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Abstract

AIM: To evaluate the correlation between the level of
F-fluoro-2-deoxyglucose (**F-FDG) uptake and glucose
transporter 1 (GLUT1) expression in colorectal adeno-
carcinoma (CRA).

METHODS: Forty four patients with resected CRA and
preoperative °F-FDG positron emission tomography -
computed tomography data were investigated in this
study. Comparison of maximum standardized uptake
value (SUVmax) of the lesion was made with GLUT1
expression by immunohistochemistry and various clini-
copathologic factors including tumor volume, invasion
depth, gross finding, and lymph node metastasis.

RESULTS: SUVmax was 14.45 = 7.0 in negative GLUT1
expression cases, 15.51 + 5.7 in weak GLUT1 expres-
sion cases, and 16.52 £ 6.8 in strong GLUT1 expres-
sion cases, and there was no correlation between
between GLUT1 expression and SUVmax. SUVmax was
significantly correlated with tumor volume (P < 0.001).
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However, there was no significant differences in SUV-
max and GLUT1 expression among other clinicopatho-
logic factors.

CONCLUSION: GLUT1 expression does not correlates
significantly with '*F-FDG uptake in CRA. *F-FDG up-
take was increased with tumor volume, which is statis-
tically significant.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Cancer cell growth is an energy-related process supported
by increased glucose metabolism!". This uptake is me-
diated by glucose transporter (GLUT) proteins, which
are membrane proteins responsible for the transport of
glucose across cellular membranes. A family of seven
glucose transporters have been cloned”. Among these,
GLUT1 is the best-known basic, high-affinity glucose
transporter, which is restricted to erythrocytes and blood-
tissue barriers such as the blood-brain and blood-nerve
barriers, in most normal tissues™. It has long been rec-
ognized that cancer cells have increased rates of glucose
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metabolism compared with normal cells”!. Increased
GLUT1 expression has been described in many cancers,
including breast, lung, kidney, urinary bladder, stomach,
colorectum, endometrium, thyroid, head and neck, liver,
ovary, salivary gland, and prostate cancer” due to a high
metabolic rate and fast growth environment, but, gener-
ally absent in benign epithelial tissues. The expression
of GLUT1 thus would appear to be a potential marker
for malignant transformation, and the degree of tumor
GLUT1 expression might correlate with biologic behav-
ior in individual patients'”.

Positron emission tomography (PET) using "°F-
fluoro-2-deoxyglucose (FDG) is a rapidly developing
functional-imaging modality that has shown great prom-
ise in the fields of primary, recurrent and metastatic tu-
mor detection, planning and monitoring therapy"'?. The
cellular mechanism underlying the increased "F-FDG
accumulation in malignant tumors is associated with a
higher rate of phosphorylation and diminished rate of
dephosphorylation of intracellular phosphorylated glu-
cose, a higher rate of glucose transport across the cell
membrane, and higher activity of hexokinase!”. There
have been several studies about possible associations of
GLUT1 expression with other clinicopathologic param-
eters and "F-FDG PET findings in several cancers, such
as carcinoma of lung, pancreas, and breast. However,
to the best of our knowledge, it has not been elucidated
in colorectal adenocarcinoma (CRA). Therefore, we con-
ducted a prospective study to determine the association
between GLUT1 expression and the maximum standard-
ized uptake values (SUVmax) obtained from "F-FDG
PET scans. The relationship between GLUT1 and SUVs
with other clinicopathologic factors was also evaluated.
Additionally, we evaluated a difference in GLUT1 expres-
sion between adenoma and carcinoma in the colorectum.

MATERIALS AND METHODS

Patients

Among patients who had FDG-PET examination and
underwent curative surgery for CRA at Chosun Uni-
versity Hospital from January 2007 to December 2010,
the present study was conducted on a non-consecutive
series of 44 patients where paraffin embedded tissues
were relatively well preserved and complete medical

records were present. Patients who underwent preop-
erative chemoradiotherapy and emergency surgery, and
patients who had evidence of hereditary non-polyposis
colorectal cancer or familial adenomatous polyposis were
excluded from the study. The various clinicopathological
parameters of the patients were confirmed by review-
ing the patient medical records and pathology files. The
relationship between clinicopathological parameters for
the patients and the immunohistochemical findings with
survival was investigated for all 44 patients. Additionally,
there were 27 adenomatous cases, including 15 cases of

tubular adenoma (TA), 7 villous adenomas (VA), and 5
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tubulo-villous adenomas (T'VA).

Histopathological analysis

Microscopic examination: each tumor was re-evaluated
by retrospective analysis of the medical records and the
tissue slide files of the Department of Pathology. Age,
gender, tumor size, histological subtypes and the degree
of differentiation, the depth of tumor invasion, the status
of lymph node metastases and the presence of a distant
metastasis were assessed. Stage was defined according to
the TNM staging system of the American Joint Commit-
tee on Cancer'. The examined tissues were fixed in 10%
neutral formalin, and the prepared paraffin embedded
tissues were sectioned 4-5 pum in thickness. Hematoxylin
and eosin staining was performed, and the sections were
examined under a light microscope. A representative area
suitable for the study purpose was selected, and slides
were prepared for immunohistochemical analysis.

Immunohistochemical staining

All of the specimens in this study were tested using a
gout polyclonal antibody against GLUT1 (Abcam) ac-
cording to the manufacturer’s protocol. Immunolocal-
ization was performed using the mouse ImmunoCruz
Staining System: sc-2050 (Santa Cruz Biotechnology),
according to the manufacturer’s protocol. The staining
process was performed according to a standard proto-
col. Briefly, the 4 um sections that were obtained after
formalin fixation and paraffin embedding were deparaf-
finized in xylene and were then rehydrated with distilled
water through a graded series of ethanol solutions. The
sections were then placed in a glass jar with 10 mmol/L
citrate buffer (pH 6.0) and were irradiated in a microwave
oven for 15 min. The sections were allowed to cool in the
jat at room temperature for 20 min. The slides were then
rinsed with Tris buffered saline (IBS). A blocking reagent
was added for 10 min after quenching the endogenous
peroxidase activity in 0.3% hydrogen peroxide for 10
min. The slides were then washed as described previously,
and the slides were subsequently subjected to the primary
antibody reaction. Immunohistochemistry was performed
on the Nexes ES (Ventana, Tucson, AZ). Slides were
incubated with the antibodies for 32 min. The Ventana
basic DAB detection kit (catalog No. 760-001) was the
secondary detection method. This includes biotinylated
immunoglobulin secondary antibody, containing affinity
putified goat-antimouse IgG and IgM (b200 lg/ml.) and
goat-antirabbit IgG (b200 lg/mL) in phosphate buffer
with preservative. Incubation was for 8 min. This was fol-
lowed by conjugated streptavidin horseradish peroxidase.
Slides were counterstained with hematoxylin (Ventana

catalog No. 760-2021).

Analysis and interpretation of staining

GLUT1 immunostaining was quantified by grading the
proportion of cells that were GLUT1 positive. Cells
showing strong and distinctive membranous immuno-
reactivity for GLUT1 were considered positive. Cyto-
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Table 1 Summary of clinicopathologic factors of adenocar-
cinoma

Table 2 Relation between glucose transporter 1 expression/

maximum standardized uptake values and dinicopathologic parameters

Characteristics n (%)
Age (yr)

<50 7 (15.9)

BIS6Y) 7 (15.9)

60~69 10 (22.7)

=70 20 (45.5)
Sex

Male 24 (54.5)

Female 20 (45.5)
Pathologic tumor classification (pT)

pT1 2 (4.5)

pT2 5(11.4)

pT3 35 (79.6)

pT4 2 (4.5)
Pathologic lymph node classification

pNO 26 (59.1)

pN1 17 (38.6)

pN2 1(23)
Metastasis classification (M)

MO 42 (95.5)

M1 2 (4.5)
Gross type

I (polypoid) 8 (18.2)

I (ulcerative) 17 (38.6)

II (infiltrative) 19 (43.2)

plasmic staining, including a supra nuclear dot pattern or
nuclear staining, was regarded as negativem. The degree
of GLUT1 immunostaining of a specimen was graded
according to the proportion of GLUT1-positive cells in it
(weakly positive, < 10%; moderately positive, 10%-50%;
strongly positive, > 50%)".

Statistical analysis

The mean with standard deviation (SD) was calculated for
the longest tumor diameter and SUVmax. Mann-Whitney
U or Kruskal-Wallis test was used to assess differences
in the levels of SUVmax and in the staining scores of
GLUT1 between the groups. Correlations between SUV-
max and GLUT1 expressions and between SUVmax and
tumor diameter were analyzed by Spearman’s rank test.
A value of P < 0.05 was considered as statistically signifi-
cant. The SPSS statistics 17.0 program (SPSS, Korea) was
used for statistical evaluation.

RESULTS

The clinical characteristics of the patients are summa-
rized in Table 1. The average age at the time of surgery
was 05.73 years and the ratio of male to female pat-
ticipants was 24:20 (54.5%:45.5%). Mean tumor size
was 18.92 ¢cm, and mean SUVmax value was 15.47. In
normal epithelium, specific GLUT1 expression was not
observed. As expected, erythrocyte membranes were
strongly GLUT1 positive. In adenoma cases, GLUT1
expression was absent in 23 cases (85.1%) and weakly
positive in 4 cases, which were one VA and 3 TVAs. The
positive rate of GLUT1 expression was significantly dif-
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Clinicopathologic n GLUT1 expression’ SUVmax
factors )
0 1 2 P value Medium P value
T stage
T1 2 2 0 0 0.282 6 0.108
T2 5 1 2 2 15.1
jlig, 185 12 10 13 24.22
T4 2 2 0 0 17.5
N stage
NO 26 10 7 9 20.3
N1 17 6 5 6 0.795 25.09 0.346
N2 1 1 0 0 12
Gross type
I (polypoid) 8 8 4 1 19.94
II (ulcerative) 17 7 8] 7 0.473 2494 0.496
I (infiltrative) 19 7 5 7 20.39
Tumor size 19.59 28.71 20.83 0.14 0.002*

(median)

'GLUT1 expression; “Statistically significant, P < 0.05. 0: Negative or weak;
1: Moderate; 2: Strong expression. GLUT: Glucose transporter; SUVmax:
Maximum standardized uptake values.

ferent (P = 0.008) among the TA, VA, and TVA. Of 44
cases of CRA, 91% had specific GLUT1 immunostain-
ing in the plasma membrane. The extent of expression
varied greatly. Of immunopositive cases, 13 cases (29.5%)
showed weak staining (< 10% of tumor cells), 12 cases
(27.3%) moderate staining (10%-50% of tumor cells),
and 15 cases (34.1%) strong expression (> 50% of tumor
cells), which were significantly different from adenoma-
tous cases (P < 0.001). In cancer tissue, GLUT1 is usually
strongly positive in the center of the necrotic and infil-
trative areas (Figure 1). Concerning correlation between
GLUT1 expression and SUVmax in PET, the mean
SUVmax was 14.45 £ 7.0 in negative GLUT1 expression
cases, 15.51 = 5.7 in weak GLUT1 expression cases, and
16.52 £ 6.8 in strong GLUT1 expression cases, and there
was no significant correlation between GLUT1 expres-
sion and SUVmax. SUVmax was significantly correlated
with tumor volume (P = 0.002). However, GLUT1 ex-
pression did not correlate with tumor size. There was no
significant difference in SUVmax and GLUT1 expression
among other clinicopathologic factors including invasion

depth, lymph node metastasis and gross type (Table 2).

DISCUSSION

Among Gluts, Glut-1 and Glut-3 have been proven to
show overexpression in both messenger RNA and pro-
tein in a variety of cancer cells"""". Therefore, Glut-1
and Glut-3 may play an important role in glucose uptake
by these cancers and could be useful biomarkers for
malignant transformation'. We herein demonstrate that
GLUT1 protein expression is a marker for malignant
transformation in CRA. For CRA, an initial report showed
increased expression of GLUT1 mRNA compared with
normal colon'"”, and GLUT1 immunostaining was sub-
sequently demonstrated in seven of nine colorectal carci-
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Figure 1 Glucose transporter 1 expression in normal colonic epithelium, adenomas and adenocarcinomas. A: No glucose transporter 1 (GLUT1) expression
in tubular adenoma (star) and normal epithelium (arrow), while immunostaining in erythrocytes; B and C: GLUT1 immunostaining in the villous adenoma (B, arrow:
Expression at the tip of villous frond); D: Colorectal adenocarcinoma with strong GLUT1 expression; E and F: More strong expression at the infiltrative border (E) and

necrotic center (F).

nomas””. A recent study of 53 colon carcinomas demon-
strated the presence of GLUT1 immunostaining in 83%,
and a higher degree of GLUT1 expression correlated with
the presence of lymph node metastases” . The greater
degree of GLUT1 expression in these tumors most likely
reflects a greater enhancement of glycolytic metabolism in
the more malignant tumors. It has recently been reported
that GLUT1 (and/or GLUT3 expression) correlates with
poor prognosis and tumor aggressiveness in carcinomas
of the lung and bladder, and in squamous cell carcinoma
of the head and neck™*., Although the present study did
not show these results, these data suggest the possibility
that tumors with absent GLUT1 staining might express
another GLUT iso-form such as GLLUT?3, which also
might be associated with poor prognosism].

In the present study, the normal and most adenoma-
tous colorectal mucosa did not express GLUT1 protein.
In benign colorectal neoplasms, GLUT1 expression was
absent in TA, and in VA and TVA, there was only rare fo-
cal staining at the tips of villous fronds. These results are
consistent with a recent report that some VAs have very
limited focal GLUT1 expression. GLUT1 expression in
VA is consistent with the concept that GLUT1 is a marker
of neoplastic progression in the colon, because it is this
subtype of colonic adenoma that is believed to have the
greatest potential for malignant transformation'”.

In cancer tissue, GLUT1 is usually strongly positive in
the luminal border and center of the necrotic and infiltra-
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tive areas. Rapid proliferation relative to vascular support
exposes tumor cells to persistent hypoxic conditions with
potential necrotic or apoptotic effects”. Malignant cells,
however, can undergo genetic and adaptive changes that
allow them to avoid oxygen deprivation-induced death.
One of these changes is an increased uptake of glucose
and other sugars compared with normal cells”. Tn nor-
mal human small intestinal villi, the tips of villi may be a
site of relative hypoxia['%]. Because hypoxia is known to
stimulate glycolysis and GLUT1 expressionm], the local-
ization of GLUT1 immunostaining to this site in VAs also
might reflect an adaptation to enhanced local glycolytic
demand"”.

Two possible mechanisms may explain the activation
of GLUTT gene expression in CRA and other malignan-
cies”. First, increased glycolysis and concomitant GLUT1
expression may be a constitutive feature of the malignant
phenotype in many cancers. This is consistent with ob-
servations that transformation of cultured cells with ras
or src oncogenes induces increased glucose uptake and
GLUT1 cxpression[zs’z()]. Second, local hypoxia in the tu-
mor microenvironment may result in an adaptive increase
in glycolytic metabolism and GLUT1 exprcssionm. The
latter mechanism is also demonstrated in the present
study; GLUT1 tended to be expressed stronger at the
luminal border and center of tumor nests, increasing with
distance from stromal blood vessels.

Higher levels of GLUT1 expression in neoplastic tis-
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sue reflect an increased glycolytic metabolism™. In previ-
ous studies of CRA, a high level of GLUT1 expression
was significantly associated with the presence of lymph
node metastases”! and poorer prognosism. These stud-
ies suggested that the expression of GLUT1 could be a
matker for malignant potential. In our study, the analysis
of the association between GLUT1 expression and other
clinicopathologic parameters did not show any significant
correlation. These results differ from those of previously
published data for other tumors®™"*, but they are com-
patible with the results of Avril ez @™ for breast cancer.
In a study by Haber e a/”, the proportion of GLUT1
staining did not correlate with Dukes’ stage of the CRA,
but Sakashita ez 2™ demonstrated that in 'T1 and T2 stage
CRA, GLUT1 expression correlated with Duke stage.
The discrepancy between the two studies could have been
caused by differences in the clinical characteristics of the
subjects enrolled. Habers study included only 6 Dukes’
A cases and all other cases were more advanced, while
Sakashita’s study analysed only T1 and T2 stage cases.
So, Sakashita ¢ @/ speculated as follows: in early-stage
carcinomas GLUT1 positivity is low, but correlates with
the depth of the lesion. In contrast, in the more advanced
stages, the tumor cells already show high GLUT expres-
sion, and no further increase of GLUT1 expression oc-
curs, even when the cancer invades more deeply.

Cancer cells have higher rates of glucose metabolism
than normal cells. Malignant tissues typically demonstrat-
ed higher "F-FDG uptake than benign lesions and nor-
mal tissue™. PET-CT using "*F-FDG has been known
to be a useful tool for several malignant tumors. Several
immunohistochemical studies have demonstrated overex-
pression of GLUT1 in human malignancy and a correla-
tion between GLUT1 expression and neoplastic progres-
sion”. The overexpression of GLUT1 in human cancers
has been reported to be closely related to "BF-FDG
uptake on PET-CT". Another report, however, showed
no relation between GLUT1 expression and "F-FDG
uptake on PET™ and there is a controversial report that
did not demonstrate a statistically significant correlation
between GLUT1 expression and FDG uptakepsj.

In present study "F-FDG uptake related to tumor
size, whereas GLUT1 frequency did not. Brown e# /™
had mentioned that "F-FDG uptake and GLUT1 expres-
sion appeared to be associated with tumor size, but our
data did not support their findings. Tumor size is one of
the most important factors affecting the SUVmax"". The
"F-FDG uptake might be influenced by the total amount
of glucose uptake into the tumor. Therefore, the larger
a carcinoma is, the higher is the "F-FDG uptake by the
carcinoma shown on the PET scan. It is well known that
SUVmax has a lower than “real” value when the tumor
size is < 20 mm because of the limited resolution of cur-
rent PET scanners” ", In contrast, GLUT1 staining is
examined through a microscope, and GLUT1 frequency
is determined microscopically. Therefore, GLUT1 fre-
quency shows microscopic activity of glucose uptake into
the tumor and is influenced by cell type, cellularity, and
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pathological structure”. At the result, GLUT1 frequency
would not be related to tumor size. GLUT1 expression
could become strongly positive even in small carcinomas
with high cellular density or metabolic activity.

In conclusion, in contrast to other malignant tumor
such as lung cancer™, squamous cell carcinoma of the
cervix'! and head and neck cancer™”, and cholangiocar-
cinoma™!, GLUT1 expression did not correlate signifi-
cantly with ""F-FDG uptake and other clinicopathologic
parameters in CRA, which suggests that overexpression
of GLUT1 cannot fully explain the biologic behavior of
CRA. The “F-FDG uptake was significantly correlated
with tumor size only. We identified that GLUT1 is usually
strongly positive in the center of the necrotic and infil-
trative areas in colorectal cancer. Although overexpres-
sion of GLUT1 is very important for *F-FDG uptake
in cancer cells, further investigations should evaluate the
contributions of other factors concerning tumor hypoxia
and glucose metabolism.
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