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ABSTRACT

The presence of interleukin 4 receptor (IL-4R) on methylcholanthrene
(MCA-106, MCA-102, and MC-38)- and viral DNA (G-2TS and 14-
2TS)-induced murine sarcoma cells was demonstrated. MCA-106 tumor
cells express about 500 to 1348 (median, 800) interleukin 4 (IL-4) binding
sites/cell with a dissociation constant (A,,) of 115 Â±26 pM (mean Â±SD,
n = 4). By Northern blot analysis, tumor cells exhibited a single inRN A
species of 3.9 kilobases. Other murine sarcoma (MCA-102), colon ade-
nocarcinoma (MC-38), G-2TS, and 14-2TS tumor cells express low
numbers of IL-4R. By immunoperoxidase staining, 81 to 92% of the cells
from fresh MCA-106 tumors were positive for IL-4 receptors, while only
7 to 10% of tumor-infiltrating cells were Thy 1.2 and <1% Mac-1
positive. Using a chimeric protein composed of IL-4 and Pseudomonas
exotoxin (IL-4-PE40), we observed that IL-4-PE40 was cytotoxic (deter
mined by inhibition of protein synthesis by [-"Hjleucineuptake) to MCA-

106 tumor cells in a dose-dependent manner. A nonchimeric protein
(PE40) that cannot bind to the IL-4R did not inhibit protein synthesis in
tumor cells. A chimeric mutant protein (IL4-PE40 asp55') that can bind

to IL-4 receptors but does not have the capability to inhibit protein
synthesis was not cytotoxic to tumor cells. These studies strongly suggest
that IL-4R on murine MCA-106 sarcoma cells is internalized when
occupied by IL-4-PE40. Furthermore, a neutralizing antibody (11B11)
to IL-4 completely abolished the protein synthesis-inhibitory activity of
IL-4-PE40. G-2TS tumor cells which expressed low numbers of IL-4
receptors were not vulnerable to cytotoxicity by IL-4-PE40. Taken
together, these data suggest that IL-4 receptor may be a target for IL-4-
toxin therapy.

INTRODUCTION

IL-42 has been shown to participate with other cytokines in

the regulation of diverse biological activities in many cell types,
i.e., B-cells, T-cells, mast cells, monocytes, and other cells (for
review, see Refs. 1 and 2). The biological effects of IL-4 are
mediated by specific cell surface receptors. IL-4 receptors have
been identified on a wide variety of primary cells and established
cell lines of both murine and human origin from various cell
lineages (3-8). In most studies IL-4 has been shown to bind to
a single-class, high-affinity receptor which varies in number
from 20 to a maximum of about 5500 receptors/cell. In one
study low-affinity IL-4 receptors have also been described on
human peripheral blood lymphocytes (9). IL-4 receptors on
various murine and human lymphoid cell malignancies have
also been reported (3-7, 10). The presence of IL-4 receptors on
murine nonlymphoid tumors and solid tumors, in particular,
has not been reported.
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We recently produced a chimeric toxin, IL-4 PE40, in which
the cell binding domain of PE was replaced by murine IL-4
(II). This chimeric protein was cytotoxic to IL-4 receptor-
positive cells; no cytotoxic activity was observed on human cell
lines which were unable to bind murine IL-4. The mechanism
of cytotoxicity by PE has been well defined. PE, after binding
to its receptors, is internalized via coated pits and, after proc
essing in the endocytic compartment, translocates to the cyto
plasm where it inhibits protein synthesis by inactivating elon
gation Factor 2(12, 13). By replacing the cell binding domain
of PE by IL-4, one assigns a new function to PE, i.e., inhibition
of the protein synthesis consequent upon IL-4 binding and
internalization via its specific receptors. Thus, this chimeric
protein may be useful to study the biological function of the
interaction between IL-4/IL-4 receptor and also for treating
receptor-positive malignancies.

In the present study, we describe the presence of high-affinity
IL-4 receptors on murine solid tumors of nonlymphoid origin.
These receptors appear to be internalized because IL-4-PE40
caused inhibition of protein synthesis of these cells. The fact
that neutralizing anti-IL-4 antibody was able to block the pro
tein synthesis-inhibitor effect of IL-4-PE40 indicates that this
effect is specifically mediated by IL-4 receptors.

MATERIALS AND METHODS

Tumors. MCA-106, 102 (both sarcomas), and MC-38 (colon adeno-
carcinoma) mouse tumors were grown s.c. in C57BL/6 mice (obtained
from the NIH colony) from cryopreserved tumors (a kind gift of Dr.
Steve Rosenberg, National Cancer Institute, Bethesda, MD). Single cell
suspensions of these tumors were cultured in complete medium [com
posed of RPMI 1640 supplemented with 3 mM glutamine, 50 ug/m\ of
Gentamycin, 10% heat-inactivated fetal calf serum (Biofluids, Rock
ville, MD), and 5 x 10~5M 2-mercaptoethanol (Aldrich Chemical Co.,

Milwaukee, WI)]. Cultures of tumor cells were passaged at least 2 to 3
times before IL-4 binding or cytotoxicity assays by ('H)leucine uptake.
G-2TS and 14-2TS tumors, fibrosarcomas derived from HHV-6 whole
genomic DNA- and clone DNA-transfected NIH 3T3 cells, respectively
(a kind gift of Dr. Abdur Razzaque, CBER, Food and Drug Adminis
tration, Bethesda, MD), were also grown s.c. in NIH Swiss mice and
cultured before being used for binding assays. The p815 murine mas-
tocytoma was obtained from the American Type Culture Collection
(Rockville, MD) and maintained in suspension culture.

Reagents. Murine recombinant chimeric fusion protein between in
terleukin 4 and Pseudomonas exotoxin (IL-4-PE40) was produced by
replacing the gene of the cell binding domain of PE by the murine rlL-
4 gene. The fusion gene product was expressed in Escherichia coli (11).
The chimeric mutant protein, IL-4-PE40-asp551, was produced by a

similar technique.
Recombinant IL-4 (specific activity, IO8 units/mg of protein) was

kindly supplied by Dr. Steve Gillis, Immunex Corporation (Seattle,
WA). Anti-IL-4 monoclonal antibody, 1IBI 1 (3), was purchased from
Tex Star Monoclonals (Dallas, TX).

Radiolabeling of rIL-4. Recombinant murine IL-4 was labeled with
125Iby the technique described (5, 8). The specific activity of radiola-
beled IL-4 was estimated to be 3 to 8 x 10'Â°cpm/mg based on a
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EXPRESSION OF IL-4 RECEPTORS ON MURINE SARCOMA CELLS

molecular weight of 17,000 (based on sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis of the recombinant material). The bioactivity
of IL-4 was not altered by the iodination procedure as determined by
the proliferative response of the CT.4R cell line in response to 125I-rIL-

4 (data not shown).
Binding of '"I-rIL-4 to Tumor Cells. The '"I-IL-4 binding was

measured as previously described by Puri et al. (8). Briefly, aliquots of
cells (2.5 x 10') were incubated in the presence of 125I-rIL-4for 2 h at
4Â°C.Duplicate samples were then centrifuged through a cushion of
phthalate oils to separate cell-bound '"I-IL-4 from nonbound (free)
'25I-IL-4. Nonspecific binding was determined in the presence of 100-
to 200-fold molar excess of unlabeled rIL-4. The affinity and number
of molecules bound per cell were calculated by Scatchard analysis (14)
of the equilibrium binding data.

Protein Synthesis Inhibition Assay. The cytotoxic activity of IL-4-
PE40 to various tumor cells was tested as described (11). Briefly, 1 x
IO4 tumor cells were cultured with various concentrations of IL-4-
PE40, IL-4-PE40-asp55', PE40, and PE. For neutralizing experiments,
IL-4-PE40 was premixed with neutralizing antibody and then added to
tumor cells. Cells were cultured for 2 days at 37Â°C,2 Â¿iCiof [3H]leucine

were added, and the cells were cultured for an additional 4-h period.
Cells were harvested, and the radioactivity that was incorporated into
cells was measured as described (15).

Northern Analysis. Total RNA was extracted from 10 to 30 x 10"

tumor cells by the method as described (16). Briefly, cells were lysed in
guanidine isothiocyanate, and RNA was isolated by chloroform/phenol
extraction and isopropanol precipitation. Ten Mgof total RNA were
applied to a 1% agarose/formaldehyde gel and electrophoresed for 2 h
at 75 V. The RNA was then blotted onto a nylon membrane (S and S
Nytran; Schleicher and Schnell. Keene, NH), bound by UV cross-
linking (Stratagene), and allowed to hybridize overnight with an IL-4R
cDNA probe (obtained from Immunex) that was labeled with "P by
random priming to a specific activity of 2 x 109cpm/^g of DNA. After

being washed under stringent conditions, the blot was autoradiographed
for 1 to 10 days using Kodak X-OMAT AR X-ray film.

Immunohistochemistry. MCA-106 tumors growing s.c. were har
vested, minced, and digested with triple enzymes, and single cell sus
pensions were made as described above. Cytosmears were prepared
from 2 x IO5fresh tumor cells on a cytocentrifuge and were fixed and
stained by the avidin-biotin complex technique using a Vector avidin-
biotin complex kit (Vector, Inc., Burlingame, CA). In brief, cytosmears
were incubated overnight with the primary antibody at 4Â°Cand, after

washing, with biotinylated rabbit anti-rat IgG2a secondary antibody
(Vector, Inc.). Endogenous peroxidase activity was blocked by 15-min
incubation with methanol/peroxide. Counterstaining was done with
brief exposure to hematoxylin. Monoclonal anti-IL-4 receptor antibody
(Ml rat anti-mouse IL-4 receptor, kindly provided by Dr. Pat Beck-
mann and Dr. Steve Gillis of Immunex, Seattle, WA) (17), rat anti-
mouse Thy 1.2 monoclonal antibody (Becton Dickinson, Mountain
View, CA), and rat anti-Mac-1 monoclonal antibody (Boehringer
Mannheim Biochemicals, Indianapolis, IN) were used as primary an
tibody. Normal rat IgG2a (ICN, Costa Mesa, CA) served as negative
control.

RESULTS

Expression of IL-4 Receptors on MCA-106 Tumor Cells. We
examined the expression of IL-4R on tumor cells by radioligand
binding assay. The number of IL-4 molecules bound/cell and
the affinity of the receptor for IL-4 were determined. The
equilibrium binding data for a typical tumor cell preparation
are shown in Fig. 1 (top). The data represent specific binding,
nonspecific binding being about 10 to 30% of the total radio
activity bound to the cell. Specific binding of IL-4 increased
with concentrations of 125I-IL-4 up to 500 pmol, at which point

saturation of binding occurred. Scatchard plot analysis of these
data (Fig. 1, bottom) was consistent with a single class of high-
affinity IL-4 receptors with a Ka of 115 Â±26 pM (mean Â±SD,

n = 4), and the number of IL-4 molecules bound/cell ranged
from 500 to 1348 (median, 800).

Analysis of Cellular RNA for IL-4R. Total cellular RNA was
isolated from MCA-106 and MCA-102 tumor cells and cyto
toxic tumor-infiltrating lymphocytes (8) (which are of same
phenotype as CTLL-2 cells and are IL-2 dependent) as positive
control. The RNA was analyzed by the Northern blot technique
utilizing a cDNA probe derived from CTLL-2 cells. The RNA
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Fig. 1. Top, equilibrium binding of l2!I-rIL-4 to MCA-106 tumor cells. Mono-
layer tumor cells were harvested by trypsinization, extensively washed, resus-
pended in complete medium, and incubated at 37'C for 1 to 2 h. Cells (2.5 x 10')
were then incubated with 12!I-rIL-4 in increasing concentrations with or without
100- to 200-fold excess of unlabeled rIL-4. Receptor-bound ligand was separated
from free ligand by centrifugation of cells through a phthalate oils mixture. The
tips of the tubes containing the cell pellets were then cut off (hound), and the
remaining supernatants (free) were counted. The specific binding of '"I-rIL-4 is

depicted. Bottom. Scatchard analysis of the binding data shown at top. The Ka
115 Â±26 pM (mean Â±SD, n = 4) was calculated from the slopes.
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Fig. 2. Northern blot of IL-4R message. Total cellular RNA was isolated as
described in "Materials and Methods," and 10 ng of RNA were electrophoresed
on a \% agarose gel. The RNA blot was probed with IL-4R cDNA and autora
diographed for 1 to 10 days. Lane A, MCA-102; Lane B, MCA-106 tumor cells;
and Lane C, tumor-infiltrating T-lymphocyte-derived (positive control) RNA.
The positions of 28s and 18s rRNA are marked.
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EXPRESSION OF IL-4 RECEPTORS ON MURINE SARCOMA CELLS

exhibited a single mRNA species of 3.9 kilobases (Fig 2).
Messages of similar size have been observed in CTLL-2 cells
(18). It is of interest that even though MCA-102 tumor cells
expressed a lower number of surface IL-4 receptors than did
MCA-106 cells (Table 1) the mRNA level was similar in both
types of tumor cells (Fig. 2).

Expression of IL-4 Receptors on Various Tumor Lines. Two
saturating concentrations (between 300 and 600 pivi) of radio-
labeled IL-4 were used to analyze the expression of IL-4 recep
tors on various cultured tumor lines. The MCA-106 tumor cells
expressed the highest number of IL-4 receptors per cell, fol
lowed by 14-2TS and G-2TS tumor cells. The MCA-102 and
MC-38 tumor cells expressed very low numbers of specific
receptors (Table 1).

Effect of IL-4 on the Proliferation of Tumor Cells. In order to
assess the function of IL-4 receptors on tumor cells, we exam
ined the proliferative response of tumor cells to IL-4 by [3H]-
thymidine uptake assay. Tumor cells (1 x IO1) were incubated

with various concentrations of IL-4. Cells were also incubated
with a-interferon (Hoffman La Roche, Nutley, NJ) for a posi
tive control. After 6 h of culture, cells were pulsed with 0.5 pC'i

of [3H]thymidine (New England Nuclear) and, 18 h later, cells
were harvested and radioactivity determined in a /3-plate coun
ter. IL-4 did not appear to have an effect on the uptake of
thymidine, while a-interferon was found to inhibit the thymi-

dine uptake into tumor cells (Table 2).
Inhibition of Protein Synthesis by IL-4-PE40. We next ex

amined the cytotoxic activity of IL-4-PE40. This chimeric
protein has been shown to be cytotoxic by inhibiting protein
synthesis of cells which possess IL-4 receptors (11). MCA-106
tumor cells were treated with various concentrations of IL-4-
PE40. After 2 days, the level of protein synthesis was deter
mined by the uptake of ['Hjleucine. As shown in Fig. 3/1, IL-
4-PE40 was able to inhibit the protein synthesis of MCA-106
tumor cells in a dose-dependent manner. The p815 tumor
served as a positive control; protein synthesis of these tumor
cells was also inhibited in a dose-dependent manner (Fig. 3B).
The concentration of IL-4-PE40 that gives a 50% inhibition of
protein synthesis (ID50) was <40 ng/ml for the MCA-106 and
40 ng/ml for the p815 tumor cells. PE40, a nonchimeric protein
that cannot bind to the IL-4 receptor, did not inhibit pro
tein synthesis (ID50, >1000 ng/ml). IL-4-PE40-asp5" (IL-4-

PE40M), which binds to IL-4 receptors and possesses only
<1% of the original toxic activity, also had very little (ID50,
>1,000 ng/ml in Experiment 1) or no effect (ID50, >10,000 ng/
ml in Experiment 2) on protein synthesis.

Table 1 IL-4 receptors on various tumor lines

No. of IL-4 molecules
bound/cell"

Table 2 Effect of IL-4 and a-interferon on the proliferation of MCA-106
tumor cells

TumorMCA-106*

MCA-102rf
14-2T
G-2T*
MC-38*Experiment

11348

184
508
467

61Experiment

21255C184Experiment3709

37
244
338
100

" IL-4 binding was performed in duplicate or triplicate using saturating con
centrations (300 to 600 pM) of '"I-rIL-4.

* Saturating concentrations of radiolabeled IL-4 were determined by the bind
ing curve (similar for both tumors) as described in "Materials and Methods."

c â€”,not done.
d For MC-38 and MCA-102 tumors, the binding curve could not be generated

as there was very little specific binding. The saturating concentration of radioac
tive IL-4 for MCA-106 tumor cells was used for receptor number determination
on MC-38 and MCA-102 cells.

Cytokine
(units/ml)0

10100

1,000
10.000

100,000[3H]Thymidine

uptake(cpm)Â°IL-492.603

Â±10,795*

80.890 Â±18.445
65.536 Â±9,797
61, 133 Â±17,946

114,366 Â±14,260
121,959 Â±30,144Â«-Interferon94,847

Â±2,573
57,019 Â±17,855
26,342 Â±5,242
17.472 + 6,831
33, 142 Â±3.692
33,493 Â±6,273

" MCA-106 tumor cells were harvested and washed, and IO4cells in triplicate
were cultured with the indicated concentrations of cytokines in 96-welI. flat-
bottomed plates. After 6 h of culture. 0.5 Â¿Â¿Ciof [3H]thymidine were added, and
18 h later, cells were harvested and incorporated counts were measured.

* Mean Â±SD.

IL-4 Receptor-mediated Inhibition of Protein Synthesis by IL-
4-PE40. To demonstrate further that the inhibition of protein
synthesis by IL-4-PE40 was mediated by IL-4 receptors, we
cultured the MCA-106 tumor cells in the presence of IL-4-
PE40 and neutralizing antibody (11B11) to IL-4. 11B11 is a
monoclonal antibody that can bind to IL-4 and inhibit IL-4
binding to the IL-4 receptor (3). As shown in Fig. 4/1, IL-4-
PE40 inhibited protein synthesis in a dose-dependent manner,
and the 11B11 antibody completely neutralized the protein
synthesis-inhibitory effect of IL-4-PE40 (Fig. 4B).

Cytotoxic Effect of IL-4 PE40 on Low and High IL-4 Receptor
Number-positive Tumor Cells. The effect of IL-4-PE40 on
MCA-106 and G-2TS tumor cells, which express high and low
numbers of IL-4 receptors, respectively, was examined. The
MCA-106 tumor cells possessed 1255 IL-4 receptor sites/cell
and, when these tumor cells were incubated with IL-4-PE40 for
2 days, IL-4-PE40 was able to inhibit protein synthesis (ID50,
200 ng/ml) (Fig. 5A). IL-4-PE40-asp551 and PE40 caused very

little inhibition of protein synthesis; however, in this experiment
slightly higher inhibition of protein synthesis was observed
because of a longer incubation period (3 days instead of 2 days).
No inhibition of protein synthesis was observed by IL-4-PE40
in G-2TS tumor cells, which possessed only 184 to 467 receptor
sites/cell (Fig. 5A).

Immunoperoxidase Staining. The results of immunoperoxi-
dase staining are shown in Fig. 6. The majority of cells (81 to
92%) were positive for IL-4 receptors (Fig. 6/1), while no
staining was observed with the isotype control group (Fig. 6C).
Few cells (7 to 10%) were stained with anti-Thy 1.2 antibody
(Fig. 6B), and <1% of the cells stained with anti-Mac-1 anti
body (micrograph not shown).

DISCUSSION

In this study we demonstrate that murine sarcoma cells
express IL-4 receptors. The binding of IL-4 to MCA-106 tumor
cells was of high affinity and saturable (KÂ¿115 Â±26 pM at
4Â°C).Tumor cells expressed about 500 to 1348 IL-4 binding

sites per cell. The receptor numbers/cell observed in this study
are similar to reported values on activated murine T-lympho-
cytes (8), concanavalin A-activated splenic T-blasts, a bone
marrow-derived IL-3-dependent cell line, a murine mastocy-
toma line (p815) (5), human Jijoye cells, Daudi cells, human
myeloma cells, B-leukemia, K562, T-leukemia (7), and many
other cell lines (6). The affinity of IL-4 binding to its receptor
on solid tumor cells is also similar to the reported affinity of
the IL-4 receptor on numerous primary B- and T-cells and cell
lines representing B-cell, T-cell, mast cells, macrophages, and
myelomonocytic lineages (4-10). The size of IL-4R mRNA in
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Fig. 3. Protein synthesis inhibition by IL-
4-PE40. In Experiment 1, 10* MCA-106 cells
(A) or 8 x IO3 p815 tumor cells (positive

control) (//) were cultured with various
amounts of IL-4-PE40, PE40, IL-4-PE40M,
or PE. After 2 days of culture, protein synthe
sis was measured by incorporation of [3H]leu-
cine (2 Â¿iCifor 4 h). Points, mean ['H]leucine
uptake (cpm); bars, SEM. Total cpm represent
uptake by cells incubated without toxin. In
Experiment 2, IO4 MCA-106 cells were used

and pulsed with radiolabel for 6 h.
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tumor cells is also similar to that reported in CTLL-2 cells
(18). The presence of high-affinity IL-4 receptors on various
malignancies of B-, T-, monocytic-macrophage, and mast cells
has been reported (5, 10). However, expression of the high-
affinity IL-4R on the murine solid tumors reported here is a
novel observation.

We have also confirmed the expression of IL-4 receptors on
fresh tumor cells by immunohistochemistry. This was done to
rule out the possibility that the expression of IL-4 receptors on
cultured tumor cells was not due to culture manipulations.
Because fresh single cell suspensions of tumors contain infil
trating lymphocytes and macrophages (19) and because these
cells themselves express low numbers of IL-4 receptors (3, 5,
6), we also stained cytosmears with anti-Thy 1.2 and anti-Mac-
1 antibody (T-lymphocytes and macrophage marker, respec
tively) to determine their contribution. Only 7 to 10% of cells
were T-lymphocytes and <1% of cells were macrophages in
these tumors. Since the majority of cells were stained with anti-

IL-4 receptor antibody, it is safe to conclude that fresh tumor
cells express IL-4 receptors.

In the present study, we have also explored whether the IL-
4R on sarcoma cells is capable of being internalized by utilizing
a chimeric protein, IL-4-PE40. We have produced this chimeric
protein by fusing a gene encoding murine IL-4 to a gene
encoding Domains II and III of Pseudomonas exotoxin. The
resulting fusion protein is highly cytotoxic (as determined by
the inhibition of cellular protein synthesis) to murine cells
bearing IL-4 receptors (11). In an assay where we measure the
inhibition of protein synthesis by a decrease in ['H]leucine
uptake as an end point of cytotoxicity, we observed that IL-4-
PE40 was able to inhibit protein synthesis of MCA-106 tumor
cells. The inhibition of protein synthesis observed on tumor
cells was mediated by the IL-4R because the nonchimeric
protein, PE40, which cannot bind IL-4R, showed no inhibitory
activity. Furthermore MCA-106 tumor cells when incubated
with IL-4-PE40-asp5", a mutant chimeric protein without
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EXPRESSION OF IL-4 RECEPTORS ON MURINE SARCOMA CELLS

50000
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30000-

20000
10 100

IL4-PE40(ng/ml)

1000 10000

or no expression of IL-4R. These investigators utilized a mono
clonal antibody, MR6, which is thought to bind to the human
IL-4 receptor. The MR6 monoclonal antibody was generated
by immunizing mice with human thymic cortex (21). This
antibody inhibited IL-4-induced proliferation of cloned T-
helper lymphocytes and production of IgE by polyclonal B-cells
(22). Similar to our data in a murine system, the above study
provides evidence that IL-4 receptors exist on some human

solid malignancies as well.
It is of interest to note that IL-4-PE40 was not able to inhibit

protein synthesis in G-2TS tumor cells which possessed very
low numbers of IL-4R, while MCA-106 tumor cells (see Table
1 and Fig. 5) exhibited higher number of receptors and were
sensitive to IL-4-PE40. These data suggest that a certain num
ber of receptor sites are required for the ligand-receptor com-

B 80000

60000-

Â§â€¢ 40000-

20000 -

11B11(|igml) 10.0 2.0 0.4 0.08 0.016

IL4-PE40 (200 ng/ml) + + + + + +

Fig. 4. Evidence that inhibition of protein synthesis to IL-4-PE40 is mediated
by IL-4R. MCA-106 tumor cells were cultured with various concentrations of IL-
4-PE40 alone (A) or in the presence of 200 ng/ml of IL-4-PE40 plus various
amounts of anti-IL-4 antibody (1 IBI 1) (B). After 2 days of incubation at 37Â°C,
protein synthesis was determined by pulsing cells with 2 ^Ci of ['HJIeucine.

Columns, mean; bars, SEM.

ADP-ribosylating activity, did not show any inhibition of pro
tein synthesis to IL-4-PE40. The participation of the IL-4R in
the cytotoxic response of tumor cells to IL-4-PE40 was further
confirmed by incubating tumor cells with IL-4-PE40 in the
presence of neutralizing antibody (11B11) to IL-4. 11B11
monoclonal antibody inhibits the interaction of IL-4 with its
receptors (3) and thus makes cells unresponsive to the IL-4. In
the present study, it completely blocked the protein synthesis-
inhibiting activity of IL-4-PE40, strongly suggesting that inhi
bition of protein synthesis of tumor cells to IL-4-PE40 is
receptor mediated.

Our data indicate that murine sarcoma cells can express IL-
4R. This information can be applied in the clinical situations
where IL-4 receptor-positive tumors can be scanned by utilizing
radiolabeled IL-4. One can also use ligand-toxin chimeric pro
tein, e.g., IL-4-PE40, for therapy of IL-4R-positive solid tumors
or use IL-4 receptor antibody, which is bound to radionuclide
or toxin, to deliver these agents to tumor targets. Recently, by
immunohistochemical analysis some human epithelial carci
noma cells have been shown to express elevated levels of IL-4R
in vitro (20). The equivalent normal tissue showed either weak

50000-

30000-1

20000.

10000

Total
MCA106

10 100 1000 10000

20000

10000-

G-2TS

Total

.01 10 100 1000 10000

ng/ml
Fig. 5. Higher numbers of 1L-4R are required for IL-4-PE40 cytotoxicity. A

total of 10,000 tumor cells, MCA-106 (A) which express a higher number of IL-
4R as compared with G-2TS tumor (B), were incubated with various concentra
tions of IL-4-PE40, PE40, PE40M, or PE for 2 days. Protein synthesis was
assessed by [3H]leucine pulse. Points, mean; bars, SEM. â€¢,IL4-PE40; A, IL4-
PE40M; O; PE; â€¢PE40.
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B

Fig. 6. Murine sarcoma expressing IL-4 receptors. Photomicrograph (x 100)
of cytosmears from fresh MCA-106 tumors immunostained with monoclonal
anti-IL-4 receptor antibody (A), anti-Thy 1.2 antibody (B). and normal rat IgG2a

(C).

plex to be internalized or that the chimeric toxin to be processed
to an active form then can be translocated and inhibit protein
synthesis. Similarly, Ogata et al. (15) demonstrated that splenic
concanavalin A blasts were much more sensitive to IL-2-PE40
at Day 3 after stimulation than at Day 1. This difference in
sensitivity was apparently due to differences in IL-2R expres
sion on these 2 days of the study (15). In our study, IL-4-PE40
was cytotoxic to MCA-106 tumor cells at concentrations as low
as 40 ng/ml. However, IL-4 at concentrations up to 1 iÂ¿g/m\
did not have any mitogenic or antiproliferative activity as
determined by pHjthymidine uptake (Table 2). Thus, it is
possible that internalization of IL-4R after binding to IL-4-
PE40 and the biological response to IL-4 may involve two
different pathways. Internalization of the ligand receptor com
plex may not necessarily mean that the receptors on these
tumor cells are functional. It is also possible that the IL-4R
protein may be associated with other cell surface proteins, e.g.,
major histocompatibility complex antigens, tumor antigens,
and ft-microglobulin.

Finally, the receptor characteristics as observed in this study
are indistinguishable from those on normal hematopoetic cells
and on other tissues. Since IL-4-PE40 is able to inhibit protein
synthesis of tumor cells bearing only about 800 receptor sites
per cell, it will be of interest to examine more active chimeric
protein on a lower number of receptor-positive tumor cells in
vitro and in vivo.
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