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O-GlcNAcylation and the associated functions in

cholangiocarcinoma
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WUIT N2L39Ya@NNIzUIUN1I O-GlcNAcylation L ANTKBENARURIATININREA (P <
0.05) laifisunuriamadwindund dwdunauianmsiAsduuediawlsad O-GlcNac
transferase (OGT) AINAUNTANTZALVaaU LTS O-GlcNAcse (OGA) LHunal#il o-
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GIcNAcyated proteins (OGP) LWNNTW FINISLNNTUYDINTZLINANT O-GIcNAcylation
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lunziSeriminddgunusiunsweinsallsaf ldfvasgias MIANEILNUINDEY  O-
GlcNAcylation lutrasinizldsdnzisaviasing KKU-M139 uaz KKU-M213 Wuinse@y O-
GlcNAcylation  luisaandsadsfiaanadilavinnsiudaenlod OGT ey siRNA
A3 mNz6a OGT Uaz3zd O-GlcNAcylation WRn@uladudaanlol OGA d18 siRNA
N3 wWzea OGA TisunusasslnudAn (P < 0.05) AUAMNENITDIUMTARELN
(migration) uazmMyINTUitaidadnades (invasion) vasias nanddailarhniduts o-
GlcNAcyaltion  ¢ap siOGT  vilimaaReufiuazmaynnuwilaifetnaduivasaad
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resistance) V8L TANNIRBITHA

lazagnis@nmilugasliiduanuidnyuenszuiums - O-GleNAcylation
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Abstract
Project Code: MRG55080031
Project Title: O-GIcNAcylation and the associated functions in cholangiocarcinoma
Investigator: Atit Silsirivanit, Faculty of Medicine, Khon Kaen University
E-mail Address: atitsil@kku.ac.th
Project Period: 2 years (2555 — 2556)

Late daignosis is an important problem of cholangiocarcinoma (CCA). Most
of CCA patients were diagnosed when the tumor has been metastasized to other
organs, resulting in an ineffective treatment. Alteration of post-translatonal
modififactions; such as phosphorylation, glycosylation, and etc.; has been pointed out
in many studies to be an important event involving in tumor development and
progression. This study is aimed to investigate the roles of O-GIcNAcyaltion in CCA.
Our result showed that O-GIcNAcyaltion was significantly enhanced in CCA, comparing
with normal bile ducts (P < 0.05), using immunohistochemsitry staining of CCA tissues.
Elevation of O-GIcNAcylation level in CCA was associated with the increase of O-
GIcNAc transferase (OGT) and decrease of O-GlcNAcase (OGA), resulting in the
elevation of O-GIcNAcylated proteins (OGP). High level of O-GIcNAcyaltion in CCA
tissues was associated with poor cinical outcomes of the patients. The functional
analysis revealed that O-GIcNAcyaltion was involved in migration and invasion of CCA
cell lines (KKU-M129 and KKU-M213). Suppression of O-GlcNAcylation using siOGT
signififcantly decrease the migration and invasion of CCA cell lines (P < 0.05), while the
abilities of cells to migrate and invade were signififcantly enhanced by siOGA treatment.
However, neither siOGT nor siOGA treatment affected the prolferation and apoptotic
resistance of KKU-M139 and KKU-M213 CCA cell lines. These results emphasized the
important role of O-GIcNAcyaltion in metastasis of CCA.

In conclusion, our study has demonstrated the evelation O-GIcNAcylation in
CCA and it plays an important role in metastasis of CCA. However, the mechanism by
which O-GIcNAcylation control metastasis of CCA is still unclear. The further studies,
how O-GIcNAcylation regulate the metastasis of CCA, is needed for the more
understanding on CCA bilogy. The knowledge obatined from the studies may facilitate

the improvement of CCA diagnosis and treatment in near future.

Keywords: Cholangiocarcinoma, Glycosylation, O-GIcNAcylation, OGT, OGA
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MIUUaIRENUINTIN  (post-translational modification) wIansruIwMIUSULeslUTw  Lou
phosphorylation, acetylation, LLaz O-GIcNAcylation LD wei 1

O-GlIcNAcylation Lﬂumzmumslﬁumﬁﬁma N-acetylglucosamine (GIcNAc) ﬁl‘ﬁ%i
hydroxyl (OH) 289n798z8 1 serine (Ser) %38 threonine (Thr) lasandunsrines vatawlas 2
3%ha @8 O-linked B—N—acetylglucosaminyl transferase (OGT) LAz B—N—acetylglucosaminidase
(OGA) %38 O-GlcNAcase Farmrnfiuuazda GleNAc sanannlUsduaud e’ nizuIums
O-GIcNAcylation ﬁ’mﬁwﬁ'muqumiﬁﬁmmaﬂﬂﬁﬂum:mumsﬁﬁ@@m8] Molwesas 11w
transcription translation proliferation apoptosis L8z signal transduction Judu lasnszuinnns
O-GIcNAcylation i flfsaTesiumsiRanseaananssy (activity) @21UAIG2  (stability)
poils@unaszfia™  winmMInIugNNIELINMT O-GleNAcylation luimasgmiFelazsinald
myvheuwaslsfumaniidowudadly  dsiwanuAaUndlunszuiuns O-GlIcNAcylation
SeflenuFuiuiiumINaneslsaaeg  urlsauzseie?  msAnsluuznSmanosie
LT TR RIL MRV vz ldlng w3910 WAZNZLSILTRRAL et
W ImIasuulaszdy  O-GleNAcylation  uastigaTasfumaiusiuamn msasadula
LAEMIUNINTZA BB I TRRNLSITIUAT luans199] 1

M39N 1 MIURAIEanTad  O-GIcNAc  modified protein (OGP) OGT uaxr OGA

lunziSirfiadngg
Cancer OGP OGT OGA Effect References
Colon ’]‘ T <> Increase proliferation "
Lung 1 ) <> |Increase proliferation °
Liver T T J, Increase cell viability, migration, "
invasion, and tumor recurrence
Thyroid J, NA T Increase tumeriginicity "

Prostate

—
—

NA Increase invasion, Angiogenesis,

and metastasis

NA= not analyzed
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A9 pﬁ%’ﬂfﬁﬂﬁﬁwmsﬁﬂmmsmﬁUuu,ﬂawaamzmum‘s O-GlcNAcylation  luazi59via3iné
FIUNIANBIUNUINTBINTZUIBNNT O-GlcNAcylation GaNMINAWIUAZNTLNWINIZINNAINVDY
= . % a 8 A a ' & 3 Aaa a a .
wzideviownd  Selimuydgiwin wndsvehalennuliaUn@vesnszuink O-GlcNAcylation uaz
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1.1 WafinsninaiAouudainszuiuns O-GleNAcylation lugiheuzi3sriatin
1.2 WaANENUNLINAHNATBINT=UIUMT O-GlcNAcylation luuziSaviating

Conceptual framework

Cholangiocarcinoma (CCA)

Alteration of glucose influx Oncoproteins / Tumorsuppressors / Transcription factors
Aberrant UDP-GIcNAc level — <— Aberrant OGT/OGA expression
Determination of O- Aberrant O-GlcNAcylation

<:| |:> Functional analysis
GIcNAcylation status in CCA in CCA

+ +

Prognostic/monitoring marker Therapeutic target
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msenitladameinsddsunlainszuiums O-GlcNAcylation luuzi5sviating
F9UR9 ANEIUNUINTBINTZUINMT O-GleNAcylation TunmswamuazmIwnInIzBgnaINTes
uz3evionng

msanwanuautaie 2 s2az (370 2 7) Tag

sepef 1 (We. 2555) Wwnisdnennisidasunysasasnizuan O-GlcNAcylation
TwilaifianzSeviennd Wisuifisudy vemadwingdnd lagvinsamaiaszdumsusesasn
299 O-GIcNAc modified proteins (OGP) waztdwlodfifistos laur oulmf 0-GleNAc
transferase (OGT) uaztaw bl O-GlcNAcase (OGA) @830 immunohistochemistry

sepefi 2 (WA, 2556) LumI@nsuNUANTeInsuaums  O-GlcNAcylation
Tuwzi5evionnd levnsansnauaInsiufinsada3unIzUIunms O-GlcNAcylation lwiaad

X & % a L
PNSERY M:Lsmam@luma@mam (in vitro)

21 &nsmImsasuulsiwednszuiuns  O-GleNAcylation  luuziSeviasing
Tasvnmsfinsnsuaasaanvedienlss’ OGT usy OGA TuFes=dU8s OGP luLﬁaLﬁaQﬂw
usiSevioinalagas Immunohistochemistry LLaz’iLmn:ﬁmmﬁuﬁufﬁuﬁayamaﬂﬁﬁﬂmadgﬂa51
LT 818 LWA histophatology wazdnNIsaadwadgie tudu

O-GIcNAcylation status in CCA

!

O-GIcNAcylation status in CCA tissues comparing with normal bile ducts

Techniques:

1. OGP level Immunohistochemistry (IHC)
2. OGT expression IHC
3. OGA expression IHC

Data analysis
1. Descriptive analysis: expression level (increased/decreased), localization of CCA tissues vs.

normal bile duct

2. Correlation of O-GIcNAcylation status in CCA tissues with clinical data of CCA patients




2.2 MIANBIUNLINYBINTTLIWANT O-GlcNAcylation TuuziSiviathnd lavinnsdnmn
& X & 43 a , , o & .
lulrasinziesnziSivatindlunaaanaaad (in vitro) lasn13HUEINTZUIRANT O-GleNAcylation
8 SiRNA ¢atawleod OGT WazadlasunIzLIBANT O-GlcNAcylation @28 siRNA daiawbas
OGA URINMIAATNERANNRINTOVRITARNIZLRIINLSIviasnd lunsudedn (proliferation)
nILARaui (migration) NIINTIH (invasion) LazTLNNEAA (adhesion) L

Roles of O-GicNAcylation in CCA

l

O-GIcNAcyaltion status in CCA cell lines

Techniques:

1. OGP level Western blotting (WB)
2. OGT expression WB and RT-PCR
3. OGA expression WB and RT-PCR

l

Selected CCA cell lines for functional analysis

l

In vitro functional analysis

Suppression/ Enhancement of O-GlcNAcyaltion
1. Suppression of O-GIcNAcylation by siOGT
2. Enhancement of O-GlcNAcylation by siOGA

!

In vitro functional assays: - Proliferation assay (MTT assay)
- Invasion and Migration assay (Boyden chamber)
- Apoptotic resistant assay (H,0, and UV-irradiation)
- Clonogenic survival assay
- Etc.

l

Data analysis
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31 ﬂﬂ’l')t‘ﬁ.L‘Vi&l’]tﬂﬂﬂ%ﬂ’l‘iﬁﬂiﬂ"\ﬂ’l‘iLLﬁﬂﬂBBﬂ‘ﬂBd O-GIcNAc modified proteins
(OGP), O-GIcNAc transferase (OGT) uWaz O-GlcNAcase (OGA) TuitardanziSonianna
Tae3s immunohistochemistry

Vl,ﬁmaaumamazﬁmmzaaﬂumiﬁﬂmmmamaaﬂ*’uad O-GIcNAc modified

proteins (OGP), O-GIcNAc transferase (OGT) and O-GIcNAcase (OGA) @A83D
immunohistochemistry ‘Lw%w,f:a Ejﬂ’sﬂml%wiaﬁ’la 2 318y (W100 ez  W176)
lagyinnsnagaunuLanduadisa OGP (clone RL2), OGT (clone F12) uaz OGA (clone L14)
ﬁﬂmmiuiu@me] anmsaneldansfimunzanlums  Ansinmsusaseanves O-GlcNAc
modified proteins (OGP), O-GIcNAc transferase (OGT) and O-GIcNAcase (OGA) @A83D
immunohistochemistry é’duamﬁlu@n‘swﬁ 2

f197197 2 E‘Tﬂ?’)zﬁL%?J’WZE‘T%JI%ﬂ’]S?IﬂH’]ﬂ’]iLLﬁ@\‘]’e]E]ﬂ“lla\‘] O-GIcNAc modified proteins
(OGP), O-GIcNAc transferase (OGT) and O-GIcNAcase (OGA) @830

immunohistochemistry

Proteins Primary Ab Secondary Ab

OGP 1:10, RT, O/N Envision, RT, 1 h
OGT 1:10, RT, O/N Envision, RT, 1 h
OGA 1:200, RT, O/N Envision, RT, 1 h

RT=room temeperature, O/N = over night

3.2 AnwInsusnsaanuas OGP OGT us: OGA lwitaifanziSevioing law3d
immunohistochemistry  LazILATITHAMNFTNRNRSNTUANHMENLISINLIAZDINITUEAS
vasfiheunSeiaina

la¥innsfnsnszuInms O-GlcANcylation luLﬁaqViamaLauﬁwﬁ las¥innInsie
NILEAIDANYDY OGP luLﬁauﬁamuauﬁﬂﬁﬁﬂammi{aLﬁaﬁuﬁlﬁﬂ%%mﬂaﬁﬁmm‘hmu 10
Ny WIsuigy ﬂmuawau Liaﬂam@mﬂwﬂw 20 718 WUIT ITAUNNILRAIEONTEY OGP
TwilaifianziSevaning aamwwauwamamum@ﬂﬂmamwuﬂmﬂm Gougadln  FUA 1
mﬂﬁfuvl,ﬁﬁﬁﬂﬁmaﬁm’ml,amaaﬂmaaLau"l,sﬁu OGT uaz OGA luLuaL'ﬂ‘aqmamﬁuﬁ WU

=3 6 z ti; 3 1 qo/ =1 1 1 a qc; =} a
ANIUFAIDDNYDILE bra] OGT lwitarfanziSevianng gInIviamaLawihaung
FILUAHWANUTEAUNITLRAIADNV DS OGP R UTLUNG Y OGA Jyz@uns

waasaanluifialfiouziTeviating dninvamadwindlng Sl @

NNTBYAAINAT a‘gﬂ"l,@ﬁ’] UsI59vianaTnsuInmT O-GIcNAcylation
RnTwAeuy Viammauﬁﬂﬁﬂﬂammi{mﬁaﬁuQ’Lﬁﬂ%%mr}qﬂﬁm@; 1auRINTMINTZA
OGT AN UIINAUTHL OGA fianas (IuNalwd OGP 1fisdin



Immunohistochemistry index
N

o

Normal CCA

[
o_4A

U7 1 MIANHINITLRAI88NVEI OGP las3T Immunohistochemistry wuin 1iatfanziSiviatin
fimiuaasaan 289 OGP genindayriamadwihdundetliaaany (P < 0.05)

Normal
(cadavers)

CCA

31U 2 NSURAIBBNVEI OGT OGA Waz OGP i (A) viamadiuindund uas (B) ailianzise
1 ?; = 1 1 a ?; a al 2{' gﬂl > tud' =1 an A a

Mgy WU °nEwmL@uuwelﬂﬂmiuLuawammdmaﬂmmnﬂqmmq UNIIUR@IaNVBY OGT
ey OGP ¢uae OGA g4 FIutiatiauzSmainalnsuaandaan OGT waz OGP giuaz OGA

o

@1

PNBWINNSANEINISLEAIBNVEY OGP OGT waz OGA ‘Lmﬁmﬁaﬁﬂwmﬁo
A . . 2 ¥ o4 e v
viovn@ufia mass-forming 31U 88 318 WU MSANIULEs OGP lulitaifianziSeviasing
[ % 6 o nl 5 ) x> [ 6 o =2 &’&' v & 1
FUAUTAUNTIANTUYDY  OGT U lFUWUTAUNITAA8IUDd OGA  WaNIIANENLTIALAWIN
a X . & 1 5 a & a X = &
MIAVTUVINTZUIU  O-GleNAcylation TunziSeviarnd anatduxasnannmaiisduuaadnbogd
OGT NINAINNIIANaIUadLdwled OGA atndlsney winsuaadaantad OGP 2z luduwus
Q 1 L= o Qs aAa 1 v H v 1 Al 5
Aumsuaadeanyad OGA atdnldudmagneaia udandayafiny LRAIFARINNTIAN N1
289 OGP Huwi Nz FuRuinuN1IanaIuad OGA



Koo O X T 2 T 2
wanandh gInuinmsuaadaanuad OGT 7 iRudnluifaifianziTeviatnddiaag
e g 6 o o a dl t; YV 1 a o o o dl
FuNusnudaTINITaaTWidvesRthadslieddry (P < 0.05; 3UN 3) uazmsuaaiaanyad
oGP luiftaifianziss vieadanusunusIuanwaenINeNTIneTulile (histopathology) THa
_ o _ L A o o 4 “
non-papillary 4MNNNTUA papillary ag1dURkeRIAYAIEL (P < 0.05; @1319N 3) LACLUBIIN
g ITeadwradfthouziiviathd oia non-papilary dndnindihefdanumenenine
2 X A . o A= o & A X .
Tulharha  papillary Toyaidsuaasliiiuimainduseinszuiums - O-GleNAcylation

o 6o

= 1 9; a o dl -1 U
luuzSmathdduiusiumnenatliafldfvasdihe

b il OGA expression ]
go.a— g 0.8 - Negalwe g 04|
g g = Positive E
0 0.5 0 0.5 P=0692 @005
@ @ @
> > >
= = =
Bya g4 By
] ] >
£ £ £
=F =7 =3
(TS Qo2 Qo

0.0 0.0 | l 0.0

(TI 1000 2000 30'00 Ill III:‘.II mlm BDIII] I]I IIKIIH 21;10 3«[10
Survival time(days) Survival ime(days) Survival time(days

51/71 3 Kaplan Meier Plot LAIANMNFNAUTIZHININTURAIaaNVEd OGP OGT uaz OGA b
A A o I ' Y A . X = ~ ' X
LualeaQﬂmumwam@ﬂumﬁamw (survival rate) madgﬂw L‘lJiEl‘iJLVlEJUi:WJNQiJ’JEI
wzSavioindndnisuaasean (—) uazngufihiuaadasn (—) 289 OGP OGT uar OGA
luiitatfanzi3e @18 Log Rank Test



A177971 3 ANUFURNUTIZHINNNITURAIaNTAY OGP OGT waz OGA luliatdauziSaviavindny
Toyanildvesgis

OGP expression
Variation P-value
Negative Positive

OGT expression (n=88)

Negative (n=17) 11 6 0.014
Positive (n=71) 23 48

OGA expression (n=88)
Negative (n=75) 32 43 0.055
Positive (n=13) 2 11

Age (n=88)
< 56 (n=38) 14 24 0.763
> 56 (n=50) 20 30

Sex (n=88)
Male (n=57) 18 39 0.065
Female (n=31) 16 15

Histological type (n=88)
Papillary (n=25) 14 11 0.035
Non-papillary (n=63) 20 43

Lymph node metastasis (n=59)
Metastasis (n=27) 9 18 0.291
Non-metastasis (n=32) 15 17

Gall bladder metastasis (n=75)
Metastasis (n=60) 22 38 0.477

Non-metastasis (n=15) 7 8




3.3  @NBIUNUINVBINTEUIRAT O-GIcNAcylation ‘l%ﬂ’l‘sm%ty (proliferation)
[ [ U [ U ﬁ
n1staRanil (migration) wazn13gnIMLRaLEaL9LALY (invasion) 2BILTAELNIZLRINZSY
Nnawu1f (CCA cell lines)
1eviim AN Tz@u OGP, OGT waz OGA luaasiwizlRuIuziSaviasing 2 siia fa
KKU-M139 1az KKU-M213 Waz¥inmIsuniunssuIunis O-GlcNAcylation luimasiwizifesd
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Overexpression of O-GIlcNAc-Transferase Associates with
Aggressiveness of Mass-Forming Cholangiocarcinoma

Chatchai Phoomak!?, Atit Silsirivanit'**, Chaisiri Wongkham!?, Banchob
Sripa??, Anucha Puapairoj*?, Sopit Wongkham'~*

Abstract

0O-GlcNAcylation, an important O-linked glycosylation of cellular glycoproteins with a single molecule of
N-acetylglucosamine (GlcNAc), is involved in regulation of many cellular processes. Alteration of O-GlcNAcylation
is associated with the development and progression of many cancers. Here, we demonstrated aberrant
0-GlcNAcylation in the cholangiocarcinoma (CCA) using immunohistochemistry of O-GlcNAc modified proteins
(OGP), O-GlcNAc transferase (OGT) and N-acetylglucosaminidase (O-GlcNAcase or OGA). OGP expression
was low in normal bile ducts corresponding with the low OGT and high OGA expression. In contrast, OGP
was strongly expressed in CCA tissues together with the up-regulation of OGT and down-regulation of OGA.
Moreover, elevation of O-GlcNAcylation was associated with non-papillary type CCA and poor survival outcome
of CCA patients. Our study showed for the first time that O-GlcNAcylation is increased in CCA tissues and is
associated with a poor patient outcome. The OGT expression level could be a useful prognostic indicator and
inhibition of O-GlcNAcylation might be a therapeutic target for CCA.

Keywords: O-GlcNAcylation - O-linked [3-N-acetylglucosaminyl transferase - N-acetylglucosaminidase - glycosylation

Asian Pacific J Cancer Prev, 13,101-105

Introduction

O-GlcNAcylation is a reversible post-translational
modification of the proteins with a single molecule
of N-acetylglucosamine (GlcNAc) on serine (Ser)
or threonine (Thr) (Comer and Hart, 2000; Hart et
al., 2007). The modification is regulated by O-linked
P-N-acetylglucosaminyl transferase (OGT) and
N-acetylglucosaminidase (O-GlcNAcase or OGA).
OGT transfers GlcNAc from uridine diphospho-N-
acetylglucosamine (UDP-GIcNAc) to Ser or Thr, while
OGA is responsible for the GIcNAc removal (Comer and
Hart, 2000; Hart et al., 2007; Butkinaree et al., 2010).
O-GlcNAcylation appears to be important in many
cellular processes such as transcription, translation, cell
proliferation, apoptosis, signal transduction, etc. (Slawson
et al., 2006; Zachara and Hart, 2006; Butkinaree et al.,
2010; Hart et al., 2011). Alteration of O-GlcNAcylation
was implicated in a number of human diseases such as
Type Il diabetes mellitus, neurodegenerative diseases, and
cancers (Zachara and Hart, 2006; Butkinaree et al., 2010;
Hartetal.,2011). Aberrant OGT, OGA expression and the
level of UDP-GIcNAc were associated with alteration of
O-GlcNAcylation and were reported to be involved in the
development and progression of many cancers (Caldwell

etal.,2010; Guetal.,2010; Krzeslak et al., 2010; Krzeslak
et al., 2011; Liu et al., 2011; Mi et al., 2011; Slawson
and Hart, 2011; Zhu et al., 2011; Krzeslak et al., 2012a;
Krzeslak et al., 2012b; Lynch et al., 2012).

Cholangiocarcinoma (CCA) is the malignancy of biliary
epithelium which has high prevalence in the Northeast
Thailand (Patel, 2006; Sripa and Pairojkul, 2008). CCA
is a heterogeneous, slowly growing cancer with high
metastatic potential (Morise et al.,2010; Nakanuma et al.,
2010). According to the gross appearance, CCA can be
classified into mass-forming (MF), periductal infiltrating
(PI), and intraductal growth (IG) type (Nakanuma et
al., 2010). Based on histopathological features, CCA is
classified into papillary and non-papillary type (Nakanuma
etal.,2010). CCA s difficult to diagnose at an early stage,
and most of CCA patients were detected at the late stage
which tumors have metastasized to other organs, resulting
in the poor survival after diagnosis (Blechacz and Gores,
2008).

Several glycans and glycoproteins are aberrantly
expressed in CCA and are possibly used as biomarkers
for diagnosis and prognostic prediction. Some of
such examples are, carcinoembryonic antigen (CEA),
carbohydrate antigen 19-9 (CA 19-9), biliary alkaline
phosphatase, mucin-1 (MUC1), mucin-SAC (MUCS5AC),

!Department of Biochemistry,’Department of Pathology, *Liver Fluke and Cholangiocarcinoma Research Center, Faculty of Medicine,
Khon Kaen University, Khon Kaen, Thailand *For correspondence: atitsil@kku.ac.th, sopit@kku.ac.th
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p53, retinoblastoma protein (pRb), epidermal growth
factor receptor (EGF-R) (Higashi et al., 1999; Khan
et al., 2005; Blechacz and Gores, 2008; Briggs et al.,
2009; Park et al., 2009; Sawanyawisuth et al., 2011;
Silsirivanit et al., 2011). Some of those proteins such
as p53, pRb, EGF-R can be modified by O-linked 3-N-
acetylglucosamine (O-GlcNAc) and their functions and
stability are potentially controlled by the modification
(Zachara and Hart, 2006).

This study is aimed to explore the status of
O-GlcNAcylation in CCA and determine the association of
0O-GIcNAcylation with the development and progression
of CCA. The information obtained may full-fill the
understanding of CCA development/progression and
probably the improvement of therapy.

Materials and Methods

Formalin-fixed paraffin-embedded tissues

All formalin-fixed paraffin-embedded CCA tissues
were obtained from the specimen bank of the Liver Fluke
and Cholangiocarcinoma Research Center, Faculty of
Medicine, Khon Kaen University, Khon Kaen, Thailand.
Informed consent was obtained from each subject and the
study protocol was approved by the Ethics Committee for
Human Research, Khon Kaen University (HE521209). All
cancer tissues were from histologically proven intrahepatic
CCA patients. Tumor staging was classified according to
the 6th edition of American Joint Committee on Cancer
(AJCC) classification and staging (Greene et al., 2002).
CCA tissues microarray (TMAS2-1) was constructed by
the Department of Pathology, Faculty of Medicine, Khon
Kaen University as previously described ( Yonglitthipagon
etal.,2012).

Immunohistochemistry of OGT, OGA, and OGP
Expression of OGT, OGA, and OGP were determined
by a standard protocol of immunohistochemistry (IHC)
staining. Briefly, after deparaffinization the antigen
retrieval was performed in 0.1 M citrate buffer pH 6.0
followed by endogenous peroxidase neutralization by
incubating with 0.3% H202 in methanol for 30 min at
room temperature (RT). After blocking of non-specific
binding by 5% fetal bovine serum (FBS) for 20 min, the
sections were incubated with 20 pg/ml anti-O-GIcNAc
(RL2, Santa Cruz, CA) or 20 pg/ml mouse anti-OGT
(F12; Santa Cruz) or 2 pug/ml goat anti-OGA (L14,
Santa Cruz) overnight at RT. After washing with PBS,
the sections were incubated with EnVision-system-HRP
(Dako, Glostrup, Denmark) or Histofine® Simple Stain
MAX PO(G) (Nichirei, Tokyo, Japan) for 1 hour at RT.
The sections were developed with diaminobenzidine and
counter stained with Mayer’s hematoxylin (Bio-optica,
Milano, Italy). Tissues incubated with PBS instead
of primary antibody were used as negative controls.
Fromowitz standard was used to semi-quantitatively
assess the staining of OGT, OGA, and OGP, and expressed
as the following positive range score (frequency): 0=0-5%;
14+=6-25%; 2+=26-50%; 3+=51-75%; 4=>75%; positive
extent score (intensity): O=no staining; 1=light yellow;
2=brown; 3=dark brown; and IHC index as frequency
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score plus intensity score (Fromowitz et al., 1987; Qin et
al.,2003). For statistic analysis, the patients were divided
into two groups according to the immunohistochemistry
score, negative (IHC index=0) and positive (>1).

Statistical analysis

Data were analyzed using SPSS 16.0 software (SPSS,
Chicago, IL). Association of OGT, OGA, and OGP
immunoreactivities with age, sex, histological type, lymph
node and gall balder metastasis were analyzed by y* or
Fisher’s exact test. Survival analysis was performed using
Kaplan-Meier plot and Log-Rank test. Cox regression
was used to evaluate the association of several prognostic
factors with the overall survival. P<0.05 was considered
statistically significant.

Results

O-GlcNAcylation is elevated in CCA tissues

To investigate the role of O-GlcNAcylation in CCA, we
firstly analyzed the level of O-GIcNAc modified proteins
(OGP) in 20 CCA tissues and 10 adjacent normal liver
tissues using immnohistichemistry. The weak immuno-
reactivity of OGP was observed in all bile duct epithelia
of normal liver tissues but was strongly detected in the
nucleus of 75% (15 of 20) of CCA bile ducts (P=0.036,
Figure 1.).

The elevation of O-GlcNAcylation in CCA in association
with high OGT expression

To reveal the possible mechanisms underlying the
elevation of O-GlcNAcylation in CCA, we further
examined the expression of OGT, OGA and OGP in
normal liver and CCA tissues by immunohistochemistry.
Bile duct epithelia of normal liver tissues exhibited
strongly positive OGA, but low OGT and OGP,
immunostaining (Figure 2A). In CCA, OGT was seen as
diffused cytoplasmic patterns, whereas OGP was mostly
found in the nucleus. Tissue microarray consisting of 88
mass-forming CCA tissues revealed high expression of
OGT (80.7%,71/88) but low expression of OGA (85.2%,
75/88), resulting in high immunostaining of OGP in 54
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Normal [cadavers) CCA
,?1; e “_ _5-:.,"
Cay sty

-

immumsshistocham istry indss
- b

Normal  CCA
Figure 1. Elevation of O-GlcNAcylation in CCA
Tissues. Levels of O-GlcNAcylation were Determined in 20
CCA and 10 Normal Liver Tissues using Immunohistochemistry
Staining of OGP. (A) The bile duct epithelia of all normal liver
tissues showed weak immunoreactivity of OGP whereas those
of CCA tissues had high OGP-immunostaining with nuclear
localization, H, indicates hepatocyte and the arrows indicate
normal bile duct, Original magnification x 400. (B) The
immunoreactivity of OGP observed in CCA was significantly
higher than that observed in normal bile ducts. The data are
mean+SEM (*P =0.036, Student’s t-test)
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CCA

Increased OGT expression. The expression of OGT, OGA
and OGP were determined using immunohistochemistry. (A)
In normal liver tissues, low-OGT, high-OGA and low-OGP
immonoreactivities were observed in the normal bile duct
epithelia (N) and hepatocyte (H) (n = 10), (B) Mass-forming
CCA tissues exhibited high-OGT, low-OGA, and high-OGP
immunoreactivities (n = 88). Original magnificationx400
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Figure 3. High Expression of OGT Associated with
Poor Survival of CCA Patients. Associations of OGT and
OGA expressions and O-GlcNAcylation level (OGP) in CCA
tissues and the survival of CCA patients were analyzed using
Kaplan-Meier plot and Log-Rank test. (A) CCA patients with
positive OGT expression (71/88) exhibited the shorter survival
(median survival = 401 days, 95%CI = 233-569 days), than
those with OGT negative (17/88) (median survival = 580 days,
95%CI1 = 368-792 days) (P=0.014). (B and C) The survival of
CCA patients had no association with OGA and OGP expression

tumors (61.4%, Figure 2B.).

The high reactivity of OGP in CCA tissues was
positively correlated with high-OGT expression (P=0.014;
Table 1), but not OGA expression.

High level of O-GlcNAcylation associates with
aggressiveness of CCA

To elucidate the significance of O-GlcNAcylation
in CCA, the associations of immuno-reactivity of OGT,
OGA, and OGP in CCA tissues with clinicopathological
data of CCA patients were analyzed. The expressions of
OGT, OGA and OGP were not correlated with age, sex,
lymph node and gall bladder metastasis (data not shown).
However, the immunoreactivity of OGP was significantly
higher in non-papillary type CCA than in papillary type
CCA (P = 0.035; Table 1). Kaplan-Meier plot and Log
Rank analysis were used to determine the ability of OGT,
OGA, and OGP for the estimation of survival time of
mass-forming CCA patients (Figure 3). Patients with low
OGT expression in CCA tissues showed longer survival
time than those with high OGT expression (P = 0.014).
However, the Cox regression analysis revealed that the
ability of OGT in prognostic determination was not an
independent factor (data not shown).

Table 1. Clinical correlation of OGP expression in
patients with mass-forming CCA

Variation OGP expression  P-value
Negative Positive

OGT expression (n=88)
Negative (n=17) 11 6 0014
Positive (n=71) 23 48

OGA expression (n=88)
Negative (n=75) 32 43 0.055
Positive (n=13) 2 11

Age (n=88)
<56 (n=38) 14 24 0.763
> 56 (n=50) 20 30

Sex (n=88)
Male (n=57) 18 39 0.065
Female (n=31) 16 15

Histological type (n=88)
Papillary (n=25) 14 11 0.035
Non-papillary (n=63) 20 43

Lymph node metastasis (n=59)
Metastasis (n=27) 9 18 0.291
Non-metastasis (n=32) 15 17

Gall bladder metastasis (n=75)
Metastasis (n=60) 22 38 0477
Non-metastasis (n=15) 7 8

Negative, IHC index = O; Positive, [HC > 1

Discussion

O-GlcNAcylation is involved in several cellular
processes including functions, stability, and expression
(Zachara and Hart, 2006; Hart et al., 2011). Alteration
of O-GlcNAcylation is related to the development and
progression of many human diseases (Zachara and Hart,
20006; Butkinaree et al.,2010; Hart et al.,2011). Here, we
first reported the elevation of global O-GlcNAcylation of
cellular proteins in CCA.

In the present study, regardless to the age, gender,
histological type, and metastatic stage, all mass forming
type CCA over-expressed OGP in comparison to the
normal bile ducts. The over-expression of OGP has also
been reported for breast, endometrial carcinomas, colon,
lung, prostate, and hepatocellular carcinomas (Caldwell
etal.,2010; Krzeslak et al.,2012; Mi et al., 2011; Zhu et
al.,2011; Lynch et al., 2012).

Itis well accepted that the alteration of O-GlcNAcylation
is modulated by aberrant expression of either OGT or OGA
(Mietal.,2011; Zhuetal.,2011; Lynchetal.,2012) and the
donor substrate, UDP-GIcNAc (Butkinaree et al., 2010).
Most of CCA tissues showed high immunoreactivity of
OGT and low immunoreactivity of OGA and vice versa
for those observed in normal bile duct epithelia. In
addition, high immnunoreactivity of OGP in CCA tissues
was statistically correlated with high-OGT expression,
suggesting that the alteration of O-GlcNAcylation in CCA
may be due to the high-OGT expression rather than low
expression of OGA. Similar finding was also reported for
colon, lung and breast cancers (Mi et al., 2011; Krzeslak
etal.,2012a). Since low OGA expression rather than high
OGT expression was observed in some CCA tissues, the
involvement of aberrant OGA expression in alteration of
0O-GIcNAcylation in CCA should not be excluded.
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The enhancement of O-GlcNAcylation in CCA is
associated with poor outcome of patients. High level of
O-GIcNAcylation was observed more frequently in non-
papillary type CCA than in papillary type CCA. Moreover,
CCA patients who had high expression of OGT had a
significantly shorter survival time than those who had low
OGT expression. This result suggests the possible role
of O-GlcNAcylation in the aggressiveness of CCA. As
shown in many cancers, O-GlcNAcylation is involved in
many steps of cancer progression including tumor growth
(Caldwell et al., 2010; Mi et al., 2011), metastasis (Gu et
al.,2010; Lynch et al.,2012), chemosensitivity (Pan et al.,
2011),etc. High expression of inositol 1.4,5-triphosphate
receptor-3 (InsP3R-3, an intracellular calcium channel)
associated with O-GlcNAcylation in CCA cell line was
reported (Bimboese et al., 2011). The modification by
O-GlcNAcylation affected the channel open probability of
InsP3R-3, resulted in the changes of intracellular calcium
releasing following by the activation of downstream
calcium dependent signaling cascades.

Many cellular proteins such as transcription factors,
oncoproteins and tumor suppressors are modified by
0O-GIcNAc, and consequently their functions, interaction,
and stability are affected (Ozcan et al., 2010). Several
oncoproteins and tumor suppressors, are aberrantly
expressed and involved in carcinogenesis, progression,
and metastasis of CCA (Li et al., 2011; O’Dell et al.,
2012). The elevation of O-GIcNAcylation in CCA
reported here may modify these and other proteins, and,
consequently alter their functions. To understand the
molecular mechanisms underlying O-GlcNAcylation
and CCA progression, the proteins which are aberrantly
modified by O-GIcNAcylation should be identified and
characterized.

In conclusion, our findings demonstrate that CCA
exhibited the enhancement of O-GlcNAcylation via
increasing of OGT expressions. The elevation of
O-GlcNAcylation was associated with non-papillary
type CCA and shorter survival of CCA patients. Our
data suggested that O-GIcNAcylation may be an
important mechanism involved in CCA development and
progression.
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O-GIcNAcylation  Significantly Related to Progressiveness of
Cholangiocarcinoma Cells

Chatchai Phoomak, Atit Silsirivanit”, Chaisiri Wongkham and Sopit Wongkham"*
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Medicine, Khon Kaen University, Khon Kaen 40002, Thailand
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O-GlcNAcylation, a post-translational modification of proteins with a single N
-acetylglucosamine (GIcNAc) attached to serine or threonine residues via B-glycosidic
linkage. The process is regulated by O-linked B-N-acetylglucosaminyl transferase (OGT)
and B-N-acetylglucosaminidase (OGA). OGT transfers GlcNAc to serine or threonine
residues of proteins while OGA catalyzes the reversed reaction. O-GlcNAcylated proteins
involve in many cellular processes; such as transcription, signal transduction, and
proteolysis by proteasome, efc. Alteration of O-GlcNAcylation is associated with the
development and progression of many human diseases including cancer.
Immunohistochemistry of cholangiocarcinoma (CCA), a malignancy of biliary
epithelium, revealed an increase of O-GlcNAcylation of nucleocytoplasmic proteins
compared with the normal bile ducts. Roles of O-GIcNAcylation were demonstrated in
CCA cell lines using si-OGT. Suppression of OGT significantly reduced migration,
invasion and clonogenic survival of CCA cell lines; KKU-M139 and KKU-M213
comparing with the scramble-siRNA treatment. In contrast, enhancing the O-
GleNAcylation by suppression of OGA expression significantly increased the ability of
cell migration and invasion. Real-time RT-PCR of siOGT treated cells revealed the
significant decreasing of the matrix metalloproteinase (MMP)-3, MMP-7, tissues inhibitor
of metalloproteinase (TIMP)-1, and TIMP-2. This information emphasizes the role of O-
GleNAcylation in progressiveness of CCA. Further comprehensive analysis is needed to
elucidate the molecular mechanism underlining the involvement of O-GlcNAcylation in
metastasis of CCA.

Keywords: cholangiocarcinoma, metastasis, O-GlcNAcylation, OGT
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O-GlcNAcylation involved in metastasis of cholangiocarcinoma

Chatchai Phoomak’”, Atit Silsirivanit”*, Chaisiri Wongkham'”, Sopit Wongkham"**

" Department of Biochemistry;

Liver Fluke and Cholangiocarcinoma Research center, Faculty of Medicine, KhonKaen, 40002, Thailand; E-mail: atitsil@kku.ac.th, sopit@
kku.ac.th, Tel/Fax: 66-43-348-386

O-GlcNAcylation is a post-translational modification process by which a single N-acetylglucosamine
(GleNAc) is attached to the hydroxyl (-OH) of serine or threonine via B—glycosidic linkage. Unlike N-linked or
O-linked glycosylation, O-GlcNAc modified proteins are generally either cytoplasmic or nuclear proteins that
are not further processed into a complex oligosaccharide. The O-GlcNAc modification is a dynamic process
modulated by two enzymes; O-linked B-N-acetylglucosaminyl transferase (OGT) and O-GlcNAcase (OGA).
The association of O-GlcNAcylation with development and progression of cancer is evident. Increasing of O-
GlcNAcylation in cholangiocarcinoma (CCA) comparing with the normal bile duct counterpart was reported.
Elevation of O-GlcNAcylation in CCA was shown to be the result of increased level of OGT and decreased level
of OGA expressions. Here, we analyzed the roles of O-GlcNAcylation in CCA using in vitro functional assays.
Expression of OGT in CCA cell lines (KKU-M139 and KKU-M213) was suppressed by OGT-specific siRNA,
resulting in the marked decrease of O-GlcNAcylated proteins (OGP). Migration, invasion and clonogenic survival
of siOGT-treated cells were significantly decreased comparing with scramble-siRNA treated cells. In contrast,
reduced OGA expression by siOGA increased OGP level and enhanced cell migration and invasion. This infor-
mation emphasizes the role of O-GlcNAcylation in metastasis of CCA. Further study is needed to elucidate the

molecular mechanism underlining the involvement of O-GlcNAcylation in metastasis of CCA.

Keywords: O-GlcNAcylation, cholangiocarcinoma, metastasis
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P9 3 UP-REGULATED b-GLCNACY-LATION PROMOTES
CHOLANGIOCARCINOMA METASTASIS

Phoomak C'?, Silsirivanit A'®, Puapairoj A**, Wongkham C'* and Wongkham S'*

! Department of Biochemistry, Faculty of Medicine, Khon Kean Universfry.' Khon Kean 40002, Thailand

2 Department of Pathology, Faculty of Medicine, Khon Kean University, Khon Kean 40002, Thailand

3 Liver Fluke and Cholangiocarcinoma Research Center, Faculty of Medicine, Khon Kean University, Khon Kean
40002, Thailand

Introduction: O-GlcNAcylation is a reversible post-translational modification, which regulated by O-
linked B-N-acetylglucosaminyl transferase (OGT) and pB-N-acetylglucosaminidase (OGA). OGT
transfers N-acetylglucosamine {GIcNAc)%_hydroxyl (-OH) group of serine or threonine, while OGA
catalyzes the reverse reaction. This modification involves in many cellular processes such as gene
expression, signal transduction, and cell proliferation, etc., therefore aberrant O-GlcNAcylation
contributes in the development and progressién of many human diseases. The alteration of O-
GlcNAcylation was reported to be involved in the proliferation, migration, and invasion of many cancer
cells. Our study is aimed to determine the alteration of O-GlcNAcylation in cholangiocarcinoma (CCA)
and its association with the disease progression.
Methods: The O-GlcNacylation level in CCA was determined by the immunohistochemistry staining of
O-GicNAcylated protein (OGP), OGT, and OGA in 88 mass forming-CCA and 10 normal liver tissues.
Roles of O-GlcNAcylation in cell proliferation, apoptosis, migration, and invasion, were assessed after
suppression of OGT in CCA cell lines using siRNA.
Results: Elevation of O-GlcNAcylation was observed in CCA via increased expression of OGP and
OGT, comparing with normal bile ducts. High level of O-GlcNAcylation was associated with poor
clinical outcomes of CCA-pa}tientsz Suppression of OGT expression by siRNA resulted in decreasing O-
GlcNAcylation level and significantly suppressed the migration and invasion without altering the
proliferation of CCA cell lines. . '
Conclusions: Our study demonstrates the elevation of O-GlcNAcylation in CCA via increasing OGT
expression. High level of O-GlcNAcylation in CCA tissues is possibly used as a poor prognostic
indicator of CCA. Moreover, O-GlcNAcylation involved in the migration and invasion of CCA cell lines,
suggesting the possible roles of O-GlcNAcylation in CCA metastasis. '

o

The Second Symposium of SHeP-GMS. 29 March, 2013 |




CGG 2012 Conference

' Asian Communications

Ghycotechnology

—

0G JENU, Jeu Isiand, Koma

—

Otober 28-21, 2012
JE U e skandg
T ]

Mcaintam Haka hh‘-‘ﬂ'ﬂ Pl

Hosled by the Korean Socety fof Ghooscencs | K50 Y ESFaRy

TUIARTQE

Supported by Kyung Ahm Educaton £ Culur Foumciabor




OR-6

Atit Silsirivanit swindaaifa3niivd (Thailand)

Lecturer, Department of Biochemistry, Faculty of Medicine, Khon Kaen University,
Khon Kaen, Thailand

E-mail: atitsil@kku.ac.th

Homepage: http://biochem.md.kku.ac.th/

Role of O-GlcNAcylation in cholangiocarcinoma

Atit Silsirivanit'**, Chatchai Phoomak'?, Somchai Pinlaor”>?, Chaisiri Wongkhaml's, Sopit Wongkham"3 N
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E-mail: atitsil@kku.ac.th, sopit@kku.ac.th Tel/Fax: 66-43-348-386

Cholangiocarcnoma (CCA), a malignancy of biliary epithelium, has the highest incidence in Khon Kaen,
Thailand. Alteration of glycosylation was reported in CCA and has been emphasized in be involved in the
tumor development and progression. We have demonstrated the elevation of O-GlcNAcylation in human CCA
tissues which associates with the increasing O-GlcNAc transferase (OGT) and decreasing O-GlcANcase (OGA).
Here we explored the alteration of O-GlcNAcylation during cholangiocarcinogenesis in the Opithorchis
viverrini-NDMA induced CCA hamster model. The hamster were divided into four groups; non-treated,
Opithorchis viverrini (OV)-infected, N-nitrosodimethylamine (NDMA) treated and OV-NDMA induced CCA
groups. The animals from each group were euthanized at 1, 3, and 6 months after treatment, the O-
GleNAcylated proteins (OGP) were determined in the liver sections using immunohistochemistry.  All non-
treated, OV-infected, and NDMA-treated hamsters were not developed to be CCA and the bile ducts obtained
from these non-CCA hamsters showed low staining reactivity for OGP in every time-point. Interestingly, all
OV-NDMA treated hamsters were developed to be CCA within 3 months. OGP were highly detected in the
nucleus of biliary cells of the OV-NDMA induced CCA hamsters at 3 months arid 6 months. Hepatocytes and
inflammatory cells showed weakly positive staining, while the stromal showed negative staining of O-
GlecNAcylated proteins. This information suggested the role of O-GlcNAcylation in cholangiocarcinogenesis.
The precise mechanism by which O-GleNAcylation involved in CCA development is needed to be further
examined.
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O-E-04 ABERRANT O-GLCNACYLATION ASSOCIATES WITH DEVELOPMENT AND
PROGRESSION OF CHOLANGIOCARCINOMA

Silsirivanit A'®, Phoomak C'*, Puapairoj A'*, Wongkham C'*, Wongkham S'*

'Department of Biochemistry; “Department of Pathology; *Liver Fluke and Cholangiocarcinoma Research Center, Faculty of
Medicine, Khon Kaen University, Khon Kaen 40002, Thailand

Email address: atitsil@kku.ac.th

O-GlcNAcylation, the O-linked glycosylation with a single molecule of N-acetylglucosamine (GIcNAc), is an
important process for controlling functions, stability, and expression of many cellular proteins. Several O-
GlcNAc modified proteins (OGP) were reported to be involved in the development and progression of many
cancers. Addition and removal of O-GIcNAc is regulated by N-acetylglucosaminyltransferase (OGT) and N-
acetylglucosaminidase (OGA), respectively. Here, we demonstrate the alteration of O-GlcNAcylation and its
role in cholangicoarcinoma (CCA). The immunohistochemistry of OGP, OGT, and OGA were used to explore
the alteration of O-GIcNAcylation in mass-forming intrahepatic CCA tissues, comparing with normal liver
tissues. OGP and OGT were weakly stained, while OGA showed the strongly positive staining in biliary
epithelium observed in all normal livers. In contrast, the high reactivity of OGP (P = 0.036) and OGT (P =
0.205) immunostaining was observed in CCA, while the OGA reactivity was decreased (P = 0.114). Elevation
of O-GlcNAcylation in CCA was associated with poor clinical outcome of the patients. Moreover, the O-
GlcNAcylation was markedly suppressed in CCA cell lines (KKU-M213, KKU-M214) after knockdown of OGT
by siRNA, resulting in the significantly decreased invasiveness of CCA cell lines (P < 0.05). These data
suggested the possible role of O-GlcNAcylation in the development and progression of CCA.

Keywords: O-GIcNAc, metastasis, OGT, OGA



