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บทคดัย่อ 
การแสดงออกทีเ่พิม่ขึน้ของ glucose transporter 1 (GLUT1) ถูกรายงานในมะเรง็หลายชนิด โดย GLUT1 มบีทบาท
สาํคญัในการกระบวนการเพิม่จาํนวน, การแพรลุ่กลามและการตายของเซลลม์ะเรง็ ตวัอยา่งเช่น มะเรง็ตบั มะเรง็ลาํไส ้
และมะเรง็เต้านม เป็นต้นอย่างไรก็ตามในปจัจุบนัยงัไม่มขีอ้มูลที่บ่งชี้ถงึการแสดงออกและบทบาทของ GLUT1 ใน
มะเรง็ท่อน้ําดทีี่สมัพนัธก์บัการตดิเชื้อพยาธใิบไมต้บั การศกึษาน้ีเป็นการศกึษาการแสดงออกของ GLUT1 และฤทธิ ์
ตา้นมะเรง็ของตวัยบัยัง้ GLUT1 ทีม่ชีื่อว่า phloretinในเซลลม์ะเรง็ท่อน้ําดทีีส่มัพนัธก์บัการตดิเชือ้พยาธใิบไมต้บั การ
วิเคราะห์การแสดงออกของ GLUT โดย serial analysis of gene expression พบว่ามีการแสดงออกของ GLUT1
เพิม่ขึน้ในผูป้่วยมะเรง็ท่อน้ําดเีมื่อเทยีบกบัเน้ือเยื่อตบัปกตแิละยงัพบวา่ GLUT1 มกีารแสดงออกสงูในเซลลเ์พาะเลีย้ง
มะเรง็ท่อน้ําดชีนิดKKU-213L5 และ KKU-21L5 ทัง้ในระดบั mRNA และระดบัโปรตนี นอกจากน้ียงัพบว่าphloretin
สามารถยบัยัง้การเจรญิเตบิโตของเซลลเ์พาะเลีย้งมะเรง็ท่อน้ําดไีดอ้ยา่งมนียัสาํคญัทางสถติ ิ การศกึษาน้ีแสดงใหเ้หน็
ถงึความสาํคญัของ GLUT1ต่อการเจรญิของเซลลม์ะเรง็ท่อน้ําด ีและความเป็นไปไดใ้นการใช ้GLUT1 เป็นเป้าหมาย
สาํหรบัการรกัษาผูป้ว่ยมะเรง็ทอ่น้ําด ี
คาํสาํคญั: glucose transporter1 มะเรง็ทอ่น้ําด ีphloretin 

 
Abstract 
Overexpression of glucose transporter 1 (GLUT1) has been reportedin various cancers. GLUT1plays 
significant roles in many cellular processes including proliferation, metastasis, and apoptosis of several 
cancers such as cancer of liver, colon and breast. However, the expression and roles of GLUT1 in 
Opisthorchisviverrini (Ov)-associated cholangiocarcinoma (CCA) is still unknown.The purpose of this study 
was to investigate GLUT1expression and anti-cancer activity of glucose transporter 1 inhibitor, 
namelyphloretin,in Ov-associated CCA. The expression of GLUTs from serial analysis of gene expression 
demonstrated thatGLUT1 was overexpressed in CCA tissues. Similar results were also observed in CCA cell 
lines using real time-PCR and western blotting techniques. In addition, the inhibition of GLUT1 activity by 
phloretin significantly inhibited growth of CCA cell lines in adose-dependent fashion. These results suggest 
the possibility of GLUT1 as a therapeutic target for CCA patients. 
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Introduction 
Cholangiocarcinoma (CCA) is a bile duct cancer 
that found both intra- and extra- hepatic biliary 
epithelia.1 The incidence of CCA has been 
increased and the highest incidence of 96 cases 
per 100,000 men was reported in Thailand.2 The 
prognosis of CCA patients is generally poor, 
because the lacking of early detection and 
effective therapeutic treatments.Therefore, it is an 
urgent need for searching a novel treatment that 
may target on the aberrantly expressed genes in 
the carcinogenesis and/or progression of CCA. 

At present, the metabolism of glucose in 
cancer cells is now gaining attention as a 
potentialtarget for cancer therapy.3  In 192, Otto 
Warburg described glucose metabolism in cancer 
cells called Warburg effect or aerobic 
glycolysiswhich different from normal cells.Cancer 
cells aberrantly expressed some specific proteins 
involve in glucose metabolism such as glucose 
transporter 1 (GLUT1), and hexokinase 2 
(HKII).5Glucose transporter 1 is a transmembrane 
protein used for uptakinghexose. Overexpression 
of GLUT1 is reported in several cancers such as 
ovarian,6 liver,7and colon.8High levels of GLUT1 
were associated with poor outcomes of non-
Opisthorchisviverrini(Ov) associated CCApatients, 
such as tumor size, metastasis, and short survival 
rates.9Moreover, the inhibition of GLUT1using its 
inhibitor, namely phloretin, effectively suppressed 
the proliferation and metastasis of liver cancer 
cells in in-vitro and in vivo.10However, 
theinformation on GLUT1 in Ov-associated CCA is 
limited. 

The aim of the present study is to 
investigate the expression of GLUT1 in 

Ovassociated CCA cell lines. In addition, the 
efficacies of phloretin in growth of CCA cell lines 
were investigated. 
 
Materials and Methods 

Serial analysis of gene expression 
(SAGE).The SAGE Differential Gene Expression 
Display (DGED) tool was used to compare SAGE 
data between the pools of CCA samples and  
normal human liver. The Data were  provided on 
the CGAP website (http://cgap.nci.nih.gov) and 
results were reported only when odds ratio (fold 
change) was significantly greater than 2 or 
significantly lesser than 0.5. The odds ratio was 
calculated by the belowing formula. 
(Tag count sum/ total tag count of CCA libraries)/ 
(Tag count/ total tag count of normal liver library)11 
 Cell culture.Human CCA cell lines, KKU-
213L5 and KKU-21L5 were used. These 2 cell 
lines were established from theparental KKU-213 
and KKU-21 by Professor Sopit Wongkham,  
Khon Kaen University and Professor Seiji Okada, 
Kumamoto University, Japan.Both CCA cell lines 
were cultured in HAM-F12 (Gibco/BRL, Grand 
Island, NY) supplemented with 10% heat-
inactivated fetal bovine serum, 100 U/ml penicillin 
and 100 mg/ml streptomycin (Life Technologies, 
Inc.) and incubated at 37°C with 5% CO2.  

Cell viability assay. Cell number was 
determined using the 3-[,5-dimethylthiazol-2-yl]-
2,5-diphenyltetrazolium bromide (MTT) (Invitrogen, 
Carlsbad, CA) as previously described.12CCA 
cellsof 1.5 x 103 cells/well were cultured in a 96-
well plate (Corning, Lowell, MA) for 18 h, then 
treated with 50-250 μM of phloretin(Sigma-Aldrich, 
St. Louis, MO) for 72 h.  Cells treated with vehicle 
(0.125% DMSO) were used as control.  
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Realtime-PCR. The expression ofGLUTs 
and the internal control gene, beta 
actin,wereperformed using the LightCycle 80® 
real-time PCR system (Roche Diagnostic).  Each 
PCR reaction was 1X LightCycle 80® SYBR 
green I master mix, and 50 ng of cDNA. The 
amplification was initiated by pre-incubation step 
with one cycle at 95 °C for  min followed by the 
amplification step with 0 cycles of 95°C 10 sec, 
60°C 10 sec, and 72°C 10 sec. The accumulated 
PCR products were detected by monitoring the 
increasing of fluorescent intensity of the reporter 
dye from dsDNA binding with SYBR green. Each 
sample wasanalyzedin duplicates. 

SDS-PAGE and Western blot. Whole cell 
lysate was obtained using NP-0 lysis buffer and 
protein concentration was determined according to 
Lowry method.13Protein (30 μg/well) was 
subjected to a 12% SDS-polyacrylamide gel 
electrophoresis and transferred to a Hybond™-P 
PVDF membrane (GE Healthcare, 
Buckinghamshire, UK) by wet electro-transferred 
at 10 Voltage, for 2 h using Bolt&Marhoney 
buffer.1 After blocking with 3% BSA in 0.3% 
Tween-20 in TBS, the blot was incubated with 
1:500 of anti-GLUT1 (SPM98) (Abcam, Bridge, 
MA) at ºC for overnight following by HRP-
conjugated secondary antibody (GE Healthcare) 
for 1 h at room temperature.  Signal was 
developed with ECL Prime Western Blotting 
Detection System (GE healthcare).  The images 
of ECL signals were taken with ImageQuant 00 
image analyzer and analyzed using 
ImageQuant™ TL analysis software (GE 
healthcare). 
 Statistical analysis. The results are 
representative data from three separated 
experiments. Data are presented as the mean ± 
standard deviation (SD) of all three experiments. 

Differences between groups were compared using 
one-way ANOVA and t-test; P values < 0.05 were 
considered significant. All analysis were 
performed using SPSS 17.0 software (SPSS, 
Chicago, IL). 
 

Results 
GLUT1 is overexpressed in CCA tissues. 
The SAGE data indicated that GLUT1 was 
overexpressed in many cancers such as stomach, 
pancreas, and CCA tissues (Figure 1A). GLUT1 
was observed 16 tags per 200,000 tags in 
metastatic nodules and 8 tags per 200,000 tagsin 
primary tumor while normal bile duct was detect 3 
tags per 200,000tags. However, GLUT2 and 
GLUT were not detected in CCA tissues. GLUT3 
was also detected in CCA tissues with 3- tags 
per 200,000tags in theprimary tumor and 
metastatic nodules. Howerver, GLUT3 was not 
detected in thenormal bile duct (Figure 1B).  
GLUT1 is overexpressed in CCA cell lines. 
In the current study, human CCA cell lines, KKU-
213L5 and KKU-21L5, were selected to assess 
the roles of GLUT1 in CCA cells. The expression 
levels of GLUTs in CCA cell lines were 
determined using real time-PCR and western blot.  
Both CCA cell lines expressed GLUT1 with 
different basal levels. GLUT1 was expressed 
higher in KKU-213L5than in KKU-21L5 at mRNA 
level (Figure 2A). However, there was no 
significant difference in protein levels of GLUT1 
between these two cell lines(Figure 2B). 
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Figure 1 Expression levels ofGLUTs in CCA and normal liver tissues.(A)The comparison of GLUT1 

expression from SAGE in normal and cancertissues. (B) GLUTs expression in normal liver, CCA 
primary and secondary tumors. 
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Figure 2 Expression of GLUT1 in CCA cell lines. The expression levels of GLUT1 at(A)mRNAand(B) 

proteinlevels in KKU-213L5 and KKU-21L5 cell lines. 
 
GLUT1 inhibitor, phloretin, inhibits growth of 
CCA cell lines. 
As GLUT1 was overexpressed in both CCA 
tissues and cell lines, we hypothesized that 
GLUT1 may serve as a target for therapy of CCA. 
We,therefore, analyzed the efficacy of GLUT1 
inhibitor, phloretin,on growth of CCA cells.   KKU-
213L5 and KKU-21L5 were treated with various 

concentrations (50-250 μM) of phloretin for 3 
days, and numbers of viable cells were 
determined by MTT assay. Phloretin inhibited 
growth of both CCA cell lines as a dose-
dependent manner compared to the vehicle 
controls (Figure. 3A, B).   Based on the IC50 of 
phloretin, KKU-213L5 was more sensitive to 
phloretinthan  KKU-21L5.  
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Figure 3 Effect of phloretin on cell growth of CCA cell lines.Cell numbers (%) was determined using the MTT 

assay in (A) KKU-213L5 and(B) KKU-21L5 with various concentrationd ofphloretin for 72 h. Cells 
without phloretin was used as control. (C)The IC50 was calculated. 
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Discussion 
Tumor growth and survival are supported 

by the reprogramming of glucose metabolism 
known as Warburg effect. The association of high 
glycolytic rate in cancers and aggressive 
phenotypes has also been reported. Thereby,  
targeting tumor glycolysis is a novel strategy for 
diagnosis and selective anti-cancer therapies. In 
this study, GLUT1 was investigated for their 
possible involvement in CCA progression andthe 
target treatment of CCA. 

Associations between GLUT1 expression 
and tumor aggressiveness have been shownin 
tumor tissues of pancreatic, pulmonary, colorectal, 
hepatocellular, ovarian and squamous cell 
carcinoma.15-19 The overexpressions of GLUT1 in 
CCA tissues were previously reported with varied 
positive percentages, i.e.,81% in Korean CCA 
patients 20,6.3% in intrahepatic CCA9, 58.3% in 
ampular of Vator21 and 76.9% in extrahepatic 
CCA22. 

In this study, GLUT1 was overexpressed in 
primary tumor and metastatic nodules comparing 
with other GLUTs.This suggested that GLUT1 is 
the major glucose transporter in Ov-associated 
CCA. Therefore,GLUT1 may be a potential target 
for CCAtherapy.    

Phloretin is a natural compound occuring 
in apple and apricot and was shown to inhibit 
glucose transporter. The antitumor activity of 
phloretin was reported in liver cancer both in vitro 
and in vivo. Phloretininduced apoptosis in HepG2 
cell line and retarded tumor growth in HepG2 
xenograft mice.10 Here we tested the antitumor 
activity of phloretin in the highly metastatic CCA 
cells, KKU-213L5 and KKU-21L5.Phloretin 
significantly suppressed growth of CCA cell lines 
in adose-dependent manner.  The average IC50of 
phloretin for KKU-213L5 was 117. μM and KKU-

21L5 was 210.5 μM. The anti-tumor efficacy of 
phloretin seems to vary based on cell types and 
the demand of GLUT1 expression.   

GLUT1 may bea good and specific target 
for CCA treatment because it is overexpressed in 
CCA cells and the inhibition of GLUT1 using its 
inhibitor,phloretin, can suppress growth of high 
metastasis CCA cell lines. In conclusion, this 
study enhances the knowledge on the therapeutic 
targets for CCA in which targeting of GLUT1 
maylimit the metastasis of CCA cells and hence 
extend the survival of CCA patients. 
 
Acknowledgements 
This work was supported by the TRF Senior 
Research Scholar Grant to S. Wongkham, 
Thailand Research Fund and Khon Kaen 
University (RTA5780012) and Faculty of Medicine, 
KKU (IN58211).  We would like to thank the TRG 
Researcher grant (TRG5780188) for W. Seubwai 
and Liver Fluke and Cholangiocarcinoma 
Research Center Scholarship for U. 
Thamrongwaranggoon(LFCRC 00/2556).  
 
References 
1. Cardinale V, Semeraro R, Torrice A, Gatto M, 

Napoli C, Bragazzi MC, et al. Intra-hepatic and 
extra-hepatic cholangiocarcinoma: New insight 
into epidemiology and risk factors. World J 
Gastrointest Oncol. 2010;2(11):07-16. 

2. Khan SA, Toledano MB, Taylor-Robinson SD. 
Epidemiology, risk factors, and pathogenesis 
of cholangiocarcinoma. HPB (Oxford). 
2008;10(2):77-82. 

3. Phan LM, Yeung SC, Lee MH. Cancer 
metabolic reprogramming: importance, main 
features, and potentials for precise targeted 



การประชุมวิชาการ “มหาวิทยาลัยมหาสารคามวิจัย ครั้งที่ 12”
The 12th Mahasarakham University Research Conference126 MRC#12 

 
 

anti-cancer therapies. Cancer Biol Med. 
201;11(1):1-19. 

. Warburg O. On the origin of cancer cells. 
Science. 1956;123(3191):309-1. 

5. Ngo H, Tortorella SM, Ververis K, Karagiannis 
TC. The Warburg effect: molecular aspects 
and therapeutic possibilities. Mol. Biol. Rep.. 
2015;2():825-3. 

6. Kato M, Yamamoto S, Takano M, Matsubara 
O, Furuya K. Aberrant expression of the 
mammalian target of rapamycin, hypoxia-
inducible factor-1alpha, and glucose 
transporter 1 in the development of ovarian 
clear-cell adenocarcinoma. Int. J. Gynecol. 
Pathol.. 2012;31(3):25-63. 

7. Alves VA, Pinheiro C, Morais-Santos F, Felipe-
Silva A, Longatto-Filho A, Baltazar F. 
Characterization of monocarboxylate 
transporter activity in hepatocellular carcinoma. 
World J. Gastroenterol.. 201;20(33):11780-7. 

8. Iwamoto M, Kawada K, Nakamoto Y, Itatani Y, 
Inamoto S, Toda K, et al. Regulation of 18F-
FDG accumulation in colorectal cancer cells 
with mutated KRAS. J. Nucl. Med.. 
201;55(12):2038-. 

9. Kubo Y, Aishima S, Tanaka Y, Shindo K, 
Mizuuchi Y, Abe K, et al. Different expression 
of glucose transporters in the progression of 
intrahepatic cholangiocarcinoma. Hum. Pathol.. 
201;5(8):1610-7. 

10. Wu CH, Ho YS, Tsai CY, Wang YJ, Tseng H, 
Wei PL, et al. In vitro and in vivo study of 
phloretin-induced apoptosis in human liver 
cancer cells involving inhibition of type II 
glucose transporter. Int. J. Cancer. 
2009;12(9):2210-9. 

11. Sawanyawisuth K, Wongkham C, Araki N, 
Zhao Q, Riggins GJ, Wongkham S. Serial 

analysis of gene expression reveals promising 
therapeutic targets for liver fluke-associated 
cholangiocarcinoma. Asian Pac. J. Cancer 
Prev. 2012;13 Suppl:89-93. 

12. Mosmann T. Rapid colorimetric assay for 
cellular growth and survival: application to 
proliferation and cytotoxicity assays. J. 
Immunol. Methods. 1983;65(1-2):55-63. 

13. Lowry OH, Rosebrough NJ, Farr AL, Randall 
RJ. Protein measurement with the Folin phenol 
reagent.J. Biol. Chem. 1951;193(1):265-75. 

1. Bolt MW, Mahoney PA. High-efficiency blotting 
of proteins of diverse sizes following sodium 
dodecyl sulfate-polyacrylamide gel 
electrophoresis. Anal. Biochem.. 
1997;27(2):185-92. 

15. Ito T, Noguchi Y, Satoh S, Hayashi H, 
Inayama Y, Kitamura H. Expression of 
facilitative glucose transporter isoforms in lung 
carcinomas: its relation to histologic type, 
differentiation grade, and tumor stage. Mod. 
Pathol.. 1998;11(5):37-3. 

16. Sakashita M, Aoyama N, Minami R, Maekawa 
S, Kuroda K, Shirasaka D, et al. Glut1 
expression in T1 and T2 stage colorectal 
carcinomas: its relationship to 
clinicopathological features. Eur J Cancer. 
2001;37(2):20-9. 

17. Zador S. Correspondence re: Ito T, Noguchi Y, 
Satoh S, Hayashi H, Inayama Y, Kitamura H: 
Expression of facilitative glucose transporter 
isoforms in lung carcinomas: its relation to 
histologic type, differentiation grade, and tumor 
stage. Mod Pathol 1998; 11:37-3. Mod. 
Pathol. 1998;11(11):116. 

18. Ito H, Duxbury M, Zinner MJ, Ashley SW, 
Whang EE. Glucose transporter-1 gene 



การประชุมวิชาการ “มหาวิทยาลัยมหาสารคามวิจัย ครั้งที่ 12”
The 12th Mahasarakham University Research Conference 127MRC#12 

 
 

expression is associated with pancreatic 
cancer invasiveness and MMP-2 activity. 
Surgery. 200;136(3):58-56. 

19. Kunkel M, Moergel M, Stockinger M, Jeong 
JH, Fritz G, Lehr HA, et al. Overexpression of 
GLUT-1 is associated with resistance to 
radiotherapy and adverse prognosis in 
squamous cell carcinoma of the oral cavity. 
Oral Oncol.. 2007;3(8):796-803. 

20. Roh MS, Jeong JS, Kim YH, Kim MC, Hong 
SH. Diagnostic utility of GLUT1 in the 
differential diagnosis of liver carcinomas. 
Hepatogastroenterology. 200;51(59):1315-8. 

21. Kim SJ, Lee HW, Kim DC, Rha SH, Hong SH, 
Jeong JS. Significance of GLUT1 expression 
in adenocarcinoma and adenoma of the 
ampulla of Vater. Pathol. Int. 2008;58():233-8. 

22. Yoon SO, Jeon TJ, Park JS, Ryu YH, Lee JH, 
Yoo JS, et al. Analysis of the roles of glucose 
transporter 1 and hexokinase 2 in the 
metabolism of glucose by extrahepatic bile 
duct cancer cells. Clin Nucl Med. 
2015;0(3):e178-82. 

 
 
 
 


