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fied as a 140 kDa protein (5). Based on its similarities
The structure of IL-13 receptor (IL-13R) is currently with the b chain of receptors for IL-4 family of cyto-

under investigation. Recently, two different human IL- kines (IL-3, IL-5 and GM-CSF) and the b chain of the
13R chains, termed here IL-13Ra and -a* have been IL-2R system, we have termed this chain as IL-4Rb
cloned. We have examined various cancer and normal (6). In addition, since this protein also binds IL-13 incell lines for the presence of mRNA for IL-13Ra and some cells, we have termed this chain IL-13/4 bc (7).
a*, as well as IL-4R p140 (termed b chain) and IL-2Rgc The second subunit of IL-4R system was shown to bechains. In renal cell carcinoma, glioblastoma and ovar-

the IL-2Rg chain (termed gc) (8, 9) and recently we (6,ian carcinoma (IGROV-1) cell lines, both IL-13Ra and
10) and other groups (11) have proposed that the 60-a* chains were expressed (type I IL-13R). In epidermoid,
70 kDa protein form of IL-13R may also participate incolon, ovarian adenocarcinoma (PA-1) and normal
mediating IL-4 effects and thus may constitute themouse fibroblast (COS7) cell lines, only IL-13Ra* was
third subunit of IL-4R system (termed here IL-4R a).expressed (type II IL-13R). In hematopoietic TF-1 and

Unlike IL-4R system, the structure of IL-13R has notEBV-immortalized normal B cell lines only IL-13Ra* but
been fully delineated. Our previous observations indicatenot a chain was expressed along with gc (type III or
that the characteristics of IL-13R in human renal celltype IV IL-13R). IL-13Ra* chain was faintly detected in

human T cells. All cells expressed the IL-4Rp140 b carcinoma (RCC) (10), colon carcinoma cells (12, 13), EB
chain. These data provide a direct support for our virus-immortalized B cells (14), brain tumor cells (15,
model of IL-13R which consists of three different forms 16), and other cell types are quite different from each
composed of different subunits. q 1997 Academic Press other. Thus, we have hypothesized that the IL-13 recep-

Key Words: Interleukin-13, Interleukin-4, Cytokine tor may be classified into three or four types (type IÇIV)
receptor, RT-PCR, Immunoprecipitation. based on the characteristics of IL-4 and IL-13 binding

(10, 14). Recently, two different human IL-13 binding
proteins were cloned. The human IL-13 receptor which
was cloned from human RCC cell line, Caki-1, is a Ç70Interleukin 13 (IL-13) is a pleiotropic immune regu-
kDa protein and has a 50% homology to IL-5R a chainlatory cytokine and shares many characteristics with
on DNA level (termed here, IL-13R a) (17). As in RCCInterleukin 4 (IL-4) (1). Both cytokines are predomi-
cell lines, 125I-IL-13 binding to its receptor in COS7 cellsnantly produced by activated Th2 cells and mast cells
transfected with cloned IL-13R gene could not be inhib-(2). Both cytokines mediate identical effects on many
ited by IL-4 (10). Furthermore, this 70 kDa protein didcell types including monocytes and B cells. However,
not require IL-4Rb to be a high affinity IL-13 receptorunlike IL-4, IL-13 has no effects on T cells (3). The
in IL-13R cDNA transfected COS7 cells. On the othereffect of these cytokines are mediated through cell sur-
hand, Aman et al. (18) have cloned another type of IL-face receptors (4). The structure of IL-4R has been ex-
13 R from HTLV-1 infected MT-2 cell line, using thetensively studied. The first subunit of IL-4R was identi-
sequence of the murine IL-13R cDNA (termed here, IL-
13Ra*) (19). Unlike Caki-1 IL-13R, MT-2 IL-13R has no
homology with any other human cytokine receptor. 125I-1 To whom correspondence and reprint requests should be sent at

Laboratory of Molecular Tumor Biology, Division of Cellular and IL-13 binding to its receptor could be inhibited by both
Gene Therapies, Center for Biologics Evaluation and Research, FDA, IL-13 and IL-4, and IL-4Rb is required for high affinityNIH-Building 29B, Room 2NN10, 29 Lincoln Drive MSC 4555,

IL-13 binding. In spite of this knowledge, the exact struc-Bethesda, MD 20892-4555. Fax: 301 827-0449; E-mail: puri@a1.
cber.fda.gov. ture of the various IL-13R remains unresolved.
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TABLE 1

PCR Primers for the Detection of Cytokine Receptor Transcripts Used in This Study

PCR GenBank Position of
product Accession no. 5* residue Sequence (5*-3 *) Ref.

IL-13R a X95302 52 AATGGCTTTCGTTTGCTTGG 11
489 ACGCAATCCATATCCTGAAC

IL-13R a* U62858 957 GGAGAATACATCTTGTTTCATGG 12
1104 GCGCTTCTTACCTATACTCATTTCTTGG

IL-4R b X52425 598 GACCTGGAGCAACCCGTATC 14
913 CATAGCACAACAGGCAGACG

To directly investigate the exact structure of IL-13R structure of IL-13R and to confirm our previous hypoth-
esis (7), we performed RT-PCR analysis in various cellin cancer cells and compare it with immune cell IL-

13R, we have utilized specific primers for IL-13Ra, a* lines. As shown in Figure 1A, both IL-13R chains a, a*
were expressed in PM-, ML-RCC, U251 and IGROV-1and IL-4Rb chains and antibody to gc to perform RT-

PCR, dot blot and immunoprecipitation analyses on a cell lines (lane 1-4, row a-b). Our RT-PCR findings were
confirmed by using internal probe for IL-13R a or a*variety of cell types. We demonstrated that the struc-

tural composition of IL-13R is dramatically different chain by dot blot hybridization. Again, both IL-13R a
and a* were detected in these cell lines (Figure 1B, lanein different cell types and this fully corroborates our

recently proposed model of hIL-13R.

MATERIALS AND METHODS

Cells. PM-, and ML-RCC cell lines were established in our labora-
tory. Ovarian cancer cell lines IGROV-1, PA-1, human colon carci-
noma cell line HT-29, glioblastoma cell line U251, human epidermoid
carcinoma A431, monkey fibroblast COS7, human T cell line H9,
gibbon ape T cell line MLA-144 and human myeloid TF-1 cell lines
were purchased from American Type Culture Collection (Rockville,
MD). Epstein-Barr virus-immortalized B cell line (EBV-B) Tory was
established in Dr. G. Tosato’s laboratory (CBER, FDA). These cells
were maintained in medium containing DMEM, EMEM or
RPMI1640 respectively according to the cell types with gentamicin,
10 % FBS and 10 mM HEPES.

RT-PCR. Total RNA was isolated using TRIZOL reagent (GIBCO
BRL, Gaithersburg, MD). For RT-PCR analysis, we used GeneAmp
RNA PCR kit (Perkin-Elmer, Branchburg, NJ) with 0.1 mg of each
specific primers (see Table 1) according to manufacture’s instruc-
tions. 10 ml of various PCR products were run on 2% Nusieve 3:1
agarose (FMC, Rockland, ME) for UV analysis.

Hybridization of PCR products. The identity of the PCR products
of IL-13R a, and a* chains were confirmed by dot blot hybridization
of the amplified products with specific internal probes complemen-
tary to sequence /445 to /461 of IL-13Ra and /988 to /1005 of IL-
13Ra* cDNA. The membranes were washed in 2 1 SSC, 0.1% SDS
at 377C for 30 min and 0.2 1 SSC and 0.1% SDS at 427C for 15 min
and exposed to X-ray film for 24 hrs in 070 7C.

Immunoprecipitation and Western blotting. This experiment was
performed as described previously (12). Briefly, cells were lysed in
cold lysing buffer and incubated with protein A sepharose beads
conjugated anti-gc antibody (Santa Cruz Inc. Santa Cruz, CA) for 2 FIG. 1. Detection of mRNA for IL-13 receptors by RT-PCR. The
h. Immunoprecipitates were separated by 8% SDS-PAGE, transfered PCR reaction mixture containing specific primers were amplified as
to PVDF membrane, probed with anti-gc antibody and visualized by follows: after an initial denaturation step at 957C for 2 min; 35 cycles
chemiluminesant reagent (DuPont NEN, Boston, MA). at 957C 15 sec; 607C 30 sec, respectively (A). Dot blot hybridization for

the amplified products probed with specific internal probes (IL-13Ra
probe: ACCACAAGGAATTCCAG; IL-13Ra* probe: GTTCTTCCTGAT-RESULTS AND DISCUSSION
ACTTTG) (B). Detection of gc protein by immunoprecipitation and
western blotting. Cells were lysed in cold lysing buffer for 30 min. gc

IL-13Ra and a* chains are expressed in PM-, ML- protein was immunoprecipitated from the lysates, transfered to PVDF
membrane and probed with anti-gc antibody (arrow) (C).RCC, U251 and IGROV-1 cell lines. To determine
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TABLE 21-4). We also examined the expression of IL-4Rb and
IL-2R g chain (gc). In all cell types, the IL-4Rb chain IL-13Ra, IL-13Ra*, IL-4Rb, gc Chains Expression

in Various Cell Lineswas expressed (Fig. 1A, row c). Because of the high
background with reported primers of gc (18, 19), we

IL-2R gimmunoprecipitated gc chain and performed western
Cells IL-13R a IL-13R a* IL-4Rb (gc)1

blot analysis for an ultimate test of gc expression. As
shown in Fig. 1C, gc was not expressed by any of the PM-RCC //2 // // 0
tumor or COS7 fibroblast cell lines. On the other hand, ML-RCC // // // 0

WS-RCC / // // 0hematopoietic cell lines (e.g. EBV-B, TF-1, H9 and
HL-RCC // // // 0MLA-144) significantly expressed gc as expected.
Caki-1 (RCC) / // // 0Previously, we have reported that a large number of RC-2 (RCC) / // // 0

intermediate to high affinity IL-13R are expressed in U251 // // // 0
A172 (brain) // // // 0these RCC (10), brain tumor (7, 15) and IGROV-1 (21)
IGROV-1 // // // 0cell lines and binding of 125I-IL-13 to its receptor was
PA-1 { // // 0inhibited by IL-13 but not by IL-4. Upon 125I-IL-13
OVCA429 (ovarian) 0 // // 0

crosslinking only a broadÇ70 kDa band was observed, HT-29 { // // 0
but crosslinking to IL-4R p140 protein was not ob- UMMEL (melanoma) / // // 0

A431 0 // // 0served. In addition, anti- gc anti-body failed to immuno-
COS7 0 // // 0precipitate any protein in RCC (10), or U251 and
TF-1 0 // // /IGROV-1 cell lines (22). Taken together, our data indi- Tory (EBV-B) 0 // // /

cate that type I IL-13R consist of homo-dimer or hetero- Raji (Burkitt) 0 / // /
dimer ofÇ70 kDa IL-13R chains and it does not involve H9 0 { // /

MLA-144 0 { // /IL-4Rb or gc chains.

1: gc protein expression was detected by immunoprecipitation andOnly IL-13 a* chain is expressed in COS7, A431, PA-
western bloting.1 and HT-29 cell lines. We next investigated the ex-

2: //; detected by UV analysis and dot blot hybridization, /;pression of IL-13R chains by RT-PCR in other non- detected by dot blot hybridization only,{; detected by dot blot hybrid-
hematopoietic (HT-29, PA-1, A431 and COS7) cell lines ization faintly, 0; not detected by both experiments.
which were hypothesized to express type II IL-13R (7).
IL-13R a* chain was expressed in all cell types exam-
ined (Fig. 1A, lane 5-8, row b). However, no mRNA for IL-13R a* chain is expressed in TF-1 and EBV- B
IL-13R a chain was detected (row a). We also confirmed cells, but not H9 and MLA144 cell lines. Since IL-13
these findings by using an internal probe for dot blot has various effects on TF-1 (1) and B lymphocytes (23),
hybridization. Similar to UV analysis, IL-13R a* was we examined which type of IL-13R chain is expressed
strongly expressed in these cell lines but faint dots of in these cells. In TF-1 cell line only IL-13 a* but not a
IL-13a were also observed (Fig. 1B, lane 5-6). Low level chain was expressed (Fig. 1A, lane 10, row a and b). In
IL-13Ra chain expression has been reported in TF-1, addition, IL-4Rb and gc were also detected (Fig. 1A,
A431, U937 and IM9 cell lines (17). Thus, it is possible lane 10, row c and Fig. 1C, lane 10). In these cells IL-
that either a low level IL-13a chain mRNA expression, 13 cross-links to IL-4Rb andÇ70 kDa protein (7). Both
detectable by a sensitive technique, was observed in IL-4 and IL-13 bind to these cells and both interleukins
these cells or this was a technical artifact due to non- compete for the binding of both interleukins (type III
specific binding of template cDNA. IL-4Rb mRNA was IL-13R) (7). In EBV-immortalized B cells, IL-13 a*
strongly expressed in all of these four cell line exam- chain was expressed along with IL-4Rb and gc chains
ined. However, gc was not detected in any of these cell (Fig. 1A and Fig. 1C, lane 9) but a chain was not de-
lines either by immunoprecipitation (Fig. 1C) or North- tected. In these cells IL-13 binding was limited (Murata
ern analysis (12, 22). and Puri, unpublished data) and thus IL-13 crosslink-

In A431 (7), COS7 (7), PA-1 (22) and HT-29 cells ing could not be performed while IL-4 binding was
(12), receptors for IL-13 were expressed but 125I-IL-13 prominent (14). However, contrary to what was ob-
binding was limited and both IL-13 and IL-4 cross- served in every cell line examined, IL-13 only mini-
neutralized this binding. Interestingly, IL-4 was a bet- mally inhibited IL-4 binding to these cells (type IV IL-
ter competitor for IL-13 binding on these cells indicat- 13R). Taken together our data suggest that at least IL-
ing that IL-4 has higher affinity for IL-13R a* when it 13Ra* and IL-4Rb chains are utilized in IL-13R system
is expressed along with IL-4R b chain. Moreover, 125I- in hematopoietic cells and gc may influence IL-13 bind-
IL-4 binding to its receptor was also inhibited by both ing. Thus, in hematopoietic cells, IL-13R can be classi-
IL-4 and IL-13. These data suggest that in type II re- fied as type III or type IV receptors. In human and
ceptor, IL-13R a* and IL-4Rb may form a heterodimer gibbon ape T cell lines, H9 and MLA144, although IL-

4Rb and gc chains were expressed (Fig. 1A, row c andwhich is utilized in both IL-4R and IL-13R systems.

92

AID BBRC 7248 / 6937$$$361 08-13-97 17:37:42 bbrcg AP: BBRC



Vol. 238, No. 1, 1997 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

FIG. 2. IL-13 receptor structure model. Type I IL-13R are expressed on RCC, U251 and IGROV-1 cells and consist of two chains termed
IL-13R a and IL-13R a*. Type I IL-4R consist of IL-13Ra* plus IL-4Rb. Because IL-13Ra and a* form an isodimer, they have higher affinity
for IL-13 than IL-4 and thus IL-4 can not compete for the binding of IL-13 on these cells. Type II IL-13R are expressed on other non-
hematopoietic cells and consist of only IL-13R a* and IL-4Rb while IL-4R structure is similar as in type I receptor. Thus, IL-13 binding to
its complex can be inhibited by both cytokines and IL-13R binding is limited. Type III IL-13R are expressed in hematopoietic such as TF-
1 cells and may consist of three chains, IL-13R a*, b and gc (IL-2R g) although gc does not appear to bind IL-13 (10). Type IV receptor may
also include all three chains as type III IL-13 receptor, but it may include an additional chain or show different characteristics because IL-
13 does not compete for the binding of IL-4.

Fig. 1C, lane 11 and 12), both IL-13R chains were not form an iso-dimer, it would have a higher affinity for
detected by UV analysis (Fig. 1A, lane 11-12). However, IL-13R a than for the IL-4Rb and IL-13 a* complex
IL-13R a* chain was very faintly detected in both cell and the numbers of the former are much higher than
lines by dot blot analysis (Fig. 1B lane 11-12, row f). the later. Because of the high affinity of IL-13 binding
IL-13 did not bind to these cells nor did IL-13 compete to IL-13Ra and a*, IL-4 could not inhibit IL-13 binding
for the IL-4 binding on these cell lines (10). to its receptors (10, 17). On the other hand, IL-4R may

consist of b and IL-13R a*, so that IL-4 binding to itsIL-13R model. The results of the expression of vari-
receptor can be inhibited by both cytokines (10, 13,ous chains of IL-13R are summarized in Table 2. From
17). In type II IL-13R which is expressed in other non-these experiments, we affirm a model for IL-13R (7)
hematopoietic cells, IL-13R consist of only IL-13Ra*which was hypothetically conceived on the basis of our
and IL-4Rb. Thus, IL-13 binding to this complex canbinding, susceptibility to cytotoxin and crosslinking ex-
be inhibited by both cytokines and IL-13R binding af-periments. Our data suggest that IL-13R may be classi-
finity is lower than type I receptor (12, 19). Type IIIfied into four forms according to the combination of
IL-13 receptor which is expressed in the TF-1 myeloidsubunits utilized (Figure 2). In this figure, we have also
cell line may consist of three chains, a*, b and gc . Pre-included for purposes of comparison, the model for IL-
viously, it has been proposed that gc is not a component4R structure previously reported (12). IL-13R type I
of IL-13R (10). However, it has been shown that gcwhich is expressed on RCC, U251 and IGROV-1 cells
decreased the IL-13R binding affinity in a, b and gcconsist of two chains termed IL-13R a and IL-13R a*.
transfected COS7 cells (17). We also found that 125I-IL-We hypothesize that IL-13Ra alone binds only IL-13
13 binding to its receptor was significantly decreasedwith high affinity but not IL-4. On the other hand, IL-
in gc transfected RCC and COS7 cells (25, 7). For this13 a* binds both IL-13 and IL-4 with low affinity. These
reason, IL-13 binding to the gc positive TF-1 cells maycells also express IL-4Rb but IL-13 does not bind to

this protein. Thus, in type I IL-13R, because IL-13 may be naturally limited. Consistent with this hypothesis,
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7. Obiri, N. I., Leland, P., Murata, T., Debinski, W., and Puri, R. K.only Ç100 IL-13 binding sites/cell were observed in
(1997) J. Immunol. 158, 756–64.these cells (10). Moreover, IL-13R signaling in hemato-

8. Kondo, M., Takeshita, T., Ishi, N., Nakamura, M., Watanabe,poietic cells is different from type I or II IL-13R (12,
S., Arai, K., and Sugamura, K. (1993) Science 262, 1874–1877.14, 22, 24). These data suggest that gc affects IL-13R

9. Russell, S. M., Keegan, A. D., Harada, N., Nakamura, Y., No-binding affinity and its signaling mechanism. guchi, M., Leland, P., Friedmann, M. C., Miyajima, A., Puri,
Finally, type IV receptor also include IL-13R a*, IL- R. K., Paul, W. E., and Leonard, W. J. (1993) Science 262, 1880–

1883.4Rb and gc . But unlike type III receptor, IL-13 does
10. Obiri, N. I., Debinski, W., Leonard, W. J., and Puri, R. K. (1995)not compete for the binding of IL-4 (10). These data

J. Biol. Chem. 270, 8797–804.suggest that in these cells IL-13R a* expression is so
11. Lin, J.-X., Migone, T.-S., Tsang, M., Friedmann, M., Weatherbee,much lower than IL-4Rb and gc that IL-4R practically

J. A., Zhgou, L., Yamauchi, A., Bloom, E. T., Mietz, J., Jonh, S.,consist of IL-4Rb and gc . Because of this arrangement,
and Leonard, W. (1995) J. Immunity 2, 331–339.

IL-13 does not compete for the binding of IL-4. Alterna-
12. Murata, T., Noguchi, P. D., and Puri, R. K. (1996) J. Immunol.tively, additional component(s) may be present in type 156, 2972–2978.

IV IL-13R which does not allow IL-13 binding to IL- 13. Debinski, W., Obiri, N. I., Pastan, I., and Puri, R. K. (1995) J.
4R. It is still unclear whether gc is a part of the IL- Biol. Chem. 270, 16775–16780.
13R complex. Availability of antibodies to both chains 14. Murata, T., and Puri, R. K. (1997) Cell. Immunol. 175, 33–40.
of IL-13R will help in further deciphering the structure 15. Debinski, W., Obiri, N. I., Powers, S. K., Pastan, I., and Puri,

R. K. (1995) Clin. Cancer Res. 1, 1253–1258.of IL-13R.
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