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Figure 4. Comparison of in vivo tumorigenicity of ALDH1"9" cells and ALDH1'° cells. A ALDH1"9"°% yymors derived from AMOC-
2 cells. B ALDH1M9"°% symors derived from RMG-1 cells. Picture: NOD/SCID mice that were injected with 1.0x 10> ALDH1M9"°% cells and in
which tumors observed on both sides of their back. Histological images: Hematoxylin-Eosin staining (H-E, left panel), ALDH1 immunohistochemical

staining (middle panel), Ki-67 immunohistochemical staining (right panel) of ALDH1"

i8h/IoW tmors. Magnification of images: x 400. C Growth

curves of ALDH1"M9"V°% tumors derived from AMOC-2 and RMG-1 cells. Left column: AMOC-2 cells, 1.0x10° injection. Middle column:
AMOC-2 cells,1.0%10% injection. Right column: RMG-1 cells, 1.0x10° injection. Each value is the mean tumor volume & SD. *P values. D
Immunoreactivity to ALDH1 or Ki-67 of ALDH1"9"'°" tumors derived from AMOC-2 and RMG-1cells Each value is the mean positive

percentage = SD. *P values.
doi:10.1371/journal.pone.0065158.g004

Technologies) until separated into single cells. The cells obtained
by these procedures were analyzed by flow cytometry as described
helow.

ALDEFLUOR Assay and Isolation by Fluorescence-
activated Cell Sorting (FACS)

We used an ALDEFLUOR assay kit (Stem Cell Technolo-
gics“ T, Vancouver, BC, Canada} to determine ALDHI activity of
cells according to the manufacturer’s protocol. Cells were
suspended in ALDEFLUOR assay buffer containing 1 pmol/1
per 1x10° cells of the ALDH substrate, boron-dipyrromethene-
aminoacetaldehyde (BAAA), and incubated for 50 min at 37°C.
Each sample was treated with 50 mmol/l of an ALDH-specific
inhibitor, diethylaminobenzaldehyde (DEAB), as a negative
control. Stained cells were analyzed by BD FACSAria™ I1 (BD
Biosciences, San Jose, CA, USA). Cells were stained with 1 pg/ml
of propidium iodide to evaluate their viability prior to analysis.

For isolation of epithelial cells from solid ovarian cancer
specimens, we sorted epithelial cancer cells using anti-CD326 (Ep-
CAM) APC antibody (B Biosciences). We used anti-CD326
microbeads (BD Biosciences) and an Automacs system (Miltenyi
Biotec, Bergisch Gladbach, Germany) to enrvich epithelial cells
from malignant ascites of ovarian cancer cases before the
ALDEFLUOR assay.

Cell Cycle Analysis and in vitro Cell Grow Analysis

ALDHI1"" and ALDHI™ cells were directly fixed with 70%
cthanol after sorting. Then they were resuspended in PBS
containing 250 pg/ml RNase A (Sigma-Aldrich) for 30 minutes
at 37°C and stained with 50 pg/ml propidium iodide for 10
minutes at 4°Ct in the dark. Stained cells were analyzed with a
FACSCalibur (BD Biosciences), and the data were analyzed using
the Mod-¥Fit cell cycle analysis program.

For in zitio cell growth assay, ALDHI"®" cells and ALDHI'™
cells isolated from AMOC-2 and RMG-1 cells were seeded into a
G-well plate at 3 x 10* cells per well. After incubation for 48 and 96
hours, the cells were removed by trypsin and viable cell numbers
were determined using Countess® (Life Technologies).

Sphere-forming Assay/single Cell Sphere-forming Assay

ALDH 1™ and ALDHT™ cells were isolated by FACS and
then cultured in 6-well ultra-low attachment swrface dishes
(Corning, Tewkshury, MA, USA) at 1000 cells per well. For the
single cell sphere-forming assay, both ALDHI"" and ALDH™Y
were sorted into 86-well ultra-low attachment dishes (Corning) at a
single cell per well. The cells were cultured in stem-cell medium,
serum-free DMEM/F12 (Life Technologies) supplemented with
N-2 supplement (Life Technologies), 20 mg/ml recombinant
human epithelial growth factor (Life Technologies), 10 mg/ml
human basic fibroblast growth factor (Sigma-Aldrich), 4 pg/ml
heparin (Sigma-Aldrich), 4 mg/ml hovine serum albumin (Life
Technologies), 20 g/ml human insulin, zinc solution (Life
technologies), and 2.9 mg/ml glucose (Sigma-Aldrich). [29]
Morphological change was observed daily under a light micro-
scope for 14 days.

In vivo Tumorigenicity

Sorted ALDH1M" and ALDHI1™ cells were resuspended at
1.0%10% 1.0x10% and 1.0x10" cells in 100 pi PBS and Maigel
(BD Biosciences) mixture (1:1). Then each mixture was injected
subcutaneously into the right/left middle back areas of 6-week-old
female non-obese diabetic/severe combined immune-deficiency
(NOD/SCID} mice (NOD.CBI17-Prdkescid/], Charles River
Laboratory, Yokohama, Japan) under inhalation anesthesia by
isoflurane. Tumor initiation and progression were observed weekly
until the mice were sacrificed at 7 weeks after injection. External
tumor volume was calculated as 0.5% Dmaxx (Dmin)® [mm?]
(Dmax : long axis, Dmin : short axis of mass).

Immunohistochemical Staining for Ovarian Cancer Tissue

Immunohistochemical staining of ALDH1 and Ki-67 was
performed with formalin-fixed, paraffin-embedded sections of
123 epithelial ovarian cancer tissues {62 serous adenocarcinomas,
37 clear cell adenocarcinomas, 18 endometrioid adenocarcinomas
and 6 mucinous adenocarcinomas) as described previously. {30]
[31] Antigen retrieval was done by beiling sections in 120°C for
5 min in a microwave oven in preheated 0.01 mol/l sodium
citrate (pH 6.0). Endogenous peroxidase activity was blocked by
3% hydrogen peroxide in ethanol for 10 min. After blocking with
1% non-fat dry milk in PBS (pH 7.4), the sections were reacted

Table 1. Tumor-initiation incidence of ALDHTMM®Y cells derived from AMOC-2 and RMG-1 cells.

AMOC-2

Ferers

2/5

0/5 /5 0/5

The number indicates the incidence of tumor-initiation of NOD/SCID Mice.
doi:10.137 1/journal.pone.0065158.t001
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Table 2. Patient list of clinical specimen that were examined
by ALDEFLUOR assay.

Cancer cells from solid cancer tissue

PtNo, Age Histological subtype Stage ALDH1"# CD326+[%]

1 42 Clear e 72 627
2 67 Mudnous W 0 165

3 52 Endometrioid Ty 787
4 45  Cer I 81 81
5 71 Serous me 22 80
e B4 TR R e e e

£SD %130

=505 +345

Histological subtype ALDH1MgbP

1 Unkaowr e

2 Serou$ ' 22

.

4 58 Serous 42

g 52 ;'Sfef:r s i :"4’71«,!’; : ;
[ ‘ 59 ‘Ct{ear+Endométrioid 1.7

Mean 605 oo Ton T e
*SD  *539 tl.Bé

Cancer cell from primary cancer tumor : 6 cases/Cancer cell from ascites : 5
cases.
doi:10.1371/journal.pone.0065158.t002

with mouse anti-ALDHI monoclonal antibody (1:250, Sigma-
Aldrich) or mouse anti-Ki-67 monoclonal antibody (1:100,
DAKOQ, Glostrup, Denmark) for 1 hour followed by incubation
with biotinylated anti-mouse IgG (Nichirei} for 30 min. Subse-
quently, the sections were stained with setreptavidin-biotin
complex (Nichirei Biosciences, Tokyo, Japan), followed by
incubation with 3,3'-diaminobenzidine used as a chromogen
and counter-staining with hematoxylin. Cytoplasmic staining was
regarded as positive for ALDHI, and nuclei staining were
regarded as positive for Ki-67. For evaluation of ALDH] staining,
the cases were divided into two groups (ALDH1M® group and
ALDHI"™ group) by medians (medians for serous adenocarcino-
ma the median and clear cell adenocarcinoma being 20% and
15%, respectively).

Matrigel Invasion Assay

The invasive capability of cells was evaluated using matrigel
invasion chambers (BD Biosciences). Isolated ALDHIM™" and
ALDH1Y cells (1.0x10* ) were plated in each upper chamber in
serum-free DMEM. The outer chambers were filled with DMEM
including 10% FBS as a chemoattractant. Cells were incubated for
48 hours, and invasive cells were stained with Hematoxylin,
mounted on slides, and counted at 400-fold upper field by light
microscopy.

Statistical Analysis

Statistical analysis, data fitting and graphics were performed
using SPSS software package ver.19 (SPSS, Chicago, IL, USA).
Data are shown as mean * SD of at least 3 independent
experiments, and Student’s t-test was used to assess statistically
significant differences (p<<0.05). Overall survival (OS), defined as
interval from the date of first diagnosis to the date of death from
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disease progression, and progression-free survival (PFS), defined as
the interval from the date of first diagnosis to the date of disease
progression, were estimated using the Kaplan-Meier method and
compared using the log-rank test. Associations of ALDHI
expression  with clinical stage, lymph node metastases and
dissemination were analyzed by Fisher’s test.

Results

Isolation of ALDH1"8" Cells from EOC Cell Lines

Several methods to isolate CSCs/CICs have already been
described [12], and an aldehyde dehydrogenase 1 high population
(ALDH 1"#% identified by the ALDEFLUOR assay was described
to be ecnriched with CSCs/CICs. [20] We therefore analyzed
ovarian carcinoma cell lines by the ALDEFLUOR assay 1o isolate
ovarian CSCs/CICs. We investigated 3 human ovarian serous
adenocarcinoma cell lines (AMOC-2, HUOA and OVCAR-3)
and 3 human clear cell adenocarcinoma cell lines (ES-2, RMG-1
and TOV-21G) (Figure 1). ALDH1"*" population was identified
in all ovarian carcinoma line cells, and the ratio of ALDH | bisb
cells ranged from 0.7% for ES-2 cells to 7.9% for TOV-21G cells.
We could isolate ALDHI"8" cells stably from 4 cell lines (AMOC-
2, ES-2, RMG-1 and TOV-21G), and we therefore used these cell
lines for further analysis.

Characterization of ALDH1"9" Cells

Since CSCs/CICs are known to form spheres in floating culture
conditions [29], we analyzed ALDH1"™" cells by a sphere-forming
assay. A total of 10 cells per well were sorted and incubated into a
6-well plate in an anchorage-independent environment. At day
10, ALDH I cells derived from AMOG-2 cells showed greater
sphere-forming ability than that of ALDH ' cells. Similar results
were obtained from ES-2 cells, RMG-1 cells and TOV-21G cells
(Figure 2A). Since the sphere-forming assay is not suitable for
quantification of the ratios of CSCs/CICs in ALDHIMS® cells, we
performed a single cell sphere-forming assay. Sphere formation
was observed in 4.86% of the wells of ALDHIM" cells derived
from AMOC-2 cells and in 3.13% of the wells of ALDHI"" cells
derived from ES-2 cells (Figure 2B). On the other hand, wells of
ALDHI™ cells derived from both AMOC-2 and ES-2 cells did
not show any sphere formation.

We then investigated the invasion ability of ALDHI1™&" and
ALDH1™" cells by the matrigel invasion assay. ALDHI"™" cells
derived from all four line cells showed greater matrigel invading
ability than did ALDH1"" cells (Figure 2C3).

The cell cycle status of ALDHI" cells and that of ALDH1"™
cells were analyzed. The ratios of ALDHI" cells in § phase and
G2/M phase were greater than ratio of ALDHI™ cells in S phase
and G2/M phase (Figure 3A}. Cell grow analysis revealed that
ALDH 1" cells derived from AMOC-2 and RMG-1 cells had
higher grow rates than those of ALDHI™™ cells (Figure 3B).

Higher Tumorigenicity of ALDH1"9" Cells than that of
ALDH1'" Cells

To address the in vioo tumorigenicity of ALDHIM" and
ALDHI™ cells from EQQC cell lines, xenograft transplantation
into NOD/SCID mice by ALDHI™® and ALDHI™ cells
derived from AMOC-2 and RMG-1 cells was performed
(Figure 4A, 4B and 4C). As shown in Table 1, tumors were
observed in 5 of 5 mice (10 cells injection), 4 of 5 mice (10% cells
injection) and 2 of 5 mice (10° cells injection) in which
xenotransplantation of ALDHI™® cells derived from AMOC-2
cells was performed. On the other hand, tumors were observed in
only 3 of 5 mice (10* cells injection) and 2 of 5 mice (10% cells
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Table 3. Correlation between ALDH1 expression and clinical
factors in 123 epithelial ovarian cancer patients.

All cases

51141.5)

19(51.4) 37

1 8(;1%8.6)

26(61.9)

39(58.2)

34(54.8)

 60600)

7(538) 6(46.2)
27(55.1) 22(44.9)

23(53.5) 20(46.5)

@80 13(6520)

11(61.1) 7(38.9) 18

ALDH1®¥

Characterisnc ALDH1

Mean Age =SD 50.9 53.0 52.2
FIGO stage No.(%) 0.060
TV 8(57.1) 6{42.9) 14

T1-2 14(45.2) 17(54.8) 3

Lymphadenectomy

L/N Meta (+)
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Table 3. Cont.

Characteristic

ALDH1"S"  ALDH1™¥ Total P Value

E\Io. (%) 10{45.5) 12(54.5) 22

P values calculated by Fisher's test. For alt 123 cases, histological subtypes and
FIGO clinical stage were investigated about the relevance to ALDH1 expression,
Individually in serous or clear cell adenocarcinoma cases, investigated the
relevance with ALDH1 expression to FIGO clinical stage, T-classification and
fymph nodes metastases.

doi:10.137 1/journal.pone.0065158.1003

injection) in which xenotransplantation of ALDHI™ cells was

performed. Furthermore, growth rate of tumors derived from
AMOC-2 ALDHIM™® cells was significantly faster than that of
tumors derived from AMOC-2 ALDHI™ cells (Figure 4C).
Similar results were obtained for RMG-1 cells (Figure 4B and 4C).

Histological aspects of tumors derived from ALDHI™® cells
and ALDH1™" cells that were isolated from AMOC-2 and RMG-
1 cells were investigated (Figure 4A and 4B). Tumors derived from
AMOG-2 ALDH1™® cells and AMOCG-2 ALDH1"™ cells showed
poorly differentiated adenocarcinoma and there was no significant
difference. Similarly, tumors derived from RMG-1 ALDH|"s"
cells and RMG-1 ALDHI™ cells showed poorly differentiated
clear cell adenocarcinoma. Immunohistochemical staining re-
vealed that there was no significant difference in ALDH I-positive
rate between tumors derived from AMOC-2 ALDH 1" cells and
wmors derived from AMOC-2 ALDHI®Y cells, whereas the
tumor derived from RMG-1 ALDHIY" cells showed significant
higher ALDH1 positive rates than that of tumor derived from
RMG-1 ALDHI™ cells (Figure 4D). Furthermore, tumors
derived from AMOC-2 ALDHI"®" cells and RMG-1 ALDH1""
cells showed significantly higher positive rates for Ki-67 (MIB-1)
than those of tumors derived from AMOG-2 ALDH1™ cefls and
RMG-1 ALDHI™ cells (Figure 4D).

Identification of ALDH1"8" Cells in Primary EOC Samples

To detect ALDHI"™" cells in primary ovarian cancer, we
analyzed eleven clinical materials using the ALDEFLUOR assay
(5 cases of solid ovarian cancer cells and 6 cases of malignant
ascites of ovarian cancer cases, summarized in Table 2). CD326-
positive epithelial cells were identified in solid ovarian cancer
tissues, and the positive rates ranged from 8.1% tw 81.0%
(Figure 5A, upper panels). ALDHI"™® cells were detected in 4 of
the 5 cases, and positive ALDH1" cell rates ranged from 0.9%

to 12.0% (Figure 5A, lower panels). Furthermore, ALDH1"#" cells
were detected in CD326-positive cells derived from ovarian cancer
ascites in 4 of the 6 cases, and the positive rates of ALDHI™" cells
ranged from 1.7% to 4.2% (Figure 3B). Therefore, ALDHI
activity determined by using the ALDEFLUOR assay might be a
useful approach for isolation of CSCs/CICs from primary ovarian
cancer cells.

Association of High Expression Level of ALDH1 is with
Poor Prognosis

A total of 123 epithelial ovarian cancer tissues were immuno-
histochemically stained with anti-ALDHI1 antibody (Table 3,
Figure 6A). The medians of ALDHI-positive rates in serous
adenocarcinoma cases and clear cell adenocarcinoma cases were
20% and 15%, respectively. We therefore divided the cases into
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Figure 5. ALDEFLUOR assay for primary solid ovarian cancer cells or cancer cells in ascites. A Analysis of primary solid ovarian
cancer cells Upper panel shows CD326 staining. Percentage indicat positive rate for CD326 cells. Lower panel shows ALDEFLUOR assay of CD326-
positive cells. Left: Patient No.1, case of stage Ic clear cell adenocarcinoma. Right: Patient No.3, case of stage lc endometrioid adenocarcinoma. B
Analysis of primary cancer cells from ascites CD326-positive selection was done before ALDEFLUOR analysis. Left: Patient No.4, case of stage Hic
serous adenocarcinoma. Right: Patient No.6, case of stage llib clear cell and endometrioid adenocarcinoma. CD326: Epithelial cell adhesion molecule

(EpCAM). APC: allophycocyanin area. Percent scores in boxes indicate CD326-positive or ALDH1-activity ratios.

doi:10.1371/journal.pone.0065158.g005

two groups, ALDHI1"* group and ALDH 1™ group, according
the medians. As shown in Table 3, there was no significant
correlation of the expression level of ALDHI1 with age or with
cach FIGO clinical stage. High expression level of ALDHI
showed no significant correlation with advanced stages (stage
HIHV), T factor or lymph node metastasis in both serous
adenocarcinoma cases and clear cell adenocarcinoma cases. The
log-rank test revealed that higher expression level of ALDHI is
associated with poorer prognosis with a significant difference in
OS of patients with serous adenocarcinoma (P = 0.006) and OS of
patients with clear cell adenocarcinoma (P =0.047) than those of

PLOS ONE | www.plosone.org

lower expression level of ALDHI (Figure 6B). Higher expression
level of ALDH]1 showed a tendency for shorter PFS than that of
lower expression level of ALDHI, but the differences were not
significant (serous adenocarcinoma: P=0.062; clear cell adeno-
carcinoma: P=0.058).

Discussion

In this study, we isolated ovary CGSCs/CICs with high
tumorigenicity by the ALDEFLURQ assay. An ALDHI1P"
population could be isolated not only from ovarian cancer celf
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Figure 6. Correlation between ALDH1 immunoreactivity and patients’ clinical outcome in ovarian serous and clear cell carcinoma.
A H-E staining and ALDH1 immunohistochemical staining of primary ovarian serous adenocarcinoma (left) and primary ovarian
clear cell adenocarcinoma (right) Upper left panel: H-E staining of ALDH1™S" specimen. Upper right panel: ALDH1 immunohistochemical staining
of ALDH1"9" specimen. Lower left panel: H-E staining of ALDH1"°" specimen, Lower right panel: ALDH1 immunohistochemical staining of ALDH1'Y

specimen. Magnification of images: x400. B Log-rank test for ALDH1""/!

'ow groups of ovarian serous adenocarcinoma and clear cell

adenocarcinoma patients. Serous adenocarcinoma: 62 cases/clear cell adenocarcinoma: 37 cases. Cases in the ALDH1"S" group are cases with
positive ratio for ALDH1 of over 20% for serous adenocarcinoma cases and 15% for clear cell adenocarcinoma cases. Left: column: progression-free

survival (PFS). Right column: overall survival (OS). *P values.
doi:10.1371/journal.pone.0065158.g006

lines but also from primary ovarian cancer samples. Several
methods for isolation of CSCs/CICs have been reported. Indeed,
ovarian CSCs/CICGs have been successfully isolated by using
various methods including the ALDEFLUOR assay [25], side
population (SP) analysis [32,33], and use of CDI33%% [34],
CD44*CD24" [35] and CD24" cells. [36] However, there is a
controversial report showing that a CGSC/CIC marker does not
work in some types of cells. {37,38] Therefore, it is essential to
validate the cell population isolated by CSC/CIC markers by
several types of analysis. In this study, we confirmed that the
ALDH ™" population had higher tumorigenicity and greater
sphere-forming ability. These observations indicate that the
ALDH "8 cells we used in this study are enriched with CSCs/
CICs. There have been few reports on successful isolation of
CSCs/CICs from primly ovarian cancer cells. We isolated
ALDH1"8" cells from 8 of 11 primary ovarian cancer cases. We
could not analyze ALDHI™® cells from primary ovarian cancers
because of the limitation of cell numbers; however, our approach
is a possible and promising method for isolating CSCs/CICs from
primary ovarian cancers.

Major histological subtypes of EOC are serous adenocarcino-
ma, clear cell adenocarcinoma, endometrioid adenocarcinoma
and mucinous adenocarcinoma, and these subtypes are known to
have different characteristics in risk factor of carcinogenesis,
molecular biological aspects and so on. More information about
individual subtypes is needed to improve the survival of patients.
Serous adenocarcinoma is the histology subtype with worst
prognosis; however, serous adenocarcinoma cases are often
diagnosed at advanced stage. Clear cell adenocarcinoma is
gradually increasing up to nearly 12% of EOC in Asian countries,
and comparison of the cases in the same stage of 3 histological
subtypes (clear cell adenocarcinoma, endometrioid adenocarcino-
ma and mucinous adenocarcinoma) revealed that clear cell
adenocarcinoma is the poorest prognosis in every stages.
Therefore, clear cell adenocarcinoma is thought to be the highest
grade EOC, recently. [39,40] Serous adenocarcinoma cases were
mainly analyzed in previous studies, and there have been few
studies in which clear cell adenocarcinoma cases were analyzed.
[{23-25] In this study, we analyzed not only serous adenocarcino-
ma cases but also clear cell adenocarcinoma cases. Therefore,
these information will bring insight into not only for serous
adenocarcinomas, but also most highest grade clear cell adeno-
carcinomas.

We found that 4 EOC cell lines including 3 clear cell
adenocarcinoma lines were positive for sphere formation with
1000 cells/well. On the other hand, only two cell lines (AMOC-2
and ES-2) showed sphere formation in single cell sphere analysis.
These results indicate that CSCs/ClICs, which have the ability to
form a sphere from only one cell, are enriched in ALDH1M8" cells;
however the ratios of CSCs/CICs are not so high even in
ALDH1"® populations. This result indicated that the ALDE-
FLUOR assay is just a surrogate marker for CSCs/CICs and that
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the combination of ALDEFLUOR assay with other markers might
be a better approach to isolate CSCs/ClCs.

In previous studies on immunohistochemical staining, contra-
dictory results regarding the association of ALDH! expression
with prognosis in EOG were obtained. Chang et al. reported that
ALDH]1 expression correlates with favorable prognosis in serous
or non-serous ovarian carcinoma [26}, while Deng e/ al. and Wang
et al. reported opposite results showing that high ALDH1 activity
is linked to poor prognosis in serous adenocarcinoma. [23,25] It
should be noted that conditions for immunohistochemical staining
and positivity for ALDHI differed in those studies. In the present
study, we set the cut-off lines at 20% for serous adenocarcinoma
and 15% for clear cell adenocarcinoma, and we investigated 2
individual histological types. We obtained results showing that
high expression level of ALDHI was associated with poor
prognosis in serous and clear cell adenocarcinomas of the ovary.
This is the first report showing a relationship between ALDH]1
staining and poor prognosis of clear cell adenocarcinomas. On the
other hand, ALDHI expression had no relevance to clinical stage,
lymph node metastases or dissemination. These results indicate
that ALDH I-positive cells in epithelial ovarian cancer might be
responsible for resistance to anti-cancer therapies rather than
promotion of diseases. Thercfore, ALDHI might be a novel
biomarker for the prediction of prognosis of not only serous
adenocarcinoma cases but also clear cell adenocarcinoma cases.

Further investigations on molecular aspects of ALDH 1"#" cells in
ovarian cancers are needed.
In summary, we successfully isolated an ALDHI™® cell

population with high tumorigenicity not only from serous
adenocarcinoma but also from clear cell adenocarcinoma.
ALDHIMS" cells have higher tumorigenicity and greater sphere-
forming ability. ALDHI-positive immunohistochemical staining is
related to poor prognosis in both serous adenocarcinoma and clear
cell adenocarcinoma. These findings indicate that ovarian GSCs/
CICs are positive for ALDHI, and further analysis of ALDH]1-
positive ovarian CSCs/CICs will lead to the establishment of
novel strategies for treating ovarian CSCs/CICs.
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Six-transmembrane epithelial antigen of the prostate-1 (STEAP-1) is a novel cell surface protein
overexpressed only in the prostate among normal tissues and various types of cancer including
prostate, bladder, lung, and ovarian cancer. Although its function in prostate and tumor cells has
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key role for the tumor growth in vivo. These data indicate the inhibition of the STEAP-1 function or
expression can be a new strategy for cancer therapy.
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Introduction

The six-transmembrane epithelial antigen of the prostate-1
(STEAP-1) is an attractive target for gene therapy because it is
overexpressed only in the prostate among normal tissues and
various types of cancer including prostate, bladder, lung, and
ovarian cancer [1]. Due to its unique and restricted expression,
STEAP-1-derived peptide has been demonstrated to be a promis-
ing cancer antigen for immunotherapy [2-5]. In addition, struc-
ture analysis suggested that STEAP-1 might act as a channel,

*Corresponding author. Fax: +81 11 643 2310.

receptor, or transporter protein [6]. However, it has been unclear
for its function in prostate as well as tumor cells. A cell's ability to
effectively communicate with a neighboring cell is essential for
tissue function and the maintenance for homeostasis. One important
mode of intercellular communication is the release of soluble cyto-
and chemokines. Once secreted, these signaling molecules diffuse
through the surrounding medium and eventually bind to neighboring
cell's receptors whereby the signal is received. This mode of commu-
nication is governed both by physiochemical transport processes and
cellular secretion rates, which in turn are determined by genetic and
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biochemical processes. It has been demonstrated that gap junction
channels, composed of connexin (Cx), mediate reciprocal exchange
of ions and small molecules of less than 1000 Da, including
second messenger cyclic AMP, IP3, and Ca®*, between adjacent
cells [7]. Such gap junctional intercellular communication plays a
fundamental function in the regulation of cell and tissue home-
ostasis. However, it has been reported that Cx gene transcription
and the protein expression decreased along with the develop-
ment of the cancer [7-9]. Moreover, the trafficking and localiza-
tion of Cx is frequently deregulated in cancer cells. In fact, it has
been demonstrated that Cx-43 mRNA is downregulated in PC3,
LNCaP, and DU145 prostate carcinoma cells in comparison to
normal prostate epithelial cells [10,11]. Thus, Cxs have been
considered to act as tumor suppressor genes. Recently, it has
been emphasized that the formation and progression of tumor
mass requires communication between cancer cells and adjacent
stromal cells, to regulate patterns of growth and differentiation.
These facts suggest that the mechanisms other than the Cx-
mediated intercellular communication may exist. Moreover, it has
been demonstrated that adjacent stromal cells fueled cancer cells
to invade and metastasize. These facts suggested that instead of
Cx family members, some sort of transporter. or channel mole-
cules responsible for the tumor growth must exist. More impor-
tantly, the disruption or modification in this process might lead to
tumor dormant state and can be a new strategy for cancer
therapy. Recently, Challita-Eid et al. has demonstrated that
STEAP-1 acted as a channel molecule for intercellular commu-
nication of small molecules [6]. They have shown that blocking of
STEAP-1 expressed on tumor cells using mAb against STEAP-1
in vivo resulted in the loss of intercellular communication of small
molecules, leading to antitumor effect. However, it has been still
unclear that what kinds of small molecules are transported
through STEAP-1, which is required for tumor growth in vivo. In
addition, it should be clear whether STEAP-1 plays a role in
intercellular communication between cancer cells and cancer-
associated stromal cells such as fibroblasts, endothelial cells, and
macrophages. Therefore, we examined the role of STEAP-1
involved in tumor development using miRNA-based silencing or
overexpression of STEAP-1 molecules. We used intercellular dye
transfer methods to assess the intercellular communication
between cancer cells and cancer-associated stromal cells, and
showed that knockdown of STEAP-1 in human cancer cells
impaired the intercellular communication. Importantly, we found
that not only cancer cells but also cancer-associated-stromal cell
expressed STEAP-1 although its expression level was limited.
Furthermore, our study showed that STEAP-1 is involved in
intercellular communication between the cancer cells and adja-
cent cancer stromal cells and the expression of STEAP-1 might be
essential for tumor mass development.

Materials and methods
Cell lines and culture media

Human oral squamous cell carcinoma cell lines, 0SC20, OSC30 were
established in our laboratory. Human prostate cancer cell lines, DU145
and LNCaP was purchased from ATCC. Methylchoranthrene-induced
murine fibrosarcoma cell line TG3 was established in our labora-
tory [12]. These cells were cultured in RPMI 1640 (Sigma-Aldrich,

St. Louis, MO) medium supplemented with 2 mM L-glutamine,
10% fetal bovine serum, 100 U/ml penicillin G, and 100 pg/ml
streptomycin at 37 °C in a humidified 5% CO, atmosphere.

RT-PCR analysis

Total RNA was isolated from cultured cells by using ISOGEN
reagent (Nippon Gene, Tokyo, Japan). The cDNA mixture was
synthesized from 1 pg of total RNA by reverse transcription using
Superscript IlI and oligo (dT) primer (Life Technologies, Inc.,
Gaithersburg, MD) according to the manufacturer's protocol. PCR
amplification was performed in 50 pl of PCR mixture containing
1 pL of the cDNA mixture, KOD Plus DNA polymerase (Toyobo,
Osaka, Japan), and 50 pmol of primers. The PCR mixture was
initially incubated at 92 °C for 2 min, followed by 30 cycles of
denaturation at 92 °C for 1 min, annealing at 62 °C for 1 min, and
extension at 72 °C for 1 min. Primer pairs used for RT-PCR analysis
were 5 -ACTTTGTTGATGACCAGGATTGG-3’ and 5'-CAGAACTTCAG-
CACACACAGGAA-3' for human STEAP-1, 5'-GGTGGCTGAAGCCG-
TACTAT-3' and 5'-GGATGATATGATGGCAGCGAC-3’ for murine
STEAP-1 as a forward and a reverse primer, respectively. Human
(Cx-43 was detected by using a forward primer 5'-GGGTTAAGG-
GAAAGAGCGACC-3* and a reverse primer 5-CCCCATTC-
GATTTTGTTCTGC-3'. Human (x32 was detected by using a
forward primer 5-ATGAACTGGACAGGTTTGTACACCITGCTC-3’
and a reverse primer 5-TCAGCAGGCCGAGCAGCGG-3'. As an
internal control glyceraldehyde-3-phosphate  dehydrogenase
(G3PDH) was detected by using a forward primer 5-ACCACAGTC-
CATGCCATCAC-3' and a reverse primer 5'-TCCACCACCC-
TGTTGCTGTA-3'. Murine G3PDH was detected by using a forward
primer 5'-CTGAACGGGAAGCTCACTG-3' and a reverse primer
5’-TGAGGTCCACCACCCTGTTG-3". The PCR products were visua-
lized with ethidium bromide staining under UV light after
electrophoresis on 1.0% agarose gel. Nucleotide sequence of the
PCR products was confirmed by direct sequencing using ABI
Genetic analyzer PRISM 310 and an AmpliCycle sequencing kit
(Perkin-Elmer, Foster City, CA).

Western blotting

Cultured cells were washed in ice-cold PBS, lysed by incubation
on ice in a lysis buffer [50 mmol/L Tris~HCl (pH 8.0), 150 mmol/L
NaCl, 1% NP40, protease inhibitor cocktail; complete (Roche
Diagnostics; Inc;;-Basel;-Switzerland)}, and cleared by centrifuga-
tion at 15,000 rpm for 20 min at 4 *C. The whole-cell lysates were
boiled for 5 min in the presence of SDS sample buffer, resolved by
10% SDS-PAGE, and electrophoretically transferred to polyvinyli-
dene difluoride (PVDF) membranes (Immobilon-P, Millipore, Bill-
erica, MA). The membranes were then incubated with blocking
buffer (5% nonfat dry milk in PBS) for 1 h at room temperature
and then incubated for 60 min with rabbit anti-STEAP polyclonal
antibody (Zymed laboratories Inc), anti-human Cx43 mAb (Zymed
laboratories Inc), or mouse anti-p-actin monoclonal antibody
AC-15 (Sigma-Aldrich). After washing three times with wash
buffer (0.1% Tween-20 in PBS), the membrane was reacted with
peroxidase-labeled goat anti-rabbit IgG antibody (KPL, Gaithers-
burg, MD) for 2 h. Finally, the signal was visualized by using an
enhanced chemiluminescence (ECL) detection system (Amersham
Life Science, Arlington Heights, IL) according to the manufac-
turer's protocol.
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Proliferation assay

The cell proliferation assays based on the cleavage of the tetra-
zolium salt WST-1 (DOJINDO) by mitochondrial dehydrogenases
in viable cells was performed according to the manufacturer's
instruction. The cells were seeded on 96-well microtiter tissue
culture plates in the 10% serum at the density of 1 x 10° cells/well.
After incubation at 37 °C for 24-72 h, WST-1 reagent (10 pL) was
added to the cells and incubated at 37 °C in 96-well microtiter
tissue culture plates for 2 h at 37 °C. The amount of produced
formazan dye, which directly correlates to the number of meta-
bolically active cells in culture, was quantified by measuring the
absorbance at wavelength of 450 nm, using a microtiter plate
(ELISA) reader.

Plasmid construction and transfection

A human STEAP-1 c¢DNA was ligated into the BamH! and EcoRI
sites of the pcDNA3.1 mammalian expression vector (Invitrogen).
The clones from STEAP-1-overexpressed OSC30 were established
using 1 mg/ml of G418 selection (Life Technologies). The expres-
sion of STEAP-1 was confirmed by western blotting using pAb
against STEAP (Zymed). Primers for microRNAs (miRNAs) against
STEAP-1 were selected using the BLOCK-T™ RNAi Designer
(Invitrogen). The oligonucleotide sequence was as follows: 5'-
AGCAGCAATTGTCCAACTTCA-3' (405), 5-TGAGGCGATCCTACAGA-
TACA-3' (551), 5'-ATGATGTTTGGAGAATGGAGA-3' (632), 5'-
GACTCTTTGACATGGAGAGAA-3"  (727), 5'-GTCAAGCTGGCGAA-
GAGTG-3' (53). To knockdown STEAP-1 expression by RNA inter-
ference, doublestranded oligonucleotides targeting the human
STEAP-1 gene and a negative control sequence derived from the
MISSION nontarget miRNA control vector were ligated into the
pcDNA™6 2-GW/miR vector (Invitrogen) according to the manu-
facturer’s instructions. Following sequencing of individual clones,
the ability of each of the five STEAP-1 miRNA constructs to
suppress STEAP-1 mRNA levels was measured by RT-PCR. Briefly,
each cell line at 80% confluency was transfected with the STEAP-1
miRNA vectors using Lipofectamine 2000 Reagent (Invitrogen,
Carlsbad, CA) according to the manufacturer's instructions. For
establishing the stable clone, 10 ug/mi of blasticidin (Sigma-
Aldrich, St. Louis, MO) was added to the culture 48h after
transfection.

In vivo studies

To demonstrate the relationship between STEAP-1 expression and
tumorigenicity while excluding immunogenicity of tumors, we
challenged immunocompromised NOD/SCID mice with tumor
cells and compared tumor growth. Female NOD/SCID mice, 5-6
weeks old, were obtained from the Jackson Laboratory (Bar
Harbor, ME, USA) and used at 6 weeks of age. Mice were
maintained in a specific pathogen-free mouse facility at Sapporo
Medical University according to institutional guidelines for animal
use and care, For tumor formation studies, mice were injected s.c.
with 1 x 10° DU145 or 0SC30 cells. Tumor length and width were
measured with a caliper. Tumor volumes were calculated using
the following formula: length x width? x 0.5. All the experiments
were performed with 5 mice/group. Average tumor volumes on
day 35 or 37 were statistically analyzed using the Mann-Whitney
U test.

Intercellular communication assay

Intercellular communication was measured using a fluorescent
dye transfer assay adapted from previously published studies [6].
Briefly, accepter cells were preloaded with the dye dextran-Texas
red (10 kDa; 1 mg/ml, Invitrogen/Molecular Probes) overnight at
37 °C through endocytosis. Donor cells were preloaded with 5 pg/
mL of the green dye calcein AM (1 kDa; Invitrogen/Molecular
Probes) for 1 h at 37 “C. Donor cells were layered over acceptor
cells at a ratio of 1:3. Cells were incubated at 37 °C for 6h.
Percentage transfer was calculated as the fraction of cells that
accepted the green dye (yellow/orange cells) in the total popula-
tion of acceptor cells (yellow/orange and red cells). Transfer was
measured by counting the number of cells in five different fields
using fluorescence microscopy.

Inhibition of gap junction activity

Inhibitors of gap junctional communication, carbenoxolone,
a synthetic derivative of glycyrrhetinic acid (CBX, Sigma-Aldrich)
{13] and doxyl stearic acids (DSA, Sigma-Aldrich) [14] was
examined as to their effects on intercellular communication of
STEAP-1-expressing cells. Donor cells were first loaded with
calcein AM. After extensive washing, the cells were treated with
HEPES buffer containing 150 pM CBX or 50 uM DSA. After 10 min,
the cells were layered over acceptor cells loaded with dextran-
Texas red at a ratio of 1:3. Cells were incubated at 37 °C for 3 h.
Percentage transfer was calculated as the fraction of cells that
accepted the green dye (yellow/orange cells) in the total popula-
tion of acceptor cells (yellow/orange and red cells).

Isolation of stromal cells

Mice were injected s.c. with 1x10° DU145 cells. Mice were
sacrificed when tumor diameter reached ~20 mm and excised
the tumors. Thereafter, they were cultured in AIM-V medium (Life
Technologies) containing 0.05% collagenase Type | (Sigma-
Aldrich) overnight at 4 °C. Stromal cells were then isolated by
negative selection using anti-CD326 (EpCAM) monoclonal
antibody coupled with magnetic microbeads and the MACS
separation system (Miltenyi Boitech, Bergish Blabach, Germany)
according to the manufacturer's instruction. Flow cytometric
analysis was. performed to detect murine H-2 K¢ using mAb
SF1-1.1 (BD Biosciences) and murine CD11b using mAb clone
M1/70 (BD Biosciences).

Histopathological study of tumor sections

NOD/SCID mice were injected s.c. with 1x 10° DU145 cells or
DU145-miRNA cells. Mice were sacrificed when tumor diameter
reached ~10 mm and excised the tumors and fixed in 10%
formalin in PBS. Paraffin-embedded sections were then prepared
and processed for hematoxylin~eosin (HE)-staining. For immu-
nohistochemical analysis, sections were stained with anti-human
Cx43 mAb (Zymed laboratories Inc) and then incubated with HRP-
conjugated goat anti-mouse Ig (Dako), followed by hematoxylin
counterstaining.
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Statistical analysis

Results were given as means+SE. Comparison between two
groups was made by Student's ¢ tests (two-tailed) for grouped
data. For xenograft studies, mean tumor diameter among groups
were compared using the Mann-Whitney U test. Significance in
all tests was set at 95% or greater confidence level.

Results
Cell line generation

We established the cell lines, which were knocked-down the
expression of STEAP-1 using miRNA for RNA interference. STEAP-1
positive prostate cancer cell line DU145 and human oral squamous
cell carcinoma line OSC20 were transfected with miRNA RNAi
expression vectors targeting STFAP-1 gene and generated STEAP-1-
knockdown cell clones. As shown in Fig. 1A and B, both DU145-
miRNA clone and OSC20-miRNA clone showed a significant decrease
of STEAP-1 expression by RT-PCR and Western blotting. Prostate
cancer cell line LNCaP served as a positive control. Western blot
analysis indicated that the loss of STEAP-1 protein in these cells was
maintained for more than 60 days. Furthermore, we established the
cell clones, of which were transfected with STEAP-1 ¢DNA to
overexpress STEAP-1. Human oral squamous cell carcinoma line
0SC30 did not express STEAP-1 at protein level (Fig. 1C). Therefore,
STEAP-1 negative 0SC30 was transfected with STEAP-1 cDNA. The
stable clones showed increase of the expression of STEAP-1 (Fig. 1C).

Expression of STEAP-1 does not correlate to the
proliferation of cancer cell lines in vitro

To determine whether the expression of STEAP-1 could affect the
cell proliferation of cell lines in vitro, proliferative responses were
measured using WST-1 assay. In cell proliferation of DU145 cell,
no differences were observed when compared with DU145-miRNA
cell and mock control cell (Fig. 2A). Similarly, there were no
differences between 0SC20 cell and OSC20-miRNA cell and mock
control cell (Fig. 2B). Furthermore, we did not observe the statistical
significance between STEAP-1-negative OSC30 cell and STEAP-1-
introduced 0OSC30 cell (Fig. 2C). These data indicated that the
expression of STEAP-1 did not affect the cell proliferation of cell
lines in vitro.

Effect of STEAP-1 expression on tumor growth in vivo

We performed xenograft experiments to determine the impact of
STEAP-1 on in vivo tumor growth in immunocompromised NOD/
SCID mice. To investigate the effect of STEAP-1 knockdown on
tumor growth in vivo, these mice were injected s.c. with 1 x 10°
DU145, DU145-mock or DU145-miRNA. Fig. 3A shows that tumor
volume of the DU145-miRNA cell line is significantly smaller than
that of DU145 parental line and DU145 mock (P<0.01). Further-
more, STEAP-1-negative 0SC30 and STEAP-1-introduced OSC30-
STEAP-1 tumor cells were compared for tumor growth. Results
showed that tumor volume of the OSC30-STEAP-1 cell line was
greater than that of the OSC30 parental cell line (P<0.05)
(Fig. 3B). These results clearly demonstrated that expression of
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Fig. 1 - Cell line generation. (A) RT-PCR and Western blot
analysis demonstrate that DU145 cells expressing a STEAP-1
miRNA have dramatically reduced mRNA and protein levels in
comparison to DU145 cells and DU145 mock control cells. (B)
0SC20 cells expressing a STEAP-1 miRNA have reduced mRNA
and protein levels in comparison to 0SC20 cells and 0SC20
mock control cells. (C) RT-PCR and Western blot analysis
demonstrated OSC30 cells transfected with a STEAP-1 cDNA
have increased mRNA and protein levels of STEAP-1. The
prostatic cancer cell line LNCaP cell serves as a positive control.

STEAP-1 accelerated growth rate in vivo, indicating a critical role
of STEAP-1 in the regulation of cell growth in vivo.

STEAP-1 is required for intercellular communication
activity

Challita-Eid et al. have shown that blocking STEAP-1 using mAb
against STEAP-1 inhibited intercellular communication in vitro
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Fig. 2 - Expression of STEAP-1 does not correlate to the
proliferation of cell lines in vitro. The cells were seeded on
96-well microtiter tissue culture plates in the 10% serum at the
density of 1 x 10? cells/well. After incubation at 37 °C for
24-72 h, WST-1 assay was carried out. (A) In DU145 cells or
(B) in 0SC20 cells, the expression of STEAP-1 did not affect the
proliferation of cell lines in vitro. (C) In 0SC30 cells,
overexpression of STEAP-1 did not affect the proliferation of
cell lines in vitro. Each point represents the mean and SD of O.
D in triplicate wells. Data are representative of three
independent experiments. In any experiments, statistical
analysis using Student’s t tests (two-tailed) does not show the
statistical significance.

and in vivo [6]. To confirm the STEAP-1 function as a transporter
of small molecules ( < 1 kDa) between cells, we performed the dye
transfer assay using a fluorescent (see Materials and methods).
DU145 and 0SC20, which does express STEAP-1 and 0SC30,
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Fig. 3 — The expression of STEAP-1 significantly affects the
tumor growth in vivo. (A) DU145, DU145-mock, and DU145-
miRNA cells were injected s.c. into NOD/SCID mice (2=5).
Tumor size was measured at the indicated time points. Each
point represents the mean and SD of tumor volume. Statistical
analysis using the Mann-Whitney U test for average tumor
volumes on day 37 shows P<0.01 for DU145-miRNA cells
compared with DU145, DU145-mock cells. Data are
representative of three independent experiments. (B) 0SC 30,
0SC30-mock, 0SC30-STEAP-1 cells were injected s. c into NOD/
SCID mice (n=5). Tumor size was measured at the indicated
time points. Each point represents the mean and SD of tumor
volume, Statistical analysis using the Mann-Whitney U test for
average tumor volumes on day 35 shows P<0.05 for 0SC30 or
0SC30-mock cells compared with OSC30-STEAP-1 cells. Data
are representative of three independent experiments.

which does not express STEAP-1 were chosen for the assay.
Donor cells loaded with calcein AM and acceptor cells loaded
with dextran-Texas red were mixed. Dye transfer, as manifested
by intracellular yellow/orange fluorescence, was not detected
between donor and acceptor cells that did not express STEAP-1
nor between cells in which only one partner expressed STEAP-1.
In brief, the transfer of the material from DU145 to DU145 was
observed, however the transfer of it from DU145-miRNA to DU145
was not observed (Fig. 4A). Similarly, the transfer of the material
from OSC20 to OSC20 was observed, however the transfer of it
from OSC20-miRNA to OSC20 was not observed (Fig. 4B). Further-
more, the transfer of the material from 0SC30-STEAP-1 to OSC30-
STEAP-1 was observed, however the transfer of it from OSC
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30-STEAP-1 to 0SC30, from OSC 30 to OSC30-STEAP-1 and from
0SC30 to 0OSC30 was not observed (Fig. 4C). In conclusion,
extensive dye transfer was observed in almost all cells in cultures
where both donor and acceptor cells expressed STEAP-1 (Fig. 4D).
In contrast, dye transfer was not detected between cells in which
only one partner expressed STEAP-1. These results suggested the
STEAP-1 played a very important role for intercellular commu-
nication for small molecules between the cells.

08C20 — OSC20 08C20-miR — 0SC20

. C 030-ST — 030-ST 030-ST — 030

030 —» 030-ST 030 > 030 _

O

% dye transfer
S

Cx43 appears uninvolved in the intercellular
communication in DU145 cells

With respect to intercellular communication, Cx family proteins
including Cx43 and Cx32 have been demonstrated to play a
central role [11]. Among Cx family members, it has been reported
that Cx43 gene transcription and protein expression decreased
with development of the cancer [11,15]. In contrast, forced
expression of both Cx43 and Cx32 genes in Cx-deficient LNCaP
cells inhibited tumor growth, suggesting that a loss of the
appropriate assembly of Cx43 and Cx32 into gap junctions results
in the development of prostate cancer [9]. Therefore, we com-
pared expression levels of the representative genes Cx43 and
Cx32 in DU145 and DU145-miR cells. RT-PCR and Western
blotting revealed that Cx43 was expressed in DU145 and
DU145-miR cells at similar levels (Fig. 5A and B). On the other
hand, immunohistochemical analysis revealed that Cx43 was
mainly localized within the cytoplasm but not at the cell surface
of DU145 cells (Fig. 5C) and DU145-miR cells (data not shown),
suggesting that Cx43 is not able to form a gap junctional channel.
In contrast, we did not detect expression of Cx32 at the mRNA
level. These results indicated that Cx43 and Cx32 were not
involved in the intercellular communication. Moreover, we exam-
ined whether gap junction inhibitors carbenoxolone (CBX) and
doxyl stearic acids (DSA) affected the intercellular communica-
tion. We observed that the treatment of DU145 cells (Fig. 6A) or
0OSC30-STEAP-1 cells (Fig. 6B) with CBX and DSA did not inhibit
the intercellular communication, rather somewhat augmented.
These results may suggest that inhibition of gap junctional
communication shifted in intercellular communication to the
STEAP-1-mediated communication. Collectively, our results sug-
gested that STEAP-1, but not Cx43 or Cx32, played a pivotal role at

Fig. 4 ~ STEAP-1 plays a role in intercellular communication in
various types of tumor cells. Donor and acceptor celis were
loaded with calcein AM (donor) or dextran-Texas red
(acceptor) dyes and mixed 1:3 to allow interceliufar
communication to occur as manifested by the appearance of
the yellow/orange color (see Materials and methods).

(A) Representative pictures were taken from DU145-DU145,
DU145-miRNA-DU145 populations. (B) Representative pictures
were taken from 0SC20-0SC20, 0SC20-miRNA-0SC20
populations. (C) Representative pictures were taken from
0SC30-STEAP-1-0SC30-STEAP-1, 0SC30-STEAP-1-0SC30,
0SC30-0SC30-STEAP-1, 0SC30-0SC30 populations. (D)
Percentage transfer was calculated as the fraction of cells that
accepted the green dye (yellow/orange cells) in the total
population of acceptor cells (yellow/orange and red cells).
Transfer was measured by counting the number of cells in five
different fields using fluorescence microscopy. Statistical
analysis using Student’s ¢ tests (two-tailed) for percentage dye
transfer shows P<0.01 for 0SC30-STEAP-1-0SC30-STEAP-1
compared with 0SC30-STEAP-1-0SC30, 0SC30-0SC30-STEAP-1
and 0SC30-0SC30 populations, P<0.01 for 0SC20-0SC20
compared with 0SC20-miRNA-0SC20 populations, P <0.01 for
DU145-DU145 compared with DU145-miRNA-DU145
populations. Data are representative of three independent
experiments.
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WT miR

WT miR

Cx43

Fig. 5 - Cx43 expression in DU145 and DU145-miRNA cells.
(A) RT-PCR and (B) Western blot analysis demonstrates the
mRNA and protein level of Cx43 in DU145 and DU145-miRNA
cells. (C) Immunohistochemical analysis of Cx43 in DU145 cells.
NOD/SCID mice were injected s.c..with 1 x 10° DU145 celis. Mice
were sacrificed when tumor diameter reached ~10 mm and
excised the tumors and fixed in 10% formalin in PBS. For
immunohistochemical analysis, sections were stained with
anti-human Cx43 mAb (x200).
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least in part in the intercellular communication for tumor growth
in DU145 cells. Moreover, considering the results from the
differences between in vitro tumor cell proliferation assay and
in vivo tumor growth, STEAP-1 might be important for cell-cell
interaction between tumor cells and surrounding stromal cells,
but not tumor cells and tumor cells. Therefore, we asked whether
the STEAP-1 involved the intercellular communication between
tumor-associated stromal cells and tumor cells.

STEAP-1 plays an important role in intercellular
communication between cancer cells and
cancer-associated stromal cells

It has been well demonstrated that tumor growth in vivo requires
the interaction between tumor cells and adjacent stromal cells,
such as macrophages, endothelials and fibroblasts. To evaluate the
impact of STEAP-1 expression on the intercellular communication
between tumor cells and cancer-associated stromal cells, we
performed the intercellular communication assay using cancer-
derived stromal cells. The stromal cells of murine origin were
isolated from established DU145 tumor mass by negative selec-
tion using anti-human CD326 (EpCAM) microbeads and MACS
separation system. They were confirmed to be the murine origin
because of carrying murine MHC class I molecules (H-29) by flow
cytometry (Fig. 7A) and were included fibroblasts and CD11b*
macrophages (data not shown). Furthermore, we confirmed that
the isolated murine stromal cells expressed murine STEAP-1 at
low level using RT-PCR (Fig. 7B). Intercellular communication
between cancer cells and stromal cells was measured using a
fluorescent dye transfer -assay. The DU145, which does express
STEAP-1 was chosen for the assay. DU145 or DU145-miRNA as
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Fig. 6 - Inhibition of gap junctional communication augments STEAP-1-mediated intercellular communication. Calcein AM-loaded
DU145 cells (A) or calcein AM-loaded OSC30-STEAP-1 cells (B) were treated with the gap junction inhibitors carbenoxolone (CBX)
and deoxyl stearic acids (DSA). The cells were layered over acceptor cells loaded with dextran-Texas red at a ratio of 1:3. Cells were
incubated at 37 “C for 3 h. Percentage transfer was calculated as the fraction of cells that accepted the green dye (yellow/orange
cells) in the total population of acceptor cells (yellow/orange and red cells). Statistical analysis using Student's t tests (two-tailed)
for percentage dye transfer shows P<0.05 for CBX and DSA versus Control in DU145 cells and P<0.05 for CBX and DSA versus
Control in 0SC30-STEAP-1 cells. Data are representative of three independent experiments.
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Fig. 7 — STEAP-1 is required for intercellular communication between cancer cells and stromal cells. (A) The isolated stromal cells
were analyzed for cell-surface expression of H-2K (H-2KY, thick line; isotype control, thin line). (B} RT-PCR analysis demonstrated
that stromal cells express murine STEAP-1 mRNA. As a positive control, murine fibrosarcoma cell line TG3 expressed murine
STEAP-1 and DU145 and 0SC20 expressed human STEAP-1. (C) Accepter cells (stromal cells isolated from DU145 tumor mass) were
loaded with dextran-Texas red and donor cells (DU145) were loaded with calcein AM and mixed 1:3 to allow intercellular
communication te occur as manifested by the appearance of the yellowforange color (see Materials and methods). Representative
pictures were taken from DU145-stromal cells, DU145-miRNA-stromal cells. (D) Percentage transfer was calculated as the fraction
of celis that accepted the green dye (yellow/erange cells) in the total population of acceptor cell (yellow/orange and red cells).
Transfer was measured by counting the number of cells in five different fields using fluorescence microscopy. Statistical analysis
using Student’s f fests (two-tailed) for percentage dye transfer shows P<0.01 for DU145-stromal cells versus DU145-miRNA-
stromal cells. Data are representative of three independent experiments.

donor cells loaded with calcein AM and stromal cells, which were
isolated from DU145 tumor mass, as acceptor cells loaded with
dextran-Texas red were mixed. Extensive dye transfer was
observed in almost all cells in cultures where between DU145
cancer cells and stromal cells (Fig. 7C). In contrast, dye transfer
from DU145-miRNA to stromal cells was infrequently observed.
As shown in Fig. 7D, the expression of STEAP-1 on the tumor cell
significantly affected the ~intercellular -communication.  These
results suggested that transfer of the small molecules from tumor
cells to stromal cells was dependent on the STEAP-1 expressed
by the tumor cells. Moreover, these data may suggest that
tumor-derived substances transferred by STEAP-1 are essential
for stromal cell recruitment and proliferation at the tumor
miicroenvironment.

Discussion

In this study, we found that STEAP-1 played an important role for
tumor progression in vivo and knockdown of STEAP-1 expression
on tumor cells caused antitumor effect through disruption of inter-
cellular communication of small molecules between tumor cells and
adjacent tumor-associated strormal cells. STEAP-1 is a member of the
metalloreductase family that lacks the NH-terminal oxidoreductase

domain and currently has no defined enzymatic function [16,17].
It has been demonstrated that STEAP-1 is expressed in the normal
prostate tissues but it is highly expressed in human prostate
cancer tissue [1]. STEAP-1 has also been detected in various types
of cancer, such as colon, bladder, ovarian, and pancreatic cancer
cell lines, reinforcing the idea that this gene may be up-regulated
in transformed cells [2,4-6]. In addition, according to the STEAP-1
structure, it is predicted to-act as-a transporter or an adhesion
molecule. In fact, Challita-Eid et al. have shown that blocking
STEAP-1 using mAb against STEAP-1 inhibited intercellular com-
munication in vitro and in vivo, resulting in tumor growth
retardation [6].

The Cx family member has been shown to play a central role in
the intercellular communication that plays a fundamental func-
tion in the regulation of cell and tissue homeostasis. It is known
that Cx family member is downregulated during the course of
tumor progression [18]. In accordance with this, we observed that
DU145 cells did not express Cx43 on the cell surfaces by
immunohistochemistry. In addition, we did not detect Cx32
mRNA in DU145 cells. Moreover, inhibition of gap junction-
mediated communication using inhibitors did not inhibit STEAP-
1-mediated intercellular communication. Therefore, we assumed
that some undefined cell-surface molecules responsible for the
transport of small molecules might exist. Qur data suggest that
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STEAP-1 plays a crucial role in the intercellular communication
between tumor cells and surrounding stromal cells.

The role of cell-cell communication in cancer pathogenesis has
been gaining attention [8,19,20]. Cellular communication facil-
itates the intercellular exchange of small molecular weight
solutes, such as nutrients, metabolites, electrolytes, and second
messenger from distant blood vessels, thus supporting tumor
growth. Thus, cell-cell communication in the ability of tumor cells
to invade and metastasize has been focused [20,21]. Intercellular
communication between cancer cell and stromal cells has been
shown to increase tumor invasion and to increase vascular
endothelial growth factor (VEGF) secretion, leading to vascular
tube formation [22]. We have established stable STEAP-
knockdown tumor cells such as DU145 and 0SC20 using
miRNA-mediated RNA interference. Tumor cell proliferation did
not alter in mock miRNA-transfected cells and STEAP-1 knock-
down cells in vitro. However, STEAP-1 knockdown tumor cells of
0SC20 showed the in vivo tumor growth retardation compared
with parental cells or mock-transfected cells. In contrast, 0SC30
transfected with STEAP-1 ¢DNA showed augmented tumor
growth in vivo compared with wild type 0OSC30, which is
STEAP-1 negative carcinoma line. These notions took us to
examine the role of STEAP-1 for the interaction of tumor cells
and surrounding stromal cells within the solid tumor microenvir-
onment. Using the dye transfer assay, we showed that cancer
cells, which expressed STEAP-1, induce significant dye transport
between cancer cells and stromal cells. In clear contrast, dye
transfer was diminished when STEAP-1-knockdown 0SC20 tumor
cells were used. Moreover, inhibition of tumor growth by knock-
down of STEAP-1 of tumor cells and its intercellular transport

function suggest a potential role for STEAP-1 transport function -

and its involvement in tumor cell growth in vivo. Taken together,
our data suggested that the transfer of small molecular weight
solutes released from tumor via STEAP-1 to stromal cells was
required for tumor growth in vivo.

Recent reports demonstrated that tumor-associated stromal
cells played a crucial role for tumor growth, invasion and
metastasis [23-25]. It has been demonstrated that stromal cells,
particularly fibroblasts, support tumor cells in invasion of sur-
rounding tissue for access to the vascular system [23,26]. In
addition, during carcinogenesis, stromal fibroblasts undergo cer-
tain changes in concert with their neoplastic neighbors, leading to
a tumor-associated state. Experimental and clinical studies have
revealed that tumor stromal cells can be derived from bone
marrow (BM)-derived progenitor cells, such as mesenchymal
stem cells (MSCs), which can be mobilized into the circulation
and incorporate into tumor microenvironments [27]. Recent
report demonstrated that MSCs expressed STEAP-1, indicating
that tumor-associated macrophages and fibroblasts might also
express STEAP-1 molecules. Many observations indicate that, in
the tumor microenvironment, MSCs have several tumor growth
promoting functions, including expression of growth factors,
promotion of tumor vessel formation and creation of tumor stem
cell niches. In fact, we have demonstrated that DU145 tumor-
derived stromal cells expressed STEAP-1 molecules and was
involved in the intercellular communication between DU145 cells
and their stromal cells, leading to augmentation of tumor growth
in vivo. Therefore, knockdown of STEAP-1 expression on tumor
cells or administration of monoclonal antibody against STEAP-1
holds the new aspects for cancer therapy.

The predicted structure of STEAP-1 may indicate the function in
tumor cell growth. STEAP-1 contains a heme-binding domain
called apoptosis, cancer and redox associated transmembrane
domain, which is present in a structurally related family identified
recently to include members of the STEAP family, such as STEAP-
2, STEAP-3 and STEAP-4 [16,17,28]. The heme-binding domain
function present in this family may facilitate electron transfer and
thereby alter cell growth and metabolism as has been shown for
the bacterial proteins. The role of this structural feature of STEAP-
1 in its intercellular transport function remains to be explored. In
addition, it is very important to clarify whether their extracellular
domains interact with other molecules expressed on the adjacent
cells or not. Furthermore, it is necessary to determine which
molecules are interacted with the intracellular domains of STEAP-
1. These extracellular and intracellular protein-protein interac-
tions may hold the key roles for intercellular communication.

Although we demonstrated the functional role for STEAP-1
between cancer cells and stromal cells in vitro, it will next be
crucial, although challenging, to determine the in vivo relevance
to understand the physiological roles played by STEAP-1 between
these cells. It is equally important to note key questions that
remain to be clarified. First, one must determine the molecular
identities and quantities of molecules transmitted via STEAP-1,
which are required for tumor development. Second, it is impor-
tant to determine whether other channel molecules including
connexins are involved in the STEAP-1-mediated small molecule
transport.

In summary, our results identified a STEAP-1-mediated
mechanism for intercellular communication of small molecules,
which is required for promoting tumor progression. We believe
that the present study provides a new avenue for understanding
the roles played by STEAP-1 in biological activities of tumor cells
and tumor stromal cells, and the development of new therapeutic
strategy for tumors. The challenge for the future is to identify the
factors that participate in this communication and their mechan-
isms of action.
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ARTICLE INFO ABSTRACT
Article history: Cancer stem-like cells (CSCs)/cancer-initiating cells (CICs) are considered to be essential for tumor main-
Received 3 August 2013 tenance, recurrence and metastasis, Therefore, eradication of CSCs/CICs is essential to cure cancers. How-

Available online 13 August 2013 ever, the molecular mechanisms of CSCs/CICs are still elusive. In this study, we investigated the molecular

mechanism of the cell growth of oral CSCs/CICs. Oral CSCs/CICs were isolated as aldehyde dehydrogenase
1 bright (ALDH1") cells by the ALDEFLUOR assay. Small proline-rich protein-1B (SPRR1B) gene was shown
to be overexpressed in ALDH1 cells by a cDNA microarray and RT-PCR. SPRR1B was shown to have a role
in cell growth and maintenance of ALDH1™ cells by SPRR1B overexpression and knockdown experiments.
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) ;PA?;: To elucidate the molecular mechanism by which SPRR1B regulates cell growth, further cDNA microarray
ALDEFLUOR assay analysis was performed using SPRR1B-overexpressed cells and cells with SPRR1B knocked down by siR-

NA. Expression of the tumor suppressor gene Ras association domain family member 4 (RASSF4) was
found to be suppressed in SPRR1B-overexpressed cells. On the other hand, the expression of RASSF4
was enhanced in cells in which SPRR1B expression was knocked down by SPRR1B-specific siRNA. RASSF4
has an RA (Ras association) domain, and we thus hypothesized that RASSF4 modulates the MAP kinase
signal downstream of the Ras signal. MAP kinase signal was activated in SPRR1B-overexpressed cells,
whereas the signal was suppressed in SPRR1B knocked down cells. Taken together, the results indicate
that the expression of SPRR1B is upregulated in oral CSCs/CICs and that SPRR1B has a role in cell growth
by suppression of RASSF4.

© 2013 Elsevier Inc. All rights reserved.

1. Introduction

Head and neck cancer including oral squamous cell carcinoma
(0SCC) is the sixth most common cancer worldwide and is a seri-
ous growing health problem all over the world [1]. Despite recent
progress in treatments, survival rates of patients with the disease
have not greatly improved. The poor prognosis is due to resistance
to treatment, recurrence and distant metastasis.

The theory of cancer stem-like cells/cancer-initiating cells
(CSCs/CICs) has recently emerged [2]. This theory is based on the

Abbreviations: CSC, cancer stem-like cell; CIC, cancer-initiating cell; 0SCC, oral
squamous cell carcinoma; SPRR1B, small proline-rich protein-1B; RASSF4, ras
association domain family member 4; NOD/SCID, non-obese diabetic/severe
combined immunodeficiency.
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idea that cancers are composed of heterogeneous cell populations
and only a small fraction of cancer cells can give rise to a tumor
again. Therefore, CSCs/CICs are thought to be responsible for recur-
rence and distant metastasis, and, importantly, CSCs/CICs have
been shown to be resistant to chemotherapy and radiotherapy
[3]. CSCs/CICs were initially reported in hematopoietic malignan-
cies and later in solid tumors [4,5]. CSCs/CICs have also been iso-
lated from primary head and neck squamous cell carcinomas
(HNSCC) using the CSC/CIC marker CD44, which is a common
CSC/CIC marker [6,7]. CD44" cells were also reported to express
chemoresistance genes, including ABCB1, ABCG2 and CYP2CS8 [8].
The aldehyde dehydrogenase (ALDH) family of enzymes is com-
prised of cytosolic isoenzymes that oxidize intracellular aldehydes
and contribute to the oxidation of retinol to retinoic acid in early
stem cell differentiation [9]. High ALDH1 activity has been used
to isolate normal hematopoietic and central nervous system stem
cells [10-13]. ALDH1 activity has also been found in stem cells
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derived from hematopoietic malignancies including multiple mye-
loma and acute myeloid leukemia [12,14]. Ginestier et al. success-
fully isolated breast CSCs/CICs by using ALDH1 activity for the first
time [15]. Chen et al. reported isolation of CSCs/CICs from head and
neck squamous cell carcinoma (HNSCC) by using ALDH1 activity
[16]. These reports indicate that ALDH expression may be an
important new marker for the isolation of CSCs/CICs.

In this study, we isolated oral CSCs/CICs by the ALDEFLUOR as-
say and isolated a novel oral CSC/CIC-specific genes. One of the oral
CSC/CIC-specific genes was small proline-rich protein-1B (SPRR1B),
and we analyzed the molecular mechanisms of SPRR1B in oral
CSCs/CICs.

2. Materials and methods
2.1. Cell lines and cell culture

Human oral squamous cell carcinoma (OSCC) cell lines, OSC19,
0SC20, 0SC30, 0SC40, 0SC70 and POT1, were established in our
laboratory (Table S1). The OSCC cell line HSC-2 was purchased
from the Human Science Research Resources Bank (HSRRB, Osaka,
Japan). The OSCC cell line SAS was obtained from the Institute of
Development, Aging and Cancer, Tohoku University (Tohoku,
Japan). All of these cell lines were cultured in RPMI-1640 medium

(Sigma-Aldrich, Tokyo, Japan) supplemented with 10% fetal bovine
serum (Life Technologies Japan, Tokyo, Japan) at 37 °C in a humid-
ified 5% CO, atmosphere.

2.2. Isolation and culture of OSCC-derived ALDH1"" cells

Identification of aldehyde dehydrogenase 1 (ALDH1)-positive
0OSCC cells was carried out using the ALDEFLUOR assay (StemCell
Technologies, Durham, NC, USA) and fluorescence-activated cell
sorting as described previously [15,17,18].

2.3. Reverse transcriptase PCR (RT-PCR)

RT-PCR analysis was performed as described previously [19].
The PCR mixture was initially incubated at 98 °C for 2 min, fol-
lowed by 35 cycles of denaturing at 98 °C for 15 s, annealing at
58 °C for 30s, and extension at 72 °C for 30s. Primer pairs used
for RT-PCR analysis were 5-CCAGTTCTAAGGGACCATACAGA-3’
and 5'-CTCCTTGGTTTTGGGGATG-3' for SPRR1B with an expected
PCR product size of 181 base pairs (bp), 5-CATGATGGAGACG
GAGCTGA-3' and 5'-ACCCCGCTCGCCATGCTATT-3' for SOX2 with
an expected PCR product size of 410 bp, 5-TGGAGAAGGAGAAGCT
GGAGCAAAA-3' and 5'-GGCAGATGGTCGTTTGGCTGAATA-3' for
POU5F1 with an expected PCR product size of 163 bp, 5-TGTTAGC
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Fig. 1. Isolation of CSCs/CICs from OSCC cells by ALDEFLUOR assay. (A, B} ALDH1 br cells were isolated using several OSCC cell lines (POT1, OSC19, 0SC20, 0SC30, 0SC40,
0SC70, SAS and HSC2). Percentage represents the proportions of ALDH1?" cells. (C) RT-PCR of stem cell markers. ALDH1”" and ALDH1'*¥ cells derived from POT1, 0SC70,
0SC19 and HSC2 cells were examined for expression of stem cell markers (SOX2, POU5F1 and NANOG). GAPDH was used as an internal control. (D) Representative picture of
tumor sphere, ALDH1% and ALDH1'°¥ cells derived from POT1 cells were cultured in DMEM/F12 media containing EGF and bFGF. After 2 weeks of culture in vitro, a picture of
a tumor sphere was taken, (E) Tumor formation ability of POT1 ALDH 1% and ALDH1'¥ cells, ALDH1® and ALDH1'" cells derived from POT1 cells were inoculated into the
backs of NOD/SCID mice subcutaneously with serial dilution (10%~10°), Graphs show the tumor growth curves of ALDH1®* (closed triangle) ~ and ALDH1'°% (closed circle) -
injected groups with injections of 10% and 10* cells. Data represent means + SD. Differences between ALDH1" cells and ALDH1'¥ cells were examined for statistical
significance using Student’s t-test. *P < 0.0001. (F) Histology of ALDH1" cell-derived and ALDH1'* cell-derived tumors, Tumors derived from POT1 ALDH1 cells and POT1

ALDH1'Y celis were stained by hematoxylin and eosin. Magnification, x200.
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Table 1

Tumorigenicity of POT1-ALBH1°" and ALDH1'*" cells at 5-weeks after inoculation into NOD/SCID mice.

Cell numbers of inoculation

Population 100

ALDH1> Incidence 0% (0/5)
Volumes (mm?®) -

ALDH1'o% Incidence 0% (0/5)

Volumes (mm?)

1000 10,000 10,00,00
80% (4/5) 100% (5/5) nd.
127.0£186" 645.0%35.7"

40% (2/5) 60% (3/5) 100% (5/5)
19.026.1° 97.0+244" 570.0£45.6

Data shown are for xenografted samples.

NOD/SCID mice were injected with live ALDH1™ and ALDH1'*¥ cells isolated by ALDEFLUOR assay and mixed with matrigel.

Numbers indicate the ratio of tumour incidence relative to the number of injections.

* P<0.0001.

TGATGCCGACTTG-3' and 5-TTCTTAGCCCGCTCAACACT-3' for ALD-
H1A1 with an expected PCR product size of 154 bp, 5-GCTGAG
ATGCCTCACACGGAG-3' and 5-TCTGTTTCTTGACCGGGACCTTGTC-
3’ for NANOG with an expected PCR product size of 161 bp, 5'-
ACCGTGAGG AAGAAGGGACT-3' and 5'-CCTTTAGAGGGCAGCTAGG
C-3’ for RASSF4 with an expected PCR product size of 156 bp and
5'-ACCACAGTCCATGCCATCAC-3' and 5'-TCCACCACCCTGTTGCTG-
TA-3' for glyceraldehyde-3-phosphate dehydrogenase (GAPDH) with
an expected product size of 452 bp. GAPDH was used as an internal
control.

2.4. Gene expression profiling using cDNA microarrays

The total RNAs from ALDH1" cells were labeled with Cy5 dye
and those from ALDH1'Y cells were labeled with Cy3 dye and were
hybridized to a 29138-spot Human Panorama Micro Array (Sigma-
Aldrich) for 16 h at 45 °C. The intensities of Cy5 and Cy3 fluores-
cence were measured with a GenePix 4000B scanner (Axon
Instruments, Austin, TX) and were analyzed with GenePix Pro 5.0
software (Axon Instruments). Global normalization of the resultant
data was carried out using Excel 2004 (Microsoft, Redmond, WA). A
dye-swap experiment (labeling ALDH1%" and ALDH1"" cells with
Cy3 and Cy5, respectively) was also performed. An average ratio
of more than 2.0, reproducible in two experiments, was determined
to indicate differential upregulation in ALDH1°" cells.

2.5. Xenograft transplantation

Xenogtaft transplatation was performed as described previ-
ously [17,18]. Sorted ALDH1"" and ALDH1"" cells from POT1 cells

POT1  OSC70

0SsC19

were collected and re-suspended at concentrations of 1 x 10? to
1 x 10% cells per 100 pl of PBS and then mixed with 100 ul of
Matrigel (BD Biosciences).

2.6. siRNAs and transfection

SPRR1B and RASSF4 specific small interfering RNA (siRNA) were
desined and synthesised using the BLOCK-it RNAi designer system
(Life Technologies). Cells were seeded at 50% confluence, and
transfections were carried out using Lipofectamine RNAi max (Life
Technologies) according to the manufacturer’s instructions. Con-
trol siRNAs were obtained from Life technologies.

2.7. SPRR1B stable transformant

Full-length SPRRIB ¢DNA was amplified from cDNA of POT1
with PCR using KOD-Plus DNA polymerase (Toyobo, Osaka, Japan).
The PCR product was inserted into pMXs-puro expression vector (a
kind gift from Prof. T Kitamura, Tokyo, Japan). Genes were trans-
duced by a retrovirus packaging cell PLAT-A (a kind gift from
Prof. T Kitamura, Tokyo, Japan) as described previously [20].

2.8. Western blot

Western blotting was performed as described previously [19].
For detection of ERK and phosphorylated ERK, rabbit anti-ERK
polyclonal antibody (K-23; 1:200 dilution; Santa Cruz Biotech.)
and rabbit anti-phospho-p44/42 MAPK (Erk1/2) (Thr 202/Tyr
204) monoclonal antibody (D13.14.4E, 1:2000 dillution; Cell
Signaling Tech.) were used.
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Fig. 2. Expression of SPRR1B in various oral cancer cell lines and human normal adult tissues, (A) Expression of SPRR1B in various oral cancer cell lines, SPRR1B expression was
assessed by RT-PCR using ALDH1%" and ALDH1'*¥ cells derived from POT1, 0SC70, 0SC19 and HSC2 cells. GAPDH was used as an internal control. (B) Expression of SPRR1B in
normal adult tissues, SPRR1B expression was assessed by RT-PCR using the heart, brain, placenta, lung, liver, skeletal muscle, kidney, pancreas, spleen, thyrmus, prostate, testis,
ovary, small intestine, colon, leukocytes, skin, esophagus and tongue, GAPDH was used as an internal control.
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