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A b s t r a c t

Even though the cytologic criteria for pancreatic
ductal adenocarcinoma (PDA) on fine-needle
aspiration biopsy (FNAB) specimens have been well
defined, a diagnostic challenge is still present. We
immunohistochemically evaluated the diagnostic value
of S100P on cell-block and/or smear preparations in 58
cases of FNAB specimens of the pancreas. The 58 cases
were divided into 4 groups: 1, 32 cases of PDA; 2, 6
cases with an atypical or “suspicious” diagnosis; 3, 14
cases of benign or reactive ductal epithelium; and 4, 6
cases of endocrine tumor. Positive immunoreactivity for
S100P was observed in all cases in groups 1 and 2,
whereas only 1 of 14 cases in group 3 was positive for
S100P. All cases in group 4 were negative for S100P.
S100P is a sensitive and specific marker for the
detection of PDA on FNAB specimens on cell-block and
smear preparations.

Pancreatic ductal adenocarcinoma (PDA) and its variants
are the most common malignant neoplasms of the pancreas,
accounting for 85% to 90% of all pancreatic cancers.1 It is the
fourth leading cause of cancer death in the United States.2

Fine-needle aspiration biopsy (FNAB) has earned its reputa-
tion as a rapid, safe, and cost-effective way to establish the
definitive diagnosis of pancreatic cancer.3,4 When a pancreat-
ic mass is radiographically and clinically suspected to be car-
cinoma, FNAB is often the diagnostic procedure of choice;
however, the interpretation of FNAB specimens is not always
straightforward. Although cytologic criteria were well estab-
lished in several classic articles, challenges still arise, particu-
larly when the tumor is a well-differentiated adenocarcinoma
(WDA), owing to the overlapping of cytologic features
between neoplastic and reactive ductal epithelium.4-10 In some
cases, the distinction between WDA and reactive changes is
virtually impossible. False-negative rates and atypical or sus-
picious diagnoses remain relatively high,7,11-14 especially in a
less experienced hands.

To improve the diagnostic sensitivity and specificity of
FNAB, attempts have been made to identify specific tumor-
associated markers for PDA. Several immunohistochemical
markers, such as cytokeratin 17, MUC1, DPC4, mesothelin,
prostate stem cell antigen (PSCA), claudin-4, and KOC (K
homology domain containing protein overexpressed in can-
cer), have been reported to be useful, but the findings were not
definitive.15-20

Recently, several studies have documented that S100P is
highly overexpressed in PDA.21-25 S100P belongs to the S100
family of calcium binding proteins. It is a 95-amino-acid pro-
tein first purified from the placenta.26 The level of S100P
expression has been found to increase during the progression
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from pancreatic intraepithelial neoplasia to invasive adenocar-
cinoma.27 Hypomethylation of its gene in pancreatic carcino-
ma is suggested to account for the overexpression of S100P
protein.28 Furthermore, Arumugam and colleagues29 observed
that S100P expression stimulated the proliferation, survival,
motility, and invasiveness of pancreatic cancer cells in vitro. In
addition to pancreatic cancer, S100P is expressed in other
tumors. Its overexpression was associated with the immortal-
ization of breast cancer cell lines and correlated with
decreased survival rates in patients with lung adenocarcino-
ma.30,31 Furthermore, S100P expression was elevated in dox-
orubicin-resistant colon cancer cell lines and hormone-refrac-
tory prostate cancer.32,33 Its expression can be seen in bladder,
gastric, and gallbladder benign epithelium as well.25

Although overexpression of S100P in PDA has been well
documented in surgical specimens,22-24,27 its use as an adjunct
diagnostic marker in the detection of PDA in FNAB samples
has not been tested and reported. In the present study, we eval-
uated the diagnostic value of S100P on FNAB specimens of
the pancreas.

Materials and Methods

Specimen Collection

A total of 58 FNAB cases with diagnostic cellular mate-
rial were selected. In 30 cases, there were cell blocks and
smears; 11 cases had only cell blocks owing to no spare
smears available for staining; 17 cases had only smears
because cell-block sections (CBSs) were hypocellular. A total
of 76 cytologic specimens (40 CBSs and 36 alcohol-fixed
direct smears) from 58 patients were obtained by endoscopic
ultrasound (EUS)-guided FNA or by computed
tomography–guided percutaneous aspiration performed in
Geisinger Medical Center, Danville, PA, between July 1998
and June 2006. The study was approved by the institutional
review board at Geisinger Medical Center.

The 58 cases were divided into 4 groups: 1, 32 cases of
PDA, including 26 CBSs and 23 smears; 2, 6 cases (6 smears)
with an atypical or suspicious diagnosis; 3, 14 cases (10 CBSs
and 5 smears) of benign or reactive pancreatic ductal epitheli-
um; and 4, 6 cases (4 CBSs and 2 smears) of pancreatic
endocrine tumor. The electronic medical records were
reviewed for clinical information, including patient demo-
graphics, clinical manifestations, surgical records, treatment,
and current status. The diagnoses were confirmed by
histopathology after subsequent surgical resection, biopsy, or
by clinical course. All group 2 and group 4 cases were con-
firmed on surgical specimens. In group 1, 17 cases had surgi-
cal diagnoses of PDA, 5 had metastasis, and the remaining
cases had clinical evidence of tumor progression and patients

died of cancer or were undergoing treatment. Among the
benign cases, 1 case had a surgical specimen and 6 had repeat-
ed FNAB, and all patients had a benign clinical course for up
to 3 years.

Destaining Smears

Immunohistochemical stains were performed on previ-
ously alcohol-fixed, Papanicolaou-stained slides. Coverslips
were removed by submerging the slides in full-strength ace-
tone solution (Sigma, St Louis, MO) for 15 minutes. The
slides were then submerged in destaining solution (1%
hydrochloric acid and 99% alcohol) for 15 minutes, rinsed in
water 3 times, and placed in a phosphate-buffered saline
buffer until ready to be used.

Immunohistochemical Analysis

CBSs and destained slides were incubated in 3% hydro-
gen peroxide for 5 minutes to quench endogenous tissue per-
oxidase. Slides were then incubated in Proteinase K (DAKO
North America, Carpinteria, CA) for 5 to 10 minutes for anti-
gen retrieval. The slides were then incubated with anti-S100P
monoclonal antibody (mouse antihuman, BD Biosciences
Pharmingen, San Diego, CA) at a 1:100 dilution for 30 min-
utes at room temperature. The slides were stained in a DAKO
automated immunostainer using a standard EnVision-HRP
detection kit (DAKO, Carpinteria, CA), as previously
described.34 Immunohistochemical reactions were developed
with diaminobenzidine as the chromogenic peroxidase sub-
strate. The slides were counterstained with hematoxylin (20
seconds), dehydrated, and coverslipped with mounting media.

The staining intensity was graded as weak, intermediate,
or strong. The distribution was recorded as negative (no stain-
ing), 1+ (<25%), 2+ (26%-50%), 3+ (51%-75%), or 4+
(>75%). Nuclear or nuclear and cytoplasmic staining was
regarded as positive. Cytoplasmic staining without nuclear
staining was regarded as negative. All slides were blindly
reviewed by 2 cytopathologists (H.D. and F.L.). By using the
aforementioned criteria, no disagreement occurred between
the 2 pathologists.

Determination of Diagnostic Sensitivity and Specificity

The sensitivity and specificity were calculated.

Results

Positive immunoreactivity for S100P was observed in 32
of 32 PDA cases in group 1, including 26 cell blocks and 23
destained smears, with a strong and diffuse staining (3+ and
4+) in 24 and 22 specimens, respectively. About 30% of the
cases in group 1 were classified as WDA. The staining inten-
sity and distribution was similar among well-differentiated
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PDA, moderately differentiated PDA, and poorly differentiat-
ed PDA. There was no discrepancy in the staining results
between the CBS and smear from the same case. Nuclear or
nuclear and cytoplasmic staining was well demonstrated in all
cases as shown in ❚Image 1A❚, ❚Image 1B❚, ❚Image 1C❚, ❚Image

1D❚, and ❚Image 1E❚. None of the pancreatic endocrine tumors
(group 4) demonstrated positive staining with S100P on CBSs
or smears, as shown in the CBS in ❚Image 1F❚. On the other
hand, in group 3, no staining was noted in 13 of 14 cases with
benign diagnoses ❚Image 2❚. Only 1 case of benign glandular
epithelium on a destained slide showed positive staining, with
strong background staining as well. The CBS of this case was
not available for staining. Based on our data, the sensitivity
and specificity of S100P in the diagnosis of PDA were 100%
and 92.8%, respectively ❚Table 1❚.

We also tested S100P on 6 cases that were signed out as
atypical or suspicious for a diagnosis of PDA (group 2). All
6 atypical or suspicious cases were strongly positive for
S100P, with greater than 2+ positivity. Two of the cases are
illustrated in ❚Image 3❚, with Images 3A and 3B representing
one case and Images 3C and 3D representing the other. In
surgical follow-up, PDA was confirmed in all 6 cases. S100P
staining showed 100% diagnostic accuracy in these cases. In
our study, we also noted that any gastrointestinal epithelial
contaminants present in EUS-guided FNAB specimens were
negative for nuclear staining of S100P. A membranous-cyto-
plasmic staining pattern can be observed in benign gastric
epithelium.

Discussion

Advances in molecular genetics have resulted in the iden-
tification of many molecular markers for pancreatic neo-
plasms. Among them, the detection of point mutations in
codon 12 of the K-ras oncogene and inactivation of tumor
suppressor genes p53 and DPC4 in pancreatic cancer have
been investigated in FNAB specimens.15,16 The sensitivities
range from 50% to 77% and specificities, 87% to 100%.15,16,35

Polymerase chain reaction amplification was used for the
analysis of K-ras mutation, but the unavailability of this tech-
nique in many clinical laboratories makes detection of these
molecular markers less popular than immunohistochemical
analysis.

Studies using immunohistochemical analysis have identi-
fied several proteins overexpressed in PDA, including
cyclooxygenase-2, claudin-4, mesothelin, PSCA, KOC, and
MUC1. Expression of cyclooxygenase-2 and claudin-4 was
examined on tissue sections. Published studies focused only
on the clinical and therapeutic uses of these 2 markers17,36;
their value as diagnostic markers in cytologic specimens has
not been well documented.

Immunohistochemical labeling of mesothelin and PSCA
was evaluated on CBSs from FNAB specimens.18 The sensi-
tivity and specificity for the diagnosis of PDA were 84% and
91% for mesothelin and 68% and 91% for PSCA, respective-
ly.18 Chhieng and colleagues19 tested MUC1 overexpression
in PDA specimens obtained by FNAB on CBSs and found
96% sensitivity and 94% specificity for diagnosing pancreatic
adenocarcinoma. MUC1 demonstrated a predominantly mem-
branous and variable cytoplasmic staining pattern in PDA
cells. The latter 3 markers seem to be useful for diagnosing
PDA in cytologic preparations. More recently, KOC was
reported as a diagnostic marker for adenocarcinoma of the
pancreas, with a diagnostic sensitivity of 97%, although focal
and weak staining can be seen in chronic pancreatitis.20

However, it seems that the usefulness of these markers has not
been evaluated on FNAB smear preparations. Evaluation of
these markers on gastrointestinal contaminants has not been
well addressed. Furthermore, all the markers showed membra-
nous or cytoplasmic staining patterns in PDA cells.

In contrast with the findings of previous studies, the pres-
ent study demonstrated that S100P has several added advan-
tages, including the following: (1) a strong nuclear or
nuclear/cytoplasmic staining signal; (2) staining possible on
destained, alcohol-fixed FNAB smears with few technical
problems; (3) negative results in gastrointestinal epithelial
contaminants; (4) negative results in pancreatic endocrine
tumors; and (5) 100% diagnostic sensitivity in this relatively
small series of cases.

Nuclear or nuclear/cytoplasmic staining seems to be a
more reliable signal and is easier to interpret, especially when
dealing with small biopsy samples or cytologic specimens.
The previously reported diagnostic markers showed a cyto-
plasmic or membranous staining pattern. We observed a
nuclear and cytoplasmic staining pattern for S100P. Based on
our data obtained from a large series of surgical specimens of
pancreatic carcinomas,37 we found that only nuclear or both
nuclear and cytoplasmic staining was specific for the neoplas-
tic pancreatic ductal epithelial cells. It is important to empha-
size that cytoplasmic staining can be seen in normal and reac-
tive ductal cells; however, neither a nuclear/cytoplasmic signal
nor nuclear-only staining is observed in nonneoplastic pancre-
atic ductal cells in cytologic or surgical specimens. Because
nuclei are less likely to pick up a nonspecific stain compared
with membranous or cytoplasmic staining, nuclear positivity
should be a more reliable finding. Our results showed that all
cell blocks and smears from 32 PDAs demonstrated nuclear or
nuclear/cytoplasmic positivity for S100P with 100% diagnos-
tic sensitivity. This exceptionally high diagnostic sensitivity
also has been achieved in our ongoing study of S100P
immunochemical staining on surgical specimens.37

Perhaps it is more important to be able to use S100P on
direct FNAB smears because a cell block is frequently not
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A B

C D

E F

❚❚Image 1❚❚ A, Moderately differentiated adenocarcinoma on a Papanicolaou smear (×400). B, Strong nuclear and cytoplasmic
staining for S100P of the same case as in A on the destained slide (×400). C, Strong positive immunostaining for S100P on a
poorly differentiated adenocarcinoma (×600). D, Cell-block section of adenocarcinoma (H&E, ×600). E, Positive staining for
S100P on the same case as in D (×600). F, Pancreatic endocrine tumor on a cell block negative for S100P (×600).
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available from an FNAB of the pancreas. To the best of our
knowledge, the previously published biomarkers for the detec-
tion of pancreatic cancer have not been tested on FNAB
smears. To broaden the important application of S100P in a
cytologic preparation, in addition to cell blocks, we success-
fully tested the immunodetection of S100P on destained, alco-
hol-fixed FNAB smears. The major problem with the interpre-
tation of FNAB specimens of pancreatic masses is the pres-
ence of a relatively high rate of false-negative and atypical or
suspicious diagnoses. Apart from the difficulties in distin-
guishing WDA from reactive conditions, insufficient material
in cell blocks and/or smears still accounts for many indefinite
diagnoses. As in our studies, none of the 6 atypical or suspi-
cious cases had sufficient materials in cell blocks for staining.

Immunostaining performed on the destained smears showed
that all 6 were positive for S100P. In follow-up, all 6 patients
were proven to have PDA. Therefore, immunodetection of
S100P on destained smears may become useful in correctly
categorizing atypical and suspicious diagnoses and reducing
false-negative diagnoses.

Gastrointestinal epithelial contamination, especially from
EUS-guided FNAB samples, may significantly influence
diagnostic accuracy. Fragments of small-intestinal epithelium
are frequently present in specimens from EUS-guided FNAB
of the pancreas. Identification of gastrointestinal contaminants
may be problematic, even to an experienced cytopathologist;
the diagnostic challenge can be even greater when a diagnosis
of WDA is considered. One previous study reported that

Anatomic Pathology / ORIGINAL ARTICLE

❚❚Image 2❚❚ A and B, Very weak cytoplasmic staining for S100P in benign ductal epithelium (A, ×400) and benign acinar cells (B,
×400). C, Staining edge artifact can be seen as shown on this group of gastrointestinal contaminants (S100P immunostain,
×400). D, Negative immunostaining for S100P for benign glandular cells on the cell block section (×400).
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❚❚Image 3❚❚Two cases with atypical/“suspicious” diagnoses. A and B represent one case, and C and D represent the other, with
diffuse and strong staining for S100P on B (×400) and D (×400) (A, Papanicolaou, ×400; C, Papanicolaou, ×400).
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S100P showed a membranous staining pattern in normal gas-
tric epithelium.25 We tested S100P expression in 5 samples of
gastric epithelium and 5 samples of duodenal epithelium from
surgical specimens. The membranous-cytoplasmic staining

pattern of S100P was observed in 2 of 5 cases of gastric
epithelium (not shown), but no nuclear staining was observed.
All cases of duodenal epithelium were negative for S100P.
Therefore, when gastrointestinal contamination interferes

❚Table 1❚
Summary of S100P Immunochemical Staining Results From Present Study

Type of Specimen S100P Staining Follow-up Data

Cytologic Diagnosis No. of Cases CB Smear Positive Negative PDA Not PDA

PDA 32 26 23 32 0 32 0
Atypical/“suspicious” 6 0 6 6 0 6 0
Benign/reactive 14 10 5 1 13 0 14
Endocrine tumor* 6 4 2 0 6 0 6

CB, cell block; PDA, pancreatic ductal adenocarcinoma.
* Follow-up surgical specimens confirmed the diagnosis of pancreatic endocrine neoplasm.
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with an interpretation of a WDA specimen, application of
nuclear immunostaining for S100P may solve the problem.

In addition, pancreatic endocrine tumors, the second most
common pancreatic neoplasm, accounting for 5% to 10% of
all pancreatic neoplasms, are occasionally included in the dif-
ferential diagnosis, especially when they are less differentiat-
ed. Six cases of pancreatic endocrine tumors were included in
the study, and all 6 cases were negative for S100P.

With respect to the sensitivity and specificity of S100P, the
present study demonstrates a higher diagnostic accuracy than
other tumor-associated markers reported in the literature. A sim-
ilar result with 100% diagnostic sensitivity was also achieved
with pancreatic adenocarcinoma surgical specimens.37

No major technical issues were encountered in this study;
however, 2 caveats are worth mentioning: (1) FNAB smears
should be completely destained before the immunostaining pro-
cedure. Based on our experience, if the previous Papanicolaou
stain was not removed completely, the interpretation may be
inconclusive owing to the weak staining signal and the presence
of strong background staining. As a result, a false-positive or a
false-negative interpretation may be made. In our study, this
staining pattern was noted in 1 case showing positive staining of
benign glandular epithelium on the destained slide and also
strong background staining. Unfortunately, no extra material
from the same case was available for further confirmation. To
maximally attenuate the background staining, in addition to
adequate destaining, it is also important to carefully screen the
smear before the destaining process. Smears with a large
amount of blood, mucin, or other “dirty” materials are more
likely to pick up nonspecific background staining. Hence, these
slides should be avoided if possible. If background staining is
persistent, a reduction of anti-S100P antibody concentration
should be considered. (2) A destained smear should be main-
tained under moist conditions during the staining process; oth-
erwise, a staining edge artifact may occur, which may mistak-
enly be interpreted as a positive result.

The major limitation of the present study is the small
number of cases tested, especially in the categories of normal
and reactive conditions and atypical and suspicious diagnoses.
Therefore, study of a larger number of cases is necessary to
support our findings. Furthermore, a panel of immunostaining
markers containing S100P and the mentioned immunomark-
ers may be an excellent choice to further improve the diagnos-
tic sensitivity and specificity for PDA in FNAB specimens.

Our data indicate that S100P is a sensitive and specific
marker for the detection of PDA on FNAB specimens on
CBSs and direct smears, but caution should be taken in inter-
preting positive results on destained smears because back-
ground staining may be present.
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