tion buffer at 65°C for 12 hours. To remove protein and RNA, samples were
incubated with RNaseA for 1 hour at 37°C and proteinase K treatment for
1hourar 37°C. Samples were purified by PCR purification kit (Qiagen). The
amount of DNA immunoprecipitated with HA-tagged protein was quanti-
fied by real-time PCR with primets flanking the Fos promoter, including the
CRE element (forward, $"TCCTACACGCGGAAGGTCTAGG-3'; reverse,
S'-TAGAAGCGCTGTGAATGGATGG-3"). Primers 5'-GCACTAATTAGTC-
GCGGTGGTGG-3' (forward) and 5-CAGGGTCTTAGTGGGATCAAGG-3'
(reverse) were used as a negative control.

Accession number. The profiling data cited in Supplemental Figure 6 are
available at GEO (accession no. GSE41123).

Statistics. Statistical analyses were carried out using GraphPad Prism (ver-
sion 5.01; GraphPad Software). Data were analyzed using ANOVA, and
Pvalues less than 0.05 were considered staristically significant.

Study approval. Animal experiments were approved by the Gifu University
Animal Experiment Committee, and the care of the animals was in accor-
dance with institutional guidelines. All clinical samples were approved for
analysis by the Ethics Committee at Kyoto University Graduate School
and Faculty of Medicine (Kyoto, Japan). Written informed consent was
obtained from all patients with cancers analyzed in this study.
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ABSTRACT

Background. Recently, it has been reported that a small
population of cancer stem cells (CSCs) play a role in
resistance to chemotherapy and radiation therapy. We
reported that CD13™ liver CSCs survive in hypoxic lesions
after chemotherapy, presumably through increased
expression of CD13/Aminopeptidase N, which is a scav-
enger enzyme in the reactive oxygen species (ROS)
metabolic pathway. On the other hand, the concept of
epithelial-mesenchymal transition (EMT) was indicated by
a recent study showing an increased plasticity linked to the
cellular “stemness™ of CSCs.

Methods. To study the relationship between CSCs and
EMT, we examined biological characteristics of liver
cancer cell lines with EMT by exposing transforming
growth factor-f (TGF-§).

Results. We showed that a TGF-fS-induced EMT-like
phenomenon is associated with increased CD13 expression
in liver cancer cells. This phenomenon prevents further
increases in the ROS level as well as the induction of
apoptosis, promoting the survival of CDI13" CSCs,
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whereas inhibition of CDI13 stimulates apoptosis. Immu-
nohistochemical analysis also indicated that after
chemotherapy, CD13 was coexpressed with N-cadherin in
surviving cancer cells within fibrous capsules. We have
demonstrated that CD13 expression plays a role in sup-
porting the survival of CSCs and that there is an EMT-
associated reduction in ROS elevation.

Conclusions. This novel and consistent linkage between
functional CSC markers and the EMT phenomenon sug-
gests a bona fide candidate for targeted therapy for EMT-
mediated invasion and metastasis of liver cancer.

Cancer stem cells (CSCs) are believed to share unigue
characters with normal stem cells, self-renewal ability, and
produce differentiated cells."”* Additionally, CSCs play a
key role in resistance to chemotherapy and radiotherapy.
CSCs give rise to cancer recurrence even though most
cancer cells have been disrupted after this thempy.3 Since
the identification of CSCs in leukemia,‘ﬂ’"6 CSCs have been
reported in various solid tumors; brain, head and neck,
breast, and colon.”™'?

In studies of hepatocellular carcinoma, side population
(SP) fraction, CD133, CD90, CD44, and epithelial cell
adhesion molecules (EpCAMs) were reported as markers of
CSCs or cancer-/tumor-initiating cells.”*?° We have
reported CD13 as anovel liver CSCs marker and as candidate
therapeutic target with some sets of functional analyses.”!
We showed that CD13+ cells mainly existed in SP fraction,
contained potentially dye-long retaining cell, and had high
tumorigenic activity. Additionally, CD13 + CSCs showed
strong chemoradiation resistance in vitro and in vivo, by
protecting cells from DNA damage via regulation of the
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reactive oxygen species (ROS) level. Inhibition of CD13-
induced tumor cell apoptosis resulted in tumor disruption via
blocking self-renewal activity. CD13 also has been associ-
ated with tumor invasion, regulation of angiogenesis, and
resistance to apoptosis.”>*

Epithelial-mesenchymal transition (EMT) plays crucial
roles in developmental processes, such as neural crest and
mesoderm formation during embryogenesis, and has been
focused as a key process in tumor invasion, metastasis, and
tumorigenicity.>>*® EMT has been well characterized by
numerous pathways of transcriptional factors, including
Snail, Twist, and Zeb, which are generally promoted by
transforming growth factor (TGF) f superfamily.” In the
study of mammary epithelial cells, it was reported that EMT
generates normal mammary epithelial cells with properties
of stem cells.?” In the study of breast cancer CSCs, it has
reported that breast cancer cells increase malignant poten-
tial with increased CSCs phenotype by the treatment of
EMT inducers.”” Furthermore, ROS have been proposed
recently to be involved in tumor metastasis, which is a
complicated process, including EMT of cancer cells and the
microenvironment inside or around the tumor lesion.?®?

In the present study, we identify a TGF-f-induced EMT-
like phenomenon is associated with increased CD13
expression in liver cancer cells and plays a role in the
reduction of the intracellular ROS level, promoting the
survival of liver CSCs. The present data indicate a novel
and consistent linkage between CD13, a functional CSC
marker, and the EMT phenomenon.

MATERIALS AND METHODS
Cell Culture

Human hepatocellular carcinoma (HCC) cells, HuH7,
and PLC/PRF/5, obtained from the Cell Resource Center
for Biomedical Research, Institute of Development, Aging,
and Cancer (Tohoku University, Sendai, Japan) were cul-
tured in an RPMI 1640 medium (Invitrogen) with 10%
fetal bovine serum (FBS; GIBCO). Cells were cultured at
37°C in a humidified atmosphere containing 5% CO,.

Induction and Reversal of EMT

Cells were seeded and incubated in a standard medium for
48 h and then incubated in a serum-free medium supple-
mented with 5 pg/mlinsulin and 10 ng/ml endothelial growth
factor at 37°C in an atmosphere containing 5% CO, for 48-72
hr with TGF-1 (R&D) at concentrations of 0-5 ng/ml with
daily replacement of the fresh culture medium.*

Gene Expression Study

Total RNA was prepared using TRIzol reagent (Invitrogen).
Reverse transcription was performed with SuperScriptlll
(Invitrogen). Quantitative real-time (qRT)-PCR was per-
formed using a Light Cycler TagMan Master kit (Roche
Diagnostics). The expression of mRNA copies was normalized
against glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
mRNA expression. The PCR primers used for amplification
were as follows: GAPDH, 5-GTCAACGGATTTGGTC
TGTATT-3 (forward) and 5'-AGTCTTCTGGGTGGCAGT-
GAT-3 (reverse); N-cadherin, 5-ACAGTGGCCACCTA
CAAAGG-3 (forward) and 5'-CCGAGATGGGGTTGA
TAATG-3 (reverse); fibronectin, 5'-CAGTGGGAGACCTC
GAGAAG-¥ (forward) and 5-TCCCTCGGAACATCA
GAAAC-3 (reverse); vimentin, 5'-GAGTCCACTGAGTAC
CGGAGAC-3 (forward) and 5-TGTAGGTGGCAATCT
CAATGTC-3 (reverse); E-cadherin, 5'-ACACCATCCTCAG
CCAAGA-3 (forward) and 5-CGTAGGGAAACTCTCT
CGGT-3' (reverse); Bmi-1, 5'-TGTAAAACGTGTATTGTT
CGTTAC-3 (forward) and 5-CAATATCTTGGAGAGTT
TTATCTGACC-3' (reverse); Notch-1, 5-CGCACAAG
GTGTCTTCCAG-3' (forward) and 5-AGGATCAGTGG
CGTCGTG-3 (reverse); Gelm, 5-GAAGAAGATATTTT
TCCTGTCATTGAT-3 (forward) and 5-CCATTCATG
TATTGAAGAGTGAATTT-3 (reverse); Gss, 5'-CCTGCTA
GTGGATGCTGTCA-3' (forward) and 5'-TCATCCTGTTT
GATGGTGCT-3' (reverse), c-Maf, 5-AATACGAGAAGC
TGGTGAGCAA-3 (forward) and 5'-CGGGAGAGGAAGG
GTTGTC-3 (reverse).

Flow Cytometric Analysis and Cell Sorting

The following antibodies were used to characterize
cancer cells: allophycocyanin (APC)-conjugated anti-
human CD133/1 (clone AC133, Miltenyi-Biotec), APC-
conjugated anti-human CD90 (clone 5E10, BioLegend),
APC-conjugated anti-human CD13 (clone WM-15, eBio-
science), APC-conjugated anti-human CD324 (E-cadherin,
clone 67A4, Bio Legend), phycoerythrin (PE)-conjugated
anti-human CD90 (BioLegend), PE-conjugated anti-human
CD325 (N-cadherin, clone 8Cl1, eBioscience), and
fluorescein isothiocyanate-conjugated anti-human CD13
(eBioscience).

Dissociated cells were stained with anti-human CDI13
with N-cadherin. The labeled cells were analyzed and
sorted by the BD FACSAria II Cell Sorter System (Becton
Dickinson), and the data were analyzed with Diva software
(Becton Dickinson).
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Colony Formation Assay

Cells were plated in soft agar at a density of 1 x 10°—
1 x 10 cells/3.5-cm dish. The base layer was 0.6% agar
in the RPMI 1640 medium and the top was 0.2%. Cells
were incubated for 30 days; colonies were stained with
Diff-Quik kit (Sysmex).

Transplantation of Cancer Cells into Nonobese
Diabetic/Severe Combined Immunodeficient
(NOD/SCID) Mice

Isolated cells were resuspended in 50 pl of PBS after
sorting, and cell aliquots were diluted 1:1 with Growth
Factor Reduced Matrigel Matrix (BD Biosciences) and
injected subcutaneously into the flank of nonobese dia-
betic/severe combined immunodeficient (NOD/SCID) mice
at densities of 5 x 10%,2.5 x 10°,and 1 x 10* cells under
anesthesia. After 15 weeks, all tumors were removed and
analyzed. All of the animal studies were approved by ethics
board of animal study of Osaka University.

ROS Assay

The ROS assay was performed as described previously.”!
Cells were loaded with 10 uM of 2/,7'-dichlorofluorescein
diacetate (DCF-DA) at 37°C for 30 min, and cells
were pretreated with 100-500 pg/ml of ubenimex (Nihon
Kayaku) at 37°C for 24 h and stained with DCFE-DA. To
evaluate the effect of ROS to induce EMT, 0 to 10 pM of
N-acetyl cysteine (NAC) (Wako Pure Chemical Industries),
which has been known as a general antioxidant agent and
ROS inhibitor, was added with or without TGF-f1.

Immunohistochemistry

Ten, fresh, HCC, surgical tissue specimens were obtained
from Osaka University, Japan, with the patients’ informed
consent and the approval of the Research Ethics Board of
Osaka University. The VECTASTAIN Elite ABC Kit
(Vector Laboratories) was used to detect signals from the
antigen-antibody reactions. The primary anti-CD13 mouse
polyclonal antibody (38C12; Neomarkers Laboratory
Vision) and the primary anti-N-cadherin rabbit polyclonal
antibody (YS; Immuno-Biological Laboratories) were used.

Statistical Analysis

Statistical analyses were performed using JMP 8.0.1 for
Windows (SAS Institute). Possible differences between
groups were analyzed using Student’s ¢ test, y* test, or
Wilcoxon test. A probability level of 0.05 was chosen to
indicate statistical significance.

RESULTS
TGF-B-Induced EMT Phenotypes in Liver Cancer Cells

To determine whether liver cancer cells (HuH7, PLC/
PRF/S) induced the EMT phenotype, we exposed liver
cancer cells to TGF-f. Culturing the liver cancer cells with
TGF-f changed their phenotype to spindle-shape mor-
phology (Fig. la); this cell phenotype was detected at
levels higher than 0.5 ng/ml for HuH7 and 1 ng/ml for
PLC/PRF/5. An expression study using qRT-PCR indicated
that the mesenchymal markers N-cadherin, fibronectin, and
vimentin also were significantly elevated (Fig. 1b). FACS
analysis showed that expression of the epithelial marker
E-cadherin was decreased (Fig. 1c).

Induced EMT Associated with Increased CDI13
Expression in Liver Cancer Cells

To assess whether TGF-fS-induced EMT phenotype
associate to liver cancer stem cell markers, HuH7 and PLC/
PRF/5 cells were incubated with or without TGF-f. By the
treatment of TGE-f, expression of CD133 and CD90 was
not changed in both HuH7 and PLC/PRF/5.15" In con-
trast, expression of CD13 was increased almost double in
both HuH7 and PLC/PRF/5 (Fig. 2a).*! Multicolor analysis
of N-cadherin and CD13 revealed that N-cadherin™ cells
were localized in CD13% cell fraction (Fig. 2b). Because
the CD13 fraction was <3% in HuH7 and >30% in PLC/
PRF/5 cells under standard conditions, we used PLC cells
in the subsequent studies.

Tumorigenicity of TGF-B-Induced CDI3" Cells

To investigate colony formation ability, the soft agar
assay was performed in CD13*/N-cadherin™, CD13%/
N-cadherin™, and CD13/N-cadherin™ cell fractions. The
number of CD137/N-cadherin™ cells was not sufficient for
analysis. The soft agar assay showed that after TGF-f§
stimulation, CD13%/N-cadherin™, and CD13/N-cadherin™
cells revealed significantly higher colony-forming ability
compared with CD137/N-cadherin™ cells (P < 0.001;
Fig. 3a and b). There was no appreciable difference
between N-cadherin®™ and N-cadherin™ cells, which indi-
cated that CDi3% cells exhibited significantly higher
colony-forming ability than CD13" cells. To investigate
tumorigenic activity of CDI13%/N-cadherin™, CD13%/
N-cadherin™, and CD13/N-cadherin™ cells, isolated
5 x 10% 2.5 x 10%, and 1 x 10* cells of each fraction
were inoculated into NOD-SCID mice. Serial transplanta-
tion experiment indicated that CD13%/N-cadherin™ cells
possess higher tumorigenic activity compared with CD137/
N-cadherin™ cells. CD13*/N-cadherin™ cells formed tumor
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FIG. 1 TGF-f induces EMT in liver cancer cells. a Phase contrast
microscopy of TGF-f treated (+) or untreated (—) cells of HuH7 and
PLC/PRF/5 (PLC). The black arrow shows morphologically spindle-
shaped cells. b Expression analysis of N-cadherin (N-cad), vimentin
(VIM), and fibronectin (FIB) by gRT-PCR. GAPDH was used as

from 2.5 x 10° cells, which indicated that CDI13%/
N-cadherin® cells possess higher tumorigenic activity
than CD137/N-cadherin~ cells but lesser than that of
CD13%/N-cadherin™ (Fig. 3c and d). The data are com-
patible with the results of the in vitro soft agar assay
(Fig. 3a and b).

TGF $(ng/ml) TGF B(ng/ml)

internal control. ¢ FACS analysis of E-cadherin with or without TGF-
f treatment. Control: cells were cultured in conditional medium
containing with 10% FBS. TGF-f: cells were treated with (+) or
without (—) TGF-f§ in serum-free medium. HuH7 cells: treated with
1 ng/ml of TGF-f. PLC cells: treated with 2 ng/ml of TGF-f

TGF-f Increased the ROS Level in N-cadherin™ Liver
Cancer Cells

It has been reported that the control of ROS is indis-

pensable for hematopoietic stem cell maintenance.’'? In
cancer, low ROS levels and radiation-resistance in breast
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with 1 ng/ml of TGF-f. PLC cells: treated with 2 ng/ml of TGF-p.
Control: cells were cultured in conditional medium containing with
10% FBS. b Expression analysis of N-cadherin (N-cad) and CD13
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FIG. 3 CD13™ liver cancer cells have higher tumorigenicity than
CD137 cells. a Soft agar colony formation assay. After stimulation by
TGF-f in culture, cells were isolated by FACS and indicated numbers
of cells were subjected to assay. b Formed colonies (bar, 500 pm).

CSCs and liver CSCs have been reported.”’** To study the
change of ROS status during EMT, intracellular ROS
levels were measured by pro-oxidants using the 2/,7-
dichlorofluorescein diacetate (DCF-DA) stain. The data
indicated that ROS level in CD13™ cells was low compared
with that in CD13~ cells. ROS level of CD13%/N-cad-
herin®™ cells was higher than that of CD13"/N-cadherin™
cells, suggesting that the TGF-f—induced EMT process is
associated with an increase of ROS level (Fig. 4a). With
regard to ROS scavengers in these cells, the gqRT-PCR data
indicated that the expression of GCLM and GSS was high
in the CDI13%/N-cadherin™ cells compared with the
CD137/N-cadherin™ cells (Fig. 4b). Interestingly, expres-
sion of GCLM and GSS was low in CD13%/N-cadherin™
cells compared with CD13%/N-cadherin™ cells (Fig. 4b),
suggesting that TGF-/EMT-induced ROS were metabo-
lized to the appropriate level mainly via the CD13 function,
rather than via the actions of the other scavengers, GCLM
and GSS.

We speculated that the survival of TGF-fS~induced EMT
cells might be dependent on CD13 function. To confirm the
involvement of ROS in TGF-f-induced EMT cells, cells
were treated with the antioxidant N-acetylcysteine (NAC)
in culture and measured resulting ROS level. By TGF-§
treatment, expression of the N-cadherin, fibronectin, and

CDI13 (+)
-Cad (-)

CD13 (+)
N-Cad (+)

d

Tumor length (mm)

30 2 CD13 (-) N-Cad ()
7. CDI13 (+)N-Cad ()

25 D13 (+) N-Cad (+) —’—
20
-
15
10

5

1x 104

5x10? 2.5 x 10°

¢ Limiting dilution assay. The indicated numbers of CD13 + PLC
liver cancer cells were inoculated into NOD/SCID mice. d The
resultant tumor volumes

vimentin was increased, but with NAC treatment, expres-
sion of N-cadherin and fibronectin was reduced (Fig. 4c).
In contrast, expression of vimentin was increased by NAC
with TGF-f treatment, suggesting that increased levels of
ROS induce EMT, but should be controlled at suitable
levels to sufficient induction of ROS.

To assess the effect of CDI13 inhibition on TGF-f-
induced EMT, cells were cultured in a medium containing
ubenimex, which is an inhibitor of CD13. The data indi-
cated that inhibition of CD13 by ubenimex elicited cell
death and consequently suppressed N-cadherin in a dose-
dependent manner (Fig. 4d). Additionally, as CD13™ cells
were enriched by TGF-f treatment, they were reduced by
TGF-f with NAC treatment (Fig. 4e). We concluded that
CD13 plays a role in the TGF-f-induced EMT properties
of CDI13 + liver cancer cells analyzed in the present
study.

TGF-B-Induced CD13" Cells with Stem Cell Properties

We studied the expression of the stemness genes B
lymphoma Mo-MLYV insertion region 1 homolog (BMII)
and translocation-associated notch protein TAN-1
(NOTCHI). The data indicated that BMI] expression was
significantly higher in CD13%/N-cadherin®™ cells than in
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FIG. 4 TGF-f increase intracellular a w b

ROS level and induce EMT. a ROS 125 lé B Gss/ GCLM/

level was measured after TGF-f8 £ GAPDH *<0.05 GAPDH *P < 0,05
exposure in culture. ROS level was 10 3.0

detected by DCF-DA in the CDI13™,

CD13™, CD13"N-cadherin™, and 53 - .

CD13%N-cadherin™ fractions, as
indicated. b gqRT-PCR analysis of GSS
and GCLM in CD13%N-cadherin™,
CD13"N-cadherin™, and CD13™N-
cadherin™ fractions. ¢ Expression
analysis of N-cadherin (N-cad),
fibronectin (FIB), and vimentin (VIM)
by gRT-PCR. Cells were treated by
NAC with or without TGF-§ in culture
as indicated concentration. d Cells were
cultured in medium containing
ubenimex, an inhibitor of CD13, as
indicated concentration and expression
of N-cadherin was assessed. Each
number indicates the percentage of
N-cadherin expressing cells in each
condition. e Expression of CD13 after
treatment of NAC with or without TGE-
f in culture as indicated concentration

CD137/N-cadherin™ cells. Similarly, NOTCHI expression
was significantly higher in CD13"/N-cadherin™ cells than
in CD13%/N-cadherin™ cells, although expression in
CD13%/N-cadherin™ cells was still significantly higher
than that in CDI137/N-cadherin™ cells (Fig. 5a). Taken
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together that CD13%/N-cadherin™ cells have high tumori-
genic ability next to CD13%/N-cadherin™ cells but express
highest BMI] and NOTCHI expression, it can be thought
that CD134-/N-cadherin + cells acquired stemness activity
during EMT process induced by TGF-§.
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FIG. 5 CD13 and N-cadherin a

expression in human HCC sample. BMI-1/ NOTCH-1/

a Expression of BMI-1 and NOTCH1 GAPDH #P<0.05 GAPDH # P <0.05
in CD13"N-cadherin™, CD13*N- Lo k] oo " *

cadherin™, and CD13"N-cadherin™
fractions. After stimulation by TGF-f

in culture, cells were isolated by FACS,
RNA was extracted and qRT-PCR was
performed. b Immunohistochemical
analysis of post-TACE HCC sample
stained with anti-human CD13 (red)
and DAPI (blue) for the nucleus (left)
and N-cadherin (right). Lower panel
shows a higher magnification (x40) of
the square in upper column (x10)

CD13
N-Cad

S
©

CDI13%/N-cadherin™ Cells are Expressed in Therapy-
Resistant HCC Cells

In the previous study, we have reported that
CD13 + cells form cellular cluster along to fibrous cap-
sule, especially after post-transcatheter arterial lipiodol
chemoembolization (TACE) therapy.”’ To study N-cad-
herin expression in clinical hepatocellular carcinoma
(HCC) sample, ten samples of HCC resected after TACE
were used following study (Supplemental Table 1).
Because CD13 was hard to detect in formalin-fixed sample,
frozen sample was used to detect CD13 + cells. Our data
indicated that, in all of the post-TACE samples examined,

Cp13 )

)

CDI13 was found on the cell surface and N-cadherin

expression was high (representative data shown in Fig. 5b).
The surviving areas within the fibrous capsule of HCC
tissue specimens taken after chemotherapy contained
regions positive for both CD13 and N-cadherin; CD13 was
expressed in adjacent regions of the HCC cells and formed
bile canaliculi. Analysis of serial sections indicated that
CD13 expression was combined with membrane expres-
sion of N-cadherin. The present data indicate that highly
tumorigenic CD13*/N-cadherin™ HCC cells survive within
the fibrous capsule of HCC tissues, suggesting that they are
involved in therapy resistance and the aggressive behaviors
of tumor cells after TACE.
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DISCUSSION

Numerous reports have indicated that CSCs play a
critical role in the generation of chemoradiation resis-
tance."” Hence the findings that the EMT process could
induce stemness in CD247/CD44 (low) CSC fractions in
breast cancer, in CD24%/CD447/CD133%/Aldehyde
Dehydrogenaset CSCs in pancreatic adenocarcinomas, and
in CD44%/CD24~ CSCs in prostate cancer indicate a new
epoch in cancer therapy.?’** Although our understand-
ing of the link between therapy resistance, EMT, and
metastasis remains unclear, in the present study, we show
for the first time the functional relevance of CSC markers
in the EMT phenomenon; our data suggest that in liver
cancer, the functional CSC marker CD13 plays a role in the
reduction of intracellular ROS, which has been shown to
contribute to drug resistance.”!

Emerging evidence supports the notion that EMT is an
important step in tumor invasion and metastasis and is
intimately involved in de novo and acquired chemoradia-
tion resistance.®® Consistent with this, the present data
indicated that TGF-f exposure could induce the EMT
phenotype but also elicit an increase in intracellular ROS
and that this was reverted by the addition of a strong
antioxidant (NAC) in culture. Recently, ROS have been
found to be associated with tumor metastasis via tumor cell
migration, invasion, and angiogenesis.*® Thus, our findings
suggest that strong chemopreventive agents antagonizing
ROS could be useful for targeted reversal of EMT, which
could become a novel approach for the prevention of tumor
progression and metastasis. However, this type of inhibi-
tion would not kill CSCs but just suppress the cells. We
also noted that an acute blockade of CD13, a natural, mild
scavenger of intracellular ROS, in CDI13-dependent

- malignant CSCs resulted in the induction of apoptosis,”!
suggesting the possible elimination of deleterious clones.
The data suggest that a situation could arise wherein CSCs
become accustomed to a relatively high level of intracel-
lular ROS and are dependent on CD13 expression for the
regulation of ROS levels; they survive by avoiding apop-
tosis. Thus, combining conventional chemotherapies, such
as proliferation antagonizing 5-FU, with CSC-targeted
reagents, such as ubenimex, may be beneficial for efficient
tumor elimination.

Although simultaneous administration of 5-FU and
ubenimex has been reported to have a synergic effect on
tumor growth, the biological function of CDI13 in liver
CSCs remains to be elucidated.”' To study the effect of
CD13 inhibition on TGF-f-induced EMT, we cultured
cells in a medium containing ubenimex, an inhibitor of
CD13. Our data indicate that inhibition of CD13 by ube-
nimex elicited cell death and consequently resulted in
dose-dependent suppression of N-cadherin, suggesting that

CD13 plays a role in TGF-f-induced EMT properties in the
CD13" liver cancer cells.

As biosynthesis, our data indicate that TGF-f stimu-
lation elicits N-cadherin expression (EMT) as well as
CD13 expression, presumably via the involvement of
glycolysis and oxidative stress-responsive transcription
factor c-Maf upstream of the CDI13 gene’s promoter
(MAF-recognition element, MARE; Supplemental Fig. la
and b), indicating that in the microenvironment of het-
erogeneous tumors, hypoxic conditions could increase the
secretion of cytokines, such as IL6 and TGF-f from
mesenchymal cells.’”*® In cancer cells, these stimulate
the response of Stat3 and hypoxia-inducible factors
(HIFs) downstream of IL6 and of Smad4 downstream of
TGF-f.%® These in turn are involved in the transcriptional
regulation of the proto-oncogene c-MAF, presumably via
p300/CEBPbeta, AP1, and nuclear factor (NF) kappa B
sites in its gene promoter.’®**' Consequently, the present
study proposes a natural working hypothesis where the
hypoxic and inflammatory conditions in the microenvi-
ronment elicit cellular responses to increased CD13
expression that are beneficial for the survival of EMT-
stimulated CSCs.

Although the majority of the experiments in this study
are based on cell lines, the expression and ROS analyses
support the contention that PLC cells reflect clinical HCC
and may hold promise for preclinical studies. This study
also suggests that the future development of liver cancer
therapy based on CSC and EMT concepts appears prom-
ising. We are undertaking further analyses of clinical HCC
samples to provide the necessary confirmation of our
contention using in vivo assays.
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Microarray Analysis of Colorectal Cancer Stromal Tissue
Reveals Upregulation of Two Oncogenic miRNA Clusters

Naohiro Nishida'*#, Makoto Nagahara?, Tetsuya Sato®, Koshi Mimori', Tomoya Sudo!, Fumiaki Tanaka’,
Kohei Shibata', Hideshi Ishii**#, Kenichi Sugihara?, Yuichiro Doki*, and Masaki Mori ™

Abstract

Purpose: Cancer stroma plays an important role in the progression of cancer. Although alterations in
miRNA expression have been explored in various kinds of cancers, the expression of miRNAs in cancer
stroma has not been explored in detail.

Experimental Design: Using a laser microdissection technique, we collected RNA samples specific for
epithelium or stroma from 13 colorectal cancer tissues and four normal tissues, and miRNA microarray and
gene expression microarray were carried out. The expression status of miRNAs was confirmed by reverse
transcriptase PCR. Furthermore, we investigated whether miRNA expression status in stromal tissue could
influence the clinicopathologic factors.

Results: Oncogenic miRNAs, including two miRNA clusters, miR-17-92a and miR-106b-25 cluster, were
upregulated in cancer stromal tissues compared with normal stroma. Gene expression profiles from cDNA
microarray analyses of the same stromal tissue samples revealed that putative targets of these miRNA
clusters, predicted by Target Scan, such as TGFBR2, SMAD2, and BMP family genes, were significantly
downregulated in cancer stromal tissue. Downregulated putative targets were also found to be involved in
cytokine interaction and cellular adhesion. Importantly, expression of miR-25 and miR-92a in stromal
tissues was associated with a variety of clinicopathologic factors. ‘

Conclusions: Oncogenic miRNAs were highly expressed in cancer stroma. Although further validation
is required, the finding that stromal miRNA expression levels were associated with clinicopathologic
factors suggests the possibility that miRNAs in cancer stroma are crucially involved in cancer progression.
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Introduction

Cancer tissues consist of cancer cells and surrounding
stromal cells, including inflammatory cells, immunocom-
petent cells, endothelial cells, and fibroblasts. Cancer stro-
ma interacts with cancer tissues directly or indirectly
through cytokines, creating a niche for the cancer cells.
Recent studies have focused on altered expression of onco-
genes and tumor suppressor genes in stromal tissues. Kurose
and colleagues reported that the downregulation of PTEN
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and p53 is a key step in breast cancer progression, and other
reports have indicated that ablation of TGFBR2 in fibro-
blasts can lead to carcinogenesis in vivo (1-3).

With regard to clinical aspects, a number of studies have
revealed the gene expression status of cancer stroma and its
correlation to prognosis as well as clinicopathologic factors
(4, 5). Particularly, Finak and colleagues analyzed global
gene expression patterns in breast cancer stromal tissues and
identified gene sets that potently influenced prognosis (6).
They revealed that the aggressiveness of cancer could be
defined by gene expression patterns in stromal tissue. More-
over, Fukino and colleagues revealed that cancer-specific
LOH or allelic imbalance in stromal cells is more highly
correlated with clinicopathologic features than that in epi-
thelial cells (7). These findings suggest that cancer stromal
tissues are actively involved in cancer progression.

miRNAs constitute a class of small (19-25 nucleotides)
noncoding RNAs that function as posttranscriptional gene
regulators by binding to their target mRNAs (8). Alterations
in miRNA expression are reported in various kinds of
human cancers, suggesting miRNAs function both as tumor
suppressors and oncogenes in cancer development (9).
Genetic alterations in cancer tissues are likely dependent
largely on the expression status of miRNAs (9). We
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Translational Relevance

Cancer stroma plays a critical role in cancer progres-
sion. To irivestigate the 1ole of miRNAs in colorectal
cancer stroma, we camed out eplthehal and stromal
tissue-specific miRNA microarray analyses using a laser
microdissection technique. We found that oricogenic
miRNAs, ‘including the mlR 17-92a duster and the
miR- 106b- 25 clustet, which’ are known to be involved
-in cancer progressxon in epxthehal ’ussue, were signifi-
cantly uplegulated in cancer stromal tissue compared
with normal stroma. Gene' expressmn profiles from
¢DNA microarray analyses of the same stromal tissue |
samples revealed that putative targets of these miRNA
dlusters, predicted by TargetScan, such as TGFBR2,
SMAD2, and BMPfamﬂy genes, were significantly down-
regulated in canicer stromal tissu¢. Furthermore, miRNA
expression in colorectal ‘cancer stroma was associated
with a number of clinicopathologic factors. Although
further validation is required, these findings suggest the
possibility that miRNAs in stromal tissues are function-
ally associated with cancer progression.

considered the possibility that gene expression in cancer
stroma is also regulated by miRNAs expressed in cancer
stroma.

Conventional gene expression analysis using bulk tumor
samples could not reveal the gene and miRNA expression
profiles in cancer stroma. In this study, using a laser micro-
dissection (LMD) method, we collected epithelium-specific
and stoma-specific RNAs, and investigated the miRNA and
gene expression profiles. By analyzing many kinds of micro-
array data, including that of epithelium, stroma, normal,
and cancer, we show how miRNAs in cancer stroma are
involved in cancer progression.

Materiale and Methods

Clinical samples

Tissues from 13 cases of colorectal cancer and 4 normal
colorectal tissues (located more than 5 cm from the colo-
rectal cancer) were obtained during surgery. All patients
underwent resection of the primary tumor at Kyushu Uni-
versity Hospital at Beppu and affiliated hospitals between
1993 and 2006. Written informed consent was obtained
from all patients, and the study protocol was approved by
the local ethics committee. Detailed information is
described in Supplementary Data.

Laser microdissection

Tissue samples were microdissected using the LMD sys-
tern LMDGO0O (Leica Laser Microdissection System; Leica
Microsystemns) as previously described (10). Detailed pro-
tocols are described in Supplementary Information.

To show the accuracy of LMD and RNA separation, we
presented tissue section before (left) and after (right) LMD

in 6 representative samples of colorectal cancer (Supple-
mentary Fig. S1).

miRNA microarray

Total RNAs from epithelial and stromal tissues of cancer
and normal samples were analyzed by miRNA microarray.
Total RNA was extracted from tissue using the miRNeasy
Mini Kit (Qiagen) according to the manufacturer’s protocol.
Concentrations and purities of the total RNAs were assessed
with a spectrophotometer and RNA integrity was verified
using an Agilent 2100 Bioanalyzer (Agilent Technologies).
OD440/ODogp ratios of 1.8 to 2.1 were accepted to be
adequate for microarray. Total RNA (100 ng) was directly
labeled with cyanine 3-CTP (Cy3), without fractionation or
amplification, using an Agilent protocol that produces
precise and accurate measurements spanning a linear
dynamic range from 0.2 amol to 2 fmol of input miRNA.
Each total RNA sample (100 ng) was competitively hybrid-
ized to a miRNA array (Agilent Microarray Design ID =
014947, Early Access version) containing 455 miRNAs
[version 15 of the Sanger miRNA database (http://www.
mirbase.org/)], according to the manufacturer’s protocol
(11). The intensity of each hybridization signal was evalu-
ated using Extraction Software Version A.7.5.1 (Agilent
Technologies), which used the locally weighted linear
regression curve fit (LOWESS) normalization method
(12).The robust multiarray average algorithm normaliza-
tion method was also used for analysis in downregulated
miRNAs in cancer stroma (13, 14). miRNA arrays have been
deposited in the National Center for Biotechnology Infor-
mation (NCBI) Gene Expression Omnibus (GEO) database
with accession code GSE35602.

cDNA microarray

We used the commercially available Human Whole
Genome Oligo DNA Microarray Kit (Agilent Techno-
logies). A list of genes on this ¢DNA microarray is
available from http://www.chem.agilent.com. Cyanine
(Cy)-labeled cRNA was prepared using T7 linear ampli-
fication as described in the Agilent Low RNA Input
Fluorescent Linear Amplification Kit Manual (Agilent
Technologies). Labeled ¢RNA was fragmented and
hybridized to an oligonucleotide microarray (Whole
Human Genome 4 x 44 K Agilent G4112F). Fluores-
cence intensities were determined with an Agilent DNA
Microarray Scanner and were analyzed using G2567AA
Feature Extraction Software Version A.7.5.1 (Agilent
Technologies), which used the LOWESS normalization
method (12). This microarray study followed MIAME
guidelines issued by the Microarray Gene Expression
Data group (15). Gene expression arrays have been
deposited in the NCBI GEO database with accession
code GSE35602.

Gene ontology analysis and miRNA target prediction
A total of 1,939 Gene set enrichment analyses of differ-

entially expressed genes were carried out using Gene Codis

version 2.0 (16, 17). The Kyoto Encyclopedia of Genes and
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Genomes (KEGG) database (18) was used for systematic
analysis of gene functions. TargetScan (19, 20) Version 5.1
algorithm was used to predict putative targets of each
miRNA. TargetScan focuses on the exact match to 7 bases
or more (hexamer match in positions 2-7, plus an aden-
osine at a position on the 3’ side) of the miRNA seed
sequence in the 3'-untranslated region of target messenger
RNA. In our analysis, we included all targets that met
TargetScan criteria without taking into account evolution-
ary conservation.

Quantitative real-time reverse transcriptase PCR

For miR-25 and miR-92a quantitative real-time reverse
transcriptase PCR (gRT-PCR), cDNA was synthesized from
10 ng of total RNA using TagMan miRNA hsa-miR-25- or
92a-specific primers (Applied Biosystems) and a TagMan
MicroRNA Reverse Transcription Kit (Applied Biosystems).
RT-PCR protocols are described in Supplementary
Information.

Statistical analysis

Differences between groups were estimated using the 3>
test and Student ¢t test. After expression signals were calcu-
lated by log, transformation of the normalized data, dif-
ferentially expressed miRNAs and genes were detected by
using the fold-change value and Q value. We used the
significance analysis of microarrays method in the "samr”
package of the R language (http://www.r-project.org/). RT-
PCR data were analyzed using JMP software (SAS Institute
Inc.). All differences were considered statistically significant
at the level of P < 0.05 or Q < 0.05.

Results

The miR-17-92a cluster and miR-106b-25 cluster were
upregulated in cancer stroma compared with normal
stroma

To investigate the functions of miRNAs in cancer sttoma,
we carried out miRNA microarray analyses with samples of
13 cancer stromal tissue and 4 samples of normal stromal
tissue. Those miRNAs that were significantly upregulated
in cancer stromal tissues compared with normal stromal
tissues are listed in Table 1 (fold change >1.5, and Q <
0.05). For example, oncogenic miRNAs, including miR-21,
miR-221, and almost all components of the oncogenic
miR-17-92a cluster and miR-106b-25 cluster except miR-
19b were upregulated in cancer stromal tissue compared
with normal stromal tissue (Table 1). Unsupervised hier-
archical clustering of normal and cancerous stromal sam-
ples revealed that all components of the miR-17-92a cluster
and the miR-106b-25 cluster (except for miR-92a) were
classified in the same cluster (Supplementary Fig. $2A and
S2B). MiR-92a was classified in another cluster, perhaps
because miR-92a has a homolog (miR-924-2) on chromo-
some X, besides miR-924-1 in the miRNA cluster on chro-
mosome 13 (21). Therefore, its expression could have
diverged from the expression of other miRNAs in the
cluster.

The correlation coefficient ratio was significantly higher
within miRNA clusters (Supplementary Table S1). These
clusters are transcribed from another chromosome. The
miR-17-92a cluster was located on chromosome 13 in the
host gene C130RF25, and its homolog miR-106b-25 cluster
was located in the intron of the host gene MCM7 on
chromosome 7 (Fig. 1, top part). Some components shared
the same seed sequence (Fig. 1, bottom part), suggesting
they regulated the same targets simultaneously.

In 4 of the 13 samples of cancer tissue and the 4 normal
tissues, both epithelial and stromal samples were available.
Thus, we carried out combined analyses in epithelial and
stromal tissues in these samples. The expression status of
epithelial tissues was highly correlated with that of stromal
tissues, and the expression of miRNA in the epithelium was
always higher than that in the stroma in all components of
the miR-17-924 cluster and the miR-106b-25 cluster (Fig. 2).

Significantly downregulated genes which are putative
targets of the miR-17-92a and miR-106b-25 dusters are
involved in a variety of cellular functions

We also carried out gene expression array analyses using
the same samples used in the miRNA microarray. We iden-
tified significantly downregulated genes (fold change < 0.5
and Q< 0.05), which were putative targets of the miR-17-92a
and miR-106b-25 clusters. The number of genes that
matched these criteria was 1,939. Gene set enrichment
analysis using Gene Codis version 2.0 (16, 17) and KEGG
revealed that the following molecules were enriched: KEGG
04060: cytokine-cytokine receptorinteraction [chemokines,
hematopoietins, platelet-derived growth factor (PDGF) fam-
ily, TNF family, and TGFp family], KEGG 04340: hedgehog
signaling pathway, KEGG 05200: pathways in cancer, and
KEGG 04514: cell adhesion molecules (CAM; Table 2,
Supplementary Table S2A). These indicated the possibility
that the miR-17-92a and miR-25-106b clusters were involved
in those important pathways in colorectal cancer stroma.

Identification of a putative miRNA gene pathway
focusing on inverse correlations between miRNAs and
genes

We used different approaches to identify putative targets
of the miR-17-92a and miR-106b-25 clusters. Combining
the microarray data of miRNAs and genes in stromal sam-
ples, we identified highly inversely correlated miRNA gene
pairs, which were putative pathways predicted by TargetS-
can (refs. 19, 20; correlation coefficient >0.65 and P <
0.05; Table 3). These included a number of crucial regula-
tors of cellular function, such as the apoptosis-related miR-
17 death-associated protein kinase 2 (DAPK) pairing, the
miR-18a-caspase 7 pairing, and the miR-17 cancer-related
transcription factor 7 (TCF7) pairing.

miR-25 and miR-92a expression status in colorectal
cancer stromal tissue

The miRNA array analysis revealed that 2 oncogenic
miRNA clusters were upregulated in colorectal cancer stro-
ma. Therefore, we confirmed the expression status of 2
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Table 1. Upregulated miRNAs in colorectal cancer stromal tissue compared with normal stromal tissue

Signal in cancer Signal in hormal
Systematic name . stromal tissue (logy) stromal tissue (logy) Fold change Q (%)
hsa-miR-214 7.3612 5.1633 4.5882 0.0000
hsa-miR-21 13.7414 11.7651 3.9348 0.0000
hsa-miR-455-3p 5.0351 3.4322 ' 3.0376 0.0000
hsa-miR-663 4.4278 2.7578 3.1820
hsa-miR-127-3p 3.7355 1.9303 3.4947

004 45767 T 02308 5.0840

hsa-miR

hsa-miR-432 2.6401 1.3709 2.4102

hsa-miR-221 5.1187 3.6628 2.7433

hsa-miR-125b 7.7959 5.7433 4.1486

hsa-miR-337-5p 2.8150 1.4391 2.5952 0.0000
hsa-miR-502-3p 1.8047 0.5097 2.4538 0.0000
hsa-miRk-300 3.6767 2.3557 2.4985 0.0000
hsa-miR-128 2.5359 1.3263 2.3127 0.0000
hsa-miR-532-5p 2.7469 1.5402 2.3080 0.0000
hsa-miR-609 3.8840 2.8980 1.9806 0.0000
hsa-miR-130b 4.1915 2.7904 2.6409 0.0000

R . 37635 = . 13688 - 5.2588 o 0000 |

hsa-miR-181d 31301 ' 20477 21175 0.0000

hsa-miR-362-5p 3.2330 2.0853 2.2156 0.0000
hsa-miR-424 7.7230 5.9653 3.3816 0.0000
hsa-miR-1562 3.1990 1.6066 3.0156 0.0000
hsa-miR-654-3p 4.3411 2.6129 3.3130 0.0000
hsa-miR-149 3.8869 2.7086 2.2632 0.0000
hsa-miR-7 4.7878 2.8344 3.8196 0.0000
hsa-miR-485-3p 5.3008 4.2385 2.0880 0.0000
hsa-miR-99b 3.9191 2.6203 2.4603 0.0000
hsa-miR-933 2.7300 1.7161 2.0193 0.0000
hsa-miR-615-3p 3.8335 2.6442 2.2804 0.0000
hsa-miR-640 2.9456 1.4328 2.8535 0.0000
hsa-miR-483-3p 6.2669 5.0075 2.3940 0.0000
hsa-miR-605 3.8121 2.5917 2.3301 0.0000
hsa-miR-135b 3.8255 0.7653 8.3408 0.0000
hsa-miR-296-5p 1.9389 1.1457 1.7329 0.0000
hsa-miR-647 3.8730 2.1903 3.2102 0.0000
hsa-miR-1236 3.4103 1.8925 2.8635 0.0000
hsa-miR-34b 4.2683 2.3956 3.6620 0.0000

hsa-miR-592 2.5548 ] 0.8012 3.3721 0.4839

" hsalet-7i

hsa-miR-20b 5.5041
hsa-miR-130a 7.3585
hsa-miR-199a-5p 7.4083
hsa-miR-1238 4.2775
hsa-miR-331-3p 6.6993

i hsa-miR-24

sa—mlR—Za 1 0.0837

hsa-miR-199b-5p 6.7800
hsa-miR-181b 4.6692
(Continued on the following page)
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Table 1. Upregulated miRNAs in colorectal cancer stromal tissue compared with normal stromal
tissue (Cont'd)

Signal in cancer Signal in normal

Sysiematic name stromal tissue (logy) stromal tissue (logy) Fold change Q (%)

hsa-miR-377 4.4965 3.2165 2.4283 0.4839
hsa-miR-18b 2.5247 0.9391 3.0013 0.4839
hsa-miR-539 2.0809 1.0446 2.0510 0.4839
hsa-miR-22 9.7884 8.6262 2.2379 0.4839
hsa-miR-223 8.8473 7.7969 2.0712 0.4839
hsa-miR-481-3p 2.5471 0.9916 2.9393 0.4839
hsa-miR-125a-5p 5.6168 4.5834 2.0469 0.4839
hsa-miR-299-5p 3.1356 1.7790 2.5607 0.4839
hsa-miR-483-5p 4.95831 3.9757 1.9689 0.4839
hsa-miR-379 2.4551 0.4574 3.9938 0.4839
hsa-miR-1234 5.0701 43136 1.6894 0.4839
hsa-miR-99a 3.9888 2.3726 3.0657 0.4839
hsa-miR-1225-3p 3.9937 3.3510 1.5613 0.4839
hsa-miR-495 2.3389 0.7363 3.0369 0.4839
hsa-miR-574-5p 7.1083 6.2371 1.8292 0.4839
hsa-miR-125a-3p 3.2257 2.3094 1.8873 0.4839
hsa-miR-326 1.9496 0.8913 2.0825 0.4839
hsa-miR-1224-3p 48757 3.6868 2.2798 0.4839
hsa-miR-1229 3.7613 2.5318 2.3448 0.4839
hsa-miR-937 4.9785 3.8112 2.2459 0.4839
hsa-miR-574-3p 7.9370 7.0906 1.7979 0.4839
hsa-miR-1237 2.8475 2.0403 1.7498 0.4839
hsa-miR-206 3.0294 1.7743 2.3868 0.4839
hsa-miR-129-3p 1.7338 0.7030 2.0432 0.4839
hsa-miR-885-5p 6.2987 5.1769 2.1761 0.4839
hsa-miR-1227 4.6286 3.0407 3.0061 0.4839
hsa-miR-631 4.3710 2.9772 2.8277 0.4839
hsa-miR-487b 2.2864 0.5419 3.3507 0.8249
hsa-miR-543 1.4302 0.1764 2.3847 0.8249
hsa-miR-365 6.3121 5.3710 1.9200 0.8249
hsa-let-7e 6.8754 5.9369 1.9166 0.8249
hsa-miR-151-3p 3.8653 2.8896 1.9666 0.8249

sa-mi 6l 57538 . . 4

hsa-miR-301a 4.3942 3.3753 2.0263 0.8249

hsa-miR-382 2.2284 0.8661 2.5709 0.8249
hsa-miR-100 4.7280 3.4939 2.3523 0.8249
hsa-miR-452 2.3510 1.1210 2.3456 0.8249
hsa-miR-371-6p 2.2495 1.1375 21614 0.8249
hsa-miR-765 4.3601 3.60831 1.6900 0.8249
hsa-miR-362-3p 2.5044 1.5707 1.9102 0.8249
hsa-miR-183 1.8260 0.5658 2.3953 0.8249
hsa-miR-423-5p 3.8130 3.0448 1.7032 0.8249
hsa-miR-328 6.1455 5.1186 2.0377 0.8249
hsa-miR-595 4.4023 3.3593 2.0605 0.8249
hsa-miR-542-3p 2.8903 1.2498 3.1177 0.8249
hsa-miR-550 1.8877 1.2773 1.6363 0.8249
hsa-miR-634 2.1901 1.4710 1.6462 0.8249
hsa-miR-188-5p 4.1837 3.5119 1.5711 1.3079
hsa-miR-450a 2.6452 1.0431 3.0358 1.3079
hsa-miR-181¢c 2.7493 1.7464 2.0040 1.3079
hsa-miR-126 8.1419 7.2671 1.8338 1.3079
hsa-miR-484 3.8659 3.2581 1.56239 1.3079

(Continued on the following page)
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Table 1. Upregulated miRNAs in colorectal cancer stromal tissue compared with normal stromal
tissue (Cont'd)

Signal in cancer Signal in normal
Sysiematic name stromal tissue {logy) stromal tissue (logy) Fold change - Q (%)
hsa-miR-95 2.2341 1.3079

6.7619

hsa-miR-376a 4.3021 1.3079
hsa-miR-425 4.4042 1,3079
hsa-miR-455-5p 1.9466 1.3079
hsa-miR-324-3p 51796 1.3079
hsa-miR-622 2.5718 1.3079
hsa-miR-613 1.6581 1.3079
hsa-miR-575 3.9488 1.3079
hsa-miR-222 3.2655 1.3079
hsa-miR-32 2.5684 1.3079
hsa-miR-197 7.9098 1.3079
hsa-miR-766 6.9197 1.3079
hsa-miR-876-5p 1.3810 1.9848
hsa-miR-505 2.8023 1.9848
hsa-let-7¢ 7.3815 1.9848
hsa-miR-98 4.5308 1.9848
hsa-miR-27a 9.1504 1.9848
hsa-miR-324-5p 41229 1.9848
hsa-miR-874 3.6715 1.9848
hsa-miR-133a 1.3162 1.8848
NOTE: miRNAs which are components of miR-17-92a cluster or miR-25-106b cluster are marked (gray).

representative miRNAs from the 2 dusters, miR-25, and
miR-92ain clinical samples. MiR-25 and miR-92q are select-
ed because of relative high expression in cancer stroma and
because they have the same seed sequence and share the

same targets and could work coordinately. In samples of
normal epithelial tissue (1 = 4), cancer epithelial tissue {n =
10), normal stromal tissue (n = 4), and cancer stromal
tissue (n = 26), which included 13 cancer samples and 4

Chri3
(c130RF25),
Chr7
(MCM7)
Figure 1. Top, schematic diagram Sequence Seed pattern
showing the genomic structures of N . )
the 2 miRNA clusters located on hsa-miR-17 GAUGGACGUGACAUUCGUGAAAC B
chromosomes 18and 7. The miR-17- hsa-miR-18a GAUAGACGUGAUCUACGUGGAAU <&
92a cluster is located in the intron of
host gene C130RF25 and miR-25- 17-92a hsa-miR-19a AGUCAAAACGUAUCUAAACGUGU @
106b is in MCM?7. Bottom, cluster hsa-miR-20a GAUGGACGUGAUAUUCGUGAAAT B
sequences of 2 miRNA cluster
components. The same marks hsa-miR-19b AGUCAAAACGUACCUAAACGUGU @
indicate seed sequence (2-8 mer N o X
from the 5’side) homology between hsa-miR-92a UGUCCGGCCCUGUUCACGUUAU A
the individual miRNAs. hsa-miR-108b UAGACGUGACAGUCGUGAAAT| E
23;;?5? hsa-miR-25 AGUCUGGCUCUGUUCACGUUAC A
hsa-miR-93 GAUGGACGUGCUUGUCGUGAAAC B
Chr, chromosome
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Figure 2. Correlation between the expression status of epithelial tissue and stromal tissue of miR-717-92a and miR-25-106b clusters. In all components of the
clusters, expression status of the epithelial tissues and the stromal tissues was highly correlated and expression was higher in epithelium than in stroma.

normal samples used for microarray analysis, we carried out
gRT-PCR to investigate the expression of miR-25 and miR-
92a. The data confirmed the upregulation of these miRNAs
in cancer stroma compared with normal stroma in accor-
dance with upregulation in cancer epithelium (Fig. 3).

miR-25 and miR-92a expression in colorectal cancer
stroma was associated with clinicopathologic factors
For the 26 colorectal cancer strornal samples for which we
used RT-PCR analysis, clinicopathologic data were available
in 24 cases. Clinicopathologic analysis revealed that the
high miR-25 expression group (values > the 0.25 quartile;
0.54, normalized to RNUGB) had more advanced venous
invasion compared with the low expression group (values <

the 0.25 quartile; P = 0.046, Table 4). In the high miR-92a
expression group (values > the 0.75 quartile; 1.16, normal-
ized to RNUGB), there was greater lymphatic invasion (P =
0.005), venous invasion (P = 0.016), and liver metastasis (P
= 0.018) compared with the low miR-924 expression group
(values < the 0.75 quartile; Table 5). However, no significant
differences were observed regarding age, gender, histology,
lymphatic invasion, venous invasion, lymph node metas-
tasis, peritoneal dissemination, or distant metastasis.

Downregulated miRNAs in colorectal cancer stromal
tissue compared with normal stromal tissue

We also investigated downregulated miRNAs in cancer
stroma compared with normal stroma. As a result,
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106b clusters

Genbank
Gene symbol accession

Description

Fold

Table 2. Genes downregulated in cancer stroma, which are putative targets of miR-17-92a and/or miR-25-

miR-17/20a/ miR-18a miR-19a/ miR-92a/25
Change® Q (%)° 106b/93 target® target® 19b target® target®

IL10RA NM_001558

TNFRSF17 NM_001192

LIFR NM_002310
CXCL12 NM_199168
BMP2 NM_001200
CNTFR NM_147164
IL6R NM_000565
PDGFRA BCO15186

TNFRSF13B  NM_012452

XCLA NM_002995
CTF1 NM_001330
XCL2 NM_003175
CCRg NM_006641
TGFBR2 NM_003242
CCL16 NM_004590
IFNA2 NM_000605
GHR NM_000163
IFNW1 NM_002177
IL15 NM_172174
LEP NM_000230
BMPR1B NM_001203
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Homo sapiens interleukin 10
receptor, o. (IL10RA)

Homo sapiens TNF receptor
superfamily, member 17
(TNFRSF17)

Homo sapiens leukemia inhibitory
factor receptor alpha (LIFR)

Homo sapiens chemokine
(C-X-C motif) ligand 12 (stromal
cell-derived factor 1; CXCL12),
transcript variant 1

Homo sapiens bone
morphogenetic protein 2 (BMP2)

Homo sapiens ciliary neurotrophic
factor receptor (CNTFR),
transcript variant 1

Homo sapiens interleukin 6 receptor
(IL6R), transcript variant 1

Homo sapiens platelet-derived
growth factor receptor, o
polypeptide, mRNA (cDNA
clone IMAGE: 4043984),
complete cds.

Homo sapiens TNF receptor
superfamily, member 13B
(TNFRSF13B)

Homo sapiens chemokine (C motif)
ligand 1 (XCL1)

Homo sapiens cardiotrophin 1
(CTF1)

Homo sapiens chemokine (C motif)
ligand 2 (XCL2)

Homo sapiens chemokine (C-C
motif) receptor 9 (CCRY),
transcript variant B

Homo sapiens TGF, B receptor Il
(70/80 kDa) (TGFBR2), transcript
variant 2

Homo sapiens chemokine (C-C
motif) ligand 16 (CCL16)

Homo sapiens IFN, o. 2 (IFNA2)

Homo sapiens growth hormone
receptor {GHR)

Homo sapiens IFN, omega 1 (IFNW1)

Homo sapiens interleukin 15 (IL15),
transcript variant 1

Homo sapiens leptin (obesity
homolog, mouse; LEP)

Homo sapiens bone
morphogenetic protein receptor,
type IB (BMPR1B)

Homo sapiens Fas ligand (TNF
superfamily, member 6; FASLG)
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KEGG 04061: Cytokine-cytokine receptor interaction {chemokines, hematopoietins, PDGF family, TNF family, and TGFp family)
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