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Figure 4. Effect of grassypeptolide A (1) on DPP activity in A) Jurkat cell cyto-
sol, and B) Jurkat cell membrane fractions.

residues (Phe651, Phe671, His736, Trp738 and Tyr860, also
known as the T-stacking conserved aromatic motif® see
Figure 5). Interestingly, DPP4 possesses an extra aromatic resi-
due in this pocket—Tyr752 (Glu861 in the DPP8 homology
model, see Figure S1 in the Supporting Information). If pose 1
is placed in an aligned X-ray structure of DPP4 (PDB ID:
2BGR),B? it can be seen that a steric clash would occur be-
tween the N-Me-Phe and Tyr752. Compound 1 does dock into
DPP4 at this site, but the N-Me-Phe is not bound so deeply in
the aromatic pocket (see Figure S1). Potentially, deeper binding
of the N-Me-Phe side chain in the pocket could perturb the
relative positions of the B-sheet and o-helix that are attached
to the active-site residues Ser739 and His849, respectively.
Likewise, at the propeller opening site (pose 2), there are
several aromatic residues that could engage in m-m interac-
tions to 1 (His156, Phe437, Phe440, Phe567, see Figure 5). In
DPP4 these are replaced by Ser106, Glu361, His363 and Lys463,
respectively, and so 1 docks into DPP4 at this site with a differ-
ent orientation, in which there is a likely edge-to-face m-x

Figure 5. Two docked poses of grassypeptolide A (1) generated by in silico
molecular docking into a homology model of DPP8. A) Overview of the two
identified binding sites. B) Close-up of pose 1 (close to active site), showing
the catalytic triad and aromatic residues close to the N-Me-Phe unit of 1.

C) Close-up of pose 2 (inside surface of propeller opening), showing aromat-
ic residues close to the phenyl rings or other & bonds of 1.

interaction with Trp215 (see Figure S1). Binding at this site
would effectively block the propeller opening in both DPP4
and DPP8, and therefore might disproportionately affect cleav-
age of substrates that use this entrance. Because the substrate
used in our enzymatic inhibition experiments (H-GP-AMC) is
fairly small, inhibition by blocking the propeller opening might
not have been detected. In light of the docking results, the
mode of inhibition might simply be steric hindrance of the
substrate around the active site, along with prevention of its
entrance through the propeller opening. Both of these might
be more effective inhibition strategies against larger sub-
strates, and this could potentially explain the fairly high 1Cs,
values when measured with a small substrate (H-GP-AMC), rel-
ative to the effect on T-cells. Some candidate substrates for

© 2014 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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DPP8 have been identified through proteomics,” and all of
them are proteins containing more than 200 amino acids.
These larger substrates might require the propeller opening, or
they might be less able than a smaller substrate to displace
1 from the active site.

We have shown that the grassypeptolides inhibit DPP8, and
molecular docking suggests that 1 might bind to the inner
cavity of the enzyme at two distinct sites. The compound thus
might prove to be a valuable tool for studying the relative
importance of the propeller opening for different substrates
when they are identified.

Experimental Section

Isolation of grassypeptolides: The grassypeptolides were isolated
from samples of L. confervoides as previously described.™ After
natural sources of ‘grassypeptolide A were exhausted, material
obtained through total synthesis™ was used.

Protease inhibition screen: The initial protease screen was carried
out as previously described,” by Reaction Biology Corp. (Malvern,
PA, with 20 um 1). Follow-up experiments to determine the IC,,
values of 1-3 used the same conditions as for the screen but with
a range of concentrations for the test compounds, each in dupli-
cate.

T-cell IL-2 and proliferation assay: Human CD3+ T-cells were pu-
rified from peripheral blood mononuclear cells from a healthy
adult volunteer, with use of a MACS Pan T-cell Isolation Kit (Milten-
yi Biotech). A 96-well plate was coated with murine anti-CD3
(OKT3, 0.5 pgmL™") and anti-CD28 (4B10, 5 pgmL™") as previously
described.®® T-cells were added to the precoated plate (1x10°
cells/well), and incubated in serum-free AIM-V medium in the pres-
ence of different concentrations of grassypeptolide A (1, added as
a solution in DMSO) for 48 h. Concentrations of IL-2 in the super-
natants were then quantified by sandwich ELISA. To quantify prolif-
eration, cells were grown under the same conditions for 48 h, after
which time MTT dye was added to wells in order to measure rela-
tive cell number.

Jurkat IL-2 and viability assay: Jurkat cells were grown in 96-well
plates (100000 cells/well), in RPMI-1640 medium in the presence of
PMA (80 nm, Sigma-Aldrich, added as a solution in DMSO), PHA
(10 pgmL™', Sigma-Aldrich, added as a solution in PBS), and vary-
ing concentrations of 2 or 3 (added as 100-fold freshly prepared
stock solutions in EtOH), by the procedure of Fischer et al.?®! The
DMSO content of the culture wells was kept below 0.25% because
it was found to be toxic to Jurkat cells at higher levels. After 24 h
incubation at 37°C in a humidified atmosphere containing CO,
(5%), the IL-2 content of the supernatants was quantified with the
aid of a hlL-2 alphaLISA kit and an EnVision detector (PerkinEimer).
To quantify viability, cells were grown under the same conditions
and then developed with MTT dye by the manufacturer’s protocol
(Promega).

Jurkat cell endogenous DPP activity assay: Jurkat cells were
grown and subjected to subcellular fractionation as described by
Rockstroh et al.®¥ Various concentrations of compound or solvent
control, subcellular fractions and substrate were preincubated for
10 min at 37°C, after which the absorbance at 405 nm was moni-
tored for 5 min with a microplate reader.”?™ The slope was used to
quantify enzyme activity. The amount of protein in the cytosolic/
membrane fraction used for each reaction was 500 pg, obtained
from 5x10° cells. DPP8/9 and DPP4 activity were determined sepa-

rately in cytosolic and membrane fractions with the substrate Gly-
Pro-pNA [0.5 mwm in Tris buffer (pH 8.3, 0.05m) containing EDTA
(10 mm) and aprotinin (14 pgmL™")]. Both Gly-Pro-pNA and P32/98
(positive control inhibitor) were obtained from Enzo (Farmingdale,
NY).

Molecular docking: A previously determined crystal structure of
compound 1'% was docked into DPP4 and DPP8 by use of Auto-
dock Vina 1.1.1,%% with an exhaustiveness value of 100 and with
a search box encompassing the entire interior of the appropriate
protein. A previously published homology model of DPP8 was
used® because no crystal structure is available. The crystal struc-
ture 2BGR was used for docking to DPP4%? because this structure
was the basis of the DPP8 homology model. The two proteins
were aligned to each other in PyMOL (Schrédinger, LLC) prior to
docking in order to aid comparison between the docking poses of
each. Each docking run produced 100 binding modes, which were
examined in ascending order of calculated binding energy. The
binding poses shown in Figure 5 are the lowest-binding-energy
structures of the two binding sites found in the total set of binding
modes.
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Abstract

Background: The clinical features of asbestos-related dif-
fuse pleural thickening (DPT) remain unclear. Objectives: To
clarify the association between radiological findings of DPT
and respiratory function. Methods: Medical data from pa-
tients with asbestos-related DPT were collected, including
their history of occupational or neighborhood asbestos ex-
posure, initial symptoms, modified Medical Research Coun-
cil dyspnea grade, smoking history, radiological findings,
and respiratory function test results. Results: There were
106 DPT patients between 2005 and 2010 [i.e. 103 men
(97.2%) and 3 women (2.8%]]. The median age at diagnosis
was 69 years (range 46-88). Patient occupations related to
asbestos exposure included: asbestos product manufactur-
ing (n=17); the shipbuilding industry (n = 14); the construc-
tion industry (n = 13); heat insulation work (n = 12); plumb-
ing, asbestos spraying, and electrical work (n = 7 each), and
transportation and demolition work (n = 4 each). The me-

dian duration of asbestos exposure was 25 years (range
2-54), and the median latency period before the onset of
DPT was 46 years (range 25-66). Involvement of the costo-
phrenic angle (CPA) was also negatively correlated with the
percent vital capacity (%VGC r = -0.448, p < 0.01). Pleural
thickness and the craniocaudal and horizontal extension of
pleural thickening, as determined by chest computed to-
mography (CT), were also negatively correlated with %VC
(r=-0.226,p <0.05;r =-0.409, p < 0.01, and r =-0.408, p <
0.01, respectively). Conclusions: DPT develops after a long
latency period following occupational asbestos exposure
and causes marked respiratory dysfunction. The extension
of DPT should be evaluated by chest CT, and chest X-ray
would be important for the evaluation of the involvement
of the CPA. © 2014 5. Karger AG, Basel

Introduction

Asbestos-related pleural diseases include malignant
pleural mesothelioma, benign asbestos pleural effusion
(BAPE), and diffuse pleural thickening (DPT) [1]. DPT
often develops after the onset of BAPE [2, 3]; however,
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Fig. 1. Examples of the involvement of the
CPA on chest X-ray. a No involvement (0).
b CPA <90° (1). ¢ CPA >90° (2).

some patients develop DPT in the absence of BAPE. As-
bestos-related DPT is considered to be a consequence of
asbestos-induced inflammation of the visceral pleura,
which leads to adhesion to the parietal pleura [4]; how-
ever, the actual pathogenesis is unknown.

DPT is not precisely defined in radiological terms [5].
McLoud et al. [6] described DPT on chest X-ray as a
smooth, noninterrupted pleural density extending over at
least one fourth of the chest wall with or without involve-
ment of the costophrenic angle (CPA). However, these
criteria are somewhat ambiguous. In addition, radiologi-
cal differentiation between DPT and pleural plaques is
often difficult. The revised 2000 International Labour Or-
ganization Classification of Radiographs of Pneumoco-
nioses provides a criterion for the differentiation between
pleural plaques and DPT, in which involvement of the
CPA should be demonstrated for DPT [7]. However, the
validity of this criterion is still controversial. Some studies
have examined the characteristics and natural history of
DPT [2, 5, 6, 8-10]. One of the main limitations of these
earlier studies is that the definitions used for DPT varied;
a significant proportion of the studies included patients
with pleural plaques, BAPE, and malignant pleural meso-
thelioma, mainly due to the difficulty of making differen-
tial diagnoses based on chest X-rays without computed
tomography (CT) images.

In this study, we investigated the clinical features of
DPT. Our main purpose was to clarify the association be-
tween DPT and asbestos exposure. In addition, we fo-
cused on the association between radiological findings
and respiratory function. For this purpose, we analyzed
the extension of DPT on chest CT images in detail using
our own scoring methods, and we examined its associa-
tion with impaired respiratory function.
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DOI: 10.1159/000364948

Methods

Patients

All of the subjects diagnosed with DPT at each of the research-
ers’ institution were extracted. Medical data from those patients
were collected and analyzed retrospectively. Inclusion criteria
were a history of occupational or neighborhood asbestos exposure
and pleural thickening >5 mm on chest X-ray extending for more
than half of the lateral thoracic wall (LTW) in patients with unilat-
eral DPT or for more than a quarter of the LTW in patients with
bilateral DPT. The medical information we collected included the
initial symptoms, the modified Medical Research Council (mMRC)
dyspnea grade, the smoking history, radiological findings, and re-
spiratory function test results. Information about the history of
asbestos exposure and the mMRC dyspnea grade was also collect-
ed at the diagnosis. The respiratory function test was based on the
official statement of the American Thoracic Society [11]. To exam-
ine the association between radiological findings and respiratory
function, chest images and the results of respiratory function tests
undergone within a year were extracted. This study was approved
by the Japan Labour Health and Welfare Organization and the in-
stitutional review boards of each institution.

Radiological Analyses

The chest X-ray findings we examined included the craniocau-
dal extension of pleural thickening and the involvement of the
CPA. Craniocaudal extension was classified and scored as 0 (none),
1 (total length up to one quarter of the projection of the LTW}, 2
(total length exceeding one quarter and up to one half of the pro-
jection of the LTW), or 3 (total length exceeding one half of the
projection of the LTW) in accordance with the International La-
bour Organization classification [7]. The involvement of the CPA
was also determined and classified into 3 categories: 0 (no involve-
ment), 1 (CPA £90°), or 2 (CPA >90°) (fig. 1).

The thickness of the pleura and the craniocaudal extension
were also determined by chest CT. The thickness of the pleura was
determined and scored as 0 {none), 1 (<3 mm), 2 (3~5 mm), 3
(5-10 mm), or 4 (>10 mm). To assess the craniocaudal extension
of pleural thickening, the thorax was divided into 5 zones accord-
ing to the upper border of the aortic arch, the tracheal bifurcation,
the inflow portion of the left inferior pulmonary vein to the heart,
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and the upper border of the diaphragm (fig. 2). The number of in-
volved zones was scored as 0-5. The horizontal extension was de-
termined in the most involved zone and scored as 0 (no involve-
ment), 1 (less than a quarter of the outer perimeter of the thorax),
2 (between a quarter and half of the outer perimeter of the thorax),
or 3 {more than half of the outer perimeter of the thorax). The to-
tal scores in individual cases were calculated as the sum of both
sides of the pleura. Other items that were analyzed by chest CT
included pleural plaques, crow’s feet signs (defined as fibrous
strands with accompanying pleural circumscribed thickening), fi-
brotic changes, and emphysematous findings.
Forall of the radiological analyses, the researchers were divided
n 2 groups, both of which comprised at least 1 radiation and 2 re-
spiratory specialists. The radiological findings were analyzed inde-
pendently by each group. In cases in which the results differed
between the 2 groups, 2 radivlogists (K.K. and F.5.) and the chair-
marn (T.K.) discussed to reach a final agreement,

Respiratory Function Test
Respiratory function tests were performed in dzmca} practice.
The data included the percent vital capacity (% VC) and the forced
czplmtm'} volume percentage in 1 s (FEV). The ratio of FEV) to
forced vital capacity (FVC) was also calculated as FEV}PV C.
Blood gas data such as Pa0, and PaCO, were also extracted. The
data closest in time to when the chest CT was performed were used
for the analyses.

Statistical Analysis

Pearson’s rank correlation coefficient was calculated for the
correlation between respiratory function and radiological find-
ings. Cohen’s kappa coefficient (x) was calculated for intergroup
agreement [12]. These calculations were performed with SPSS11.0
software (SPSS, Inc., Chicago, 111, USA).

Results

Patient Characteristics

We collected and analyzed data from 106 patients di-
agnosed with DPT between August 1993 and November
2011 (103 men and 3 women). The median age (range)
was 70 years (46-88). There were 25 (24.0%) current and
64 (61.6%) former smokers; 15 (14.4%) of the patients
had never smoked, while the smoking status of 2 patients
was unknown. Forty-five (42.5%) patients had been diag-
nosed with DPT during a routine medical checkup, and
56 (52.8%) patients had visited a medical institution for
subjective complaints, including dyspnea in 45 cases,
cough in 38, sputum in 6, chest pain in 5, fever in 3, and
weight loss, anorexia, and chest discomfort in 1 patient
each. The mMRC dyspnea grade was determined in 96
cases. Fourteen patients (14.6%) were grade 0; 25 (24.0%)
were grade 1; 34 (35.4%) were grade 2, and 23 (24.0%)
were grade 3 or 4. Fifty-three patients (50.0%) had a med-
ical history of BAPE.

Asbestos-Related DPT

- Respiration 2014:88:27

Fig. 2. Examples of a CT image of the thorax divided into 5 zones
by the (1) upper border of the aortic arch, (2) tracheal bifurcation,
(3} inflow portion of the left inferior pulmonary vein to the heart,
and (4) upper border of the diaphragm. These zones were used to
assess the craniocaudal extension of pleural thickening.

Table 1. Occupational categories associated with asbestos expo-
sure

Occupation Cases, n (%)
Asbestos product manufacturing 17 (16}
Shipbuilding 14{13.2)
Construction 13{(12.3)
Heat insulation work 12 (11.3)
Plumbing 7 {6.6)
Asbestos spraying 7 (6.6}
Electrical work 7 {6.6)
Demolition work 4(3.8)
Transportation 4 (3.8}
Duct mounting 2 (1.9}
Upholstery work 2(1.9)
Painting 2 (1.9}
Other 15 (14.2
Total 106 (100)

Asbestos Exposure History

The occupational categories associated with asbestos
exposure are shown in table 1. The median duration of
exposure was 25 years (range 2-54), and the median
period of latency from the first exposure to the onset of

7284
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2(2.8%)

6 (44.3%)

Fig. 3. Scores of the craniocaudal extension

1(11.3%)

8 (3.8%)

1{3.8%)

2 (49.1%)

2 (3.8%)

3 (19.8%)

of pleural thickening (a), involvement of
the CPA (b) determined on chest X-ray,
thickness of the pleura (¢), craniocaudal
extension of pleural thickening (d), and
horizontal extension (e) determined on
chest CT. Values are presented as percent-

=T 4(38%)

ages of applicable patients for each score.

Table 2. Existence of radiological findings and Cohen’s « calcu-
lated for intergroup agreement

Findings Existence, n (%) X

Pleural plaques 97 (91.5) 0.575
Crow’s feet signs 103 (97.2) 0.695
Fibrotic changes 46 (43.4) 0.481
Emphysematous changes 50 (47.2) 0.627

DPT was 47 years (range 25-66). There were no pa-
tients in whom neighborhood asbestos exposure was
suspected.

Radiological Features

The characteristic radiological findings are summa-
rized in table 2. Asbestosis, defined as a profusion rate >1
based on ILO criteria [7], was present in 7 patients (6.6%).

The craniocaudal extension of pleural thickening, the
involvement of the CPA scored on chest X-ray, the thick-
ness of the pleura, the craniocaudal extension of pleural
thickening, and the horizontal extension scored on chest
CT are shown in figure 3. Cohen’s k for these parameters
were 0.206, 0.431, 0.441, 0.843, and 0.565, respectively.
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Respiratory Function Test

The median (range) values for %VC and FEV,/FVC
were 54.3% (17.3-99.4) and 79.7% (37.9-100.0), respec-
tively. The median (range) PaO, and PaCO, values were
81.0 mm Hg (52.4-94.8) and 42.7 mm Hg (22.3-73.2),
respectively. Constrictive respiratory dysfunction (%VC
<80) was found in 96 patients (91.0%), and obstructive
respiratory dysfunction (FEV/FVC <70) was found in 29
patients (28%). Mixed respiratory dysfunction was found
in 25 patients (24.0%).

We next analyzed the correlation between %VC and
the extension of DPT as measured on radiological im-
ages. The craniocaudal extension of pleural thickening as
determined and scored on chest X-ray was negatively
correlated with %VC (r = -0.483, p < 0.01), and involve-
ment of the CPA was also negatively correlated with
%VC (r = -0.448, p < 0.01) (fig. 4). In the 52 cases in
which the involvement of the CPA was scored as 2, the
%V C tended to be lower in cases with bilateral involve-
ment of the CPA (a score of 1 on each side) than in cases
with unilateral involvement (a score of 2 on one side and
0 on the other). However, this difference was not statisti-
cally significant (p = 0.078). The thickness of the pleura
(fig. 5a) and the craniocaudal (fig. 5b) and horizontal
(fig. 5¢) extension of pleural thickening, as determined
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Fig. 4. The correlation between %VC and involvement of the CPA
is shown by the correlation coefficient (r) and the regression line.

on chest CT, were also negatively correlated with %VC
(r=-0.226, p <0.05; r = -0.409, p < 0.01; and r = -0.408,
p < 0.01, respectively).

Discussion

In the current study, we retrospectively analyzed 106
patients with DPT. We extracted all of the patients diag-
nosed with DPT in the participating institutions. A limi-
tation of this retrospective study is that we could not de-
termine the initial cohort, e.g. all of the subjects with as-
bestos exposure. The occupational categories in which
the exposed patients had been employed, e.g. asbestos
product manufacturing and shipbuilding, were associat-
ed with relatively high levels of asbestos. The median du-
ration of asbestos exposure was 25 years, and the median
period of latency from the first exposure to the onset of
DPT was 47 years. Gibbs and Pooley [13] reported that,
among the asbestos-related diseases, pulmonary asbesto-
sis and lung cancer are associated with high levels of as-
bestos exposure, while malignant mesothelioma and DPT
may develop after lower levels of exposure. Gibbs et al.
[14] reported that >5 million asbestos fibers per gram of
lung tissue were detected in 12 out of 13 patients with
DPT. Our results provide support for these previous find-
ings and suggest that DPT can develop after moderate-to-
high levels of exposure to asbestos, because the occupa-

Asbestos-Related DPT

tional category of the subjects in the current study includ-
ed those of relatively high levels of asbestos exposure,
such as asbestos product manufacturing and shipbuild-
ing. The median latency period between asbestos expo-
sure and DPT development in the present study was sim-
ilar to that observed for malignant mesothelioma and
lung cancer in our previous reports [15-17] and that for
DPT in another report by Kee et al. [18].

The prevalence of asbestos-related DPT is reported to
range from 1.1 to 24.1% [3, 6, 19-21]. One of the reasons
for this wide range could be variations in the diagnostic
criteria for chest X-rays. Most patients, including ours,
were originally diagnosed by chest X-ray based on dimen-
sion criteria; however, it is usually difficult to make a di-
agnosis or to evaluate DPT based solely on a chest X-ray.
One of the purposes of the current study was to validate
the utility of chest X-rays and CT to evaluate DPT. For
this purpose, 2 independent researcher groups evaluated
the presence or absence of pleural plaques, crow’s feet
signs, fibrotic changes, and emphysematous changes.
Substantial k were calculated for calcified pleural plaques,
emphysematous changes, and crow’s feet signs. More
moderate coefficients were calculated for noncalcified
plaques, fibrotic changes, and the involvement of the
CPA, while the coefficients were low for the extension of
DPT as determined by chest X-ray. These results indicate
that the evaluation of DPT extension by chest X-ray is
subjective and has a lower reliability, although the in-
volvement of the CPA can be evaluated by chest X-ray.

Radiological differentiation between pleural plaques
and DPT is often controversial [22]; however, this differ-
entiation was not a critical issue in the current study be-
cause we focused on crow’s feet and pleuroparenchymal
fibrous strands [23] as indicators of the involvement of
the visceral pleura and not of the plaques. In addition, a
considerable number of patients in the current study had
calcified plaques, possibly due to the long latency period
since the initial asbestos exposure. These findings make it
easier to differentiate pleural plaques from DPT.

The most common pattern of respiratory dysfunction
in DPT is constrictive respiratory dysfunction [24, 25].
Therefore, in the current study, we investigated the main
factors associated with %VC. We found that the mMRC
dyspnea grade was the most important factor associated
with an impaired %VC. DPT patients have been reported
to complain of dyspnea on exertion relative to the amount
of conserved respiratory function (4, 26]. When the vis-
ceral and parietal pleura conglutinate, the movement of
the diaphragm may be impaired, particularly in cases in
which the CPA is involved. This could lead to inhibition

Respiration 2014;88:277-284
DOL: 10.1159/000364948

281



Fig. 5. Correlation between %VC and thickness of the pleura (a)
and craniocaudal (b) and horizontal (c) extension of pleural thick-
ening as determined by chest CT. The correlation is shown by the
correlation coefficient (r) and the regression line.

of ventilation and to dyspnea on exertion. We evaluated
the degree of dyspnea using the mMRC scale, but the
mMRC scale is subjective; thus, more objective tools are
necessary for the evaluation of DPT.

Among the radiological factors that we investigated,
involvement of the CPA and craniocaudal and horizontal
extension of pleural thickening were negatively correlat-
ed with %VC. Previous reports have described a correla-
tion between involvement of the CPA and a reduced
%VC [24, 27, 28]. In the current study, we demonstrated
that the degree of involvement of the CPA was associated
with a reduced %VC. In addition, bilateral involvement
of the CPA tended to be associated with a reduced %VC.
Craniocaudal and horizontal extension of pleural thick-
ening was also associated with a reduced %VC, but this
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association was not strong. It is important that the exten-
sion of DPT was correlated with a reduced %VC when it
was evaluated by chest X-ray and CT, but evaluation of
the extension of DPT by chest X-ray is subjective, as de-
scribed above. Therefore, we suggest that the extension of
DPT should be evaluated by chest CT, which is a more
accurate diagnostic method.

The pathogenic mechanisms of DPT are speculated to
be as follows: (1) pulmonary asbestosis that spreads to the
visceral and parietal pleura, (2) DPT that develops as a
consequence of BAPE, and (3) DPT that develops inde-
pendently of asbestosis or BAPE. In our study, 38 patients
(35.5%) had some fibrotic changes, but asbestosis, de-
fined as a profusion rate >1, was present in only 7 patients
(6.6%). This rate is lower than that observed in a previous
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report by McLoud et al. [6]. These results suggest that
there is no obvious association between DPT and asbes-
tosis. On the other hand, previous studies reported that a
considerable number of patients with BAPE subsequent-
ly developed DPT (2, 3]. In the current study, half of the
patients had a history of BAPE, and involvement of the
CPA was shown in most of the cases with a history of
BAPE. Thus, we believe that there is no direct association
between asbestosis and DPT, but there is a strong link be-
tween BAPE and DPT.

The effect of smoking should be considered in con-
junction with the respiratory embarrassment caused by
inhalation of dust, such as asbestos [29, 30]. Finkelstein
and Vingilis [31] reported that smokers had a 2.9-fold
greater risk of DPT development compared to nonsmok-
ers. In fact, the majority of patients in our study had
smoked, and about 30% of the total cases demonstrated
mixed ventilatory impairment. Cotes and King [24] re-
ported that DPT patients demonstrated no significant
changes in %FEV, but Kilburn and Warshaw [28] report-
ed that some DPT cases had obstructive ventilatory im-

pairment. The association between smoking and ventila-
tory impairment in DPT should be clarified in a future
study.

In conclusion, we analyzed the clinical features of as-
bestos-related DPT and focused in particular on respira-
tory embarrassment. The mMRC dyspnea scale, the in-
volvement of the CPA on chest X-ray, and the extension
of pleural thickening on CT may be useful for evaluation
of this disease.
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Abstract

A 74-year-old man was referred to our hospital because of persistent cough. A chest
radiograph revealed an elevation of the right diaphragm. Computed tomography (CT)
images revealed a small nodule localized on the right mediastinum. Five months later, the
nodule had grown and was diagnosed as malignant pleural mesothelioma (MPM) by a CT-
guided needle biopsy. The patient underwent combined chemotherapy, but the disease
progressed rapidly and he passed away. On autopsy, microscopic findings and immunohisto-
logical examinations supported the diagnosis of sarcomatoid mesothelioma. Therefore, we
diagnosed this rare case as localized sarcomatoid MPM showing phrenic nerve paralysis as
an initial presentation. © 2014 S. Karger AG, Basel

Introduction

Malignant pleural mesothelioma (MPM) is a disease with poor prognosis. The median
survival period is 7.7 months {1}, and only an extrapleural pneumonectomy at an early stage
can cure the disease. However, early detection of MPM is usually difficult, because its
symptoms are nonspecific. In this study, we report a case of sarcomatoid MPM initially
presenting as phrenic nerve paralysis.
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Case Report

A 74-year-old man was referred to our hospital because of persistent cough in October
2011. He had a history of prostate enlargement and gastric ulcer. He worked in the shipyard
and had been exposed to asbestos for several years during his early twenties. He previously
smoked 20 cigarettes per day for 24 years until he stopped smoking at the age of 44 years. A
chest radiograph revealed an elevation of the right diaphragm (fig. 1a). Computed tomogra-
phy (CT) images revealed a small nodule localized on the right mediastinum adjacent to the
pericardial cavity (fig. 1b). Five months later, the nodule had developed into a massive tumor
(fig. 1c). Finally, MPM was pathologically diagnosed by a CT-guided needle biopsy. The
patient underwent combined chemotherapy with carboplatin and pemetrexed, but the
disease progressed rapidly and caused superior vena cava syndrome. The patient then
underwent palliative thoracic irradiation, but he passed away in June 2012. His family
provided consent to conduct an autopsy.

On autopsy, a whitish solid tumor was detected on the right side of the mediastinum,
and the tumor had infiltrated the parietal pleura, diaphragm, pericardial cavity, and aorta.
The tumor had adhered strongly to the right upper lobe of the lung. Microscopically, the
tumor consisted of spindle-shaped cells and collagen fibers, and had necrotic areas (fig. 2).
Immunohistochemical examination revealed that the tumor cells were positive for calretinin,
Wilms' tumor protein (WT-1), D2-40 and cytokeratin (AE1/AE3 and CAM 5.2), and negative
for carcinoembryonic antigen (CEA) and thyroid transcription factor (TTF-1) (fig. 3).
Diagnosis of sarcomatoid MPM was confirmed on the basis of these findings.

Discussion

MPM is classified into 2 types: diffused and localized. Localized MPM is uncommon and
presents as a microscopic tumor characterized by a sharp circumscription of the serosal
membrane without any evidence of diffused spread {Z]. In the present case, a small localized
tumor on the right chest wall was detected in October 2011. We suspected that the right
phrenic nerve was involved with the tumor resulting in right phrenic nerve paralysis. At the
beginning of the course, the lesion was localized. To our knowledge, this is the first report of
MPM presenting phrenic nerve paralysis as an initial manifestation.

In order to confirm the diagnosis of sarcomatoid MPM, it is essential to distinguish it
from lung sarcomatoid carcinoma (LSC). LSC is defined as an epithelial carcinoma consisting
of spindle- or polygonal-shaped tumor cells, and is often a combination of the characteristics
of adenocarcinoma or squamous cell carcinoma. It is difficult to differentiate sarcomatoid
MPM from LSC; however, immunohistochemistry has proven to be useful in this regard {3].
Takeshima et al. {4} reported that the well-known mesothelial marker D2-40 was useful in
differentiating sarcomatoid MPM from the sarcomatoid component of LSC. In our case,
tumor cells were positive for both mesenchymal and epithelial markers, including D2-40,
and negative for CEA and TTF-1. In addition, the radiological findings in the current case
indicated that the primary lesion was apparently not in the lung. Therefore, a final diagnosis
of MPM could be ascertained.

In conclusion, we report here a case of localized sarcomatoid MPM showing phrenic
nerve paralysis as an initial presentation. It is important to perform immunohistochemical
examination with sufficient materials to diagnose sarcomatoid MPM.
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fig. 1. A chest radiograph taken in October 2011 revealed elevation of the right diaphragm (a). CT images
revealed a small nodule localized on the right mediastinum adjacent to the pericardial cavity (b). The

nodule had developed into a massive tumor in March 2012 (c).
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¥g. 2. During autopsy, histopathology of the mediastinal tumor revealed proliferation of spindle-shaped
cells and collagen fibers with necrotic areas (hematoxylin and eosin stain).

#ig. 3, Immunohistology revealed positive staining for calretinin (a), WT-1 (b), and D2-40 (c).
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B, E 860 flaolke 7w v ERIEENHH &z, 12,200 ng/ml, REFHEPEEL 23,400 ng/ml, BEHR 17,800
FEEONFIZME IR 139 61, BRBK 76 51, it ng/ml, %Ot 11,575 ng/ml Td - 7=. JIREH B B
$E 324 B, MR OBWNEE 74 60, REHEREL 120 LARKe TV O VEEEERFOMOBERICHEZILE

LS55 fE BEARAL AR I 1L 27 SR BRIE S OB 2 LR BEAR A 1L BURIGESRSE « WA —, 5518 R ARARAL S I 1L 55 SR BB
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ETHY, H v b+ 7% 100000 ng/ml & Lz& 25,
R JE v Bz il oD 25 T IS B 1T B IR 1 44.5%, A% B
98.2% T& - 7=, F55k. Mokrho v 7w &R EIX,

Nz oW o —Bi & 2 D 155,
BIHE — 7TANRRZ M, BT g, REE, K,
M85~ — 71 —

b

il

T e 7 R 4 R TEE 0 v B A E 3k 0 T B AS L 2 T N
ETH O, AT T E OMEATEV. 23 Jig v iz
DFEE BB WAL IR © o AEMOHLER % v 729 BB I
W L IR R B 720 R A A WS L e
ERETDHY, PEHEBHICBYLT—V - X5
F— R b, WG, SICRBTRE T T
FTENDYAILBEREL RSO0, BlEea0t
EEAETH2BREOEEIIARREDOMEIG S LRI LD
=L LIER SR E. ok, BEMICHE
FRRIEDSEE DI D b ODEEZKE SRRy, v
FEBNE A 72 < B,

fagRgt e B I B T BB IS £ D 70% LL D FEF
THAFZEEZET 5.4 MIZERES IS W T in
BEGIWRNT L EXWETHY, EHBHICBVTE
ELREWRAVEROD, M/KRMIESIC TR EEOMES
WiiE T 2GR, FEED D B 30% L& F
BHEwvnbhTwnwb. 5

Vb BTSN — A —id, KO EMEEIC
BWIERBELTWAGTORKTH Y, Fo—Hixdh
OB OB BB R ERAIROE =5 Y ¥ I
RRIEH ST, EREEICBNTS IhETIC
W DOPDSTFT—h—BEEHEN, BROLODOHFE
HIZOWTHRETEhTWwa., ZrThre 7o VB,
LLAT X 0 Ml Bz 8 O Mgk ip IS B R CHEE S B T &Y
monTHh,es fifast< by s AOERSE LTHE
JEMOBECHEFICEELRREZRAZLTW5E. Pet
tersson H DI|ETIE, H v bF 7% 100,000 ng/ml
LA, B EIECTIE 73% 3Rtk JomE R s
T 23% RN TDH o 7285, FOMOBHEIEE L LIAET
F1FLBEMIERD O, IE LTS, 6
EMREEDATH, YA VARRELLEE Y YT
BEOMWKboe7TIVO VEBBENEEYET S EOH
ENHBH.7T Toft, HEIEWDoomEEESL, B
FilaK, OCRETHRBOMEND 5.8 bhbiudz
NFETIC, BE—ERICBIT %510 E OBRE 2TV ilE
BL R, BIXUMRFEEBEOZICHITSHKe 7
v YEEOFEREICOWTIRE L2 9 AT TIE, £
s X 0 Ml rh g ERE Fl e o Bk EF EER Z INE L, W
Ke 7w R L REREEZR OEEE LTHY

% BN D s THGE L7z,
MExER, Tk

2001 4E 8 A5 2010 4E 10 A F ToOBIC, £EFHR
WBEds & AR BT BRI JT iR IC B W T, gk
W% &7 L, B EHC TRKIRIETb N ER %
BAMEIERL, BHERI ko 7 v o g
A L e 7 vn CERE SR L D EEES R
TR IS BT T 7 v 7 ABBRBICTHE S 1
TWwiz, Zho oG % Mg, RUEEHREK, b
IR, W B2 I & s DAL o0 RN, R N A%,
JBIEE, ZOMoOBREEICSIE LBIRET L7z, /-6
7 BB Y carcinoembryonic antigen(CEA), 757/ ¥ ¥ F
7 I F—E(ADAVEIZOWVWTHF—F ZINE L2, 77—
F O KT o L, EEFHEO [EFTFEICHET
LAmEAEET ] &L, FE R AL E O B 1R
PPN > TR RSOl 21T o 72,
FHERFER L LTk, ZRM oI Kruskal-Wallis
RIE & FAV, 7 L7z 2 BEM o i i3 Mann-Whitney
e % 7z,

IS

FEoHIMPIC kRO e TV T EREEE AN E X
n, RIFFED 70 I HERE S A EBE 860 B TH - 7.
HHER BT BB OEGIEBEE Table 1 ITRT.
EREBEOMNFIE, MG RE 139 7, REHMMK 76
B, BiE 324 B, eSO BEIEE O Mk NIER 74 61,
BB RE S 120 B, BBEIR 1161, T ook B 116
BFITHD. ZOMDEROKRPIED » Mk 0AE, FE
EHRHDT.

Mkdov 7 EEREohIE GERE) 13, Wik
1Rz i 76,650 ng/ml (211~33,000,000 ng/ml), B A
Hgzk 28,000 ng/ml(165~152,000 ng/mb), fitifE 19,000 ng/
ml (800~134,000 ng/ml), fli&sF D BMIEE O MENER
# 12,200 ng/ml (900~157,200 ng/ml), & 3 Mg & %
23,400 ng/ml1{900~230,000 ng/ml), JBEJH 17.800 ng/ml
(9,000~80,800 ng/ml), ZDfDFEETIE 11,575 ng/ml
(23~90,000 ng/ml) T& - 7= (Figure 1). JaiErh g &
FNUSNDEBIZB VT Kruskal-Wallis lRE % FW Tk
L&A, BohhEEEINITED LN (P<0.001).
Mann-Whitney BE & W7z 2 Mo Lk cid, WEH
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Table 1. The Numbers of Cases Collected at Each Facility
Disease
! MPM* BAPEY LC# OoMCS Pl CDY Others

Okayama Rosai Hospital 336 51 45 81 22 69 6 62
Yamaguchi-Ube Medical Center 183 27 15 88 10 23 5 15
Shikoku Cancer Center 160 12 3 92 32 5 0 16
Kagawa Rosai Hospital 109 5 9 42 9 23 0 21
Hokkaido University Hospital 32 10 0 20 1 0 0 1
Kanto Rosai Hospital 6 6 0 0 0 0 0 0
Tokyo Rosai Hospital 6 5 1 0 0 0 0 0
Chiba Rosai Hospital 5 5 0 0 0 0 0 0
Asahi Rosai Hospital 5 3 2 0 0 0 0 0
Tohoku Rosai Hospital 4 4 0 0 0 0 0 0
Hokkaido Chuo Rosai Hospital 3 3 0 0 0 0 0 0
Toyama Rosai Hospital 3 3 0 0 0 0 0 0
Yamaguchi Rosai Hospital 3 3 0 0 0 0 0 0
Nagasaki Rosai Hospital 3 2 1 0 0 0 0 0
Kashima Rosai Hospital 1 0 0 0 0 0 0 1
Hamamatsu Rosai Hospital 1 0 0 1 0 0 0 0

Total 860 139 76 324 74 120 11 116

*malignant pleural mesothelioma,
Teollagen disease.

bt aig
1RERG0-
= 1o N
1= i
£
g 140000 .
B 120000- g *
©
O 3 . -
£ RO 8 ; : X )
5 ; ) . o
2 oo : -
= B
T soone- 2
B
MPM* BAPEt LC* OMCS [PI CDT Others
Figure 1. Comparison of the hyaluronic acid concentra-

tions in pleural fluid. *malignant pleural mesothelioma,
Thenign asbestos pleural effusion, *lung cancer, $other
malignant condition, linfectious pleuritis, Tcollagen dis-
ease.

EELMOEBREOBMICIPELILAREIRDOLR
7z RICHIRE R B2 fE & N IS DIEBIIZ D W T, receiver
operating characteristics (ROC) &% fERE LIRS L 72
& Z A, areaunder the ROC curve (AUC) 1{& 1% 0.818
(95% 18 #8 IX 1 0.772~0.864) T & - 7= (Figure 2).

Youden'sindex!0 & AW CHE LN/ RBEDOH v M+ THE
1% 59,650 ng/ml T b, ZOREOMIEFEEDOSRICS
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"benign asbestos pleural effusion, #lung cancer, $other malignant condition, !infectious pleuritis,
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Figure 2. The results of the receiver operating charac-
teristics analysis of the use of the hyaluronic acid concen-
tration for the differential diagnosis of malignant pleural
mesothelioma.

FARREIZ 613%, HREEIZ31% Thotz. Tty
b & 7 fE% 100,000 ng/ml, 150,000 ng/ml, 200,000 ng/ml
E LB ADOREIRENFN 445%, 292%, 226% T
H, BEERZZIIZN82%, 99.6%, 999% TH-o7:.

Mgk o e 7ov e > B E A 100,000 ng/ml L E ¢
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Table 2. The Features of the Cases Other Than Malignant Pleural Mesothelioma with a Hyaluronic Acid Concentration
More Than 100,000 ng/m!

Case Disease Hyaluronic acid (ng/ml) CEAS (ng/ml) ADAY (qU/))
1 Pharyngeal cancer 101,000 83.1 15.6
2 BAPE* 103,000 0.9 30.2
3 Pleuritis 106,000 22 169
4 The 108,000 32 1234
5 The 114,000 1.8 1145
6 BAPE 118,000 15 136
7 LC# 120,000 2.1 16.1
8 BAPE 123,000 3.1 17.7
9 BAPE 123,000 0.9 187

10 LC 134,000 139794 149.0
11 BAPE 152,000 09 215
12 Renal cancer 157,200 NDI 32.3
13 Pyothorax 230,000 48 ND

*benign asbestos pleural effusion, *tuberculous pleuritis, *lung cancer, $carcinoembryonic antigen, 'not determined, Tadenosine de-

aminase.

& o 72REBIIZ 860 Bk 74 BT, &fhD 86% TH - 7.
INHED 74D DB 616 (824%) (IR EIE T H
D, e Rz R LA 100,000 ng/ml BA BT o 2Bl
Table 2 IZ7RY 13§l (&ED 15%) TH Y, PFIZEME
FARHIADT S B, AEVERIESEAS 2 B, WEAS 2 B, 1
B, BRoWENEESERER LD, UL
DGR I 2 B (g 1 Flz &) TH oz,
Zo3 b, NSO 2 #1%, Table 2R3 X 512
Mkrho> ADA fEASFFR1 123410/, 11451U0/1 L3
BH2EEEZZELTHEY, 20 ThoEFICELTLE
B EORBYEERIC I A, PCR BRI & B sk o @z
MBI THRZEEOFEIFEH STz, F2MiEo 2
Bl AHIIREZ I B TR AR B L Bl s h
Twiz, ZDHH 16lE Table 2 1RT X 5 ichgkdo
CEA EAERLEELY 2L Tz BEOEFICDONT
b EERRRGE X D BN RRORMII Lo 7o Bt
Mg L BRT S NL TV D 2H1E, WIh b REBL EDRK
P RRPFERE R E2 2L, FICBEROEFIZFRY
MR DOPEIRZ: &5 S RIRSGITICEBORMIII R S Lk
ods. FRPILOHERE O 1 # & B &EKD 5 #
OWTIRERRZBRLHEEREZ GO RERRYP S OBE
FHRETHY, BWOMEICIINESE TREBEAKREEL
VAR

Z =

bivbudEoR, IS KREERIZBT 2 Mk R ES
MM DOFEBICB T BWAKRFO 7Iv 1 ¥ BRREZ duis
WHENT L7z, 2 ofER, DKREBOe 7T BREREDS
100,000 ng/ml % L6 2354, & DRA-DFEF] X IEF

JEchso&, DhEEBUNOEECHZHE, Mok
B, WER, 55V iEkoOMERPHBE 2 &
MBS RWE 2 IS 2 T, Mg s
D 2 RN A DI LR IRZ W STT R TH B =

L, 3 EEAEMEACBWTHIKFO e 7V T BRI
#%100,000 ng/ml % LEI EFHRA SN DZ 2 &, 23
B L7729 722 OBROMET T 0 g o Bz E LAt o
BEREOEFERBIZ T L3V AS, £k SEMC
B BBEHSLEE b/, AWFZE it ail o R LS
KRN T — 7 1M 2E 0L KRk, B L OHiEE
KEmk, BERLRBREBBIESA Y ¥ —, ENEbig
BUOFHREREL Y ¥ —2R0IIC7— % 2Nz, 860 Bl
WRERTFT— PRI Nz, BMEROFE» KL CFR
BOSHICELORCDDH DB SO0, HILBREERKE
KL/ EBDOSHEVZ LB, ZOKRSE
OWETY, WEREETIIMOMmKE 25 5 EERICH
NELCe TR U BRBEEISEEZELTBY, M
hEEOZ~Y— 7 — & L TOFEFEI D TRES
7z, EBRICBOTHERREYMSES BROHEE
ENTWD 100000 ng/ml & H v bF 7EE LA,
Mol RZBE DB WIS B 2 KL 445%, FRERE I
982% IELTW2. 2D 5, ake 7o B
ErEETHLIHEE, TTHEPEELSEICELE
VBB ENUDTRENIEERS.

Mg rh B JE OMEEBUNIIREBWICL 25 0TH Y,
BfEsE 22 EOMAEIC L Y HoROEEMEREY TICEED
REMBFNMRBREEEZI LT ENERETHS
7%, WEHEEEEOZLIIBEOAMITLIEDLS 30
EPO WWECERABRPBLECRET S Z L2580
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720, BEMTHAHZENEL, GHELEDOEEE
PEIMEBERRZEONDE Iy — AL 0TH 5. SE
BENCBWT, ke 7o > B E A% 100,000 ng/ml
PbTHolz e, MEmEETH 2HRIE 74605 B
61 BT 824% THABH. TDOH Y MF7MET, eTa
EREO A CHEIE L BW L2%4E, 13 RAMEEBE oF
DR TRVOICTREESHEIRL I EERS. L
2L Table 2 ISR L7ZZRLDEFD D B, #HFHITFH
B EOBRBERSMAER R, BESHTR LD BRIRZERS
HBRAEGICZEIRTWS, 2RI b0EMFBRT
IHEERE O 1 Fl L R EMRIKD 5 FlicowTid, BRRE
BRERE EOMEFNR,LOBMIIEETHY, &
WrOMEEICIIMIESE TRMBEAREE L. 2B 60
BHEREAD S BlZ, FOBOBBEBICBNTHH
R EEOREIIEDO LN TRV, ZOMEIY, B
Ko 7o Y ERREIC—RERRICB W TEE T S
NI BMEFTRAMEI LI EICE D, KEDEFIZER
ZHICEELS AL b, BN, BEREDR
YR O F M, MEMAEICBT 2 HInERE, CRPER &
DRIEFTROFE, HHEHR, 5RO MER, M
ST 2 — iR LB E o BIE, B8 BIUHE
BERERE (PCRE) Z2E8HITLRE. S 5HCflo
Mik~—#—% LTCEA, ADAZREDBZFDO—FIL %D
B%. 72k 213 Table 2 IR LAHHERE O 1 Fl & M O
26105 b 1 FICIIAK CEA B EFHLZEHEEEL
THY, WEhEEUNOERLZRBT IR E VS,
F 72 ADA ZEBERERAICBVWCEERZ 2T 5 2 A8
%<, —fRIIC40TU/1 % EIE 5 5& 1S EREL T
B D REMEATE W & Vb T 5 25, 1112 S EOME T
FERNDSOBEBEICIBWTD 401U/ 2 LR B EH D
HRAEShTEY, EHSHICIKEETHILENDS.

INFEFTARRTERLISE, BRkborv 7o R
SR EEOENSHICBWTERETH 5. EHRR
BT EEREOARR ST, AMBREEMERNEL L
DERICBWT, BBHPEHERZ ML OBEBICEY
BHESESEOLNR TV REVWSODKFO 7T VB
BENEEEETAEICBWYT, 1) EOEERE
RERRE R SERNICHERREE LTFBELRN
L, DRBIBERERE, HoPICREL DY
TR W &, 3)CEA % ADA "B A BE TRV
EREFFEREL, S OICEKRERR EE TAER LUK
FREZRAEL TV ZIEEREIREEEbNS. 7
PEAREIMEFEEOSIILHFEBUICLIEDDOTH
D, KlEEEL EOREICL Y AR OEEMEREY TTICE
EOREHARZENMRER T A L TR ENERET

BH5.

A LHNF IR T 5EFEOFRHERL - 2L

WEE AR, BIRAEAES P 23 EEAREEERE
R BEFMFTROMBNITAE (ke 7o Y&, HakEE
v = —HEEICES S FRESHHEBMEOHETICHET S
FER) I O—FE LTITo 72, ARSI ATEIEA S
B EEBEALRRE [ 57 SRR 13 SRS - R - TR
BHEIILLBZLDOTHD.
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