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Mesothelin is a tumour differentiation antigen that is normally present on the mesothelial

cells lining the pleura, peritoneum and pericardium. It is, however, highly expressed in sev-

eral huzman cancers including malignant mesothelioma, pancreatic, ovarian and lung ade-

nocarcinoma. The normal biologic function of mesothelin is unknown but recent studies

have shown that it binds to CA-125 and may play a role in the peritoneal spread of ovarian

cancer. The limited mesothelin expression in normal tissues and high expression in many

cancers makes it an attractive candidate for cancer therapy. Three mesothelin targeted

agents are in various stages of clinical evaluation in patients. These include SS1P (CAT-

5001) a recombinant immunotoxin targeting mesothelin, MORAb-009 a chimeric anti-mes-

othelin monoclonal antibody and CRS-207 a live-attenuated Listeria monocytogenes vector

encoding human mesothelin. These ongoing clinical trials will help define the utility of

mesothelin as a target for cancer therapy.

Published by Elsevier Ltd.
1. Introduction

Mesothelin is a differentiation antigen whose expression in

normal human tissues is limited to mesothelial cells lining

the pleura, pericardium and peritoneum.1,2 However, mesoth-

elin is highly expressed in several human cancers, including

virtually all mesotheliomas and pancreatic adenocarcinomas,

and approximately 70% of ovarian cancers and 50% of lung

adenocarcinomas (Table 1).3–6 The mesothelin gene encodes

a precursor protein of 71 kDa that is processed to a 31 kDa
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shed protein called megakaryocyte potentiating factor (MPF)

and a 40 kDa fragment, mesothelin, that is attached to the cell

membrane by a glycosyl-phosphatidylinositol (GPI) anchor1,7

(Fig. 1). MPF was isolated from the culture supernatant of a

pancreatic cancer cell line and was so named because it stim-

ulated the megakaryocyte colony-forming activity of interleu-

kin-3 in mouse bone marrow cultures.8 The biologic function

of mesothelin is not known. However, results of recent stud-

ies suggest that the mesothelin may play a role in ovarian

cancer metastasis by binding to MUC16/CA-125.9 A small
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Fig. 1 – Schematic of mesothelin. The human mesothelin

(MSLN) gene encodes a precursor protein of 622 amino acids.

On translocation into the endoplasmic reticulum (ER) the N-

terminal signal peptide (red; residues 1–33) and the C-

terminal glycosyl-phosphatidylinositol (GPI) anchor addi-

tion signal (blue; a predicted cleavage site: Ser598) are

removed and the latter replaced with a GPI anchor. The

MSLN precursor is cleaved into two products, mature

megakaryocyte potentiating factor (MPF; residues Ser34–

Arg286) and the GPI-anchored membrane-bound mature

MSLN (orange) starting from Glu296. The proteolytic cleav-

age region (green) contains a furin cleavage site at Arg295,

and other protease cleavage sites including a trypsin

cleavage site at Arg286. The four N-linked glycans (black

lollipops; Asn57, Asn388, Asn488 and Asn515) are

indicated.

Table 1 – Mesothelin expression in human cancersa

Tumour Mesothelin
expression (%)

Comments References

Mesothelioma 100 Present in all epithelial mesotheliomas

but absent in sarcomatous type

3,12

Pancreatic cancer 100 Absent in normal pancreas and chronic

pancreatitis

4,6,14

Ovarian cancer 67–100 Mostly in serous ovarian

adenocarcinomas although it is also

expressed to a lesser degree in other

sub-types

2,5,6,16

Lung adenocarcinoma 41–53 Some expression in squamous and

large cell lung cancer but absent in

small cell lung cancer

6,17

a Detected by immunohistochemistry.
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amount of cell bound mesothelin is shed into the serum and

has been shown to be elevated in patients with mesothelioma

and ovarian cancer.10,11 These studies suggest that serum

mesothelin could be useful for diagnosis and follow-up of

these patients. This review focuses on mesothelin as a target

for cancer therapy and summarises the available pre-clinical

data as well as on-going and planned clinical trials.

2. Mesothelin expression in human cancers

Mesothelin gene expression in human cancers has been

studied using serial analysis of gene expression (SAGE) tag

analysis (http://www.ncbi.nlm.nih.gov/projects/SAGE/). High

mRNA expression of mesothelin is found in mesothelioma,

lung, ovarian and pancreatic adenocarcinomas. In addition,

immunohistochemistry has helped delineate the frequency

and pattern of mesothelin protein expression in these tu-

mours (Table 2, Fig. 2). These studies have been greatly facil-
itated by the commercial availability of a monoclonal

antibody (mAb) 5B2 (Novocastra, Newcastle-on-Tyne, UK) that

can detect mesothelin expression in paraffin embedded

tissues.

2.1. Mesothelioma

Mesothelin is highly expressed in epithelial malignant meso-

thelioma. In the original study by Chang and colleagues, mes-

othelin expression was evaluated by mAb-K1 using frozen

section tissues of patients with malignant mesothelioma.12

Out of the 23 pleural mesothelioma samples analysed all 15

epithelial mesothelioma samples had mesothelin expression,

while 4 sarcomatous mesotheliomas were negative. In the

four samples with biphasic mesothelioma, only the epithelial

component stained for mesothelin. Mesothelin expression in

paraffin embedded mesothelioma tissue samples was studied

by Ordonez using mAb 5B2.3 Out of the 55 mesothelioma

specimens (44 epithelioid, 3 biphasic and 8 sarcomatoid) stud-

ied mesothelin reactivity was noted in all epithelioid mesot-

heliomas and the epithelial component of biphasic

mesotheliomas. However, none of the sarcomatous mesothe-

liomas expressed mesothelin. These results are in agreement

with the results of Chang and colleagues that mesothelin is

present in all epithelial mesotheliomas and is absent in the

sarcomatous type. Although mesothelin is not a specific mar-

ker for mesothelioma a negative mesothelin immunostain

strongly argues against the diagnosis of epithelioid

mesothelioma.13
2.2. Pancreatic cancer

Argani and colleagues were the first to show mesothelin

expression in pancreatic ductal adenocarcinoma.4 Using

SAGE database they found the tag for mesothelin to be consis-

tently present in pancreatic cancer libraries but not in normal

pancreas. In addition, mesothelin mRNA expression was

present in 4 of 4 resected primary pancreatic cancers and by

immunohistochemistry all 60 resected primary adenocarci-

nomas were mesothelin positive. These results were con-

firmed by Hassan and colleagues who showed that

mesothelin was expressed in all 18 cases of pancreatic

http://www.ncbi.nlm.nih.gov/projects/SAGE/


Table 2 – Anti-mesothelin agents in clinic

Agent Class of drug Status Comments

SS1P (CAT-5001) Recombinant immunotoxin

against mesothelin

Two Phase I clinical trials

completed

Phase I study in combination

with chemotherapy for

mesothelioma to open

shortly

MORAb-009 Chimeric anti-mesothelin

monoclonal antibody

In Phase I clinical trial Planned Phase II studies in

pancreatic cancer and

mesothelioma

CRS-207 Listeria monocytogene-

mesothelin vaccine

Pre-clinical development

completed

Phase I clinical trial for

mesothelin expressing

malignancies to start 2007

Fig. 2 – Mesothelin expression in human tumours. Mesothelin expression was detected by immunohistochemistry using

monoclonal antibody (mAb) 5B2 in tissue specimens of patients with mesothelioma (A); ovarian cancer (B); pancreatic

adenocarcinoma (C) and lung adenocarcinoma (D).
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adenocarcinomas examined but absent in normal pancreas

and in chronic pancreatitis.14 Ordanez also showed mesoth-

elin was expressed in majority of pancreatic adenocarcino-

mas, but was absent in islet cell tumours of the pancreas.6

In addition to pancreas mesothelin is also highly expressed

in other adenocarcinomas of the biliary tree such as gallblad-

der cancer, and tumours of the common bile duct.14,15

2.3. Ovarian cancer

Using mAb-K1 Chang and colleagues demonstrated mesoth-

elin expression in 10 out of 15 non-mucinous epithelial ovar-

ian carcinomas while as it was absent in all 4 mucinous

ovarian cancers examined.2 Using 5B2 anti-mesothelin anti-

body Ordanez noted mesothelin expression in 14 of 14 serous,

3 of 3 endometrioid, 6 of 8 clear cell and 3 of 6 mucinous ovar-

ian carcinomas.6 Using tissue microarrays containing ovarian

cancer specimens Frierson and colleagues showed that all 38
serous ovarian cancers expressed mesothelin while as only 1

of 8 mucinous ovarian tumour had mild mesothelin expres-

sion.16 In contrast to the studies of Ordanez and Frierson

and colleagues who noted mesothelin expression in 100% of

serous ovarian cancer, Hassan and colleagues noted mesoth-

elin expression in 27 of 33 (82%) of serous ovarian cancers.5

Based on these results one can conclude that mesothelin

expression is present in most serous ovarian cancers, which

constitute the majority of epithelial ovarian cancers, but is

also expressed to a lesser degree in other subtypes of ovarian

cancer.

2.4. Lung cancer

Though earlier studies using mAb-K1 showed no expression

of mesothelin in lung adenocarcinomas, several recent stud-

ies using the 5B2 anti-mesothelin mAb show high expression

in these tumours.12 In the study by Ordonez looking at
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mesothelin expression in different human cancers, mesoth-

elin expression was present in 14 of 34 (41%) lung adenocarci-

nomas.6 This was confirmed in a large study by Miettinen and

Sarlomo-Rikala who evaluated mesothelin expression in 596

lung carcinomas.17 In this study, mesothelin expression was

present in 78 of 148 (53%) adenocarcinomas, 15 of 118 (13%)

large cell carcinomas, 29 of 124 (23%) squamous cell carcino-

mas and 0 of 41 (0%) small cell lung cancers. One unusual fea-

ture of the lung cancer is that there is more intracellular

mesothelin reactivity than seen in mesotheliomas, ovarian

or pancreatic cancer where the mesothelin staining is pre-

dominantly at the cell surface or normal mesothelial cells.

Studies by Ho and colleagues have further delineated mesoth-

elin expression in human lung cancer.18 Using NCI-60 cell line

panel they detected mesothelin mRNA in 7 of 9 (78%) lung

cancer cell lines. In 4 of the 7 cell lines in which mesothelin

mRNA was detected, cell surface mesothelin expression was

detected by flow cytometry. In addition, mesothelin mRNA

was present in 10 of 12 (83%) lung adenocarcinomas samples

obtained from patients. These results support earlier studies

by Ordanez and Miettinen that show mesothelin expression

by immunohistochemistry in about half the patients with

lung adenocarcinoma.

2.5. Mesothelin expression in other human tumours

In addition to the above tumours mesothelin over-expression

has been noted in some other human cancers. It is commonly

expressed in squamous cell carcinomas of different sites such

as cervix, lung and head and neck carcinomas as well as

endometrial adenocarcinomas.6,19,20 Mesothelin expression

by immunohistochemistry is infrequently present in colorec-

tal, gastric and oesophageal cancers.6 Mesothelin expression

is absent in soft tissue sarcomas with the notable exception

of biphasic synovial sarcomas.6 Cancer with absent mesoth-

elin expression include melanomas, renal cell cancer, transi-

tional cell carcinomas, thyroid cancer, breast cancer, prostate

cancer and germ cell tumours.6

3. Mesothelin biology

The normal biologic function of mesothelin is not clear. Bera

and colleagues generated mutant mice in which the mesoth-

elin gene was inactivated, and neither mesothelin mRNA or

protein was detected in the homozygous mutant mice.21

These mesothelin knockout mice did not have a detectable

phenotype and both males and females produced offspring

normally. These results suggest that in mice mesothelin func-

tion is not essential for growth or reproduction. Although the

functions of mesothelin remain largely unknown, recent

studies have shed light on the possible role of mesothelin in

cancer biology.

3.1. Mesothelin binding to MUC16/CA-125 and
ovarian cancer metastasis

MUC16/CA125 is a very large cell surface mucin, with an aver-

age molecular weight between 2.5 and 5 million dalton, that is

also heavily glycosylated with both O-linked and N-linked oli-

gosaccharides.22 It is shed into the serum and is used for
monitoring response to therapy in ovarian cancer.23 Rump

and colleagues were the first to show that binding of CA-125

to membrane bound mesothelin mediates heterotypic cell

adhesion since an anti-mesothelin antibody blocks this

interaction.9 Their results suggest that mesothelin is a novel

CA-125 binding protein and that CA-125 might lead to intra-

peritoneal dissemination of ovarian carcinoma by binding to

mesothelin present on normal mesothelial cells lining the

peritoneal cavity. The biochemical basis of this interaction be-

tween mesothelin and CA-125 was further characterised by

Gubbels and colleagues24 Using the MUC16 expressing ovar-

ian cancer cell line OVCAR-3, they showed that it binds mes-

othelin while as OVCAR-3 derived sublines that do not

express MUC16 do not bind mesothelin. They also showed

that mesothelin has a very strong affinity for MUC 16 with

an apparent Kd of approximately 5 nM and that mesothelin

interacts with both soluble and cell surface associated forms

of native MUC16. Taking together these studies provide evi-

dence that mesothelin and MUC16 binding may be important

in the peritoneal spread of ovarian cancer. Inhibiting MUC16

binding to mesothelin could therefore be a potentially useful

strategy to treat ovarian cancer.

3.2. Mesothelin regulation by Wnt-1 and Wnt-5a

The Wnt ligands are secreted glycoproteins that play an

important role in intracellular signalling and regulate a vari-

ety of biological processes including cell growth, cell differen-

tiation and apoptosis. A mis-regulation of Wnt signalling has

been shown to lead to the development of several human

cancers.25 Using the mouse mammary epithelial cell line

C57mg, Prieve and Moon showed that mesothelin was up-reg-

ulated by Wnt-1 both by the stable expression of Wnt-1 in

C57mg cells and as well as by co-culturing C57mg cells with

Wnt-1 secreting cells.26 They also demonstrated that mesoth-

elin expression was induced by Li+, an inhibitor of GSK-3b

that mimics Wnt-1. In contrast to Wnt-1, Wnt-5a down-regu-

lated mesothelin expression, perhaps through antagonism of

endogenous Wnt/b-catenin signalling. These results suggest

that mesothelin expression can be altered by Wnt proteins.

Interestingly, mesothelin is highly expressed in mesotheli-

oma, lung, ovarian, and pancreatic carcinomas, which have

constitutive activation of Wnt signalling.6,27

3.3. Humoral anti-mesothelin immune response in
cancer patients

To determine whether a spontaneous humoral B cell response

to mesothelin is present in patients with mesothelin express-

ing cancers Ho et al used a sensitive enzyme-linked immuno-

sorbent assay (ELISA) to detect mesothelin-specific IgG

antibodies in serum of patients with advanced mesothelioma

and ovarian cancer.28 Elevated levels of mesothelin-specific

antibodies were detected in the sera of 27 of 69 (39%) patients

with mesothelioma and 10 of 24 (42%) patients with epithelial

ovarian cancer when compared with a normal control popu-

lation. Mesothelin specific antibodies were present at a higher

frequency in patients whose tumours had strong mesothelin

expression by immunohistochemistry. These results suggest

that the immunogenicity of mesothelin is associated with
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its high expression on the tumour cells and serologic recogni-

tion of mesothelin is cancer related. The presence of a mes-

othelin specific B-cell response in a significant proportion of

patients with mesothelin expressing tumours supports on-

going efforts to use mesothelin as a therapeutic cancer

vaccine.

3.4. Prognostic significance of mesothelin expression
in ovarian cancer

The significance of tumour mesothelin expression with clini-

cal outcome in ovarian cancer was studied by Yen and col-

leagues29 In this study, tumour mesothelin expression by

immunohistochemistry was correlated with clinical outcome

in 198 patients with ovarian serous carcinoma. Mesothelin

immunoreactivity was present in 55% of serous carcinomas

with similar expression in both high grade and low grade tu-

mours. The results of this study showed that in patients with

high-grade advanced-stage ovarian cancer treated with opti-

mal debulking surgery and chemotherapy, diffuse tumour

mesothelin immunostaining correlated significantly with

prolonged survival. Mesothelin expression did not correlate

significantly with patient age, tumour site, tumour grade,

in vitro drug resistance and tumour cell differentiation. The

authors speculate that a humoral or T cell immune response

to mesothelin-expressing ovarian carcinoma cells could re-

sult in reduction of tumour load leading to the prolonged pa-

tient overall survival. However, the prognostic significance of

mesothelin expression in ovarian cancer and other mesoth-

elin expressing tumours needs to be validated in large pro-

spective studies.

4. Mesothelin targeted therapies

The limited expression of mesothelin on normal human tis-

sues and high expression in several human cancers makes

mesothelin an attractive candidate for cancer therapy.

These therapies include agents that target cell surface

mesothelin or elicit an immune response against mesothelin.

Agents that are in the clinic or about to enter clinical trials in-

clude CAT-5001, MORAb-009 and CRS-207 (Table 2).

4.1. SS1P (CAT-5001)

SS1P is a recombinant immunotoxin consisting of an anti-

mesothelin Fv linked to a truncated Pseudomonas exotoxin

that mediates cell killing.30,31 After binding to mesothelin,

the immunotoxin is internalised via clathrin coated pits,

undergoes processing in the endocytic compartment and

the immunotoxin fragment containing the ADP-ribosylation

domain is transported to the endoplasmic reticulum and then

translocated to the cytosol where it inhibits elongation factor-

2 leading to inhibition of protein synthesis and ultimately cell

death.32 Pre-clinical studies have shown that SS1P is cytotoxic

to cell lines expressing mesothelin and causes complete

regression of mesothelin expressing tumour xenografts in

nude mice.7 In addition SS1P is cytotoxic to tumour cells ob-

tained directly from human patients. Tumour cells obtained

from patients with ovarian cancer undergoing surgery were

grown in three dimensional organotypic cultures and treated
with SS1P.33 After treatment the organotypic gels were forma-

lin fixed and evaluated for light microscopic examination and

apoptosis. SS1P caused a dose dependent increase in tumour

cell death and apoptosis. Similarly tumour cells established

from ascites of patients with peritoneal mesothelioma are

very sensitive to SS1P with an IC50 of 0.08–3.9 ng/ml.34 These

studies show that mesothelin is highly expressed on tumour

cells obtained directly from patients with mesothelioma and

are very sensitive to treatment with SS1P.

Recent studies have looked at the anti-tumour activity of

SS1P in combination with radiation therapy or chemotherapy.

Athymic nude mice bearing A431/K5 mesothelin expressing

tumours were treated with radiation alone, SS1P alone or

the two agents in combination.35 The results of this study

showed that mice treated with low-dose radiation and SS1P

or high-dose radiation and SS1P had a statistically significant

prolongation in time to tumour doubling or tripling compared

with control, SS1P or radiation alone treated mice. Since radi-

ation treatment increased the cell surface expression of mes-

othelin, it is possible that the increased anti-tumour activity

of SS1P in combination with radiation is partly due to

enhanced mesothelin expression, making the cells more

sensitive to SS1P treatment. Combination of SS1P with tu-

mour-directed radiation might be useful in the treatment of

locally advanced pancreatic cancer since mesothelin is highly

expressed in these tumours and not normal pancreatic

tissues, and because radiation is commonly used in this set-

ting. To study the possible synergy between SS1P and chemo-

therapy immunodeficient mice bearing A431/K5 mesothelin

expressing tumours were treated with SS1P alone, chemo-

therapy alone or the two in combination.36 This combination

treatment was synergistic causing long-lasting remissions.

Synergy was observed with paclitaxel (taxol), cisplatin and

cyclophosphamide. Our initial hypothesis was that the in-

creased activity of SS1P in combination with paclitaxel was

due to paclitaxel-induced damage to endothelial cells result-

ing in increased SS1P uptake in the tumour. However, using

radiolabelled SS1P we did not observe any increase in tumour

SS1P levels in mice treated with paclitaxel.36 It appears that

other factors such as shed mesothelin in the tumour micro-

environment may contribute to this synergy and are being

studied in our laboratory. Given the non-overlapping toxici-

ties and different modes of action of SS1P and chemothera-

peutic agents, combining them could potentially result in

increased anti-tumour activity in patients.

Two Phase I studies of SS1P have just been completed.

These studies which were designed to test the safety, maxi-

mum tolerated dose (MTD) and pharmacokinetics of SS1P

used two different strategies for SS1P administration. In one

study SS1P was administered as an intravenous bolus infu-

sion over 30 min (SS1P bolus infusion study) while as in the

other study SS1P was given as a continuous i.v. infusion over

10 days (SS1P continuous infusion study).

In the SS1P bolus infusion study, SS1P was given every

other day (QOD) for 6 doses.37 A total of 17 patients were trea-

ted using this schedule and the MTD was 18 lg/kg/dose. The

dose-limiting toxicity (DLT) included grade 3 urticaria (1 pa-

tient) and grade 3 vascular leak syndrome (2 patients). Since

the dose-limiting toxicities were observed in patients who

had received more than 4 doses of SS1P, the protocol was



E U R O P E A N J O U R N A L O F C A N C E R 4 4 ( 2 0 0 8 ) 4 6 – 5 3 51
amended to treat patients QOD for 3 doses to allow further

SS1P dose escalation. Using this schedule of administration

17 patients were treated and the MTD was established as

45 lg/kg/dose. SS1P was well tolerated with hypoalbumine-

mia, fatigue and oedema as most common side effects. The

DLT was reversible pleuritis and was observed in 2/2 patients

treated with 60 lg/kg of SS1P and in 1/9 patients treated at the

dose of SS1P 45 lg/kg. This DLTwas due to SS1P targeting nor-

mal mesothelial cells expressing mesothelin, similar to the

toxicity observed in toxicological studies in cynomolgus mon-

keys. Anti-tumour activity was noted in several heavily pre-

treated patients treated with SS1P QOD ·6 or ·3 schedule.

Out of the 34 patients treated (20 mesothelioma, 12 ovarian

cancer and 2 pancreatic cancer) 4 had minor response and

19 had stable disease including complete resolution of ascites

in two patients. A patient with peritoneal mesothelioma had

complete resolution of abdominal ascites, required no further

treatment and died of unrelated cause more than 5 years

from initial treatment. Similarly in a patient with ovarian

cancer there was resolution of abdominal and pelvic ascites

that lasted 6 months. Pharmacokinetic analysis showed a

dose dependent increase in area under the curve. At the

MTD of 45 lg/kg the mean peak SS1P concentration was

483 ng/ml with a half-life of 466 min. The results of this study

showed that an immunotoxin targeting mesothelin is safe

and had anti-tumour activity in heavily pretreated patients.

In the SS1P continuous infusion study, patients received

continuous administration of SS1P via portable pumps over

10 days. A total of 24 patients with mesothelin expressing

mesothelioma, ovarian and pancreatic cancer were treated.

Most common toxicities were similar to that observed in the

bolus infusion study including hypoalbuminemia, weight

gain, oedema and fatigue. The MTD of SS1P given as a contin-

uous iv infusion over 10 days was 18 lg/kg. Some anti-tumour

activity was also observed in this study (Dr. R. Kreitman, Lab-

oratory of Molecular Biology, National Cancer Institute).

Since SS1P given as a bolus infusion has a prolonged half-

life and can be given at much higher dose and several patients

showed anti-tumour response, this is the schedule that is

being pursued for its further clinical development. Based on

pre-clinical studies in animal models that show marked syn-

ergy when SS1P is combined with chemotherapy, clinical

trials of SS1P in combination with chemotherapy are about

to start for the treatment of mesothelin expressing

malignancies.

4.2. MORAb-009

MORAb-009 is a high-affinity chimeric (mouse/human) mono-

clonal IgG1/j with high affinity and specificity for mesothelin.

The heavy and light chain variable regions of mouse anti-

mesothelin scFv (obtained by panning on mesothelin-positive

cells a phage display library made from splenic mRNA of a

mouse immunised with mesothelin cDNA) were grafted in

frame with human IgG1 and j constant regions. Since MOR-

Ab-009 is a chimeric antibody containing only the mouse se-

quences that recognise human mesothelin, it should be less

immunogenic and allow repeated administration to patients.

Laboratory studies show that MORAb-009 kills mesothelin

expressing cell lines via antibody dependent cellular cytoxic-
ity (ADCC) and in addition it inhibits the binding of mesoth-

elin to CA-125. Based on these preclinical studies a Phase I

clinical trial of MORAb-009 has been initiated (www.clinical-

trials.gov/ct/show/NCT00325494). The primary objectives of

this study are to evaluate the safety and tolerability of MOR-

Ab-009 in patients with mesothelioma, pancreatic cancer,

and mesothelin expressing non-small cell lung cancer and

ovarian cancer. Secondary objectives of this clinical trial are

to study the pharmacokinetics, human anti-chimeric anti-

body formation and tumour responses in the treated patients.

This study is ongoing and so far 11 patients have been treated

on 4 different dose levels.38 These include 6 patients with

mesothelioma, 3 with pancreatic cancer and 2 with ovarian

cancer. No major adverse events have been observed and

dose escalation is ongoing.

4.3. CRS-207

The rationale for mesothelin as a tumour vaccine is based on

studies showing that mesothelin can elicit a strong CD8+ T

cell response in patients.39 One of the mesothelin cancer vac-

cines in advanced stages of clinical development is CRS-207

(LmDactA/DinlB/hMeso). This vaccine utilises a live attenuated

strain of the bacterium Listeria monocytogenes (Lm), a faculta-

tive intracellular bacterium, as the vector.40 The engineered

vector CRS-100, has deletions of the two genes that encode

the virulence determinants actA and internalin B (inlB),

which results in a greater than 1000-fold decrease in virulence

compared to the wild type Lm. CRS-100 is currently

undergoing Phase 1 testing in patients with carcinoma and li-

ver metastasis.41 CRS-207 is a live-attenuated Lm vaccine

strain based on CRS-100 that encodes human mesothelin.

Preclinical studies show that CRS-207 elicits human

mesothelin-specific CD4+/CD8+ immunity in mice and in

cynomolgus monkeys and exhibits therapeutic efficacy in

tumour bearing mice.42 A Phase I clinical trial of CRS-207 for

the treatment of patients with mesothelin expressing cancers

is about to commence.

4.4. Mesothelin cancer vaccines

The utility of mesothelin as a tumour vaccine came from a

clinical trial conducted by Jaffe and colleagues that involved

vaccination of pancreatic cancer patients with GM-CSF trans-

duced pancreatic cancer cell lines.43 Out of the 14 patients

treated on this study 3 developed a postvaccination delayed-

type hypersensitivity (DTH) response to the autologous tu-

mour, that was associated with prolonged survival.43 Subse-

quent immunologic studies showed that a strong and

consistent induction of CD8+ T cell response to multiple

HLA-A2, -A3, and -A24-restricted mesothelin epitopes oc-

curred exclusively in the three patients who had developed

a vaccine induced DTH response.39 In another vaccine study,

T-cell lines derived from the native or the agonist mesothelin

epitope were shown to lyse mesothelin expressing and HLA-2

positive pancreatic cancer, ovarian cancer and mesothelioma

cell lines.44 These studies support the potential utility of mes-

othelin in peptide and/or vector-mediated immunotherapy

protocols for the treatment of cancers that highly express

mesothelin.

http://www.clinicaltrials.gov/ct/show/NCT00325494
http://www.clinicaltrials.gov/ct/show/NCT00325494
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4.5. Mesothelin targeted ovarian cancer gene therapy

Pre-clinical studies have evaluated mesothelin as a target for

adenoviral-mediated gene therapy. Adenoviruses containing

the mesothelin promoter driving reporter gene expression

were evaluated using established ovarian cancer cell lines

and purified tumour cells obtained from patients.45 These

studies showed that the mesothelin promoter is transcrip-

tionally active in ovarian cancer cells but has significantly

reduced activity in normal control cells. Also in the liver,

which does not express mesothelin, mesothelin promoter

activity was low making it a useful promoter for gene therapy.

The utility of mesothelin for transductional gene therapy,

i.e. to direct gene therapy agents to targets highly expressed

in specific tumours was also evaluated in this study. An ade-

novirus vector containing Fc-binding domain was conjugated

to the mouse anti-human mesothelin mAb. This transduc-

tional targeting to mesothelin led to increased transduction

rates in ovarian cancer cell lines as well as tumour cells ob-

tained from patients. In contrast there was no increase in

gene transfer rate using this construct in mesothelin negative

human fibroblast cells or the teratocarcinoma cell line PA-1.

These results show that mesothelin could be a potentially

useful candidate for combined transductional and transcrip-

tional adenovirus-based gene therapy.

4.6. Mesothelin as a target for radioimmunotherapy

Mesothelin as target for radioimmunotherapy was evalu-

ated in vivo using nude mice bearing mesothelin expressing

A431/K5 xenografts.46 This study used a pretargeting strat-

egy that involves the administration of streptavidin (SA)-

conjugated antibody to target the tumour, administration

of a clearing agent to remove any circulating antibody-SA

conjugate from the blood and then the injection of radiola-

belled biotin that localises to tumour tissue bearing SA-con-

jugated antibody. Mice bearing A431/K5 tumours were first

injected with the anti-mesothelin tetravalent single-chain

Fv-streptavidin fusion protein (SS1scFvSA) followed 20 h la-

ter by a synthetic clearing agent to remove any unbound

SS1scFvSA. This was followed 4 h later by the administra-

tion of radiolabelled 90Y-1,4,7,10-tetraazacyclododecane-

N,N 0,N00,N000-tetraacetic acid (DOTA)-biotin. Pretargeted

therapy of A431/K5 tumour with 90Y doses of 11.2–32.4

MBq resulted in a dose-dependent tumour response. In

mice that were treated with 32.4 MBq of 90Y, 86% survived

tumour free for 110 days compared to a median survival

of only 16 days in the untreated mice. Such a pre-targeted

approach could potentially be useful in the clinic and

reduce non-specific bone marrow toxicity. However, the

high immunogenicity of SA, could limit repeated adminis-

tration of this agent.

5. Conclusions

Mesothelin is a differentiation antigen present on normal

mesothelial cells that is highly expressed in several cancers

especially mesotheliomas, pancreatic, ovarian and lung can-

cer. This differential expression makes mesothelin an attrac-

tive candidate for targeted therapies. In Phase I studies of
the recombinant anti-mesothelin immunotoxin SS1P objec-

tive anti-tumour responses were noted in several heavily

pretreated patients. Based on these results and preclinical

studies showing synergy with chemotherapy, Phase II stud-

ies of SS1P in combination with chemotherapy are about to

commence for treatment of mesothelioma and ovarian can-

cer. MORAb-009, a chimeric anti-mesothelin mAb is cur-

rently in advanced stages of Phase I testing with Phase II

studies in mesothelioma and pancreatic cancer planned.

CRS-207, a Lm-mesothelin vaccine is about to commence

Phase I testing in mesothelin expressing cancers. In addi-

tion, studies targeting mesothelin for gene therapy and

radioimmunotherapy are in various stages of pre-clinical

development.
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