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ABSTRACT

ÖZ

Objective: Malignant mesothelioma (MM) is a primary malignant
tumor developing from mesothelial cells lining the serosal surfaces
and particularly the pleura, and has a very poor prognosis. It may
display a variety of histological patterns and has a wide spectrum of
cytomorphological characteristics, causing problems in its differential
diagnosis from lung adenocarcinomas and sometimes from benign
mesothelial proliferations. Immunohistochemical examination is
the most useful method for this distinction. In our study, we aimed
to determine the value of glucose transporter isoform-1 (GLUT-1)
and K homology domain-containing protein (KOC) markers in the
differential diagnosis of reactive mesothelial hyperplasia, malignant
mesothelioma and lung adenocarcinoma.

Amaç: Malign mezotelyoma, başta plevra olmak üzere serozal
yüzeyleri döşeyen mezotel hücrelerinden gelişen, oldukça kötü
seyirli primer malign tümördür. Malign mezotelyomanın çok çeşitli
histolojik paternler gösterebilmesi ve sitomorfolojik özelliklerinin
oldukça geniş olması nedeniyle, akciğer adenokarsinomları ve
bazen benign mezotelyal proliferasyonlar ile ayırıcı tanı problemleri
yaşanmaktadır. İmmünohistokimyasal inceleme bu ayrım için
yardımcı yöntemdir. Çalışmamızda reaktif mezotel hiperplazisi,
malign mezotelyoma ve akciğer adenokarsinomu ayırıcı tanısında,
glikoz taşıyıcı izoform-1 (GLUT-1) ve K homolog zincir içeren protein
(KOC) belirleyicilerinin taşıdığı değeri belirlemeyi amaçladık.

Material and Method: Our study included 30 samples of malignant
mesothelioma, 30 samples of pulmonary adenocarcinoma and
30 samples of reactive mesothelial hyperplasia selected from the
archives of the Fırat University Hospital’s Pathology Department
Laboratory. The samples were applied GLUT-1 and KOC markers
by immunohistochemistry and the place of these markers in the
differential diagnosis was examined.
Results: GLUT-1 was found positive in 80% of malignant
mesothelioma cases, 83.3% of adenocarcinoma cases and 6.6% of
reactive mesothelial hyperplasia cases. KOC was positive in 83.3%
of malignant mesothelioma cases, 76.6% of adenocarcinoma cases
and 46.6% of reactive mesothelial hyperplasia cases. There was no
statistically significant difference between malignant mesothelioma
and lung adenocarcinoma cases in terms of the diffuseness and
intensity of staining with GLUT-1, whereas a significant difference
was established when these groups were compared with reactive
mesothelial hyperplasia cases. However, the KOC staining diffuseness
and intensity results were similar to those obtained with GLUT-1.
Conclusion: In conclusion, GLUT-1 and KOC markers do
not differentiate malignant mesotheliomas from pulmonary
adenocarcinomas but can be useful in differentiating reactive
mesothelial hyperplasia from malignant mesothelioma and lung
adenocarcinoma.
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Gereç ve Yöntem: Çalışmamıza Fırat Üniversitesi Hastanesi
Patoloji Anabilim Dalı Laboratuvarı arşivinden seçilen 30 malign
mezotelyoma, 30 akciğer adenokarsinomu ve 30 reaktif mezotel
hiperplazisi örneği alındı. Örneklere immünohistokimyasal olarak
GLUT-1 ve KOC belirleyicileri uygulanarak ayırıcı tanıdaki yerleri
incelendi.
Bulgular: GLUT-1, malign mezotelyoma örneklerinin %80’inde,
adenokarsinom örneklerinin % 83,3’ünde ve reaktif mezotel
hiperplazisi örneklerinin %6,6’sında pozitif bulundu. Malign
mezotelyoma olgularının %83,3’ü, akciğer adenokarsinomu
olgularının %76,6’sı ve reaktif mezotel hiperplazisi olgularının
%46,6’sı KOC pozitifti. GLUT-1 ile boyanma yaygınlığı ve şiddeti
açısından, malign mezotelyoma ve akciğer adenokarsinomu olguları
arasında istatistiksel olarak anlamlı bir fark yoktu, buna karşılık bu
gruplar reaktif mezotel hiperplazisi olgularıyla karşılaştırıldığında
anlamlı bir fark bulundu. KOC ile boyanma yaygınlığı ve şiddeti
açısından grupların karşılaştırılması ile elde edilen sonuçlar GLUT-1
ile alınan sonuçlara benzerdi.
Sonuç: GLUT-1 ve KOC belirleyicilerinin, malign mezotelyomadan
akciğer adenokarsinomlarının ayrımında faydalı olmadığı, ancak
reaktif mezotel hiperplazisinin, malign mezotelyoma ve akciğer
adenokarsinomundan ayrımında büyük yarar sağlayabileceği kanısına
varıldı.
Anahtar Sözcükler: Mezotelyoma, Adenokarsinom, Mezotel, Glukoz
Taşıyıcı Tip 1, IMP3 protein
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INTRODUCTION

MATERIAL and METHODS

Malignant mesothelioma (MM) is a primary malignant
tumor developing from mesothelial cells lining the serosal
surfaces and particularly the pleura (1,2). It was defined
for the first time in South Africa in 1960 by Wagner et al.
in relation to asbestos (3). Differential diagnosis of MM is
important to provide the appropriate treatment and because
of the increase in cases with asbestos-related occupational
disease in recent years (4).

Stained preparations and paraffin blocks belonging to a
total of 90 patients of which 30 were diagnosed with PAC,
30 with RMH and 30 with MM (including epithelioid,
sarcomatoid and biphasic types) sent to the Fırat University
Hospital’s Medical Pathology Department Laboratory
between 1992 and 2011 were included in the study. The
archive preparations of the cases were re-examined under
the light microscope, their diagnoses verified and new
sections prepared from paraffin blocks for IHC application.

It may be difficult to differentiate MM from pulmonary
adenocarcinoma (PAC) and benign mesothelial
proliferations due to the similarity and large number of varied
histological subtypes (2,4,5,6). Many immunohistochemical
determinants have so far been studied for the diagnosis of
MM and numerous articles have been published for the
sensitivity and specificity of each (7). However, many
investigators now feel that combinations of two or three
antibodies may be useful due to the lack of a specific
marker for the diagnosis of MM and the differences in the
sensitivities of the antibodies (5, 8, 9).
The proliferation of cancer cells is a process associated with
energy supported by increased glucose metabolism (10,11).
This event is realized by glucose transport facilitating
proteins whose secretion and activity are regulated by some
growth factors and oncogenes (12-14). The increased glucose
uptake of malignant cells leads to excessive secretion of
these carrier proteins (13-15). GLUT-1 (glucose transporter
isoform-1) is a member of the glucose transport facilitator
family consisting of 14 members and facilitates the entry
of glucose into the cell (12, 14,16,17). It is physiologically
secreted and can be found by IHC in all cells and tissues
that use glucose and in particular erythrocyte membranes,
the blood-brain barrier and the perineurium of peripheral
nerves (11). However, GLUT-1 does not exist or exists in
low amounts in most epithelial tissues (12,14,15,17–19).
KOC (K homology domain-containing protein), commonly
known as IMP3 (insulin-like growth factor 2 mRNA binding
protein 3) in the literature, is an oncofetal RNA-binding
protein (20–23). The IMP family plays an important role
in the stabilization of mRNA, cell growth, cell proliferation
and cell migration during the early stages of embryogenesis
(21, 22, 24, 25). It’s normal secretion in periods following
embryogenesis is limited (21, 23).
The aim of this study was to determine the value of GLUT1 and KOC markers in the differential diagnosis between
reactive mesothelial hyperplasia (RMH) and PAC.
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Four-micron thick sections obtained from blocks chosen
from the samples of ninety cases were processed on the
automated staining device (Ventana Medical System, SN:
712299, REF: 750-700, Arizona, USA) for GLUT-1 and
KOC staining. Samples of placental tissue were used as
positive control for both GLUT-1 and KOC antibodies.
GLUT-1 and KOC stained slides were evaluated under
a light microscope. Predominantly membranous but
sometimes cytoplasmic staining was considered positive
for GLUT-1, and only cytoplasmic staining for KOC.
The percentage of positively stained areas and staining
intensity were recorded in all cases for GLUT-1.
Membranous staining in more than 50% of the cells was
accepted as (+ + +), a ratio between 10% and 50% as (+ +),
below 10% as (+) and no staining as negative (0) (14, 23). In
addition, staining intensity was scored from 1 to 3 as weak
(+), moderate (+ +) and severe (+ + +) (23).
The percentage of positively stained areas and staining
intensity were also recorded in all cases for KOC. Cytoplasmic
staining in more than 50% of the cells was (+ + +), a ratio
between 10% and 50% (+ +), below 10% (+) and no staining
negative (0) (32). Staining intensity was scored from 1 to 3 as
weak (+), moderate (+ +) and severe (+ + +) (11, 35).
Statistical analysis was performed on the computer using
the SPSS 19 (Statistical Package for Social Sciences) package
program. Each determinant was evaluated by the Variance
analysis test and Tukey test to determine whether there was
any difference between the groups. A p value less than 0.05
was considered statistically significant.
RESULTS
The mean age of the cases included in our study was 59.5 years
for MM, 54.9 for PAC and 34.1 for RMH; 14 (47%) of those
diagnosed with mesothelioma were female and 16 (53%)
male; 10 (33%) of those diagnosed with adenocarcinoma
were female and 20 (67%) male and 7 (23%) of those
diagnosed with RMH were female and 23 (77%) male.
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GLUT-1 antibody was used in a total of 90 patients and
staining was positive in 24 (80%) of 30 MM cases, 25
(83.3%) of 30 PAC cases and in 2 (6.6%) of 30 RMH cases
(Table I). GLUT-1 sensitivity was 80% and specificity 93.3%
in malignant mesothelioma while the respective figures
were 83.3% and 93.3% in PAC.
GLUT-1 staining diffuseness was + in 5 (16.6%), ++ in 9
(30%), and +++ in 10 (33.3%) malignant mesothelioma
cases (Table I). GLUT-1 staining intensity was ++ in 6 (20%)
cases, +++ in 18 (60%) cases, with no positive staining in
one case (Figure 1A)
Staining diffuseness was + in 5 (16.6%), ++ in 4 (13.3%), and
+++ in 16 (53.3%) pulmonary adenocarcinoma cases (Table
I). GLUT-1 staining intensity was + in 2 (20%) cases, ++ in 6
(20%) cases and +++ in 17 (56.6 %) cases (Figure 1B).
The diffuseness of GLUT-1staining with was + in 1 (3.3%)
reactive mesothelial hyperplasia, ++ in 1 (3.3%), while no +++
staining was seen (Table I). The severity of staining was + in 2
cases (6.6%) and no ++ or +++ staining was seen (Figure 1C).
A total of 90 patients included in the study were stained
with KOC antibody. Positive staining was found in 25
(83.3%) of 30 MM cases, 23 (76.6%) of 30 AAK cases and
14 (46.6%) of 30 RMH cases (Table I). While sensitivity

with KOC was 83.3% and specificity 53.3% in MM, and
the respective figures were 76.6% and 53.3% in pulmonary
adenocarcinoma.
KOC staining diffuseness was + in 3 (10%) cases, ++ in
2 (6%) cases, and +++ in 20 (66.6%) cases of malignant
mesothelioma (Table I). KOC staining intensity was + in 11
(36.6%) cases, ++ in 10 (33.3%) cases, and +++ in 4 (13.3%)
cases (Figure 2A).
KOC staining intensity was + in 2 (6.6%) cases, ++ 6
(20.3%) cases, and +++ in 15 (50%) cases with pulmonary
adenocarcinoma (Table I). KOC staining intensity was + in
6 (20%) cases, ++ in 14 (46.6%) cases, and +++ in 3 (10 %)
cases (Figure 2B).
The diffuseness of KOC staining was ++ in 2 (6.6%) reactive
mesothelial hyperplasia cases, +++ in 12 (40%), and no +
staining was seen (Table I). KOC staining intensity was +
in 1 (3.3%) case, ++ in 4 (13.3%) cases, and +++ in 9 (30%)
cases (Figure 2C).
No statistically significant difference was found when MM
and PAC cases were compared in terms of GLUT-1 and
KOC staining diffuseness and intensity (p>0.05). However,
a statistically significant difference was found (p<0.05) when
MM and PAC cases were compared with RMH cases (Table II).

Table I: The numerical distribution GLUT-1 and KOC staining scores in malignant mesothelioma, lung adenocarcinoma and
reactive mesothelial hyperplasia cases

Cases
n (%)
Malignant Mesothelioma
24/30 (80%)
25/30 (83.3%)
Pulmonary Adenocarcinoma
25/30 (83.3%)
23/30 (76.6%)
Reactive Mesothelial Hyperplasia
2/30 (6.6%)
14/30 (46.6%)

0

Scores
1+
2+

3+

GLUT-1
KOC

6
5

5
3

9
2

10
20

GLUT-1
KOC

5
7

5
2

4
6

16
15

GLUT-1
KOC

28
16

1
0

1
2

0
12

Immunohistochemical Markers

Table II: p values for the comparison of GLUT-1 and KOC markers in malignant mesothelioma, lung adenocarcinoma and reactive
mesothelial hyperplasia (RMH) cases

GLUT-1 diffuseness
GLUT-1 intensity
KOC diffuseness
KOC intensity
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Mesothelioma - Adenocarcinoma
0.334
0.548
0.355
0.455

Mesothelioma - RMH
0.000
0.000
0.013
0.000

Adenocarcinoma - RMH
0.000
0.000
0.049
0.001
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A

A

B

B

C

C

Figure 1: (A) GLUT-1 positivity in malignant mesothelioma
(immunoperoxidase, x400), (B) GLUT-1 positivity in
pulmonary adenocarcinoma (immunoperoxidase, x400),
(C) GLUT-1 positivity in reactive mesothelial hyperplasia
(immunoperoxidase, x400).
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Figure 2: (A) KOC positivity in malignant mesothelioma
(immunoperoxidase, x400), (B) KOC positivity in pulmonary
adenocarcinoma (immunoperoxidase, x400), (C) KOC positivity
in reactive mesothelial hyperplasia (immunoperoxidase, x400).
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DISCUSSION
Malignant mesothelioma is a rare tumor developing from
serosal surfaces such as the pleura, peritoneum, pericardium,
tunica vaginalis testis, and others lining body cavities (26–
29). Its incidence is increasing rapidly in parallel with the
use of asbestos in industrialized countries (30).
The characteristic of malignant mesothelioma is a wide
range of histological patterns and cytomorphological
features (31,32). MM is pathologically diagnosed with the
help of IHC to show the differentiation of “mesothelial”,
“epithelial” and “sarcomatous” differentiation of the
cells that make up the tumor (29). However, there is no
consensus on the generally accepted antibody panel to be
used in various sub-types of MM at present (27,29).
Mesothelial cell hyperplasia can be caused by infections in
the pleural space, collagen vascular diseases, pulmonary
infarction, drug reactions, pneumothorax, lung carcinomas
located close to the pleura, surgery, trauma, and non-specific
inflammation (33-35). RMH can create a pseudoinvasion
appearance resembling malignant neoplasm with increased
cellularity, cytological atypia, numerous mitotic figures,
necrosis, and entry of mesothelial cells into fibrous tissue
(33,34). IHC methods should therefore be used as it can be
difficult to differentiate benign and malignant mesothelial
proliferations by morphology alone, especially in small
biopsy samples and in cases where stromal invasion cannot
be clearly evaluated (31,33,34). However, there is no
generally accepted IHC marker for the differentiation of
MM and RMH at present (10,36-38).
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between MM and RMH cases in terms of GLUT-1 staining
diffuseness and intensity.
KOC, commonly known as IMP3 in the literature, is another
IHC marker reported to be sensitive and specific for the
differentiation of RMH and MM, in addition to GLUT-1
(20,34). It was first found in pancreatic carcinoma cells and
later reported to be secreted in many malignant tumors
in humans (20,31). The IMP family plays an important
role in the regulation of cell growth, differentiation, and
apoptosis, and increased IMP secretion starts neoplastic
cell proliferation (31).
There are a few studies reporting IMP3 to be a useful
marker in the differentiation of MM and RMH in surgical
materials (20,34). Sojka et al. (43) found IMP3 positivity
in 72.7% of malignant pleural mesothelioma cases and no
IMP3 staining in normal mesothelial cells. Xu et al. (44)
analyzed IMP3 secretion in biopsies containing malignant
pleural mesothelioma, simple mesothelial hyperplasia and
atypical mesothelial hyperplasia and reported that samples
containing simple mesothelial hyperplasia did not stain
with IMP3 while 64% of malignant pleural mesothelioma
cases showed staining (44).
A significant difference was found between RMH and MM
cases in terms of the KOC staining diffuseness and intensity
in our study (p<0,05). Although KOC positivity was higher
than GLUT-1 positivity in MM cases, GLUT-1 is thought to
be a useful marker in the differentiation of MM and RMH
due to the lower specificity of KOC for MM.

Warburg found the proliferation of cancer cells to be an
energy-related process supported by glucose metabolism
approximately 80 years ago. The increase in glucose use
to meet the high energy need in malignant cells requires
an increase in carrier proteins. GLUT-1 in particular is
responsible for the passage of glucose into the cell in many
tumors (11).

KOC positivity is not 100% specific for a diagnosis of
malignancy. Studies have shown KOC positivity with
other conditions causing mesothelial cell regeneration
and proliferation (31). In fact, while KOC was negative in
simple mesothelial hyperplasia composed of a single row of
mesothelial cells, moderate (+ +) and severe (+ + +) KOC
positivity was found in 14 RHM cases (46.6%) accompanied
by intense inflammation in our study.

GLUT-1 secretion can be seen in carcinomas developing
from various organs such as the breast, head and neck,
bladder and kidney (10). GLUT-1 positivity in reactive
mesothelial hyperplasia was reported to be 0% by Afify
et al. (39), 3% by Zimmermann et al. (40), and 20% by
Burstein et al. (41). Kato et al. (10) found GLUT-1 staining
in none of the 40 RMH cases, and in all 48 MM cases in
their study (10). A study conducted at the University of
Chicago reported GLUT-1 staining in none of the 40 benign
mesothelial proliferation (20 normal, 20 reactive) cases,
and weak to strong staining in 46 (80%)of 55 MM cases
(42). Our study findings showed a significant difference

Epithelioid type MM can be confused with PAC as it shows
a wide range of patterns with the tubulopapillary and solid
types being most common. IHC methods should be used
for the differential diagnosis as morphological findings
are not adequate (7). When we take the sensitivity and
specificity into account, the best positive mesothelioma
markers are calretinin, cytokeratin 5/6, podoplanin and
WT-1, and the best positive carcinoma markers are MOC31, Ber-EP4, B72.3, CEA, BG-8 and TTF-1. The use of
two positive mesothelioma markers and two positive
carcinoma markers is recommended for the differentiation
of epithelioid mesothelioma and PAC (32).
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Our study found no significant difference between MM
and RMH cases in terms of the diffuseness and intensity
of GLUT-1 staining (p<0.05). This result is similar to the
literature, indicating that GLUT-1 is not useful in MM and
PAC differentiation.
There is little information in the literature on IMP secretion
in pulmonary adenocarcinoma (20). The recent study by
Bellezza et al. (45) evaluated 126 cases of non-small cell lung
carcinoma and found positive IMP3 staining in 55% of nonsmall cell lung carcinomas and in 25% of bronchoalveolar
carcinoma cases. Jennifer et al. (20) found IMP3 staining in
29 of 41 moderate and poorly differentiated adenocarcinoma
cases, 4 of 10 bronchoalveolar carcinoma cases and 14 of 25
well differentiated adenocarcinoma cases. Our study found
no significant difference between MM and RMH cases in
terms of KOC staining diffuseness and intensity (p<0,05).
We therefore concluded that GLUT-1 and KOC markers
were not useful for the differentiation of MCC and PAC but
could be of great benefit in differentiating RMH from MM
and PAC.
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