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Abstract

Background: Malignant pleural mesothelioma (MPM) is
known to be an aggressive malignant tumor due to the difficulty
of making early diagnosis and its rapid progression. Its
incidence is increasing worldwide but no treatment plans are
accepted. D2-40 is an immunohistochemical marker (mono-
clonal antibody) that has been used as alymphatic endothelial
marker and used in the differential diagnosis of MPM (epi-
thelioid type) versus metastatic adenocarcinoma. Fifty spec-
imens of the pleural biopsy were viewed. They were diagnosed
as 40 cases of MPM (epithelioid type) and 10 cases of meta-
static adenocarcinoma (unknown primary origin). These
diagnoses based on Hematoxylin and Eosin (Hx & E) stained
sections and other immunohistochemical markers such as
calretinin, carcinoembryonic antigen (CEA), thyroid transcrip-
tion factor-1 (TTF-1).

Aimof Sudy: To compare D2-40 immunostaining in MPM
(epithelioid type) and metastatic adenocarcinoma with deter-
mining its sensitivity and specificity in both types.

Results: All cases of MPM epithelioid type were positive
for D2-40 while all cases of metastatic adenocarcinoma were
negative (both sensitivity and specificity= 100%). D2-40
staining result was considered positive or negative according
to the presence or absence of membranous staining. Statistical
analysis was done for assessment of D2-40 expression in both
types of tumors by using SPSS version 21.

Conclusion: Routine immunohistochemica work using
D2-40 with calretinin is recommended. D2-40 would be
superior to calretinin because of its membranous pattern of
staining which does not obscure the cytological features of
the tumor cells as compared to calretinin.

Key Words: D2-40 — Mesothelioma — Metastatic adenocarci-
noma.

Introduction

MPM isahighly malignant tumor arising from
mesothelium lining the pleura. It usually arisesin
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the parietal surface and then affects the viscera
one. Viscera pleural surface involvement means
amore advanced stage. Thisis an important factor
in the prognosis of the disease [1].

The global MPM burden is unclear. It was
estimated that about 43 thousand people die from
the tumor each year worldwide. MPM incidence
has been increasing in industrialized countries.
The main cause is occupational exposure to asbes-
tos. The latent period between asbestos exposure
and the development of MPM is 30-40 years. The
incidence peak is expected to be around 2020 [2].

In Egypt, there are many fabricated products
reinforced with asbestos. A steady increasein the
number of casesin Egypt was detected. The male
to femaleratio was 1.6:1. Environmental exposure
plays amajor role in two regions. Helwan and
Shubrawhilein Upper and Lower Egypt the expo-
sure was lower. MPM in Egypt present in high
incidence in areas of high pollution, so the envi-
ronmental control program would benefit it [3].

Diagnosing MPM is difficult because the symp-
toms are similar to those of other chest diseases.
A history of exposure to asbestos may increase
suspicion for this tumor. Physical examinations,
chest X-rays, C.T and/or MRI with lung function
tests were performed [4] .

WHO classification of pleural mesothelial tu-
mors, 2015 was: (1) Diffuse MPM, (2) Localized
MPM, (3) Well-differentiated papillary mesotheli-
oma, and (4) Adenomatoid tumor. Type (1) and (2)
further subdivided into epithelioid, sarcomatoid
and biphasic [5].
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The histological variants of epithelioid MPM
were: Tubulopapillary, micropapillary, trabecular,
acinar, solid, clear cell, deciduoid, adenoid cystic,
signet ring cell, small cell, rhabdoid and pleomor-
phic. Sarcomatoid mesothelioma subclassified into
the conventional spindle, desmoplastic and heter-
ologous (e.g. osteosarcomatous) differentiation [6].

The important pathological factors associated
with a poor prognosis are:
1- Histological type, especially the desmoplastic
variant of sarcomatoid type and the pleomorphic
variant of the epithelioid type.

2- Nuclear grading (degree of nuclear atypia, mi-
tosis and/or MIB-1 labeling index) whichisa
strong predictor of survival in mesothelioma.
Other factors of adverse prognosisinclude: low
chronic inflammatory stromal tumor response,
high CD 10 expression, and loss of p16 expres-
sion but these factors are not the standards of
practice [7].

The most important differential diagnosis of
MPM is a metastatic tumor that covers the pleural
surface. However, many localized tumors that exist
in the pleural surface may mimic mesothelioma
by microscopic examination. For this reason, the
gross picture of the tumor and the findings at
thoracotomy are important to make a definite
diagnosis [g].

The immunohistochemical panel has been used
to differentiate between MPM and other neoplasms.
It usually includes two or more mesothelial markers
and two or more epithelial/carcinoma markers used
to exclude metastatic carcinoma [9].

There are no absol ute antibodies that can be
used for the diagnosis of MPM. An initial step
could include 2 mesothelial markers with 2 markers
for the suspected differential diagnosis (e.g. meta-
static lung adenocarcinoma). If the results of stain-
ing are concordant, the diagnosis of MPM or met-
astatic adenocarcinoma may be considered
established. If they are not, a second step, expanding
the panel of immunohistochemical antibodies, may
be needed [6].

D2-40 is amonoclonal antibody that has been
recently recommended as a new immunohistochem-
ical marker for the diagnosis of MPM [10].

It isauseful positive mesothelial marker in
differentiating between MPM epithelioid type and
metastatic adenocarcinoma [11].

This marker has been known to stain lymphatic
endothelium and mesothelial cells with high sen-
sitivity and specificity [12].

D2-40 stains tumor cells in a membranous
pattern of immunostaining that does not obscure
the cytological features of these cells, so it is easier
to determine the degree of cytological atypia, which
may be difficult in cellsthat are stained by calretinin
[13].

Calretinin is awell-established marker for the
diagnosis of MPM and the differentiation from
metastatic adenocarcinoma. It isacalcium-binding
protein of the EF-hand family. It isexpressed in
both the nucleus and cytoplasm [14] .

Material and M ethods

All 50 specimens were already fixed in 10%
formalin, routinely processed and embedded in
paraffin. Specimens were obtained from the De-
partment of Pathology, Abbassia Hospital of Chest
diseases from January 2011 to January 2016. They
were selected according to the diagnosis based on
Hx & E stained slides and previous immunohisto-
chemical studies. They were classified according
to WHO classification, 2015 as 40 cases of MPM
epithelioid type and 10 cases of metastatic adeno-
carcinoma (unknown primary origin). All selected
cases were previously stained with calretinin (all
selected cases of MPM were positive for calretinin
while all cases of metastatic adenocarcinoma were
negative).

The D2-40 antibody used is a mouse polyclonal
IgG antibody; the recommended immunohisto-
chemical-paraffin dilution is 1:200 up to 1:500
(unit size 0.1ml). The staining procedure was
conducted using an automated immunostainer. The
lymphatic vessels in these sections served as an
internal control. D2-40 staining results were con-
sidered positive or negative according to the pres-
ence or absence of membranous staining. Positive
results were evaluated according to intensity as
strong, moderate, or weak (compared to the inten-
Sity of staining of the internal control).

The percentage of immunoreactive tumor cells
was scored as follows: 1+ (5% to 25% of cells),
2+ (26% to 50%), and 3+ (>50%). If a staining
result was positive <5% of cells, it was considered
negative (score=0) [12].

Statistical analysis was done for assessment of
D2-40 expression in both types of tumors and to
compare the results with calretinin by using SPSS
version 21 [p-value <0.05 was significant].
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Results

All cases of MPM epithelioid type were positive
for D2-40 while all cases of metastatic adenocar-
cinomawere negative (both sensitivity and specif-
icity = 100%).

Table (1): Results of D2-40 immunohistochemical staining
in each group of tumors.

Histopathol ogical type D2-40results  Freguency
MPM epithelioid type Positive 40
® op Negative 0
Total 40
M etastatic adenocarcinoma Positive 0
Negative 10
Total 10

Table (2): Relation between D2-40 and calretinin resultsin

each group.
D2-40 results Cdretinin results Percent
Positive (MPM) Positive 100%
Negative 0%
Total 100%
Negative (metastatic Positive 0%
adenocarcinoma) Negative 100%
Total 100%
[With high significant p-value (0.000)].
45 Positive calretinin
40 Negative calretinin
35
30
25
20
15
10
5
0

D2-40 Positive D2-40 Negative

Graph (1): D2-40 results with calretinin expression in both
types of tumors.

Score 3 is the most common score among positive
D2-40 cases (28/40) and the strong intensity of the
positive staining is the most prevalent (24/40).
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Fig. (1): MPM epithelioid type showing positive D2-40
staining, (original magnification x200), with strong
membranous staining and score 3.

Fig. (2): A case of MPM epithelial type showing positive
calretinin staining, by high power (original magni-
fication x200), note the pattern of staining which
masking nuclear details.

Fig. (3): A case of metastatic adenocarcinoma showing negative
D2-40 staining, score 0, at high power (original
magnification x200).
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Discussion

The International Mesothelioma Panel recom-
mended that 2 positive mesothelioma markers and
2 positive carcinoma markers together with a pan-
cytokeratin are sufficient in the majority of cases
[6] . The extended panel should include 4 first-line
positive mesothelial markers: Calretinin, D2-40,
WT1, and cytokeratin 5/6 together with 6 positive
carcinoma markers: CEA, TTF-1, CD15, MOC-
31, BGS8, and Ber EP4 [12].

In the current study, D2-40 was found to be
expressed in all cases of malignant mesothelioma
epithelioid type (40/40) with 100% sensitivity and
specificity.

Albert et al., [15] study also showed that D2-
40 positive results were present in 51 of 53 MPM
cases, 33 cases were epithelioid type and all were
positive (100%). These results were also similar
to results obtained by Muller et al., [16] who re-
ported that all the 18 cases of MPM epithelioid
typein their study had a strong membranous pattern
of D2-40 staining (100%), and results of Bhalla et
al., [17] study which showed that D2-40 was positive
in all cases of MPM epithelioid type.

On the other hand, the results were little differ-
ent from Ordonez [18] study who found that D2-
40 was positive in 25 out of 29 cases of MPM
(86%0). In the study of Sienko et al., [19] 32/45
cases of MPM epithelioid type were positive for
D2-40 (71.1%). Hinterberger et a., [14] found that
84 out of 112 cases of MPM epithelioid type were
positive to D2-40 (75%). Esheba [20] study found
that the cases of MPM examined showed positive
D2-40 staining in 87% of cases. Thisis maybe
explained by the larger number of cases examined
in these studies.

The expression of D2-40 in metastatic adeno-
carcinoma cases in this work was negative for all
selected cases (0/10). Thiswas similar to results
of Ordonez [18] study which included 34 cases of
lung carcinomas and 70 cases of other adenocarci-
nomas (17 ovarian, 10 mammary, 10 colonic, 10
renal, 5 endometrial, 5 gastric, 5 pancreatic, 5
prostatic, 3 thyroid) and none of these carcinomas
were positive to D2-40.

Bhallaet a., [17] found that the positivity of
D2-40 in metastatic adenocarcinoma cases was
0%. Deniz et al., [21] study was done only on lung
adenocarcinoma cases and all the 36 cases were
negative to D2-40.

Teresaet al., [22] study on formalin-fixed, par-
affin-embedded cell blocks of pleural effusions of
metastatic adenocarcinoma (21 cases) showed that
none of the tested cases stained with D2-40. Albert
et d., [15] studied 30 cases of lung adenocarcinoma,
35 cases of renal carcinoma, 26 cases of ovarian
carcinoma, 16 cases of breast carcinoma, 11 cases
of prostatic carcinoma, and 7 cases of bladder
carcinoma. Their results were different from the
current study as they illustrated that 17 of 26 (65%)
ovarian carcinomas were positive to D2-40 but it
was negative in other tumors examined.

Traviset a., [5] illustrated that according to
WHO 2015 the sensitivity of D2-40 as the mes-
othelial marker is 90-100% while specificity versus
lung adenocarcinomais 85%.

In the current study, calretinin was found to be
expressed in 40/40 of these cases with 100% sen-
sitivity and specificity.

Thisissimilar to Comin et al., [23] study, in
which all the 42 cases of MPM epithelioid type
were stained positive for calretinin. In Ordonez
[24] study which included 60 cases of MPM epithe-
lioid type, al of them reacted for calretinin. Albert
et a., [15] study showed that 33/33 cases of MPM
epithelioid type were positive for calretinin.

But in Yaziji et al., [25] study, 65 MPM epithe-
lioid type cases stained with calretinin showed that
the sensitivity for mesotheliomawas 95% while
the specificity was 87% and this could be due to
alarger number of cases. While Esheba [20] found
that among 15 MPM epithelioid type cases, cal-
retinin immune-expression was positive in 87% of
cases.

The expression of calretinin in metastatic ade-
nocarcinoma cases in this work was negative for
all selected cases (0/10). Thisissimilar to what
was obtained by Seda et al., [26] who found that
no positive results were observed in other malignant
tumors used in the study rather than MPM. David
et al., [27] found the same result, as all adenocar-
cinoma specimens were classified as negative for
calretinin staining.

But thisis different from what was obtained
by Comin et al., [23] as 23 cases of lung adenocar-
cinoma were stained by calretinin, 2 cases showed
positive reactivity for calretinin (8.7%). In Ordonez
[24] study, among 50 cases of pulmonary adenocar-
cinoma, 8% were positive for calretinin. Thisis
also could be explained by alarge number of cases.
Esheba [20] study illustrated calretinin was positive
in 2 out of ten cases of lung adenocarcinoma.
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Traviset a., [9 illustrated that according to
WHO 2015 the sensitivity of calretinin as ames-
othelial marker is more than 90% while specificity
versus lung adenocarcinoma 90-95%.

These differences may be due to the different
numbers of cases, different staining techniques (as
using autostainer or not) or due to the difference
in the antibodies used (poly or monoclonal).

In thiswork, cases of MPM which stained
positive for D2-40 showed that the strong intensity
of the membranous pattern of staining is the most
prevalent (24/40) and score 3 is the most common.
Thisissimilar to what was reported by Hanna et
a., [12] study at which the strong intensity of
staining was the most common among MPM cases
(44%) and more than 50% of malignant cells ex-
pressing positive staining in 94% of cases (score
3).

Conclusions: D2-40 and calretinin immunos-
taining are recommended as routine positive mark-
ersfor MPM. Both have the same high specificity
and sensitivity but D2-40 would be superior to
calretinin because of its membranous pattern of
stai ning which does not obscure the cytological
features of the tumor cells.
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