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Abstract

In this research program, multi-molecular approaches to elucidate the signaling exploited by
the cancer and identify the possible therapeutic targets were proposed. Three main processes
associated with survival and metastasis of cholangiocarcinoma (CCA), namely glycosylation; energy
production, tumor and tumor environment interaction, and the repositioning of the existing drugs for
alternative treatment of CCA were elucidated. Aberrant glycosylations—namely O-GlcNAcylaiton,
fucosylation and GalNAcylation were observed uniquely in tumor tissues of CCA patients. The
expressions of these glyosylated proteins were associated with carcinogenesis and progression of CCA.
Some of which can be applied as diagnostic-prognostic markers or therapeutic targets for CCA. For
metabolism, CCA cells expressed several cancer specific isoforms of enzymes in glycolytic pathways,
e.g., HK2, PKM2, LDHA and glucose transporter, GLUT1. High expression of these enzymes also
related to cancer development and poor survival of CCA patients. Inhibiting expression or action of
these enzymes can be an alternative treatment of CCA. Moreover, we found that high glucose level
could promote progression of CCA cells, and hence controlling blood glucose of patients who possessed
hyperglycemia should be considered as supportive therapy for CCA. Two highly metastatic cells were
established to study the molecular mechanism involving CCA progression and interaction with stroma
cells. Several molecules, e.g., D147, AGR2, GLIPR1 and CD47 were focused for their roles in metastasis
and suggested as new drug targets for drug design and development. In addition, effect of secretory
products of CCA cells on phagocytosis of macrophage and secretion of IL-6 from fibroblast were
demonstrated. Albendazole, mebendazole, cimetidine, berberine, metformin, chloroquine, and
artesunate are known drugs that have high potential for CCA treatment. These findings offer new
opportunities for preclinical investigation of CCA with novel candidate therapeutic targets and new
molecularly targeted agents. The potential inhibitors or drugs against the target molecules should be
proposed for clinical trial with the additional support from other granting sources.

Apart from the research results, the project provided a better outcome than proposed. There
are 22 published research articles with 3 more are under-revision and submission. There were 80
presentations with 26 awards gained in the national and international scientific conferences. The project
has strengthened 6 junior staffs, 4 of whom were promoted to be assistant professor; 15 Ph.D. and
M.Sc. students are included in the projects. The program has provided opportunities for junior staffs to
join hands and work together within group or with other groups. Several collaborations among Thai
and international researchers are initiated. Collaboration, management and leadership are built up
during participation with the program. Finally, we would like to acknowledge every researcher who
participated and supported research activities in this program; Faculty of Medicine and
Cholangiocarcinoma Research Institute for supporting the research facilities; the Thailand Research

Fund and Khon Kaen University for financial supports.
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xiii



	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	14
	High glucose enhances progression of cholangiocarcinoma cells via STAT3 activation

	Results

	High glucose promotes CCA cells proliferation. 
	High glucose promotes adhesion, migration and invasion of CCA cells. 
	The phosphokinase array revealed STAT3 as a candidate pathway induced by high glucose. 
	High glucose promotes phosphorylation and nuclear localization of STAT3 in CCA cells. 
	CCA tissues from patients with DM exhibited high activation of STAT3. 
	Downstream target genes of STAT3 were up-regulated in the high glucose condition. 
	Glucose when reduced to normal level decreases cell proliferation and STAT3 activation of CCA cells. 
	STAT3 inhibitor suppresses high glucose-induced growth in CCA cells. 

	Discussion

	Materials and Methods

	Cell lines and CCA tissues. 
	Proliferation and Cytotoxic assay. 
	Adhesion assay. 
	Migration and invasion assay. 
	Phospho-kinase array. 
	Immuno-blot analysis. 
	Immunocytofluorescent staining. 
	Immunohistochemistry. 
	Statistical analysis. 

	Acknowledgements
	Author Contributions
	﻿Figure 1﻿﻿.﻿﻿ ﻿ High glucose condition promotes proliferation of CCA cells.
	﻿Figure 2﻿﻿.﻿﻿ ﻿ High glucose promotes metastatic related phenotypes of CCA cells.
	﻿Figure 3﻿﻿.﻿﻿ ﻿ Differential phosphokinase profiles of HG cells vs.
	﻿Figure 4﻿﻿.﻿﻿ ﻿ High glucose promotes phosphorylation and nuclear translocation of STAT3.
	﻿Figure 5﻿﻿.﻿﻿ ﻿ Downstream target genes of STAT3 related to proliferation, migration and invasion were up-regulated in HG conditions.
	﻿Figure 6﻿﻿.﻿﻿ ﻿ Controlling glucose level or using STAT3 inhibitor reduces the enhancing effect of high glucose on CCA cells.
	﻿Figure 7﻿﻿.﻿﻿ ﻿ Molecular mechanism of high glucose promotes progression of CCA cells.


	16
	Mechanistic insights of O-GlcNAcylation that promote progression of cholangiocarcinoma cells via nuclear translocation of N ...
	Results

	O-GlcNAcylation regulates migration and invasion abilities of CCA cells. 
	O-GlcNAcylation modulates expressions of matrix metalloproteases. 
	Nuclear translocation of NF-κB and phosphorylation of Akt are regulated by O-GlcNAcylation. 
	Nuclear translocation of NF-κB is associated with migration/invasion and MMP7 activity of CCA cells. 
	NF-κB was modified by O-GlcNAc and modulated by cellular O-GlcNAcylation. 

	Discussion

	Materials and Methods

	Cell culture and treatment. 
	Suppression of OGT and OGA expression by specific-siRNAs. 
	Cell migration and invasion. 
	Cell proliferation. 
	Nuclear fractionation. 
	SDS-PAGE and Western blot analysis. 
	RNA extraction and real-time reverse transcriptase polymerase chain reaction. 
	Gelatin zymography. 
	Immunocytofluorescence. 
	Immunoprecipitation. 
	Statistical analysis. 

	Acknowledgements
	Author Contributions
	﻿Figure 1﻿﻿.﻿﻿ ﻿ siOGT and siOGA could regulate O-GlcNAcylation in CCA cells.
	﻿Figure 2﻿﻿.﻿﻿ ﻿ O-GlcNAcylation status modulated migration and invasion abilities of CCA cells.
	﻿Figure 3﻿﻿.﻿﻿ ﻿ O-GlcNAcylation modulated progression of CCA cells via up-regulation of MMPs.
	﻿Figure 4﻿﻿.﻿﻿ ﻿ NF-κB nuclear translocations and Akt phosphorylations were associated with O-GlcNAcylation.
	﻿Figure 5﻿﻿.﻿﻿ ﻿ Migration and invasion of CCA cells were reduced by DHMEQ, a specific inhibitor of nuclear translocation of NF-κB.
	﻿Figure 6﻿﻿.﻿﻿ ﻿ NF-κB was O-GlcNAcylated and modulated by cellular O-GlcNAcylation.
	﻿Figure 7﻿﻿.﻿﻿ ﻿ Schematic diagram depicts the mechanism by which O-GlcNAcylation promotes metastasis of CCA cells via modulating the nuclear translocation of NF-κB and MMPs expression.


	17
	18
	19
	20
	21
	High glucose levels boost the aggressiveness of highly metastatic cholangiocarcinoma cells via O-GlcNAcylation

	Results

	High glucose promoted migration, invasion, and epithelial-mesenchymal transition (EMT) of CCA cell lines. 
	High glucose increased O-GlcNAcylation in L5 cells more than in the parental cells. 
	High glucose increased O-GlcNAcylated vimentin and vimentin stability. 
	Glucose enhanced HK-II, GFAT, and OGT expressions in L5 cells. 
	The GFAT inhibitor and si-OGT treatment suppressed glucose-induced O-GlcNAcylation, cell migration, and vimentin expression ...
	GFAT expression in CCA tissues of patients was correlated with O-GlcNAcylated protein level. 

	Discussion

	Materials and Methods

	Reagents and antibodies. 
	Cell culture. 
	CCA tissues. 
	Cycloheximide treatment. 
	DON treatment. 
	Suppression of OGT expression by specific-siRNA. 
	Cell migration and invasion. 
	Immunoprecipitation. 
	Western blot. 
	Immunohistochemistry of GFAT and O-GlcNAcylated proteins. 
	Statistical analysis. 

	Acknowledgements
	Author Contributions
	﻿Figure 1﻿﻿.﻿﻿ ﻿ Glucose enhanced migration, invasion, and vimentin expression of highly metastatic CCA cells.
	﻿Figure 2﻿﻿.﻿﻿ ﻿ High glucose induced global O-GlcNAcylation of CCA cells.
	﻿Figure 3﻿﻿.﻿﻿ ﻿ Glucose increased O-GlcNAcylation and stability of vimentin.
	﻿Figure 4﻿﻿.﻿﻿ ﻿ High glucose induced expressions of key regulatory enzymes involved in O-GlcNAcylation.
	﻿Figure 5﻿﻿.﻿﻿ ﻿ The GFAT inhibitor and si-OGT treatment suppressed glucose-induced O-GlcNAcylation, cell migration, and vimentin expression in L5 cells.
	﻿Figure 6﻿﻿.﻿﻿ ﻿ GFAT expressions in CCA tissues from patients correlated with O-GlcNAcylated protein (OGP) levels.
	﻿Figure 7﻿﻿.﻿﻿ ﻿ Schematic diagram represents the mechanism of high glucose promoting cell migration via O-GlcNAcylation.


	22
	23
	24
	25
	26
	27
	28
	29
	30
	31
	32


 
    
       
          application/pdf
          
             
                Mechanistic insights of O-GlcNAcylation that promote progression of cholangiocarcinoma cells via nuclear translocation of NF-κB
            
         
          
             
                srep ,  (2016). doi:10.1038/srep27853
            
         
          
             
                Chatchai Phoomak
                Kulthida Vaeteewoottacharn
                Kanlayanee Sawanyawisuth
                Wunchana Seubwai
                Chaisiri Wongkham
                Atit Silsirivanit
                Sopit Wongkham
            
         
          doi:10.1038/srep27853
          
             
                Nature Publishing Group
            
         
          
             
                © 2016 Nature Publishing Group
            
         
      
       
          
      
       
          © 2016 Macmillan Publishers Limited
          10.1038/srep27853
          2045-2322
          
          Nature Publishing Group
          
             
                permissions@nature.com
            
         
          
             
                http://dx.doi.org/10.1038/srep27853
            
         
      
       
          
          
          
             
                doi:10.1038/srep27853
            
         
          
             
                srep ,  (2016). doi:10.1038/srep27853
            
         
          
          
      
       
       
          True
      
   



 
    
       
          application/pdf
          
             
                High glucose levels boost the aggressiveness of highly metastatic cholangiocarcinoma cells via O-GlcNAcylation
            
         
          
             
                srep ,  (2017). doi:10.1038/srep43842
            
         
          
             
                Chatchai Phoomak
                Kulthida Vaeteewoottacharn
                Atit Silsirivanit
                Charupong Saengboonmee
                Wunchana Seubwai
                Kanlayanee Sawanyawisuth
                Chaisiri Wongkham
                Sopit Wongkham
            
         
          doi:10.1038/srep43842
          
             
                Nature Publishing Group
            
         
          
             
                © 2017 Nature Publishing Group
            
         
      
       
          
      
       
          © 2017 The Author(s)
          10.1038/srep43842
          2045-2322
          
          Nature Publishing Group
          
             
                permissions@nature.com
            
         
          
             
                http://dx.doi.org/10.1038/srep43842
            
         
      
       
          
          
          
             
                doi:10.1038/srep43842
            
         
          
             
                srep ,  (2017). doi:10.1038/srep43842
            
         
          
          
      
       
       
          True
      
   



 
    
       
          application/pdf
          
             
                High glucose enhances progression of cholangiocarcinoma cells via STAT3 activation
            
         
          
             
                srep ,  (2015). doi:10.1038/srep18995
            
         
          
             
                Charupong Saengboonmee
                Wunchana Seubwai
                 Chawalit Pairojkul
                Sopit Wongkham
            
         
          doi:10.1038/srep18995
          
             
                Nature Publishing Group
            
         
          
             
                © 2015 Nature Publishing Group
            
         
      
       
          
      
       
          © 2015 Macmillan Publishers Limited
          10.1038/srep18995
          2045-2322
          
          Nature Publishing Group
          
             
                permissions@nature.com
            
         
          
             
                http://dx.doi.org/10.1038/srep18995
            
         
      
       
          
          
          
             
                doi:10.1038/srep18995
            
         
          
             
                srep ,  (2015). doi:10.1038/srep18995
            
         
          
          
      
       
       
          True
      
   




