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Abstract. The aim of the present study was to compare the
immunohistochemical expression of glucose transporter 1
(GLUT1) between the most common histological types of
renal cell carcinoma (RCC), and to determine whether a corre‑
lation between GLUT1 expression and nuclear grade or tumor
size exists. A total of 19 RCC samples were selected for the
study, consisting of 8 clear cell (cc)RCC and 11 non‑ccRCC
tissues. Immunohistochemistry for GLUT1 was performed
on formalin‑fixed and paraffin‑embedded sections using
GLUT1 antibodies. All data analyses were performed using
the MedCalc software. There was a higher immunohisto‑
chemical expression of GLUT1 in the ccRCC group compared
with the non‑cc group, but there was no difference in GLUT1
expression between groups of RCCs with differing nuclear
grades. No significant correlation between GLUT1 expression
and tumor size was found. The higher immunohistochemical
expression of GLUT1 in ccRCC may be a contributing factor
to the clinical characteristics and behavior of that group of
carcinomas. These results suggest that GLUT1 expression
cannot be used as a prognostic factor for RCC, but it may be
used as a predictive factor in the future.
Introduction
Renal cell carcinoma (RCC) accounts for 2.2% of all cancer
diagnoses worldwide. It is the 7th most common type of cancer
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in developed countries, with the highest incidence in North
America, followed by Western Europe (1). RCC is responsible
for 1.8% of global cancer deaths and 2.4% of cancer‑related
deaths in the US (2). The 5‑year survival rate for all individuals
with RCC is 76%, making it one of the deadliest urological
cancers (1). RCC is routinely diagnosed by pathohistological
analysis using the protocol devised by the College of American
Pathologists, and histological type is determined based on the
2016 WHO classification of tumors of the urinary system (3,4).
Localized RCCs are treated by surgical resection, whereas
metastatic RCCs are treated by targeted therapy according to
the National Comprehensive Cancer Network guidelines (5).
The most common histological type is clear cell RCC (ccRCC),
which constitutes 70‑90% of all RCCs. Papillary RCC (pRCC)
and chromophobe chRCC (chRCC) are the next most common
types, constituting 10‑15% and 3‑5% of all RCC cases, respec‑
tively (6). ccRCC has a worse prognosis and is more likely to
be diagnosed in the first instance at a higher stage than pRCC
or chRCC (7). Prior research found that 90% of ccRCCs have
mutations present in the von Hippel‑Lindau tumor suppressor
(VHL) gene (8). The VHL protein has a role in the degradation
of hypoxia‑inducible factors (HIFs) and in its absence, HIFs
become stabilized (9,10). Stabilized HIFs act as transcrip‑
tion factors and bind to hypoxia response elements on target
genes, upregulating the expression of proteins involved in
metabolic reprogramming, induction of angiogenesis, as well
as other oncogenic processes (11). HIFs affect cell metabolism
primarily by increasing the expression of glucose transporter 1
(GLUT1) protein (9). GLUT1 is one of 14 members of a family
of integral membrane proteins whose purpose is the transport
of monosaccharides (primarily glucose) and other small
carbon compounds across the cell membrane (12). Cancer cells
depend on glucose metabolism for energy production and the
rate‑limiting step of glucose metabolism is uptake across the
membrane (13,14). Thus, it comes as no surprise that expres‑
sion of glucose transporters, such as GLUT1, is upregulated
in several types of cancer cells (15). GLUT1 expression is
positively correlated with tumor metabolic activity in several
types of cancer, including colorectal cancer, ovarian cancer
and melanoma (16‑18). High expression of GLUT1 has also
been used as a prognostic biomarker, indicating poor survival,
in several types of cancer, such as colorectal, ovarian, bladder
and esophageal carcinoma (19‑23). In addition, GLUT proteins
have been suggested as targets for cancer therapy; it has been
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shown that inhibition of glucose uptake can cause metabolic
stress and activate tumor suppressor pathways in cells (24,25).
From the GLUT family, GLUT1 is the most extensively
researched member, and anti‑GLUT1 therapy exhibits induc‑
tion of growth inhibition and/or cell death in several cancer
cell types (26‑29). Glucose uptake inhibitors can also sensitize
cancer cells to cytotoxic therapy, suggesting the possibility of
its use as an adjuvant (13,30).
The aim of the present study was to determine the
correlation between GLUT1 expression and the clinical
characteristics of RCCs, specifically histological type, nuclear
grade and tumor size.
Materials and methods
Tissue samples. The present study was performed at the
Institute of Pathology, Forensic Medicine and Cytology,
Split University Hospital Centre (Split, Croatia). The present
study was approved by the Hospital Ethics Committee of
the University Hospital Centre in Split, Croatia (approval
no. 2181‑147‑01/06/M.S.‑20‑9), and was performed in
accordance with the ethical standards described in the 1964
Declaration of Helsinki and its later amendments (31). Consent
from patients was not required as the study was retrospective,
and patients had provided consent for use of their data/samples
during their visits to the hospital. Specifically, considering that
the hospital is a university hospital, all patients were informed
prior to surgical and/or diagnostic procedures that the material
obtained during these procedures may be used for education
and/or research purposes, and they signed consent forms for
these procedures and the use of their data/materials.
The institute's database of pathohistological reports was
searched to select appropriate RCC samples for the study.
Samples were taken from the institute's archive; all samples
were initially obtained from patients between January 2015
and December 2018. All chosen samples were from primary
kidney tumors of adults with only one tumor focus present
at the time of nephrectomy. To avoid confounding factors,
samples were chosen in such a manner that there was no large
difference between the sex and age of patients with RCC.
Additionally, the samples that were chosen had no marked
lymphovascular invasion, necrosis, sarcomatoid and/or
rhabdoid features present, to make the samples as uniform as
possible and to assess the immunohistochemical expression
more accurately. Additionally, samples where the tumor was
limited to the kidney were used to obtain precise measure‑
ments of tumor size. Overall, 19 paraffin blocks containing
formalin‑fixed RCC samples were collected from the insti‑
tute's archive, 8 of those being ccRCC (median age 58.5,
age range 49‑86, 4 males and 4 females), 7 pRCC (median
age 80, age range 56‑83, 5 males and 2 females) and 4 chRCC
(median age 54, age range 44‑67, 3 males and 1 female). Out of
the pRCC cases, 4 were type I and 3 were type II.
RCC tissue preparation and immunohistochemistry. From
each paraffin block, a 4 µm‑thick RCC section was cut,
mounted and dried at 37˚C. Subsequently, sections were
stained with hematoxylin and eosin using an Automatic
Stainer HE600, according to the manufacturer's protocol
(VentanaRoche; Roche Diagnostics GmbH). All the sections

were re‑examined by a pathologist according to the standard
protocol described by the College of American Pathologists (3).
The histopathological analysis was performed manually using
a light microscope (Olympus BX41; Olympus Corporation)
at x400 magnification, and Cell D1 Image analysis software
version Cellsense (Olympus Corporation). Immunostaining
was performed on the same serial section of each RCC
sample, as follows: Paraffin sections were mounted on super
frost slides (Thermo Fisher Scientific, Inc.) and processed in
an automatic stainer (Ventana Bench Mark Ultra Autostainer;
VentanaRoche; Roche Diagnostics GmbH). For the detection of
GLUT1‑positive RCC cells, primary ‘ready‑to‑use’ monoclonal
mouse antibodies (RRID:AB_10578246; cat. no. SPM498;
1:100; Novus Biologicals, Ltd.) were applied (Fig. 1). The
UltraView Universal DAB Detection kit (RRID:AB_2753116;
cat. no. G32061; VentanaRoche; Roche Diagnostics GmbH)
was used as the secondary antibody (supplied ready to use).
Brown staining of the cell membrane and/or cytoplasm was
considered positive. Erythrocytes present in blood vessels
inside the RCC tissue were used as a positive control. The
expression of GLUT1 in the samples was determined by
the HSCORE method using the equation: HSCORE=Σ Pi
(i + 1), where i=intensity of staining with a value of 1 (weak),
2 (moderate), or 3 (strong), and Pi is the percentage of stained
RCC cells of each intensity (32). For every RCC sample, 10
representative fields of view were chosen and an HSCORE
was calculated for each of them. The HSCORE of the entire
sample was the arithmetic mean of HSCOREs of the 10 indi‑
vidual fields of view.
Statistical analysis. The normality of distributions was tested
using a Shapiro‑Wilk test. The mean and standard deviation
were used as the measures of central tendency and vari‑
ance for normally distributed data, whereas the median and
interquartile range were used for data that was not normally
distributed. A Fisher's exact test was used to determine the
differences between the nominal characteristics of the groups
of RCCs. A Student's t‑test (unpaired) and ANOVA with
Scheffé post‑hoc test were performed to assess the differences
in the age of the patients according to the type of RCC. A
Mann‑Whitney U and Kruskal‑Wallis with a Conover post‑hoc
test was used to assess the differences in GLUT1 expression for
groups without normal distributions, whereas an Independent
sample t‑test was used for groups that exhibited normal distri‑
bution. Pearson's correlation analysis was used to determine
the correlation between tumor size and GLUT1 expression.
All data were analyzed using MedCalc Statistical Software
version 19.1.2 (MedCalc Software, Ostend, Belgium; medcalc.
org; 2019, RRID:SCR_015044). P<0.05 was considered to
indicate a statistically significant difference and all confidence
intervals (CI) are stated at the 95% level.
Results
To compare the immunohistochemical expression of GLUT1
in different histological types of RCCs, the tissues were split
into 2 groups: ccRCCs (n=8) and non‑ccRCCs (n=11). There
was no statistically significant difference in terms of age, sex or
nuclear grade between the two groups. There was a statistically
significant difference in tumor size measured by the greatest
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Table I. Characteristics of the patients with RCC.
Characteristics

Clear cell
RCC, n=8

Non‑clear cell
RCC, n=11

Age, yearsb,d
58.5 (49‑86)
67 (44‑83)
c
Sex , n (%)			
Male
4 (21.1)
8 (42.1)
Female
4 (21.1)
3 (15.8)
Gradec, n (%)			
Low
4 (21.1)
4 (21.1)
High
4 (21.1)
7 (36.8)
Tumor sizeb,e
7.31±3.32
4.36±2.4

P‑value
0.495
0.324
0.658
0.038a

P<0.05. bIndependant samples t‑test. cFisher's exact two‑sided test.
Median (age range) eMean ± standard deviation. RCC, renal cell
carcinoma.
a

d

Table II. Comparison of GLUT1 expression using HSCORE
between groups of RCCs based on their histological type or
nuclear grade.
Group
ccRCCb
Non‑ccRCCb
ccRCCc
pRCCc
ccRCCc
chRCCc
pRCCb
chRCCb
Low grade RCCb
High grade RCCb

HSCORE

P‑value

2.44 (2.06‑2.61)
2.01 (2.00‑2.03)
2.40±0.35
2.03±0.04
2.40±0.35
2.04±0.08
2.02 (2.01‑2.03)
2.00 (2.00‑2.04)
2.02 (2.00‑2.28)
2.12 (2.00‑2.37)

0.044a
0.021a
0.023a
0.285
0.557

P<0.05. bMedian (interquartile range) and analyzed using a
Mann‑Whitney U test; cMean ± standard deviation and analyzed using
an independant samples t‑test. RCC, renal cell carcinoma; ccRCC,
clear cell RCC; pRCC, papillary RCC; chRCC, chromophobe RCC.
a

Figure 1. Light microscopy of RCC samples stained with anti‑GLUT1 anti‑
bodies. (A) A moderate to strong, diffuse, membranous staining for GLUT1
can be observed in an example of clear cell RCC, (B) whilst only weak,
focal, cytoplasmic staining can be observed in a papillary RCC sample, and
(C) weak to moderate, cytoplasmic, with some foci of strong membranous
staining in a chromophobe RCC sample. Strongly stained erythrocytes
in spaces between RCC cells were used as an internal positive controls.
Magnification, x400. Scale bar, 100 µm. RCC, renal cell carcinoma; GLUT1,
glucose transporter 1.

diameter of the tumor (P=0.038) between the two groups; the
ccRCC group was larger in size (Table I). There was also a
statistically significant difference in GLUT1 expression based
on the HSCORE (P=0.044) between the two groups, with the

ccRCC group exhibiting higher expression (Table II). Even
after assessing the non‑cc group separately by types, there was
still a statistically significant difference in GLUT1 expression
between ccRCCs and pRCCs (P=0.021) or chRCCs (P=0.023),
again with the cc group exhibiting higher expression (Table II).
There was no statistically significant difference in GLUT1
expression between pRCCs and chRCCs, or between type I
and II pRCCs. To compare GLUT1 expression between RCCs
of different grades, the tissues were separated into two groups,
low‑grade (containing nuclear grades 1 and 2) and high‑grade
(containing grades 3 and 4). When comparing RCCs of
different nuclear grades, there was no statistically significant
difference in age, sex, tumor size or GLUT1 expression
between the groups (Table II). Even after separating the groups
into individual grades (1‑4), there was still no statistically
significant difference in any of the characteristics. There was
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a weak correlation between GLUT1 expression and tumor size
(r= 0.33), however, it was not statistically significant (P= 0.168).
Discussion
The results of the present study showed higher expression of
GLUT1 in ccRCC tissues compared with pRCC and chRCC
tissues. This aligns with the fact that most ccRCCs have a
homozygous loss of the VHL gene, which leads to the stabi‑
lization of HIFs, increased GLUT1 mRNA transcription and
ultimately, increased GLUT1 protein expression (6,9). Other
studies have already demonstrated higher expression of GLUT1
in ccRCCs; however, considering that there is no consensus
in the literature on the quantification of the expression levels
of GLUT1, these studies have used a variety of quantification
methods, such as the German immunoreactive score (33‑35).
Certain studies have also attempted to correlate increased
GLUT1 expression with clinical characteristics of RCCs, such
as tumor size, tumor stage, nuclear grade and overall prognosis.
The results of those studies are not consistent when taking
into account certain clinical parameters, such as tumor stage
and prognosis (34‑37). Whilst most studies have not found a
statistically significant correlation between GLUT1 expression
and tumor nuclear grade or prognosis, Ambrosetti et al (34)
determined that there was a statistically significant positive
correlation between increased GLUT1 expression with both
higher nuclear grade tumors and worse overall prognosis in
ccRCCs. Furthermore, Lidgren et al (37) found a statistically
significant correlation between increased GLUT1 expression
and higher tumor stage at diagnosis, but only for pRCC. In
the present study, a statistically significant difference between
GLUT1 expression in RCCs of different nuclear grades was
not found, nor was a correlation between GLUT1 expression
and tumor size, in agreement with most of the referenced
studies (35‑37). The greater size of ccRCCs compared to
non‑ccRCCs corresponds to the fact that ccRCCs are more
likely to be diagnosed in the first instance at a more advanced
stage than the other two types of RCC assessed (7). Taking
into consideration that other studies on GLUT1 expression in
RCCs have used varying methods to interpret immunohisto‑
chemical expression, whilst obtaining contrasting results, the
HSCORE method was used in the present study. To the best of
our knowledge, no other study has used the HSCORE method
for the interpretation of GLUT1 expression in RCCs, making
the present study unique. An advantage that this method has
over other methods of interpretation of immunohistochemical
expression is the manner of data quantification. Namely,
methods used in other studies quantify the proportion of posi‑
tive cells in such a manner that a range of proportions is given
a specific value. For example, 0‑20% of positive cells in a
sample is categorized with the value of 1, 21‑40% categorized
with the value of 2, and so on. The HSCORE method, on the
contrary, takes the specific proportion of positive cells and
uses that exact value to calculate the final score (32,34‑36).
Variables that describe immunohistochemical expression
are usually ordinal or discrete numerical variables for the
majority of semi‑quantitative methods, but in the case of
the HSCORE method, continuous numerical variables are
used. Continuous variables allow for more precise statistical
analysis and interpretation of data. Additionally, fields of view

were chosen in such a manner that a representative sample of
the entire tumor was examined, whilst other studies specifi‑
cally chose those fields of view that had the highest intensity
of immunohistochemical expression and analyzed them (36).
Another advantage of the present study was that there was no
statistically significant between‑group differences according
to a patients sex or age at the time of diagnosis, and tumor
nuclear grade, reducing potential confounding factors in the
interpretation of the results. However, using immunohisto‑
chemistry as a semi‑quantitative method of evaluation that is
liable to the investigator's subjectivity was the main drawback
of the present study. Other substantial caveats of the present
study include the relatively small sample size and the fact that
it was conducted in only one center. Also, no conclusions or
causal relationships can be drawn due to the cross‑sectional
design of the study. In the future, larger, multicenter studies
should be performed to increase the validity of the results.
Additionally, other methods besides immunohistochemistry,
such as western blotting or PCR, should be used to confirm
expression.
The increased expression of GLUT1 is associated with a
worse prognosis for several different types of solid tumors,
which makes GLUT1 expression one of the key prognostic
factors for those tumors (38); concerning RCC, most studies
have not demonstrated this connection; however, it is hypoth‑
esized that the relationship is indirectly present (35‑37). It is a
fact that most RCCs are of the cc type, and that ccRCCs have
a worse overall prognosis than other common histological
types (6). It is also known that ccRCCs, unlike other histo‑
logical types, exhibit increased expression of GLUT1 due to
the genetic changes present in most ccRCCs (6,9,33). Taking
these facts into account, it can be assumed that the increased
expression of GLUT1 may participate in the worse prognosis
of patients with ccRCC compared with other histological types,
which also coincides with studies that have demonstrated
that glucose uptake is the limiting factor for further tumor
growth (39,40). Other than enabling enough glucose uptake
for aerobic glycolysis, which maintains metabolic activity
in tumor cells, the increased GLUT1 expression in RCCs is
associated with reduced CD8+ lymphocyte infiltration of
tumor tissues, which contributes to tumor tissue survival (40).
The majority of studies attempting to identify the connection
between GLUT1 expression and RCC prognosis observe an
association either in ccRCCs alone, or in all RCC cases regard‑
less of the histological type, most of which are ccRCC (34‑37).
Considering that most RCCs, wherein the majority of cases are
ccRCC, exhibit increased GLUT1 expression, the differences
in prognosis between individual patients likely depends on
other factors, and no correlation between GLUT1 expression
and prognosis has been found, to the best of our knowledge. The
differences in GLUT1 expression between ccRCC cases that
have the same genetic mutation, loss of VHL, can be explained
by, amongst other things, different polymorphisms of the
GLUT1 gene, which is supported by the fact that some GLUT1
polymorphisms have a protective role in carcinogenesis (41).
GLUT1 is not studied just as a prognostic factor, but also as a
predictive factor. Multiple studies have assessed the effects of
GLUT1 inhibitors on cancer cells (26‑29,42,43). Some studies
have specifically assessed the value of GLUT1 as a therapeutic
target for RCC (44,45). Even though GLUT1 inhibitors have
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been proven to be ineffective as a monotherapy, newer genera‑
tions of anti‑GLUT1 drugs show promising results when
combined with conventional therapy, increasing the therapeutic
benefits and lowering side effects (43). Considering that RCC
is resistant to chemotherapy and radiotherapy, the treatment
regimens for this metastatic disease includes immunotherapy
and/or targeted therapy (5). Additionally, the official guidelines
from the National Comprehensive Cancer Network even allow
RCC treatment with drugs currently in clinical trials in certain
cases (5). In the case of cancer progression, after all lines
of therapy have been exhausted, a combination of a GLUT1
inhibitor and a conventional drug can be used as salvation
therapy, if an increased expression of GLUT1 was previously
proven in the same cancer, either by immunohistochemistry or
by other methods.
In conclusion, the present study confirmed reports from
previous studies that GLUT1 expression is increased in ccRCC
compared with pRCC and chRCC. It also confirmed that
GLUT1 expression does not correlate with tumor nuclear grade
or tumor size. Future studies should include a larger sample
size of RCCs and focus on non‑clear cell RCCs with the inten‑
tion to correlate GLUT1 expression with prognosis as most
ccRCCs have an inherently increased expression of GLUT1,
due to the genetic background of the tumor. Even though
GLUT1 expression cannot be used as a prognostic marker, it
might be used as a predictive marker, if future studies confirm
the efficacy of anti‑GLUT1 treatment on RCCs.
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