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The separation of benign reactive mesothelium (RM) from malignant mesothelial proliferation can be a major
challenge. A number of markers have been proposed, including epithelial membrane antigen, p53 protein, and
P-glycoprotein. To date, however, no immunohistochemical marker that allows unequivocal discrimination of
RM from malignant pleural mesothelioma (MPM) has been available. A family of glucose transporter isoforms
(GLUT), of which GLUT-1 is a member, facilitate the entry of glucose into cells. GLUT-1 is largely undetectable
by immunohistochemistry in normal epithelial tissues and benign tumors, but is expressed in a variety of
malignancies. Thus, the expression of GLUT-1 appears to be a potential marker of malignant transformation.
Recently, in fact, some studies have shown that GLUT-1 expression is useful for distinguishing benign from
malignant lesions. The purpose of the present study was to evaluate the diagnostic utility of GLUT-1 expression
for diagnostic differentiation between RM and MPM. Immunohistochemical staining for GLUT-1 was performed
in 40 cases of RM, 48 cases of MPM, and 58 cases of lung carcinoma. Immunohistochemical GLUT-1 expression
was seen in 40 of 40 (100%) MPMs, and in all cases the expression was demonstrated by linear plasma
membrane staining, sometimes with cytoplasmic staining in addition. GLUT-1 expression was also observed in
56 out of 58 (96.5%) lung carcinomas. On the other hand, no RM cases were positive for GLUT-1. GLUT-1 is a
sensitive and specific immunohistochemical marker enabling differential diagnosis of RM from MPM, whereas it
cannot discriminate MPM from lung carcinoma.
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The separation of benign reactive mesothelium (RM)
from malignant mesothelial proliferation can be a
major challenge. The common cytomorphological
features associated with malignancy, such as high
cellularity/proliferation, marked cytonuclear atypia
and high mitotic rate are of very limited use in this
setting. Thus, it is sometimes very difficult, or
almost impossible even for expert pathologists to
make a definite diagnosis of malignant mesothelio-
ma, especially in small specimens, unless there is
unequivocal invasion of adjacent tissues by tumor
cells.1 On the other hand, early diagnosis of

malignant pleural mesothelioma (MPM) in small
closed pleural biopsy samples, or by cytology, is
crucial for patient management and may facilitate
the avoidance of invasive surgical procedures.

A number of immunohistochemical markers have
been proposed to assist conventional morphological
diagnosis, including epithelial membrane antigen
(EMA)2–5 p53 protein,2–11 and P-glycoprotein.2,5,12

Other markers tested have included Bcl-2,2,3,13

platelet-derived growth factor receptor (PDGF-R) b-
chain2,5,8 and desmin.2 To date, however, no single
immunohistochemical marker that can unequivo-
cally discriminate RM from MPM has been avail-
able.

GLUT-1 is one of 14 members of the mammalian
facilitative glucose transporter (GLUT) family of
passive carriers that function as an energy-indepen-
dent system for transport of glucose down a
concentration gradient.14 GLUT-1 is not detectable
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in a large proportion of cells from normal tissues
and benign lesions, except for erythrocytes, germ-
inal cells of the testis, renal tubules, perineurium of
peripheral nerves, endothelial cells in blood–brain
barrier vessels, and placenta (trophoblasts and
capillaries).15,16 In contrast, GLUT-1 is expressed in
a variety of carcinomas such as those of the breast,
head and neck, bladder, renal cells, and lung.15–24

Previous reports suggest that the expression of
GLUT-1 may be a potential marker for malignancy.

Recently, some studies have shown that GLUT-1
expression is useful for resolving the common
diagnostic dilemma of distinguishing benign from
malignant lesions.25,26 Although a few studies have
demonstrated that GLUT-1 is useful for distinguish-
ing RM from metastatic adenocarcinoma in body
cavity effusions,27–29 the study cohorts did not
include MPM. Using immunohistochemistry, Godoy
et al16 analyzed coexpression of GLUT-1 and other
GLUT isoforms (GLUT-2 to -6 and GLUT-9) in a
variety of benign and malignant tumors, and
demonstrated that two of four MPMs were positive
for GLUT-1. However, they did not analyze reactive
and normal mesothelium.

The purpose of the present study was to evaluate
the diagnostic utility of GLUT-1 detection for
differential diagnosis between RM and MPM.

Materials and methods

Case Selection

The materials for the present study were extracted
from cases deposited in the pathology files of the
National Cancer Center Hospital, Tokyo, between
1971 and 2005. They comprised 40 cases of RM, 48
cases of MPM (epithelioid, 36 cases; biphasic, 11
cases; sarcomatoid, 1 case), and 58 cases of lung
carcinoma (squamous cell carcinoma, 28 cases;
adenocarcinoma, 30 cases). All diagnoses had been
made on the basis of conventional histopathologic
features evident in slide preparations stained with
hematoxylin and eosin, some special stains, and
immunohistochemical techniques available at that

time.30,31 In the present study, immunohistochem-
istry for D2-40 and calretinin was added for all cases
to confirm the identity of mesothelial cells (see
below).

Immunohistochemistry

For immunohistochemical staining, 5-mm-thick sec-
tions were deparaffinized and treated with 3%
hydrogen peroxide for 30min to block endogenous
peroxidase activity, followed by washing in deio-
nized water for 2–3min. Heat-induced epitope
retrieval with Target Retrieval Solution (DAKO,
Carpinteria, CA, USA) was performed for GLUT-1
and calretinin. After the slides had been allowed to
cool at room temperature for 40min, they were
rinsed with deionized water and then washed in
phosphate-buffered saline for 5min. The slides were
then stained by overnight incubation with primary
antibodies against GLUT-1 (1:200, polyclonal,
Dako), D2-40 (1:200, clone D2-40, Signet Labora-
tories, Dedham, MA, USA), and calretinin (1:100,
polyclonal, Zymed, San Francisco, CA, USA).
Immunoreactions were detected by the labeled
streptavidin–biotin method, and visualized with 3,
30-diaminobenzidine, followed by counterstaining
with hematoxylin. Appropriate positive and nega-
tive controls (red blood cells for GLUT-1) were used
for each antibody. The area of GLUT-1 staining was
evaluated on a sliding scale of 0 to 3þ to represent
the percentage of positive cells among mesothelial
cells (indicated by D2-40 and calretinin immuno-
stain) or tumor cells (0¼o1%, 1þ ¼ 1–25%, 2þ
¼ 26–50%, 3þ ¼451%). Immunohistochemical
staining was scored independently by two observers
(YK and KT).

Results

The results of immunohistochemistry are summar-
ized in Table 1. GLUT-1 expression was demon-
strated by distinct linear plasma membrane staining,
sometimes with cytoplasmic staining in addition

Table 1 Immunoreactivity of GLUT-1

n GLUT-1 positive (%) Staining area

0 1+ 2+ 3+

Mesothelioma, all subtypes 48 48 (100) 0 15 15 18
Epithelioid 36 36 (100) 0 9 12 15
Biphasic 11 10 (90.9)a 7 (63.6)b 1a 4b 6a 3b 3a 2b 1a 2b

Sarcomatoid 1 1 (100) 0 1 0 0
Reactive mesothelium 40 0 (0) 40 0 0 0
Lung carcinoma 58 56 (96.5) 2 12 9 35
Squamous cell carcinoma 28 28 (100) 0 1 3 24
Adenocarcinoma 30 28 (93.3) 2 11 6 11

a
Epithelioid areas.

b
Sarcomatoid areas.
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(Figure 1a and b). GLUT-1 immunoreactivity was
seen in 48 of 48 (100%) MPM cases, whereas no RM
cases were positive for GLUT-1.

We also evaluated GLUT-1 immunoreactivity
according to histological subtype, as shown in
Table 2. Immunoreactivity was observed in 46 of

47 (96.7%) epithelioid mesothelioma (Figure 2a)
including epithelioid areas of biphasic mesothelio-
ma, and in seven of 12 (66.7%) sarcomatoid
mesothelioma (Figure 2b) including sarcomatoid
areas of biphasic mesothelioma. However, immuno-
reactive cells more than half of tumor cell was
only 16 of 47 (34%) of epithelioid mesothelioma
including epithelioid areas of biphasic mesothelio-
ma, and two of 12 (14.1%) of sarcomatoid mesothe-
lioma including sarcomatoid areas of biphasic
mesothelioma. The GLUT-1-positive cells varied
from a few cells to almost all cells in the clusters,
but no characteristic staining pattern was observed
in MPM.

GLUT-1 immunoreactivity was also seen in 56
of 58 (96.5%) cases of lung carcinoma. According
to histological subtype, immunoreactivity was

Figure 1 (a) In the surface area, the tumor cells showed bland cytologic atypia, nevertheless malignant mesothelioma(HE stain, �10).
Inset: the tumor cells arranged complex branching tubular formation (HE stain, � 10). (b) Most of the tumor cells in the epithelioid MPM
were positive for GLUT-1 and red blood cells were served as internal positive control (� 10).

Table 2 GLUT-1 immunoreactivity acording to MPM histological
subtype

n GLUT-1-positive (%) Staining area

0 1+ 2+ 3+

Epithelioid area 47 46 (97.8) 1 15 15 16
Sarcomatoid area 12 8 (66.7) 4 4 2 2

Figure 2 (a) More than half of the epithelioid tumor cells were positive for GLUT-1 (�10). (b) Most of the sarcomatoid tumor cells were
positive for GLUT-1 (�10). The immunoreactivity was observed as distinct linear plasma membrane staining, with weak cytoplasmic
staining in addition.
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observed in 28 of 28 (100%) cases of squamous cell
carcinoma (Figure 3a and b) and 28 of 30 (93.3%)
cases of adenocarcinoma. In squamous cell carcino-
ma, the area of positive staining was 3þ in 24 of 28
(85.7%) cases, compared with only 11 of 30 (36.7%)
in cases of adenocarcinoma. Also in squamous cell
carcinoma, a characteristic staining pattern was
observed; tumor cells showed more intensely posi-
tive staining in the central area of tumor nests than
in the peripheral area (Figure 3b).

Discussion

Morphologic differentiation between RM and MPM
in small specimens can be a diagnostic challenge.
The difficulty is compounded when neoplastic cells
demonstrate only slight atypia. In addition, there are
currently no reliable markers that allow immuno-
histochemical discrimination between RM and
MPM. In the present study, we clearly demonstrated
that GLUT-1 is a sensitive and specific immunohis-
tochemical marker that can differentiate RM from
MPM. To our knowledge, this is the first report to
describe the usefulness of GLUT-1 immunostaining
for discriminating between RM and MPM.

Elevated levels of expression or activation of
GLUT-1, or both, have been shown to be associated
with transformation of cells and malignancy, and to
be modified by changes in the physiological micro-
environment in tissues.32,33 High GLUT-1 expression
correlates with increased metabolism and glucose
utilization in a number of normal tissues, and this
transporter is overexpressed in a variety of human
tumors.15,16 Increased expression of GLUT-1 is also
seen in conditions that induce greater dependency
on glycolysis as an energy source, such as ischemia,
hypoxia, or both.34 These data suggest that over-
expression of GLUT-1 may play an important role in

the survival of tumor cells by maintaining an
adequate energy supply to support their high
metabolism and rapid growth in an often less-than-
ideal physiological environment.35

GLUT-1 expression has been revealed in a variety
of carcinomas, such as those of the breast, head and
neck, bladder, and renal cells.15–19,23 In the lung,
about 34.3–100% of lung adenocarcinomas16,20–22,24

and 100% of lung squamous cell carcinomas20–22,24

are reported to express GLUT-1 at the primary site.
With regard to MPM, only one article has describe
that two of four studied cases were positive for
GLUT-1.16 In the present study, GLUT-1 immunor-
eactivity was observed in all MPMs and 56 out of 58
(96.5%) cases of lung carcinoma. These results
indicate that GLUT-1 cannot discriminate between
MPM and lung carcinoma. Therefore, additional
appropriate positive and negative mesothelial mar-
kers are needed in order to differentiate between
MPM and lung carcinoma.31

The heterogeneity of GLUT-1-positive areas has
been reported previously. In squamous cell carcino-
ma, cells in the center of cancer nests, close to the
necrotic area, were stained more strongly than those
in peripheral areas. In adenocarcinoma, poorly
differentiated areas such as the solid central area
were stained more strongly than well differentiated
areas such as those showing lepidic growth.20–22,24 In
the present study, more than half of all tumor cells
were positive for GLUT-1 in 37.5% of MPMs, 85.7%
of lung squamous cell carcinomas, and 36.7% of
lung adenocarcinomas. These results indicate that
GLUT-1 negativity in small samples such as those
obtained by biopsy does not exclude malignancy,
and that positive immunoreactivity for GLUT-1 may
be an aid to accurate diagnosis of malignancy.

The GLUT-1 positivity rate in RM has been
reported to be 0% (present study and Afify et al29),
3% (Zimmerman et al28), and 20% (Burstein et al27).

Figure 3 (a) D2-40 immunoreactivity was observed in the RM and lymph vessels beneath the pleura, but no immunoreactivity was
observed in the poorly differentiated squamous cell carcinoma (� 10). (b) Most of the tumor cells without peripheral lesion in of the
poorly differentiated squamous cell carcinoma were positive for GLUT-1 (red blood cells were served as internal positive control). On the
other hand, RM showed no immunoreactivity for GLUT-1 (� 10).
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However, Zimmerman et al and Burstein et al
reported that GLUT-1-positive cells of RM showed
equivocal-to-weak staining and were easily distin-
guishable from unequivocal positivity of other cell
types, so that the specificity of GLUT-1 was not
diminished. According to them, a number of ‘false-
positive’ cases occurred in patients with cirrhosis.
The RM resulting from cirrhosis may be prompted
by glucose intake to compensate for the unfavorable
environment in effusion. Our cohort of RM con-
sisted of surgically resectable cases within the
physiological range or without effusion.

Positron emission tomography (PET) measure-
ments of fluorodeoxyglucose (FDG) accumulation
in different animal tumors has shown a correlation
between tracer FDG uptake and the GLUT-1 mRNA
content. GLUT-1 has been found to be overexpressed
in tumor cells and to promote glucose metabolism
and FDG accumulation in humans.22,24 In MPM,
Carretta et al36 have reported that FDG-PET can
differentiate RM from MPM. These findings are
consistent with the present immunohistochemical
results.

In summary, GLUT-1 appears to be a sensitive and
specific marker for differentiating between RM and
MPM, although it is unable to discriminate between
MPM and lung carcinoma.
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