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Novel quantitative analysis of the S100P protein combined with
endoscopic ultrasound-guided fine needle aspiration cytology
in the diagnosis of pancreatic adenocarcinoma
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Abstract. Specimens obtained with endoscopic ultra-
sound-guided fine needle aspiration (EUS-FNA) are often
tiny and fragmented leading to an inconclusive and doubtful
diagnosis. To overcome the limitations of EUS-FNA in the
cytological diagnosis of pancreatic adenocarcinoma (PCA),
we evaluated whether quantification of the SI0O0P protein
combined with EUS-FNA reliably discriminated between
PCA and benign pancreatic lesions (BPL). A high sensitivity
sandwich ELISA for SIO0P protein was developed to aid in the
detection of PCA in small samples obtained using EUS-FNA.
After experimental verification of the sandwich ELISA with
cell lines and mouse xenograft tumors, 27 consecutive patients
with suspicious PCA who underwent EUS-FNA were enrolled
in the present study examining the combination of SI00P
protein assessment and EUS-FNA cytology. The concentra-
tion of the SI00P protein in EUS-FNA samples from the PCA
group was significantly higher than that in the BPL group
(P=0.04). Using receiver operating characteristic curve anal-
ysis, we determined the S100P protein cut-off value for PCA
diagnosis to be 99.8 ng/ml. The S100P protein levels combined
with EUS-FNA cytology to detect PCA showed the following
diagnostic values: sensitivity, 94.4% [95% confidence interval
(CI), 75.7-99.1%]; specificity, 88.9% (95% CI, 51.8-99.7%);
positive predictive value, 94.4% (95% CI,72.7-99.9%); negative
predictive value, 88.9% (95% CI, 51.8-99.7%); accuracy, 92.6%
(95% CI, 75.7-99.1%); and area under the curve, 0.92 (95% ClI,
0.79-1.00). We established a novel quantitative analysis for the
S100P protein in EUS-FNA samples which, when combined
with EUS-FNA cytology, could provide promising results for
the reliable diagnosis of PCA.
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Introduction

Endoscopic ultrasound-guided fine needle aspira-
tion (EUS-FNA) is reported to be a safe and useful method
for obtaining diagnostic tissue samples in cases of suspicious
pancreatic adenocarcinoma (PCA) (1). However, specimens
obtained with EUS-FNA are often tiny and fragmented leading
to an inconclusive and doubtful diagnosis in up to 20% of patients
with PCA (2-4). A variety of factors, such as desmoplastic reac-
tion in PCA associated with poor cellularity (4-8), difficulty in
discriminating between well-differentiated PCA and reactive
atypia (9,10), and technical aspects of EUS-FNA (11-15), may
lead to inconclusive or doubtful diagnoses in small EUS-FNA
samples. In addition, the sensitivity of EUS-FNA for PCA
ranges widely from 44 to 100% (1,16), and the negative predic-
tive value (NPV) also shows an enormous spread (16-92%) (17).
Thus, negative results cannot completely exclude malignancy,
and diagnosing PCA using EUS-FNA is still challenging.

PCA is characterized by a variety of molecular alterations,
and molecular and biological markers for diagnosing PCA
have been developed. Among these markers, SIOOP has been
noted as a detection marker for PCA (18,19). S100P is specifi-
cally expressed in PCA cells with a high frequency (10,19-27).
Moreover, a meta-analysis investigating whether S1I00P can
detect PCA using EUS-FNA or surgical specimens showed
a pooled sensitivity, specificity, and area under the receiver
operating characteristic (ROC) curve (AUC) of 87% [95%
confidence interval (CI), 83-90%)], 88% (95% CI, 82-93%) and
0.927, respectively (28).

However, these studies assessing SI00P in EUS-FNA
samples used mRNA quantification or immunohistochemical
(IHC) analysis (10,19,21-27,29). When samples are collected
from pancreatic lesions by EUS-FNA, there is a potential
risk that mRNA is exposed to RNase digestion, resulting
in the fragmentation of mRNA (4,22,30). In addition, IHC
analysis can only be achieved, when an adequate amount of
EUS-FNA sample is obtained (4,29). Thus, detection of SI00P
using mRNA quantification or IHC analysis from EUS-FNA
samples has limitations, and hence, a detection method for
S100P in small EUS-FNA samples is needed.

There have been no studies on the assessment of the SI00P
protein itself in any pathological samples, including EUS-FNA,
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surgical and serological samples. Thus, the quantification
of the S100P protein itself may overcome the limitations
observed with mRNA and IHC analysis in small pancreatic
samples obtained by EUS-FNA, and provide promising results
for the diagnosis of PCA.

Therefore, the aim of the present study was to establish a
novel, simple system of quantifying the SI00P protein even
in small EUS-FNA samples and evaluate whether quantita-
tive analysis of the SI00P protein combined with EUS-FNA
cytology can provide a reliable diagnosis for PCA.

Materials and methods

The present study consisted of 3 parts: i) the ex vivo devel-
opment of a high sensitivity sandwich ELISA for the S100P
protein as a quantitative analysis for detecting small amounts
of PCA cells in tiny EUS-FNA samples, ii) the in vivo evalua-
tion of this newly developed assay using cell lines and mouse
xenograft tumors, iii) a pilot clinical trial to investigate the effi-
cacy of S100P protein assessment combined with EUS-FNA
cytology for the diagnosis of PCA.

Ethics statement. All mice used in the present study were
cared for according to animal care regulations of national and
international guidelines (The National Institutes of Health
Guide for the Care and Use of Laboratory Animals and the
ARRIVE Guidelines). Animal protocols were approved by
the Animal Care Committee of the Jikei University School of
Medicine (identification no. 24-044). All efforts were made to
minimize suffering.

The clinical trial was approved by the Human Subjects
Committee at the Jikei University School of Medicine
[identification no. 26-109 (7614)], and was subsequently
registered with the University Hospital Medical Information
Network (UMIN) Clinical Trials Registry (identification
no. UMINO000015871). The clinical trial was conducted in
accordance with the Declaration of Helsinki. All participants
provided written informed consent to participate in the study.

Development of a quantitative determination method for the
SI100P protein

Microplates, standard antigens, antibodies and reagents
for the SIOOP sandwich ELISA. For the ex vivo analysis,
we utilized 96-well Optimiser™ microplates and their
accompanying reagents, which were purchased from Siloam
Biosciences, Inc. (Cincinnati, OH, USA). His-tagged human
recombinant SIO0P (1-95) (no. ATGP 0565) was used as the
standard antigen and was purchased from ATGen Co., Ltd.
(Seongnam-si, Gyeonggi-do, Korea). SI00P rabbit mono-
clonal antibody (no. GTX63569) was used as the capture
antibody (GeneTex Inc., Irvine, CA, USA), and human S100P
monoclonal antibody was used as the detection antibody
(no. MAB2957; R&D Systems Inc., Minneapolis, MN, USA).
Biotin, for labeling the detection antibody and Sample Diluent
Concentrate 2™ (no. DYCO002) were also purchased from
R&D Systems. Leupeptin (no. L8511) was purchased from
Sigma-Aldrich (St. Louis, MO, USA) and aprotinin from
bovine lung (no. 018-18111) was purchased from Wako Pure
Chemical Industries Ltd. (Osaka, Japan). To make solubilized
samples for the SIOOP ELISA, we originally produced a new
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buffer named ‘Lysis Buffer No. 9° which consisted of 1%
NP-40 alternative, 20 mM Tris, 137 mM NacCl, 10% glycerol,
2mM EDTA, 1 mM activated sodium orthovanadate, 10 zg/ml
aprotinin and 10 gg/ml leupeptin.

Assessment of total protein concentration in each sample
by bicinchoninic acid (BCA) protein assay prior to SIOOP
protein analysis. To determine the effective dilute concentra-
tion of the solubilized samples for SI00P protein analysis,
and to evaluate whether human EUS-FNA samples contained
cell components and could be useful as a rapid on-site test,
total protein concentrations in the solubilized samples were
analyzed by the BCA protein assay, using the Micro BCA™
Protein Assay kit (no. 23235) purchased from Thermo Fisher
Scientific Inc. (Waltham, MA, USA). The total protein concen-
tration of each sample was determined by an absorbance plate
reader (XR680TM; Bio-Rad Laboratories Inc., Hercules, CA,
USA), according to the manufacturer's instructions.

SI00P protein assessment protocol by sandwich ELISA.
According to the total protein concentration results, each solu-
bilized sample was diluted to an effective assessment range by
adding sandwich ELISA blocking buffer (no. OM-055; Siloam
Biosciences, Inc.); for cell lines and xenograft tumors, dilutions
were to 500, 100 and 50 pg/ml of protein, and for human samples
to 50,25, 12.5, 6.25,3.13, 1.56 and 0.78 ug/ml of protein.

Using the same conditions described in the manufacturer's
users manual for human vascular endothelial growth factor
(Document ID: ETS-1-MS-0011-A1; Siloam Biosciences,
Inc.), a 96-well Optimiser™ microplate was coated with
GTX63569 as a capture antibody and blocked. S100P stan-
dard antigen or solubilized samples were dispensed to each
well, then biotinylated MAB2957 was added as the detection
antibody. After the accompanying horseradish peroxidase and
fluorescent substrate were added, fluorescence intensity was
assessed using a fluorescence plate reader (2300 EnSpire™;
PerkinElmer, Inc., Waltham, MA, USA) with an excitation
wavelength of 570 nm and an emission wavelength of 585 nm.
Finally, the concentration of SI00P protein in the samples was
determined by comparison to the standard curve. This protocol
was performed twice, and the concentrations of SIO0P protein
were averaged.

Quantification of the SI00P protein in cell lines and xenograft
tumors

Cell line preparation for the assessment of the SIOOP protein.
AsPC-1, PANC-1 and MIA PaCa-2 were used as human PCA
cell lines. MCF-7 (a human breast cancer cell line), known
as an S100P-expressing tumor, was also used as a positive
control for S100P. Fibroblasts obtained from the primary
culture of PCA, hTERT-HPNE E6/E7/K-RasG12D/st human
normal pancreatic duct epithelium [hTERT1, no. CRL4039;
American Type Culture Collection (ATCC), Manassas, VA,
USA] and human umbilical vein endothelial cells (HUVECsS,
no. C12208; PromoCell GmbH, Heidelberg, Germany) were
used as non-cancerous cell lines.

FNA sampling of xenograft tumors from mice to quantify the
S100P protein. PANC-1 (2x10° cells/mouse), MIA PaCa-2
(2x10° cells/mouse) and AsPC-1 (1x10° cells/mouse) were
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subcutaneously inoculated into the back of two 6- to 8-week-old
female NOD/Shilic-scid mice (Clea Japan Inc., Tokyo, Japan).
All mice were maintained under controlled conditions (specific
pathogen-free conditions, 22°C, 55% humidity, 12-h light/dark
cycle), with food and water ad libitum, in groups of 2/cage.
Tumor growth was monitored weekly by caliper measurements.
Animal husbandry and daily care were provided by veterinary
technicians. When a tumor grew to 15 mm, the maximum
diameter, the mice were sacrificed by occipital dislocation
under general anesthesia. Xenograft tumor tissues were then
sampled with an FNA using a 22-gauge needle (Expect™,;
Boston Scientific, Boston, MA, USA). Each FNA sample was
solubilized by adding x2 the volume of Lysis Buffer No. 9, and
incubated on ice for 15 min. After centrifugation at 2,000 x g
for 5 min, the supernatants were transferred to clean test tubes
and stored at -80°C until analysis.

Clinical pilot trial in patients with suspicious pancreatic
carcinoma
Patients. After the successful development of the quantita-
tive assay for the S100P protein, consecutive patients with
suspicious pancreatic carcinoma who were referred for
EUS-FNA sampling at Jikei University Hospital and Jikei
University-affiliated institutions were prospectively recruited
in this pilot study between October 12, 2014 and September
1, 2016. The inclusion criteria were as follows: i) patients
>20 years old, ii) provision of written informed consent to
participate in the present study, and iii) presence of a suspi-
cious pancreatic carcinoma which was detected by at least a
single investigational modality such as computed tomography,
magnetic resonance imaging or EUS. The exclusion criteria
were as follows: i) internal use of an antiplatelet or anticoagu-
lant agent, ii) bleeding disorders, acute pancreatitis, treatment
history of radiology or chemotherapy, iii) inability to sample
the lesion due to the presence of intervening blood vessels, and
iv) pancreatic lesions such as cystic neoplasms with the risk of
peritoneal dissemination by puncture.

Before the trial began, we empirically anticipated that the
number of participants required was 30 cases at least to evaluate
the feasibility of this novel technology in the phase I trial (31).

Tissue sampling method for EUS-FNA. EUS was performed
using a curvilinear echoendoscope (GF-UCT260; Olympus
Medical Systems, Tokyo, Japan) under conscious sedation using
intravenous midazolam and pethidine with color Doppler ultra-
sound assistance. EUS-FNA was performed with a 19-, 22- or
25-gauge needle (Expect™) by 5 endosonographers (3 experts
and 2 trainees). During a puncture, the needle traversed the
lesion to and fro >10 times with negative aspiration using a
20 ml syringe. Without on-site evaluation, 2 or 3 EUS-FNA
punctures are routinely performed for pancreatic lesions to
obtain an adequate specimen for cytological diagnosis at our
institution (32). The specimen obtained with one of the punc-
tures was transferred to a clean test tube and immediately stored
at -80°C for later quantitative analysis of the SIOOP protein,
while the remaining specimen obtained with 1 or 2 punctures
was used for cytological diagnosis. Thus, for the purpose of
evaluating the utility of the SI00P protein assessment combined
with EUS-FNA cytology, we never performed an additional
puncture to obtain the specimen for the SI00P protein analysis.

1945

Preparation of EUS-FNA samples prior to the quantification
of SI00P protein. On the day of analysis, the volume of each
EUS-FNA sample was first assessed. Then, the samples were
solubilized by adding x2 the volume of Lysis Buffer No. 9, and
incubated on ice for 15 min. When the sample volume was
<10 ul, 10 ul of Lysis Buffer No. 9 was added. Following the
incubation on ice, the samples were centrifuged at 2,000 x g
for 5 min and the supernatant was transferred to a clean test
tube. Total protein concentrations were then assessed by BCA
protein assay prior to quantification of the SI00P protein.

Test methods (index test, cut-off value, reference standard).
We complied with the Transparent Reporting of Evaluations
with Nonrandomized Designs (TREND) statement and the
Standards for Reporting Diagnostic Accuracy Studies 2015
(STARD 2015) (33,34). The definition of a positive cytological
test was V. Suspicious (for malignancy) and VI. Positive/malig-
nant’ according to the Papanicolaou Society of Cytopathology
Guidelines for pancreatobiliary cytology (35-37). For the
S100P protein analysis, the index test represented the concen-
tration of the S100P protein in the human FNA samples. The
definition of the index test ‘positivity’ and the ‘cut-off value’
were determined from ROC curves. An ‘inconclusive’ index
test represented the inability to quantify the S100P protein due
to a low concentration of total protein (<10 mg/ml). The refer-
ence standard represented the final diagnosis of the pancreatic
mass, on the basis of a pathological diagnosis from the surgical
specimen or an overall determination from the clinical course
with an observation period of >6 months.

Outcome measures. In this human trial, the primary end point
was the evaluation of the accuracy of the SI00P protein quan-
tification combined with EUS-FNA cytology to detect PCA.

Statistical analysis. The Kruskal-Wallis and Mann-Whitney
tests were used to evaluate comparisons of SI00P protein
concentrations among cell lines, xenograft tumors and human
EUS-FNA samples. The Mann-Whitney test was also used
to evaluate the difference in SI0O0P protein concentrations
between patients with PCA and benign pancreatic lesions
(BPL). The linear regression test was used to evaluate the
correlation between S100P protein concentration and the
clinical stage, or the concentration of total protein in human
EUS-FNA-samples. ROC curves and AUC were used to
assess the diagnostic performance of the quantitative S100P
protein analysis alone, and in combination with EUS-FNA
cytology. The cut-off value was determined by ROC curve,
which revealed the highest sum of sensitivity and specificity
for the diagnosis of PCA. A P-value of <0.05 was considered
significant. All analyses were performed using Stata version 13
(StataCorp LP, College Station, TX, USA).

Results

Quantitative analysis specific for the SIOOP protein in an
ex vivo experiment. The antibodies (GTX63569 and MAB2957
with biotin labeling) used in the sandwich ELISA exhibited
high specificity for the S1I00P antigen, and cross reactivity
with other relevant proteins was not observed. A standard
curve was constructed using the S100P standard antigen,
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Figure 1. Comparison of SI00P concentration in each cell line and each xenograft tumor provided by fine needle aspiration. The concentration of the undiluted
solution was calculated in accordance with the dilution rate. "Kruskal-Wallis test. "Mann-Whitney U test. “Fine needle aspiration samples obtained from
xenograft mice. *Cancer-associated fibroblasts. ""TERT-HPNE E6/E7/K-RasG12D/st human normal pancreatic duct epithelium.

and a linear approximation equation (y = 157x + 347.38)
was calculated from the standard curve plot, allowing S100P
protein concentrations to be determined in each sample. The
effective assessment range of the assay was from 1.5625
to 50.0000 pg/ml S100P protein.

S100P protein concentrations in cell lines and xenograft
tumors. The amount of S100P protein in the cultured cells and
xenograft tumors was determined using ELISA (Fig. 1). The
S100P protein concentration in AsPC-1 xenograft tumors was
higher than that in the AsPC-1 cultured cells, and the concen-
tration in the cultured AsPC-1 cells was higher than that in
the MCF-7 cells, the positive control for the SI00P protein.
Although, the SI00P protein was not detected in the cultured
PANC-1 cells, the PANC-1 xenograft tumors showed signifi-
cant S100P protein concentrations, while the MIA PaCa?2 cells
had no detectable SI00P protein in either the cultured cells
or the xenograft tumors. The non-cancerous cells (fibroblasts
derived from the PCA primary culture, hTERT1 and HUVECs)
also had no detectable S100P protein.

Clinical pilot trial. A total of 41 adult patients with a pancre-
atic mass were enrolled in the first entry, and 7 patients were
excluded due to intraductal papillary mucinous neoplasm (n=1),
the presence of intervening blood vessels (n=5) and ascites
(n=1). A total of 34 patients underwent diagnostic EUS-FNA.
No procedure-related adverse events were observed during the
present study. Of the 34 patients that underwent EUS-FNA,
7 patients were excluded due to cytodiagnosis only owing to
difficult puncture location or a tiny amount of tissue (n=5),
contamination by alcoholic fixative (n=1) and indetermination
of final diagnosis (n=1).

Finally, 27 patients were enrolled in the present study,
according to the inclusion and exclusion criteria, and

cytology and S100P protein analysis were performed on all
patients (Fig. 2). The baseline demographic and clinical char-
acteristics of the patients are shown in Table I. There was no
patient lost in follow-up in the present study.

The final diagnosis was PCA in 18 patients, chronic
pancreatitis in 3, autoimmune pancreatitis (AIP) in 5, and a
normal pancreas in 1. Six patients among the 18 with PCA
underwent surgical resection. For the patients with PCA,
the clinical stage at the time of enrollment according to the
American Joint Committee on Cancer TNM staging was
stage IIb in 6 patients, stage III in 1 patient, and stage IV
in 11 patients; there were no patients with stage Ia, Ib or Ila
in the present study. The mean serum level of CA19-9 and
CEA in patients with PCA was 1,465.8 U/ml and 10.8 ng/ml,
respectively, and in patients with BPL it was 232.7 U/ml and
4.0 ng/ml, respectively.

The S100P protein could not be quantified in the
EUS-FNA samples of 5 (3 with PCA, 1 with AIP and 1 with
chronic pancreatitis) of the 27 patients due to low total protein
concentrations of <10 mg/ml (index test inconclusive, Fig. 2).
In fact, for these samples, serial dilutions in the range of the
assay produced non-linear values for the S1I00P protein. Thus,
EUS-FNA conducted in our routine manner (32) yielded
samples that were adequate for SI00P protein quantification in
22 of the 27 patients (81.5%). In these 22 patients, the S1I00P
protein concentration was assessed as the index test (Fig. 2).

When the 22 patients with a conclusive index test were
divided into 2 groups, PCA (n=15) and BPL (n=7) (the latter
consisting of 2 patients with chronic pancreatitis, 4 with
AIP, and 1 with a normal pancreas), the mean total protein
concentration was 75.7 mg/ml (range, 10.2-155.0 mg/ml)
and 43.5 mg/ml (range, 17.9-70.1 mg/ml), for PCA and BPL,
respectively. The mean volume of EUS-FNA sample in the
PCA and BPL groups was 61.4 ul (range, 0.5-320.0 ul) and
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| Potentially Eligible Participants (N=41) I

Excluded (N=7)
+ Intraductal Papillary Mucinous Neoplasm (N=1)

* Hyper Vascular (N=5)
* Ascites (N=1)

ESU-FNA" was Performed (N=34)

Excluded (N=7)

* Cytodiagnosis only (Due to Difficult Puncture

Location or a Tiny Amount) (N=5)
+ Contamination by Alcoholic Fixative (N=1)
* Indetermination of Diagnosis (N=1)

Eligible Participants (n=27)
EUS-FNA sample was divided’ into cytological specimens and small samples for total protein (BCA) and S100P protein analysis

v

| BCA? Protein Assay (n=27) |

v

| Index test for S100P protein analysis (n=27) |

| Index test negative (n=10) |

| Index test positive (n=12) |

| Index test inconclusive § (n=5) I

_"'I No reference standard (n=0) |

‘.I No reference standard (n=0)

"i No reference standard (n=0) I
y

| Reference standard (n=10) I

| Reference standard (n=12) |

I Reference standard (n=5) |

v

Final diagnosis Final diagnosis
PCA" present (n=4)

PCA absent (n=6)

PCA present (n=11)
PCA absent (n=1)

Final diagnosis
PCA present (n=3)
PCA absent (n=2)

Figure 2. STARD flow diagram of the study. Index test represents SI00P analysis with the cut-off value of 99.8 ng/ml. Negative index test is less than the cut-off
value and a positive index test is equal to or more than the cut-off value. “Endoscopic ultrasound-guided fine needle aspiration. "The FNA samples for the new
device were obtained by 1 pass or by flushing out the residual material with air. A total amount of 1 or 2 passes by EUS-FNA were used for cytological diag-
nosis. ‘Bicinchoninic acid. ¥S100P protein analysis could not be quantified, due to low total protein concentrations (<10 mg/ml) which consisted of pancreatic
adenocarcinoma in 3 patients, autoimmune pancreatitis in 1 and chronic pancreatitis in 1. "Pancreatic adenocarcinoma.

7.0 ul (2.0-12.0 pl), respectively. The smallest EUS-FNA
sample volume was 0.5 pl from a patient in the PCA group,
however the S100P protein was still assessable at 318.9 ng/ml.

S100P protein concentrations in FNA samples from
the PCA group were significantly higher than in the BPL
group (404.5+480.5 vs. 94.0+149.4 ng/ml, respectively;
P=0.04, Fig. 3). In addition, the FNA samples from the PCA
group had significantly higher S100P protein concentra-
tions than AsPC-1 cultured cells and AsPC-1 xenograft
tumors (404.5 vs. 4.09 vs. 10.85 ng/ml, respectively; P<0.05,
Figs. 1 and 3).

Excluding the 5 patients with the inconclusive index tests,
linear regression analysis revealed that there was no correla-
tion between the progression of PCA as assessed by the
clinical stage and the concentration of the S1I00P protein (n=15,
P=0.142, R?=0.158; Fig. 4A). There was also no correlation
between the concentrations of the SI00P protein and the total
protein (n=22, P=0.679, R?>=0.009, Fig. 4B), demonstrating
the specificity and lack of cross-reactivity with other relevant
proteins in the SIO0P protein assay.

Diagnostic accuracy for the quantitative analysis of the
SI00P protein, EUS-FNA cytology and both tests combined.
A ROC curve analysis was performed using the results of the

22 EUS-FNA samples with conclusive index tests to deter-
mine the cut-off value for the SI00P protein concentration for
the detection of PCA. The ROC curve analysis determined an
S100P protein concentration of 99.8 mg/ml to be the cut-off
value for the detection of PCA (Fig. 5). Using this cut-off value,
among the 12 patients with a positive index test, 11 patients
were finally diagnosed with PCA, and 1 patient with BPL
(S100P protein concentration, 425.8 ng/ml). In contrast,
among the 10 patients with negative index tests, 4 patients
were finally diagnosed with PCA and 6 with BPL (Fig. 2).
The sensitivity, specificity, positive predictive value (PPV),
NPV, accuracy and AUC of SI00P protein concentrations to
detect PCA were 73.3, 85.7, 917, 60.0, 77.3 and 0.78, respec-
tively (Table II and Fig. 5).

In addition, the sensitivity, specificity, PPV, NPV, accuracy
and AUC of EUS-FNA cytology alone to detect PCA in all
27 patients, including the 5 patients with the inconclusive
index tests, were 77.8, 100, 100, 69.2, 85.2 and 0.89%, respec-
tively (Table II).

The sensitivity, specificity, PPV, NPV, accuracy and AUC
of CEA/CA19-9 to detect PCA, according to our institutional
cut-off value (5.8 ng/ml of CEA and 37.0 U/ml of CA19-9), in
all 27 patients were 58.8/94.4, 77.7/55.6, 83.3/80.9, 50.0/83.3,
65.4/81.4 and 0.75/0.81%, respectively (data not shown).
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Table I. Patient characteristics.

Patients
Characteristics (n=27)
Age, mean (range), years 70.0 (37-86)
Gender (male/female) 16/11
Final diagnosis®
Pancreatic adenocarcinoma
Clinical stage®
IIb 6
I 1
v 11
Chronic pancreatitis 3
Autoimmune pancreatitis 5
(type 1)°
Normal pancreatic tissue 1

Size of pancreatic lesion,
mean (range), mm

29.5 (13.0-42.0)

No. of needle passes, 2.6 (0.85)
mean (SD)?
Needle size (gauge)

19 1

22 19

25 4

22 and 25 3
CEA® in PCA/BPL, 10.8 (11.7)/4.0 (1.6)
mean (SD), ng/ml
CA19-9¢ in PCA/BPL, 1465 .8 (2535.1)/232.7 (407.3)
mean (SD), y/ml

Values are the number of patients, unless otherwise stated. “Samples
from 6 patients were diagnosed by surgical procedure. *Based on the
American Joint Committee on Cancer TNM Staging of Pancreatic
Cancer (2010). “Based on the International Consensus Diagnostic
Criteria for Autoimmune Pancreatitis: Guidelines of the International
Association of Pancreatology (2011). “One needle pass was used for
S100P protein analysis. °Blood tumor markers. SD, standard deviation;
PCA, pancreatic adenocarcinoma; BPL, benign pancreatic lesions.

20004 *P=0.04

=
;

1000+

004

ST00P protein (ng/ml)

° +

04 —& §

BPL gmﬁp (n=T) PCA grn;;p (n=15)

Figure 3. SI00P protein concentrations assessed in BPL and PCA from human
fine needle aspiration samples (n=22, excluding patients with total protein
concentrations <10 mg/ml). Scatter plot shows the median (BPL=38.3 ng/ml,
PCA=288.7 ng/ml, horizontal line) and the range of the values. The SI00P
protein concentration was significantly higher in the PCA group than that
in the BPL group ("P=0.04, Mann-Whitney test). BPL, benign pancreatic
lesions; PCA, pancreatic adenocarcinoma.
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(B) total protein concentration analyzed by linear regression test (n=22).
(A) The analysis excluded the 12 patients from the benign group and those
with low total protein concentrations (<10 mg/ml) in their EUS-FNA
samples. No correlation was observed between S100P concentration and
the clinical stage of pancreatic adenocarcinoma. (B) The analysis excludes
the 5 patients with low total protein concentrations (<10 mg/ml) in their
EUS-FNA samples. No correlation was observed between total protein and
S100P protein concentration, which showed the specificity and lack of cross-
reactivity with other relevant proteins in the SIOOP protein assay. EUS-FNA,
endoscopic ultrasound-guided fine needle aspiration.

When EUS-FNA cytology was combined with the quan-
titative analysis of S100P protein, 1 patient with BPL and
2 patients with PCA revealed negative cytology results but
positive index tests for SI00P protein. Therefore, the sensi-
tivity, specificity, PPV, NPV, accuracy and AUC of S100P
protein concentrations combined with EUS-FNA cytology to
detect PCA in the 27 patients were 94.4, 88.9, 94.4, 88.9, 92.6
and 0.92%, respectively (Table II).

Discussion

To date, evaluation of SIO0P using tissue samples has been
conducted retrospectively using qualitative real-time reverse
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Table II. Diagnostic performances of the quantitative analysis of S100P protein, endoscopic ultrasound-guided fine needle aspira-
tion (EUS-FNA) cytology, and the combination of EUS-FNA cytology and S100P protein quantification for detecting PCA.

S100P protein ELISA* (%)

EUS-FNA cytology® (%)

Combination®* (%)

Sensitivity (95% CI)

Specificity (95% CI)

Positive predictive value (95% CI)
Negative predictive value (95% CI)
Accuracy (95% CI)

Area under the curve (95% CI)

73.3 (44.9-92.2)
85.7 (42.1-99.6)
91.7 (61.5-99.8)
60.0 (26.2-87.8)
77.3 (54.6-99.8)
0.78 (0.55-1.00)

77.8 (52.4-93.6)
100 (66.4-100)
100 (76.8-100)

69.2 (38.6-90.9)

85.2 (66.3-95.8)

0.89 (0.79-0.99)

94.4 (75.7-99.1)
88.9 (51.8-99.7)
94.4 (72.7-99.9)
88.9 (51.8-99.7)
92.6 (75.7-99.1)
0.92 (0.79-1.00)

*Analysis of the S100P protein included 22 of the 27 patients; those with a low total protein concentration (<10 mg/ml) were excluded (n=5).
The cut-off value for the S100P protein concentration was 99.8 ng/ml. "All eligible patients (n=27) were included in the analysis of EUS-FNA
cytology alone and in the combination analysis. °S100P protein ELISA + EUS-FNA cytology. PCA, pancreatic adenocarcinoma; CI, confidence

interval.
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Figure 5. Diagnostic performance of the quantitative SI00P protein analysis
to diagnose a solid pancreatic mass (n=22, excluding patients with total
protein concentrations <10 mg/ml). This figure shows the ROC curve and
area under the ROC curve value of 0.7762. The cut-off value of 99.8 ng/ml is
shown by the arrow; this value gives the highest sensitivity and specificity.
BPL, benign pancreatic lesion (chronic pancreatitis, autoimmune pancre-
atitis and normal pancreatic tissue); PCA, pancreatic adenocarcinoma; ROC,
receiver operating characteristic.

transcription PCR (RT-PCR) or IHC (10,19,21-27,29). In addi-
tion, limitations of real-time RT-PCR using pancreatic tissue
have been reported, such as the frequent occurrence of frag-
mentation or degradation of SIOOP mRNA due to rich RNase
in the pancreas (4,30). In fact, nearly 50% of FNAs cannot
be reliably examined using mRNA analysis (4). Moreover,
in order to assess the expression of SI00P expression while
preventing the fragmentation of mRNA in real-time RT-PCR,
the separation of pure PCA cells from strong alkaline pancre-
atic juice, and the isolation of total cellular RNA from PCA
tissue, are required (4,22,23,26,30,38). Thus, evaluation of
S100P in pancreatic tissue samples with real-time RT-PCR
includes cumbersome preparatory procedures. IHC does
not have the limitations of real-time RT-PCR and can be
achieved even in EUS-FNA samples. However, IHC can only
be performed when adequate amounts of cells are collected,
fixed and embedded in paraffin (4,29). Staining edge artifacts

and non-specific background staining from contamination can
also be a problem with THC (29). In addition, when EUS-FNA
of the pancreatic mass is performed via a transgastric punc-
ture, a diagnosis of PCA should be made carefully, since the
EUS-FNA sample could contain gastric tissue, and the normal
gastric epithelium is strongly stained by S100P (27,29,39).

EUS-FNA samples of PCA and in vivo AsPC-1 xenograft
tumors showed higher concentrations of SI00P protein than
in vitro AsPC-1 cultured cells, even though AsPC-1 cultured
cells had 100% pure cellularity. Along with our novel finding
of S100P protein production in PANC-1 xenograft tumors,
these results suggest that in vivo samples may be more acti-
vated to produce S100P protein, and fewer PCA cells may be
required to quantify the S1I00P protein, compared to in vitro
samples. Activation of the SIOOP production may be associ-
ated with various environmental factors. In fact, SI00P plays a
significant role in cancer activation, proliferation and immor-
talization (40-43).

In the different cell lines, the high levels of SIO0P protein in
MCF-7 and the low levels in MIA PaCa-2 and PANC-1 cells are
in agreement with studies using PCR methods (20,22 ,41,44) or
immunoblotting (42). These findings indicate that the degree
of S100P protein production is associated not only with SI00P
activation, but also the type of cancer cell. SI00P activates
mitogen-activated protein kinase and nuclear factor-xB
pathways through the receptor of advanced glycation end
products, and its expression increases tumor growth and
metastasis (40-42). Therefore, our results indicate that the
activation of PCA and its potential aggressiveness may be
evaluated with the quantitative analysis of the SIO0P protein
before surgery or chemotherapy. However, the present study
showed no correlation between the clinical stage of PCA and
the concentrations of the S1I00P protein in EUS-FNA-samples,
although other studies have proposed that the expression
levels of S100P increase during pancreatic cancer progression
from the early stage to invasive adenocarcinoma (21,41).
Other investigations of cholangiocarcinoma also showed that
patients with high expression of SI00P had a more advanced
stage and a higher mortality and metastasis rate than patients
with low expression of SIOOP (45). The discrepancy between
the present study and other research may be partly explained
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by the variety of sample volumes and the concentration of
total protein in the EUS-FNA samples. In addition, the present
study did not contain early-stage cases of PCA. Therefore,
larger sample sizes with early-stage cases may be needed to
confirm the prognostic prediction of the SI00P protein in
EUS-FNA samples.

EUS-FNA samples with low protein concentration assessed
by the BCA protein assay showed inconclusive results for the
S100P protein. In contrast, the SI00P protein was detectable
in EUS-FNA samples with a small volume of 0.5 pl. These
results show that the limiting factor for the SIOOP analysis is
not the volume of the sample but the total protein concentra-
tion in the EUS-FNA sample. Moreover, the results indicate
that EUS-FNA samples with low protein concentrations may
only have a few PCA cells, since in some cases a major
portion of the EUS-FNA sample can be comprised of other
contaminants. However, the pathological assessment of poor
cellularity or contamination was virtually impossible in the
present study, since EUS-FNA samples were all solubilized for
S100P protein analyses due to the ultra-low volume produced
by one needle pass.

An average of 2.6 EUS-FNA passes resulted in a high
sensitivity of 94.4% using EUS-FNA cytology combined with
S100P protein quantification. Suzuki et al (14) reported an
association between the sensitivity and the pass number with a
25-gauge needle for EUS-FNA for solid pancreatic lesions. The
sensitivity was increased by adding passes; 53% by 1 pass, 73%
by 2 passes, 87% by 3 passes, and 93% by 4 passes. It should be
noted, however, that our pilot study cannot be compared with
Suzuki's study, since the study designs and sample sizes varied.
However, our average of 2.6 passes with a high diagnostic value
indicates that the combination of EUS-FNA cytology plus
S100P protein assessment produces a high sensitivity while
decreasing the number of passes as well as a variety of risks,
such as bleeding, pancreatitis, peritoneal dissemination, proce-
dure time, costs and patient discomfort. In addition, our results
show a high NPV (88.6%) for the combination analysis, which
indicates that this method holds the potential for improving the
limitations of EUS-FNA with low NPV (17).

The significant difference between the PCA and BPL
groups for the SI00P protein concentrations indicates that
our quantitative SI00P analysis may be a promising new
method for the diagnosis of PCA from EUS-FNA samples.
This analysis combined with EUS-FNA cytology showed high
performance, while the cut-off value could be used to evaluate
S100P protein concentrations in ultra-low volume FNA
samples as an auxiliary diagnosis. Our results correspond
with past studies using RT-PCR or THC that demonstrated
that S1I00P is not highly expressed in chronic pancreatitis,
normal pancreatic tissue, fibrous stroma or other necrotic
tissue, unlike PCA cells (18-20,22,27,46,47). When the cut-off
value for the S100P protein was set at 99.8 ng/ml, 1 out
of 5 patients with AIP showed a high concentration of S1I00P
protein (425.8 ng/ml). In this patient, our novel quantitative
analysis possibly detected S100P protein originating from
inflammatory cells such as leukocytes, since mRNA levels
of the SI00P protein are moderately high in leukocytes (39),
and pathologically, type I AIP has many inflammatory cells,
as its histopathological name, lymphoplasmacytic sclerosing
pancreatitis, suggests (48).
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The following represent potential limitations of the present
study. The present study was a single-center based trial with a
small sample size. Even though the cytology sample volumes
had, on average, 1.6 more passes than the SIOOP protein anal-
ysis samples (1 pass), the accuracy of the cytological diagnosis
may be affected to some degree. In the present study, results for
EUS-FNA cytology alone showed a lower sensitivity (77.8%)
compared with previous studies (1,16,17). The splitting method
used in the present study may decrease the volume of sample
for cytology. However, there is a potential difference in the
puncture location and sample component for the cytology
samples compared to the protein analysis samples.

In conclusion, we successfully established a novel, simple
quantitative test for detecting small amounts of PCA cells
in tiny samples of EUS-FNA by means of a high sensitivity
sandwich ELISA for the S100P protein. Secondly, the SI00P
protein concentrations differed between cell lines, xenograft
tumors and human EUS-FNA samples. Thirdly, quantifica-
tion of the SIO0P protein can provide reliable discrimination
between PCA and BPL, as a simple and objective method for
an auxiliary diagnosis using the cut-off value we established.
Finally, the combination of EUS-FNA cytology plus S100P
protein quantification showed high accuracy for diagnosing
PCA from pancreatic masses by EUS-FNA specimens, in the
setting of a prospective continuous series.
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