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Abstract

There are few reports describing the diagnostic significance
of S100A6 expression in clinical samples obtained from
patients with pancreatic disease. In the present study, we
measured S100A6 expression in pancreatic tissues and juice
to evaluate its involvement in pancreatic carcinogenesis.
We did quantitative real-time reverse transcription-PCR to
measure mRNA expression in microdissected cells and
pancreatic juice samples. Microdissected invasive ductal
carcinoma and intraductal papillary mucinous neoplasm
(IPMN) cells expressed significantly higher levels of S100A6
than did microdissected pancreatitis-affected epithelial and
normal cells (all comparison; P < 0.008). Median levels of
S100A6 in invasive ductal carcinoma were higher than those
in IPMN, and those in pancreatitis-affected epithelial cells
tended to be higher than those in normal cells, although
these differences were not statistically significant. In

analyses of pancreatic juice, IPMN and pancreatic cancer
samples expressed significantly higher levels of S100A6 than
did chronic pancreatitis samples (both; P < 0.017), but levels
in pancreatic cancer and IPMN samples did not differ form
each other. Receiver operating characteristic (ROC) curve
analysis revealed that measurement of S100A6 was useful
for discriminating cancer (area under the ROC curve, 0.864)
or IPMN (area under the ROC curve, 0.749) from chronic
pancreatitis. The present data suggest that expression of
S100A6 is increased in a stepwise manner during pancreatic
carcinogenesis and may be a biomarker for evaluating
malignant potential. Measurement of S100A6 in pancreatic
juice may be useful to detect early pancreatic cancer or
identify individuals with high-risk lesions that may progress
to pancreatic cancer. (Cancer Epidemiol Biomarkers Prev
2007;16(4):649–54)

Introduction

Pancreatic cancer is considered one of the most lethal forms of
cancer because it is difficult to diagnose early and it is resistant
to conventional therapies (1). The major symptoms at
presentation are not sufficiently diagnostic because they are
consistent with benign or inflammatory disease processes.

The importance of distinguishing pancreatic cancer and
chronic pancreatitis is highlighted by reports that 5% to 10%
of resected pancreatic tissues are eventually determined to be
pancreatitis rather than pancreatic cancer (2). However, there
is considerable overlap of the symptoms and clinical data for
pancreatic cancer and pancreatitis. This overlap may in part
reflect the potential for pancreatic cancer to arise in an
environment of pancreatitis and the ability of pancreatic
cancer to induce secondary inflammatory processes.

Cystic lesions of the pancreas are being detected with
increasing frequency due to application of advanced diagnos-
tic imaging technologies. Intraductal papillary mucinous
neoplasm (IPMN) is the most common cystic neoplasm of
the pancreas and was described initially by Ohhashi et al. (3)
in 1982. IPMN is a precursor lesion of a subset of pancreatic
cancer and is often associated with pancreatic cancer occurring
as a separate lesion or as carcinoma derived from IPMN (4).

Thus, it is important to distinguish pancreatic cancer from
IPMN as well as from chronic pancreatitis.

Despite improvements in diagnostic modalities, it is still
difficult to distinguish a small, resectable pancreatic cancer
from chronic pancreatitis or IPMN. Early detection and
diagnosis of pancreatic cancer would certainly improve patient
survival. Therefore, novel screening and diagnostic tools are
needed.

We and other investigators reported that both S100A6
mRNA and protein are overexpressed in pancreatic cancer
(5-7), suggesting that S100A6 may be a promising diagnostic
marker of pancreatic cancer. Although the role of S100A6 has
yet to be clearly defined, it has been implicated in several
cellular processes, such as cell proliferation and invasion (5, 8).
In our previous study, we showed that S100A6 is differentially
expressed between normal epithelial ductal cells or pancreatic
intraepithelial neoplasia (PanIN), which is a precursor lesion
of pancreatic cancer (9), and invasive ductal carcinoma (IDC;
ref. 5). In the present study, to refine our understanding of the
involvement of S100A6 in pancreatic carcinogenesis, we
analyzed S100A6 expression in IPMN and pancreatitis-affected
epithelial (PAE) cells, only small percentage of which have the
potential to progress to pancreatic cancer (10, 11). In addition,
to clarify the clinical significance of S100A6 mRNA expression
in clinical samples, such as pancreatic juice, we used one-step
quantitative real-time reverse transcription-PCR (RT-PCR)
with gene-specific priming, short amplicons, and normaliza-
tion to reference genes. It was reported recently that gene
expression could be measured reliably from degraded RNA
with this procedure (12-14). We successfully measured
S100A6 expression from degraded RNA in pancreatic juice
samples from patients with IPMN and compared expression
levels with those in pancreatic juice from patients with
pancreatic cancer or chronic pancreatitis.
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Materials and Methods

Pancreatic Tissues and Pancreatic Juice. Tissue samples
were obtained from the primary tumor of each resected
pancreas or from peripheral tissues away from the tumor at
the time of surgery at Kyushu University Hospital (Fukuoka,
Japan) as described previously (15). Experienced pathologists
did histologic examination of all tissues adjacent to the
specimens. Pancreatic juice samples were collected from 102
patients with various pancreatic diseases and 5 patients
without pancreatic disease who underwent endoscopic
retrograde cholangiopancreatography for suspected malig-
nancy of the pancreas at Kyushu University Hospital
between January 1, 2002 and August 31, 2005 as described
previously (16). We used pellets of cellular material from
pancreatic juice for preparation of RNAs. We eventually
excluded the data of nine samples in the pancreatic juice
analyses. Three of these nine samples were excluded because
neither signals for S100A6 nor b-actin was detected with
real-time RT-PCR, possibly due to improper sampling,
handling, or storage of samples. Two of the remaining six
samples were excluded because of DNA contamination,
which was confirmed by RT-minus experiments. The
remaining four samples, which were from pancreatitis-
affected pancreata, were excluded because S100A6 could
not be measured quantitatively, although b-actin expression
was detected. Therefore, the final samples included 98
pancreatic juice specimens, including 26 from patients with
pancreatic cancer, 37 from patients with nonmalignant
IPMNs, 30 from patients with chronic pancreatitis, and 5
from patients who underwent endoscopic retrograde chol-
angiopancreatography to rule out pancreatic disease and
were then diagnosed with diseases other than pancreatic
disease. The diagnosis of pancreatic ductal adenocarcinoma
was confirmed by histologic examination of resected speci-
mens when available, but when the case was inoperable, a
clinical diagnosis was made based on imaging findings and
the subsequent outcome of the patient. Staging of pancreatic
cancer was done according to the Japan Pancreas Society
classification (17). Chronic pancreatitis or IPMN was diag-
nosed based on histologic examination of resected specimens
or clinical findings at the time of the initial diagnosis and
during a follow-up period of at least 12 months that
included conventional diagnostic imaging. Cytologic exami-
nation was done by experienced cytologists according to the
classification described previously (18). Class I comprised
benign and nonneoplastic epithelium with no or only slight
dysplasia. Class II comprised regenerative or neoplastic
epithelium with slight dysplasia. Class III included neoplas-
tic epithelium with mild dysplasia corresponding to adeno-
ma. Class IV contained neoplastic epithelium with moderate
dysplasia highly suggestive of adenocarcinoma. Class V was
unequivocal malignant epithelium corresponding to adeno-
carcinoma. Written informed consent was obtained from all
patients, and the study was approved by our institution’s
surveillance committee and conducted according to the
Helsinki Declaration.

Isolation of Total RNA. Total RNA was extracted from cell
pellets of pancreatic juice according to the standard acid
guanidinium thiocyanate-phenol-chloroform protocol (19)
with glycogen (Funakoshi, Tokyo, Japan) and from cells
isolated by laser microdissection with a PicoPure RNA
Isolation kit (Arcturus Bioscience, Mountain View, CA) with
DNase I (Roche Diagnostics, Mannheim, Germany) treatment
according to the manufacturers’ instructions. RNA concen-
trations in extracts were measured in a NanoDrop ND-1000
spectrophotometer (NanoDrop Technologies, Inc., Rockland,
DE), determining the absorbance at 260 and 280 nm (A260/280).
RNA integrity was assessed with an Agilent Bioanalyzer 2100
(Agilent, Palo Alto, CA).

Quantitative Analysis of S100A6 mRNA Levels by One-
step Real-time RT-PCR with Gene-Specific Priming.Weused
one-step quantitative real-time RT-PCR with gene-specific
priming to examine mRNA levels in various types of clinical
samples, which contain weakly or extensively fragmented
RNA. A major advantage of this technology is its ability to
measure gene expression reliably from fragmented RNA
through synthesis of cDNA with gene-specific primers and
utilization of short amplicons and normalization (12–14). We
used specific primers for S100A6 and b-actin as described
previously (5). One-step quantitative real-time RT-PCR with
gene-specific priming was done with a QuantiTect SYBR Green
RT-PCR kit (Qiagen, Tokyo, Japan) with a LightCycler Quick
System 350S (Roche Diagnostics). The reactionmixture was first
incubated at 50jC for 15 min to allow for reverse transcription,
where first-strand cDNA was synthesized with a gene-specific
primer. PCR was initiated with one cycle of 95jC for 10 min to
activate the modified Taq polymerase followed by 45 cycles of
94jC for 15 s, 55jC for 20 s, and 72jC for 10 s and one cycle of
95jC for 0 s, 65jC for 15 s, and +0.1jC/s to 95jC for melting
analysis to visualize nonspecific PCR products because
different fragments appear as separate distinct melting peaks.
Each primer set used in the present study produced a single
melting peak and a single prominent band of the expected size
on microchip electrophoresis. To confirm the presence of DNA
contamination, we did RT-PCR with or without reverse
transcriptase. Each sample was run twice, and any sample
showing a greater than 10% deviation in the RT-PCR value was
tested a third time. Levels of mRNA in each sample were
calculated from a standard curve generated with total RNA
from Capan-1 human pancreatic cancer cells. Expression of
S100A6 mRNA was normalized to that of b-actin .

Microdissection-Based Quantitative Analysis of S100A6
mRNA. Frozen tissue samples were cut into 8-Am-thick
sections. One section was stained with H&E for histologic
examination. IDC cells from 21 sections, nonmalignant IPMN
cells from 28 sections, PAE cells from 20 sections, and normal
pancreatic epithelial cells from 19 sections were isolated
selectively with a laser microdissection and pressure catapult-
ing system (LMPC, PALM Microlaser Technologies, Bernried,
Germany) per the manufacturer’s protocols. After microdis-
section, total RNA was extracted from the selected cells and
subjected to real-time RT-PCR for quantitative measurement of
S100A6 mRNA (19). Twenty-eight samples of nonmalignant
IPMN cells microdissected in the present study were divided
according to the WHO classification (20) into 20 samples of
adenoma and 8 samples of borderline tumor (Table 1).
Recently, a consensus nomenclature and criteria have been
defined for classifying variants as distinctive IPMN subtypes,
including gastric type, intestinal type, pancreaticobiliary type,
and oncocytic type (21). The 20 samples of adenoma comprised
19 gastric-type IPMNs and 1 intestinal-type IPMN, and the
8 samples of borderline tumor comprised 4 intestinal-type
IPMNs and 4 gastric-type IPMNs (Table 1). The proportion of
IPMNs with a gastric versus pancreaticobiliary or intestinal
phenotype in the present study was very high compared with

Table 1. Grade and type of microdissected nonmalignant
IPMNs

Type* Adenoma
c

Borderline
c

Gastric 19 4
Intestinal 1 4
Pancreaticobiliary 0 0
Oncocytic 0 0

*Type was according to classification of IPMN established at the international
consensus meeting held in 2003 (21).
cGrade was according to the WHO classification (20).
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that reported previously (22). In the present study, we used
frozen sections, which were usually taken from an area away
from the center of the main tumor because the main lesions
were fixed with formalin for accurate diagnosis and clinical
decision making. Therefore, formalin-fixed, paraffin-embed-
ded, and frozen sections may show significant differences due
to the locations within the tumor from which they are most
likely taken. In addition, in studies of formalin-fixed and
paraffin-embedded samples, most dysplastic lesions are
typically selected from many sections, whereas the sections
from frozen samples are very limited. Therefore, the studies
with formalin-fixed and paraffin-embedded samples typically
contain a greater proportion of higher-grade IPMNs than
studies with frozen samples. This may underlie the differences
in proportion of IPMN type because pancreaticobiliary or
intestinal phenotypes are often correlated with high-grade
atypia. In the present study, pancreaticobiliary-type and
oncocytic-type IPMNs were not included because such
samples were unavailable, possibly due to the rarity of such
IPMN types in Japan or because we selected nonmalignant
IPMN. Representative photomicrographs of gastric-type and
intestinal-type IPMNs are shown in Fig. 1.

Statistical Analyses. Data were analyzed by Kruskal-Wallis
test if comparisons involved three groups and by Mann-
Whitney U test and Spearman rank correlation test if
comparisons involved two groups because normal distribu-
tions were not obtained. Statistical significance was defined
as P < 0.05. Because we did multiple comparisons, we used
Bonferroni correction; therefore, the adjusted significance
levels were P < 0.008 for microdissection data and P < 0.017
for pancreatic juice data. The patient distribution was
examined by m2 test for categorical variables and by
Kruskal-Wallis test for continuous variables. The optimal
cutoff points for each marker for discriminating between
pancreatic carcinoma or IPMN and chronic pancreatitis were
sought by constructing receiver operating characteristic
(ROC) curves, which were generated by calculating the
sensitivities and specificities of data for each marker at
several predetermined cutoff points with the MedCalc
statistical software package, version 7.6 (MedCalc, Maria-
kerke, Belgium; ref. 23).

Results

Quantitative Analysis of S100A6 Expression in IDC Cells,
Nonmalignant IPMN Cells, PAE Cells, and Normal Epithe-
lial Cells. In our previous study, we evaluated S100A6
expression in normal pancreas bulk tissues and microdissected

PanIN and normal ductal epithelial cells as counterparts of
pancreatic cancer bulk tissues and microdissected IDC cells,
respectively (5). Then, we found that pancreatic cancer bulk
tissues expressed significantly higher levels of S100A6 than
did normal pancreas bulk tissues and also found that micro-
dissected IDC, PanIN, and normal ductal cells expressed
significantly different levels of S100A6 (5).

In the clinical setting, however, it is important to distinguish
pancreatic cancer from benign diseases, such as chronic
pancreatitis and nonmalignant IPMN. IPMN and chronic
pancreatitis samples frequently show changes in expression
of tumor-related genes similar to those in pancreatic cancers
(24-27). Thus, to determine whether S100A6 is differentially
expressed between pancreatic cancer, nonmalignant IPMN,
and chronic pancreatitis, we did laser microdissection to
isolate IDC cells, nonmalignant IPMN cells, PAE cells, and
normal epithelial cells and quantified S100A6 expression in
each cell type with one-step quantitative real-time RT-PCR
with gene-specific priming. As shown in Fig. 2, IDC cells and
IPMN cells expressed significantly higher levels of S100A6
than did PAE cells and normal epithelial cells (IDC or IPMN
versus PAE cells or normal epithelial cells; P < 0.0001). IDC
cells expressed higher levels of S100A6 than did nonmalignant
IPMN cells; however, this difference was not statistically
significant. PAE cells expressed higher levels of S100A6 than
did normal epithelial cells, but this difference also was not
statistically significant.

Nonmalignant IPMN is considered to be a precursor lesion
of a subset of pancreatic cancer. It was reported that a subset of
PAE cells has the potential to progress to pancreatic cancer,
although this is very rare (10, 11). PanIN is also a common
precursor lesion of pancreatic cancer (9). We reported
previously that PanIN cells expressed higher levels of
S100A6 than did normal epithelial cells and lower levels than
did IDC cells (5), which was consistent with the results of an
immunohistochemical study reported by Vimalachandran et
al. (6). Taken together, these data suggest that alteration of
S100A6 expression occurs at a very early stage of pancreatic
carcinogenesis and that expression of S100A6 increases in a
stepwise manner during carcinogenesis.

Quantitative Analysis of S100A6 mRNA Expression in
Pancreatic Juice. The results of our microdissection-based
analyses of isolated cells suggest that S100A6 is a promising
diagnostic marker to distinguish pancreatic cancer from
chronic pancreatitis and nonmalignant IPMN. We analyzed
S100A6 mRNA levels in 93 pancreatic juice samples from
patients with various pancreatic diseases. The baseline
characteristics of the patients included in the present study
are shown in Table 2. The distribution of patients did not

Figure 1. Representative photomicrographs of gastric-type and intestinal-type IPMN. H&E stain. Inset, lower magnification.
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differ significantly for age, sex, or comorbid conditions
between patients with pancreatic cancer, nonmalignant IPMN,
and chronic pancreatitis. Expression of S100A6 was signifi-
cantly higher in pancreatic cancer and IPMN samples than in
chronic pancreatitis samples after Bonferroni correction (P <
0.0001 for pancreatic cancer versus chronic pancreatitis; P =
0.0015 for IPMN versus chronic pancreatitis; Fig. 3). However,
S100A6 expression did not differ significantly between

pancreatic cancer and IPMN samples (P = 0.32; Fig. 3). To
investigate S100A6 mRNA levels in pancreatic juice from
normal pancreata, we analyzed five pancreatic juice samples
from patients with pancreata, which were confirmed to be
normal by endoscopic retrograde cholangiopancreatography,
endoscopic ultrasound, and/or computer tomography. We
found that S100A6 mRNA levels were undetectable or
extremely low in pancreatic juice samples from normal
pancreata compared with levels in neoplastic samples.
S100A6 mRNA levels in normal pancreatic juice were similar
to those of pancreatic juice samples from pancreatitis-affected
pancreata (data not shown).

Table 2. Baseline characteristics of the study population

Pancreatic cancer Nonmalignant IPMN* Chronic pancreatitis P
c

Age (25%-median-75%), y 57-66-73 55-68-71 54-64.5-75 0.6
Sex (M/F ratio) 1.36 1.06 3.00 0.4
Comorbid conditions (%)
Cardiovascular disease 19.2 22.9 17.8 0.88
Diabetes 23.1 28.5 21.4 0.79
Pulmonary disease 15.4 11.4 10.7 0.8

Cytologyb (%)
I-II 53.8 90.9 100 <0.0001
III 34.6 9.1 0
IV-V 11.5 0 0

Stagex of pancreatic cancer (%)
I-III 19.2
IVa and IVb 80.7

Etiology of pancreatitis (%)
Alcoholic 42.9
Idiopathic 32.1
Other 25

Relative expression of S100A6 (25%-median-75%) 5.2-11.3-21.0 4.2-8.2-14.8 0.7-1.7-4.1 <0.0001

*Intraductal papillary mucinous neoplasm.
cFor continuous variables: P for Kruskal-Wallis test. For categorical variables: P for m2 test.
bCytologic classification was as described in previously (18).
xPancreatic cancer was staged according to Japan Pancreas Society Classification (17).

Figure 2. Microdissection-based quantitative analysis of S100A6 . We
isolated IDC cells, nonmalignant IPMN cells, PAE cells, and normal
epithelial cells from frozen sections by microdissection and did one-
step quantitative real-time RT-PCR with gene-specific priming to
analyze expression of S100A6 in these cells. Expression of S100A6
was normalized to that of b-actin . We found that IDC cells and IPMN
cells express significantly higher levels of S100A6 than do PAE cells
and normal ductal epithelial cells. The median value of S100A6 in
IDC cells was higher than that in IPMN cells, although the difference
was not statistically significant (P = 0.043). The median value of
S100A6 in PAE cells was higher than that in normal epithelial cells;
however, the difference was not statistically significant (P = 0.077).

Figure 3. Quantification of S100A6 mRNA expression in pancreatic
juice. Expression of S100A6 in pancreatic juice samples was analyzed
by one-step quantitative real-time RT-PCR with gene-specific priming
and short amplicons and normalized to that of b-actin. S100A6
expression differed significantly between pancreatic juice from
patients with cancer and those with chronic pancreatitis (P <
0.0001) and between pancreatic juice samples from patients with
IPMN and those with chronic pancreatitis (P = 0.0015) after
Bonferroni correction (*, P < 0.017). However, S100A6 expression
did not differ significantly between pancreatic juice samples from
patients with cancer and those with IPMN (P = 0.32).

652 Clinical Significance of S100A6

Cancer Epidemiol Biomarkers Prev 2007;16(4). April 2007

D
ow

nloaded from
 http://cebp.aacrjournals.org/cebp/article-pdf/16/4/649/1745576/649.pdf by guest on 23 April 2024



As shown in Table 2, our pancreatic juice analyses
included 5 (19.2%) samples from patients with stage I, II, or
III pancreatic cancers and 21 (80.7%) samples from patients
with stage IVa and IVb pancreatic cancers. This study also
included pancreatic juice samples from patients with chronic
pancreatitis with different etiologies (Table 2). However, there
were no significant differences in S100A6 expression between
different stages of pancreatic cancers (P = 0.45) or between
different etiologies of chronic pancreatitis (P = 0.36). In the
present study, cytologic class IV or V was considered positive
for a diagnosis of malignancy. The cytologic sensitivity for
diagnosis of pancreatic cancer was only 11.5%, although the
specificity was 100% (Table 2). The distribution of atypical
grades, including class I or II, class III, and class IV or V, was
significantly different between patients with pancreatic
cancer, nonmalignant IPMN, and chronic pancreatitis (P <
0.0001; Table 2). The distribution of atypical grades was
significantly different between patients with pancreatic cancer
and those with chronic pancreatitis (P = 0.0003) and between
patients with pancreatic cancer and those with nonmalignant
IPMN (P = 0.004). However, there was no significant
difference in the distribution of atypical grades between
patients with nonmalignant IPMN and chronic pancreatitis
(P = 0.11). We also examined the correlation between S100A6
expression and cytologic evaluation and found no significant
correlation (P = 0.31).

ROC curves for S100A6 expressions are shown in Fig. 4. The
sensitivity of the S100A6 was determined at several specificity
levels. The area under the ROC curve was 0.864 for pancreatic
cancer versus chronic pancreatitis [95% confidence interval
(95% CI), 0.746-0.941] and 0.749 for IPMN versus chronic
pancreatitis (95% CI, 0.615-0.855). The area under the ROC
curve was 0.555 for pancreatic cancer versus IPMN (95% CI,
0.416-0.688). In particular, a significant difference between the
areas for pancreatic cancer versus chronic pancreatitis and
pancreatic cancer versus IPMN was observed (difference
between areas, 0.309; 95% CI, 0.178-0.440; P < 0.001). These
data indicate that measurements of S100A6 mRNA levels in
pancreatic juice may provide some advantage in discriminat-
ing pancreatic cancer or IPMN from chronic pancreatitis but
not in discriminating pancreatic cancer from IPMN.

Discussion

In the present study, microdissection-based analyses revealed
that IDC, nonmalignant IPMN, PAE, and normal epithelial
cells expressed different levels of S100A6 . Previously, we
reported that IDC, PanIN, and normal epithelial cells
expressed different levels of S100A6 (5). These data suggest
that expression of S100A6 is increased in a stepwise manner
during pancreatic carcinogenesis. The present pancreatic juice
analyses revealed that the levels of S100A6 in pancreatic cancer
and IPMN juice samples were significantly higher than those
in chronic pancreatitis-juice samples. However, the levels of
S100A6 in pancreatic juice did not differ between pancreatic
cancer and IPMN juice samples, which was inconsistent with
the results of the present microdissection-based analyses.
Apparently, contamination of pancreatic cancer juice samples
with premalignant cells could reduce S100A6 levels measured
in total cell pellets from pancreatic juice samples. Thus, to
examine the true levels of S100A6 in highly dysplastic cells in
pancreatic juice samples, microdissection of cell pellets from
pancreatic juice samples is needed. Such studies are presently
under way in our laboratory.

Several pancreatic juice markers, including k-ras mutations,
telomerase activity, and hTERT mRNA, have been reported
(16, 28, 29). Recently, mutations of k-ras in pancreatitis-affected
pancreata and pancreatic cancer were reported (30). Because
k-ras mutation analysis is qualitative, it may be difficult to

monitor the progression of carcinogenesis, whereas the present
S100A6 mRNA analysis is quantitative. We reported previ-
ously that quantitative analysis of telomerase activity is useful
for differentiation of pancreatic cancer from nonmalignant
IPMN or chronic pancreatitis (16, 29). However, there is no
way to check sample quality for telomerase activity assays;
therefore, it is difficult to use this assay in routine clinical
settings. We also reported that quantitative analysis of hTERT
mRNA, which is a subunit of telomerase, is useful for
distinguishing pancreatic cancer from nonmalignant IPMN
(31). Although we can easily check the quality of RNAs, our
results suggested that hTERT analysis is not useful for
distinguishing pancreatic cancer from chronic pancreatitis
because relatively high levels of hTERT mRNA are expressed
by activated lymphocytes in chronic pancreatitis-related
pancreatic juice. In the present study, we found that pancreatic
cancer and nonmalignant IPMN expressed significantly higher
levels of S100A6 than did chronic pancreatitis-related pancre-
atic juice samples. Apparently, activation of telomerase or
overexpression of hTERT mRNA occurs at a later stage of
pancreatic carcinogenesis, whereas overexpression of S100A6
may occur at an early stage of pancreatic carcinogenesis and
may increase in a stepwise manner during the progression of
pancreatic carcinogenesis. Therefore, compared with telomer-
ase activity and hTERT mRNA assays, quantitative analysis
of S100A6 is especially useful for monitoring the progression
of carcinogenesis in individuals with high risk of pancreatic
cancer, such as those with a familial history or chronic
pancreatitis, or for screening individuals with high-risk lesions
that may progress to pancreatic cancer.

To date, no single biomarker has been proven to have
sufficient diagnostic accuracy to serve as a stand-alone means
for early detection and diagnosis of cancer. Thus, biomarkers
can be of significant clinical value by providing evidence to

Figure 4. ROC curve analyses of S100A6 expression in pancreatic
juice samples. Sensitivity of S100A6 analysis was determined at
several specificity levels. The areas under the ROC curve were 0.864
for pancreatic cancer versus chronic pancreatitis (95% CI, 0.746-
0.941) and 0.749 for IPMN versus chronic pancreatitis (95% CI,
0.615-0.855). The area under the ROC curve was 0.555 for pancreatic
cancer versus IPMN (95% CI, 0.416-0.688). The results of ROC
curve analyses suggest that S100A6 expression status can be used to
differentiate pancreatic cancer or IPMN from chronic pancreatitis. Ca,
pancreatic cancer; CP, chronic pancreatitis.
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suspect cancer or, when combined with other clinical data, to
aid in differential diagnosis. In the present study, the S100A6
analyses of pancreatic juice yielded statistically significant dif-
ferences between neoplastic samples, such as pancreatic cancer
and nonmalignant IPMN and chronic pancreatitis samples,
and our microdissection analyses revealed that expression of
S100A6 is increased in a stepwise manner during pancreatic
carcinogenesis. Therefore, S100A6 analysis of pancreatic juice
may aid in differential diagnosis if combined with other clinical
data and may have some advantages to detect or screen
for pancreatic cancer and to follow up with individuals with
high-risk factors, such as familial pancreatic cancer.
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