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Background. Malignant pleural mesothelioma (MPM)
s an uncommon but highly fatal neoplasm for which
nly limited treatment is available.
Methods. Immunohistochemical analysis was used to

etermine the expression of interleukin-4 receptors (IL-
R) on mesothelioma cell lines and resected mesotheli-
ma tumors. Radioreceptor binding assays were used to
how that these IL-4R were high-affinity receptors. Pre-
iously, we had shown that a chimeric protein composed
f a circularly permuted IL-4 molecule fused to a trun-
ated form of Pseudomonas exotoxin A, IL-4(38–37)-
E38KDEL, could be used to kill IL-4R–bearing tumor
ells in vitro. The toxicity of this molecule to mesotheli-
ma cell lines was tested using a protein synthesis
nhibition assay. A human mesothelioma xenograft

odel was then developed to assess the efficacy of this

olecule in vivo.
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Results. All MPM cell lines tested were found to
xpress high-affinity cell-surface IL-4R. Immunohisto-
hemical analysis of resected mesothelioma tumor spec-
mens from 13 patients revealed that all tumors expressed

oderate-to-high levels of IL-4R. Coculture of malignant
esothelioma cell lines with IL-4(38–37)-PE38KDEL re-

ulted in a dose-dependent inhibition of tumor cell
rotein synthesis through an interaction with cell-surface
L-4R. In a nude mouse xenograft model of human MPM,
ntratumoral administration of IL-4(38–37)-PE38KDEL

ediated a dose-dependent decrease in tumor volume
nd a dose-dependent increase in survival.
Conclusions. The chimeric protein, IL-4(38 –37)-

E38KDEL, has potent antitumor effects against MPM
oth in vitro and in vivo.

(Ann Thorac Surg 2004;78:436–43)

© 2004 by The Society of Thoracic Surgeons
alignant pleural mesothelioma (MPM) is an un-
common but highly fatal neoplasm afflicting be-

ween 2,000 and 4,000 Americans annually [1]. Asbestos
xposure remains the only proven cause of MPM. Due to
he long latency period between asbestos exposure and
he development of mesothelioma, this tumor will re-

ain a substantial problem for many years to come [2].
lthough the number of deaths from mesothelioma in

he United States has been predicted to begin to gradu-
lly decline, in Western Europe, where asbestos was used
ell into the 1980s, the mortality rate is predicted to

ncrease to almost 9,000 deaths per year by 2018 [3].
ncontrolled trials and institutional experiences with

arious approaches utilizing surgery, radiation, chemo-
herapy, hyperthermia, photodynamic therapy, gene

ccepted for publication June 3, 2003.

resented at the Thirty-ninth Annual Meeting of The Society of Thoracic
urgeons, San Diego, CA, Jan 31–Feb 2, 2003.

ddress reprint requests to Dr Cameron, Thoracic Surgery, Department
f Surgery, UCLA School of Medicine, 10833 Le Conte Ave, Room 62-215
HS, PO Box 951741, Los Angeles, CA 90095-1741; e-mail: rcameron@
herapy, as well as other modalities have been reported
ith some success, but no therapy has been definitively

hown to be better than supportive care in a randomized
tudy. Clearly, novel effective therapies are desperately
eeded for this disease.
Several cellular growth factors, cytokines, and their

eceptors have been shown to be overexpressed on
esothelioma cells [4–6]. We chose to investigate the

xpression of interleukin-4 receptors (IL-4R) by mesothe-
ioma cell lines and tumor specimens. Interleukin-4 (IL-4)
nd its receptor have been well characterized [7]. Inter-
eukin-4 was originally identified as a stimulator of acti-
ated B cells, and subsequently has been shown to
ediate a host of immunomodulatory activities [8–10]. In

ddition to its presence on lymphocytes and other hema-
opoietic cells, the IL-4R has been reported to be highly
xpressed on some epithelial cell lines, as well as a
ariety of nonhematologic malignancies including mela-
oma, breast cancer, colon cancer, renal cancer, ovarian

Dr Maki discloses that he has a financial relationship
with Neurocrine Biosciences.
0003-4975/04/$30.00
doi:10.1016/j.athoracsur.2004.03.010
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arcinoma, glioblastoma multiforme, AIDS-associated
aposi’s sarcoma, gastric cancer, and non–small cell lung

ancer [11–17]. The significance of expression of IL-4R on
ancer cells is unknown; however, these receptors are \
ble to mediate biological responses in cancer cells such
s regulation of intercellular adhesion molecule-1 and
ajor histocompatibility complex antigen expression,

nhibition of cell growth, and induction of apoptosis.
To target IL-4R on cancer cells, we produced a circu-

arly permuted form of IL-4 toxin—IL-4(38 –37)-
E38KDEL [18]. This IL-4 toxin has been shown to have
otent cytotoxic activity against various IL-4R-bearing
ancer cell lines in vitro and in vivo in animal models of
uman cancer xenografts [19–21]. To study whether
alignant pleural mesothelioma expresses IL-4R in vitro

nd in vivo, we studied the incidence of IL-4R on several
stablished mesothelioma cell lines as well as on human,
alignant, pleural mesothelioma surgical specimens. Af-

er establishing that the IL-4R is highly expressed by both
PM cell lines and by fresh tumor specimens, we tested

he cytotoxic activity of IL-4(38–37)-PE38KDEL against
hese mesothelioma cell lines and in vivo against human

esothelioma tumor xenografts. Our data indicated that
L-4(38 –37)-PE38KDEL has potent cytotoxic activity
gainst human malignant mesothelioma in vitro and in
ivo.

aterial and Methods

resh Human Malignant Pleural Mesothelioma
pecimens and Cell Lines
uman MPM specimens were collected during 14
lanned surgical procedures at the University of Califor-
ia, Los Angeles and San Francisco campuses, under
rotocols and informed consent approved by each insti-

ution’s human subjects review boards. Specimens were
xed in formaldehyde and embedded in paraffin or snap

rozen in tissue freezing medium (Triangle Biomedical
ciences, Durham, NC) or digested in a triple enzyme
olution of 0.1% type IV collagenase, 0.01% type V hyal-
ronidase, and 0.002% type I deoxyribonuclease (Sigma
hemical Co, St. Louis, MO) at room temperature in
ank’s balanced salt solution (HBSS) (Mediatech, Hern-
on, VA) for up to 12 hours, filtered through 100-gauge
ylon mesh (Falcon, Franklin Lakes, NJ), washed at least

hree times, separated from cellular debris by centrifu-
ation in lymphocyte separation medium (Mediatech,
erndon, VA) for 20 minutes at 2,000 rpm, and resus-
ended in HBSS at 1 � 107 cell/mL for subcutaneous

njection. These digested cells were used for injection
nto nude mice for creation of the xenograft model. Triple
nzyme digestion was also used when passaging tumors
n mice. Slides were prepared from snap-frozen speci-

ens and stored at �70°C until staining with the anti-
L-4R antibody, M57 (kindly provided by Immunex Cor-
oration, Seattle, WA), or anti-IL-4R antibody purchased

rom R&D (Minneapolis, MN).
Human mesothelioma cell lines, MS-1, and the SV40-
ransfected human mesothelioma cell line, MeT5A, were
indly provided by Dr. V. Courtney Broaddus (San Fran-
isco General Hospital and the University of California, San
rancisco). MSTO-211H is a human mesothelioma cell line
urchased from American Type Culture Collection (Man-
ssas, VA). Cell lines were maintained as monolayers in
PMI 1640 (Biofluid, Rockville, MD) supplemented with
0% heat-inactivated bovine serum (Hyclone, Logan UT),
0 mmol/L HEPES (Biofluid), 10 mmol/L glutamine, and
50 U/mL of penicillin/streptomycin.

eagents
circularly permuted IL-4 toxin [IL-4(38–37)-PE38KDEL]

r cpIL-4-PE that contains amino acids 38 to 129 of IL-4
used by a peptide linker to amino acids 1 to 37, which are
n turn fused to amino acids 353 to 364 and 381 to 608 of
seudomonas exotoxin, with KDEL at positions 609 to 612,
as constructed as described previously [22]. 3H-Leucine
as purchased from Duprel (Boston, MA). Radiolabeled

odine (125I) was purchased from Amersham Research
roducts (Arlington Heights, IL).

mmunohistochemistry
etection of IL-4R on surgical MPM specimens was
erformed by immunohistochemistry using a Vectastain
lite ABC Kit (Vector Laboratories, Burlingame, CA).
riefly, 5 �m fixed frozen sections were first incubated
ith normal blocking serum, followed by an avidin and
iotin blocking step to eliminate any nonspecific binding
y endogenous biotin or biotin-binding proteins. Slides
ere then incubated with 3% hydrogen peroxide to

liminate any endogenous peroxide activity, followed by
ashing and incubation with either mouse anti-human

L-4R monoclonal antibody (R&D, Minneapolis, MN) or a
ouse immunoglobulin G isotype control. The slides
ere then washed and incubated with a biotinylated

econdary antibody. After another washing step, the slides
ere incubated with streptavidin–peroxidase complexes,
ashed again, and developed with 3,3�-diaminobenzidine.
evelopment reactions were quenched with water and the

lides were then counterstained.

adioreceptor Binding Assay
ecombinant human IL-4 was enzymatically labeled with

25I according to the manufacturer’s instructions (Bio-
ad, Richmond, CA). The specific activity was estimated

o range from 1.4 to 4.7 � 1010/�Ci per milligram of
rotein in numerous labelings. For IL-4R assays, equilib-
ium binding studies were performed by the method
escribed previously [18, 23]. Briefly, 1 � 106 cells in 100
L binding buffer (RPMI 1640 plus 0.2% human serum
lbumin and 10 mmol/L HEPES) were incubated for 2
ours with 100 pmol/L 125I-IL-4 without or with various
oncentrations of unlabeled IL-4 at 4°C in polypropylene
ubes in a shaking water bath. Various studies have
hown that IL-4 and IL-13 receptors share two chains
ith each other in many tumor cell types. To investigate
hether IL-4R in mesothelioma tumor cells also interact
ith IL-13, binding of radiolabeled IL-4 was also com-
eted by excess of unlabeled IL-13 [24]. Cell-bound

25 125
I-IL-4 was separated from unbound I-IL-4 by cen-
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rifugation through a cushion of phthalate oils, which
as prepared by mixing 48% Bis(2-ethylhexyl)phthalate

Fisher Scientific, Inc, Fair Lawn, NY) and 52% n-butyl
hthalate (Eastman Kodak, Rochester, NY). Cell pellets
ere counted in a gamma counter (Wallace, Gaithers-
urg, MD). Data were obtained and analyzed from the
verage of triplicate wells. The number of receptors and
heir binding affinities were determined using the Ligand
rogram (Systat, Richmond, CA) [25].

rotein Synthesis Inhibition Assay
he cytotoxic activity of cpIL-4-PE on human mesotheli-
ma cell lines was evaluated by measuring inhibition of
rotein synthesis as described previously [26]. Briefly, 1

104 tumor cells in 200 �L of medium were cultured
vernight in 96-well flat-bottom plates. Medium was
spirated and replaced with leucine-free medium with or
ithout various concentrations of cpIL-4-PE. Cells were
ormally cultured with cytotoxin for 20 hours at 37°C. For

he neutralization experiments, cells were preincubated
ith recombinant human IL-4 or IL-13 for 30 to 45
inutes at 37°C before cpIL-4-PE was added to the tumor

ells. Then 1 �Ci of 3H-leucine per well was added and
ells were cultured for an additional 4 hours. After

ig 1. (A) Binding displacement of 125I-labeled interleukin-4 (IL-4)
y unlabeled IL-4. (B) Binding displacement of 125I-labeled IL-4 by
nlabeled IL-4 (Œ) or IL-13 (■ ). (CPM � counts per minute.)
reeze-thaw, cells were harvested by a cell harvester m
Cambridge Technology Inc, Cambridge, MA) and radio-
ctivity incorporated into the cells was measured by a
eta counter (Beckman, Fullerton, CA). Data were ob-

ained and analyzed from the average of triplicate wells.
he concentration of cpIL-4-PE at which 50% inhibition
f protein synthesis occurred (IC50) was calculated.

uman Tumor Xenograft Model
our-week-old female pathogen-free NCR nude mice were
urchased from Taconic Inc (Germantown, NY) and
oused in filter-top cages in a laminar flow hood. Human
esothelioma specimens were prepared from freshly har-

ested and digested human MPM tumors as described
bove. Tumor cells were then resuspended at 1 � 107/mL
nd up to 5 � 106 cells in 0.5 mL were injected into the
anks of the mice. In this way, a cell line, Meso-1, was
enerated from a single, fresh, human MPM tumor speci-
en at the University of California, Los Angeles and

assaged serially in nude mice. For all experiments, subcu-
aneous tumors were induced by injecting 5 � 106 cells into
he flanks of nude mice. At regular intervals the tumors
ere carefully measured with fine calipers and the tumor

olumes were calculated from the cross-sectional diameters
sing the following formula: (short diameter)2 � long di-
meter � 0.4. In all experiments, treatment was begun on
ay 5 when tumor volumes ranged from 55 to 75 mm3. For

he intratumoral dosing experiments, groups of 5 mice were
reated with intratumoral injections of Hank’s balanced salt
olution (vehicle), recombinant human IL-4 control (three
ivided doses totaling 750 �g/kg), low-dose cpIL-4-PE

three divided doses totaling 250 �g/kg), or high-dose
pIL-4-PE (three divided doses totaling 750 �g/kg) on days
, 7, and 9. The treatment volume for intratumoral injec-
ions was 40 �L. For the intraperitoneal dosing experiments,
roups of 5 mice with subcutaneous flank tumors were
reated with intraperitoneal injection of HBSS, 300 �g/kg
ecombinant human IL-4 (three divided doses totaling 300
g/kg), or cpIL-4-PE (three divided doses totaling 300
g/kg) on days 5, 7, and 9 after tumor inoculation. The

reatment volume for intraperitoneal injections was 250 �L.
or the intratumoral injection experiments, 20 mice were
sed (four groups of 5 mice each) and for the intraperito-
eal injection experiments, 15 mice were used (three
roups of 5 mice each). No mice dropped out of any group

n either experiment. All mice were sacrificed by cervical
islocation or carbon dioxide asphyxiation. All animals
eceived humane care in accordance with the “Guide for
he Care and Use of Laboratory Animals” published by the
ational Institutes of Health (National Institutes of Health
ublication 85-23, revised 1985).

tatistical Analysis
ean tumor volume values were compared using repeat-

d-measures analysis of variance methods (Proc Mixed,
AS, Inc, Cary, NC) in which day (time) was a within-
nimal factor and treatment group was the between-
nimal factor. All post hoc t tests and their corresponding
values were based on this model. Survival of treated

ice was compared using the log rank test.
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esults

xpression of Interleukin-4 Receptors on Human
alignant Pleural Mesothelioma Cell Lines

o confirm the expression of IL-4R on human MPM and
tudy its binding affinity, we studied the human me-
othelioma cell line, MS-1. Tumor cells were incubated at
°C with increasing concentrations of 125I-IL-4 for 2
ours. As demonstrated in Figure 1A, MS-1 cells bound

L-4 in a concentration-dependent manner. Analysis of
he binding data by the “Ligand” program indicated that
single class of high-affinity receptors was expressed on
S-1 cells. The calculated receptor density was more

han 10,000 sites/cell with Kd less than 1 pmol/L. We
ound that IL-13 was also able to compete for the binding
f 125I-IL-4, but IL-4 was superior (EC50 � 0.1 nmol/L) to
L-13 (EC50 � 40 nmol/L) (Fig 1B).

xpression of Interleukin-4 Receptors on Human
alignant Pleural Mesothelioma Specimens
e studied 14 specimens from 13 patients undergoing

esection of MPM. The mean age of the patients was 65.5
ears (range 48 to 79 years) and 85% were male. As
hown in Figure 2 and Table 1, MPM tumor specimens
xhibited strong overall staining with anti-IL-4R anti-
ody. This was true of both paraffin-embedded MPM

umor cells and tumor cells that had been snap frozen. In
of 13 specimens intense (3�) staining was noted,

hereas in 4 of 13 specimens moderate (2�) staining was
bserved. In no specimen was staining weak or absent. In
single patient (patient #9) specimens were obtained
oth at the time of original treatment and 4 months later t
rom a distant subcutaneous metastasis. The original
pecimen stained intensely (3�) whereas the distant
ubcutaneous metastases stained only slightly less posi-
ively (2�). No tumor cell staining was observed on any
pecimens, however, when using a control mouse immu-
oglobulin G antibody or when no primary antibody was
pplied.

Fig 2. Interleukin-4 receptor (IL-4R) detection
in mesothelioma tissues by immunohistochemi-
cal analysis. Left upper panel: Mouse immuno-
globulin G (IgG) as isotype control (�40). Left
lower panel: no secondary antibody (�40).
Right upper panel: Anti-IL-4R monoclonal an-
tibody (M-57) (�40). Right lower panel: Anti-
IL-4R monoclonal antibody (M-57) and Vector
NovaRed stain (�60).

able 1. Immunohistochemistry Results in MPM Specimens

atient Number Sex Age (years) IL-4R Staining

1 M 65 ���

2 M 73 ���

3 M 77 ���

4 M 69 ���

5 M 71 ���

6 M 60 ���

7 M 48 ���

8 M 79 ���

9 F 56 ���

0 M 76 ��

1 M 59 ��

2 F 57 ��

3 M 53 ��

he paraffin-embedded samples were subjected to IHC staining using
nti-IL-4 receptor antibody, M-57. The field was viewed under 78X
agnification.

�� � intense staining; �� � moderate staining.

HC � immunohistochemistry; IL-4 � interleukin-4; IL-4R � in-

erleukin-4 receptor; MPM � malignant pleural mesothelioma.
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ytotoxicity of cpIL-4-PE to Human Malignant
leural Mesothelioma Cell Lines
e examined the ability of cpIL-4-PE to inhibit protein

ynthesis using two human MPM cell lines. Protein
ynthesis inhibition was determined by measuring the
ncorporation of 3H-leucine by treated cells. As demon-
trated in Figure 3A, both MPM tumor cell lines, MS-1
nd MSTO-211H, were extremely sensitive to the inhib-
tory effects of cpIL-4-PE. The IC50 was calculated to be
.09 ng/mL and 0.2 ng/mL in MSTO-211H and MS-1 cells,
espectively. The observed protein synthesis inhibition
as specific for MPM as no inhibition was observed in a

ig 3. (A) Comparison of protein synthesis inhibition mediated by
pIL-4-PE on mesothelioma cell lines MS-1 (Œ) and MSTO-211H
■ ). Mesothelioma cells were cultured with various concentrations of
pIL-4-PE and protein synthesis was measured by 3H-leucine incor-
oration after 20 hours of culture. The results are presented as the
ean percentage of control of untreated cells from triplicate determi-
ations. (B) The mesothelioma cell line MS-1 was cultured with
arious concentrations of cpIL-4-PE with (■ ) or without (Œ) an ex-
ess of IL-4. Protein synthesis was measured after 20 hours of cul-
ure by incorporation of 3H-leucine. The results are presented as the

ean percentage of control of untreated cells from triplicate determi-
ations. (IL � interleukin.)
V40-transformed human mesothelial cell line, MeT5A s
data not shown). To confirm that the cpIL-4-PE–induced
nhibition of protein synthesis in human MPM cell lines
as manifested through the IL-4R, we cultured the MS-1
esothelioma cell line in the presence of cpIL-4-PE alone

nd in combination with an excess of IL-4. As shown in
igure 3B, cpIL-4-PE caused a dose-dependent inhibition
f protein synthesis that was completely abrogated by
he addition of excess IL-4.

pIL-4-PE Completely Regressed Subcutaneous
alignant Pleural Mesothelioma Tumors

ubcutaneous tumors in NCR nude mice were induced
sing the Meso-1 cell line as described in Material and
ethods. For the intratumoral injection experiments,

roups of 5 mice each were treated with intratumoral
njection of low-dose cpIL-4-PE, high-dose cpIL-4-PE,
ecombinant human IL-4 or Hank’s balanced salt solu-
ion. The results of subsequent tumor measurements in
ne representative experiment are shown in Figure 4,
hich demonstrates a dose-dependent decrease in tumor

olume in mice treated with the cpIL-4-PE toxin but not
n IL-4-treated or control mice. By day 9, after only two
ntratumoral injections, the tumors in both the high- and
ow-dose treatment groups began to regress. Tumor
olumes in mice treated with 250 �g/kg of cpIL-4-PE
ere significantly smaller than those seen in the control

nd IL-4-treated mice (p � 0.0001); by day 21, tumors in 2
f the 5 mice had regressed completely. By day 26,
owever, tumors were regrowing in 4 of 5 mice, including
mouse that had previously appeared tumor-free. The

eduction in tumor volume seen in mice treated with 750
g/kg of cpIL-4-PE was significantly greater than that

ig 4. In vivo antitumor activity of cpIL-4-PE against mesothelioma
umors in nude mice. Nude mice were inoculated with 5 � 106

eso-1 cells on day 0 and then treated with intratumoral injections
f low-dose cpIL-4-PE (�), high-dose cpIL-4-PE(■ ), interleukin
IL)-4 control (●), or vehicle control (Œ) only. The data presented are
he mean � SE of the 5 animals in each group.
een in the 250-�g/kg group (p � 0.0001). In this low-dose
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roup, all tumors had resolved by day 24 and only one
ecurred after day 49.

In another experiment, groups of 5 mice with subcuta-
eous flank tumors were treated with intraperitoneal

njection of Hank’s balanced salt solution, recombinant
uman IL-4, or cpIL-4-PE after subcutaneous tumor

noculation. Although intratumoral injection of this dose
f cpIL-4-PE produced a significant reduction in tumor
olume as compared with control, intraperitoneal dosing
id not (data not shown).

ffects of cpIL-4-PE on Survival of Nude Mice
ubcutaneous tumors in NCR nude mice were induced
s described above using the Meso-1 cell line. Groups of
mice each were treated with intratumoral injection of

ow-dose cpIL-4-PE, high-dose cpIL-4-PE, recombinant
uman IL-4, or Hank’s balanced salt solution. The mice
ere then followed for survival (Fig 4). The mice were
onitored by blinded veterinarian staff, who sacrificed

ny moribund animals when appropriate in accordance
ith the NIH “Guide for the Care and Use of Laboratory
nimals.” The survival curves are represented in Figure

. The animals in the HBSS and IL-4 control groups all
ied due to progressive tumor growth by day 34 (median
urvival of 28 days in both groups). In the group of mice
reated with 250 �g/kg of cpIL-4-PE, 2 animals were alive
t 104 days, with a median survival for the entire group of
2 days. This finding is statistically different from both
ontrol groups (p � 0.0016). In the group of mice treated
ith 750 �g/kg of cpIL-4-PE, all animals were alive at 104
ays (median survival 	 102 days) and only 1 mouse had
recurrent tumor. The survival of this group was signif-

cantly prolonged from the two control groups (p �
.0001) and from the 250-�g/kg group (p � 0.0494). All
ice were sacrificed at the end of the 104-day observa-

ion period.

omment

nterleukin-4 and its receptor, IL-4R, have been known to

ig 5. Survival of mice after intratumoral treatment of human me-
othelioma xenografts. Groups of 5 mice were inoculated with 5 �
06 Meso-1 cells and then treated with intratumoral injections of
nterleukin-4 control (——), low-dose cpIL-4-PE ( ), high-dose
oxin (— —), or vehicle control (----). The mice were then followed
or survival for up to 104 days.
xist on lymphoid and hematopoietic cells. The existence t
f IL-4R has also been documented on a variety of
onhematopoietic malignancies [27, 28]. Because of the
ntiproliferative activity of IL-4 on some tumor cell lines,
ome investigators have proposed its use to inhibit the
rowth of these tumors. However, no significant antitu-
or effects have been observed in human IL-4 trials for

ancer. Furthermore, in our human tumor xenograft
odel, administration of human IL-4 did not result in

ecreased tumor growth or prolonged survival. There-
ore, another strategy has been devised to take advantage
f the high expression of high-affinity IL-4R on tumor
ells. An IL-4-based cytotoxin was created by the fusion
f circularly permuted human IL-4 to a mutated form of
seudomonas exotoxin. The resulting cytotoxin can bind to
he IL-4R and mediate cell death in vitro and in various
enograft models of human cancer.
We chose human MPM as a tumor model due to its

igh constant expression of IL-4R. We demonstrated that
stablished mesothelioma cell lines as well as fresh
uman mesothelioma tumors express significant levels of

L-4R. We then documented the in vitro sensitivity of
uman mesothelioma cell lines to cpIL-4-PE. Finally, we
howed that intratumoral cytotoxin administration in a
ude mouse model results in substantial and in some
ases complete resolution of rapidly growing subcutane-
us mesothelioma tumor nodules. Accomplishing this
eat in this difficult tumor model suggests that the activity
n vivo in humans may be significant.

Malignant pleural mesothelioma is a difficult human
alignancy to treat and does not respond to standard

hemotherapy. Radiation is effective only when tumor
olumes are small. Despite this difficulty, MPM often
emains localized for a prolonged period of time, and
atients frequently die with only localized disease. The
nly effective therapy for reducing tumor volume is
urgical debulking. Surgery of any type, however, always
eaves microscopic disease that nearly always recurs.
herefore, an active cytotoxin, such as cpIL-4-PE, may
fford the single best method of increasing local and
ossibly systemic control of this resistant tumor. Appli-
ation directly to the tumor site within the pleural cavity
fter debulking surgical procedures may produce supe-
ior local control rates. This, in turn, may be translated
nto clinical “cures.” Our data showed that intraperito-
eal administration did not effectively reduce subcutane-
us tumor volume, but we were unable to test doses
igher than those given locally due to limited availability
f the toxin. Previously, intraperitoneal dosing of cpIL-
-PE has been shown to have remarkable antitumor
ctivity against glioblastoma multiforme, breast cancer,
nd AIDS-associated Kaposi’s tumor [19–21]. Therefore,
t is possible that higher intraperitoneal (systemic) doses

ay demonstrate antitumor activity in mesothelioma, as
ell.
Previous attempts at treating human tumors with im-
unotoxins used monoclonal antibodies tagged with

arious toxins [29]. The large size of the antibodies
enerally limited their ability to penetrate to sites of
isease. The current cytotoxin using a smaller IL-4 pro-
ein molecule overcomes this problem. In addition, use of
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urine monoclonal antibodies was subject to the devel-
pment of human anti-mouse antibodies, which limited
he effectiveness of early immunotoxin treatments [30].
he current cpIL-4-PE cytotoxin will not be hindered by

his problem. Because IL-4 does not cross species barri-
rs, it is not possible to fully assess the toxicity of
pIL-4-PE toxin in murine tumor models. However, in
rimate studies, the dose-limiting toxicity appears to be
eversible liver dysfunction due to hepatic clearance of
he Pseudomonas toxin. No significant immunologic ab-
ormalities have been documented. Human administra-

ion of this toxin, both locally and systemically, is being
lanned.
In summary, our studies have documented a strong

ntitumor activity of cpIL-4-PE cytotoxin in vitro and in
ivo against mesothelioma tumors. Because most tested
esothelioma tumors appeared to be strongly positive

or the IL-4R expression, it is predicted that cpIL-4-PE
ill have strong antitumor activity against this localized
ut uniformly fatal tumor. Clinical trials are currently
eing developed.
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E
R TRACEY L. WEIGEL (Madison, WI): Doctor Beseth, I have

ne question. Did you see any difference in IL-4 receptor density
n epithelial versus sarcomatous histology in the human speci-

ens tested?

R BESETH: We did not make that distinction. These speci-
ens represented both sarcomatous and epithelial mesothelio-
as, which were studied only with immunohistochemistry. The

adioreceptor binding assay, which is really the way to accu-
ately figure that out, was only done with the MS-1 cell line. So
cannot answer that question.

R W. ROY SMYTHE (Houston, TX): The possibility certainly
xists that IL-4 in a syngeneic animal may enhance the effect of
his treatment or it could increase the toxicity.

R BESETH: Right.

R SMYTHE: As you know, IL-4 is a primary modulator of

sthma and infiltration of eosinophils, and we know what sort of m
amage that can cause in humans with activation and degran-
lation. Is the human IL-4 sequence utilized in your experiments
ufficiently homologous to that of rodents to use this in a
yngeneic model, and do you plan to repeat these experiments
n syngeneic animals?

R BESETH: That is a very good question. IL-4 does not cross
pecies barriers, so, in effect, when you use a human IL-4 –
ased molecule to treat a human tumor, you cannot expect to
ee IL-4 – based toxicities in mice, whose receptors will not
espond to that. You know, I am not sure. I do not even know
hat mouse IL-4 is available in sufficient quantities to make
he toxin. I think that that will not be a future avenue for
esearch. In studies that have been done to date, in terms of
rimate studies (and I don’t know how close primate IL-4
eceptor is to human IL-4 receptor), the toxicity that has been
een is a reversible hepatotoxicity based on dose. Even there,
owever, I am not sure how big the species barrier is between

onkeys and humans.
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