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ABSTRACT —— Malignant pleural mesothelioma (MPM) is a highly aggressive, incurable neoplasm associated
with asbestos exposure. It is estimated that the incidence of this disease will continue to increase until at least the
year 2030 in Japan. There is some evidence that patients with MPM respond better to treatment if it is delivered
early in the disease. A few MPM biomarkers have been reported, but until recently, no reliable serum marker to
help the diagnosis of MPM or to predict response to treatment or prognosis, had been identified. Therefore, we
performed a prospective, multicenter study to evaluate the significance of soluble mesothelin-related peptides
(SMRP) as a biomarker for diagnosis of MPM. In this paper, we review the key advances in the understanding,
treatment, and a biomarker for the diagnosis of MPM. Furthermore, we report some results of a prospective, mul-
ticenter study.
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Table 1. Prospective Study of Tri-modality Therapy in Malignant Pleural Mesothelioma

N Neoadjuvant

Author RR. (%)

EPP (%)

Complete Resection

Post. RT(%) MST (mos)

CT (No. of Pt)
Weder et al® 19 CDDP + Gem 32 84.2 12 68.4 23
Flores et alf 21 CDDP + Gem 238 38.1 - - 19
Weder et al” 61 CDDP + Gem - 74 37 59.0 19.8
Rea et al® 21 CDDP + Gem 333 80.9 17 714 255

CDDP: cisplatin, Gem: gemcitabine, R.R.: response rate, EPP: extrapleural pneumonectomy, Post. RT: postoperative

radiation therapy, MST: median survival time.
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Figure 1. Figure 1 shows the maturation of mesothelin
protein. The precursor protein for mesothelin is synthe-
sized as a 622-amino acid polypeptide with a calculated mo-
lecular mass of 77 kDa. The precursor protein has four pre-
dicted glycosylation sites (CHO) and a furin cleavage site
(RR). Cleavage at the furin site generates membrane-bound
mesothelin (40 kDa, green) and the secretory protein
megakaryocyte-potentiating factor (32 kDa, red). Mesothe-
lin is expressed on normal mesothelial cells lining the pleu-
ra, pericardium, and peritoneum, and which is highly ex-
pressed cancer and
mesothelioma.
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Figure 2. Figure 2 shows the mesothelin gene and the proteins it encodes. A: Genomic organi-
zation of the mesothelin gene. There are 17 exons (filled boxes) in the mesothelin gene. B: Meso-
thelin is the most common variant and is predicted to be membrane-bound; mesothelin V-1 has
an additional 8 amino acids (yellow) and is also predicted to be bound to the membrane. Mesothe-
lin V-2 has a modified COOH terminus (orange), lacks the glycosyl phosphatidyl inositol anchor

signal sequence, and is predicted to be secreted.
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Table 2. Patient Characteristics

No. of Pt Median age (range) Male/Female Diagnosis
Pleural malignant 19 64 (43-81) 19/0 Epithelial 11
mesothelioma Sarcomatous 4
Biphasic 2
Desmoplastic
Unknown 1
Lung cancer 74 68 (31-83) 59/15 Adenocarcinoma 39
Squamous cell carcinoma 15
Small cell 16
Others 4
Asbes?os—related benign 25 69 (52-84) 22/3 Pleuritis 9
lung disease Pleural plaque 15
Asbestos lung 2
AsbesFos-unrelated benign 34 64 (18-87) 24/10 Pulmonary tuberculosis 6
lung disease Non-tubercular mycobacterium 5
Pneumonia 5
Pleuritis 4
Pneumothorax 4
Others 10
Healthy control 32 42 (28-67) 28/4
Total 184 62 (18-83) 152/32
Ohta'8
p<0.001 Table 3. Sensitivity and Specificity of SMRP
T 1
0.015
30 p<0.001 o803 0011 1 MPM ( +) MPM ( —) total
f ] ] 1
% SMRP ( +) 15 23 38
2 " . SMRP ( —) 4 142 146
total 19 165 184
20 )eeeaeanne = R Sensitivity = 78.9%, Specificity = 86.1%.
Ohta'8
L E— wo resssssamenee R T A A T4 R > F il Ml L7 e, B
FIEREFICBWTAHBEIC LA LTSI L a2HmELTWY
Lo Rt e LRLALEEETEIEEEEEEECEES LU EAEES S 512 UL A0, Z OWFZE i3 R 5 b Rz iE & Bl
2 BYEMRER E DL E AT > TW 2w & v ) [E S 2N
XY s BTt eeeeeeeeeseseeeseeeeesesessesssesesseseas :hg] b,
.
@ =z a# - 2. RBIX YT Y EEERA (soluble mesothelin-
] . .
related peptides : SMRP)
MPM Lung Asbestos- Asbestos- Healthy
cancer related unrelated control 1) SMRP &3
Ohta's

Figure 3. Figure 3 shows distribution of serum SMRP in
MPM, lung cancer, asbestos-related lung disease, asbestos-
unrelated lung disease and healthy control. The data are
presented as upper and lower quartiles and range (box), me-
dian value (horizontal line) and whisker line showing the
middle 90% distribution. Serum SMRP levels were signifi-
cantly higher in MPM than in others.

BIAE, AN T B2 I o MG 2 RTS8 B Bl N A
Fx—H—L LTHRHIEHSINTWE5TF2S, mHEH X
v 5 ) v ¥ & H (soluble mesothelin-related pep-
tides : SMRP) T&» %. SMRP RKDHEHTH L AV 7
U g, BEBEDSA, FREAA, RIS EOMODIAN
WP FEBLT % 40 kDa OHMNBEEKIANAFMET 2 HEH T T
BB, AVTY IVAFRRNPULTIE R L, W, 8
s & ONODE O IR LI & FEBL9 % L PlE & &
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Table 4. Comparison of Tumor Marker Values in Patients with Various Types of Lung

Disease and Healthy Control

SMRP (nM) CYFRA 21-1 (ng/ml) CEA (ng/ml)
MPM 49 20
(1.8, 5.5) (1.6, 16.7) (1.9, 2.5)
Lung cancer 3.2 4.2
0.6, 1.4) (1.2, 6.3 (2.6, 7.5)
Asbestos-related benign lung disease 1.2 31
0.7, 1.4) (1.6, 1.0) (1.9, 5.0)
Asbestos-unrelated benign lung disease 14 3.0
0.6, 1.3) (1.1, 1.9) 2.0,3.7)
Healthy control 0.6 20
0.5, 0.9) 0.5, 0.9 (1.1, 3.1)

The data in each markers are presented as upper and lower quartile and median value.

AHNTVE. AVFY rOEETIE 69 kDa O ik &
H (mesothelin/MPF (megakaryocyte potentiating fac-
tor) family proteins) # 2 — F L, Z ®#id&H I furin-like
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DOHFT, P ST EE R R R iR 44 5] O il SMRP B
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wich ELISA (enzyme-linked immunosorbent assay) %12
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F—EHEL > ¥ —12 2005 4E 9 A5 2006 429 A £ TIS
W OHEE L 72BN B B IE 19 51, EFETETE 74 51,
T AN b B RAENIR A 25 B, 7 AN R b IERY
BT 28 34 B, R 32 BloET 184 B35k &
Nn7z. SMRP OHlEREF 1L Figure 312/_4 &80 T, &
P g NS v B e T 45 B B RE, ef BRI BB L € SMRP
DAEFENEHMETH > 72. SMRP O I1E% L RE % 5 HEEE O
LR 15 oM IICERE T 2 & M i I b Bz il o & BE 1
79%, 4FHPEIZ86% TH o7z (Table3). F 7zl
SMRP, CEA, CYFRA21-1 ® &5 BEH BT 5 2l
DI % Table 4 (2R3, HEMEHINEE B 2 35 v T LT
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Robinson & R 4 DR A H SMRP IZHERK D /N A F
= —IZHE L CREL X OERENH ELTWw5,
SMRP (ZEME b E o MG SO X 7 ) —= > 7
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SMRP i Z #ERF I BER 9 5 Z &2 & o TEME ML
RN o RLI5E RASTTRE & 72 2 A% BTN S \SRE 3 %
KB ERIIFEDEIED BEELHED DD LER S
n5.

REFERENCES
1.

Japanese Journal of Lung Cancer—Vol 49, No 4, Aug 20, 2009—www.haigan.gr.jp

Wagner JC, Sleggs CA, Marchand P. Diffuse pleural
mesothelioma and asbestos exposure in the North West-
ern Cape Province. Br J Ind Med. 1960;17:260-271.

Peto J, Hodgson JT, Matthews FE, Jones JR. Continuing
increase in mesothelioma mortality in Britain. Lancet.
1995;345:535-539.

Sugarbaker D], Flores RM, Jaklitsch MT, Richards WG,
Strauss GM, Corson JM, et al. Resection margins, extra-
pleural nodal status, and cell type determine postopera-
tive long-term survival in trimodality therapy of malig-
nant pleural mesothelioma: results in 183 patients. J Tho-
rac Cardiovasc Surg. 1999;117:54-65.

Rusch VW, Rosenzweig K, Venkatraman E, Leon L,
Raben A, Harrison L, et al. A phase II trial of surgical re-
section and adjuvant high-dose hemithoracic radiation
for malignant pleural mesothelioma. J Thorac Cardiovasc
Surg. 2001;122:788-795.

Weder W, Kestenholz P, Taverna C, Bodis S, Lardinois
D, Jerman M, et al. Neoadjuvant chemotherapy followed
by extrapleural pneumonectomy in malignant pleural
mesothelioma. J Clin Oncol. 2004;22:3451-3457.

Flores RM, Krug LM, Rosenzweig KE, Venkatraman E,
Vincent A, Heelan R, et al. Induction chemotherapy, ex-
trapleural pneumonectomy, and postoperative high-dose
radiotherapy for locally advanced malignant pleural
mesothelioma: a phase II trial. J Thorac Oncol. 2006;1:289-
295.

Weder W, Stahel RA, Bernhard ], Bodis S, Vogt P,
Ballabeni P, et al. Multicenter trial of neo-adjuvant che-
motherapy followed by extrapleural pneumonectomy in
malignant pleural mesothelioma. Ann Oncol. 2007;18:1196-
1202.

Rea F, Marulli G, Bortolotti L, Breda C, Favaretto AG,

10.

11.

12.

13.

14.

15.

16.

17.

18.

Loreggian L, et al. Induction chemotherapy, extrapleural
pneumonectomy (EPP) and adjuvant hemi-thoracic ra-
diation in malignant pleural mesothelioma (MPM): Feasi-
bility and results. Lung Cancer. 2007;57:89-95.

Vogelzang NJ, Rusthoven JJ, Symanowski J, Denham C,
Kaukel E, Ruffie P, et al. Phase III study of pemetrexed
in combination with cisplatin versus cisplatin alone in pa-
tients with malignant pleural mesothelioma. J Clin Oncol.
2003;21:2636-2644.

Paganuzzi M, Onetto M, Marroni P, Filiberti R, Tassara
E, Parodi S, et al. Diagnostic value of CYFRA 21-1 tumor
marker and CEA in pleural effusion due to mesothe-
lioma. Chest. 2001;119:1138-1142.

Alatas F, Alatas O, Metintas M, Colak O, Harmanci E,
Demir S. Diagnostic value of CEA, CA 15-3, CA 199,
CYFRA 21-1, NSE and TSA assay in pleural effusions.
Lung Cancer. 2001;31:9-16.

Pass HI, Lott D, Lonardo F, Harbut M, Liu Z, Tang N, et
al. Asbestos exposure, pleural mesothelioma, and serum
osteopontin levels. N Engl ] Med. 2005;353:1564-1573.
Hassan R, Bera T, Pastan 1. Mesothelin: a new target for
immunotherapy. Clin Cancer Res. 2004;10:3937-3942.
TERREEE, fRRAIH, hlgERML, =ZtE, WX H
APFRE, At R R OB 3817 %5 Mesothelin
SEGL L O AifE.  HIFRSEE. 2008;:46:3-9.
Robinson BW, Creaney J, Lake R, Nowak A, Musk AW,
de Klerk N, et al. Mesothelin-family proteins and diagno-
sis of mesothelioma. Lancet. 2003;362:1612-1616.

Fukuoka K, Nakano T, Hida T, Kawahara K, Kishimoto
T, Matsumura A. SMRP as a biomarker for malignant
mesothelioma: results of multicenter study in Japan. In:
XI International Symposium on Biology and Clinical Usefulness
of Tumor Markers. Barcelona: 2007.

A, MR, fEESH, EARD, WEIOE B
A RFE, . VRO (MM) IS8T 2 i 2 v
7V ¥ B A SMRP O RN A HEOME © £ ik
L FEIFHMEABR D45 . MidE. 2007:47:448.

KRHEZ=E B b 2 B 203 2 822 Wi E R~ R
7 A DORSE—H 72 R MIEZWHEIZ O W T—. BRAEHRED
HWW A, 2007;26:19-26.

385



