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Abstract

Background The survival of patients who present with
nonmetastatic extremity osteosarcoma has dramatically
improved, but there are some patients who do not respond
to chemotherapy. The ability to identify patients with a
poorer prognosis might allow us to target different therapy
for these patients. Glucose transporter protein-1 (Glut-1),
one of the key factors in glucose metabolism, has been
reported to be an independent prognostic factor in various
tumors. However, little is known about the role of the Glut-
1 pathway in osteosarcoma.
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Questions/purposes We asked (1) if Glut-1 expression is
a prognostic marker for survival in patients with osteo-
sarcoma, and (2) if there is a relationship between Glut-1
expression and tumor angiogenesis.

Patients and Methods Thirty-seven patients with resect-
able high-grade osteosarcomas treated between 1982 and
2007 were reviewed retrospectively. Patients were excluded
if representative biopsy material and followup data were not
available. The expression of Glut-1 and the number of CD34-
positive microvessels for angiogenic activity were measured
immunohistochemically. The median followup was 6 years
6 months (range, 11-211 months). Survival analyses were
evaluated using the Kaplan-Meier method and the Cox
proportional hazards model. The association between Glut-1
expression and microvessel density was analyzed using
Student’s t-test and chi-square test. For 12 (32.4%) of 37
patients with osteosarcoma, the expression of Glut-1 was
positive, with four patients (10.8%) showing strong expres-
sion of Glut-1 protein.

Results  The expression of Glut-1 correlated with a shorter
disease-free survival period (relative risk, 20.13; 95% ClI,
1.77-229.3; p = 0.0016). The microvessel density mean
value of positive Glut-1 expression (mean =+ SD,
26.5 £+ 19.4) was lower than that of negative expression
(mean £ SD, 46.4 4+ 35.3; Student’s t-test, p = 0.038).
When more than 50 was defined as a high microvessel density,
positive expression of Glut-1 was significantly associated with
low microvessel density (chi-square test, p = 0.049).
Conclusions These findings indicate that Glut-1 is a
potential predictor of survival in patients with osteosar-
coma and that glucose metabolism may be negatively
associated with angiogenesis. If substantiated in larger
numbers of patients, these findings might stimulate the
development of novel treatments for patients with a poorer
prognosis.
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Level of Evidence Level III, prognostic study. See the
Instructions for Authors for a complete description of
levels of evidence.

Introduction

Osteosarcoma is a pleomorphic sarcoma of bone in which
the proliferating spindle cells produce osteoid or immature
bone. Approximately 10% to 20% of patients present with
clinically detectable metastatic disease. The value of per-
ioperative chemotherapy for osteosarcoma is well
established [4, 6]. Despite advances in comprehensive
treatments, approximately 30% of patients with no evi-
dence of metastases at diagnosis who are treated with wide
tumor resection and intensive adjuvant chemotherapy have
lung metastases develop [17, 32, 34], which are associated
with poor survival. Currently, the most powerful prognostic
factors for osteosarcoma survival are the presence or
absence of metastases at diagnosis and the histologic
response to neoadjuvant chemotherapy, although others
such as serum lactate dehydrogenase and tumor location
and size have been found to be prognostic [7, 10, 25].
Attention has been given to the molecular genetics of
sarcomas to identify genes or proteins that might predict
prognosis. We have reported novel prognostic markers for
survival in patients with osteosarcoma [20, 30, 31, 45].
Identification of better prognostic factors at diagnosis
might allow the potential to treat patients with poorer
prognoses with novel treatment strategies.

Glucose transporter protein-1 (Glut-1), one of the key
factors in glucose metabolism, originally is purified from
human erythrocytes and is a member of the facilitative cell-
surface glucose transporter family which includes five
other isoforms [24, 35]. Cancer cells are known for dis-
playing an enhanced glucose uptake and consumption [39].
Glucose transporters are deregulated in cancer cells so they
consume higher amounts of glucose than normal cells. In
addition to its role as a glucose transporter, Glut-1, a
downstream target of hypoxia-inducible factor (HIF), also
is known to play an important angiogenesis role in its
cellular response to hypoxia [43]. The hypoxic conditions
in tumors also are considered to cause resistance to
radiotherapy and chemotherapy [2, 8]. Glut-1 has been
reported to be an independent prognostic factor in various
tumors including ovarian, colorectal, and urinary bladder
carcinoma [9, 19, 46]. However, little is known regarding
the role of the Glut-1 pathway in osteosarcoma.

We therefore asked if (1) Glut-1 expression is a prog-
nostic marker for survival in patients with osteosarcoma,
(and 2) there is a relationship between Glut-1 expression
and tumor angiogenesis.
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Patients and Methods

Thirty-seven patients with resectable high-grade osteosar-
comas between 1982 and 2007 were reviewed
retrospectively. During this period a total of 63 patients
with newly diagnosed primary osteosarcomas were treated.
Patients were excluded because of unavailable or missing
biopsy material (10 patients), low-grade osteosarcoma (six
patients), unresectable primary lesion (five patients), no
chemotherapy (two patients), lost to followup (two
patients), and less than 2 years of followup (one patient).
This retrospective study was approved by the institutional
review board. The surgical specimens were obtained at the
time of biopsy at our institute between 1982 and 2007. All
patients received conventional chemotherapy, which
involved high-dose methotrexate, doxorubicin, and cis-
platin [23, 26]. The surgical margins were defined using the
system described by Enneking et al. [16]. The histologic
response to neoadjuvant chemotherapy (histologic necro-
sis) was determined by the Huvos grading scale [22].

The median age of the patients at the time of surgery
was 18 years (range, 10-55 years). There were 18 male
and 19 female patients. The femur was the tumor site in 23
patients, the lower leg in 10, and other sites in four.
According to the American Joint Committee on Cancer
(AJCC), 10 tumors were Stage IIA, 19 were Stage IIB, and
two were Stage IV (six were missing tumor size). Two
patients presented with lung metastases at diagnosis. The
operative treatments consisted of 22 limb salvage opera-
tions and 15 ablations. The surgical margins of all
operations were wide. Histologic subtypes comprised
osteoblastic in 25 tumors, fibroblastic in five, and others in
seven. There were 13 good responses to preoperative
chemotherapy and 18 poor responses (six were unknown or
unavailable). The median followup was 6 years 6 months
(range, 11-211 months). Twenty five patients showed no
evidence of disease and 12 died of disease. Patients with
less than 2 years of followup were included only if they
had local or distant relapse within 2 years after treatment.
The 5-year actuarial disease-free and overall survival rates
were 61.8% and 68.8%, respectively.

To monitor for relapse, the patients were followed every
3 months after completion of treatment with chest CT and
MRI of the primary site for 2 years, then every 6 months
for at least 5 years.

Biopsy specimens were immunohistochemically stained.
Each tissue block was cut in 6-um sections, transferred to
adhesive silane-coated glass slides (Matsunami Glass
Industry Ltd, Osaka, Japan; http://www.matsunami-glass.
co.jp/english/index.html), deparaffinized in xylene, rehy-
drated in a graded series of decreasing ethanol
concentrations, and then rinsed in Tris-buffered saline with
Tween™ 20 (Sigma-Aldrich Japan KK, Tokyo, Japan)
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(50 mmol/L Tris/HCI pH 7.6, containing 0.3 mol/L sodium
chloride and 0.1% Tween™ 20). Tissue sections were
immersed in Target Retrieval Solution (Dako North
America Inc, Carpinteria, CA, USA), and subjected to a hot
water bath for 20 minutes, cooled for 20 minutes, then
incubated with a mouse anti-Glut-1 antibody (1:200 dilu-
tion; Abcam Inc, Cambridge, MA, USA) or with CD34
antibody (Ready-to use N-series Qbend 10; Dako Inc) for
30 minutes at room temperature in a moisture chamber.
The reaction products were observed by the polymer-per-
oxidase method (EnVision +/HRP; Dako Inc). Nuclei
were lightly counterstained for approximately 10 seconds
with Gill’s hematoxylin solution No. 2. Nonspecific reac-
tivity was assessed by omitting the primary antibody.

The extent of Glut-1 staining was scored as: negative,
indicating staining in less than 10% of cells; weak, indicating
staining in 10% to 50% of cells; or strong, indicating staining
in greater than 50% of cells. For analyses, the tumors in
which stained tumor cells made up greater than 10% of the
tumor were regarded as positive. In 12 (32.4%) of 37 patients
with osteosarcoma, the expression of Glut-1 was positive,
with four patients (10.8%) showing strong expression of
protein (Fig. 1). Angiogenic activity assessed by estimating
the number of CD34-positive microvessels was calculated
by two independent observers (TK and KA) according to the
method described by Weidner et al. [42]. Briefly, hot-spot
areas displaying the highest vessel density were identified by
scanning tumor sections at low-power magnification (x40).
The maximum vessel density was determined from these
hot-spot areas at fields under high-power magnification
(x400, high power field), and the mean of the counts for the
three fields was calculated. Vessel lumens were not neces-
sary for a structure to be defined as a vessel (Fig. 2).

The survival results were evaluated using the Kaplan-
Meier method and the log-rank test. The Cox proportional
hazards model was used for multivariate analysis to
determine the relative risk and independent significance of
individual factors. The association between Glut-1
expression and microvessel density was analyzed using
Student’s t-test and chi-square test. All analyses were
performed with Excel 2007 (Microsoft Japan Co, Ltd,
Tokyo, Japan) and a statistical analysis add-in for Excel
(Excel Statistics 2008; Social Survey Research Information
Co, Ltd, Tokyo, Japan; https://www.ssri.com/e/about_us/
our_business.html). A probability less than 0.05 was
defined as significant.

Age, gender, tumor site, tumor volume, alkaline phos-
phatase (ALP), lactate dehydrogenase (LDH), surgical
stage, histologic type, type of local control (limb salvage
versus amputation), response to chemotherapy, and Glut-1
expression were the prognostic factors evaluated by uni-
variate analysis. Of these, high LDH, AJCC tumor Stage
IIB, poor histologic response to chemotherapy, and the
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Fig. 1 A-B Representative photomicrographs show immunohisto-
chemical staining with anti-Glut-1 antibodies. (A) A strong dark
brown staining of the cytoplasm in greater than 50% of cells, and
(B) dark brown staining of erythrocyte alone in the negative control
were seen (Original magnification, x200)

expression of Glut-1 correlated significantly with a short
disease-free survival. These four parameters were evalu-
ated by multivariate analysis.

The statistical power analysis was performed according
to power and sample size calculation reported by Dupont
and Plummer [12]. To adjust for multiple comparisons in
setting the level of statistical significance, we used Holm’s
familywise error rate [21] and Benjamini and Hochberg’s
false discovery rate [5]. Since these data were underpow-
ered to detect statistically significant associations owing to
the small sample size, we considered the p value with
respect to multiple hypothesis testing. Univariate analysis
after the adjustment for multiple comparisons showed that
Glut-1 expression alone was an independent prognostic
factor (familywise error rate, p = 0.004; false discovery
rate, p = 0.004) (Appendix 1. Supplemental material is
available with the online version of CORR®).
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Fig. 2 The photomicrograph shown representative immunohisto-
chemical staining in cells with high microvessel density (Original
magnification, x100)

Results

After controlling for likely confounding variables, we
found that only Glut-1 was associated with an increased
likelihood of death in these patients with osteosarcoma
(relative risk, 20.13; 95% CI, 1.77-229.3; p = 0.0016)
(Table 1).

The microvessel density mean value of positive Glut-1
expression (mean £ SD, 26.5 &+ 19.4) was lower than that
of negative expression (mean £ SD, 46.4 + 35.3)(Stu-
dent’s t-test, p = 0.038). When more than 50 was defined
as a high microvessel density, positive expression of Glut-1
was significantly associated with low microvessel density
(chi-square test, p = 0.049).

Discussion

Upregulation of Glut-1 expression, presumably attributable
to enhanced glycolytic metabolism, has been shown to be a
relatively common feature in various cancers [9, 19, 46].
However, little is known regarding the role of Glut-1
expression in osteosarcoma. Cifuentes et al. [11] reported
that 100% of the human samples exhibited strong positive
staining of Glut-1 in seven primary osteosarcoma and two
pulmonary metastases. Conversely, Ahrens et al. [1]
immunohistochemically studied Glut-1 expression in
mesenchymal tumors, finding negative results in two
osteosarcomas. Endo et al. [15] reported on Glut-1
expression in a total of 67 patients with bone and soft tissue
sarcomas, including 16 osteosarcomas. They did not assess
the survival rate in osteosarcoma alone. Of the potential
prognostic factors we studied, only Glut-1 expression was
an independent prognostic factor for survival in patients

@ Springer

Table 1. Multivariate Cox regression analysis

Variable Relative risk 95% CI p value
Lactase dehydrogenase
< cutoff 1.00 0.117
> cutoff 0.16 0.02-1.58
Surgical stage
A 1.00 0.542
1B 2.09 0.20-22.31
Response to chemotherapy
Good 1.00 0.236
Poor 3.05 0.48-19.22
Glut-1
Negative 1.00 0.016
Positive 20.13 1.77-229.3

Glut-1 = glucose transporter protein-1

with osteosarcoma. In addition to prognostic factors
reported by others [7, 10, 25], such as surgical stage and
histologic response to chemotherapy, the expression of
Glut-1 in biopsy specimens may help to predict a poor
prognosis group of patients with osteosarcoma before
treatment.

Our study has some limitations. The followup for our
study to evaluate the patient survival rate was relatively
short. In addition, a small patient cohort tends to introduce
an element of selection bias. It is unusual that response to
chemotherapy and stage of the tumor did not correlate to
disease-free survival. This suggests that we may have an
atypical population of patients with osteosarcoma. A
multiinstitution study is necessary to gather a tissue array
to analyze more specimens and determine if data of Glut-1
expression and microvessel density hold up with a larger
patient population. Second, immunohistochemistry for
assessment of Glut-1 expression and microvessel density is
qualitative and somewhat subjective. Our findings should
prompt further investigation into the quantitative analysis
of Glut-1 and the molecular mechanism of the hypoxia
signaling pathway using fresh osteosarcoma tissues or cell
cultures. Third, positron emission tomography (PET)
associated with glucose metabolism was not included in
this analysis, although expansion of the data in subsequent
studies that include PET analysis might be useful. Based on
our promising results, additional clinical studies using PET
as a predictor for survival and response to chemotherapy
would be warranted.

Studies have shown that increased F'®-fluorodeoxyglu-
cose (FDG), as quantified by PET, correlates with the
tumor grade in patients with bone and soft tissue sarcomas
and that the maximal standardized uptake value is the most
reliable predictor of high-grade bone and soft tissue sar-
coma [14, 36]. A study of osteosarcoma in a rat model has
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proved that F"®FDG PET predicts a response to neoadju-
vant chemotherapy and Glut-1 staining [13]. Tateishi et al.
[41] reported that there is amplification of Glut-1 expres-
sion when FDG accumulation increases in bone and soft
tissue sarcomas, suggesting that glucose transport and
metabolism might provide crucial prognostic information.
Furthermore, although selective Glut-1 inhibitors are not
available in the clinical setting thus far, an in vitro study
indicates that RNA interference targeting of Glut-1 inhibits
the growth and invasion potential of the osteosarcoma cell
line MG63 [18]. Preclinical cancer cell studies regarding
potential inhibitors of glucose transport, such as fasentin or
apigenin, are in progress [3, 8, 33]. These data encourage
us to identify Glut-1 as not only a novel prognostic factor
but also a therapeutic target in osteosarcoma.

The Glut-1 expression of osteosarcoma was negatively
related to the microvessel density value in the current
study. Our results are supported by a large-scale osteosar-
coma study by Kreuter et al. [29], who reported that
patients with a high microvessel density had a significantly
higher overall and relapse-free survival period than patients
with a low microvessel density. A good response to che-
motherapy correlated significantly with a higher
microvessel density. They suggested that the correlation
between response to chemotherapy and microvessel density
may be partly attributable to improved accessibility of the
agents to osteosarcoma cells. The efficacy of drug delivery
is much greater in a tumor with a high degree of micro-
vessels than in a tumor with a low degree, especially in a
chemotherapy-sensitive tumor such as an osteosarcoma. In
tumor progression, hypoxia is an important condition in
various pathologic processes. Induction of HIF results in
upregulation of various target genes, such as Glut-1 and
VEGF, involved in glucose metabolism and angiogenesis
[37]. Studies of various tumor types suggest that VEGF and
microvessel density are poor prognostic factors [28, 40]. In
human osteosarcoma, HIF-1ao and VEGF are reported to be
predictive of patient survival [44, 47]. However, the rela-
tionship between glucose metabolism and angiogenesis is
debatable in some malignancies. Shan et al. [38] reported
that a higher Glut-1 expression grade was associated with a
lower microvessel density value in breast cancer. They
speculated that tumors might survive on at least two
mechanisms with angiogenesis and glycolysis and that a
metabolic shift from oxidative to anaerobic glycolytic
metabolism might occur in a tumor microenvironment
where oxygen is scarce and glucose consumption is high.
In addition, immunohistochemical findings pertaining to
hepatocellular carcinoma showed there was an inverse
correlation between tumor glucose metabolism and angio-
genesis, suggesting metabolic alteration: a complementary
pattern of glucose metabolism and tumor angiogenesis in
tumors [27]. To clarify the exact pathways and mechanisms

involved in hypoxia, our findings should prompt more
comprehensive investigations using other parameters, such
as HIF and VEGF.

Our study showed that assessment of Glut-1 expression
has the potential to be useful in assessing tumor prognosis
in osteosarcoma. The results also suggest an inverse cor-
relation between tumor glucose metabolism and
angiogenesis. Although these results are preliminary, if
confirmed in larger studies they might provide a basis on
which to consider novel therapies based on the presence or
absence of Glut-1 expression, but more study is required.
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