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<ABSTRACT>
Crosstalk between Hedgehog and Wnt Pathways
in Gastric Cancer Cell Differentiation
Jie-Hyun Kim
Department of Medicine

The Graduate School, Yonsel University

(Directed by Professor Yong Chan Lee)
Gastric cancer has different biological behaviorshie histological type.
Thus, the different histological growth patternsgaistric cancers may
involve the activation of distinct signaling pathyganecessary for the
growth and survival of cancer cells. This study estgated the
differentiation-specific signal changes betweengetédg (Hh) and Wnt
signaling pathways in AGS and MKN-45 gastric caraadls, and HT-29
colon cancer cells were used as positive contrmisdifferentiationin
vitro. Differentiation was induced by sodium butyrated aall-trans
retinoid acid. Sonic hedgehog (SHh), patched (Picgand glioma-
associated oncogene (Gli)-1 were analyzed for ghating, and nuclear
B-catenin was analyzed for Wnt signaling. Paraffimsedded tissues
from human gastric cancers were used to evaluatexpression of SHh,

Gli-1, andp-cateninin vivo. Secreted frizzled-related protein (sFRP)-1



was analyzed as a regulator between Hh and Wnalgign As results,
expression of Hh signaling was increased durindeshtiation. In

contrast, the expression of Wnt signaling was desé during
differentiation. Ectopic expression of Gli-1 incsed the level of the
sFRP-1 transcript, whereas the inhibition of Gle#luced the level of the
sFRP-1 transcript. Chromatin immunoprecipitatiosagsindicated that
Gli-1 was involved in the transcriptional regulatiof sFRP-1. Ectopic
expression of Gli-1 decreased the expression ofeauf-catenin, and
the inhibition of Gli-1 recovered the level of nealp-catenin. SHh- and
Gli-1-positive immunoexpression was higher in wdifferentiated than
in poorly differentiated tissues. However, nucldacatenin-positive
immunoexpression was lower in well differentiateampared to poorly
differentiated tissues. In conclusion, the actmatdf the Hh pathway and
suppression of the Wnt pathway by Hh signaling aexzliduring gastric
cancer cell differentiation. It is suggested thdie tanalysis of
differentiation-specific signal changes, combinethvgignals related to
the process of tumor progression or migration, niey a clue in

discovering the molecular heterogeneity of gasiaiccers.

Key words: Differentiation, Hedgehog, Wnt, carcieogsis, crosstalk



Crosstalk between Hedgehog and Wnt Pathways

in Gastric Cancer Cdl Differentiation

Jie-Hyun Kim
Department of Medicine
The Graduate School, Yonsel University

(Directed by Professor Yong Chan Lee)

. INTRODUCTION

Recent evidences suggest that the accumulation esfetiy and/or
epigenetic alterations in multipotent adult sterhscand/or their early progeny
may contribute to their oncogenic transformatiorto ifumorigenic and
migrating cancer progenitor cefi§. These cancer progenitor cells, also known
as cancer stem cells or cancer-initiating cellsp aive rise to more
differentiated cancer cell phenotygesitro andin vivo, and appear to play key
roles in tumor formation, progression, and metastasi distant site3.
According to this theory, the activation of specifbncogenic cascades in
cancer-initiating cells during cancer initiationdaprogression could result in

either highly or weakly invasive cancer subtypes.



Generally, gastric cancers are believed toehahferent biologic
behaviors according to their histological type. Fotample, histologically
poorly differentiated growth type cancers, accaydito the World Health
Organization (WHO) classification, have more aggimes behaviors than
histologically well and moderately differentiatedogth types. Thus, the
histological type is one of the determining factorsthe clinical therapeutic
approach. Based on cancer-initiating cell theohe tifferent histological
growth types of gastric cancer may involve thevatibn of distinct signaling
pathway(s) necessary for the growth and survivaboicer cells.

The Hedgehog (Hh) and Wnt pathways are reptatee positive
regulators for cancer-initiating cells. In Hh siing, secreted Hh molecules
[three mammalian hh genes: Sonic, Indian, and Ddsmigehog (SHh, IHh,
and DHh, respectively)] bind to patched (Ptc; Ptewid Ptc-2) receptors,
alleviating Ptc-mediated suppression of smoothdi$do), a putative seven-
transmembrane protein. Smo signaling triggers eachesof intracellular events,
leading to activation of a pathway through glionsaaciated oncogene (Gli)-
dependent transcriptidhin Wnt signaling, the signal-transducing composent
of the Wnt receptor are members of the low-dergityprotein receptor-related
protein (LRP) and Frizzled protein familiésin the absence of signal

stimulation, p-catenin protein is destabilized by a cytoplasm@mplex



containing the proteins Axin, adenomatous polyposis (APC), and glycogen
synthase kinase3GSK-33).° Wnt signaling stabilizep-catenin, which acts as
a transcriptional co-activator by associating witte TCF/LEF family of
transcription factorS.

These signaling pathways are necessary fogtbeth and survival of
cancer cells. Activation of Hh or Wnt signaling hdsen implicated in the
development of gastric cancer in many studigésHowever, the association
between the activation of these signals and thmlbgical growth types of
gastric cancer has been inconsistérit:*° The discrepancy is probably due to
the different proportion of cancer stages in eaadysand no consideration of
signal interaction(s). Because the histologicaktgp differentiation of gastric
cancer can be altered by tumor invasion, morphoidgand phenotypic shifts
could occur in the process of tumor progresétofi.Furthermore, a molecular
link between Hh and Wnt signaling has been repdftédi* Thus, anin vitro
differentiation model by human gastric cancer eés was used to investigate
differentiation-specific signaling changes betwddim and Wnt signaling in
gastric cancer cells. The analysis of changesfiardntiation-specific signals in

gastric cancer may help in understanding the hgtereity of gastric cancers.



[I. MATERIALSAND METHODS

1. Tumor samples and immunohistochemistry

Stored surgical specimens obtained from 20 patigittsgastric cancer were
used. All cases were provided by the Gastrointalsflimmor Working Group
Tissue Bank, Yonsei University Medical Center, Sedfiorea, between
December 1996 and December 2004. Authorizationh®ruse of these tissues
for research purposes was obtained from the Itistital Review Board of
Yonsei University Health System. The 10 specimenseweell differentiated
adenocarcinoma, and the others were poorly diffextea adenocarcinoma.

Tissue sections in microslides were deparaffinizét xylene, dehydrated in
serial dilutions of alcohol, and immersed in 3% 26ollowing antigen
retrieval in citrate buffer (pH 6.0), the tissuectgens were incubated with
protein blocking agent (Immunotech, Coulter, Iidarseille, Franceto block
nonspecific antibody binding for 20 minutes at rot@mperature and then
incubated overnight at°’€@ with respective primary polyclonal goat antibexi
against human SHh (clone H-160) (Santa Cruz Bioteldgy, Santa Cruz,
California, USA), Gli-1 (clone H-300) (Santa Cruapdp-catenin (clone E-5)
(Santa Cruz)After washing with phosphate buffered saline (PBfge times,

the sections were incubated with a biotinylatecbsdary antibody (goat anti-



rabbit IgG, Immunotecghand streptavidin conjugated to horseradish persgida
(Immunotech) for 20 minutes at room temperaturépdied by a PBS wash.
The chromogen was developed for fiveinutes with liquid 3, 3-
diaminobenzidinel(nmunotech. Next, slides wereounterstained with Meyer's
hematoxylin. Expression status was quantified lmyieg both the intensity and
proportion of SHh, Gli-1, anfl-catenin staining. The intensity of cytoplasmic
SHh staining was scored as 0, negative (weak oitagito background); 1,
weak (less intense than normal cells); 2, moddsimailar intensity to normal
cells); and 3, strong (stronger than normal céfl3fe intensity of Gli-1 an@-
catenin staining was scored as 0, no detectablearustaining; 1, weak nuclear
staining; and 2, strong nuclear stainfhg-he proportion of expression in each
tissue was determined by counting positively sthicencer cells in relation to a
total of three hundred cells, and expressing thelras a percentage.
2. Cdll cultureand induction of differentiation

AGS (ATCC CRL 1739, poorly differentiation), MKN4E&KCLB 80103,
poorly differentiation) for gastric cancer cellsdaRT-29 (ATCC HTB38) for
colon cancer cells were maintained in RPMI 1640 iovad(Gibco, Grand
Island. NY, USA) supplemented with 10% fetal boveerum (Gibco) and 1%
penicillin-streptomycin sulfate (Gibco). All cules were maintained in a 37°C

incubator supplemented with 5% @OExponentially growing cells were



trypsinized and seeded into 10 Trell culture Petri dishes at a density of
5x1CPcells/cnt for AGS, and MKN-45, and HT-29 cells were as pesitontrol
for induction of cell differentiation. When celleached 50-70% confluency as
determined by microscopic examination, medium veaewed and drugs were
added from concentrated stock solutions. For dndigiéed cell differentiation,
sodium butyrate (NaBU) (Sigma, Munich, Germany) alidrans retinoic acid
(Sigma) was used at a final concentration ofydvfor 48hrs.

Alkaline phosphatase (ALP) activity was determinad markers for
differentiation. For ALP activity, cell lysates veerassayed using @M p-
nitrophenylphosphate as substrate and 2-amino-Byipeopan-1-ol as solvent.
To determine ALP activity, the produgb-Qitrophenol) produced per minute
was measured and normalized for cellular proté@arcinoembryonic antigen
(CEA) was also detected by reverse transcriptidgrperase chain reaction
(RT-PCR) and western blotting as a marker for difféiation®* 2° Furthermore,
the expression of Brahma (Brm), which is lost iroiy differentiated gastric
cancerin vivo,*® was analyzed by RT-PCR and western blot analpsgastric
cancer cells after NaBU treatment.

3. Reverse transcription-polymerase chain reaction (RT-PCR)
Total RNA was extracted from cultured cells using RNeasy mini kit

(Qiagen, Tokyo, Japan). The RNA was reverse tramsdriusing oligo (dT)



primers and Superscript II reverse transcriptase (Invitrogen, Carlsbad, CA,
USA). PCR was performed with a PCR Maxi kit (iNtROSungnam, Korea)
according to the manufacturer's instructions. Afigaltion conditions included
denaturation at 95°C for 5 min, followed by 30 @gbf 30 sec each at 95°C,
57°C, and 72°C for SHh, 32 cycles of 45sec eadb&t, 55°C, and 72°C for
CEA, 32cycles of 45 sec each at 95°C, 58°C, an@ 7@f Brm, 30 cycles of 30
sec each at 95°C, 55°C, and 72°C for sFRP-1, antydl@s of 30 sec each at
95°C, 60°C, and 72°C fop-actin. PCR products were separated in 1.5%
agarose gels. The oligonucleotide primers usedRlPCR were as follows:
human SHh, 5-GAG ATG TCT GCT GCT AGT CC-3' anddT TCT GGA
GAT CTT CCC TT-3'; CEA, 5-CCA GAA CGT CAC CCA GAAG-3' and 5'-
GGT TCA GAT TTT CCC CTG GA-3'; Brm, 5'-CTG CAA GAGGG GAA
TAC AGA CTT CAG GCC CG-3'and 5-GGC TGC CTG GGCATTT GTG
CTC CCA AAC C-3'; sFRP-1, 5-TCATGC AGT TCT TCG ®CC-3' and 5'-
CCA ACT TCA GGG GCT TCT TC-3p-actin, 5-TTG CCG ACA GGATGC
AGA AGA-3' and 5-AGG TGG ACA GCG AGG CCAGGAT-3..
4. Western blot analysis

Prepared cells were harvested after washing wit8. RBollected cells were
lysed with buffer (50 mM Tris-Cl (pH 7.5), 150 mMalIl, 1 mM EDTA (pH

8.0), 1% Triton X-100, 1 mM PMSF, 1 mM N&O, and protease inhibitor



cocktail (Roche Molecular Biochemicals, Indianappli IN, USA)).
Fractionation was performed by sequential extractib cytosolic and nuclear
proteins in non-ionic detergent for analysispedatenin. The same amount of
protein was boiled at 95°C after adding SDS sarbpfer (62.5 mM Tris-Cl
(pH 6.8), 2% sodium dodecyl sulfate, 10% glycefamercaptoethanol, and
0.002% bromophenol blue). Samples were loaded ¥ $DS-PAGE gels for
SHh, sFRP-1, 10% SDS-PAGE gels for CEfcatenin, 8% SDS PAGE gels
for Ptc-1, Gli-1, and 6% SDS-PAGE gels for Brm, ahén transferred to
PVDF membranes (Amersham Biosciences, Pisctaway,)J84).

Rabbit anti-SHh (Santa Cruz), anti-Glil (Santa ¢ranti-Ptc-1 (Santa Cruz),
anti-Brm (Santa Cruz), anti-sFRP1 (Santa Cruz),i-@BA (Upstate
Biotechnology, Lake Placid, NY, USA) and afitcatenin (Santa Cruz) were
used as the primary labeling antibodies and therogpiate horseradish
peroxidase—conjugated antibodies (Santa Cruz) weyed as secondary
antibodies. An enhanced chemiluminescence detedigsiem (ECL-Plus,
iINtRON, Seoul, Korea) was used for detection adogrtb the manufacturer’s
protocol.

5. Vectors
pcDNA3.1/SRi-Glil and pcDNA3.1 were kindly provided by Dr. Ishi

(Tsukuba Life Science Center, Ibaraki, Japan). pE@&-catenin and pSG5-
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HA were kindly provided by Prof. Kim (Department @&iochemistry and
Molecular Biology, Yonsei university college of meitie, Seoul, Korea).
pTopflash and pFopflash were also kindly providgd Ryof. Ryu (National
Research Laboratory of Tumor Virology and Departimeh Biochemistry,
Yonsei university, Seoul, Korea). Cells were platedo 6-well plates 24hrs
before transfection and transfected witlu@ of plasmid using Lipofectamine
2000 Reagent (Invitrogen) according to the manufacts instructions. Cells
were treated by NaBU for 24hrs, and then transfedterty-eight hours after
transfection, cells were harvested and subjectéartioer examination.
6. RNA interference

Small interfering RNA (SiRNA) against Gli-1 and raige-control siRNA
was kindly provided by Dr. Ishii (Tsukuba Life Seae Center, Japan). Cells
were transfected with 100nM siRNA using TransIT-Tk@nsfection Reagent
(Mirus, Madison, WI, USA) according to the manufaetts instructions. Forty-
eight hours after transfection, cells were hargesiad subjected to further
evaluations.
7. Luciferasereporter assay

Cells grown in 6-well tissue-culture plates weransfected with 2ug of
pTopflash and pFopflash, g of pcDNA3.1 (internal control), 2 or 8g of

gene expression plasmid, and B6 of Renilla TK-plasmid. Luciferase assays
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were performed 48 hours after transfection usingual-Luciferase Reporter
Assay System (Promega, Madison, Wisconsin, USA)oracg to the
manufacturer’s instructions.
8. Chromatin immunoprecipitation (Chl P) assay

ChIP analysis was done using ChIP assay kit (Up$attechnology, Inc.)
according to the manufacturer’'s instruction. AGSlscevere used, and
immunoprecipitation was done overnight &€ 4with 10 ul of the sample used
as the “input,” or 1ug of Gli-1 or the negative control mouse IgG, pwusit
control anti-RNA polymerase beadéfter reverse crosslinking, DNA was
purified with QIAquick PCR purification kit (QiagerValencia, California,
USA) from the immunoprecipitates. PCR was performéth 35 cycles of
96 °C for 30 s, 55 °C for 45 s, and 72 °C for 4&sig the following primers
flanking the putative Gli-binding sites in the humsFRP-1 promoter: sFRP-
1 sense, 5-GTTGGAGCTGTTTGCTGTGA- 3'; sFRP-1 aetise, 5°- ATG
TTTTGGCTTTCCACACC-3'.
9. Statistical analysis

Statistical analyses were conducted using Studtest for luciferase assay
and Pearson's chi-square test for immunohistochgmstwo-sidedP-value of
less than 0.05 was considered statistically siggifi. All statistical analyses

were performed using SPSS software (SPSS 12.0a@hidtl, USA).
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1. RESULTS

1. Hh and Wnt signaling in human tissues

To investigate Hh and Wnt signal expression in hurgastric cancer
tissues, immunohistochemical staining was perforfoe@0 paraffin-embedded
surgical specimens: 10 well differentiated and 1@orly differentiated
adenocarcinomas. All specimens were obtained fratreqts with American
Joint Committee on Cancer (AJCC) TNM stage | or |l.

The samples of well differentiated adenocantias displayed
higher SHh and Gli-1 staining than those of poodiferentiated
adenocarcinomasP(< 0.05; Table 1, 2, Fig. 1A, B). In contrast, the
percentage of cells with nuclear staining fcatenin was higher in
poorly differentiated than in well differentiatedlemocarcinomasP(<
0.05; Table 3, Fig.1C). These findings suggest tHat signaling
components are expressed in well differentiatechackrcinomas at a
higher level than in poorly differentiated adenegamas. The Wnt

signaling pathway showed the reverse result.

Table 1. Relationship between sonic hedgehog esiorésand differentiation in

gastric cancer

13



Expression intensity of SHh (%)?

0 1 2 3 P value*
WD 155 6.9 32.2 454 <0.05
PD 10.0 26.8 44.5 18.7

SHh, sonic hedgehog; WD, well-differentiated; PDouy-differentiated

* Pearson's chi-square test

The proportion of expression in each tissue wardehed by counting
positively stained cancer cells in relation to &lt@f three hundred cells, and
expressing the result as a percentage.

The intensity of cytoplasmic SHh staining was sdaas 0, negative (weak or
similar to background); 1, weak (less intense tharmal cells); 2, moderate

(similar intensity to normal cells); and 3, straisgronger than normal cells).

Table 2. Relationship between glioma-associatecogeme expressionand

differentiation in gastric cancer

Expression intensity of Gli-1 (%)?

0 1 2 P value*
WD 41.1 394 19.5 <0.05
PD 55.2 32.8 12.0

Gli-1, glioma-associated oncogene; WD, well-diffgiated; PD, poorly-

differentiated

14



* Pearson's chi-square test

The proportion of expression in each tissue wardehed by counting
positively stained cancer cells in relation to &lt@f three hundred cells, and
expressing the result as a percentage.

The intensity of Gli-1 staining was scored as Ogetectable nuclear staining;

1, weak nuclear staining; and 2, strong nucleanista

Table 3. Relationship between nucl@acatenin expressidrand differentiation

in gastric cancer

Expression intensity of p-catenin (%)?

0 1 2 P value*
WD 49.1 38.2 12.7 <0.05
PD 27.3 55.0 17.7

WD, well-differentiated; PD, poorly-differentiated

* Pearson's chi-square test

The proportion of expression in each tissue wagrdehed by counting
positively stained cancer cells in relation to &altof three hundred cells, and
expressing the result as a percentage.

The intensity off-catenin staining was scored as 0, no detectabiéeamu

staining; 1, weak nuclear staining; and 2, stromgjear staining.

15



A. (a) SHh, WD (b) SHh, PD

B. (a) Gli-1, WD (b) Gli-1, PD

C. (a)p-catenin, WD
o N

Fig. 1. Immunohistochemical staining for sonic hefulgg (SHh), glioma-

associated oncogene-1 (Gli-1), apwtatenin in well-differentiated (WD) and
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poorly-differentiated (PD) gastric carcinoma tissig400). Cytoplasmic SHh
and nuclear Gli-1 staining revealed stronger exgioesin WD than PD tissues.
On the contrary, the expression of nuclaratenin was stronger in PD than
WD tissues.
2. Differentiation of gastric cancer cells

Poorly differentiated gastric cancer cell lines @@nd MKN-45) were
treated with NaBU and RA, well-known differentiatinducing agents. HT-29
colon cancer cells were also differentiated wittBNaas a positive control. ALP,
CEA, and Brm were used as differentiation markats? is a well characterized
marker of cell differentiation. In this study, imesed ALP activity was noted in
NaBU-treated AGS and MKN-45 cells, in a patternigimto that in HT-29
cells (Fig. 2A). Maximal ALP activity was found gastric cancer cells treated
with 2 uM NaBU, consistent with a previous stdtyALP activity also
increased in gastric cancer cell line after treatmégth another differentiation-
inducing agent, RA (Fig. 2B). The expression of C&#d Brm increased in
gastric cancer cells after NaBU treatment (Figst)3,These findings suggest
that gastric cancer cells can be differentiatedlifferentiation-inducing agents
(NaBU, RA). Furthermore, differentiated gastric oan cells over-expressed

Brm, a valid marker for well differentiated gastci@ncer in human tissues.
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A. Sub-confluent AGS, MKN-45 and HT-29 cells wereated with sodium
butyrate (0-3uM) for 48 hours. ALP activity was increased in A@&d MKN-
45 cells as similar pattern of the HT-29 cells.

B. Sub-confluent AGS cells were treated withtedins retinoic acid (0-3uM)
for 48 hours. ALP activity was increased aftgtM retinoid acid treatment.

ALP, alkaline phosphatase; RA, @lbans retinoid acid.

A. (a) (b)
NaBU- 48hrs NaBU-48 hrs
A
SR ,
S ¥ w o S &S
- c— CEA | e ——
R -actin [ e— e a—
B. (@) (b)
NaBU-48 hrs
NaBU-48 hrs
N S
ST $
I S & & & S

— e N —— o
el (-actin [ —— — —]

Fig. 3. Overexpression of carcinoembryonic antipgnbutyrate treatment in

AGS (A) and MKN-45 (B) cells.
RT-PCR (a) and Western blot (b) for CEA were permied with p-actin as

internal standard. CEA, carcinoembryonic antigen.
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A. () (b)

NaBU-48hrs NaBU-48hrs

B. (@) (b)
NaBU-48 hrs NaBU-48 hrs
S >
o§ ~,§ q>$ 'b§ o§ \>§ q>$ ‘b§
B bn [ —— —
—_ — — Hactn

Fig. 4. Overexpression of Brm by butyrate treatmarmaGS (A) and MKN-45
(B) cells. RT-PCR (a) and Western blot (b) for Bumre performed witlfi-actin
as internal standard.
3. Hh signaling pathway in gastric cancer cell differentiation

To evaluate the Hh signaling pathway during gastcencer cell
differentiation, it was first examined whether #agression of SHh changed in
gastric cancer cells after NaBU treatment usingPRR and Western blot
analyses. NaBU was treated tqiM2 because gastric cancer cells were

maximally differentiated in2M of NaBU in our study.
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The expression of SHh increased in AGS and MKN-48scduring
differentiation by sodium butyrate (Fig.5). It wamext examined ligand-
dependent Hh signal pathway activation in gasteéacer cells after NaBU
treatment, according to Gli-1 and Ptc-1, using &stblotting. Over-
expression of Gli-1 and Ptc-1 proteins was notdabith gastric cancer cell lines
after NaBU treatment (Fig. 6). These data sugdedtthe Hh signaling pathway

is enhanced during gastric cancer cell differeiutnat

A. (a) (b)
NaBU-48hrs NaBU-48 hrs
S A
& N &L
& '\?é\ W Qo& \‘§ ‘L§
[ e 1 SHh T — ]
el Gooctin | —— —
B. (a) (b)
NaBU-48 hrs
NaBU-48 hrs
S & S
$ &
oM S N o \>§ q§

Fig. 5. Overexpression of sonic hedgehog by sodiutgrate treatment for 48
hours in AGS (A) and MKN-45 (B) cells.
RT-PCR (a) and Western blot (b) for SHh were penft with -actin as

internal standard. SHh, sonic hedgehog; NaBU, sodiiutyrate.
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A. () (b)
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B. (a) (b)
NaBU-48hrs NaBU-48hrs
N S
& & O
& & & S
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Fig. 6. Overexpression of glioma-associated oncege(A) and patched-1 (B)
proteins after sodium butyrate treatment for 48rbdn AGS (a) and MKN-45
(b) cells. Gli-1, glioma-associated oncogene-1: Rtpatched-1; NaBU, sodium
butyrate.
4. Wnt signaling pathway in gastric cancer cell differentiation

To evaluate the Wnt signaling pathway in gastriccea cell differentiation,
the expression of nuclefircatenin proteins was assessed by Western blotting
after sequential extraction of cytosolic and nuclgeteins from cells. NaBU
was also treated topu®l, because gastric cancer cells were maximally
differentiated in 2M of NaBU in our study.

The expression of nuclegs-catenin decreased without a change in
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cytoplasmicB-catenin during differentiation in both gastric cancell lines (Fig.
7). These results show that the activity of Wninaling decreased in gastric

cancer cell differentiation.

A.
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[ —— 0-Calenin f————=— — = | B-catenin
[— B-actin [————— —— LaminB1

Fig. 7. Decreased nuclefircatenin expression by butyrate treatment in AGS
(A) and MKN-45 (B) cells.

Western blot for p-catenin was performed after sequential extractasn
cytosolic and nuclear proteins from cells in nonitodetergent. Lamin Bl (a
nuclear protein) ang-actin were used as internal standard. NaBU, sodium

butyrate
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5. Regulation of the Wnt signaling pathway by enhanced Hh
signaling in gastric cancer cell differentiation

In this study, ligand-dependent Hh signal activatiand Wnt signal
suppression were found in gastric cancer cell diffdation. To examine the
mechanism of the inverse expression patterns batw#eand Wnt signaling
during gastric cancer cell differentiation, the egsion of sFRP-1 in NaBU-
treated gastric cancer cells was analyzed. sFRPah antagonist of Wnt and a
transcriptional target of Hh signaling. In the mnetsstudy, the expression of
sFRP-1 increased in NaBU-treated cancer cells dogprto RT-PCR and
Western blotting (Fig. 8). Furthermore, as showrFigure 9, Gli-1 regulated
the expression of sFRP-1. Ectopically over-exprssk-1 increased sFRP-1
transcription and expression. When NaBU was adolet-expressed Gli-1 also
increased sFRP-1 transcription and expression. ,Timagimal expression of
sFRP-1 was found when Gli-1 was increased by tltoveand butyrate. Chip
assay was next performed to assess whether Gielgdsed by the vector
NaBU, was involved in binding the sFRP-1 promo#es.shown in Figure 10,
the regulation by Gli-1 involved direct binding the sSFRP-1 promoter.
Over-expression of sFRP-1 after NaBU treatment aladlished by a siRNA
against Gli-1 (Fig. 11).

To test whether increased Gli-1 expressiondcdacrease Wnt signaling,
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western blotting was used to analyze the nucleatspaf 3-catenin after Gli-1
over-expression by the vector or NaBU treatmentofiically over-expressed
Gli-1 (by vector) decreased nucldacatenin protein (Fig. 12A). When sodium
butyrate was added, the increased Gli-1 due toigttakactivation also reduced
the nuclea-catenin protein (Fig. 12A). Thus, nucldicatenin decreased the
most when Gli-1 was over-expressed by the vectat andium butyrate
treatment (Fig. 12A). In addition, when the TopHaor Fopflash reporter
assay was performed, TCF activity had been dealdageansfected AGS cells
with the Gli-1 expression plasmid (Fig. 12B). Wh@ii-1 was suppressed by
siRNA, the decreased nuclegicatenin by NaBU recovered (Fig. 13). These
findings suggest that increased Gli-1, via actigatelh signaling, in
differentiated gastric cancer cells suppressedthesignaling pathway through
SFRP-1 over-expression.

To validate the inverse correlation between Hh @ signal pathways,
western blotting was used to evaluate the Hh sighalhges aftef-catenin
over-expression by the vector during gastric cancell differentiation.
Increased Gli-1 protein by sodium butyrate was elesed aftep-catenin over-

expression by the vector (Fig. 14).
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Fig. 8. Overexpression of secreted frizzled-relgteatein-1 by sodium butyrate
treatment for 48 hours in AGS (A) and MKN-45 (B)lse
RT-PCR (a) and Western blot (b) for sFRP-1 werdopered with B-actin as

internal standard. sFRP-1, secreted frizzled-rdlgtmtein-1; NaBU, sodium

butyrate.
A. B.
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Fig. 9. Glioma-associated oncogene-1 regulatesettiession of secreted
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frizzled-related protein-1.

Increased Gli-1 expression by Gli-1 vector oM sodium butyrate increased
the expression of sFRP-1 in RT-PCR (A) and weskdon (B). The maximal
expression of sFRP-1 was found when Gli-1 was oyeessed by vector and
butyrate. Gli-1, glioma-associated oncogene-1; sER$ecreted frizzled-related

protein-1; NaBU, sodium butyrate.

> v &

N\ @oe QF;G:X@ ™
peonaz 1 e —
AR — - —

Fig. 10. Chromatin immunoprecipitation analysis sefcreted frizzled-related
protein-1 promoter region in AGS cells.

Overexpressed Gli-1 by NaBU or Gli-1 vectas direct binding to the sFRP-1
promoter region. Mouse IgG was used as the negatimrol and anti-RNA

polymerase beads were used as the positive cof@tiel, glioma-associated
oncogene-1; sFRP-1, secreted frizzled-related iprdte NaBU, sodium

butyrate.
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Fig. 11. Decreased expression of secreted frizataded protein-1 by siRNA
against glioma-associated oncogene-1.

The increased expression of sFRP-1 by Hh signdladicn after NaBU

treatment was much decreased by siRNA against @&li-RT-PCR (A) and

western blot (B). Gli-1, glioma-associated oncog&énesFRP-1, secreted
frizzled-related protein-1; NaBU, sodium butyrate.
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Fig. 12. Overexpressed glioma-associated oncogesgppressed nucledr
catenin in AGS cells.

A. Western blot forp-catenin was performed after sequential extractbn
cytosolic and nuclear proteins from cells in nonitodetergent. Lamin Bl (a
nuclear protein) ang-actin were used as internal standard. Increaséd Gl
expression by Gli-1 vector or NaBU decreased nudiezatenin proteins. The
most decreased nucled-catenin proteins were found when Gli-1 was
overexpressed by vector and NaBU. B. AGS cells wieaasfected with
Topflash or Fopflash, a control, and the indicatmdount of a Gli-1 vector.
Transfection with Gli-1 vector decreased TCF agtiviompared with control
(Bars, s.d.; * vs. controp=0.044; ** vs. controlp<0.001).

Gli-1, glioma-associated oncogene-1; NaBU, sodiuryrate.

29



AGS

Cytoplasm Nucleus
SIRNA, SiIRNA SIRNA SiRNA,
Control Gli-1 Control Gli-1
NaBU - + - + - + - +
| T —— e S Al
[ == e === LaminB1
[ —— S | [-actin

Fig. 13. Decreased nuclefircatenin after sodium butyrate treatment was

recovered by siRNA against glioma-associated omdein AGS cells.

Gli-1, glioma-associated oncogene-1; NaBU, sodiuyrate.
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Fig. 14. Increased expression of glioma-associatedogene-1 by sodium

butyrate treatment was decreased dteatenin over-expression by the vector

in MKN-45 cells in RT-PCR (A) and western blot (B).

B-actin was used for internal control. Gli-1, gliomssociated oncogene-1;

NaBU, sodium butyrate.
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V. DISCUSSION

Several histopathological classifications of gastancers exist, such as the
WHO, Lauren, Ming, and Japanese systems. Thessfidations divide gastric
cancers based on histopathological morphology. Wewehese classifications
can largely be simplified to two growth patternsneOinvolves more gland
formation-like growth, and the other involves Iggsnd formation-like growth.
Generally, the more gland formation growth pattisribelieved to have a less
aggressive biological behavior. Thus, the clinithérapeutic approach is
different according to the histological type. Forample, local endoscopic
treatment is not generally accepted in undiffeeat-type gastric cancers
because undifferentiated-type gastric cancer ha® hymph node metastasis
compared to differentiated-type gastric cancer. different growth patterns of
gastric cancer may involve different predominantenolar signaling pathways,
especially based on cancer-initiating cell theory.

Indeed, several studies have sought to anabigealing changes
according to histological classification in humaasgic cancer tissues. These
studies, however, have shown inconsistent reSuft$?’ These discrepancies
may be the result of the different extents of campregression or migration in

the studies, and/or failure to take into accourd thteraction(s) between
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signaling pathways. Thus, two signaling pathwayh, &hd Wnt signals, in
gastric cancer cell$n vitro were investigated to examine changes purely
according to histological differentiation, minimizj the effect of different
cancer stages. Am vitro differentiation model of human gastric cancer cell
lines is similar to that used in colon cancer sath > * *This in vitro
differentiation model of gastric cancer cell linesy reflect the molecular
conditions of in vivo histological differentiation, based on previous
biomorphological and molecular studfés.** 3" 3% When evaluating
morphological changes after applying differentiatinducing agents under
electron microscopy, numerous microvilli, more desomes with tightly
cohesive clusters, and intercellular lumens aloglgjonctions were observed,
mimicking primitive gland formatio® In addition, when cancer cells were
heterotransplanted into SCID mice with or withouffedentiation-inducing
agents, the tumor originating from gastric caneasagrown in the presence of
the differentiation-inducing agent showed numerausll developed gland
formations, the lumina of which were lined by manicrovilli and filled with
secretiond” These results suggest that gastric cancer cediatenl with
differentiation-inducing agents may have the charistics of the gland
formation growth pattern, as seen in histopathalgfy differentiated-type

gastric cancersin vivo. Furthermore, several studies have revealed that
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molecular markers for cancer cell differentiatiday, inducing agentsn vitro,
such as ALP or Brm, were correlated with histolagidifferentiated-type
gastric cancer tissué$3" *The expression of one of the ALP isoenzymes was
stronger in well differentiated than in poorly @iféntiated gastric carcinomis.
Brm is also an important factor for determining théerentiation status of
gastric cancer¥. A tendency toward a Brm decrease was more promiimen
poorly differentiated than in well differentiatedsiric cancer?’ This study also
showed increased ALP and Brm expression duringrigastancer cell
differentiation by NaBU.

These findings suggest that ligand-dependdntsignal activation and
inverse Wnt signal suppression by Hh signaling oezliin gastric cancer cell
differentiation. These results also suggest thatHh signal pathway may be
activated predominantly in gastric cancer tissuast thave a more gland
formation-like growth pattern. In contrast, the Wangnaling pathway may be
activated predominantly in gastric cancer tissuleat thave a less gland
formation-like growth pattern. Immunohistochemiealalysis of gastric cancer
specimens in our study showed stronger expresdiadhosignaling in well
differentiated than in poorly differentiated cantissues.
Immunohistochemistry on specimens was performedddnto stages | and Il

gastric cancer to exclude any effect of cancerestag the signals. These
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consistent results between gastric cancer cellshanghn tissues may suggest
that variable cancer stages could have causedd¢basistent results in previous
studies'® 1820
According to this study, the inverse corr@atibetween Hh and Wnt
signaling was the result of SFRP-1, acting throGgjhl. Gli-1 bound directly to
the sFRP-1 promoter region, consistent with tiselte of Heet al.Z However,
Yanai et al. reported a different result because the promoggion of the
sFRP-1 gene was methylated in AGS cBliFhus, siRNA against Gli-1 was
used to investigate whether over-expression of sERM gastric cancer cell
differentiation was derived from demethylation byddferentiation-inducing
agent, not by Gli-1 binding to sSFRP-1. When Gli-asasuppressed by siRNA,
sFRP-1 was also suppressed, regardless of NaBtheret It was also showed
that Gli-1 was directly bound to the sFRP-1 promoégion based on the Chip
assay. These results suggest that the transcripfieRRP-1 was increased by
Gli-1 binding to the sFRP-1 promoter region duriggstric cancer cell
differentiation. Increased expression of sFRP-1ntlsippressed the Wnt
signaling pathway. That is, cross talk betweenHheand Wnt signal pathways
occurred in gastric cancer cell differentiation.

The present study suggests that the predomgignmaling pathway may

be dissimilar in diverse differentiation-type gastrancers. However, variable
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signaling pathways may be involved in clinicallyepenting gastric cancers,
such as signals related to carcinogenesis, pragresand migration. Despite
that, the existence of baseline signals relatezhtoinogenesis in differentiated-
type or undifferentiated-type gastric cancers may important in the

investigation of signaling pathways related to pesgion or migration.

V. CONCLUSION

The aim of this study was to investigate the déferation-specific signal
changes between Hh and Wnt pathways in gastricecagalls. The present
study revealed these findings.

1. During gastric cancer cells differentiation,ieation of the Hh pathway and
suppression of the Wnt pathway occurred.

2. The inverse correlation between Hh and Wnt pathduring differentiation

was originated from crosstalk between Gli-1 @nachtenin though the sFRP-1.

3. Hh signal positive immunoexpression was highewell differentiated than
poorly differentiated tissues. However, nucleag-catenin-positive

immunoexpression was lower in well differentiatedmpared to poorly
differentiated tissues.

In conclusion, the activation of the Hh pathway aagpression of the Wnt
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pathway by Hh signaling occurred during gastricoearcell differentiation. If
these differentiation-specific signal changes awayeed combined with signals
related to the process of tumor progression or aiign, it may give a clue in

discovering the molecular heterogeneity of gastaiecers.
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