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Cathepsin B is highly expressed in pancreatic cancer stem-like
cells and is associated with patients' surgical outcomes

TAKUYA FUIIMOTO', RYOUICHI TSUNEDOMI', SATOSHI MATSUKUMA!, KIYOSHI YOSHIMURA?,
ATSUNORI OGA®, NOBUYUKI FUITWARA', YASUHIRO FUJTWARA', HIROTO MATSUT',
YOSHITARO SHINDO', YUKIO TOKUMITSU!, NOBUAKI SUZUKI!, SHOGO KOBAYASHI*,
SHOICHI HAZAMA?®, HIDETOSHI EGUCHI* and HIROAKI NAGANO'

1Department of Gastroenterological, Breast and Endocrine Surgery, Yamaguchi University Graduate School of Medicine,

Ube, Yamaguchi 755-8505; 2Department of Clinical Research in Tumor Immunology, Showa University Clinical Research

Institute for Clinical Pharmacology and Therapeutics, Setagaya, Tokyo 157-8577; 3Depalrtment of Molecular Pathology,

Yamaguchi University Graduate School of Medicine, Ube, Yamaguchi 755-8505; 4Department of Gastroenterological Surgery,
Osaka University Graduate School of Medicine, Suita, Osaka 565-0871; 5Department of Translational Research and
Developmental Therapeutics Against Cancer, Yamaguchi University School of Medicine, Ube, Yamaguchi 755-8505, Japan

Received February 28, 2020; Accepted September 15,2020

DOI: 10.3892/01.2020.12291

Abstract. Cancer stem-like cells (CSLCs) in solid tumors
are resistant to conventional chemotherapy and molecularly
targeted therapy, which is thought to contribute to cancer
recurrence and metastasis. The present study aimed to iden-
tify biomarkers for pancreatic CSLCs (P-CSLCs). Using our
previously reported methods, P-CSLC-enriched populations
were generated from pancreatic cancer cell lines. The protein
expression profiles of these populations were compared with
those of parental cells using two-dimensional electrophoresis,
tandem mass spectrometry, flow cytometry and immuno-
histochemistry. Protein expression in surgical specimens
was also evaluated for relationships with clinical outcomes.
A lysosomal cysteine protease, cathepsin B (CTSB), was
significantly upregulated in P-CSLCs compared with that
in the parental cells, as shown using western blotting. Flow
cytometry analysis also confirmed that CTSB was more
highly expressed on the surface of P-CSLCs compared with
that on parental cells. Moreover, PCLCs had elevated cellular
secretions of CTSB compared with the parental cells. Finally,
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CTSB expression was evaluated in 69 resected tumor speci-
mens, and high expression was associated with the patients'
clinicopathological features and surgical outcomes. The
present results suggested that CTSB is a biomarker for poor
survival in patients with pancreatic cancer, which is possibly
associated with P-CSLCs. This novel biomarker may also have
potential as a therapeutic target.

Introduction

Pancreatic cancer is the fourth leading cause of cancer-asso-
ciated death in Japan according to Japan's National Cancer
Center (1). Most patients present with locally advanced
disease or systemic metastasis at diagnosis, at which point
only 15-20% of tumors are resectable (2). Furthermore,
pancreatic cancer has a high relapse rate after radical surgery
(relapse-free survival rate, 6.7-13.4 months; five-year survival
rate, 10.4-20.7%) and is often resistant to conventional
chemotherapy and radiation therapy (3,4). There is ongoing
research regarding effective adjuvant chemotherapy and new
immunotherapies (5), although new therapeutic targets are
still needed. Based on the high rates of local recurrence and
distant metastasis, the lack of response to conventional treat-
ment may be associated with the presence of cancer stem-like
cells (CSLCs) (6-9); however, further research is needed
regarding the biological properties of CSLCs and how these
may be therapeutically targeted.

The tumorigenic subpopulation of pancreatic cancer cells
is reported to have high expression of CD44, CD24 and epithe-
lial-specific antigen (10). Furthermore, pancreatic (P-)CSLCs
are characterized by increased expression of aldehyde dehy-
drogenase 1 (11), doublecortin-like kinase 1 (12), CD133 (13),
c-Met (14) and CD44 mutant isoforms (CD44v) (15).
Nevertheless, few studies have examined this population
of cells, and it would be useful to identify new biomarkers
for P-CSLCs. Our previous study developed a method for
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generating a P-CSLC-enriched population of cells with high
CD44 and CD24 expression using pancreatic cancer cell
lines (16), therefore this method maybe useful for identifying
P-CSCL biomarkers.

Cathepsin B (CTSB) is a type of lysosomal cysteine
protease (17,18) that is synthesized as a 339-amino acid
preproenzyme with a 17 amino acid signal peptide on the
rough endoplasmic reticulum and is associated with general
protein turnover in lysosomes (19,20). This protein is subject to
multiple levels of regulation and may be involved in generally
cancer progression (21). The SP1, SP3 and ETS1 proteins acti-
vate CTSB transcription (22), with SP1 and SP3 proteins being
highly expressed generally in cancer cells and tissues (23), and
ETSI1 is associated with cancer invasion (24,25). Therefore,
the present study evaluated whether CTSB expression was
upregulated in P-CSLCs and whether this was associated with
patients' postoperative outcomes.

Materials and methods

Patients and tissue samples. The present study involved
in vitro experiments using human pancreatic cancer cell
lines, as well as a retrospective review of specimens from
Japanese patients who underwent surgery for invasive ductal
carcinoma. The patients were diagnosed according to the
Japan Pancreas Society classification (26) and underwent
radical resection with D2 or higher lymph node dissection
between June 2001 and June 2013 at Yamaguchi University
Hospital (Yamaguchi, Japan), and between March 2008 and
October 2012 at Osaka University Hospital (Osaka, Japan).
Written informed consent was obtained from participant
at each institution. Treatment with gemcitabine alone,
gemcitabine plus radiation, gemcitabine/S-1 plus radiation
or gemcitabine plus heavy ion radiation was administered
if patients received preoperative therapy. Treatment with
gemcitabine alone, S-1 alone, gemcitabine plus immune cell
therapy or immune cell therapy alone was administered if
patients received postoperative therapy. Patients were excluded
if they died from surgery-related causes or if they had other
cancer types, serous and mucinous cystic pancreas neoplasms,
pancreatic cancer derived from intraductal papillary-muci-
nous neoplasms, were pathologically cancer positive or had
indeterminate surgical margins. Resected specimens without
residual cancer were not considered. In total, 77 patients from
Yamaguchi University Hospital and 64 patients from Osaka
University Hospital were evaluated, although only 69 patients
were considered eligible. The patients' medical records were
reviewed to obtain their clinicopathological characteristics
as listed in Table I, and the study protocol was approved by
the Institutional Review Boards of Yamaguchi University
Hospital (Yamaguchi, Japan) and Osaka University Hospital
(Osaka, Japan). Tumor-Node-Metastasis (TNM) staging was
performed according to the Union for International Cancer
Control criteria (27).

Cell lines and culture conditions. The human pancreatic
cancer cell line YPK2 has been established at Yamaguchi
University School of Medicine (28). A common pancreatic
cancer cell line, PANC-1, was purchased from the American
Type Culture Collection. The cells were maintained at 37°C

and 5% CO, in DMEM-F12 (Sigma-Aldrich; Merck KGaA)
supplemented with 10% heat-inactivated fetal bovine
serum (FBS) (Thermo Fisher Scientific, Inc.).

Generation of P-CSLCs. The P-CSLC-enriched populations
were generated from YPK2 and PANC-1 cells as previ-
ously described (16). The cells were initially cultured in
serum-free medium containing leukemia inhibitory factor
(Merck KGaA), neural survival factor-1 (Lonza Group, Ltd.)
and N-acetyl-L-cysteine (Sigma-Aldrich; Merck KGaA) to
induce tumor sphere formation. The spheres were collected
and transferred to laminin-coated dishes with culture medium
containing B27 supplement (Thermo Fisher Scientific, Inc.),
human recombinant epidermal growth factor (Sigma-Aldrich;
Merck KGaA) and basic fibroblast growth factor (Merck KGaA).
One-half of the culture medium was changed every week. The
resultant cells were designated YPK2-Lm and PANC-1-Lm.

Two-dimensional (2D) electrophoresis and matrix-assisted
laser desorption/ionization time of flight mass spectrometry
and tandem mass spectrometry (MALDI TOF/TOF MS).
Dead cells were eliminated from the cultures by labeling with
Dead Cell Removal MicroBeads (Miltenyi Biotech GmbH)
and separated using an LS column with a MidiMACS
Separator (Miltenyi Biotech GmbH). CD44v9-positive cells
were selected using rat anti-CD44v9 IgG (1:50; clone RV3;
cat. no. LKG-MO003; Cosmo Bio Co.,Ltd.), mouse biotin-conju-
gated anti-rat IgG (1:2,000; cat. no. 13-4813-85; eBioscience;
Thermo Fisher Scientific, Inc.) and microbeads carrying
mouse anti-biotin IgG (ready to use; cat. no. 130-090-485;
Miltenyi Biotech GmbH), with isolation performed using
the MidiMACS Separator according to the manufacturer's
instructions.

Each sample was suspended in 0.2% pharmalyte and
homogenized in lysis buffer containing 5 M urea, 2 M thiourea,
2% (w/v) CHAPS, 2% (w/v) SB3-10 and 1% (w/v) DTT (all
reagents from Sigma-Aldrich; Merck KGaA). Protein concen-
trations were measured using a protein assay kit (Bio-Rad
Laboratories, Inc.). The samples were subjected to 2D electro-
phoresis as previously described (29,30). Briefly, the samples
were applied to 18-cm Immobiline DryStrips (pH 3.0-10.0;
GE Healthcare) and then subjected to isoelectric focusing
using CoolPhoreStar IPG-IEF Type-P (Anatech-Analytical
Technology). The DryStrips were then subjected to 2D gradient
electrophoresis (9-18% acrylamide; FUJIFILM Wako Pure)
using an ANDERSON ISO-DALT Multiple Electrophoresis
system (Hoefer Inc.). After staining with SYPRO Ruby stain
(S21900; Thermo Fisher Scientific, Inc.), protein spots were
detected using a Molecular Imager FX (Bio-Rad Laboratories,
Inc.) and analyzed using ImageMaster 2D Platinum software
version 5.0 (GE Healthcare). Common protein spots with higher
intensities in the YPK2-Lm cells (vs. the respective parental
cells) were excised and subjected to MALDI TOF/TOF MS
analysis.

The excised samples were de-stained, washed and dehy-
drated with acetonitrile. The gels were rehydrated in a digestion
solution containing 50 mM NHHCO;, 5 mM CaCl, and
0.01 pg/ul trypsin (Promega Corporation), and the digestion
was then terminated using 5% TFA. Peptides were extracted
using 5% TFA in 50% acetonitrile. The samples were absorbed
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Table I. Association between 30 cases of low cathepsin B
expression and 39 cases of high expression and clinical
features of patients with pancreatic cancer.

Cathepsin B
expression
Clinical feature Low High P-value
Age, years 0.366
<60 8 6
>60 22 33
Sex
Male 8 19 0.083
Female 22 20
Tumor location 0.008
Pancreatic head 15 32
Pancreatic body and tail 15 7
Tumor size, mm 0.045
<30 23 20
>30 28 35
Differentiation 0.690
Well 2 4
Moderate-poor 28 35
Invasion depth 0.002
T1+T2 9 1
T3 21 38
Lymph node metastasis 0.016
Negative 19 13
Positive 11 26
TNM stage 0.038
I 6 1
11 24 38
Perineural invasion 0.488
Negative 5 4
Positive 25 35
Portal invasion 0.803
Negative 19 26
Positive 11 13
Preoperative therapy’ 0.058
None 18 32
Performed 12 7
Postoperative therapy* 0.532
None 4
Performed 26 31

Data were analyzed using Fisher's exact test or %> where appropriate.
"Preoperative therapy included gemcitabine alone (n=1), gemcitabine
plus radiation (n=10), gemcitabine/S-1 plus radiation (n=7) and
gemcitabine plus heavy ion radiation (n=1). *Postoperative therapy
included gemcitabine alone (n=1), S-1 alone (n=34), gemcitabine
plus immune cell therapy (n=16) and immune cell therapy alone
(n=6). TNM, Tumor-Node-Metastasis.

to ZipTip C18 pipette tips (Merck KGaA) and the peptides were
eluted using 0.1% TFA in 50% acetonitrile. An aliquot of the

eluted sample was mixed with an equal volume of matrix solu-
tion (0.3 g/l alpha-cyano-4-hydroxycinnamic acid, 33% acetone
and 66% ethanol; all from Wako Chemicals GmbH), placed onto
a target plate (MTP Anchorchip 600/384; Bruker Corporation),
dehydrated using MTP Anchorchip and analyzed using a mass
spectrometer (Ultraflex TOF/TOF; Bruker Corporation) in the
positive ion reflector mode (20-4,000 m/z). The MS/MS spectra
were searched against the NCBI NR database within the Mascot
database search engine (Matrix Science, Ltd.).

Western blotting. Cells were lysed in a buffer containing
50 mM Tris-HCI (pH 8.0), 5 mM EDTA, 5 mM EGTA,
0.2% SDS, 0.5% Nonidet P-40, 1 mM Na,VO,, 20 mM sodium
pyrophosphate and Roche complete protease inhibitor mixture.
The protein amount was quantified by the Lowry method
using DC Protein Assay (Bio-Rad Laboratories, Inc.). The
proteins (10 ug/lane) were loaded onto a 8% gel, resolved using
SDS-PAGE and transferred onto a PVDF membrane (Bio-Rad
Laboratories, Inc.). Membranes were blocked with 3% skimmed
milk at room temperature for 1 h and treated with anti-CTSB
(cat. no. ab58802; Abcam) and anti-valosin-containing protein
(VCP; cat. no. GTX113030; GeneTex, Inc.) primary antibodies
at room temperature for 1 h, before the immunoreactive bands
were visualized using an ECL Pro kit (PerkinElmer, Inc.) and
Amersham Imager (GE Healthcare), with quantification using
Imagel] software version 1.5.1 (National Institutes of Health).
VCP was used as the loading control, because the protein levels
of VCP is more stable compared with used loading controls
such as GAPDH and actin (31-33). Moreover, the size of VCP
(97 kDa) is useful as a loading control for most of the proteins
analyzed in this study were <75 kDa.

Flow cytometry. Expression of CTSB on the surface
of YPK2 and YPK2-Lm cells was analyzed using flow
cytometry. Dissociated cells were suspended in PBS
with 2% FBS (10° cells/100 pul) and then incubated with
each antibody at 4°C for 30 min. The antibodies for this
assay were rat anti-human CD44v9 (1:50; clone RV3;
cat. no. LKG-MO003; Cosmo Bio Co., Ltd.), anti-calreticulin
(CALR; 1:50; cat. no. ab196159; Abcam) and anti-CTSB
(1:20; cat. no. ab58802; Abcam). The mouse FITC-conjugated
anti-rat [gG2a secondary antibody (1:10; cat. no. 11-4811-85;
eBioscience; Thermo Fisher Scientific, Inc.) was used for the
anti CD44v9 primary antibody. The anti-CTSB and cognate
isotype control antibodies were conjugated with APC using
an APC conjugation kit (cat. no. ab201807; Abcam) according
to the manufacturer's instructions. Rat IgG2a « Isotype
Control (cat. no. 14-4321-82; eBioscience; Thermo Fisher
Scientific, Inc.), rabbit IgG Isotype Control Alexa Fluor 647
(cat. no. ab199093; Abcam) and mouse IgG2a k monoclonal
Isotype Control (cat. no. abl8415; Abcam) were used as nega-
tive controls for anti-CD44v9, anti-CRT Alexa Fluor 647
and anti-CTSB with corresponding dilution factors. Flow
cytometry analysis was performed using a FACS ARIA-III
(BD Biosciences) and a MACSQuant analyzer version 2.4
(Miltenyi Biotec GmbH).

ELISA. To quantify CTSB secretion, conditioned medium was
collected and analyzed using a human cathepsin B ELISA kit
(cat. no. ab119584; Abcam) according to the manufacturer's
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instructions. Signals were detected using an EnVision plate
reader (PerkinElmer, Inc.).

Immunohistochemistry. Immunohistochemical staining for
CTSB was performed using formalin-fixed paraffin-embedded
surgical specimens (fixed in 10% formalin at room tempera-
ture overnight). Antigens in the specimens of 4-ym thickness
were retrieved by heating the tissues for 20 min at 95°C in
10 mM Target Retrieval Solution, pH 6.0 (Dako; Agilent
Technologies, Inc.) and then boiling for 10 min at 105°C.
Endogenous peroxidase activity was blocked using 3% H,0,
in methanol for 5 min at room temperature, and non-specific
binding was blocked using Protein Block serum-free (Dako;
Agilent Technologies, Inc.) for 10 min at room temperature.
The slides were incubated with the mouse monoclonal
anti-CTSB antibodies (1:3,000; cat. no. ab58802; Abcam) for
1 h at room temperature and followed by the rat anti-mouse
antibodies (undiluted solution; cat. no. K4001; Dako; Agilent
Technologies, Inc.) for 30 min at room temperature. Tissue
sections were incubated with 3,3'-diaminobenzidine tetra-
hydrochloride (Dako; Agilent Technologies, Inc.), and then
counter-stained using hematoxylin for 2 min at room tempera-
ture.

Intensity of CTSB staining in the infiltrating pancreatic
cancer specimen was classified as either negative or positive
following examination of the positive area by a pathologist
(AO) who was blinded to the patients' characteristics. High
CTSB was defined as positive staining that occupied >30% of
>5 fields of view at 100-fold magnification using a
phase-contrast microscope (BZ-X700; KEYENCE). Low
CTSB was defined as both negative and positive staining that
occupied <30% of the fields of view. Moderate staining was
defined as a result between high and low staining based on the
criteria using only occupation of positive cells as aforemen-
tioned. The brightness/contrast adjustment was applied to the
whole image.

Statistical analysis. Each experiment was repeated at least
three times. Data are expressed as mean + standard deviation.
For the statistical analyses, patients with high and low CTSB
expression were compared. The patients' clinicopathological
characteristics and clinical outcomes were compared using
the Fisher's exact test. Survival outcomes were analyzed
using the Kaplan-Meier method and log-rank test. Significant
differences between two or three groups were evaluated by
Welch's t-test or ANOVA with Scheffe's test, respectively.
All analyses were performed using R version 3.4.0 software
(http://www.r-project.org/). P<0.05 was considered to indicate
a statistically significant difference.

Results

Identification and expression of CTSB. The protein expres-
sions from YPK2-Lm and YPKS5-Lm cells (generated
P-CSLCs) and parental YPK?2 and YPKS cells were compared
using proteome analysis using MALDI TOF/TOF MS data
from previously performed 2D gel electrophoresis (30). The
2D gel electrophoresis revealed a 10-fold stronger band in
YPK2-Lm compared with YPK?2 cells (Fig. 1C and D), and
the MALDI TOF/TOF MS assay identified CTSB (Fig. 1E).
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Figure 1. Identification of CTSB by proteome analysis. Representative
two-dimensional gel electrophoresis images were previously shown (25).
These images were obtained using proteins from (A and C) YPK2 and
(B and D) YPK2-Lm. Red circles in C and D showed a 10-fold stronger
corresponding spot in the YPK2-Lm compared with parental YPK2.
(E) Identification of CTSB using matrix-assisted laser desorption/ioniza-
tion time of flight mass spectrometry and tandem mass spectrometry, with
matched peptides shown in red (264-281; score=10, 315-30; score=50).
(F) Western blot analysis of YPK2 and YPK2-Lm. Anti-CTSB antibody
employed in these analyses detects both mature CTSB (~31 kDa) and
pro-CTSB (43/46 kDa). The expression level of VCP was used as a loading
control. CTSB, cathepsin B; VCP, valosin-containing protein.

Western blotting confirmed that CTSB expression was elevated
in YPK2-Lm cells compared with parental cells (Fig. 1F).
Corresponding spots identified as CTSB were also obtained
in the gels from YPKS derivatives (data not shown). Protein
expression on the surface of YPK2 and YPK2-Lm cells was
evaluated using flow cytometry, and the results confirmed a
slight elevated expression of CTSB on the surface of YPK2-Lm
cells (Fig. 2). Slightly elevated expressions of CD44v9 and
CALR were observed on the YPK2-Lm cell (Fig. 3) confirmed
that P-CSLCs had been generated as described in a previous
study (30). Elevated CTSB and CD44v9 expression was also
seen in PANC-1-Lm cells compared with those in parental
PANC-1 cells (Figs. S1 and S2).
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Figure 2. Expression of CTSB and CD44v9 on the surface of YPK2-Lm cells and YPK2 parental cells. Cells were stained with APC-conjugated anti-CTSB
antibody and anti-CD44v9 antibody followed by FITC-conjugated anti-rat IgG2a secondary antibody and then separated using flow cytometry. Results
indicated that CTSB was more highly expressed on the surface of YPK2-Lm cells compared with on YPK2 cells. Red histograms represent cells stained with
isotype control antibodies. CTSB, cathepsin B; CD44v, variant isoforms of CD44.
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Figure 3. Expression of calreticulin and CD44v9 on the surface of YPK2-Lm cells and YPK2 parental cells. Cells were stained with Alexa Fluor 647-conju-
gated anti-CALR antibody and anti-CD44v9 antibody followed by FITC-conjugated anti-rat [lgG2a secondary antibody and then separated by flow cytometry.
Results indicated that CALR and CD44v9 were more highly expressed on the surface of YPK2-Lm cells compared with on YPK?2 cells. Red histograms
represent cells stained with isotype control antibodies. CD44v, variant isoforms of CD44; CALR, calreticulin; cont., control.

Association between CTSB expression and clinical outcomes.
The patient selection process is shown in Fig. 4A, and repre-
sentative images of CTSB expression in the tumor specimens
are shown in Fig. 4B. While normal tissues exhibited minimal
CTSB staining, CTSB expression was predominantly detected
in the cytoplasm of cancerous tissues, although some cases
also exhibited nucleus or membranous staining (Fig. 4B). In

addition to those staining location, there was broad variation,
ranging from diffuse staining to staining involving granu-
locytes or even the Golgi area. Comparison of the clinical
outcomes between the groups with low and high CTSB
expression revealed that high expression was significantly
associated with more advanced disease parameters, including
tumor size (P=0.045), invasion depth (P=0.002), lymph node
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Figure 4. CTSB expression in resected pancreatic tumor samples. (A) Study
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rized as negative (upper left panel) or positive (lower and upper right panels).
CTSB, cathepsin B; IPMN, intraductal papillary mucinous neoplasm; IHC,
immunohistochemistry.

metastasis (P=0.016) and TNM stage (P=0.038) (Table I).
Furthermore, the high expression group had significantly
more cases with pancreatic head tumors, as well as a lower
overall survival rate, compared with those with low CTSB
expression (Fig. 5).

Secretion of CTSB into YPK2 growth medium. ELISA was
used to evaluate the cellular secretions of CTSB by YPK2 and
YPK2-Lm cells. The results revealed significantly elevated
concentrations of CTSB in the medium for YPK2-Lm cells
compared with YPK2 cells (P<0.05; Fig. 6). The same result
was obtained with for PANC-1-Lm compared with PANC-1
cells (P<0.05; Fig. S3).

Discussion

The function of CTSB is dynamic and poorly understood;
however, it is hypothesized that CTSB encoding lysosomal
proteinase plays a role in not only in normal physiological
conditions but also in pathological conditions, such as
inflammation, infection and neurodegenerative disease, and
the malignant progression of several cancer types including
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Figure 6. Concentrations of CTSB based on ELISA using media from
cultures of YPK2 and YPK2-Lm cells. Results indicated that CTSB was
present at a higher concentration in the culture media from YPK2-Lm cells
compared with that from YPK?2 cells. Each medium incubated in the absence
of cells was used as a blank. Data were analyzed using Welch's t-test. "P<0.05.
CTSB, cathepsin B.

gastric, colorectal, breast and pancreatic cancers (34-38). It
remains unclear whether CTSB is expressed in tumor cells,
tumor-related cells, or both, and whether CTSB expression
affects or is affected by interactions with cellular and/or
non-cellular microenvironments (21). A previous study have
previously described an association between CSC and CTSB
expression (39).

The present study generated P-CSLCs using our previously
reported method (16,30), in which YPK2-Lm cells showed
not only a much higher population of CD44v compared with
parental YPK?2 cells, but also much higher side-population
and higher ALDH activity. In addition, the enhancement of
tumorigenicity and epithelial-mesenchymal transition was
confirmed by both mouse subcutaneous injection and quan-
titative PCR analyses. Protein analyses revealed that CTSB
was more highly expressed in P-CSLCs compared with in the
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parent pancreatic cancer cell lines. Western blot analysis also
confirmed that CTSB was highly expressed in the P-CSLCs,
while flow cytometry revealed elevated CTSB expression on
the surface of P-CSLCs. CD24, CD44, CD44v and CALR
markers expressed on the cell surface are useful for the identi-
fication of pancreatic cancer stem cells (30). The present results
suggested that CTSB cell surface expression and total protein
levels could be used as prognostic biomarkers. The current
study examined tumor specimens with high CTSB staining
intensity, and observed that most of these cases exhibited strong
cytoplasmic staining, although some cases also exhibited
nucleus or membranous staining. There was broad variation in
the staining location for these combined cases, ranging from
diffuse staining to staining involving granulocytes or even
the Golgi area. Moreover, high CTSB expression in resected
specimens was significantly associated with advanced disease
parameters (larger tumor size, deeper invasion depth, posi-
tive for lymph node metastasis and higher TNM stage) and
lower overall survival rate, which is consistent with previously
reported results (40). These results support the hypothesis
that CTSB is associated with pancreatic cancer progression.
It has been reported that CTSB contributes generally to tumor
growth, migration, invasion and angiogenesis (38). Notably,
the observation of both expressions of CTSB and its inhibi-
tors in tumor tissues and tumor-infiltrating immune cells had
suggested that those may be involved in pancreatic ductal
adenocarcinoma-related inflammation (41).

Given the diffuse CTSB staining observed in the pancre-
atic cancer tissues as aforementioned, the secretion of CTSB
was examined in vitro. Higher CTSB concentrations in the
culture medium for P-CSLCs compared with the medium for
the parental cells was observed, which suggested that CTSB is
expressed on the cell surface of P-CSLCs and is also secreted
by these cells. Thus, CTSB in P-CSLCs may directly or
indirectly influence the extracellular microenvironment and
potentially contribute to the progression of malignancy. These
results were further confirmed using P-CSLCs generated from
two pancreatic cancer cell lines (PANC-1 and YPK?2), which
suggests that the present findings were not cell line-specific.

It should be highlighted that the present results do not
clarify the functional role of CTSB in P-CSLCs, although
CTSB in various locations (surface, intracellular and
secretions) has been widely reported to be involved in the
progression of various cancer types (40-49) including glioblas-
toma, malignant meningioma, pancreatic, breast, esophageal
and prostate cancers. Notably, the subcellular localization
of various cancer markers is generally limited to a single
compartment, although their localization varies according to
malignancy in some high-grade carcinomas. For example,
cytokeratin is a common marker for solid tumor cells and is
often expressed in the cell membrane in well-differentiated
adenocarcinoma, but is expressed in the membrane and Golgi
in high-grade poorly differentiated adenocarcinoma (50).
Thus, multiple localizations for cancer-associated proteins
may indicate a high-grade tumor. Similar to cytokeratin (50),
CTSB is also a cancer-associated protein with multiple cellular
localizations as shown in the present study, and the association
between its localization and malignancy is not clear, although
the present findings suggested that CTSB in cancer stem cells
may be involved in the degree of malignancy.

The present study revealed that CTSB expression was
elevated in P-CSLCs generated from common pancreatic
cancer cell lines, and that its expression in resected tumor
specimens was associated with poor postoperative outcomes.
While it is unclear whether this protein is a useful thera-
peutic target, it might be a useful prognostic marker that is
associated with pancreatic cancer stem cells, especially if it
is present in multiple subcellular locations. Further studies
with gene-targeting experiments such as genome-editing and
in vivo murine experiments are needed to clarify the prog-
nostic implications of CTSB expression in this setting, as well
as whether it is a potential therapeutic target.
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