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CLINICAL SCIENCES

Identification and Characterization of Interleukin-13 Receptor in Human
Medulloblastoma and Targeting These Receptors with Interleukin-13-Pseudomonas
Exotoxin Fusion Protein
Bharat H. Joshi, Pamela Leland, Raj K. Puri
Laboratory of Molecular Tumor Biology, Division of Cellular and Gene Therapies, Center for Biologics Evaluation
and Research, Food and Drug Administration, Bethesda, MD, USA

Aim. To identify and characterize the subunit structure of interleukin-13 receptor (IL-13R) in human medulloblastoma
cell lines and target them with a chimeric fusion protein consisting of interleukin-13 and Pseudomonas exotoxin
(termed as IL-13 cytotoxin).
Methods. Five human medulloblastoma cell lines were examined for the expression of IL-13R subunits at the mRNA
and protein levels by reverse transcriptase-polymerase chain reaction (RT-PCR) and indirect immunofluorescence
studies, respectively. In addition, IL-13 cytotoxin-induced cytotoxicity was examined in these medulloblastoma cell
lines by measuring protein synthesis inhibition.
Results. All five medulloblastoma cell lines expressed mRNA and proteins for IL-4Ra and IL-13Ra1 chains, whereas
three of the cell lines also showed the presence of IL-13Ra2. mRNA or protein for IL-2gc chain was not detected in any
of the cell lines. Consistent with the expression of IL-13Ra2 chain, IL-13 cytotoxin was highly and specifically cytotoxic
to three of five medulloblastoma cell lines. The sensitivity of medulloblastoma cell lines to IL-13 cytotoxin could be
completely eliminated by concurrent incubation with excess of IL-13, but not with IL-2 or IL-4.
Conclusion. These studies establish IL-13R, in particular IL-13Ra2, as a medulloblastoma-associated target for IL-13
cytotoxin therapy. IL-13 cytotoxin may be useful for medulloblastoma therapy. Alternatively, IL-13Ra2 may serve as a
tumor-specific antigen for active immunotherapy.
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Medulloblastomas are mostly small-cell embryonal tumors of the cerebellum and are highly malignant. They primarily occur in children within the first
decade of life and carry a poor prognosis in the advanced stage of the disease (1). Increase in anaplasia,
mitosis, apoptosis, and necrosis are considered to be
associated with poor prognosis in patients with
medulloblastoma (2,3). New therapeutic anticancer
agents are needed to improve survival and enhance
the quality of life of these patients.
Several biological and immunological markers,
including overexpressed growth factors or cytokine
receptors, have been associated with central nervous
system malignancies that may potentially act as tumor-associated targets or specific antigens, such as
fibroblast growth factor-1b (FGFR) (4), insulin-like
growth factor receptor (IGFR) (5-7), epidermal growth
factor receptor (EGFR) (8,9), transferrin receptor (10),
urokinase receptor (11), or substance P receptor
(12-14). We have previously identified abundant ex-

pression of the receptors for IL-4 (IL-4R) and IL-13
(IL-13R), and two Th2-lymphocyte-derived and related immunoregulatory cytokines on various human
brain tumor cell lines (15-23). Normal human brain
tissues or primary explants did not express detectable
IL-4R and IL-13R (16,18,21). The structure of IL-4 and
IL-13 receptors has been extensively studied. The IL-4
receptor complex exists as three different types. Type
I IL-4 receptors are composed of IL-4Ra and IL-2Rg
subunits (gc), type II, IL-4Ra and IL-13Ra1 subunits
(24,25), whereas Type III IL-4R are composed of all
three chains. IL-13 receptors are also known to exist
as at least three different types. Type I IL-13R are comprised of IL-13Ra1, IL-13Ra2, and IL-4Ra chains,
whereas type II IL-13R consists of IL-4Ra and IL13Ra1 chains (25-30). The type III IL-13R is similar to
type II IL-13R, except that these cells also express gc
chain (29). The role of gc chain in the formation of the
IL-13R complex is not clear. It has been shown that in-

www.cmj.hr 455

Joshi et al: IL-13R Chains in Human Medulloblastoma

troduction of gc can decrease IL-13 and IL-4 binding
and interfere in functioning of both receptors in cells
that do not normally express this chain (30-32). These
and other studies have shown that IL-4Ra and
IL-13a1 chains are shared between IL-4 and IL-13R
complexes (25-29). Furthermore, both chains are required for signal transduction through type II IL-4R
and both type I/II IL-13R (25). Although both IL-4 and
IL-13R are overexpressed on tumor cells, the significance of expression of these receptors on tumor cells
is still not known. It is also not known which chains of
these receptors are present on medulloblastoma
tumor cells. Different configurations of these subunits
on tumor cells may contribute to a specific or peculiar
biological function.
In the present study, we investigated medulloblastoma cell lines for the expression of mRNA for
various receptor subunits of IL-13 receptor by reverse
transcriptase-polymerase chain reaction (RT-PCR) assay. In addition, surface expression of these receptor
proteins on medulloblastoma cell lines has been examined by indirect immunofluorescence assays (IFA).
Finally, we examined the functional property of
IL-13R chains by performing protein synthesis inhibition assays, using IL-13 cytotoxin, to evaluate the
specificity of binding and cytotoxicity on various
medulloblastoma cell lines.
Materials and Methods
Medulloblastoma Cell Lines
UW-228-1, UW-228-2, and UW-228-3 cell lines were derived from a medulloblastoma tumor and provided by Dr. John
Silber of Washington University, Seattle, WA, USA (33,34).
D283 and D341 cell lines were purchased from the American
Type Culture Collection (ATCC, Manassas, VA, USA). Three of 5
cell lines (UW 228-1, UW228-2, and UW228-3) grew as monolayers, D283 grows mostly in suspension and some monolayer,
whereas D341 cell line grows as a suspension cell line. Renal cell
carcinoma cell line PM-RCC was derived in our laboratory (35)
and H-9 T cells were purchased from ATCC. All of these cell lines
were cultured in Dulbecco’s Modified Eagle Medium (DMEM)
medium containing 10% fetal bovine serum (Biowhittaker,
Walkersville, MD, USA), 1 mmol/L N-2-hydroxyethylpiperazineN’-2-ethanesulfonic acid (HEPES), 1 mmol/L non-essential amino
acids, 100 units/mL penicillin, and 100 mg/mL streptomycin (Biowhittaker).
Recombinant cytokines and toxins
Recombinant chimeric fusion protein IL-13PE38QQR (IL13 cytotoxin) was expressed in E. coli and purified to >95% homogeneity in our laboratory as described elsewhere (36-38). Recombinant IL-4 and IL-13 were also produced by us as described
elsewhere (39,40).
RNA Extraction
Total RNA was extracted from medulloblastoma cell lines
by using Trizol reagent (Gibco, Gaithersburg, MD, USA) according to manufacturer’s instructions. Briefly, 5-10x106 cells were
pelleted, lysed, and centrifuged after adding chloroform. RNA
from the aqueous phase was separated and precipitated with cold
isopropanol after addition of 1 mg of glycogen as a co-precipitant.
The pellet was washed with 70% ethanol twice, dried, and reconstituted with RNase-free water. RNA was quantitated after
measuring the optical densities at 260 and 280 nm in a spectrophotometer and stored at -70 °C.
Reverse Transcriptase-Polymerase Chain Reaction
Levels of IL-13R subunit mRNA were determined by RTPCR using primers and conditions as described previously (26).
Electrophoresis of amplified products was performed on a 2%
agarose gel. The products were then stained with ethidium bro-
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mide, visualized on a transilluminator, and photographed. The
band intensities of RT-PCR products for IL-13Ra2 and b-actin
were evaluated with a FluoroImager and ImageQuant software
(Molecular Dynamics, Sunnyvale, CA, USA). The relative fluorescence intensity of IL-13Ra2 chain mRNA was determined by dividing the intensity by density of the b-actin band and expressed
as a ratio of relative fluorescence units (RFU). The ratio of amplified products for these two genes were determined by performing
two independent experiments in duplicate and expressed as
mean±SD. Further, the data were analyzed with Student’s t test
for their significance within each IL-13R positive cell line.
Immunofluorescence Assay
Twenty thousand cells from different medulloblastoma cell
lines were cultured in chambered glass slides (Lab Tek- Nalge
Nunc International, Naperville, IL) for 48 h as described elsewhere (21). The cells were washed with phosphate-buffered saline (PBS) and fixed in cold methanol:acetone (1:1) and incubated at -20 °C for 2 h. The slides were then washed and rehydrated with PBS and used for indirect immunofluorescence
analysis. Monoclonal antibodies against IL-13Ra1 and IL-13Ra2
were purchased from Diaclone, Besancon, France. Mouse
monoclonal antibody (M57) against IL-4Ra chain was a kind gift
from Immunex Corporation, (Seattle, WA, USA) and polyclonal
rabbit anti-gc antibody was purchased from Santa Cruz Biotechnology Inc. (Santa Cruz, CA, USA). Rehydrated cells in the chambered slide were incubated with 1% bovine serum albumin, and
either goat or horse serum (5%) in PBS buffer to block non-specific binding of antibody. The slides were washed and incubated
either with the specified primary antibody (1:1500 for mAb
IL-13Ra1, IL-13Ra2, IL-4Ra and rabbit polyclonal IL-2Rgc) or appropriate isotype control (mouse IgG1 or rabbit IgG) at room temperature for 2 h. Slides were then washed three times with PBS at
room temperature for five minutes and stained with secondary
antibodies conjugated to either rhodamine (TRICT) or fluorescein
isothiocyanate (FITC), which were diluted in PBS containing
0.1% bovine serum albumin (BSA) according to the manufacturer’s recommendation. After three washes with PBS, slides
were dried and layered with Vectashield anti-fluorescence fading
mounting medium (Vector Laboratories, Burlingame, CA, USA)
and cover slipped. The slides were viewed in a Nikon epifluorescence microscope by using appropriate filters.
Protein synthesis inhibition assays
The cytotoxic activity of IL-13 cytotoxin was determined by
protein synthesis inhibition assay as previously described (41).
Protein synthesis inhibition directly correlates with cell death
(42). Typically, 104 medulloblastoma cells were cultured in
leucine-free medium with or without various concentrations of
IL-13 cytotoxin at 37 °C for 20-22 h. For competition studies,
cells were pre-incubated with IL-4 or IL-13 or IL-2 (2 mg/mL) at 37
°C for 30 min prior to the addition of IL-13 cytotoxin to the cells.
Then 1 mCi of 3H-leucine (NEN Research Products, Wilmington,
DE, USA) was added, cells incubated for an additional 4 h, and
harvested on filtermats. Radio labeled leucine incorporation into
cells was measured by a Betaplate counter (Wallac, Gaithersburg,
MD, USA).
Cell proliferation assay
Proliferation assays were performed as described previously (43). Briefly, the cells were washed, and resuspended in
complete medium in which the fetal bovine serum (FBS) content
was reduced to 2%. For each cell line, 2x104 cells were plated in
96 well plates and cultured at 37 °C in a 5% CO2 incubator for 6
h. IL-13 (0.1 to 1,000 ng/mL) was added to the cultures and incubated for an additional 16 h. The cells were then pulsed with
[3H]- thymidine [1mCi/well] for additional 8 h and frozen at –70
°C. The plates were thawed, harvested on filtermats, and
radiolabeled thymidine uptake was measured by a Betaplate
counter (Wallac, Gaithersburg, MD, USA).

Results
IL-13R Expression in Medulloblastoma Cell
Lines
RT-PCR analyses revealed that three of five cell
lines, UW 228-1, UW228-2, and UW 228-3, showed
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Table 1. Reverse transcriptase-polymerase chain reaction
(RT-PCR) analysis for mRNA expression of interleukin-13 receptor (IL-13R) chains in human medulloblastoma cell lines
Cell Line
UW228-1
UW228-2
UW228-3
D283
D341

Figure 1. Interleukin-13 receptor (IL-13R) subunit expression analysis. Reverse transcriptase-polymerase chain reaction (RT-PCR) products underwent electrophoresis in 2%
agarose gel and were visualized by Ethidium bromide staining. RNA from renal cancer cells (PM-RCC RNA) served as
positive control for IL-13Ra2, IL-13Ra1, and IL-4Ra chains.

a strong positive band for IL-13Ra2 chain. However,
all five medulloblastoma cell lines expressed similar
levels of mRNA for IL-4Ra and IL-13Ra1 chains, except D283 cell line, which showed moderate expression of IL-13Ra1 (Table 1, Fig. 1). In contrast, mRNA
for IL-2R g chain (gc) was not expressed in any of the
five cell lines. PM-RCC cells were used as a positive
control, which expressed mRNA for IL-4Ra, IL-

A

Receptor subunit mRNA*
2
1
IL-4R IL-2R c Ratio of RFU(a2/b-actin)†
++ ++ +++
–
0.62±0.08
++ ++ ++
–
0.54±0.11
++ ++ +++
–
0.53±0.2
– +
+++
–
–
– ++ +++
–
–

*Symbols: – for no expression; + for moderate expression; ++ for strong expression; and +++ for very strong expression.
†Relative fluorescence unit (RFU) was determined by fluorescence densitometric analysis of RT-PCR bands. The RFU values for a2 were divided by those
for b-actin and expressed as mean±SD of two experiments performed in duplicate.

13Ra1, and IL-13Ra2 chains (29). We also compared
the ratio of relative fluorescence units of IL-13Ra2
and ß-actin bands in the three IL-13Ra2 receptor-positive cell lines. The mean values for this ratio ranged
from 0.53 to 0.62, indicating that these cell lines expressed similar levels of IL-13Ra2 chain relative to
b-actin (p>0.08).
We next examined the expression of various
IL-13R receptor chains by indirect immunofluorescence assays in the five medulloblastoma cells lines.
Immunofluorescence staining for IL-13Ra2, IL-4Ra,

B

Figure 2. Indirect Immunofluorescence analysis of interleukin-13 receptor (IL-13R) chains on medulloblastoma cell lines. A.
UW228-1 and B. D341medulloblastoma cell lines were stained with either murine IgG1 isotype (IgG1) or rabbit IgG (rIgG)
control or mouse monoclonal antibody to IL-13Ra2, IL-13Ra1, and IL-4Ra chain, or rabbit polyclonal antibody to IL-2R gc
chains. D341 cell line grew as a suspension culture showing few cells positive in the microscopic field at x400 magnification.
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and IL-13Ra1 chains was very intense in the UW
228-1 cell line (Fig. 2A). D283 and D341 cell lines
did not show any immunostaining for IL-13Ra2, but
stained positively for two other chains, IL-4Ra and
IL-13Ra1 (Fig. 2B). The immunofluorescence staining
of cells with matched isotype control antibody did not
reveal any staining at all. Similar to UW228-1, two
other cell lines UW228-2 and UW2 28-3, also
showed strong immunoreactivity for IL-13Ra2, IL-

A
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4Ra, and IL-13Ra1, confirming our RT-PCR analysis
(Fig. 2A). Similar to RT-PCR results, IL-2Rgc protein
was also not detected in any of the five-medulloblastoma cell lines tested (Fig. 2A, 2B, and data not
shown).
Cytotoxicity of IL-13 Cytotoxin to
Medulloblastoma Cell Lines
Since in vitro sensitivity of tumor cells to IL-13
cytotoxin may correlate with IL-13R expression and
in vivo antitumor activity, we tested whether these
medulloblastoma cell lines were sensitive to IL-13
cytotoxin.
Three of five medulloblastoma cell lines were
highly sensitive to the cytotoxic activity of IL-13 cytotoxin (Fig. 3A, Table 2). The IC50 was less than 1
ng/mL. On the other hand, two other cell lines (D341
and D283) were not sensitive to IL-13 cytotoxin, even
at concentrations up to 1,000 ng/mL. These results indicated that IL-13 cytotoxin was cytotoxic to cells that
expressed IL-13Ra2 chain but not to IL-13Ra2 negative medulloblastoma cell lines.
The cytotoxic activity of IL-13 cytotoxin was neutralized by the addition of excess IL-13 in UW228-2
cell line (Fig. 3B and data not shown for UW228-1
and UW228-3). As excess of IL-2 or IL-4 did not neutralize the cytotoxicity of IL-13 cytotoxin, these results
Table 2. Cytotoxic activity of interleukin-13 (IL-13) cytotoxin
on human medulloblastoma cell lines

B

Tumor cells
UW-228-1
UW-228-2
UW-228-3
D283
D341

IC50 (ng/mL)*
0.2±0.012
0.3±0.01
0.4±0.03
>1,000
>1,000

*Concentration of IL-13 cytotoxin at which 50% inhibition of protein synthesis
is observed compared to untreated cells. The results are shown as mean±SD of 2
independent experiments.

Figure 3. Cytotoxic activity of interleukin-13 (IL-13) cytotoxin against medulloblastoma cell lines. A. Ten thousand
cells were cultured with various concentrations of IL-13
cytotoxin. Cells were then pulsed with 1 mCi [3H]-Leucine
and cell-associated radioactivity was measured with a Betaplate Counter. The results are shown as mean±SD of quadruplicate determinations and the experiment was repeated
two times with similar results. B. UW-228-2 cells were cultured with various concentrations of IL-13 cytotoxin. For
blocking experiments, cells were pre-incubated with IL-2,
IL-4, or IL-13 (2 mg/mL) for 30 minutes prior to the addition
of IL-13 cytotoxin. Data are shown as mean±SD of quadruplicate determinations.
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Figure 4. Inerleukin-13 (IL-13) does not stimulate the
growth of medulloblastoma cells. 2x104 cells of five medulloblastoma cell lines were grown in the absence or presence of 0.1 ng to 1,000 ng/mL IL-13. The cells were pulsed
with 1 mCi of [3H]-thymidine and harvested after 8 h. The
incorporated radiolabeled thymidine was measured and
shown as percentage of control. Data are shown as
mean±SD of quadruplicate determinations.
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indicate that IL-13 cytotoxin mediated cytotoxicity exclusively through IL-13R (Fig. 3B).
Lack of Growth Modulation in
Medulloblastoma Cell Lines
To study the function of IL-13R, we next determined whether IL-13 modulated growth of human
medulloblastoma cell lines. IL-13 did not alter [3H]thymidine incorporation in any of the five cell lines,
even up to a concentration of 1,000 ng/mL (Fig. 4).
These results indicated that IL-13 did not modulate
the growth of medulloblastoma cell lines.
Discussion
In this study, we demonstrated that all five human medulloblastoma cell lines examined expressed
IL-13R at mRNA and protein levels. However, only
three cell lines derived from a single medulloblastoma tumor expressed the primary IL-13R binding protein, IL-13Ra2 chain. Since IL-13Ra1 and IL-4Ra
chains are required for IL-4 or IL-13 induced signal
transduction (24-28,44,45), our data suggested that
medulloblastoma cell lines expressed functional
IL-13R. These results also indicated that medulloblastoma cell lines expressed two types of IL-13R: 60% of
cell lines (3/5) expressed type I IL-13R, whereas 40%
expressed predominantly type II IL-13R. As none of
the medulloblastoma cell lines expressed gc chain, no
type III IL-13R were observed. Thus IL-13Ra2 chain
may define the phenotypic heterogeneity of medulloblastoma tumors.
The structure of IL-13R in medulloblastoma tumor cell lines is similar to IL-13R observed in glioma
cells, RCC cells, acquired immunodeficiency syndrome-Kaposi’s sarcoma (AIDS-KS) cells, and some head
and neck tumor cells (24-26,28-30). However, tumor
cells derived from human prostate, breast, pancreas,
and colon carcinoma do not seem to express IL13Ra2 chain (46,47). Thus, the significance of IL13Ra2 expression in some tumor type is not clear. As
the extra cellular domain of IL-13Ra2 chain is present
in the serum and urine of mice (48), it was suggested
that this extra cellular domain of IL-13R might serve as
a carrier protein for IL-13 and modulate its functions
in vivo. However, the extra cellular domain of IL13Ra2 in human plasma and urine samples has not
been detected (48). It is also not known if medulloblastoma or other tumor cells that express IL-13Ra2
chain produce the extra cellular domain. It is still possible that the plasma membrane of IL-13Ra2 may
serve to modulate immune response in vivo. For example, they may control tumorigenicity and immune
surveillance (46). These possibilities are currently
being tested in various laboratories.
The expression of IL-13Ra2 chain in medulloblastoma cell lines sensitized them to the cytotoxic effect of IL-13 cytotoxin. Sixty percent of medulloblastoma cell lines that expressed mRNA and protein for
IL-13Ra2 chain were very sensitive to the cytotoxic
activity of IL-13 cytotoxin. However, the cell lines
which did not express IL-13Ra2 chain did not show
sensitivity to IL-13 cytotoxin. The difference in the
IC50 between IL-13Ra2-positive cell lines and nega-
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tive cell lines ranged between 2,500-5,000 fold
(~0.2-0.4 ng/mL vs >1,000 ng/mL). These results are
similar to previous studies in which IL-13Ra2-positive
solid human tumor cell lines derived from renal cell
carcinoma (38), AIDS-associated Kaposi’s Sarcoma
(49,50), a third of squamous cell carcinoma of the
head and neck (36), and malignant glioma (19,20,51)
were highly sensitive to IL-13 cytotoxin. Thus, our
current results support previous conclusions and
extend the list of IL-13-PE38QQR responsive tumors.
Growth factor receptor-targeted agents have
been tested against glioma tumors in vitro and in vivo.
As EGFR is overexpressed in up to 50% of malignant
glial tumors (8), fusion proteins designed to target
these receptors have been found to be highly active in
these tumors. Among them, DAB(389)-EGF fusion
protein (made of diphtheria toxin and human EGF)
and two immunoconjugates comprised of an antiEGFR monoclonal antibody covalently linked to the
type 1 ribosomal inactivating proteins from Saponaria
ocymoides and Vaccaria pyramidata have been
shown to exert specific inhibition of EGFR expressing
target cell proliferation and growth in nude mice
(52,53). Similarly, enhanced expression of transferrin
receptor in glioblastoma multiforme cells in vitro has
been shown to increase sensitivity to DT-Tf fusion
toxin compared with normal endothelial cells that
also express Tf-receptors (54). Anti-tfnR-CRM 107
was found to be effective in reducing 50% of the tumor volume in 60% of patients with malignant brain
tumors (10). Our previous studies have demonstrated
that human glioblastoma cell lines express elevated
levels of IL-4R, and IL-4R-targeted fusion protein
(IL-4PE) has been shown to be highly active in the killing of IL-4R-positive glioma cell lines in vitro or established tumors in vivo (17). In two phase I clinical trials, this molecule was well tolerated and mediated
anti-tumor activities (55,56). We have also found that
IL-4PE is highly cytotoxic to human medulloblastoma
cell lines in vitro (34). In addition, malignant glioma
cell lines, primary cell cultures, and tumor samples
express increased concentration of IL-13R (19,21).
These receptors have been shown to render them extremely sensitive to IL-13 fusion cytotoxin in vitro and
in various animal models of human disease (19,20,
47). Based on these studies, IL-13 cytotoxin is being
tested against recurrent adult glioma tumors in three
different clinical trials in the United States, Germany,
and Israel (57,62). The sensitivity of medulloblastoma
tumor cell lines to IL-13 cytotoxin will generate interest of testing this agent for pediatric tumors.
Finally, to delineate the functional significance
of IL-13R on medulloblastoma tumors, we tested the
growth modulating activity of IL-13. IL-13 did not
seem to modulate proliferation of any of the five
medulloblastoma cell lines in vitro. Similarly, in our
previous studies, we did not observe any effect of IL-4
on these cell lines even though they expressed all
components of the IL-4R (34). These studies suggested that other biological pathways might be activated as a result of IL-13 treatment. Since IL-13 induce
a VCAM-1 expression in malignant glioma cell lines
(22), it is possible that IL-13 may also induce adhesion
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molecules in medulloblastoma cell lines. These studies are currently being pursued in our laboratory.
Acknowledgment
We thank Drs. S. Rafat Husain and Steven Bauer both from
Division of Cellular and Gene Therapies for critical reading of the
manuscript and help in fluorescence densitometry analysis. We
also thank Dr. John Silber of Department of Neurological Surgery, University of Washington, Seattle, WA, USA for providing
cell lines and all members of the Laboratory of Molecular Tumor
Biology for their suggestions, comments and help during the
course of the work. This study was conducted as a part of collaboration between the Food and Drug Administration (FDA) and
NeoPharm Inc. under a Cooperative Research and Development
Agreement (CRADA).

References
1 Stevens MC, Cameron AH, Muir KR, Parkes SE, Reid H,
Whitwell H. Descriptive epidemiology of primary central nervous system tumours in children: a population-based study. Clin Oncol (R Coll Radiol) 1991;
3:323-9.
2 Korshunov A, Golanov A, Ozerov S, Sycheva R. Prognostic value of tumor-associated antigens immunoreactivity and apoptosis in medulloblastomas. An analysis of 73 cases. Brain Tumor Pathol 1999;16:37-44.
3 Gilbertson RJ, Perry RH, Kelly PJ, Pearson AD, Lunec J.
Prognostic significance of HER2 and HER4 coexpression in childhood medulloblastoma. Cancer Res 1997;
57:3272-80.
4 Jin W, Bi W, Huang ES, Cote GJ. Glioblastoma cell-specific expression of fibroblast growth factor receptor-1beta requires an intronic repressor of RNA splicing.
Cancer Res 1999;59:316-9.
5 Kim CJ, Matsuo T, Lee KH, Thiele CJ. Up-regulation of
insulin-like growth factor-II expression is a feature of
TrkA but not TrkB activation in SH-SY5Y neuroblastoma cells. Am J Pathol 1999;155:1661-70.
6 Liu Y, Lehar S, Corvi C, Payne G, O’Connor R. Expression of the insulin-like growth factor I receptor C terminus as a myristylated protein leads to induction of
apoptosis in tumor cells. Cancer Res 1998;58:570-6.
7 Zumkeller W, Schwab M. Insulin-like growth factor system in neuroblastoma tumorigenesis and apoptosis: potential diagnostic and therapeutic perspectives. Horm
Metab Res 1999;31:138-41.
8 Kurpad SN, Zhao XG, Wikstrand CJ, Batra SK,
Mclendon RE, Bigner DD. Tumor-antigen in astrocytic
glioma. Glia 1995;15:244-56.
9 Debiec-Rychter M, Liberski PP. Molecular changes involved in the carcinogenesis of brain tumors. Folia
Neuropathol 1994;32:199-203.
10 Laske DW, Youle RJ, Oldfield EH. Tumor regression
with regional distribution of the targeted toxin TFCRM107 in patients with malignant brain tumors [see
comments]. Nat Med 1997;3:1362-8.
11 MacDonald TJ, DeClerck YA, Laug WE. Urokinase induces receptor mediated brain tumor cell migration and
invasion. J Neurooncol 1998;40:215-26.
12 Sharif TR, Sharif M. A high throughput system for the
evaluation of protein kinase C inhibitors based on Elk1
transcriptional activation in human astrocytoma cells.
Int J Oncol 1999;14:327-35.
13 Sharif TR, Sharif M. Overexpression of protein kinase C
epsilon in astroglial brain tumor derived cell lines and
primary tumor samples. Int J Oncol 1999;15:237-43.

460

Croat Med J 2003;44:455-462

14 Omura Y, Shimotsura Y, Ooki M, Noguchi T. Estimation of the amount of telomere molecules in different
human age groups and the telomere increasing effect of
acupuncture and shiatsu on St.36, using synthesized
basic units of the human telomere molecules as reference control substances for the bi-digital O-ring test resonance phenomenon. Acupunct Electrother Res 1998;
23:185-206.
15 Puri RK, Leland P, Kreitman RJ, Pastan I. Human neurological cancer cells express interleukin-4 (IL-4) receptors which are targets for the toxic effects of IL4-Pseudomonas exotoxin chimeric protein. Int J Cancer 1994;
58:574-81.
16 Puri RK, Hoon DS, Leland P, Snoy P, Rand RW, Pastan
I, et al. Preclinical development of a recombinant toxin
containing circularly permuted interleukin 4 and truncated Pseudomonas exotoxin for therapy of malignant
astrocytoma. Cancer Res 1996;56:5631-7.
17 Husain SR, Behari N, Kreitman RJ, Pastan I, Puri RK.
Complete regression of established human glioblastoma tumor xenograft by interleukin-4 toxin therapy.
Cancer Res 1998;58:3649-53.
18 Joshi BH, Leland P, Asher A, Prayson RA, Varricchio F,
Puri RK. In situ expression of interleukin-4 (IL-4) receptors in human brain tumors and cytotoxicity of a recombinant IL-4 cytotoxin in primary glioblastoma cell cultures. Cancer Res 2001;61:8058-61.
19 Debinski W, Obiri NI, Powers SK, Pastan I, Puri RK. Human glioma cells overexpress receptors for interleukin
13 and are extremely sensitive to a novel chimeric protein composed of interleukin 13 and pseudomonas
exotoxin. Clin Cancer Res 1995;1:1253-8.
20 Husain SR, Joshi BH, Puri RK. Interleukin-13 receptor as
a unique target for anti-glioblastoma therapy. Int J Cancer 2001;92:168-75.
21 Joshi BH, Plautz GE, Puri RK. Interleukin-13 receptor alpha chain: a novel tumor-associated transmembrane
protein in primary explants of human malignant gliomas. Cancer Res 2000;60:1168-72.
22 Kawakami M, Leland P, Kawakami K, Puri RK. Mutation
and functional analysis of IL-13 receptors in human malignant glioma cells. Oncol Res 2000;12:459-67.
23 Kawakami M, Kawakami K, Puri RK. Intratumor administration of interleukin 13 receptor-targeted cytotoxin
induces apoptotic cell death in human malignant
glioma tumor xenografts. Mol Cancer Ther 2002;1:
999-1007.
24 Murata T, Noguchi PD, Puri RK. Receptors for interleukin (IL)-4 do not associate with the common gamma
chain, and IL-4 induces the phosphorylation of JAK2 tyrosine kinase in human colon carcinoma cells. J Biol
Chem 1995;270:30829-36.
25 Murata T, Obiri NI, Puri RK. Structure of and signal
transduction through interleukin-4 and interleukin-13
receptors. Int J Mol Med 1998;1:551-7.
26 Murata T, Obiri NI, Debinski W, Puri RK. Structure of
IL-13 receptor: analysis of subunit composition in cancer and immune cells. Biochem Biophys Res Commun
1997;238:90-4.
27 Murata T, Obiri NI, Puri RK. Human ovarian-carcinoma
cell lines express IL-4 and IL-13 receptors: comparison
between IL-4- and IL-13-induced signal transduction.
Int J Cancer 1997;70:230-40.
28 Murata T, Husain SR, Mohri H, Puri RK. Two different
IL-13 receptor chains are expressed in normal human
skin fibroblasts, and IL-4 and IL-13 mediate signal
transduction through a common pathway. Int Immunol
1998;10:1103-10.

Joshi et al: IL-13R Chains in Human Medulloblastoma

29 Obiri NI, Leland P, Murata T, Debinski W, Puri RK. The
IL-13 receptor structure differs on various cell types and
may share more than one component with IL-4 receptor. J Immunol 1997;158:756-64.
30 Obiri NI, Debinski W, Leonard WJ, Puri RK. Receptor
for interleukin 13. Interaction with interleukin 4 by a
mechanism that does not involve the common gamma
chain shared by receptors for interleukins 2, 4, 7, 9, and
15. J Biol Chem 1995;270:8797-804.
31 Obiri NI, Murata T, Debinski W, Puri RK. Modulation of
interleukin (IL)-13 binding and signaling by the gamma
c chain of the IL-2 receptor. J Biol Chem 1997;272:
20251-8.
32 Kuznetsov VA, Puri RK. Kinetic analysis of high affinity
forms of interleukin (IL)-13 receptors: suppression of
IL-13 binding by IL-2 receptor gamma chain. Biophys J
1999;77:154-72.
33 Keles GE, Berger MS, Srinivasan J, Kolstoe DD, Bobola
MS, Silber JR. Establishment and characterization of
four human medulloblastoma-derived cell lines. Oncol
Res 1995;7:493-503.
34 Joshi BH, Leland P, Silber J, Kreitman RJ, Pastan I,
Berger M, et al. IL-4 receptors on human medulloblastoma tumours serve as a sensitive target for a circular
permuted IL-4-Pseudomonas exotoxin fusion protein.
Br J Cancer 2002;86:285-91.
35 Obiri NI, Hillman GG, Haas GP, Sud S, Puri RK. Expression of high affinity interleukin-4 receptors on human
renal cell carcinoma cells and inhibition of tumor cell
growth in vitro by interleukin-4. J Clin Invest 1993;91:
88-93.
36 Joshi BH, Kawakami K, Leland P, Puri RK. Heterogeneity in interleukin-13 receptor expression and subunit
structure in squamous cell carcinoma of head and neck:
differential sensitivity to chimeric fusion proteins comprised of interleukin-13 and a mutated form of Pseudomonas exotoxin. Clin Cancer Res 2002;8:1948-56.
37 Debinski W, Obiri NI, Pastan I, Puri RK. A novel chimeric protein composed of interleukin 13 and Pseudomonas exotoxin is highly cytotoxic to human carcinoma
cells expressing receptors for interleukin 13 and interleukin 4. J Biol Chem 1995;270:16775-80.
38 Puri RK, Leland P, Obiri NI, Husain SR, Kreitman RJ,
Haas GP, et al. Targeting of interleukin-13 receptor on
human renal cell carcinoma cells by a recombinant chimeric protein composed of interleukin-13 and a truncated form of Pseudomonas exotoxin A (PE38QQR).
Blood 1996;87:4333-9.
39 Kreitman RJ, Puri RK, McPhie P, Pastan I. Circularly permuted interleukin 4 retains proliferative and binding activity. Cytokine 1995;7:311-8.
40 Oshima Y, Joshi BH, Puri RK. Conversion of interleukin-13 into a high affinity agonist by a single amino
acid substitution. J Biol Chem 2000;275:14375-80.
41 Puri RK, Ogata M, Leland P, Feldman GM, FitzGerald
D, Pastan I. Expression of high-affinity interleukin 4 receptors on murine sarcoma cells and receptor-mediated
cytotoxicity of tumor cells to chimeric protein between
interleukin 4 and Pseudomonas exotoxin. Cancer Res
1991;51:3011-7.
42 Puri RK, Leland P, Obiri NI, Husain SR, Mule J, Pastan I,
et al. An improved circularly permuted interleukin
4-toxin is highly cytotoxic to human renal cell carcinoma cells. Introduction of gamma c chain in RCC cells
does not improve sensitivity. Cell Immunol 1996;171:
80-6.
43 Leland P, Obiri N, Aggarwal BB, Puri RK. Suramin
blocks binding of interleukin-4 to its receptors on hu-

Croat Med J 2003;44:455-462

44
45

46

47

48

49

50
51

52

53
54

55

56

57

man tumor cells and interleukin-4-induced mitogenic
response. Oncol Res 1995;7:227-35.
Murata T, Puri RK. Comparison of IL-13- and IL-4-induced signaling in EBV- immortalized human B cells.
Cell Immunol 1997;175:33-40.
Murata T, Noguchi PD, Puri RK. IL-13 induces phosphorylation and activation of JAK2 Janus kinase in human colon carcinoma cell lines: similarities between
IL-4 and IL-13 signaling. J Immunol 1996;156:2972-8.
Kawakami K, Kawakami M, Snoy PJ, Husain SR, Puri
RK. In vivo overexpression of IL-13 receptor alpha2
chain inhibits tumorigenicity of human breast and pancreatic tumors in immunodeficient mice. J Exp Med
2001;194:1743-54.
Kawakami K, Kawakami M, Puri RK. IL-13 receptor-targeted cytotoxin cancer therapy leads to complete eradication of tumors with the aid of phagocytic cells in nude
mice model of human cancer. J Immunol 2002;169:
7119-26.
Zhang JG, Hilton DJ, Willson TA, McFarlane C, Roberts
BA, Moritz RL, et al. Identification, purification, and
characterization of a soluble interleukin (IL)-13-binding
protein. Evidence that it is distinct from the cloned Il-13
receptor and Il-4 receptor alpha-chains. J Biol Chem
1997;272:9474-80.
Husain SR, Obiri NI, Gill P, Zheng T, Pastan I, Debinski
W, et al. Receptor for interleukin 13 on AIDS-associated
Kaposi’s sarcoma cells serves as a new target for a potent Pseudomonas exotoxin-based chimeric toxin protein. Clin Cancer Res 1997;3:151-6.
Husain SR, Puri RK. Interleukin-13 fusion cytotoxin as a
potent targeted agent for AIDS-Kaposi’s sarcoma
xenograft. Blood 2000;95:3506-13.
Debinski W, Miner R, Leland P, Obiri NI, Puri RK. Receptor for interleukin (IL) 13 does not interact with IL4
but receptor for IL4 interacts with IL13 on human
glioma cells. J Biol Chem 1996;271:22428-33.
Di Massimo AM, Di Loreto M, Pacilli A, Raucci G,
D’Alatri L, Mele A, et al. Immunoconjugates made of an
anti-EGF receptor monoclonal antibody and type 1 ribosome-inactivating proteins from Saponaria ocymoides or Vaccaria pyramidata. Br J Cancer 1997;75:
822-8.
LeMaistre CF, Meneghetti C, Howes L, Osborne CK.
Targeting the EGF receptor in breast cancer treatment.
Breast Cancer Res Treat 1994;32:97-103.
Martell LA, Agrawal A, Ross DA, Muraszko KM. Efficacy of transferrin receptor-targeted immunotoxins in
brain tumor cell lines and pediatric brain tumors. Cancer Res 1993;53:1348-53.
Rand RW, Kreitman RJ, Patronas N, Varricchio F, Pastan
I, Puri RK. Intratumoral administration of recombinant
circularly permuted interleukin-4-Pseudomonas exotoxin in patients with high-grade glioma. Clin Cancer Res
2000;6:2157-65.
Weber F, Asher A, Bucholtz R, Berger M, Prados M,
Chang S, et al. Safety, tolerability, and tumor response
of IL4-Pseudomonas Exotoxin (NBI-3001) in patients
with recurrent malignant glioma. J Neurooncol. In press
2003.
Weingart J, Grossman SA, Bohan E, Fisher JD, Strauss L,
Puri RK. Phase I/II study of interstitial infusion of
IL13-PE38QQR cytotoxin in recurrent malignant glioma [abstract]. First Quadrennial meeting – World Federation of Neuro-Oncology; 2001 Nov 15-17; Washington (DC), USA. Available from: http://www.soc-ne
uro-onc.org/meetings/2001/annmeetprgsched.pdf. Accessed: July 1, 2003..

461

Joshi et al: IL-13R Chains in Human Medulloblastoma

58 Weingart J, Strauss L, Grossman SA, Markert J, Tatter S,
Fisher JD, et al. Intratumoral infusion of IL13-PE38QQR
cytotoxin for recurrent supratentorial malignant glioma:
phase I/II study. Alexandria (VA): American Society of
Clinical Oncology Publications; 2002. Abstract No.
2088.
59 Prados M, Lang F, Strauss L, Fleming C, Alalpe K,
Kunwar S, et al. Intratumoral and intracerebral microinfusion of Il13-PE38QQR cytotoxin: phase I/II study of
pre- and post-resection infusions in recurrent resectable
malignant glioma. Alexandria (VA): American Society
of Clinical Oncology; 2002.
60 Lang F, Kunwar S, Strauss L, Piepmeier J, McDermott M,
Fleming C, et al. A clinical study of convection-enhanced delivery of IL-13PE38QQR cytotoxin. Pre- and
post- resection of recurrent GBM. Chicago (IL): American Society of Neuro-Oncologists; 2002.
61 Prados M, Lang F, Sherman J, Strauss L, Fleming C,
Alalpe K, et al. Convection-enhanced delivery (CED) by
positive pressure infusion for intra-tumoral and peri-tumoral administration of IL-13PE38QQR a recombinant

462

Croat Med J 2003;44:455-462

tumor-targeted cytotoxin in recurrent malignant glioma. J Neurooncol 2002;4:S78.
62 Prados M, Lang F, Strauss L, Fleming C, Aldape K,
Kunwar S, et al. Pre and post-resection interstitial infusions of IL13-PE38QQR cytotoxin: Phase I study in recurrent respectable malignant glioma. First Qudrennial
meeting – World Federation of Neuro-Oncology; 2001
Nov 15-17; Washington, DC. Rockville (MD): CBER
Research, Food and Drug Administration; 2001.
Received: May 22, 2003
Accepted: June 25, 2003
Correspondence to:
Raj K. Puri
NIH Building 29B, Room 2NN10
29 Lincoln Dr.
Bethesda, MD 20892, USA
Puri@cber.fda.gov

