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ABSTRACT

Objectives: To identify useful biomarkers for differentiating 

between malignant mesothelioma (MM) and reactive 

mesothelial cells (RMCs).

Methods: Formalin-fixed, paraffin-embedded (FFPE) tissues 

from 34 MM and 40 RMC samples were analyzed using 

immunohistochemistry, and the findings were compared.

Results: Positive markers for MM included insulin-like 

growth factor 2 messenger RNA binding protein 3 (IMP3), 

glucose transporter 1 (GLUT1), epithelial membrane 

antigen (EMA), and CD146, which showed sensitivities of 

94%, 85%, 79%, and 71% and specificities of 78%, 100%, 

88%, and 98%, respectively. In sarcomatoid MM, EMA 

had significantly lower expression than did IMP3, GLUT1, 

and CD146 (P < .001). The areas under receiver operating 

characteristic curves were the highest for IMP3 (0.95), 

followed by GLUT1 (0.93). When the optimal cutoff points 

for IMP3 (30%) and GLUT1 (10%) were used, the sensitivity 

of IMP3 and GLUT1 for MM was 100%, and the specificity 

of both for MM was 95%.

Conclusions: The combination of IMP3 and GLUT1 is most 

appropriate for distinguishing MM from RMC using FFPE 

sections.

The global incidence of malignant mesothelioma (MM), 

an aggressive tumor of the serosal surface, is increasing.1 

Although a multimodality therapeutic approach improves 

the response to treatment and survival, the prognosis is poor, 

with a median survival time rarely exceeding 12 months.1,2 

Accurate and early pathologic diagnosis of MM can improve 

patient outcomes because patients with early stage disease are 

more likely to be eligible for multimodality therapy, includ-

ing surgery. However, it is extremely difficult to distinguish 

between a variety of reactive and neoplastic changes on 

histologic examination, such as between reactive mesothelial 

hyperplasia and epithelioid MM and between reactive pleural 

fibrosis and sarcomatoid MM.3 MM tumor cells often appear 

unremarkable, while hyperplastic mesothelial cells exhibit 

various degrees of nuclear atypia. In addition, it is often 
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difficult to identify the invasive component of MM on a small 

biopsy specimen. Superficial entrapment of mesothelial cells 

by organized effusion is common in benign reactions, and 

such effusion needs to be distinguished from invasion.4

Over the past 20 years, a number of biomarkers have 

been evaluated in an effort to distinguish between MM and 

reactive mesothelial cells (RMCs). However, the results of 

these investigations are contradictory.3 In their systematic 

review, King et al5 showed that epithelial membrane antigen 

(EMA) and desmin appear to be the most useful biomarkers; 

however, the diagnostic sensitivities and specificities of these 

markers are less than 90%, and they play a limited role in 

daily clinical practice.

Recently, several new biomarkers, including insulin-like 

growth factor 2 messenger RNA binding protein 3 (IMP3), 

glucose transporter 1 (GLUT1), and melanoma cell adhesion 

molecule (CD146 or MUC18) have emerged as good candi-

dates for distinguishing between MM and RMCs.6-8 However, 

thus far, no study has reported a single immunohistochemical 

marker that accurately discriminates between RMCs and MM.

IMP3 is ubiquitously expressed during the early stages of 

embryogenesis, with only limited expression in postembry-

onic stages. IMP3 is also expressed by a variety of malignant 

tumors,8,9 and strong expression of this protein has been cor-

related with a poor prognosis, while negative or weak expres-

sion is thought to indicate benign or low-grade lesions.9 In 

2008, Hanley et al10 performed immunohistochemical analy-

ses of IMP3 (anti-L523S) in cell blocks of malignant serous 

effusions and reported 91% (11/12) reactivity in MM effu-

sions and 0% (0/13) reactivity in benign effusions. In 2011, 

Ikeda et al11 reported that IMP3 had a sensitivity of only 36% 

and a specificity of 96% in effusions of 11 MM and 50 RMC 

samples. Moreover, with immunohistochemical analyses of 

histology sections from 45 MM and 64 RMC samples, Shi et 

al8 found 73% sensitivity and 100% specificity of IMP3.

GLUT1 is a member of the glucose transporter isoform 

family and facilitates the entry of glucose into cells.12 It can 

usually be detected in erythrocytes, the blood-brain bar-

rier, and the placenta but rarely in other organs. It is widely 

expressed in various human malignancies.6,11 In 2007, Kato 

et al6 reported immunohistochemical expression of GLUT1 in 

all tested MM samples (40/40, 100%) and no RMC samples 

(0/40, 0%). However, other immunohistochemical and immu-

nocytochemical studies with GLUT1 reported a sensitivity 

of 40% to 99% in MM and a specificity of 82% to 100% in 

RMCs.11,13,14

CD146 is a transmembrane glycoprotein that belongs to 

the immunoglobulin superfamily and serves as a Ca2+-inde-

pendent adhesion molecule.15 Shih et al16 found that CD146/

MCAM is immunohistochemically expressed in a variety 

of malignant tumors, but its expression is limited in normal 

human adult tissue. Bidlingmaier et al15 reported the first 

immunohistochemical analysis of CD146 expression in MM 

and found that CD146 was expressed in 91% (50/55) of the 

epithelioid and sarcomatoid MM tissue microarrays, but the 

specificity was not indicated. In 2010, Sato et al7 reported a 

sensitivity of 94% and a specificity of 100% by immunocyto-

chemical analysis of CD146 in pleural effusions for discrimi-

nating between MM and RMCs. Thus far, to our knowledge, 

no other immunohistochemical analysis of CD146 in MM has 

been reported.

Each of these biomarkers has shown good sensitivity 

and specificity, but the sensitivities differ, especially among 

analyses of histologic vs cytologic specimens. In addition, 

these biomarkers have not yet been comparatively analyzed in 

formalin-fixed, paraffin-embedded (FFPE) tissues. Therefore, 

in this study, we conducted a comparative immunohistochem-

ical analysis of MM and RMC cases using antibodies target-

ing IMP3, GLUT1, CD146, EMA, and desmin to determine 

which of these antibodies would provide the best combination 

for distinguishing between MM and RMCs.

Materials and Methods

Case Selection

FFPE tissues from 34 cases of previously confirmed MM 

and 40 cases of benign lung tissues with RMCs were used. 

The cases were consecutively extracted from the surgical 

pathology files from patients seen between 1998 and 2011 at 

Kanazawa Medical University, Kanazawa University Hospi-

tal, and KKR Hokuriku Hospital, in Japan. This study was 

carried out in accordance with the Helsinki Declaration.

Immunohistochemistry

We cut 4-μm slices from FFPE blocks. Each slice was 
deparaffinized, treated with 3% hydrogen peroxidase to block 

endogenous peroxidase activity, and then treated with 0.01 

mol/L citric acid (pH 6.0) for 4 minutes at 110°C in a pres-

sure cooker for antigen retrieval. Slides were then incubated 

for 1 hour at room temperature with antibodies; a summary 

of the antibodies used is provided in ❚Table 1❚. The slides 

were immunostained using an UltraTech HRP streptavidin-

biotin detection system (Beckman Coulter, Brea, CA), with 

diaminobenzidine as the chromogen, and then counterstained 

with hematoxylin. Negative controls were prepared by replac-

ing the primary antibodies with phosphate-buffered saline. 

Internal controls used were as follows: erythrocytes for 

GLUT1, endothelium and smooth muscle of vascular walls 

for CD146,15 smooth muscle of vascular walls for desmin, 

and alveolar pneumocytes and plasma cells for EMA. Sec-

tions of malignant lymphoma tissue with positive reactions 

were used as positive controls for IMP3.4
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Immunohistochemical Evaluation

Staining results were scored as the percentage of stained 

mesothelial or tumor cells in 5% increments. When more than 

5% of the mesothelial or tumor cells appeared stained by an 

antibody, the result was defined as positive.

Statistical Analysis

The c2 test or Fisher exact probability test was used to 

assess the association between categorical variables. P values 

of less than .05 were considered significant with two-sided 

tests. Receiver operating characteristic (ROC) curves were 

used to determine the relationship between the sensitivity and 

specificity of each antibody and to find the best diagnostic 

cutoff values. The area under the ROC curve (AUC) was 

calculated and compared among each antibody. The AUC is 

a measure of how well a parameter can distinguish between 

RMC and MM; the closer the ROC curve is to the upper left 

corner, the higher the overall accuracy of the test.17 All sta-

tistical analyses were carried out using StatFlex version 6.0 

(Artech, Osaka, Japan).

Results

Among the patients with MM, the mean age was 63 

years (range, 32-80 years); 31 were men, and 3 were women. 

Among the patients with RMCs, the mean age was 39 years 

(range, 13-95 years); 35 were men, and 5 were women. All 

materials from RMC cases were benign lung tissues surgically 

removed from patients with pneumothorax who did not have 

any tumor tissues. Follow-up periods for these patients with 

RMCs ranged from 8 to 2,362 days (mean, 811 days; median, 

466 days). A 64-year-old man died after 1,636 days due to 

intra-abdominal dissemination of gastric cancer. There were 

16 cases with less than 1 year follow-up, for which the mean 

age was 27 years, excluding 86- and 95-year-old men. No 

diagnostically challenging cases were included.

A total of 31 MM cases were of pleural origin, while 

three were of peritoneal origin (two men and one woman). 

Of the MM cases, 17 (50%) were epithelioid, 11 (32%) were 

biphasic, and 6 (18%) were sarcomatoid. Of the sarcomatoid 

cases, two were desmoplastic.

The immunohistochemical expression of each marker in 

MM and RMC tissues is summarized in ❚Figure 1❚. To distin-

guish MM from RMCs, immunohistochemical positivity for 

IMP3, GLUT1, EMA, and CD146 had sensitivities of 94%, 

85%, 79%, and 71% and specificities of 78%, 100%, 88%, 

and 98%, respectively, and negativity for desmin had 48% 

sensitivity and 97% specificity. Representative staining pat-

terns for each marker are shown in ❚Image 1❚, ❚Image 2❚, and 

❚Image 3❚. Immunostaining for detection of GLUT1, EMA, 

and CD146 was generally concentrated around the cell mem-

brane, with only occasional cytoplasmic staining. However, 

cytoplasmic staining of these antibodies was often observed 

in sarcomatoid MM. IMP3 and desmin showed cytoplasmic 

staining in both MM and RMC cases. In RMCs, IMP3 and 

CD146 showed focal and weak cytoplasmic staining, while 

EMA showed weak cytoplasmic or apical staining. In MM, 

the proportion of positive tumor cells ranged from 10% to 

95% (mean, 51%) for GLUT1, 5% to 95% (33%) for CD146, 

5% to 100% (60%) for IMP3, 5% to 100% (59%) for EMA, 

and 5% for desmin. In RMC cases, the proportion of positive 

mesothelial cells ranged from 5% to 30% (mean, 12%) for 

desmin, 10% to 40% (19%) for IMP3, 10% to 35% (19%) for 

EMA, and 5% for CD146. Positive rates for GLUT1, CD146, 

IMP3, and EMA in epithelioid, biphasic, and sarcomatoid 

❚Table 1❚
Antibodies Used in This Study

Antibody Clone Source  Dilution  Pretreatment

GLUT1 Polyclonal Abcama 1/50 Heat
CD146 N1238 Abcam 1/50 Heat
IMP3 L523S DAKOb 1/100 Heat
EMA E29 DAKO 1/100 None
Desmin D33 DAKO 1/15 None

a Abcam (Cambridge, England).
b DAKO (Carpinteria, CA).

EMA, epithelial membrane antigen; GLUT1, glucose transporter 1; IMP3, insulin-

like growth factor 2 messenger RNA binding protein 3.
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❚Figure 1❚ Expression of each marker in malignant 

mesothelioma (MM) and reactive mesothelial cell (RMC) 

specimens. EMA, epithelial membrane antigen; GLUT1, 

glucose transporter 1; IMP3, insulin-like growth factor 2 

messenger RNA binding protein 3.
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C D
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❚Image 1❚ Representative staining patterns in a sarcomatoid malignant mesothelioma. A, H&E, ×400. B, Insulin-like growth 

factor 2 messenger RNA binding protein 3 was diffusely positive in the cytoplasm of tumor cells, ×400. C, Glucose transporter 

1 was positive in tumor cells as well as erythrocytes (arrows), ×400. D, Epithelial membrane antigen showed focal positivity in 

tumor cells, ×400. E, CD146 was positive in cell membranes of tumor cells, ×400. F, Desmin was negative, ×400.
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❚Image 2❚ A staining pattern for each antibody in a biphasic malignant mesothelioma. A, H&E, ×400. B, Insulin-like growth factor 

2 messenger RNA binding protein 3 was positive in the cytoplasm of tumor cells, ×400. C, Glucose transporter 1 showed a 

membranous staining pattern in epithelioid and sarcomatoid tumor cells, ×400. D, Epithelial membrane antigen showed focal 

membranous staining in epithelioid tumor cells, ×400. E, CD146 was weakly positive in epithelioid tumor cells, ×400. F, Only 

this biphasic malignant mesothelioma case showed focal desmin positivity. Staining for desmin, ×400.
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❚Image 3❚ Pneumothorax cases with reactive mesothelial cells (RMCs). The specimen from a 13-year-old girl showed focal 

desmin positivity in RMCs. A, H&E, ×200. B, Staining for desmin, ×200. The specimen from an 18-year-old man showed focal 

insulin-like growth factor 2 messenger RNA binding protein 3 (IMP3) positivity in the cytoplasm of RMCs. C, H&E, ×400. D, 

Staining for IMP3, ×400. The specimen from a 22-year-old man showed focal apical staining of epithelial membrane antigen 

(EMA) in RMCs. E, H&E, ×400. F, Staining for EMA, ×400.
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MM are presented in ❚Figure 2❚. The expression of EMA 

was significantly lower in sarcomatoid than in epithelioid and 

biphasic MM types compared with that of IMP3, GLUT1, and 

CD146 (P < .001). IMP3 and GLUT1 tended to have a higher 

expression in sarcomatoid MM but without statistical signifi-

cance. All the MM cases showed positive staining for at least 

two of the positive markers, except for one case of a relatively 

small biopsy specimen, which showed positive staining for 

IMP3 only (pleural; epithelioid type). All five MM cases that 

were negative for GLUT1 (four pleural and one peritoneal; 

all epithelioid) showed positive staining for IMP3; two MM 

cases that were negative for IMP3 (both pleural; epithelioid 

and biphasic) were positive for GLUT1.

We used the ROC curves for IMP3, GLUT1, EMA, 

CD146, and desmin to assess the ability of each marker to 

distinguish between MM and RMC ❚Figure 3❚. The AUC 

was the greatest for IMP3 (0.95), followed by GLUT1 (0.93), 

EMA (0.87), CD146 (0.86), and desmin (0.73). Consider-

ing the optimal cutoff points on the ROC curve, if the cutoff 

points were set at 30% for IMP3 and 10% for GLUT1, then 

the sensitivity and specificity between MM and RMC would 

be 100% and 95%, respectively, when using the combination 

of only these two markers. If the cutoff points were set at 40% 

for IMP3 and 0% for GLUT1, then the sensitivity and speci-

ficity between MM and RMC using this marker combination 

would be both 100%.
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❚Figure 2❚ Expression of each marker according to subtypes 

of malignant mesothelioma. *The expression of EMA was 

significantly lower in the sarcomatoid than in the epithelioid 

or biphasic types compared with that of IMP3, GLUT1, 

and CD146 (P < .001). EMA, epithelial membrane antigen; 

GLUT1, glucose transporter 1; IMP3, insulin-like growth 

factor 2 messenger RNA binding protein 3.

❚Figure 3❚ Receiver operating characteristic (ROC) curves 

for each antibody for discriminating between malignant 

mesothelioma and reactive mesothelial cells. Each point 

on the ROC curve represents a sensitivity/specificity pair 

corresponding to a particular decision threshold. The area 

under the ROC curve (AUC) is a measure of how well a 

parameter can distinguish between two diagnostic groups. 

EMA, epithelial membrane antigen; GLUT1, glucose 

transporter 1; IMP3, insulin-like growth factor 2 messenger 

RNA binding protein 3.

Discussion

The current immunohistochemical study aimed to inves-

tigate several biomarkers in an effort to identify the best-

possible combination among these biomarkers for the differ-

entiation between MM and RMC. Every biomarker showed 

good sensitivity and specificity, especially IMP3, GLUT1, 

and EMA, which are most likely to be used in combination in 

a clinical setting. The sensitivity of CD146 in FFPE sections 

was lower than expected, and the sensitivity of desmin was 

too low to be considered practical for routine testing. Previous 

studies aimed at differentiating between MM and RMC also 

reported variations in the sensitivity and specificity of differ-

ent antibodies.2,3,5-8,10,11,14 Those differences probably relate 

to differences in (1) study populations and the histology of the 

cases; (2) specimen types, such as exfoliated cells, cell blocks, 
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cases and one of 11 RMC cases and showed equal sensitivity 

and specificity with GLUT1.18

Fluorescence in situ hybridization (FISH) for analysis 

of the 9p21 deletion, the locus harboring the p16/CDKN2A 

gene, is an alternative diagnostic method to immunohisto-

chemistry for the differentiation between MM and RMCs.19 

Studies using FISH have shown that homozygous deletion 

of 9p21 can be detected in 56% to 88% (mean 68%) of effu-

sions, tissue microarrays, and whole sections of MM.13,19-24 

Although 9p21 deletion analysis by FISH is a specific 

method for detecting malignancy, the mean sensitivity of 

this method is not very high (68%). Takeda et al25 reported 

that FISH analysis using multiple probes, including 9p21, 

1p36, 14q32, 22q12, 5p15, 7p12, and 8q24, revealed at least 

one genomic abnormality in all cases (42/42) of MM but 

no abnormalities in 15 cases of benign mesothelial lesions. 

Although the results make the FISH with multiple probes an 

attractive diagnostic method, it is laborious and expensive to 

perform on a routine basis.

In conclusion, the distinction between MM and RMCs 

is based on the morphology of the sample, with unequivo-

cal stromal invasion by mesothelial cells. However, a com-

bination of immunohistochemical biomarkers, especially 

IMP3 and GLUT1, may be very powerful for distinguishing 

between MM and RMC when stromal invasion is difficult to 

assess. The use of immunohistochemical findings of CD146 

as a biomarker in MM may need further investigation. These 

immunohistochemical studies to distinguish MM from benign 

mesothelial lesions may be used to identify potential candi-

dates for molecular targeted therapy in patients with MM. 

Larger studies that involve multiple institutions will be neces-

sary to confirm the validity of the current results, especially in 

diagnostically challenging cases.
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