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ARTICLE INFO ABSTRACT

Background: Hepatitis C virus [HCV] is a major public health concern. Hepatocellular carcinoma
[HCC] is one of the most fatal cancers in humans with rising incidence in many regions around the
world. Glucose is the major source of energy for cells. Cancer cells are known to have increased
glucose uptake and enhanced glycolytic metabolism. Glucose transporter 1 [GLUT1] is a rate-
limiting transporter for glucose uptake, and its expression correlates with glycolysis. GLUT1 is over
expressed in many human cancers including HCC.
Results: GLUT1 expression was detected in 85.7%, 83.3% and 50% of HCC, dysplasia and peri-
malignant groups respectively. GLUT1 expression was mainly expressed as membranous staining in
all studied groups; however cytoplasmic and nuclear expression were also detected. Marked
intensity staining was detected only in HCC group while mild intensity predominated in peri-
malignant group. Mean percentage of GLUT1 positive hepatocytes increased significantly in HCC
group than in other groups and increased with rising in HCC grade. Patchy pattern of GLUT1
expression predominates in all groups.
Conclusion: GLUT1 lower expression in peri-malignant tissue and its higher expression in
dysplastic lesions and sustained expression in hepatocellular carcinoma indicates that changes in
GLUT1 levels represent early events during the development of hepatocellular carcinoma. So
GLUT1 can be a reliable marker in the diagnosis of premalignant lesions associated with HCV
infection, and usage of antagonists to GLUT1 can regulate tumor metabolism and inhibit the
progression of chronic liver disease to hepatocellular carcinoma.

INTRODUCTION
Chronic liver infection by hepatitis C virus [HCV] is a major
public health concern and is considered one of the leading
causes of liver disease worldwide. It afflicts more than 170
million people around the world with approximately 55–85%
of will develop chronic HCV infection. Of those with chronic
HCV infection, the risk of cirrhosis of the liver is between 15–
30% within 20 years [1]. Approximately 700 000 people die
each year from hepatitis C-related liver diseases [2]. Liver
cirrhosis is the main predisposing condition for developing
HCC. Once HCV-related cirrhosis is established; HCC
develops within 25–30 years [3]. Recently, successful
eradication of the virus has been associated with development
of direct antiviral agents [DAA] from 2014 onwards. These
medicines are much more effective, safer and better-tolerated
than the older therapies [1], with impressive responses in

patients with compensated and decompensated cirrhosis [4].
However, the high costs of these drugs limit their availability
worldwide [5].

Liver cancer is the fifth most common cancer in men
worldwide and the seventh in women [3] and is ranked as the
second most frequent cause of cancer death in men and the
sixth in women [6]. Among primary liver cancers, HCC
represents the major histological subtype, accounts for 85%-
90% of primary liver cancers [7]. HCV is the most important
risk factor for HCC, since epidemiological studies have shown
up to 70% of patients with HCC have anti-HCV antibody in the
serum [8].

Egypt has the highest burden of the HCV in the world with
prevalence can be around 14.7% of the population [9]. In
addition, Egypt has rising rates of HCC that has been
associated with increased prevalence of HCV infection [10].
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HCC constitutes 70.48% of all liver tumors among Egyptians
[11] [Mokhtar et al., 2007] and represents the main
complication of cirrhosis with about 21% of cirrhotic patients
at risk of developing HCC [12].

The glucose transporter [GLUT] families are composed of 14
members whereby mostly all are expressed in cell membranes
of different cells. GLUT1 being the first discovered member
[13].

GLUT1 is a key rate-limiting factor in the transport and
metabolism of glucose in cancer cells. Its expression is
primarily undetectable in normal epithelial tissues and benign
epithelial tumors. However, it is overexpressed in a significant
proportion of human carcinomas [14,15]. Cancer cells show
increased uptake of glucose compared to normal tissue and
GLUT1 is responsible for the passive transport of glucose
across the cell membrane [16].

Hepatocytes play an important role in maintaining plasma
glucose homeostasis by adjusting the balance between hepatic
glucose production and utilization [17]. There is higher glucose
uptake in HCC cell lines as compared with normal liver cells
[18]. A rapid increase in glucose consumption helps in the
distribution of energy that is necessary for the tumor cell´s
proliferation. GLUT1 expression apparently has significant
clinical function in several tumors including HCC [19].

Hypoxia has been shown to have a role in the pathogenesis of
several forms of liver disease [20], moreover hypoxia results in
an increased transcription of the GLUT1 gene, so it has been
suggested that GLUT1 might represent an intrinsic marker of
hypoxia [21].

The aim of this study was to assess hepatic tissue expression of
glucose transporter [GLUT1] in HCC lesions of post-hepatitis
C virus pathogenesis and the adjacent peri-malignant tissue.

MATERIAL AND METHODS
Groups

This study was conducted on 42 archival specimens for partial
hepatectomy paraffin blocks taken from patients at Pathology
Department, Theodor Bilharz Research Institute [TBRI], Giza,
Egypt. Biopsy materials were taken from the malignant and
peri-malignant liver tissue [42 biopsies each]. During
histopathological examination of peri-malignant tissue, 6 cases
of liver cell dysplasia were detected, and were included as
separate group in the current study.

The specimens were histopathologically classified into:
Group 1: Hepatocellular carcinoma [HCC]; 42 cases.
Group 2: Dysplasia cases; 6 cases.
Group 3: Peri-malignant tissue surrounding HCC; 42 cases.
Histological Study

Five microns serial sections from paraffin blocks were stained
with Hematoxylin/eosin; and Masson trichrome to be examined
for routine histopathological diagnosis.
Degree of chronic hepatitis C viral disease necro-inflammation
[activity] and stage of fibrosis were scored in the peri-
malignant sections according to French METAVIR scoring
system [22], 1994

Grade of hepatitis activity; based on amount of inflammation:

A1 = mild activity, A2 = moderate activity, A3 = severe
activity.

Stage of fibrosis; representing amount of fibrosis or scarring:
F1 = portal fibrosis without septa, F2 = portal fibrosis with few
septa, F3 = numerous septa without cirrhosis, F4 = cirrhosis.

HCC grade was done according to the WHO classification of
tumors of the digestive system [23].
Grade 1= [well differentiated], Grade 2= [Moderately
differentiated], Grade 3= [Poorly differentiated].
Immunohistochemical technique

Formalin-fixed paraffin sections [5µm in thickness] were cut.
Sections undergo deparaffinization, rehydration. Endogenous
peroxidase was blocked with methanol containing 3%
hydrogen peroxide. Antigen retrieval was performed by
microwaving the sections in citrate buffer, pH 6.0. Sections
were incubated overnight at 4oC in humid chamber with the
primary antibodies. GLUT1 monoclonal antibody [Abcam
41525, Cambridge, USA] at an optimal dilution of 1:100, with
application of ultravision detection system HRP Polymer. The
antigen was localized by the addition of DAB substrate
chromogen solution [Thermo Fisher Scientific, UK]. Finally,
slides were counterstained with hematoxylin, dehydrated in
alcohol and mounted.

For each setting, positive and negative control slides were
included within each session. As a negative control, liver core
biopsy was processed in the above mentioned sequences but
the primary antibody was not added and instead PBS was
added in this step. Positive staining of red blood cells and
perineurium of nerves were used as internal positive control.

Interpretation of Immunostaining

All immunostained slides were assessed and scored. The
sections were examined by using light microscope [Scope A1,
Axio, Zeiss, Germay]. Photomicrographs were taken using a
microscope-camera [AxioCam, MRc5, Zeiss, Germany].
Immunopositivity was indicated by brownish cytoplasmic
staining., both extent [on the basis of the percentage of positive
cells evaluated in 10 microscopic fields at power X400 in each
section] and intensity of immunostaining [weak, moderate or
marked] were evaluated.

Statistical analysis

Data were summarized as percentage and means±standard
deviation. They were analyzed using SPSS version 20 [IBM
Corporation, Armonk, New York, USA]. T-test and ANOVA
[analysis of variance] tests were used for quantitative variables
and Pearson's Chi square test for percentage differences with P-
value <0.05 was considered significant.

RESULTS
Our study included 84 biopsy materials from cases of partial
hepatectomy done for patients suffering of hepatocellular
carcinoma. 25 of these patients were males and 17 were
females. The mean age of studied cases of male sex
[54.79±7.59 years] was significantly higher than that of female
patients [48.57±9.08 years] [p<0.01].

Studied lesions were categorized into 3 main groups according
to histopathological examination; peri-malignant [chronic
hepatitis C] [Fig. 1-a,b],
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Fig.(a): Section in case of chronic hepatitis C, showing remarkable macrovesicular steatosis and portal lymphocytic infiltration (H&E stain, X200). Fig.(b):
Section in case of chronic hepatitis C shows marked portal fibrosis and a cirrhotic nodule in the center. (Masson's trichrome stain,X100). Fig.(c): Section in
Hepatocellular carcinoma (HCC) of low grade showing focal acinar formation. (H&E stain, X200). Fig.(d): Section in Hepatocellular carcinoma(HCC)
showing clear cell pattern. (H&E stain, Fig.(e): Section in case of Chronic hepatitis C with cirrhosis, showing negative staining for GLUT1 in hepatocytes of
the nodule (upper left) and mild patchy positivity in the nearby  tissue (lower right) (Immunohistochemistry "IHC" using anti-GLUT1 monoclonal antibody
and DAB, X50). Fig.(f): Section in case of Chronic hepatitis C with marked steatosis, showing negative staining for GLUT1 in hepatocytes
(Immunohistochemistry "IHC" using anti-GLUT1 monoclonal antibody and DAB, X100). Fig.(g): Section in chronic hepatitis C showing mild diffuse
membranous positivity for GLUT1. (IHC for GLUT1-DAB, X100) Fig.(h): Higher magnification from last section showing  membranous positivity for
GLUT1. (IHC for GLUT1-DAB, 200) Fig. (i): Section of liver cell dysplasia showing diffuse moderate membranous positivity for GLUT1. (IHC for GLUT1-
DAB, 100) Fig. (j): Higher magnification from the previous section of liver cell dysplasia showing moderate membranous positivity for GLUT1. (IHC for
GLUT1-DAB, 200) Fig. (k): Section in low grade HCC showing dense membranous positivity for GLUT1.  (IHC for GLUT1-DAB, 200) Fig. (l): Section in
grade 2 HCC showing dense membranous positivity for GLUT1.  (IHC fo GLUT1-DAB, 200) Fig. (m): Section in grade 3 HCC showing dense membrano-
cytopasmic positivity for GLUT1. (IHC for GLUT1-DAB, 100). Fig. (n): Higher magnification from previous section showing dense membrano-cytoplasmic
positivity for GLUT1.  (IHC for GLUT1-DAB, 400). Fig. (o): Section in low grade HCC showing nuclear positivity for GLUT1.  (IHC for GLUT1-DAB, 200)
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liver cell dysplasia and malignant [HCC] [Fig. 1 c,d]. We
found that 50% of peri-malignant tissue biopsies were positive
for GLUT1 expression, while dysplasia showed 83.3%
positivity and HCC biopsies showed 85.7% positivity.

Most cases of peri-malignant group showed mild and moderate
intensity of GLUT1 expression [Fig. 1e,g,h]. On the other
hand, most cases of HCC showed moderate and marked
intensity of GLUT1 expression [Fig. 1k-n]. Cases of dysplasia
showed mild and moderate intensity of GLUT1 expression
[Fig. 1i,j]. Pearson Chi-Square showed non-significant
difference between studied groups [Table 1].

Most studied lesions showed patchy distribution [66.7%],
however, peri-malignant tissues showed also a reasonable
percentage of central distribution [21.4%], with significant
difference between groups [p<0.05] [Table 2] [Fig 1,e].

All examined lesions showed mostly membranous localization
of GLUT1 expression [Fig. 1g-l]. Peri-malignant tissue showed
in addition some cases with nucleo-cytoplasmic and
perinuclear expression. HCC cases showed also smaller
percentage of variable combinations of cellular localization
concerning GLUT1 expression [Fig. 1m-o]. The difference
between groups is statistically significant [p<0.001] [Table 3].

As regard the percentage of GLUT1 expression in different
studied groups, we found that HCC cases showed the highest
percentage of cellular expression of GLUT1, with significant
difference with both the peri-malignant and the dysplastic liver
tissue sections with significant difference between groups
[p<0.001] [Graph 1]

We found also that positive and negative cases of GLUT1
expression were equally distributed in cirrhotic and fibrotic
lesions of peri-malignant liver tissue.[p>0.05] [Fig. 1e-h].

There was no significant difference in the distribution of
examined peri-malignant tissue as regards the intensity of
GLUT1 expression between the stages of fibrosis and cirrhosis
[p>0.05].[Table 4].

There was a significant inverse correlation between both the
percentage and intensity of GLUT1expression with the
percentage of steatosis in peri-malignant tissue [p<0.01 and
p<0.05 respectively]. However, there was no obvious
correlation between both parameters of GLUT1 expression and
both of the hepatitis activity index or the stage of fibrosis
[Table 5].

Table 1 GLUT1 Expression in different examined lesions

GLUT1 Expression INTENSITY Score Total
negative positive +1 +2 +3

Lesion

Peri-malignant
Count 21a 21b 21a 15a 6a 42

% 50.0% 50.0% 50.0% 35.7% 14.3% 100.0%

dysplasia
Count 1a 5a 3a 3a 0a 6

% 16.7% 83.3% 50.0% 50.0% 0.0% 100.0%

HCC
Count 6a 36b 12a 15a, b 15b 42

% 14.3% 85.7% 28.6% 35.7% 35.7% 100.0%

Total
Count 28 62 36 33 21 90

% 31.1% 68.9% 40.0% 36.7% 23.3% 100.0%
Each subscript letter denotes a subset of POSITIVE/NEGATIVE categories whose column proportions

do not differ significantly from each other at the .05 level.

Pearson Chi-Square test shows a significant difference  between examined groups [p<0.01]

Table 2 Distribution of GLUT1 positivity in examined cases

DISTRIBUTION
Total

acinar central diffuse patchy

Lesions

Peri-malignant
Count 0a, b 9b 3a 30a, b 42

% 0.0% 21.4% 7.1% 71.4% 100.0%

dysplasia
Count 0a 0a 0a 6a 6

% 0.0% 0.0% 0.0% 100.0% 100.0%

HCC
Count 3a, b, c 3c 12b 24a, c 42

% 7.1% 7.1% 28.6% 57.1% 100.0%

Total
Count 3 12 15 60 90

% 3.3% 13.3% 16.7% 66.7% 100.0%
Each subscript letter denotes a subset of DISTRIBUTION categories whose column proportions do

not differ significantly from each other at the .05 level.

Table 3 Differences in cellular localization of GLUT1 expression in studied lesions

Cellular Localization*
C/M/N M M/C N Total

Lesions

Peri-malignant
Count 3a, b 36b 0a 3a, b 42

% 7.1% 85.7% 0.0% 7.1% 100.0%

dysplasia
Count 0a 6a 0a 0a 6

% 0.0% 100.0% 0.0% 0.0% 100.0%

HCC
Count 9a, b 15b 12a 6a, b 42

21.4% 35.7% 28.6% 14.3% 100.0%

Total
Count 12 57 12 9 90

% 13.3% 63.3% 13.3% 10.0% 100.0%

*[C: cytoplasmic, M: membranous N:nuclear]
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The fibrotic group showed non-significantly higher percentage
of GLUT1 expression than the cirrhotic group. [p>0.05] [Graph
2].

There was a progressive increase in the percentage of cellular
expression of GLUT1 from dysplasia to malignancy; being the
lowest in dysplasia and highest in grade 3 HCC with significant
difference between groups by ANOVA [p<0.01]. [Graph 3].

We have studied also the sensitivity and specificity of GLUT1
as regard detection of malignancy in peri-malignant and HCC
cases. We found that the sensitivity was 87.5% and specificity
was 66.67%.

DISCUSSION
HCV is a major global cause of liver disease [24]. Egypt has
the highest burden of the HCV in the world with prevalence
rate as high as14.7%. In Egypt, liver cancer forms 1.68% of the
total malignancies. HCC constitutes 70.48% of all liver tumors
among Egyptians [11].

Hypoxia is a hallmark of various cancers and is often
associated with disease progression. Tumors respond to
hypoxic conditions by activating genes that regulate glycolysis
and glucose transport including GLUT1 [25].

In our studied groups, GLUT1 was expressed mainly as
membranous staining; however, membrano-cytoplasmic,
nucleo-cytoplasmic and nuclear stainings were also seen. This
finding is consistent with data reported by Mano et al [26];
Izuishi et al [27] and Amann et al [28] who found strong
membranous stain in their HCC cases, and with findings of
Roh et al [29] who found variable cytoplasmic GLUT1
expression in HCC. Additionally, Taganaka and Frommer [30]
explained GLUT1cytoplasmic expression as GLUTs mediate
endoplasmic reticulum glucose transport en route to the plasma
membrane.

Predominance of membranous staining in benign lesions is
related to hypoxia, which is often associated with disease
progression and has been shown to result in translocation of
GLUT1 to the plasma membrane as well as activation of
preexisting GLUT1 in the plasma membrane [31].

To our knowledge nuclear location of GLUT1 has not been
reported previously except in a study conducted by Pantaleon

Graph 1 Difference in cellular percentage of GLUT1 expression in
examined lesions:
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Table 5 Correlation between scores of GLUT1 expression
and Hepatitis parameters in peri-malignant liver tissue

sections:

Parameter HAI STAGE STEATOSIS

INTENSITY
Correlation Coefficient -.146 .004 -.461**

Sig. [2-tailed] .358 .980 .002
N 42 42 42

PERCENTAGE
Correlation Coefficient -.269 .015 -.350*

Sig. [2-tailed] .084 .926 .023
N 42 42 42

**. Correlation is significant at the 0.01 level [2-tailed].
*. Correlation is significant at the 0.05 level [2-tailed].

Graph 2 Difference in percentage of GLUT1 expression between the
fibrotic and cirrhotic groups of peri-malignant liver tissue:
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Graph 3 Difference in percentage of GLUT1 expression between
dysplasia and different grades of HCC in liver tissue:
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Table 4 Distribution of positive and negative cases of GLUT1 expression in relation to the stage of fibrosis in peri-malignant
tissue

GLUT1 Expression INTENSITY of
GLUT1 expression Total

negative positive +1 +2 +3

Stage
Cirrhosis

Count 15a 15a 15a 12a 3a 30
% 50.0% 50.0% 50.0% 40.0% 10.0% 100.0%

Fibrosis
Count 6a 6a 6a 3a 3a 12

% 50.0% 50.0% 50.0% 25.0% 25.0% 100.0%

Total
Count 21 21 21 15 6 42

% 50.0% 50.0% 50.0% 35.7% 14.3% 100.0%
Each subscript letter denotes a subset of POSNEG categories whose column proportions do not differ

significantly from each other at the .05 level.
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et al [32] who reported that GLUT1 was observed in nuclei of
polyspermic oocytes in their studied experiments on mice. The
significance of this nuclear expression of GLUT1 needs to be
further studied.

In accordance with Czech et al [33] and Smith [34], our study
showed that immunopositivity was more frequently
overexpressed in dysplastic and HCC groups [83.3% and
85.7% respectively] compared to peri-malignant group [50%].
The expression of GLUT1 in a significant number of HCCs and
its lower expression in corresponding benign hepatic tissue
indicate that this transporter probably plays an important role in
the uptake of glucose by HCC cells, being the main energetic
source of these neoplastic growths. On the contrary to our
results, Amann et al [28] reported that GLUT1 was detectable
in only 13.2% of the HCC tissues, and in none of the
noncancerous liver tissues.

In peri-malignant group, we found GLUT1 expression in half
of cirrhotic and fibrotic lesions. GLUT1 expression in these
lesions can be related to role played by hypoxia in the
pathogenesis of HCV and in turn hypoxia results in an
increased transcription of the GLUT1 gene [35, 36].

Our data demonstrated that intensity of GLUT1 expression
increased in HCC group compared to dysplasia and peri-
malignant groups. This is in agreement with Izuishi et al [27]
who observed a strong staining in poorly differentiated [grade
3] hepatocellular carcinoma. In peri-malignant group, no
correlation was found between intensity of GLUT1expression
and both of the hepatitis activity index or the stage of fibrosis.

Percentage of positive hepatocytes for GLUT1 was
significantly high in HCC group compared to peri-malignant
and dysplasia groups. In addition, this percentage progressively
increases with raising grades of HCC. This goes with Gaten by
et al [37] who reported a correlation between GLUT1
expression and tumor grade in breast cancer cases, and also
Krzeslak et al [38] found a significantly higher GLUT1
expression in higher grades of breast and endometrial
carcinomas than in grade 1. In peri-malignant group, no
correlation was found between percentage of GLUT1
expression and both of the hepatitis activity index or the stage
of fibrosis.

Concerning pattern of GLUT1 distribution we detect patchy
distribution in most our studied lesions. HCC group showed in
addition diffuse staining in some cases, however, peri-
malignant group showed some cases with central distribution
mainly in cirrhotic lesions. Patchy distribution can be explained
by hypoxia which is a hallmark of cancer and chronic liver
disease; in hypoxic cell environment, there is enhanced
expression of GLUT1 [36,39,40]. Additionally, pericentral
hepatocytes are more susceptible to hypoxia and also are
responsible for glucose uptake. This can explain central
distribution of GLUT1 [41].

Many patients with chronic HCV are noted to have a degree of
steatosis. Although Czech et al [20] reported increased GLUT1
expression in cases of nonalcoholic fatty liver disease of
various degrees, we found a significant inverse correlation
between percentage of steatosis in peri-malignant tissue and
both percentage of GLUT1 expression and intensity of GLUT1.

This difference could be related to different etiologic factors of
steatosis, being caused by HCV infection in our cases.

CONCLUSION AND RECOMMENDATIONS
GLUT1 lower expression in fibrotic and cirrhotic peri-
malignant tissue and its higher expression in dysplastic lesions
and sustained expression in hepatocellular carcinoma indicates
that changes in GLUT1 levels represent early events during the
development of hepatocellular carcinoma. So GLUT1 can be a
reliable marker in the diagnosis of premalignant lesions
associated with HCV infection, and usage of antagonists to
GLUT1 can regulate tumor metabolism and inhibit the
progression of chronic liver disease to hepatocellular
carcinoma.
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