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Expression of Glucose Transporter Gene in Colorectal Cancer

Suk-Hwan Lee, M.D., Jae-Hoon Park, M.D.l, Yoon-Wha Kim, M.D.!
Soo-Myung Oh, M.D., Choong Yoon, M.D., Hoong-Zae Joo, M.D.
and Kee Hyung Lee, M.D.

Departments of Surgery and 'Anatomical Pathology, Kyung Hee University Hospital, Seoul, Korea

The primary metabolic characteristic of malignant cells is an increased uptake of glucose and its anaerobic glycolysis.
Recent studies have demonstrated that facilitative glucose transport across the plasma membrane is mediated by a family
of proteins, i.e., glucose transporters. Purpose: In order to evaluate the clinicopathologic correlations of glucose
transporter genes expressed in colorectal cancer, the author studied the expression of glucose transporter genes in human
colorectal cancer and analyzed their expression in normal and malignant colorectal tissues. Methods: A reverse
transcriptase-polymerase chain reaction (RT-PCR) was applied to quantitatively determine the levels of the glucose
transporter genes, GLUT1 and GLUT3, from Crohn’s diseases (N=2), adenomatous polyps (N=4), and colorectal cancers
(N=40) and their normal counterparts. Results: The expresssion of the GLUT1 gene was detected in 50% of the
inflammatory colonic mucosae and adenomatous polyp tissues, but the levels of expression were not significantly different
from their normal counterparts. Among the 40 colorectal cancer patients, 23 patients (57.5%) showed GLUT1 gene
expression and the levels of expression were increaed by 1.8 as compared to their normal counterparts (p<0.05). The
expression of the GLUT3 gene was detected in almost all tissues examined, and the levels of expression were not
significantly different from their normal counterparts. In colorectal cancers, there was correlation between GLUT1
expression, the extent of lymph node involvement and the stage of colorectal cancers (p<0.05). But, the correlation
between the expressions of the GLUT3 gene and the clinicopathologic prognostic factors of colorectal cancers could not
be determined because almost all tissues showed a GLUT3 gene expression. Conclusions: In conclusion, the GLUT1
glucose transporter expression in colorectal cancer was associated with high possibilities of lymph node metastases and
poorer prognosis, and the assessment of GLUT1 expression in colorectal cancer would be useful in identifying high risk
patients. (JKSCP 2000;16:57 — 66)

Key Words: Colorectal cancer, Glucose transporter gene, RT-PCR, Prognosis

ofe] 714 Hele] ellvA el BesA v 53] ¢l

M E 29| g AGAZ wif whE oz A PR

Aol stz Qa ofe] 7HA U F 23S

HAZEE TP B AESE AW +AE SleiA T oduAd e Agetd 5o |74 iAgol 2

Aot ek ATGE B EED HAFF(ack-
QIR ol 71e, AEA FulET 271 1WA .

iats o g TEo) s} x3l&o
A dstn BaEme o sHSHME: 130-702) litative t/rfnsf’o“)ﬂ A= ol gk AgkHol
(Tel: 958-8266, Fax: 966-9366) 9 F5EAl(glucose transporter)2hs T ol o)
(E-mail: keehlee@chollian.ne) ks et

B o) 9% 1999W % vt Abal ety 324 A8 HAANNA 6% Fg4eA| S A H(glucose transporter

sl 7ol MEARE - -

g Aaoptn st FRe9) QA nas 2y gene)’h WA glovd A% GLUTI~S, GLUT7e|eh

SPES WRH GLUTES] 745 §AAE deiglont g

57



2 9884 gt 7H AR psuedogene)eh i
YolE geEAES BB AY 2Hd FA¥E
Z 9 2 A% BF ol Aoz deAm

© H=4, =4, FAd
x| &= vhH Aol A= d¥] A (blood-brain barrier)
W], 7+=%, A+, HepG2 hepatoma cell line, €l
3l glolzZ ol 4] Whalx|o] ¥ (erythrocyte type)
gt 3hvh. GLUT3S] 7%, wAAke] w2 A4
2 gl ofg] kA gzAellA Ueh AR g 9]
%2 Y zFolu} dlob] AT we] Lebgeta
©olgla gl A Wahe e v R

Hé , Huntington

o rlo
oft ot T

FEus e olg 74 Ay 94l
2 AR Ykt

YamamotoS°2 4317]9S Aoz 3 o5 =37
GEAS WA QAT A3 iR £ =
2| A GLUTI, GLUT2 % GLUT32] o] Z7}xo]
dolom 8, GLUT2S) 795 22 ATl 2
7bslo] Qrba Baelelel. 2@l GLUT4S GLUTSS)
A 298] 5ol el WA bl delsinl 9
Aol A4S mRNA 23S B4 5 glo] gz
QA ok e aelt AES whE A3
GLUTIZ} GLUT3 §7179] helo] isiao] gl o]

AR

o fr T N O Z o6l 2ot § o

Ei&n?.

S gAlel ol grzAel ey
44 B3 o] SIS E A o) Siek

w3k A fARke] WAL rastt sredd 2 F
¥ A AT transforming growth factor- 8 (©]s} TGF-
B), platelet-derived growth factor (o]} PDGF)%} 72
ARz A ol o] Who] =AF AL slo] AGAEZ
o] qk3t HA o dolA Fedt JTS T L
A ot opA7A AEl AEH o] 1A
B ook ekt

ek HTEel FeElveldAE 2 A HlE
A28 Frbeta e o2 st Hgk F
BB AP} Pl ol FolAn Siek A
GLUT] w8312 D70l W3] YounesE'*S GLU
3} opgere) ¢

15
Harbers "2 GLU

pok

0

(]

—Yi—?i—i

Z13
=

TI
XA Ho|7te] AFRAS Haglom
T1 1+l o] ;HzLoL,] oq]‘87} “‘%HS:
A=A

Aol B AT B 0|4 Aok et o)
Aot zZA oA GLUTI 3 GLUT39] wFd-& 3h7| o+
& Bk glov, WA AU dRRe AF W
Mo w2233k o 50|t}

Aol WA 24 o F GEEA
EAGNA AN OE WA Hol

RN rlo
)
i
rio

Jo
>
O{N

Gedpol] 71 EA Zssieka FeiR GLUTIS)
GLUT39| whdlo] veht=A1 5 A4 Fa Lt
" (reverse transcriptase-polymerase chain reaction, ©]
o RT-PCR)S.Z A% Z43ta, of2] 714 314 el
o4 lFAA S ABAE BA] sl 97
Ael s oiRere] AEHE 54708 BAE Lo}
PEEP e

o8}e
]

ml

iAok skt 40“3«] iy =
of 2k 1798 (42.5%)0] 9o AF ] T 58.543ict

tiAekel f1A]l “} HEE ARG 239%(57.5%),
ZAE 179 42.5%)01 9 o™ QhA| 2] =Z 33 L3}
E(16)0]] w}E X = 353K (well differentiated) 217
(52.5%), % E3}%(moderately well differentiated)
149 (35.0%), #]E3}3t(poorly differentiated) 393 (7.5%),
ZJ Mok mucinous tpye) 19%(2.5%), Q1$FA|E U (signet ring
cell type) 1% (2.5%)°0] %t}

hAere] W71 BEE TNM W7l 254 ol vk,
Ao AEEE TidlE glglo, T27} 57(12.5%),
T37} 349 (85.0%), e8] T47} 1 (2.5%)°| it &=
A Aolojtel wE EX: NO7F 239 (57.5%), Nlo]
107 (25%), N27} 7%8(17.5%)0]Ack. A7 A o] o F+=
MO7} 357 (87.5%)0l . om, g™ 9] d=4 A
o|7} EWHE AWV 7 o]z EkE Mlo] 53 (12.5%) 3
et

7| EEE stage Io] 3%(7.5%), stage 17} 207
(50.0%), stage M7} 1274(30.0%), —L&]iL stage IV7} 5
H(12.5%)°] At

2) 9| F

2L

A+ 23%(57.5%),

rlm _‘EL

Seatol| A 9FH o g AAE == o gHE] kxR

3 Qg2 e i B9 A42Ae A F
& WEY ¥ RNAZ #3538 albd —70°Col Bgks)
i}
A .



3) RNA F£&

05 g9 WY& =235 =4 H7l& AA A ¥
1 ml solution D (250 g Guanidine Isothiocyanate in 293
ml, 17.6 ml of 0.75 M sodium citrate, 26.4 ml 10%

sarcosyl, 0.1 M 2-mercaptoethanol)ol] Yo| z%]-& &3
Al Zt} 100 £12] 2 M sodium acetate (pH 4.0)5 YW1
A 24 ¥ oA 1 mle] B2 E3h9 phenols £

slo] Z1gk&t(vortexing)a}3i et

of7]ol] 200 x12] chloroform/isoamyl alcohol (24 : 1)
& ol 1027 ARERD F Agol 1587 A8
th 158 & 10,000 x g, 4°Coll 4] 2087 A4 Helelo]
gEag B5asieh,

sl AFHat <] isopropanols & =39}
—20°Col| 4] 12417} ¥} % 10,000 X g, 4°Col| 4] 2
QARelo] RNAS AHAZT. 450 el
RNAE 100 £19] 70% ethanol® A|X3 3 Z7] Fof
A 1057k RNA pellette-& gith AAgE RNAE 50 #19]
diethyl pyrocarbonate (DECP)7} ] 2]= distilled waterol]
L8| X719 spectrometer (Ultrospec 3000, LKB Phar-
macia) £ 260 nm&} 280 nme| FP == 7}7F Z2As|o]
RNAS 333} =745 H7HE ¥ RT-PCRS A%
w72 —70°Cel] Hs}ic).

U S o
L
L b P ot

4) cDNA &AM

7t z2 o 2HE o1& RNAS} oilgo (dT)is primerE
ol ele] thed 2 o Feeleinh

1 ng RNAC] 0.5 pg oilgo (dT);s primer, 15 U AMV
reverse transcriptase, 5 X RT buffer (first strand buffer,
Gibco-BRL, CA, USA) 4 x1, 10 mM dNTP mixture 2
zl, RNase inhibitor 1 U/ pl, 25 mM MgCl, 4 ulo]
DECP7} A g%l distilled waterS % 7}slo] E82ko] 20
al HEE Eghele] AdlA 15E7 wAE

o] A%l 2] 69l : ALl A Glucose Transporter Gene] W& 59

42°Col| A 304, 38°CollA] 208 HlX|slo] cDNAE 3HA]
g 3 82°CollA] 1087 Wx|ste] dHARLS] A&
AAlekich. 25 cDNAS B& 3u] 3] 43lo] A
Aol o] g3l3ich

5) GAPDH, GLUTI % GLUT3 primer2| H|Z}

Oligonucleotide synthesizerE- ©]-g%}¢] internal con-
trol?l GAPDH (glyceraldehyde-3-phosphate dehydroge-
nase)9] PCR AlEo| 383 bp2] =77} =& A2+l
o v GLUTIZ} GLUT32| 73%- 747} 172 bp9} 149 bp<)
717} H =% A2l cHTable 1).

6) RT-PCR

BAsRA s $AAE Ue 2e wiew
RT-PCRE F3s}¢dt}. 5’7} 3° primerE Z+7; 5 4l (20
pmole)® Y1 10X amplification buffer (Amplif-Taq
buffer, Perkin-Elmer, CA, USA) 10 x1, Z} oligonucleo-
tide?] % FE7} 1.25 mMo] E|XE dNTP mixture
16 ¢1, template ¢cDNA 1 g1, Taq polymerase 0.5 x1 (10
U/ p), distilled waterS % 7}slo] E82ko] 100 pl7} 5
E5 9t DNA thermocycler (Perkin-Elmer 9600,
CA, USA)E W AJul-2(denaturation) 94°C, 30%, 7 gl
$-(annealing) 58°C, 452, od#E-S(extension) 72°C, 45
27 28, 30, 32, 34 cycle®] PCRS Fef3l9]c}.

7) H2F3H(Quantitation)

B3 A Fa A oAHk-S-H (semi-quantative
RT-PCR)S ]2 8-# 72l GAPDHE U|Xt] % Z(inter-
nal control) . & o]|&3slo] AA=A I =z=A Ao]d
RNAGS iAo Akt & F3-77 A (target
gene)?l GLUTIZ} GLUT3S e AEE wv|ast= W
HOo R 2 PCRY S| A3hE 9l wol o] &= gick

A WzFHAR] GAPDHE ©]&3o] 7] Wi e

Table 1. Oligonucleotide primers for RT-PCR

Primer Sequence Ref*
GAPDH upstream 5’-AACCATGAGAAGTATGACAACAGC-3’ 18
downstream 5’-CTGCTTCACCACCTTCTTGATGTC-3’
GLUTI upstream 5’-GAGCCCAGCAGCAAGCTG-3’ 19
downstream 5’-GGCAGGATGCTCTCCCCATA-3’
GLUT3 upstream 5’-ACCTCAGAGGGTGGGGCATT-3’ 4
downstream 5’-CCAGCTCTGATATTTGCCAT-3’

*Ref = reference number
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Fig. 1. Validation of internal control (GAPDH) PCR products.
The density of PCR products were proportionally
increased with the amount of GAPDH cDNA.
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Fig. 2. Expression of GLUT! gene (172 bp) on various tissue
samples. 10 p1 of RT-PCR products from the patients
with Crohn’s disease (CD), adenomatous polyp (AD),
colorectal cancer (CA) patients and endogenous hou-
sekeeping standard GAPDH (383 bp) were resolved
on 2% agarose gels and stained with ethidium-
bromide. Lane 1, blank control; Lane 2 and 3 were
from different patients and lane 4 ~6 were matched
tissue samples from the same patient with colorectal
cancer. Lane 4, negative for GLUTI gene expression
in both normal (NL) and cancer (CA) tissues; lane 5,
negative for GLUTI gene expression in normal tissue
but positvie for GLUTI gene expression in cancer
tissue; lane 6, positive for GLUTI gene expression in
both normal and cancer tissues.
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Table 2. GLUTI gene expression in patients with colorectal cancer

Normal tissue Lesion
Materials p value
GLUTI/GAPDHN (%) GLUTI/GAPDHN (%)
Colorectal cancer (40) 0.42+0.29 22 (55.0) 0.76 +0.31 23 (57.5) p<0.05
Table 3. GLUT3 gene expression in patients with colorectal cancer
Normal tissue Lesion
Materials p value
GLUT1/GAPDHN (%) GLUT1/GAPDHN (%)
Colorectal cancer (40) 0.76 +0.29 39 (97.5) 0.61+0.17 40 (100.0) N.S.

N.S. = no significance (t-test)
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Fig. 3. Diagram of GLUTI gene expression of colorectal can-
cer patients in normal and cancer tissues. The GLUTI
gene expression of cancer tissues were significantly
increased compared with those of normal tissues
(Pearson correlation coefficiency=0.60, p=0.0001).
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Fig. 4. Expression of GLUT3 gene (149 bp) on various tissue
samples. 10 p1 of RT-PCR products from the patients
with Crohn’s disease (CD), adenomatous polyp (AD),
colorectal cancer (CA) patients and endogenous
housekeeping standard GAPDH (383 bp) were
resolved on 2% agarose gels and stained with
ethidium-bromide. Lane 1, blank control; Lane2,
positive for GLUT3 gene expression in both normal
(NL) and inflammatory lesion (LE); lane 3, positive
for GLUT3 gene expression in both normal (NL) and
adenomatous polyp (LE); lane 4, negative for GLUT3
gene expression in normal tissue (NL) but positvie for
GLUT3 gene expression in cancer tissue (CA); lane
5, positive for GLUT3 gene expression in both normal
(NL) and cancer (CA) tissues.
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frolstAl = ESkeh(Table 3, Fig. 4).
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Fig. 5. Diagram of GLUT3 gene expression of colorectal can-
cer patients in normal and cancer tissues. The
expression of GLUT3 gene between normal and
cancer tissues were not significantly different.

Table 4. Association of GLUTI gene expression with clinicopathological characteristics in patients with colorectal cancers

GLUTI gene expression

Clincopathologic variables No (N=17) Yes (N=23) p value
N (%) N (%)
Age 56.5+12.1 59.7+114 N.S.*
Sex male 8 (47.1) 15 (65.2) N.S.
female 9 (52.9) 8 (34.8)
Location colon 11 (64.7) 12 (52.2) N.S.
rectum 6 (35.5) 11 (47.8)
Degree of differentiation differntiated " 16 (94.1) 19 (82.6) N.S.
undifferentiated 1 (5.9) 4 (17.4)
Depth of invasion Tl & T2 3 (17.6) 2 (8.7) N.S.
T3 & T4 14 (82.4) 21 (91.3)
Extent of lymph node involvement NO 14 (82.4) 9 (39.1) p=0.018
N1 1(5.9) 9 (39.1)
N2 2 (11.7) 5 (21.8)
Distant metastasis MO 16 (94.1) 19 (82.6) N.S.
M1 1 (5.9 4 (17.4)
Stage I &1I 14 (82.4) 9 (17.4) p=0.006
m & IV 3 (17.6) 14 (82.6)

N.S. = no significance; * = t-test; T

ring cell

= well and moderately well differentiated, T poorly differentiated, mucinous and signet
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