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Abstract

Background/Aim: To determine if early passage tumor cells obtained from patients with
mesothelioma continue to express the tumor differentiation antigen mesothelin and their sensitivity
to the anti-mesothelin immunotoxin SS1P.

Materials and Methods: Cell cultures were established from ascites or pleural effusion of 6
peritoneal and 3 pleural mesothelioma patients, respectively. These cells were evaluated for
mesothelin expression by immunohistochemistry and flow cytometry.

Results: Although mesothelin was highly expressed in tumor biopsies of all patients, only 3 out
of 9 malignant effusions from these patients when grown in short-term culture showed strong
mesothelin positivity by IHC. By flow cytometry, the number of mesothelin sites per cell was
variable ranging from 580 to 210,000 sites/cell. Cells with strong mesothelin expression by IHC
and increased number of mesothelin sites/cell were sensitive to SS1P.

Conclusions: Most mesothelioma tumors loose mesothelin when grown in vitro and the

sensitivity of these cells to SS1P is dependent on the number of mesothelin sites/cell.
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Malignant mesothelioma is an asbestos-related cancer that arises from the mesothelial cells
lining the pleural and peritoneal cavities and approximately 3,000 to 4,000 new cases are
diagnosed in the United States each year (1, 2). The prognosis of patients with pleural and
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peritoneal mesotheliomas is different with pleural disease having the worst prognosis with a
median overall survival of 12 months for patients with advanced disease (3). Some patients
with peritoneal mesothelioma who have aggressive surgical resection of their tumors, can
have a median overall survival greater than 5 years (4, 5). Development of more effective
treatments is needed to improve the outcome of these patients and one such strategy involves
targeting tumor differentiation antigens such as mesothelin.

Mesothelin is a glycosyl-phosphatidylinositol-anchored cell surface glycoprotein (6). The
full-length mesothelin gene encodes a 71-kDa precursor protein that is processed to a 31-
kDa shed fragment called megakaryocyte potentiating factor (MPF) and a 40-kDa
membrane-bound protein termed mesothelin (7). Normal expression of mesothelin in human
tissues is limited to the mesothelial cells of the pleura, peritoneum and pericardium (8).
However, many cancers such as mesothelioma, ovarian adenocarcinoma, lung adeno-
carcinoma and pancreatic cancer highly express mesothelin (9-12). This differential
expression of mesothelin in tumors with limited expression on normal tissues makes it a
good target for cancer therapy. The normal biological function of mesothelin is not known
but recent studies have shown that mesothelin is the receptor for the mucin MUC16 and this
interaction may play a role in tumor metastasis (13, 14). MPF was initially isolated from a
pancreatic cancer cell line and was named so because in mouse bone marrow cultures it
potentiated the megakaryocyte-potentiating activity of interleukin-3 (15). However, the
biological function of MPF in humans is also not known, although a recent report suggested
that it may play a role in tumor growth (16).

Both mesothelin and MPF can be detected in the serum of some patients with mesothelioma
and are currently being evaluated as diagnostic tools for this disease (17-20). Although
previous reports have shown that mesothelin is also present in the pleural fluid of some
patients with pleural mesothelioma these studies have not correlated mesothelin expression
in tumors and serum mesothelin with pleural fluid mesothelin (21). In addition, there is lack
of data regarding mesothelin concentration in serum and ascites of patients with peritoneal
mesothelioma.

There are several mesothelin-targeting agents in clinical trials for the treatment of
mesothelin-expressing cancers (22). Clinical benefit, including disease stabilization and
reduction of ascites, was observed in a phase | clinical trial of the anti-mesothelin
immunotoxin SS1P in patients who had failed standard therapies (23). SS1P is currently in
clinical trials for the treatment of patients with mesothelioma (24). Better understanding of
factors that determine the efficacy of SS1P is needed to improve the clinical outcome. In the
case of antibody-based therapies, cell surface receptor expression is an important
determinant of antitumor activity as has been shown in the case of trastuzumab for treatment
of HER-2-expressing breast cancers (25). The aim of this study was to isolate mesothelioma
cells from ascites and pleural effusions, to quantitate their mesothelin expression and to
correlate it with sensitivity to SS1P.
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Material and Methods

Establishment of early-passage mesothelioma cells.

Early passage mesothelioma cells were established from the ascites or pleural fluid obtained
from patients with mesothelioma seen at the National Cancer Institute on Institutional
Review Board-approved protocols. We obtained ascites from six patients with peritoneal
mesothelioma and pleural fluid from three patients with pleural mesothelioma. The ascites
or pleural fluid (100-1000 mL) was centrifuged at 1000 rpm at room temperature for 3 min;
the cell pellets were washed twice with phosphate buffered saline (PBS) and the red blood
cells were removed by BD Pharm Lyse™-Lysing Buffer kit (BD Bioscience, Franklin Lakes,
NJ), according to the manufacturer’s instructions, followed by washing twice with PBS. The
cells were then resuspended in RPMI 1640 (Invitrogen, Carlsbad, CA) supplemented with
20% fetal bovine serum (FBS) (Lonza, Walkersville, MD) 2 mM glutamine (Invitrogen),
units penicillin-streptomycin (Invitrogen) and 1 mM sodium pyruvate (Invitrogen). The cells
were seeded into 175 mL culture flasks at a density of 2.5-4.0x10° cells/ml. After 24 h of
incubation at 37°C in a humidified, 5% CO, atmosphere overnight, the medium containing
non-adherent cells was replaced with fresh medium. The cultures were maintained by
changing the medium twice weekly.

Cytological examination of the primary cell cultures.

The primary cell cultures were evaluated by a cytopathologist (A.F.), experienced in the
cytologic evaluation of mesothelioma, to determine if these cultures were composed of
mesothelial cells and therefore representing mesothelioma cell cultures. Cell blocks were
made from these primary cultures and 5 micron sections were stained with hematoxylin and
eosin (H&E) and with a panel of antibodies using the Ventana Automated Nexus
Immunostainer (Ventana Medical Systems, Tucson, AZ). The antibody panel included
antibodies to calretinin (Invitrogen), CD163 (Leica/Novocastra, Buffalo Grove, IL) and
leukocyte common antigen (LCA, CD45) (Dako, Carpinteria, CA). Mesothelin staining was
performed using the anti-mesothelin mAb 5B2 (Novocastra Laboratories, Ltd., Newcastle-
on-Tyne, UK).

These primary cell cultures were classified as consistent with mesothelioma cells, suggestive
of mesothelioma cells or cannot be determined if they are mesothelioma cells, based on
cytomorphological and immunocytochemical expression findings. Cell cultures were
designated as consistent with mesothelioma cells if expected cytomorphological features of
mesothelioma cells were observed and immunoexpression of either calretinin or mesothelin
seen in at least 5-50% of the cells. Also designated as consistent with mesothelioma cells,
were cell cultures showing atypical cytomorphological features of mesothelioma cells but
showing immunoexpression of either calretinin or mesothelin in >50% of the cells. Cell
cultures were designated as suggestive of mesothelioma cells if expected cytomorphological
features of mesothelioma cells were identified and either no immunoreactivity or
immunoreactivity for calretinin or mesothelin was seen in <5% of the cells. Cell cultures
that had atypical cytomorphological features of mesothelioma cells and showed <50%
expression of calretinin and mesothelin were categorized as cannot be determined if they are
mesothelioma cells.
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Pathological examination of the original tumor specimens.

The original tumor samples obtained from patients at the time of their original diagnosis or
at time of their debulking surgery were evaluated by a pathologist (M.M.) to establish the
diagnosis and characterize the subtype of mesothelioma.

Immunohistochemistry for mesothelin expression on tumor biopsies and early-passage
mesothelioma cells.

The original tumor biopsies from patients whose ascites/pleural effusion was used to
establish short -term culture were evaluated for mesothelin expression by
immunohistochemistry (IHC) using the anti-mesothelin mAb 5B2 (Novocastra Laboratories,
Ltd.). To evaluate mesothelin expression in tumor cells grown in short-term culture
formalin-fixed paraffin embedded cell blocks were prepared using the thrombin clot method
and 5-micron sections were mounted on charged microscope slides. IHC for mesothelin
expression was also performed using the anti-mesothelin mAb 5B2. Each slide was scored
for the percent of tumor cells that were positive for mesothelin expression and the intensity
of staining (+, mild; ++, moderate; and +++, intense).

Quantitation of mesothelin binding sites per cell on early-passage mesothelioma cells.

Early-passage mesothelioma cells were evaluated for mesothelin expression by flow
cytometry. A minimum of 20,000 live cells per sample were analyzed on FACS Calibur (BD
Bioscience) using CellQuest software (BD Bioscience). Data were analyzed using FlowJo
software version 8.8.6 (Tree Star, Inc., Ashland, OR). To quantitate cell surface mesothelin
expression the mouse anti-mesothelin antibody, MN (Rockland Immunochemicals Inc.,
Gilbertsville, PA) was conjugated with R-PE using R-PE Antibody All-In-One Conjugation
Kit (Solulink, San Diego, CA), following the manufacturer’s instructions. Early-passage
mesothelioma cells were then grown until confluent, trypsinized, washed and resuspended in
FACS buffer (PBS with 5% FBS and 0.1% sodium azide) and incubated with MN antibody
conjugated with R-PE. An isotype-matched antibody was used as a control. Geometric
means were chosen as mean fluorescence intensity (MFI). The MFI of cells was compared
with the MFI from a standard curve of PE-conjugate calibration beads (BD QuantiBRITE™
PE quantitation kit, BD Bioscience) and the number of mesothelin sites per cell was
estimated.

Cytotoxicity of SS1P against early passage mesothelioma tumor cells.

The cytotoxicity of SS1P was evaluated using cells that were within 1-3 passages after
plating the ascites/pleural effusion. Tumor cells (5x10%well) were seeded in a 24-well plate.
The following immunotoxins were added at different concentrations: SS1P (0, 0.1, 1, 10 and
100 ng/mL), BL22, an anti-CD22 immunotoxin, as a negative control (0, 0.1, 1, 10 and 100
ng/mL) and HB21, an anti-transferrin receptor immunotoxin, as a positive control at 10
ng/mL (26, 27). The cells were incubated for 96 hr, then washed twice with PBS; fixed with
10% neutral buffered formalin solution (Sigma, St. Louis, MO) at room temperature for 5
min, and crystal violet dye, at a concentration of 1 mg/mL, was added and incubated for 5
min at room temperature. The cells were then washed, dried and destained in 1% acetic acid.
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Color intensity as determined by OD at 595 nm was measured using a Versamax microplate
reader (Molecular Device, Sunnyvale, CA).

Evaluation of mesothelin and MPF levels in serum and ascites/pleural effusion.

Mesothelin concentration in patients’ serum and ascites/pleural effusion was determined
using the commercially available MESOMARK™ (Fujirebio Diagnostics, Inc., Malvern,
PA) ELISA kit and following manufacturer’s instructions. MPF levels in patients’ serum and
ascites/pleural effusion were analyzed using the Ab-Match Assembly Human MPF kit
(Medical & Biological Laboratories Co., Ltd., Japan) according to manufacturer’s
instructions. For both mesothelin and MPF ELISA, samples were analyzed in duplicate.

Statistical analyses.

Results

Statistical analysis was performed with Prism (version 5) for Mac (GraphPad software). A
Mann Whitney test was used for statistical comparison. Correlation data were calculated
using Spearman’s the correlation co-efficient. p<0.05 was considered statistically
significant.

Establishment of early-passage mesothelioma cells.

Nine early-passage malignant mesothelioma cell cultures (NCI-M-02, NCI-M-03, NCI-
M-05, NCI-M-07, NCI-M-09, NCI-M-10, NCI-M-11, NCI-M-15 and NCI-M-16) were
established from ascites or pleural effusion obtained from patients with mesothelioma except
NCI-M-07, which was derived from tumor tissue. For the purposes of this study early-
passage mesothelioma cells were defined as cells within 3 passages after the ascites or
pleural effusion was plated in tissue culture flasks. The clinical characteristics of the patients
from whom these samples were obtained are listed in Table I. The median age of the patients
was 53 years (range 2079 years). Six of the patients had peritoneal mesothelioma while
three patients had pleural mesothelioma. The original tissue biopsies obtained at the time of
diagnosis from these patients showed that all had epithelial malignant mesothelioma (Figure
1A).

Most early-passage cell cultures retain characteristics of mesothelioma.

All the early-passage mesothelioma cell cultures were evaluated by a cytopathologist,
experienced in clinical diagnosis of mesothelioma to determine if the cultures retained
mesothelioma characteristics. In addition to the mesothelioma markers mesothelin and
calretinin, the cell cultures were also evaluated for LCA and CD163 to exclude
contamination by leucocytes or macrophages, respectively. As shown in Table Il all the
early-passage cell cultures did not express leukocyte common antigen or CD163. The
criteria used to categorize the cultures as consistent with mesothelioma cells, suggestive of
mesothelioma cells or cannot be determined if they are mesothelioma cells (as described in
Material and Methods), are similar to those used by the cytopathologist to make a diagnosis
of mesothelioma in the ascites or pleural effusion obtained from patients. Using these
criteria, five cultures (NCI-M-02, NCI-M-03, NCI-M-09, NCI-M-11 and NCI-M-16) were
consistent with mesothelioma cells, two (NCI-M-7, and NCI-M-15) suggestive of
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mesothelioma cells and in two cases (NCI-M-05 and NCI-M-10) it could not be determined
whether the cells in culture were mesothelioma cells.

Mesothelin expression is uniformly present in tumor biopsies of patients.

The tumor biopsies of patients that were used to establish the diagnosis were evaluated for
mesothelin expression using IHC. Tumor specimens in all eight patients that were evaluated
showed mesothelin expression (Figure 1B). The percent of tumor cells that were positive for
mesothelin expression ranged from 70-100% and the intensity of staining ranged from ++ to
+++. These results are consistent with the published data on mesothelin expression in
epithelial mesothelioma (9).

Many mesothelioma tumor cells lose mesothelin expression when grown in short-term

culture.

Cell blocks were prepared from the early-passage (within 3 passages) mesothelioma cells
and tissue slides of these blocks were evaluated by H&E, as well as for mesothelin
expression by IHC. By morphological examination of H&E slides 5/9 samples had the
typical morphological features of mesothelioma while in four cases the morphology was
suggestive of atypical mesothelial cells (Figure 1C). Mesothelin was highly expressed in
only 3/9 samples by IHC (Figure 1D). As described in Table 11, there was variability in the
degree of mesothelin expression among the different cell cultures. In NCI-M-02, NCI-M-03
and NCI-M-16 mesothelin positivity was present in greater than 50% of the tumor cells, but
was present in less than 5% of the tumor cells in NCI-M-05, NCI-M-09 and NCI-M-11. No
mesothelin expression was noted in NCI-M-07, NCI-M-10 and NCI-M-15, although the
original tumors of these patients highly expressed mesothelin (Figure 1A). These results
suggest that some primary mesothelioma cells maintained in tissue culture may quickly
loose mesothelin expression.

Quantitation of mesothelin expression by flow cytometry shows wide variability in
mesothelin binding sites/cell.

The cell surface level of mesothelin could be directly relevant to the tumor’s sensitivity to
anti-mesothelin drug therapy. To better quantitate mesothelin expression we measured the
average mesothelin binding sites of these early-passage mesothelioma cells with flow
cytometry. As shown in Figure 2, some degree of mesothelin expression was present in all
the cell lines but there was a wide variability in the degree of mesothelin positivity. Only
NCI-M-02, NCI-M-03 and NCI-M-16 had high mesothelin expression with more than
30,000 mesothelin binding sites/cell. There was some correlation between the results from
flow cytometry and IHC assays in regard to mesothelin expression. NCI-M-02, NCI-M-03
and NCI-M-16, which had >50% mesothelin expression by IHC, all had very high
mesothelin expression by flow cytometry ranging from 37,000-210,000 sites/cell. In other
cell cultures the correlation between mesothelin expression by flow cytometry and IHC was
variable.
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The sensitivity of early-passage mesothelioma cells to SS1P is partially dependent on cell
surface mesothelin level.

After characterizing the mesothelin expression of these early-passage mesothelioma cells we
evaluated their sensitivity to the anti-mesothelin immunotoxin SS1P, a recombinant
immunotoxin composed of an anti-mesothelin Fv fused to a truncated form of Pseudomonas
exotoxin (PE38) that mediates cell killing (23). In addition to SS1P, these early-passage
mesothelioma cells were also treated with HB21PE40, an immunotoxin targeting the
transferin receptor which is universally expressed on the cell surface of most human cells,
that caused >90% cell Killing in all cells tested. As a negative control the CD22-targeting
immunotoxin BL22 resulted in <5% cell killing, since this antigen is absent in solid tumors.
As an example, the effect of these different immunotoxins on NCI-M-02 is shown in Figure
3A. While BL22 had very little effect on killing tumor cells, treatment with SS1P killed the
majority of tumor cells. However, there are some remaining viable cells which are most
likely contaminating fibroblasts or other cells in the primary culture that do not express
mesothelin. In contrast, treatment with HB21PE40 killed all cells (data not shown).

SS1P at 10 ng/ml showed >30% (range 30-70%) death of cells obtained from patients NCI-
M-02, NCI-M-03, NCI-M-11 and NCI-M-16 (Figure 3B). Although NCI-M-11 cells had
modest mesothelin expression, by IHC or flow cytometry, compared to the other three
sensitive cell lines, they were still sensitive to SS1P. Cells from the other five patients were
resistant to killing by SS1P. In summary, there is some correlation between cell surface
mesothelin level (mesothelin binding sites/cell) and cell’s sensitivity to SS1P (Spearman’s
correlation r=0.71; p=0.0161) but other mechanisms may also play an important role (Figure
30C).

Ascites/pleural effusion mesothelin and MPF levels are significantly higher than in the

serum.

As the early passage cell cultures were established from ascites/pleural effusion rather than
tumor biopsies we wanted to determine if the concentration of mesothelin and MPF were
elevated in these specimens that would be further suggestive of malignant effusion in
addition to the cytological characteristics. Our results show that both mesothelin and MPF
levels were elevated in the ascites/pleural effusion and were much higher than the
concentration in the serum (Table I11). The concentration of mesothelin in the ascites/pleural
effusion was 5- to 26-fold higher than in the serum (median concentration in serum 9.5
nmol/L versus 170 nmol/L in ascites/pleural effusion; p=0.0003). Similar to mesothelin, the
concentration of MPF in ascites/pleural effusion was 9 to 75-fold higher than the serum
concentration (median serum concentration 4.9 nmol/L versus 143 nmol/L in ascites/pleural
effusion; p<0.0001). There was good correlation between the serum mesothelin and ascites/
pleural effusion mesothelin (r=0.86; p<0.02) but not between serum MPF concentration and
ascites/pleural effusion MPF (r=0.57; p<0.15). However, the lack of correlation between
serum and ascites/pleural effusion MPF could be due to the limited number of samples
analyzed.
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Discussion

Using ascites or pleural effusion fluid from patients with peritoneal and pleural
mesothelioma we established early-passage tumor cells and characterized them for
mesothelin expression and for their sensitivity to the anti-mesothelin immunotoxin SS1P. In
addition, we correlated mesothelin expression in these early-passage tumor cells with
mesothelin expression in the original tumor.

The tumor specimens used in this study were obtained from patients with the epitheloid type
of malignant mesothelioma. Previous studies have shown that almost all epitheloid
mesotheliomas express mesothelin while the sarcomatous type of mesothelioma are
mesothelin-negative (9, 28). In keeping with published data, tumor samples obtained from
all patients either at the time of initial diagnosis or subsequent surgical resection, all showed
strong mesothelin expression. However, when tumor cells obtained from the ascites or
pleural effusion of these patients were grown in short-term culture and valuated for
mesothelin expression many of these tumor cells were negative or had decreased mesothelin
expression by IHC. It is unlikely that the cells in culture are non-malignant contaminating
cells, such as macrophages or fibroblasts, since by morphological examination, they
appeared to be epithelial mesothelial cells and were negative for leukocyte or macrophage
markers. Seven of the nine primary cultures were characterized as consistent with or
suggestive of mesothelioma, based on detailed pathological examination combining
cytological features and IHC. In two cases it was difficult to determine if the cells in culture
were of mesothelial origin. It is unlikely that this loss of mesothelin expression is due to
problems related to formalin fixation and antigen retrieval, since by flow cytometry most of
the cell cultures had decreased mesothelin sites/cell. However, the three early-passage cells
that were strongly-positive for mesothelin expression by IHC also had the highest number of
mesothelin sites/cells.

The sensitivity of these tumor cells grown in short-term culture to the anti-mesothelin
immunotoxin SS1P was variable and dependent on mesothelin expression by the tumor cells.
Cells that highly expressed mesothelin by IHC or flow cytometry showed greater than 30%
growth inhibition at SS1P concentration of 10 ng/ml, which is significantly less than the
blood levels obtained when patients are treated with SS1P (23). These results demonstrate
that the tumor cells obtained from patients that continue to have high mesothelin expression
when grown in short-term culture are sensitive to SS1P.

Some of the cell-bound mesothelin, as well as MPF, are shed into the serum and their levels
are elevated in the majority of patients at the time of diagnosis (17-20). To get a better
understanding of the kinetics of these biomarkers in patients with mesothelioma we
evaluated the serum, as well as ascites/pleural effusion concentration of mesothelin and
MPF, in patients whose tumor cells were used to establish short-term culture. Serum
mesothelin levels were elevated in all the patients but there was a wide range, most likely
reflecting tumor burden. However, mesothelin concentration in ascites/pleural effusion was
in general 5- to 26-fold higher than the serum concentration. This is not surprising since
mesothelioma is a tumor of the lining of the pleural and peritoneal cavities and the tumors
shed mesothelin into these cavities. MPF, which is a cleaved product of the mesothelin
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precursor protein, was also elevated in the serum of all patients and its levels in ascites/
pleural effusion were significantly higher than those in the serum.

Although, the mechanism of loss of mesothelin expression by mesothelioma tumor cells is
not known, our results show that it is important to characterize mesothelin expression in
mesothelioma cells lines used for in vitro and in vivo studies of mesothelin-targeted agents
since mesothelin expression may be lost during in vitro cell culture. Also, since MPF has
been suggested to play a role in tumor aggressiveness it will be important, in future studies,
to evaluate the prognostic significance of serum and pleural effusion/ascites MPF in patients
with mesothelioma.
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Figure 1.
Characterization of patients’ tissue biopsy and early-passage mesothelioma cells. H&E

staining of the patients’ original tissue biopsy (A) and mesothelin staining of original tissue
biopsy using the anti-mesothelin mAb 5B2 (B). Morphological features of the sections made
from the cell blocks of patient tumor cells grown in short-term culture (C) as well as
mesothelin staining using the anti-mesothelin mAb 5B2 (D).
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Figure 2.
FACS analysis for mesothelin expression of patients’ tumor cells grown in short-term

culture. Cells were incubated with the anti-mesothelin mAb MN, conjugated with R-PE or
isotype control antibody. Results are shown in terms of histogram plots for each cell line
where the shaded area depicts the binding of MN antibody and the clear area shows the
binding of isotype control antibody. The number of mesothelin sites/cell for each of the
early-passage mesothelioma cell cultures is shown in each histograph.
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Figure 3.
Cytotoxicity of SS1P against early-passage mesothelioma cells. (A) NCI-M-02 cells (5x10%)

were seeded in a 24 well plate and treated with 10 ng/ml of SS1P or BL22. After 96 h of
incubation the cells were washed, fixed and cell viability was assessed by the crystal violet
assay. (B) Effect of SS1P (10 ng/ml) on the different early-passage mesothelioma cells using
the crystal violet assay. The y-axis represents percent cell death as compared to control
untreated cells. Data represents the mean+SD of triplicate samples. (C) Spearman
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correlation analysis was performed using Graphpad to show the correlation between SS1P
cytotoxicity and mesothelin sites/cell expressed by the early-passage mesothelioma cells.
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Characteristics of patients used to establish early-passage mesothelioma cell cultures.

Table I.

Patient Age (Yrs) Gender Mesothelioma
NCI-M-02 52 Female Pleural
NCI-M-03 32 Male Peritoneal
NCI-M-05 51 Male Peritoneal
NCI-M-07 20 Female Peritoneal
MCI-M-09 70 Male Peritoneal
NCI-M-10 79 Male Peritoneal
NCI-M-11 53 Male Peritoneal
NCI-M-15 69 Male Pleural
NCI-M-16 72 Male Pleural
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Table Il.

Morphological and IHC characteristics of early-passage mesothelioma cell cultures.

Cell culture  Mesothelioma  Calretinin ~ Mesothelin Leukocyte CD163 Comments?
morphology common antigen

NCI-M-02 Typical +(5-50%)  + (>50%) b - Consistent with mesothelioma cells

NCI-M-03 Typical - + (>50%) - - Consistent with mesothelioma cells

NCI-M-05 Atypical + (<5%) + (<5%) - - Cannot be determined if they are mesothelioma
cells

NCI-M-07 Typical - - - - Suggestive of mesothelioma cells

NCI-M-09 Atypical + (>50%) + (<5%) - - Consistent with mesothelioma cells

NCI-M-10 Atypical + (5-50%) - - - Cannot be determined if they are mesothelioma
cells

NCI-M-11 Typical + (5-50%) + (<5%) - - Consistent with mesothelioma cells

NCI-M-15 Typical + (<5%) - - - Suggestive of mesothelioma cells

NCI-M-16 Atypical + (>50%) + (>50%) - - Consistent with mesothelioma cells

aThese primary cell cultures were classified as consistent with mesothelioma cells, suggestive of mesothelioma cells or cannot be determined if
they are mesothelioma cells, based on cytomorphological and immunocytochemical expression findings. The cell cultures were designated as
consistent with mesothelioma cells if the typical cytomorphological features of mesothelioma cells were observed and immunoexpression of either
calretinin or mesothelin was seen in at least 5-50% of the cells or if cells had atypical cytomorphological features of mesothelioma cells but
immunoexpression of calretinin or mesothelin was present in >50% of the cells. Cell cultures were designated as suggestive of mesothelioma cells
if expected cytomorphological features of mesothelioma cells were identified and either no immunoreactivity or immunoreactivity for calretinin or
mesothelin was seen in <5% of the cells. Cell cultures that had atypical cytomorphological features of mesothelioma cells and had <50%
expression of calretinin and mesothelin were categorized as cannot be determined if they are mesothelioma cells.

bNegative.
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Mesothelin and MPF levels in the serum and ascites/pleural effusion of patients used to establish early-passage
mesothelioma cell cultures.

Patient

NCI-M-02
NCI-M-03
NCI-M-05
NCI-M-07
NCI-M-09
NCI-M-10
NCI-M-11
NCI-M-15
NCI-M-16

Mesothelin (nmol/L)

Serum  Ascites/Pleural

9.5
145
38.5

8

44

3.6
24.2

3.9

12

effusion
95
316
284
n/d
70
17
240
101
239

MPF (nmol/L)

Serum  Ascites/Pleural

13
2.9
141

49
2.1
15.8
1.9
8.3

effusion
115
146
234
n/d
126
43
372
140
293

n/d, Not determined.
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