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Fig. 4 Sodium hydrogen sulfide (NaHS) attenuates apoptosis of
hepatocytes. Mice ‘were subjected to partial warm ischemia for
75 min and subsequent reperfusion (I/R) for 24 h. Liver sections were
stained by the fluorescent TUNEL method and nuclear counterstain-
ing with DAPI. Representative photographs (20x magnification) are
shown. a Sham operation. b NaHS (—): /R with vehicle treatment. ¢
NaHS (+): /R with NaHS (1.0 mg/kg) administration before reperfu-
sion. d The apoptotic index was calculated as the number of TUNEL-

Sham NaHS () NaHS (+)

R24h

positive cells divided by the number of DAPI-positive cells. Data are
expressed as the mean &+ SD. e Cytosolic protein of the ischemic lobe
at R6 h was applied to a standard western blot. Representative west-
ern blots detected by cleaved caspase-3 antibody (fop) and the ratio of
the relative intensity, cleaved caspase-3/B-actin (bottom), are shown.
Each normalized value was further normalized by the mean value in
the sham group, and expressed as the mean + SD. *P < 0.05, NaHS
(=) vs. NaHS (4). **P < 0.05 vs. Sham
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«Fig. 5 Sodium hydrogen sulfide (NaHS) reduces oxidative stress.
Mice were subjected to partial warm ischemia for 75 min and sub-
sequent reperfusion (/R) for 6 h. a Lipid peroxidation was assessed
by MDA + 4-HNE. b Representative photographs (40x magnifica-
tion) are shown. Immunohistochemistry of the liver showed that Nxf2
(Green) was ubiquitous in the cytosol but not in the nucleus in the
sham-operated group. In the NaHS (—) group, only faint staining of
Nif2 in the nucleus was seen, whereas in the NaHS (+4) group, almost
all cells showed Nrf2-positive (pale blue; Arrow). ¢ Western blot of
nuclear proteins with regard to Nrf2. d Western blots of cytosolic pro-
teins were evaluated for the HO-1 protein, and e thioredoxin-1 (TRX-
.1). Representative western blots (fop) and the relative ratio (target
protein/B-actin) (bottom) are shown. Each normalized value was fur-
ther normalized by the mean value in the sham-operated group. Data
are expressed as the mean + SD. *P < 0.05, NaHS (=) vs. NaHS
(+). **P < 0.05 vs. Sham

significantly higher in the NaHS treatment group than in
the other groups (Fig. 3c, d).

Apoptosis

TUNEL staining at R24 h showed almost no positive cells
in the sham group (Fig. 4a, d). TUNEL-positive cells were
augmented by hepatic warm I/R in the NaHS(—) group at
R24 h (Fig. 4b, d), whereas they were significantly reduced
by NaHS treatment (Fig. 4c, d). Cleaved caspase-3 at R6 h
was significantly augmented by hepatic warm I/R in the
NaHS(—) group, whereas it was significantly suppressed
by NaHS treatment (Fig. 4e).

Oxidative stress

We calculated the sum of the values of malondialdehyde
(MDA) and 4-hydroxy-2-nonenal (4-HNE), the end products
of lipid peroxidation, at R6 h. This value was augmented by
hepatic warm I/R in the NaHS(—) group, whereas it was sig-
nificantly reduced by NaHS treatment (Fig. 5a).
Anti-oxidative responses were evaluated by the translo-
cation of Nrf2 and expression of the downstream enzymes,
HO-1 and TRX-1. Immunohistochemistry of Nrf2 (Green)
reveled homogeneous staining in the cytosol, but not in
the nucleus, in the sham-operated group. In the NaHS (—)
group, there was only faint staining of Nrf2 in the nucleus,
whereas in the NaHS (+) group, almost all cells showed
Nrf2-positive nucleus (pale blue; arrow), indicating that

NaHS treatment augmented the nuclear translocation of

Nif2 at R6 h (Fig. 5b).

The western blot of nuclear proteins revealed that

the sham group had the lowest value. The value in the
NaHS(—) group at R6 h was increased significantly, and it
was further increased significantly in the NaHS(+) group
(Fig. 5¢). The expression of HO-1 in the cytosol was
increased by hepatic warm I/R in the NaHS(—) group, and
it was further augmented significantly by NaHS treatment
(Fig. 5d). The expression of TRX-1 in the cytosol showed

a tendency to decrease with hepatic warm I/R in the
NaHS(—) group, whereas it was significantly augmented
by NaHS treatment (Fig. 5e).

Proliferation

Hepatic proliferation was evaluated by PCNA staining
at R24 h (Fig. 6a—d). In the sham group, the percentage
of PCNA-positive hepatocytes was 47 = 14 %. The posi-
tive rate was reduced significantly to 13 = 15 % in the
NaHS(—) group, whereas it was augmented significantly to
63 & 14 % by NaHS treatment.

Discussion

We confirmed the beneficial effects of NaHS against warm
I/R of the mouse liver, by demonstrating a reduction in tis-
sue injury, apoptosis, oxidative damage, and inflammatory
reactions, with stimulation of liver regeneration. These
beneficial effects were at least in part due to the augmented
nuclear translocation of Nirf2 and downstream activation
of anti-inflammatory and anti-oxidant pathways. Activa-
tion of the pro-survival signals was demonstrated by the
augmented phosphorylation of PDK-1, Akt, mTOR, and
p70s6k in response to NaHS treatment. Simultaneous acti-
vation of anti-apoptotic, anti-inflammatory, anti-oxidative,
pro-survival, and pro-proliferation cascades appeared to
allow recovery of the liver subjected to warm I/R.

Hydrogen sulfide (H,S) is produced endogenously from
cysteine in the liver, kidney, vessels, brain, and nerves, and
its exertion at low concentrations is biologically important
[23]. Furthermore, H,S has been reported to reduce IRI of
the liver [13-16] and other organs [9-12]. Consistent with
these reports, the present study showed a reduction in net
injury by ALT leakage and histopathology.

Acute inflammation in hepatic IRI is initiated mainly
in Kupffer cells and hepatocytes during warm ischemia
[2, 3, 24]. These cells release TNF-o, IL-6, and IL-18,
and stimulate inflammation, which in turn activates the
cell death pathway, and ROS and protease release from
neutrophils [3, 4]. Schlegel et al. [25] reported that serum
TNF-a, IL-17, and the ratio of CD154-positive T cells
were increased in a DCD liver graft after transplantation.
IL-23 and Th17 cells, including NK, NKT, ‘and 3T cells,
play major roles in both acquired and innate immunity in
organ transplantation [26]. In hepatic IRI, IL-23 stimulates
Kupffer cells and CD4 +/Thl17 cells. IL-6 released from
Kupffer cells promotes further activation of Th17 cells to
release IL-17, and stimulates neutrophil accumulation [27].
A recent report revealed that activation of CD40-CD40L
(CD154) promoted oxidative stress-induced apoptosis in
hepatocytes [28].
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Fig. 6 Sodium hydrogen sulfide (NaHS) stimulates liver regenera-
tion. Mice were subjected to partial warm ischemia for 75 min and
subsequent reperfusion (I/R) for 24 h. Liver sections were stained
by the anti-proliferating cell nuclear antigen (PCNA) antibody and
hematoxylin as nuclear counterstaining. Representative photographs
(20x magnification) are shown. In the sham group (a), the positive

In this study, serum TNF-o, IL-6, IL-18, IEN-y, IL-17,
IL-23, and soluble CD40L (CD154) increased significantly
within 3 h of reperfusion, but these changes were inhib-
ited by NaHS. Hydrogen sulfide reduced hepatic IRI with
less production of TNFo and IL-6 [16]. Suppression of the
IL.23-11.17 axis reduced hepatic IRI [29]. Altogether, these
facts suggest that NaHS reduced hepatic IRI by inhibiting
the IL23-1L17 axis, thereby inhibiting the activation of
Kupffer cells, neutrophils, and lymphocytes (CD4 +/Th17
cells) in the early phase of reperfusion. Although there are
various sources of CD40L, the main source is the activated
platelets [30], and CD40L was found to worsen hepatic IRI
[28]. In this study, there was a massive release of cytokines
and chemokines at R3 h. Multiple pro-inflammatory media-
tors from various cell types, platelet-endothelial adhesion,
and platelet-leukocyte aggregation would stimulate the fur-
ther activation of platelets [2], leading to the sustained high
level of soluble CD40L.

Oxidative stress ‘is another important factor in hepatic
IRI [24]. Oxidative damage in the sinusoidal endothelial
cells stimulates endothelin-1 (ET-1) production, leading
to microcirculatory disturbance [31, 32]. Several distinct
mechanisms of the anti-oxidant property of H,S have been
reported, namely, direct scavenging of ROS [33], reversible
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rate was 47 %, but it was significantly decreased in the NaHS(—)
group (b), and it was significantly augmented in the NaHS(+4-) group
(c). The rate of PCNA-positive hepatocytes is shown in (d). Values
are expressed as the mean £ SD. *P < 0.05, NaHS (—) vs. NaHS
(+). **P < 0.05 vs. Sham

inhibition of mitochondrial respiration [34], augmentation
of glutathione (GSH) production through enhanced cystine/
cysteine transport [35], and Nrf2-dependent expression of
anti-oxidant and anti-inflammatory proteins [23]. Consist-
ent with these reports, NaHS reduced lipid peroxidation
and inflammation in this study.

Nrf2 exists in the cytosol with Keap-1 in the resting
state, but it dissociates from Keap-1 on exposure to stimuli,
such as oxidative stress and pro-survival signals, leading to
up-regulation of HO-1 [36] and TRX-1 [37]. HO-1 reduces
oxidative stress through the conversion of heme into bili-
verdin and carbon monoxide (CO) [38]. Furthermore, CO
exerts anti-inflammatory and vasodilatory effects [39] and
TRX-1 reduces protein thiol and/or hydrogen peroxide
with the support of GSH [40]. In line with these reports,
our study showed, for what we believe to be the first time,
that NaHS augmented HO-1 and TRX-1 levels through
augmented nuclear translocation of Nrf2, leading to reduc-
tions in oxidative stress and inflammation.

The anti-apoptotic and pro-survival effects of H,S
against mitochondria would result in an inhibition of
intrinsic apoptosis [36]. H,S activates this pathway in
the I/R of hippocampal neurons [7, 41] and myocardium
[5]. Insulin supplementation has been shown to stimulate
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myocardial surviving expression via activation of PI3K-
Akt-mTOR-p70s6k, resulting in anti-apoptotic effects
[42]. In this study, pro-survival signals mediated by the
PDK-1-Akt-mTOR-p70s6k axis were maintained by the
higher phosphorylation in the NaHS-treated liver. Phos-
phorylation of p70s6k confers protection against IRI in the
heart and small intestines through anti-apoptotic and anti-
inflammatory effects [17, 18]. The enhanced PDK1-Akt
signal reduced IRI through the augmented phosphorylation
of PDK1 [43] and Akt [14], but not through de novo gene
expression of these proteins, at least within 6 h of reper-
fusion. In line with these reports, this study is the first to
show that NaHS supplementation ameliorated hepatic
warm IRI by maintaining the phosphorylation of p70s6k
and upstream kinases, including mTOR, Akt, and PDK-1.
Since we did not assess any gene expression, further study
is required to clarify the precise mechanism of NaHS-
mediated protection during the early phase of reperfusion.

Another important anti-apoptotic signal in hepatic IRI
is the signal transducer and activator of transcription 3
(STAT3) [9]. Ke et al. [29] recently reported that HO-1
ameliorated hepatic inflammation, apoptosis, and net
injury after warm I/R by inhibiting NF-kappaB signals
in the nucleus. They showed that STAT3 was indispensa-
ble for the HO-1-mediated down-regulation of TLR-4 and
PTEN, and the augmentation of phospho-Akt. In the pre-
sent study we observed a transient rise of IL-6 at 3 h, only
slight increases of IL-6 and TNF-a at 6 h, and a signifi-
cantly higher PCNA-positivity rate 24 h after reperfusion
in the NaHS-treated group. Debonera et al. [44] reported
that IL-6-mediated activation of STAT3 did not trigger liver
regeneration in severely injured liver grafts. Although we
did not evaluate STAT3 here, these observations suggest
that the STAT3-mediated machinery of liver regeneration
[45] would have functioned well in the NaHS-treated liver.

Recently, Zhang et al. [46] reported that NaHS admin-
istration before ischemia inhibited mitochondrial perme-
ability transition pore opening and activated Akt-GSK3p.
Exogenously administered hydrogen sulfide disappeared
rapidly from the blood and tissues through oxidation and
thiol-binding [47], with half-lives of 2.0 and 5.4 min in
the aerobic and anaerobic liver, respectively [48]. There-
fore, we administered NaHS before reperfusion to main-
tain enough concentration at reperfusion. In contrast to
the previous report [46], we failed to show the efficacy by
administration before ischemia in our preliminary study. In
relation to dosage, Kang et al. [15] reported the effective
dose to be 0.78 mg/kg. Since 0.5 mg/kg was less effective
than 1 mg/kg, and 3 mg/kg resulted in animal death by res-
piratory dysfunction in our preliminary study, we adopted
1 mg/kg as the optimal dose (data not shown). The contro-
versy might be due to the differences in ischemia time, spe-
cies, and strain. Although further investigation is necessary

to establish the optimal mode of administration for liver
graft protection, it is encouraging that hydrogen sulfide
proved effective when administered before ischemia [46],
before reperfusion, and during cold preservation [49].

In conclusion, NaHS treatment against hepatic warm
I/R resulted in high phosphorylation levels of PDK1, Akt,
mTOR, and p70S6k, and nuclear translocation of Nrf2,
leading to anti-oxidant, anti-inflammatory, anti-apoptotic,
pro-survival, and pro-proliferative effects, and eventually
reduced net IRI with rapid liver regeneration.
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Tumor angiogenesis is necessary for the progression of
tumor growth and metastasis."? Because tumor blood
vessels supply tumor cells with nutrients and oxygen, anti-
angiogenesis treatment is recognized as a new cancer ther-
apy.”’ Bevacizumab, anti-vascular endothelial growth factor
(VEGEF) antibody,(4) and sorafenib or sunitinib, a VEGF recep-
tor kinase inhibitor, have been used as anti-angiogenic drugs.®
However, there are negative reports regarding side effects and
increases in metastasis have been observed. To overcome these
problems, a new anti-angiogenic drug is required.” The mor-
phology of tumor blood vessels is different from that of nor-
mal blood vessels.”™ Differences between tumor endothelial
cells (TEC) and normal endothelial cells (NEC) in aspects,
such as gene expression and biological behavior, have also
been reported.”"*'? Recently, we revealed that TEC were
more resistant to anti-cancer drugs compared with NEC.®D In
addition, inhibition of cyclooxygenase-2 or lysyl oxidase
in TEC suppressed tumor growth and lung metastasis in
vivo.!>1» These findings indicate that TEC may be a good
target for anti-cancer therapy. To identify specific TEC mark-
ers, we performed DNA microarray analysis and reported that
some molecules were upregulated in TEC.%*19 Among these
molecules, suprabasin (SBSN) showed very high expression
levels in several TEC.

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.
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Recent studies have reported that stromal cells contribute to tumor progression.
We previously demonstrated that tumor endothelial cells (TEC) characteristics
were different from those of normal endothelial cells (NEC). Furthermore, we per-
formed gene profile analysis in TEC and NEC, revealing that suprabasin (SBSN)
was upregulated in TEC compared with NEC. However, its role in TEC is still
unknown. Here we showed that SBSN expression was higher in isolated human
and mouse TEC than in NEC. SBSN knockdown inhibited the migration and tube
formation ability of TEC. We also showed that the AKT pathway was a down-
stream factor of SBSN. These findings suggest that SBSN is involved in the angio-
genic potential of TEC and may be a novel TEC marker.

Suprabasin has been identified as an epidermal differentia-
tion marker and has been detected in the suprabasal layers of
the epithelia in the epidermis, stomach and tongue in
mice."7!® SBSN participates in the proliferation of normal
small cell lung carcinoma cells.*” The SBSN expression is
also correlated with the growth and invasiveness of saliv
gland adenoid cystic carcinoma and glioblastoma.®%*"
However, the details of SBSN’s involvement in tumor malig-
nancy and tumor angiogenesis are unknown.

In this study, we examined the SBSN expression and its

. function in TEC to determine whether SBSN is a potential

TEC marker.

Materials and Methods

Cell lines and culture conditions. The human renal clear cell
carcinoma cell OS-RC-2 was purchased from the RIKEN Cell
Bank (Tsukuba, Japan) and cultured in RPMI1640 medium
(Sigma—Aldrich, St. Louis, MO, USA) supplemented with 10%
heat-inactivated FBS, 100 U/mL penicillin and 100 pg/mL
streptomycin. A375SM cells, a super-metastatic human mela-
noma cell line, were a gift from Dr Isaiah J Fidler (MD Anderson
Cancer Center, Houston, TX, USA). The cells were cultured in
minimum essential medium (Gibco, Grand Island, NY, USA) sup-
plemented with 10% FBS, 100 U/mL penicillin and 100 pg/mL
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Fig. 1.

Suprabasin (SBSN) expression in human tumor endothelial cells (hTEC). (a, b) Relative SBSN mRNA expression |levels in hNEC and hTEC evalu-

ated by quantitative PCR (a, RCC, n = 4; b, colon tumor, n = 2). *P < 0.01 versus control; two-sided Student's t-test. (c, d) Clinical samples of renal cell
carcinoma (RCC) and colon cancer-derived tumor endothelial cells were double-stained with anti-CD31 and anti-SBSN antibodies. Scale bar: 50 pm.

streptomycin, as described previously.(ls) In the growth factor
experiments, NEC were treated with human EGF (AF-100-15;
PeproTech, Rocky Hill, NJ, USA) at final concentrations of 5
and 15 ng/mL and human VEGF (100-20; PeproTech, Rocky
Hill, NJ, USA) at final concentrations of 15 and 30 ng/mL for

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.

12 h. These cells were cultured at 37°C in a humidified atmo-
sphere of 5% CO, and 95% air.

Isolation of tumor endothelial cells and normal endothelial
cells. All procedures for animal experiments were approved
by the local animal research authorities, and animal care
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Fig. 2. Effect of SBSN knockdown on cell migration and tube formation in mouse tumor endothelial cells (nTEC). (a) Relative SBSN mRNA
expression levels in mouse normal endothelial cells (mMNEC) and mTEC (melanoma and renal) evaluated by quantitative PCR. (b) SBSN mRNA
expression levels in mTEC and mNEC transfected with the control siRNA or siSBSN, determined by quantitative PCR. (c) Migration toward vascular
endothelial growth factor (VEGF) of mTEC and mNEC transfected with control siRNA or siSBSN analyzed using a Boyden chamber. Scale bar:
100 pum. (d) Tube number of mTEC transfected with control siRNA or siSBSN. Scale bar: 50 um. *P < 0.01 versus control; one-way anova with the
Tukey—Kramer multiple comparison test (mean =+ SD, n = 3).

was performed in accordance with institutional guidelines. toxin (500 ng/mL; Calbiochem, San Diego, CA, USA) was
Mouse TEC (mTEC) and NEC (mNEC) were isolated as added to mTEC subcultures to kill any human tumor cells
previously described'” with some modifications. Diphtheria and to mNEC subcultures for technical consistency. Using
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an anti-human CD31 antibody, human TEC (hTEC) and
NEC (hNEC) were isolated from excised renal cell carci-
noma (RCC) or colon cancer tissues from patients at Hokka-

www.wileyonlinelibrary.com/journal/cas

ido University Hospital. Normal renal or colon tissues were
obtained from areas that were adjacent to the tumor in the
same patient. Clinical background information is described
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Relationship between suprabasin (SBSN) knockdown and AKT activation in mouse tumor endothelial cells (nTEC) in vitro and in vivo. (a)

Total AKT, phosphorylated AKT (p-AKT), and beta actin protein levels in mTEC treated with control siRNA or siSBSN, determined by western blot-
ting. (b) Tube number of mTEC treated with or without LY294002 (10 or 20 uM) evaluated by the tube formation assay. Scale bar: 100 pm.
*P < 0.05 versus control; two-sided Student’s t-test (mean =+ SD, n = 3). (c) SBSN and AKT expression levels were determined by immunohisto-
chemical analysis. CD31-positive blood vessels were stained with anti-SBSN and anti-AKT antibodies in two cases of human colon cancer (Cases 1
and 2), whereas those of normal tissues were weakly stained in vivo. Scale bar: 80 pm.

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association. -

Cancer Sci | December 2014 | vol. 105 | no. 12 | 1536



www.wileyonlinelibrary.com/journal/cas

in Supplementary Table S1. These protocols were approved
by the Ethics Committee of Hokkaido University, and writ-
ten informed consent was obtained from each patient before
surgery. Endothelial cells (EC) were cuitured as previously
described. >

Reverse transcription and quantitative PCR. Total RNA was
extracted from cells and human tumor and normal tissue
samples using the ReliaPrep RNA Cell Miniprep System
(Promega Corporation, Madison, WI, USA). Complementary
DNA (cDNA) was synthesized using a ReverTra-Plus kit
(Toyobo, Osaka, Japan). For relative quantification of target
mRNA, we used SsoFast EvaGreen Supermix (CEX 96
Real-Time PCR Detection System; Bio-Rad, Hercules, CA,
USA) for mouse EC and SYBR Green Real-time PCR Mas-
ter Mix-Plus (Bio-Rad) for human EC (in triplicate) accord-
ing to the manufacturer’s instructions.*” The quantitative
PCR amplification program was performed at 95°C for
3 min and 45 cycles at 95°C for 10 s and 60°C for 30 s.
Data were analyzed with CFX Manager software (Bio-Rad).
The primers used are described in Supplementary Table S2.
Each experiment included four PCR reactions, and each
experiment was performed three times.

Western blotting. Western blotting analysis was performed -

as described previously.®> This analysis used antibodies spe-
cific for total AKT, phosphorylated AKT (Cell Signaling Tech-
nology, Beverly, MA, USA), total Erk, phosphorylated Erk
(Cell Signaling Technology), beta actin and an HRP-conju-
gated secondary antibody.

Immunostaining. Human tissue samples were obtained from
excised RCC, normal renal tissue, colon cancer and normal
colon tissues of patients at Hokkaido University Hospital.
Frozen sections of excised tissues were prepared as
previously described.*?® Human sections were double-
stained with anti-human CD31/Alexa Fluor 594 rat anti-
mouse IgG and anti-SBSN/Alexa Fluor 488 goat anti-rabbit
IgG. All samples were counterstained with DAPI (Roche
Diagnostics, Mannheim, Germany) and examined using an
Olympus FluoView FV10i confocal microscope (Olympus,
Tokyo, Japan).

For AKT staining, formalin-fixed paraffin-embedded speci-
mens from two cases of colon cancer were prepared. Immuno-
histochemical analysis was performed using serial sections that
were stained with anti-SBSN (1:250 dilution), AKT (1:100
dilution) and CD31 (Leica Microsystem, UK; 1:500 dilution),
followed by antibody detection using a peroxidase-conjugated
streptavidin-diaminobenzidine (DAB) readout system (DAKO),
and counterstaining with DAPI. Images were randomly cap-
tured using a nanozoomer slide scanner and NDPViewer
(Hamamatsu, Japan).

Suprabasin knockdown. siSBSN was transfected into cells
using Lipofectamine transfection reagent (Invitrogen, Tokyo,
Japan) according to the manufacturer’s instructions. The
sequence of SiSBSN was 5-UAUUGAUGCCUUCAA
GGGCCUUGCC-3 (siSBSN1) and 5-UUCCCUUCCAGCU
UGAGUGAUUCCG-3' (siSBSN2). A mnontargeting control
siRNA was used (Invitrogen).

Cell migration assay. Cell migration toward VEGF-A was
analyzed using a Boyden chamber (Neuro Probe, Gaithers-
burg, MD, USA), as previously described.*” VEGF-A
(10 ng/mL) was added to the lower chamber as a chemo-
attractant. TEC were treated with the control siRNA
(10 nM) or siSBSN (10 nM) in endothelial basal medium
(EBM)-2 supplemented with 0.5% FBS for 24 h. In total,
1.5 x 10%ells were seeded in the upper chamber and
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incubated for 4 h at 37°C. The assays were independently
performed three times.

Tube formation assay. A tube formation assay was performed
as previously described.®® EC were seeded at a density of
1.0 x 10° cells per well and incubated at 37°C on Matrigel
(BD Biosciences, San Jose, CA, USA). Tube formation was
observed using an inverted microscope by measuring the junc-
tion number of endothelial tubes. For inhibition experiments
using the PI3 kinase inhibitor 1.Y294002, TEC were preincu-
bated for 2 h at 37°C in EBM2 supplemented with 0.5% FBS.
To investigate the involvement of AKT in TEC tube forma-
tion, assays were performed with or without LY294002 (0, 10

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
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or 20 uM). The assays were independently performed three
times.

Cell proliferation assay. Cell proliferation was assessed with
an MTS assay as described previously."" TEC were treated
with the control siRNA (10 nM) or siSBSN (10 nM) in EBM?2
supplemented with 0.5% FBS for 24 h. After siRNA transfec-
tion, 1.0 x 107 cells per well were seeded into 96-well plates
in EBM2 supplemented with 5% FBS. Cell proliferation was
measured daily for 3 days by the MTS assay. The assays were
independently performed three times.

Statistical analysis. Results are given as mean =+ SD. Group
comparisons were made by one-way anova with the Tukey—
Kramer multiple comparison test. When only two groups were
compared, a two-sided Student’s f-test was used. P < 0.05 was
considered significant, and P < 0.01 was considered highly
significant.

Results

Suprabasin was highly expressed in human tumor endothelial
cells. To analyze the SBSN expression in hTEC and hNEC, we
isolated hTEC from tissues of four cases of RCC and two
cases of colon cancer. Furthermore, hNEC were isolated from
the tissues of normal renal tissue and colon in the same
patients."**® The SBSN mRNA expression levels in hTEC
isolated from RCC and colon cancer tissues were higher than
those of hNEC (Fig. la,b). Double-immunofluorescence stain-
ing with anti-SBSN and anti-CD31 antibodies revealed that
SBSN was markedly expressed in tumor blood vessels both in
RCC and colon cancer, whereas the SBSN expression was low
in normal blood vessels (Fig. 1c¢,d). In addition, SBSN mRNA
expression levels were higher in human renal tumor tissues
than those in normal tissues (Suppl. Fig. S1). These findings
showed that SBSN was upregulated in hTEC from several
tumor types.

Suprabasin knockdown inhibited migration and tube formation
of mouse tumor endothelial cells. To clarify the role of SBSN
in TEC, we used mTEC isolated from human tumor xenografts
(A375SM and OS-RC-2). mNEC were isolated from mouse
dermis as a normal control. We verified that mNEC and mTEC
had the characteristics of EC using an RT-PCR assay (Suppl.
Fig. S2). The SBSN mRNA expression levels were upregulated
in mTEC from melanoma and renal carcinoina compared with
mNEC (Fig. 2a) and other mouse normal tissues (Suppl. Fig.
S3). To evaluate the SBSN function in TEC, we examined the
migration ability and tube formation of mTEC following the
SBSN knockdown. The efficacy of RNA interference (RNAi)
was confirmed using quantitative real-time PCR, which showed
that siSBSN, unlike control siRNA, decreased the SBSN
mRNA level in mTEC and mNEC (Fig. 2b). We next demon-
strated that the SBSN knockdown significantly suppressed cell
migration toward VEGF-A in mTEC but not in mNEC
(Fig. 2¢). However, siSBSN had no effect on cell proliferation
in either mTEC or mNEC (Suppl. Fig. S4). In this study, we
used two types of siRNA and obtained similar results. This
suggests that the results are not off-target effects of the nucleic
acids. In addition, the junction number of endothelial tubes in
mTEC was reduced by siSBSN treatment (Fig. 2d). These find-
ings revealed that SBSN contributed to the angiogenic pheno-
type, such as migration and tube formation in mTEC.

Suprabasin knockdown suppressed AKT pathway in mouse
tumor endothelial cells. The PI3K/AKT 2pa.thway plays an
essential role in the survival of TEC.”® We previously
reported that activation of AKT was involved in cell migration

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
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of mTEC;"*?» and, therefore, we explored the interaction
between the AKT pathway and SBSN. Phosphorylation of
AKT in mTEC was suppressed by the PI3K inhibitor
LY294002 treatment (Suppl. Fig. S5a). Moreover, we showed
that the protein level of phosphorylated AKT was reduced by
siSBSN treatment compared with control siRNA in both types
of mTEC (melanoma and renal) (Fig. 3a), but not in NEC or
in other cell types (Suppl. Fig. S5b). Moreover, we demon-
strated that 1.Y294002 inhibited tube formation in mTEC in a
concentration-dependent manner (Fig. 3b). These findings indi-
cate that SBSN regulated the migration and tube formation of
mTEC via the AKT pathway. In addition, SBSN-positive
blood vessels in human colon cancer tissues were positively
stained by anti-AKT, but not those of normal colon tissues
(Fig. 3c). This result suggests that SBSN may also be involved
in AKT activation in human tumor blood vessels. To address
how SBSN expression is regulated, endothelial cells were trea-
ted with growth factors such as endothelial growth factor
(EGF), VEGF and fibroblast growth factor-2 (FGF-2). Among
these growth factors, EGF significantly induced SBSN mRNA
expression in NEC (Fig. 4).

Discussion

In this study, we demonstrated that the SBSN expression was
markedly increased in human TEC (renal carcinoma and colon
carcinomas) as well as mTEC (melanoma and renal carci-
noma). These findings indicate that SBSN may be used as a
common marker of TEC.

The SBSN mRNA expression levels tended to be higher in
hTEC (isolated from renal carcinoma) with higher T classifica-
tions under the tumor-node-metastasis system (order: case
4>12>3>1) (Suppl. Table S1). In this study, because the
number of clinical samples was small, further studies are
required to explore the relationship between the SBSN expres-
sion and clinical background in larger numbers of patients.

Previously, we reported that mTEC demonstrate a pro-angio-
genic phenotype compared with mNEC.?3%3D SBSN plays a
role in epidermal differentiation™® and the growth and inva-
siveness of tumors."*2Y For example, Shao er al.®? report
that SBSN was upregulated because the SBSN gene promoter
in adenocystic carcinoma was demethylated. However, our pre-
liminary analysis of epigenetics showed that methylation levels
in TEC did not differ from those in NEC, which- suggests that
there may be another mechanism that is responsible for the
enhanced expression of the SBSN gene in TEC. We found that
EGF upregulated the expression of SBSN in NEC. However,
its mechanism of transcriptional regulation or its function in
tumor angiogenesis is unknown. In this study, we demonstrated
that the SBSN knockdown inhibited cell migration and tube
formation in mTEC. These findings revealed the role of SBSN
in tumor angiogenesis.

‘We previously reported that the VEGF receptor-2 (VEGFR-
2) expression was high in TEC and that TEC were more sensi-
tive to VEGF than NEC.®” The SBSN knockdown had no sig-
nificant effect on the VEGFR mRNA expression in mTEC,
suggesting that involvement of SBSN in the angiogenic pheno-
type of mTEC is independent of VEGE/VEGFR-2 signaling.

There has been no report of SBSN signaling. We showed that
the activation of AKT was suppressed by siSBSN. However,
activation of the ERK pathway, which is related to angiogenesis,
was not affected (Suppl. Fig. S6). Our finding revealed at least a
part of downstream signaling of SBSN in TEC. Thus, these find-
ings enhanced our understanding of TEC function.
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Our data demonstrate that the number of tube junctions in
TEC was decreased more by siSBSN than by a PI3K inhibitor.

These results suggest that other molecules besides AKT are
involved in SBSN-related tube formation in mTEC. Additional
studies are required to determine whether the AKT is directly
involved in the downstream of SBSN.

In this study, to the best of our knowledge, we demonstrated
for the first time that SBSN is upregulated in TEC and that
SBSN plays significant roles in the pro-angiogenic phenotype
in TEC, but not in NEC. In this study, we showed that SBSN
could be a potential TEC marker. Thus, SBSN may be a novel
target for anti-angiogenic therapy, which is specific for tumor
blood vessels. i
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Additional supporting information may be found in the online version of this article:

Fig. S1. Suprabasin (SBSN) expression in human tumor tissues. Relative SBSN mRNA expression levels in both human colon normal and cancer
tissues were analyzed by quantitative RT-PCR. *P < 0.05 versus control; two-sided Student’s #-test. Clinical samples from three patients were col-

lected.

Fig. S2. Characterization of isolated mouse tumor endothelial cells (mTEC) and mouse normal endothelial cells (mNEC). mRNA levels of CD31,
CD10s, VEGFR-1 (VRI), VEGFR-2 (VR2), CD11b, CD45, human HB-EGF (hHB-EGF) and GAPDH in mTEC and mNEC were evaluated by

RT-PCR.
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Fig. 83. SBSN expression in mouse tumor endothelial cells (mTEC) and other various tissue of mouse organs. Relative SBSN mRNA expression
levels in various tissue of mouse organs besides ECs analyzed by quantitative PCR. *P < 0,01 versus control. (ND, not detected.)

Fig. S4. Effect of siSBSN on proliferation of mouse tumor endothelial cells (mTEC) transfected with control siRNA or siSBSN was analyzed using
the MTS assay.

Fig. S5. (a) Effect of LY294002 treatment on mouse tumor endothelial cells (mTEC). (a) Total AKT, phosphorylated AKT (p-AKT), and beta
actin protein levels in mTEC treated or not treated with 1.Y294002 (10 or 20 pM) were determined by western blotting. (b) Total AKT, phosphor-
ylated AKT (p-AKT), and beta actin protein levels in mTEC were compared with those of the NEC, NIH3T3 and B16F10 cell lines transfected
with control siRNA or siSBSN. Approximately 20 pg of total protein was loaded into each lane for western blot analysis.

Fig. S6. Effect of ERK activation by suprabasin (SBSN) knockdown. ERK activation was determined by western blot analysis. Total ERK and
phosphorylated ERK (p-ERK) protein expression levels were detected in mouse tumor endothelial cells (nTEC) transfected with control siRNA or
siSBSN in melanoma tumor endothelial cells (TEC) and renal TEC. Approximately 20 pg of total protein was loaded into each lane for western
blot analysis. Beta actin antibody was used as internal control.

Table S1. Clinical background of renal cell carcinoma (RCC) and colon cancer specimens. M/F, male/female; Taccording to 1997 tumor-node-
metastasis (TNM) staging guidelines; TTaccording to the Fuhrman system.

Table S2. List of primers. Primer sequences for RT-PCR and quantitative PCR.

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd * Cancer Sci | December 2014 | vol. 105 | no. 12 | 1540
on behalf of Japanese Cancer Association.
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Abstract

parameters and survival data.

patients who have received NACRT.

Pancreatic cancer

Background: Cancer stem cells (CSCs) have been reported to play an important role in chemoradiation resistance.
Although the association of CSC markers with clinicopathological outcomes after neoadjuvant chemoradiotherapy
(NACRT) has been reported in various types of cancers, there have been no such reports for pancreatic cancer. Here
we examined the sequential changes in CSC marker expressions after NACRT in patients with pancreatic
adenocarcinoma (PA) and the impact of these changes on the prognosis.

Methods: We used immunohistochemistry to evaluate the expressions of the CSC markers epithelial cell adhesion
molecule (EpCAM), CD24, CD44, CD133, CXCR4 and Aldehyde dehydrogenase 1 (ALDH1) in resected specimens
obtained from 28 PA patients, and we compared these expressions with the patients’ clinicopathological

Results: The expression frequencies of CD44 and ALDH1 were significantly higher in the NACRT group (n=17)
compared to the non-NACRT group (n=11), but the CD133 expression was significantly lower in the NACRT
group. In the NACRT group, the expression of CD133 was inversely correlated with that of ALDH1, and CD133
+/ALDH1— expression was associated with an unfavorable patient outcome.

Conclusion: This is the first report showing that NACRT may influence the expression frequencies of CD44, CD133
and ALDH1 in PA patients. Moreover, CD133 and ALDH1 expressions may be useful predictors of prognosis in PA

Keywords: Cancer stem cells, EpCAM, CD24, CD44, CD133, CXCR4, ALDH1, Neoadjuvant chemoradiotherapy,

Background

Pancreatic cancer is the fourth leading cause of cancer
death in the United States, and its 5-year survival rate is
only 6% [1]. Surgical resection remains the only poten-
tially curative therapeutic option. However, pancreatic
cancer proceeds asymptomatically in many cases, and
surgical resection is feasible in only 10% to 20% of pa-
tients at the time of initial diagnosis [2]. Even after
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complete resection, the long-term survival rate remains
very poor [3,4].

New therapeutic strategies are thus needed to improve
the prognosis of pancreatic cancer patients. During the
past decade, neoadjuvant chemoradiotherapy (NACRT)
for locally advanced pancreatic adenocarcinoma has re-
ceived attention [5]. NACRT has several positive aspects
such as an increased resectability rate with clear margins
and decreased rates of metastatic lymph nodes and local
relapse, and NACRT resulted in a significant improve-
ment of the 5-year survival rate in curative cases [6,7].
However, many patients with pancreatic cancer do not
respond to NACRT, and little is known about the potential
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biological markers that may be associated with response
to NACRT.

Evidence has accumulated indicating that many solid
tumours are driven and managed by rare subpopulations
of cancer stem cells (CSCs). In pancreatic cancer, several
markers have been used to identify CSCs, such as epi-
thelial cell adhesion molecule (EpCAM, also known as
epithelial-specific antigen, or ESA) [8], CD24 [9], CD44
[10,11], CD133 [12,13], CXCR4 [14], aldehyde dehydro-
genase 1 (ALDHI) [15,16] and combinations of these
markers [17-19]. And it has been reported that the ex-
pression of CSCs related to patients prognosis [20]. The
biological roles of each CSCs marker are widely differ-
ent. EpCAM is considered an adhesion molecule. CD24
and CD44 also function as adhesion molecules, CD133
is a cell surface glycoprotein. CXCR4 functions as a che-
mokine receptor. ALDH1 is an intracellular enzyme in-
volved in retinoic acid.

CSCs seem to be primarily responsible for the fre-
quently observed failure of therapies as well as for re-
lapse after anticancer treatment [21]. In fact, there are
several reports of the resistance of CSCs to chemoradia-
tion therapy in head-neck [22], esophageal [23,24], lung
[25] and colon [26] cancer, but there has been no report
on pancreatic CSCs related to chemoradiation resistance,
to our knowledge.

In the present study therefore, we investigated the prop-
erties of pancreatic CSCs to compare the expressions of
CSC markers in the tumours of PA patients according to
whether they received NACRT, and to analyze the associa-
tions between the expressions of the CSC markers and
the clinicopathological characteristics of the NACRT
group to determine the clinical implications of the CSC
marker expressions.

Methods

Patient demographics

Between May 2003 and September 2013, 28 PA patients
(14 males, 14 females) underwent surgery at the Depart-
ment of General Surgery I, Hokkaido University Gradu-
ate School of Medicine (Sapporo, Japan). Among them,
17 patients received preoperative chemoradiotherapy
with gemcitabine (GEM) followed by 50.4 Grays (Gy) of
radiation therapy (NACRT group). All patients in the
NACRT group received a cumulative irradiation dose of
50.4 Gy in 28 fractions of 1.8 Gy, using 3-dimensional
radiation therapy. The primary tumour plus regional
lymph nodes were targeted. Systemic GEM 150 mg/m?*
was administered weekly. Within 4-6 weeks after the
completion of NACRT, the patients were reassessed

by CT, MRI and PET-CT and surgery was performed.

During the same period, 11 patients did not receive pre-
operative chemoradiotherapy but underwent surgery
(the non-NACRT group).
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Recurrence was diagnosed on the basis of clinical ex-
aminations and imaging studies. Time to death, final
follow-up examination, and the diagnosis of recurrence
was measured from the date of surgery. Surviving pa-
tients were followed up until March 2014.

‘Written informed consent was obtained from all 28 pa-
tients prior to their enrollment in the study, and this study
design and protocol were approved by the institutional re-
view board of Hokkaido University Hospital Sapporo,
Japan (Clinical Research approval number 013-0074).

Pathological specimens

Formalin-fixed and paraffin-embedded specimens were
retrieved from the surgical pathology files of the Path-
ology Department of Hokkaido University Hospital. Sec-
tions were cut and stained with hematoxylin-eosin
(H&E) for routine histopathologic examination. Pancre-
atic ductal adenocarcinoma was diagnosed in all speci-
mens. A representative tissue block was selected from
each case to perform immunohistochemical studies.

Immunohistochemistry

The resected tissues were fixed in 10% formalin and embed-
ded in paraffin blocks, and the most representative block
was chosen for each case. Each block was cut into serial 4~
pm-thick sections for staining with H&E and immunohisto-
chemistry for EpCAM, CD24, CD44, CD133, CXCR4 and
ALDHI. Immunohistochemistry was performed using the
EnVision + System-HRP (Dako Japan, Tokyo), and the
protocol was optimized for each antigen (Table 1).

Briefly, the sections were mounted on charged glass
slides, deparaffinized, and rehydrated through a graded
ethanol series. Antigens were retrieved in Dako EnVision
FLEX Target Retrieval Solution using Dako PT Link for
20 min at 97°C according to the manufacturer’s instruc-
tions (Dako Japan). After the blocking of endogenous
peroxidase activity with 0.03% hydrogen peroxide, the
sections were incubated with the primary antibodies
at room temperature for 30 min and then reacted with
a dextran polymer reagent combined with secondary
antibodies and peroxidase for 30 min at room temp-
erature. Specific antigen-antibody reactions were visual-
ized with diaminobenzidine chromogen applied for
10 min. Slides were counterstained with hematoxylin,
dehydrated and mounted.

Non-neoplastic pancreatic tissues on the same slides
as those summarized in Table 1 were defined as internal
positive controls for each antibody [17,19,27-29]. Nega-
tive control tissue sections were prepared by omitting
the primary antibody.

Immunohistochemical evaluation
All assessments were made on the tumour region of the
specimen (x200). Each slide was evaluated independently
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Table 1 Primary antibodies used in the immunohistochemistry

Antigen (clone) Location Antibody species Manufacturer (product) Antigen-retrieval solution Dilution

Internal positive control
[reference No]

EpCAM (ESA) M

Mouse monoclonal Dako (M3525)
CD24 M Mouse monoclonal  Neomarkers (MS-1279)
CD44 M Mouse monoclonal Abcam(ab51037)
CD133 M Rabbit polyclonal Abnova(12663)
CXCR4 M Mouse monoclonal Zymed(35-8800)
ALDH1 C Mouse monoclonal

Abcam(ab52492)

PH6 ciltrate buffer 1:2200  Epithelium of pancreatic ducts,
acinar cells and islets of
Langerhans cells [29]
PH6 ciltrate buffer 1:50 Acinar cells [27]
PH6 ciltrate buffer 1:50 Acinar cells (28]
PH9 Tris EDTA buffer 1:50 Acinar cells [19]
PH6 ciltrate buffer 1:50 Acinar cells [17]
PH6 ciltrate buffer 1:100 Acinar cells and islets of

Langerhans cells [19]

M: membrane C: cytoplasm.

by two independent observers (authors TM and TM),
who did not know the clinical outcomes, and discrepan-
cies between the observers were resolved using a con-
ference microscope. To take into account intratumoral
heterogeneity of antigen expression, we selected two to
six visual fields from different areas of invasive ductal
carcinoma excluding that of intraepithelial neoplasia in
each slide. In detail, guided by the microscope, the areas
were selected randomly per section using a x 4 objective
and ax 10 ocular lens on each H-E staining slide and
marked it by circling each area. And then, we superim-
posed the slide which was stained with CSCs markers
on the HE staining slide, and have marked it by tracing
the mark for evaluation of the immunoreacting score
(IRS). The immunoreaction for each antibody was eval-
uated in each case based on both the proportion of
positive-stained tumour cells and the staining intensity
of the tumour cells . The expression site of each anti-
body (membrane or cytoplasm) is given in Table 1. The
expression of each antibody was evaluated for each

tissue sample by calculating the total IRS as the product

of the proportion and intensity scores according to
previous reported criteria [22]. Briefly, the proportion
score reflected the estimated fraction of positive-stained
tumour cells (0, none; 1, 1%-10%; 2, 11%-50%; 3,
51%—80%; 4, 81%—100%). The intensity score repre-
sented the estimated staining intensity (0, no staining;
1, weak; 2, moderate; 3, strong). The total IRS ranged
from 0 to 12, and the scores were averaged. A positive
expression of each antibody was defined as an averaged
score > median.

Statistical analysis

We used a t-test or Fisher's exact test to evaluate the
differences in clinicopathological and immunohistologi-
cal features between the NACRT and non-NACRT
group. We tested the associations between clinicopatho-
logical and immunohistologically detected stem cell
marker expressions by Fisher's exact test. Survival curves

of patients were drawn by the Kaplan- Meier method.
Differences in survival curves were analyzed by the log-
rank test. Differences at P < 0.05 were considered signifi-
cant. All statistical analyses were performed using JMP
Pro 10 (SAS Institute Japan).

Results
Patient characteristics
The patient demographics are shown in Table 2. T-factor,
N-factor, Histological classification and R-factor were
assigned according to the TNM classification of the Union
Internationale Contre le Cancer (UICC 7th edition). There
were no significant differences between the NACRT and
non-NACRT groups in age, gender, operative procedures,
portal vein resection, clinical T, N factor, pathological T, N
factor, histological classification, or residual tumour.

In the evaluation of tumour destruction, over 50% of

‘the cancer cells had degenerated in nine patients.

Table 2 Patient demographics and clinicpathological
characteristics

NACRT  Non-NACRT P-value
(n=17) n=11)

Age(mean + SD) 599+79 636+104 0287
Gender(male/female) 8/9 6/5 1,000
Operative procedures PD/DP/TP 13/3/1 10/1/0 10002
Portal vein resection 706% (12/17) 636% (7/11)  1.00072
cT(1/2/3/4) 0/0/17/0 0/0/11/0 1.000

cN@©O/1) 11/6 6/5 0.701"
pT(0/1/2/3/4) 0/1/16/0 0/0/11/0 1.000"
PN(O/1) 13/4 5/6 0.1257
Histological classification 11/5/1 8/3/0 1.000

G1-2/G3/ungradeable
Residual tumor RO/R1-2 17/0 9/2 0.146"
Tumor destruction (Evan's 1/7/7/2/0

criteria)l/lla/lib//V

SD: standard deviation; PD: pancreatoducdenectomy; DP: distal pancreatectomy;
TP total pancreatectomy. *1: Unpaired t-test. *2: Fisher’s exact test.
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Patterns of expression

The expressions of EpCAM, CD24, CD44, CD133, and
CXCR4 antigens were membranous in carcinoma cells
(Figure 1A—E).

The IRS of cancer cells with membranous EpCAM ex-
pression ranged from 0 to 12 (median 7.3). Using the cut-
off point, of the 28 cases, 15 (53.6%) were considered
positive. The IRS of the cancer cells with membranous
CD44 expression ranged from 0 to 12 (median 3.4), with
16/28 (57.1%) cases considered positive. The IRS of the
cancer cells with membrane CD24 expression ranged from
0 to 12 (median 2.9), with 10/28 (35.7%) cases being posi-
tive. The IRS of the cancer cells with membrane CD133
expression ranged from 1 to 12 with a median value of
5.7, and 15/28 (53.6%) cases were considered positive for
CD133. The IRS of the cancer cells with membranous
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CXCR4 expression ranged from 1 to 12 (median 6.1), with
11/28 (39.3%) cases considered positive.

The expression of ALDH1 was cytoplasmic in carcin-
oma cells (Figure 1F). The IRS of the cancer cells with
cytoplasmic ALDH1 expression ranged from 1 to 12
with a median value of 5.6. Of the 28 cases, 13 (46.4%)
were considered positive.

Response analysis
As shown in Table 3, a positive CD44 expression was
found in 14 of the 17 cases (82.4%) in the NACRT group
and in 2 of the 11 cases (18.2%) in the non-NACRT
group; the difference between the two groups was sig-
nificant (P = 0.00148).

Positive CD133 expression was found in 5 of the 17
cases (29.4%) in the NACRT group and in 9 of the 11

Figure 1 Immunohistochemﬁcal staining of each CSC marker in pancreatic adenocarcinoma. The arrows indicate strong staining intensity
of EpCAM (A), CD24 (B), CD44 (C), CD133 (D), CXCR4 (E) and ALDH1 (F). Scale bar, 100 pm.
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Table 3 Frequency of CSCs markers positive cases

NACRT(n=17) Non-NACRT(n=11) P-value
EpCAM(+) 58.8% 45.5% 0.700
CD24(+) 35.3% 36.4% 1.000
CD44(+) 82.4% 18.2% 0.00148
CD133(+) 294% 81.8% 0.0183
CXCR4(+) 47.1% 27.2% 0435
ALDH1H) 64.7% 18.2% 0.0237

Fisher's exact test.
The bold value indicates a statistically significant result.

cases (81.8%) in the non-NACRT group; the difference
between the two groups was significant (P = 0.0183).

Positive ALDH1 expression was found in 11 of the 17
cases (64.7%) in the NACRT group and in 2 of the 11
cases (18.2%) in the non-NACRT group; the difference
between the two groups was significant (P = 0.0237).

No significant differences were found in the frequency
of expression of EpCAM, CD24 or CXCR4 between the
NACRT group and the non-NACRT group.

Correlation among CSC markers

As shown in Table 4, CD133 expression was inversely
related to ALDHI1 expression in the NACRT group
(P =0.0276), but no significant associations were ob-
served between the other CSCs marlers.

Association with histopathological variables
Table 5 shows the associations of CSC markers with clini-
copathologic features in the NACRT group. The positive-
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expression of CXCR4 was significantly correlated with a
higher liver metastasis rate (P = 0.0152).

Positive CD133 and negative ALDH1 expression had a
markedly poorer OS
Figure 2 shows that the patients who underwent NACRT
had significantly better disease-free survival (DES) and over-
all survival (OS) rates compared to the patients who did not
undergo NACRT (P = 0.0056 and P = 0.0158, respectively).
In the NACRT group, the patients with positive CD133 ex-
pression had a significantly poorer OS rate (P = 0.0406) com-
pared to those with negative CD133 expression (Figure 3A).
However, the patients with positive expression of CD44
and ALDHI1 had no significant differences in prognosis
compared to the patients with negative expression of
CD44 and ALDHI. In addition, the patients with positive
CD133 and negative ALDH1 expression had a markedly
poorer OS rate (P = 0.0039) compared to the patients with
expressions of other markers (Figure 3B).

Discussion

In this study, we focused on EpCAM, CD24, CD44,
CD133, CXCR4 and ALDH]1 as representative pancreatic
CSC markers and examined the effect of NACRT on
pancreatic CSCs. Our major findings are as follows:
(1) CD44- and ALDH1-positive cells may have chemora-
diation resistance, but CD133-positive cells may have
chemoradiation susceptibility in pancreatic cancer;
(2) CD133 and ALDHI expressions may be useful predic-
tors of prognosis in pancreatic adenocarcinoma patients
who have received NACRT. As the evaluation method of

Table 4 Correlations between CSC marker expressions in the NACRT group

ESA cD24 CDa4 CD133 CXCR4
(+) ) P +) Q] P (+) ) P (+) ) P (+) ) P
CD24
o) 4 2 1.000
B 6 s
CD44
o 9 5 0537 4 10 0515
0 1 2 2 1
CD133
) 3 2 1000 3 2280 5 0 0515
a 7 5 3 9 9 3
CXCR4
) 4 4 0637 4 4 0335 6 2 0576 2 6 1,000
) 6 3 2 7 8 1 3
ALDH1 »
@) 7 4 0644 3 8 0600 9 2 1000 1 10 00276 5 6 1.000
O 3 3 3 3 5 1 4 2 3 3

Fisher'’s exact test.
The bold value indicates a statistically significant result.
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Table 5 Association of CSC markers with clincopathologic features in the NACRT group

EpCAM CD24 CD44 D133 CXCR4 ALDH1
(+) (+) (+) (++) (+) +

Parameter Total (n=10) p n=6) p n=14) p (n=5) p (n=8) p (n=11) p

Histological classification

Grade 1/2 11 8 0186 4 0547 9 1.000 4 0.0801 3 00633 8 0.547

Grade 3 5 2 1 4 0 4 3

ungradeable 1 0 1 1 1 1 v 0

ypT

CypT2 1 1 1000 0 1.000 1 1000 0 1000 0 1000 1 1.000
ypT3 16 9 6 13 5 8 10

ypN
ypN1 4 3 0603 2 0584 3 1.000 2 0538 2 1000 3 1.000
ypNO 13 7 4 i 3 6 8

Tumour down stage .
Present 5 4 0338 2 1000 5 0515 1 1.000 4 0131 3 1.000
Absent 12 6 4 9 4 8

Lymphatic invasion
Present 1 0 1.000 0 1.000 1 1.000 0 1000 O 1.000 1 1.000
Absent 16 10 6 13 5 8 10

Blood vessel invasion
Present 1" 7 0644 3 0600 9 1.000 3 1000 4 0335 7 1.000
Absent 6 3 3 5 2 4 4

Perineural invasion
Present 12 ) 0338 3 0.280 10 1.000 3 0600 6 1.000 8 1.000
Absent 5 4 3 4 2 2 3

Recurrence
Present 1 6 1.000 5 0333 10 0515 4 0600 7 0131 7 1.000
Absent 6 4 1 4 1 1 4

Liver metastasis
Present 7 3 0350 3 0644 6 1.000 2 1000 6 0.0152 6 0.304
Absent 10 7 3 8 3 2 5

Tumor destruction (Evans's

criteria)
I/lla 8 5 1.000 1 0131 7 1.000 1 0294 3 0637 5 1.000
b/l 9 5 5 7 4 5 6

Fisher’s exact test.
The bold value indicates a statistically significant result.

the effect of NACRT, we compared the expression of
several CSC markers immunohistochemically detected
in human pancreatic cancer specimens from patients
who received and did not receive NACRT. Although
the comparison of tissue samples obtained from the
same individual before and after NACRT is desirable, the
evaluation has been difficult in terms of the quantity and
quality of biopsy material before NACRT. Thus, we
think that comparisons between patients in similar
cohorts who received and did not receive NACRT are

adequate to determine whether the survival of CSC
marker-positive cells is a phenomenon that occurs in
human cancer tissue.

Regarding the chemoradiation resistance to pancreatic
CSCs, we have demonstrated that the frequencies of
CD44- and ALDHI1-positive cases are increased in the
NACRT group. This result indicates that CD44- and
ALDHI-positive cells may have chemoradiation resist-
ance in pancreatic cancer. CD44 is involved in cell-
to-cell and cell-to-matrix interactions and has been used



