC→TAC Asp→Tyr

T C T T A C C T G N A C T  C T G G A AT C C AT T CT G G T GC C A C T A C C
50                    60                    70                   80

G→T

T C T T A C C T G G  AC  T  C T G G A A T C CA T T N T G G T G C C A C  T A C  C
30                    40                    50                    60

C→A

T C T TA C C T G G N C  T C T G G A A T C CA T T C T G G T G C CA C  T A C  C
30                    40                    50                    60

A→T

Figure 2  β-catenin oncogene mutations in SPN. Representative DNA se-
quencing chromatograms demonstrate. A: A GAC→TAC mutation in codon 32 
of case 5; B: A TCT→TAT mutation in codon 37 of case 2; C: A GAC→GTC 
mutation in codon 32 of case 9. Three samples of PET cases were randomly 
selected to be sequenced and the results confirmed that there was not any mu-
tation on amplified PCR fragments of β -catenin gene exon 3.

C

B

A
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On the contrary, there was cytoplasmic and membrane 
expression of  β-catenin and strong expression of  E-cad-
herin in PET cases. The exclusive expression of  β-catenin 
and E-cadherin in SPN can be applied to make definite 
differentiation from PET. 

Most SPNs harbor mutations in the β -catenin gene 
and, as a result, most SPNs have an abnormal nuclear 
expression of  β-catenin protein. We found 1 (case 4) in 
our cases without mutation in exon 3, however, it showed 
cystic and necrosis on macroscopy, pseudopapillary 
structure and discohesive appearance of  the neoplastic 
cells on microscopy, cytoplasmic and nuclear staining for 
β-catenin, and loss of  E-cadherin, which indicated altera-
tion of β -catenin gene and suggested that there might exist 
a mutation on another exon of  β -catenin gene.

In conclusion, SPN of  the pancreas, compared with 
PET, is a cystic-solid or cystic tumor with a larger size 
mostly seen in young women, and has the morphological 
features of  hemorrhage and necrosis on the cut surface 
and exclusive pseudopapillary structures on light micros-
copy caused by cellular dyscohesive degeneration. If  one 
is aware of  its clinical and histopathologic features, with 
sufficient sampling of  the tumor, one usually does not 
confuse SPN with PET in most cases. If  necessary, im-
munostaining of  β-catenin and E-cadherin is quite help-
ful to make the differential diagnosis.
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