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Exploratory research on novel diagnostic and therapeutic markers for
mesothelioma
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Canine mesotheliomas are uncommon malignant tumors typically detected late.

Minimally invasive diagnostic biomarkers would facilitate diagnosis at earlier stages, thereby
improving clinical outcomes. We hypothesized that mesothelin could be used as a reliable diagnostic
biomarker for canine mesotheliomas since it has been used as a cancer biomarker for human
mesothelioma. We aimed to explore and characterize mesothelin gene expression in dogs and assess its
use as a diagnostic biomarker for canine mesotheliomas.We assessed its levels in major organ
tissues and compared them with those in the mesothelioma tissues using quantitative PCR (qPCR).
Canine mesothelin exhibited significantly higher expression in the canine mesotheliomas than in the
noncancerous tissues. Moreover, analysis of clinical samples using gPCR demonstrated markedly
elevated mesothelin expression in canine mesotheliomas compared to non-mesothelioma cases.
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Clinical casesof canine pericardial mesothdioma. Grosslesions, cytology, and histopathology.

A and B: Gross findings of the canine pericardial mesotheliomaduring surgery. Small nodular lesions (arrows) were seen throughout the pleural
cavity, including the pericardium and pleura (A). During pericardiectomy, pleural and pericardial effusions with hemorrhagic appearance were
collected (B).

C: Cytology of pericardial effusion in a dog with pericardial mesothelioma. Neoplastic cells were observed in clusters that showed marked
celluler atypia.

D and E: Histopathology of canine pericardial mesothelioma at low (x4) (D) and high (x200) (E) magnification. Neoplastic cells aligned with
the mesothelium proliferated in thick layers. The tumor showed evidence of tissue and vascular invasion, indicating its malignant nature.

Ultrasonographic evaluation of disseminated neoplastic lesonson the pleura
Small nodules of 1-1.3 mm size on the surface of the pleura, exhibiting
homogeneous low echogenicity inside with a hypoechoic structure, were identified,
which had not been noted a the early stage of the disease, via detailed
ultrasonographic examination using a high frequency linear probe (A, arrows). The
adjacent normal pleurae were delineated as finely hyperechoic linear structures (B,
arrowheads). The nodules gradually increased in size and number on the parieta
pleura (C, arrows) as well as the visceral pleura and diaphragm (D, arrows).
Arrowheads: parietal pleura, TW: thoracic wall, PE: pleura effusion, DP: diaphragm,
PL: lung, LIV: liver. Scale bar = 0.5 cm.

AEV/AE3 vimentin WT1 CK5S

Culture cdlsisolated from an effusion sample from a dog with pericardial mesothelioma and their immunoreactivity for mesothdial
markers.

A Neoplastic cells in the pleural effusion from a dog with pericardial mesothelioma were isolated and cultured (x100).

B-E: Cultured neoplastic cells were positive for epithelial markers pan-cytokeratin (clone: AEL/AE3) (B) and mesenchymal marker vimentin
(C), as well as mesothelia markers Wilms' tumor suppressor gene 1 (WT1) (D) and cytokeratin 5 (CK5) (E) by immunofluorescence (x200).
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The distribution of mesothein (MSLN) expresson in dogs and
overexpression in canine mesotheliomas. 4
The distribution of MSLN expression in dogs was analyzed by quantitative Z
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Mesothdin (MSLN) expresson analysis in various tumor tissues in
dogs.

MSLN expression in various canine tumors was examined using
quantitative polymerase chain reaction. Significantly higher MSLN levels
were detected in the mesotheliomas than in non-mesothelioma (non-MS)
tumors (p < 0.001). Among the non-M Stumors, epithelial tumors expressed
significantly higher MSLN levels than mesenchymal tumors (p = 0.045).
Malignant tumors exhibited MSLN levels similar to those in the benign
tumors (p = 0.656). When comparing malignant tumors, epithelial
malignancies showed relatively higher expression levels than soft tissue
sarcomas and other malignant tumors. Mesotheliomas exhibited greater
overexpression compared to the non-M S malignancies.
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Mesothdin (MSLN) expression analysisin effusionsin dogs.

MSLN expression in clinical effusion samples was analyzed by quantitative
polymerase chain reaction. MSLN was overexpressed in mesothelioma (MS)
effusions than non-mesothelioma (non-MS) effusions (p < 0.001), suggesting
a diagnostic usefulness of MSLN expression analysis in effusion in canine
mesothelioma
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Chemosensitivity assay using three patient-derived
primary cultures of canine pericardial mesothdioma:
Single-agent treatment.

Three patient-derived canine pericardial mesothelioma
primary cultures were treated with four chemotherapeutic
o agents:  doxorubicin, vinorelbine, carboplatin, and
gemcitabine, asasingleagent. Carboplatin demonstrated
the highest inhibitory effects on cell growth among thefour

drugs, especidly at clinically relevant concentrations.
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Western blotting

Relative MSLN Expression
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Soluble mesothelin (MSLN) was detected in effusion super natant.
MSLN expression was analyzed in three pairs of sediment (C) and
supernatant (S) fractions from effusion samples of dogs with
mesothelioma. Pairs 1 and 2 were collected from the same patient at
different times, while Pair 3 was from another patient. Both fractions
demonstrated substantial MSLN expression, suggesting the presence
of a soluble form of MSLN in canine effusions associated with
mesothelioma. Recombinant canine MSLN (rMSLN) was used as a
positive control. The left lane contains amolecular marker.
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Relative expression of soluble mesothdin (MSLN) in effusion supernatant in dogswith mesotheioma and non-mesothelioma (non-MS)

diseases.

Soluble MSLN expression relative to the control sample was compared between mesothelioma and non-MS effusions. Expression levels were

higher in mesothelioma effusions compared to non-M S effusions. Among non-MS effusions, neoplastic effusions exhibited relatively higher
expression than non-neoplastic effusions. However, no statistically significant differences were detected.
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