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Malignant pleural mesothelioma (MPM) is an aggressive malignant disease with 
a  poor prognosis, which affects the surface mesothelium of the pleural cavity.  
Immune checkpoints are responsible for controlling the immune system to avoid 
autoimmunity and prevent tissue damage.
In this study, we aimed to investigate the expression of cytotoxic T lymphocyte  
antigen-4 (CTLA-4), programmed death ligand 1 (PD-L1), and programmed 
death ligand 2 (PD-L2) immuno-control receptors in MPM patients and the rela-
tionship of the expression with tumour types and prognostic parameters.
In this study, we evaluated 50 MPM cases. Immunohistochemically CTLA-4, PD-
L1, and PD-L2 were detected by using monoclonal anti-CTLA-4, anti-PD-L1, 
and anti-PD-L2. Real-time polymerase chain reaction (RT-PCR) analysis was per-
formed with the primers CTLA-4, PD-L1, and PD-L2.
Statistically, no significant relation was determined between the PD-L1, PD-L2, 
and CTLA-4 expressions (immunohistochemical and RT-PCR methods) and the 
MPM histological type. Interestingly significant correlation was observed between 
the mean survival time and immunohistochemical PD-L2 expression; thus, long-
term survival was observed in cases with PD-L2 expression.
Programmed death ligand 1, PD-L2, and CTLA-4 expression were observed in 
some MPM cases, suggesting that treatments targeting immune checkpoints may 
be effective. Because immunohistochemical expression of PD-L2 is associated with 
better prognosis, it may provide useful clues in the follow-up of patients.

Key words: CTLA-4, immune checkpoints, PD-L1 (CD274), PD-L2 (PDCD1LG2), 
programmed cell death ligand 1, programmed cell death ligand 2, malignant pleural 
mesothelioma.

Introduction

Malignant pleural mesothelioma (MPM) is the 
most common primary malignant tumour of the 
pleura, originating from the mesothelial cells lining 
the pleura [1]. Its incidence is between 1 and 2.2 per 

million per year [1–3]. The most important aetiolog-
ical factor for MPM is contact with asbestos or eri-
onite fibres [3]. MPM is a disease with a poor prog-
nosis. The median overall survival time in untreated 
patients is approximately 10 months [4, 5].
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Fatma Şule Kutlar Dursun, Ulaş Alabalik

Multimodality treatment options are available 
for MPM, such as surgical resection, radiotherapy, 
and chemotherapy [6]. The only proven treatment 
modality for MPM is palliative platinum-antifolate 
chemotherapy, with a  median survival time of ap-
proximately 12 months. This leads to the search new 
treatment modalities such as antibodies that block 
immune checkpoints which often have not been fully 
elucidated in MPM [7, 8].

Immune checkpoints are responsible for con-
trolling the immune system to avoid autoimmunity 
and prevent tissue damage [9]. Cytotoxic T lympho-
cyte antigen-4 (CTLA-4) is an immune inhibitory re-
ceptor found in T cells. It regulates T-cell activation 
by antigenic stimulation of T-cell receptor. Cytotoxic 
T lymphocyte antigen-4 suppresses T-cell function 
by means of blocking its interaction with the CD28 
co-stimulatory molecule [10–16].

Programmed cell death protein 1 (PD-1, PDCD1) 
is a transmembrane protein of the B7/CD28 costim-
ulatory receptor family. Programmed cell death pro-
tein 1 regulates T-cell activation through binding to 
programmed death ligand 1 (PD-L1, CD274) and 
programmed death ligand 2 (PD-L2, PDCD1LG2) 
[17–19]. Similarly to CTLA-4 signalling, PD-1 
binding also decreases T-cell survival [19].

In view of the potential role of cancer-associated 
immunosuppression in the tumour microenviron-
ment, targeting the PD-1/PD-L and CTLA-4 path-
ways seems to be an attractive therapeutic strategy. In 
this study, we investigate the expression of CTLA-4, 
PD-L1, and PD-L2 immuno-control receptors in 
MPM patients and the relationship of the expression 
with tumour types and prognostic parameters.

Material and methods

Tissue collection and examination

In our study, 50 MPM cases diagnosed among the 
pleural biopsy materials in the archives of the Pathol-
ogy Department of Medical Faculty of Dicle Univer-

sity in the period 2010–2017 were evaluated. In all 
cases, diagnoses were confirmed by 2 pathologists 
with using haematoxylin-eosin stain and immuno-
histochemically: Calretinin, D2-40, BAP1, desmin, 
WT-1, EMA, CD68, and BerEp4. Cases showing 
calretinin, D2-40, EMA and WT-1 expression but 
not expressing BAP1, desmin, CD68, and BerEp4 
were included in the study. Then we worked over all 
the cases with a  light microscope (Olympus BX53,  
Tokyo, Japan) and subtyped them histopathologically 
(epithelioid, sarcomatoid, desmoplastic, and biphasic) 
according to the World Health Organization (WHO) 
classification guidelines. We documented the clinical 
records and the histopathological diagnosis of all pa-
tients. All the cases were staged clinically according 
to the tumour, node, and metastasis classification  
of pleural mesothelioma [2]. Local ethical approval 
was received from the Dicle University Medical Fac-
ulty Ethics Committee.

Immunohistochemical study

Four-micrometre sections were prepared from rou-
tinely processed paraffin blocks. The sections were 
mounted on positively charged slides and were incu-
bated at 57°C for 60 minutes to remove the paraffin. 
Immunohistochemical staining was performed with 
the automated BenchMark XT immunohistochem-
ical system (Ventana Medical Systems, Tucson, AZ, 
USA). Cytotoxic T lymphocyte antigen-4, PD-L1, 
and PD-L2 were detected by using monoclonal anti- 
CTLA-4, anti-PD-L1, and anti-PD-L2. Detailed 
technical information on the immunohistochemical 
antibodies is given in Table I.

Cytotoxic T lymphocyte antigen-4, PD-L1, and 
PD-L2 immunoreactivity were evaluated by 2 pa-
thologists (FSKD and UA). 

Immunohistochemical staining assessment was 
modelled from the study by Alabalik et al. [20].  
The staining intensity and extent of stained cells 
were evaluated and scored for each sample. The dis-
tribution of CTLA-4, PD-L1, and PD-L2 immuno-

Table I. Antibodies and conditions for immunohistochemistry staining

Antibody Clone Dilution Incubation Antigen 
retrieval

Cellular 
localization

Control 
tissue

Brand

PD-L1 E1L3N 1/400 1.5 hours Ventana  
CC1-EDTA, 
64 minute

Membranous Placenta Cell Signalling 
Technology, 

USA

PD-L2 D7U8C 1/100 1.5 hours Ventana  
CC1-EDTA, 
64 minute

Cytoplasmic Tonsil Cell Signalling 
Technology, 

USA

CTLA-4 F8 1/500 2 hours Ventana  
CC2- citrate, 
68 minute

Cytoplasmic Tonsil Santa Cruz 
Biotechnology, 

USA
CTLA-4 – cytotoxic T lymphocyte antigen-4, PD-L1 – programmed death ligand 1, PD-L2 – programmed death ligand 2
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reactivity was semi-quantitatively scored by using  
a 0–4 scale for the percentage of stained cells. A score 
of 0 represented 0-5% of cells stained, 1+ was 6–25% 
of cells stained, 2+ was 26– 50% of cells stained,  
3+ was 51–75% of cells stained, and 4+ was 76–
100% of cells stained. The immunohistochemical 
staining intensity was graded 0–3, with 0 indicating 
no staining intensity, 1 being weak, 2 being moder-
ate, and 3 being strong. The combined scores were 
calculated as a sum of the extent and intensity scores. 
Finally, the combined scores were graded as follows: 
negative (0) = 0, weak (1) = 1 or 2, moderate (2) = 
3 or 4, and strong (3) = 5–7. In all cases, patholo-
gists agreed on the same score for all markers. 

Real-time polymerase chain reaction analysis

Blocks consisting of more than 90% MPM cells 
and free of inflammatory cells or containing only 
a  few were selected. Four-micrometre sections were 
prepared from routinely processed paraffin blocks.  
To amplify the CTLA-4, PD-L1, and PD-L2 gene re-
gions from the RNA by real-time polymerase chain 
reaction (RT-PCR), RNA isolation was performed 
with the Roche High Pure RNA Paraffin Kit (Roche, 
Germany, Ref no: 03270289001). The cDNA syn-
thesis from total RNA was performed with Roche 
Evo Script Universal cDNA Master Kit (Roche, Ger-
many, Refno: 07912439001). 

In the RT-PCR study a RocheCobas Z 480 (Roche, 
Germany) device with a  LightCycler 480 System 
was used. A Roche Fast Start Essential DNA Probes 
Master (Roche, Germany, Refno: 06 402 682 001) 
kit was used for RT-PCR analysis. As primer Roche 
CTLA-4 (Roche, Germany, Id: 113194), Roche  
PD-L1 (Roche, Germany, Id: 104030), Roche PD-L2 
(Roche, Germany, Id: 117537) and Roche ACTB 
(Roche, Germany, Id: 143636) was also used as con-
trol primer.

Statistical analysis

SPSS version 18.0 (Statistical Package for the So-
cial Sciences) was used for statistical analysis. The 
correlation between CTLA-4, PD-L1, and PD-L2 
expressions and the clinical and pathological char-
acteristics of the patients was analysed by using the 
chi-square test. The effects of CTLA-4, PD-L1, and 
PD-L2 expressions and clinical and pathological 
characteristics on general survival time were evalu-
ated with the help of the Kaplan–Meier method in 
univariate analysis and the Cox regression method 
in multivariate analysis. The results were considered 
statistically significant when the p value was less than 
0.05 (p < 0.05).

This study was supported by Dicle Universi-
ty Scientific Research Projects Coordination Unit 
(DUBAP) (grant number TIP.17.004).

Results

Cohort of patients

According to the WHO Classification, 44 of the 
cases were evaluated as epithelioid type (Fig. 1A), one 
as sarcomatoid type, and 5 as biphasic type MPM.

Of the 50 cases in our study, 37 were male and 
13 were female. No statistically significant relation 
was observed between the immunohistochemical and 
molecular expressions of PD-L1, PD-L2, and CTLA-4 
according to gender (p > 0.05).

The patients were between 37 and 83 years old, 
with a  mean age of 61.52 ±11.4 years. No statis-
tically significant difference was observed between 
immunohistochemical PD-L1, PD-L2, and CTLA-
4 expression and molecular PD-L1 and CTLA-4  
expressions according to age (p > 0.05). A statistical-
ly significant correlation was observed between mo-
lecular PD-L2 expression according to age (p < 0.05).

The mean survival time of the cases was 12.98 
±1.33 months. There was no statistically signifi-
cant relationship between survival time and immu-
nohistochemical expression of PD-L1 and CTLA-4  
(p > 0.05). However, a  statistically significant rela-
tionship between the immunohistochemical expression 
of PD-L2 and survival time (p < 0.05) was observed.

Immunohistochemical results

The immunohistochemical staining characteristics 
are shown in Table I.

The membranous staining for PD-L1 was detected 
as strong in 2 (4%) cases, moderate in 6 (12%) cases, 
and weak in 7 (14%) cases (Fig. 1B). Staining with 
PD-L1 was not observed in 35 (70%) cases. No sta-
tistically significant relationship was determined be-
tween the PD-L1 expression level and the MPM his-
tological type (p > 0.05).

The cytoplasmic staining for PD-L2 was detected 
as weak in 4 (8%) cases (Fig. 1C). In 46 (92%) cases, 
no staining with PD-L2 was observed. No statistically 
significant relationship was determined between the 
PD-L2 expression level and the MPM histological 
type (p > 0.05).

The cytoplasmic staining for CTLA-4 was detect-
ed as weak in 5 (10%) cases (Fig. 1D). In 45 (90%) 
cases, staining with CTLA-4 was not observed.  
No statistically significant relationship was deter-
mined between the CTLA-4 expression level and the 
MPM histological type (p > 0.05).

A statistically significant correlation was observed 
between PD-L1 and PD-L2 (p < 0.001), PD-L1 
and CTLA-4 (p < 0.001), and PD-L2 and CTLA-4  
(p < 0.001) immunohistochemical expressions.

A statistically significant relationship was observed 
between the PD-L2 expressions and the survival time 
(p < 0.05) (Fig. 2A). However, no significant relation 
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was determined between the PD-L1 and CTLA-4 ex-
pressions and the survival time (p > 0.05) (Figs. 2B, C).

Real-time polymerase chain reaction results

Molecular analysis results of the cases of our study 
are shown in Tables II and III.

Programmed death ligand 1 gene expression was 
detected in 5 (10%) of 50 cases by PCR. Of the cases 
with PD-L1 gene expression, 4 were diagnosed with 
epithelioid type MPM, and 1 was diagnosed with bi-
phasic type MPM. No statistically significant difference 
was observed between histopathological subtype and 
PD-L1 gene expression (p > 0.05). Among all cases 
with PD-L1 gene expression, one weak, 3 moderate, 
and one strong also showed PD-L1 expression immu-
nohistochemically. A statistically significant correlation 
was obtained between PD-L1 gene expression and im-
munohistochemical PD-L1 expression (p = 0.001).

Programmed death ligand 2 gene expression was 
detected in 11 (22%) of 50 cases with RT-PCR.  
Of the cases with PD-L2 gene expression, 9 were epi-
thelioid type MPM and 2 were diagnosed with bipha-

sic type MPM. No statistically significant difference 
was observed between histopathological subtype and 
PD-L2 gene expression (p > 0.05). Three of the cases 
with PD-L2 gene expression showed weak PD-L2 ex-
pression immunohistochemically. Programmed death 
ligand 2 gene expression was not observed in one case 
that showed PD-L2 expression immunohistochemi-
cally. Statistically significant correlation was obtained 
between PD-L2 gene expression and immunohisto-
chemical PD-L2 expression (p < 0.05).

Cytotoxic T lymphocyte antigen-4 gene expression 
was detected in 10 (20%) of 50 cases with RT-PCR. 
Of the cases with CTLA-4 gene expression, 8 were 
epithelioid type MPM and 2 were diagnosed with 
biphasic type MPM. No statistically significant dif-
ference was observed between histopathological sub-
type and CTLA-4 gene expression (p > 0.05). Four 
of the cases with CTLA-4 gene expression, showed 
weak CTLA-4 expression immunohistochemically. 
Cytotoxic T lymphocyte antigen-4 gene expression 
was not observed in one case that showed CTLA-4 
expression immunohistochemically. A  statistically 

A

C

B

D

Fig. 1. A) Histomorphological appearance of malignant pleural mesothelioma (H and E, 400×). B) Strong expression  
of programmed death ligand 1 in malignant pleural mesothelioma (Immunoperoxidase, 400×). C) Weak expression of pro-
grammed death ligand 2 in malignant pleural mesothelioma (Immunoperoxidase, 400×). D) Weak expression of cytotoxic  
T lymphocyte antigen-4 in malignant pleural mesothelioma (Immunoperoxidase, 400×)
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significant correlation was found between CTLA-4 
gene expression and immunohistochemical CTLA-4 
expression (p < 0.01).

A statistically significant correlation was observed 
between PD-L1 and PD-L2 (p = 0.000), PD-L1 
and CTLA-4 (p = 0.000), and PD-L2 and CTLA-4  
(p = 0.000) gene expressions.

A statistically significant correlation was detected 
between immunohistochemical expressions and gene 
expressions for each of PD-L1, PD-L2, and CTLA-4 
(Table IV). However, no significant relation was de-

termined between PD-L1, PD-L2, and CTLA-4 gene 
expressions and the survival time (p > 0.05).

Discussion

Malignant pleural mesothelioma is an aggressive 
malignant disease affecting the surface mesothelium 
of the pleural cavity, particularly associated with ex-
posure to asbestos fibres [21]. The incidence of MPM 
is predicted to increase in the coming years, due  
to the long period between asbestos exposure and di-
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Fig. 2. Overall survival of patients with pleural mesothe-
lioma according to programmed death ligand 1 (PD-L1), 
programmed death ligand 2 (PD-L2), and cytotoxic T lym-
phocyte antigen-4 expression (CTLA-4). A) Kaplan-Meier 
curves for the patients carrying mesothelioma with or with-
out PD-L1. B) Kaplan-Meier curves for the patients car-
rying mesothelioma with PD-L2. C) Kaplan-Meier curves 
for the patients carrying mesothelioma with CTLA-4 
expression
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agnosis, in addition to the continued use of asbestos 
in developing countries [5].

Malignant pleural mesothelioma is a disease with 
a poor prognosis; the median overall survival time in 
untreated patients is approximately 10 months, and 
the 5-year survival rate is less than 5% [4, 5]. Palliative 

platinum-antifolate chemotherapy is the only proven 
treatment in MPM, resulting in a median survival time 
of approximately 1 year. Therefore, new therapeutic 
strategies are needed. Antibodies that block immune 
checkpoints in MPM patients have recently been in-
vestigated [7, 8]. In our study, we have investigated 
the expression of immune checkpoint receptors such 
as CTLA-4, PD-L1, and PD-L2, which may be targets 
for treatment strategies in MPM patients.

In the literature, MPM is generally seen in pa-
tients over 60 years of age, and the male/female ra-
tio is approximately 4/1 [1, 16, 22]. In our study, 
the mean age of the patients was found to be 61.52 
±11.4 years, consistent with the literature, and male 
predominance was observed.

Because MPM typically presents at a  late clini-
cal stage, the median survival time after diagnosis is  

Table II. Pathologic and immunohistochemical features of tumours according to programmed death ligand 1,  
programmed death ligand 2, and cytotoxic T lymphocyte antigen-4 expression

Histological 
subtype

Immunohistochemical 
Expression

PD-L1 PD-L2 CTLA-4

Frequency % Frequency % Frequency %

Epithelioid Negative 30 60 41 82 40 80

Weak 7 14 3 6 4 8

Moderate 6 12 0 0 0 0

Strong 1 2 0 0 0 0

Sarcomatoid Negative 1 2 1 2 1 2

Weak 0 0 0 0 0 0

Moderate 0 0 0 0 0 0

Strong 0 0 0 0 0 0

Biphasic Negative 4 8 4 8 4 8

Weak 0 0 1 2 1 2

Moderate 0 0 0 0 0 0

Strong 1 2 0 0 0 0

p 0.474ns 0.563ns 0.702ns

CTLA-4 – cytotoxic T lymphocyte antigen-4, PD-L1 – programmed death ligand 1, PD-L2 – programmed death ligand 2

Table III. Pathologic and real-time polymerase chain reaction assay features of tumours according to programmed death 
ligand 1, programmed death ligand 2, and cytotoxic T lymphocyte antigen-4 expression

Histological 
subtype

Gene 
expression

PD-L1 PD-L2 CTLA-4

Frequency % Frequency % Frequency %

Epithelioid Negative 40 80 35 70 36 72

Positive 4 8 9 18 8 16

Sarcomatoid Negative 1 2 1 2 1 2

Positive 0 0 0 0 0 0

Biphasic Negative 4 8 3 6 3 6

Positive 1 2 2 4 2 4

p 0.702ns 0.525ns 0.451ns

CTLA-4 – cytotoxic T lymphocyte antigen-4, PD-L1 – programmed death ligand 1, PD-L2 – programmed death ligand 2

Table IV. Correlation table for immunohistochemical  
expression and gene expression results

Parameters r p

IHKPD-L1- MPD-L1 0.588 0.000

IHKPD-L2-MPD-L2 0.377 0.007

IHKCTLA-4-MCTLA-4 1.00 0.000
I·HKPD-L1 – immunohistochemical PD-L1 expression, I·HKD-L2 – 
immunohistochemical PD-L2 expression, I·HKCTLA-4 – immunohistochem-
ical CTLA-4 expression, MPD-L1 – PD-L1 gene expression, MPD-L2 – 
PD-L2 gene expression, MCTLA-4 – cytotoxic T lymphocyte antigen-4 gene 
expression
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10–12 months in the literature, and the tumour 
nearly always causes death within a few years [4, 5, 
23, 24]. The mean survival time of the patients in our 
study was 12.98 ±1.33 months, which is consistent 
with the literature.

There are some studies in the literature research-
ing PD-L1 expression immunohistochemically in 
MPM. Cedres et al. [25] showed that 6 (22.2%) of 
27 patients had a  positive immunoreaction with 
PD-L1 (clone E1L3N), and no immune reaction 
was observed in 20 patients (77.7%). In the same 
study, more PD-L1 positivity was found in the pa-
tient group with non-epithelioid histology than in 
the group with epithelioid histology. Mansfield et al. 
[26] detected PD-L1 (clone 5H1-A3) expression in 
42 patients in a  study they conducted on 106 pa-
tients with MPM – 14 of them (33%) were epithe-
lioid type and 28 (67%) were non-epithelioid type.  
In the same study, all MPM cases with sarcomatoid 
differentiation showed PD-L1 expression, except for 
one case with desmoplastic subtype, which is a valu-
able result. Combaz-Lair et al. [27] investigated im-
munohistochemical PD-L1 expression analysis with 
both clone E1L3N and clone SP142 in 58 MPM  
patients. E1L3N clone was expressed in 8 (23.5%) 
of 34 epithelioid type MPM, one (9%) of 11 biphasic 
type MPM, and 8 (62%) of 13 sarcomatoid type MPM. 
With the SP142 clone, expression was observed in  
4 (12%) epithelioid, one (9%) biphasic, and 5 (38%) 
sarcomatoid type MPM cases. Brosseau et al. [28] 
showed that PD-L1 positivity in the sarcomatoid/
biphasic subtype was higher than in the epithelioid 
subtype. In our study, PD-L1 expression was found 
immunohistochemically in 15 patients (30%) with 
a diagnosis of MPM, 7 of whom were weak (14%), 
6 were moderate (12%), and 2 were strong (4%).  
Of the 15 cases with PD-L1 expression, 14 were di-
agnosed as epithelioid type, and one case had a di-
agnosis of biphasic MPM. There was no statistically 
significant difference between histological subtype 
and immunohistochemical PD-L1 expression. In our 
opinion, this situation was due to the low number of 
patients with sarcomatoid features, because only one 
(2%) of the 50 patients in our series was sarcomatoid 
subtype and 5 (10%) were biphasic. 

In the study of Cedres et al. [25], patients with 
PD-L1 clone E1L3N expression (median 5 months) 
showed shorter survival time than negative patients 
(median 20 months). In the study of Mansfield  
et al. [26], patients with PD-L1 clone 5H1-A3 ex-
pression (median 5 months) had a  shorter survival 
time than those without PD-L1 expression (median  
14.5 months). Combaz-Lair et al. [27] showed that 
PD-L1 clone SP142 expression was associated with 
poor survival, but PD-L1 clone E1L3N expression 
was non associated with survival time. In the study 
of Nguyen et al. [29], patients with PD-L1 clone 

SP263 expression (median 6 months) demonstrated 
shorter survival time than negative patients (median 
15.5 months). Inaguma et al. found that PD-L1 clone 
E1L3N expression was related with poor prognosis 
[30]. In our study, the mean survival time was ob-
tained as 12.98 ±1.33 months. There was no signif-
icant difference in survival times between the group 
with PD-L1 expression and the group with no PD-L1 
expression. Although our result is inconsistent with 
other studies, it is consistent with the result of Com-
baz-Lair et al. In our opinion this result is due to an 
insufficient number of MPM patients (6/50) with sar-
comatoid features. 

There are very few studies in the literature investi-
gating PD-L1 expression in MPM patients other than 
the immunohistochemical method [31]. In our study, 
PD-L1 expression was detected by RT-PCR method 
in 5 of our 50 MPM cases. No significant relationship 
was observed between PD-L1 gene expression and 
both the mean survival time and histological sub-
type. Five cases showing PD-L1 expression with the 
RT-PCR method also showed PD-L1 expression im-
munohistochemically. In this way, a  significant cor-
relation was obtained between immunohistochemical 
PD-L1 expression and PD-L1 gene expression by  
RT-PCR method.

In the literature there is no comprehensive study 
investigating PD-L2 expression with any method 
in MPM. In our study, we detected immunohisto-
chemically weak PD-L2 expression in 4 (8%) of our  
50 patients with MPM. Significant correlation was 
not obtained between histological subtype and im-
munohistochemical PD-L2 expression.

In our study, the median survival time was 39.50 
months in 4 cases with immunohistochemical ex-
pression of PD-L2, and 24.28 months in 46 negative  
cases. A  statistically significant correlation was ob-
served between the mean survival time and immuno-
histochemical PD-L2 expression, and a long survival 
time was observed in cases with PD-L2 expression. 
These results suggest that PD-L2 expression may be 
associated with good prognosis. Our result is in con-
trast with that of PD-L1, which is associated with 
poor prognosis in many studies, so we think that it 
is a remarkable situation that can be used to predict 
patient survival. However, the relationship between 
PD-L2 expression and survival time should be inves-
tigated in further research with a higher number of 
MPM patients.

In addition, PD-L2 expression was detected by 
RT-PCR method in 11 of the 50 MPM cases in our 
study. Of the cases with PD-L2 gene expression,  
9 were epithelioid type and 2 were biphasic. Signifi-
cant correlation was not found between PD-L2 gene 
expression and both mean survival time and histolog-
ical subtypes. Immunohistochemically, PD-L2 expres-
sion was detected in 3 of the cases with PD-L2 gene 
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expression. A statistically significant correlation was 
obtained between PD-L2 gene expression and immu-
nohistochemical PD-L2 expression. In our opinion, 
the difference between the expressions with immuno-
histochemistry and RT-PCR is caused by the fact that 
the detection of PD-L2 protein is more difficult, and 
it has a smaller structure (30 kDa) than the PD-L1 
protein molecule (approximately 40 kDa). Also, this 
molecule is vulnerable to damage during routine tis-
sue follow-up procedures, and this may cause protein 
denaturation.

There have only been a  few immunohistochem-
ical studies in the literature on CTLA-4 expression 
in MPM and its relationship with prognostic param-
eters. Roncella et al. [16] found no significant cor-
relation between CTLA-4 expression and both mean 
survival time and histological subtype. In our study, 
CTLA-4 expression was detected immunohistochem-
ically in 5 of 50 MPM cases. There was no significant 
relationship between immunohistochemical CTLA-4 
expression and both mean survival time and histolo
gical subtype. There are no studies in the literature in-
vestigating CTLA-4 expression in MPM except using 
the immunohistochemical method. In our study, 
CTLA-4 expression was detected in 10 of 50 cases 
by RT-PCR method. No significant correlation was 
obtained between CTLA-4 gene expression and both 
mean survival time and histological subtypes. Signif-
icant correlation was obtained between immunohis-
tochemical CTLA-4 expression and CTLA-4 expres-
sion by RT-PCR method. Similarly to the data in our  
PD-L2 study, in our opinion the difference between 
the expressions with immunohistochemistry and 
RT-PCR is caused by the fact that the detection of 
CTLA-4 protein is more difficult, and it has a smaller 
structure (24 kDa) than the PD-L1 protein molecule 
(approximately 40 kDa). Also, this molecule is vul-
nerable to damage during routine tissue follow-up 
procedures, and this may cause protein denaturation. 
Some further studies with a higher number of MPM 
patients investigating the relationship between the 
prognosis and CTLA-4 expression are necessary.

It was determined that 4 cases with immunohis-
tochemical PD-L2 expression and all 5 cases with 
CTLA-4 expression also showed PD-L1 expression. 
PD-L2 expression was also observed in 3 of 5 cas-
es with CTLA-4 expression. It was found that all  
5 cases with PD-L1 gene expression also showed both 
PD-L2 and CTLA-4 gene expression. In 9 of 10 cases 
showing CTLA-4 gene expression, PD-L2 gene ex-
pression was also observed.

Conclusions

Because MPM is a disease with poor prognosis and 
treatment options are limited, new and more effec-
tive treatments are necessary. Immunohistochemical 

expression of PD-L2 is associated with better progno-
sis, so it may provide useful clues in the follow-up of 
patients. However, studies in larger series are needed. 
PD-L1, PD-L2, and CTLA-4 expression were seen 
in some MPM cases, which suggests that treatments 
targeting the immune checkpoints may be effective. 
Because therapies targeting immune checkpoints 
are promising new treatment options, clinical trials 
of agents targeting the immune checkpoints such as 
PD-L1, PD-L2, and CTLA-4 should be supported in 
MPM patients. The relationship between the pres-
ence of expression and the treatment response should 
be demonstrated by clinical studies with further re-
search including larger numbers of patients.

The authors declare no conflict of interest.

References
1.	Robinson BWS, Musk AW, Lake RA. Malignant mesothelio-

ma. Lancet 2005; 366: 397-308.
2.	Powers A, Carbone M. The role of environmental carcinogens, 

viruses, and genetic predisposition in the pathogenesis of me-
sothelioma. Cancer Biol Ther 2002; 1: 350-355. 

3.	Robinson BM. Malignant pleural mesothelioma: an epidemio-
logical perspective. Ann Cardiothorac Surg 2012; 1: 491-496.

4.	Bagia M, Nowak AK. Novel targeted therapies and vaccina-
tion strategies for mesothelioma. Curr Treat Options Oncol 
2011; 12: 149-162.

5.	Robinson BW, Lake RA. Advances in malignant mesothelioma. 
N Engl J Med 2005; 353: 1591-603.

6.	Jin L, Gu W, Li X, Xie L, Wang L, Chen Z. PD-L1 and progno-
sis in patients with malignant pleural mesothelioma: a meta- 
analysis and bioinformatics study. Ther Adv Med Oncol 2020; 
12: 1758835920962362.

7.	Robert C, Soria JC, Eggermont AM. Drug of the year: pro-
grammed death-1 receptor/programmed death-1 ligand-1 
receptor monoclonal antibodies. Eur J Cancer 2013; 49: 
2968-2971.

8.	Alley EW, Lopez J, Santoro A, et al. Clinical safety and activity 
of pembrolizumab in patients with malignant pleural meso-
thelioma (KEYNOTE-028): preliminary results from a non- 
randomised, open-label, phase 1b trial. Lancet Oncol 2017; 
18: 623-630.

9.	Wong RM, Ianculescu I, Sharma S, et al. Immunotherapy for 
malignant pleural mesothelioma. Current status and future 
prospects. Am J Respir Cell Mol Biol 2014; 50: 870-875.

10.	McCoy KD, Le Gros G. The role of CTLA-4 in the regulation of 
T cell immune responses. Immunol Cell Biol 1999; 77: 1-10.

11.	Pioli C, Gatta L, Ubaldi V, Doria G. Inhibition of IgG1 and 
IgE production by stimulation of the B cell CTLA-4 receptor. 
J Immunol 2000; 165: 5530-5536.

12.	Wang XB, Giscombe R, Yan Z, Heiden T, Xu D, Lefvert A. 
Expression of CTLA-4 by human monocytes. Scand J Immunol 
2002; 55: 53-60.

13.	Pistillo MP, Tazzari PL, Palmisano GL, et al. CTLA-4 is not re-
stricted to the lymphoid cell lineage and can function as a tar-
get molecule for apoptosis induction of leukemic cells. Blood 
2003; 101: 202-209.

14.	De Coaña YP, Masucci G, Hansson J, Kiessling R. Myeloid- 
derived suppressor cells and their role in CTLA-4 blockade 
therapy. Cancer Immunol Immunother 2014; 63: 977-983.

15.	Bakker E, Qattan M, Mutti L, Demonacos C, Krstic-Demo-
nacos M. The role of microenvironment and immunity in drug 



119

investigation of pd-l1 (cd274), pd-l2 (pdcd1lg2), and ctla-4 expressions in malignant pleural mesothelioma by immunohistochemistry  
and real-time polymerase chai·n reaction methods

response in leukemia. Biochim Biophys Acta 2016; 1863:  
414-426.

16.	Roncella S, Laurent S, Fontana V, et al. CTLA-4 in mesotheli-
oma patients: tissue expression, body fluid levels and possible 
relevance as a prognostic factor. Cancer Immunol Immunother 
2016; 65: 909-917.

17.	Sharpe AH, Wherry EJ, Ahmed R, Freeman GJ. The function 
of programmed cell death 1 and its ligands in regulating auto-
immunity and infection. Nat Immunol 2007; 8: 239-245.

18.	Okazaki T, Honjo T. PD-1 and PD-1 ligands: from discovery 
to clinical application. Int immunol 2007; 19: 813-824.

19.	Keir ME, Butte MJ, Freeman GJ, Sharpe AH. PD-1 and its 
ligands in tolerance and immunity. Annu Rev Immunol 2008; 
26: 677-704.

20.	Alaballk U, Türkcü G, Keles AN, Ibiloglu I, Urakçl Z, Büyük-
bayram H. Aquaporin 1, Aquaporin 3 and Aquaporin 5 ex-
pression and EGFR mutation in malignant pleural mesotheli-
omas: an imunohistochemical and molecular study. Biotechnol 
Biotechnol Equip 2017; 31: 367-372.

21.	Craighead J. Epidemiology of mesothelioma and historical 
background. Recent Results Cancer Res 2011: 13-25.

22.	Cedrés S, Ponce-Aix S, Zugazagoitia J, et al. Analysis of ex-
pression of programmed cell death 1 ligand 1 (PD-L1) in ma-
lignant pleural mesothelioma (MPM). PLoS One 2015; 10: 
e0121071.

23.	Zander D, Farver C. Pulmonary pathology: Foundations in 
Diagnostic Pathology Series. London: Churchill Livingstone, 
an imprint of Elsevier Inc. 2008.

24.	Corrin B, Nicholson A. Pathology of the lungs. London: Chur-
chill Livingstone, an Inc. 2011 imprint of Elsevier.

25.	Cedres S, Ponce-Aix S, Pardo-Aranda N, et al. Analysis of ex-
pression of PTEN/PI3 K pathway and programmed cell death 
ligand 1 (PD-L1) in malignant pleural mesothelioma (MPM). 
Lung Cancer 2016; 96: 1-6.

26.	Mansfield AS, Roden AC, Peikert T, et al. B7-H1 expression 
in malignant pleural mesothelioma is associated with sarcoma-
toid histology and poor prognosis. J Thorac Oncol 2014; 9: 
1036-1040.

27.	Combaz-Lair C, Galateau-Sallé F, McLeer-Florin A, et al. Im-
mune biomarkers PD-1/PD-L1 and TLR3 in malignant pleu-
ral mesotheliomas. Hum Pathol 2016; 52: 9-18.

28.	Brosseau S, Danel C, Scherpereel A, et al. Shorter survival in 
malignant pleural mesothelioma patients with high PD-L1 
expression associated with sarcomatoid or biphasic histology 
subtype: a series of 214 cases from the Bio-MAPS cohort. Clin 
Lung Cancer 2019; 20: e564-e75.

29.	Nguyen BH, Montgomery R, Fadia M, Wang J, Ali S. PD-L1 
expression associated with worse survival outcome in malig-
nant pleural mesothelioma. Asia Pac J Clin Oncol 2018; 14: 
69-73.

30.	Inaguma S, Lasota J, Wang Z. Expression of ALCAM (CD166) 
and PD-L1 (CD274) independently predicts shorter survival in 
malignant pleural mesothelioma. Hum Pathol 2018; 71: 1-7.

31.	Thapa B, Salcedo A, Lin X, et al. The immune microenviron-
ment, genome-wide copy number aberrations, and survival in 
mesothelioma. J Thorac Oncol 2017; 12: 850-859.

32.	Hsu PC, Miao J, Wang YC, et al. Inhibition of yes-associated 
protein down-regulates PD-L1 (CD274) expression in human 
malignant pleural mesothelioma. J Cel Mol Med 2018; 22: 
3139-3148.

Address for correspondence
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