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ABSTRACT

Background: AIDS-associated Kaposi's sarcoma (AIDS-
KS) represents one of the most common malignancies
associated with human immunodeficiency virus infec-
tion. To target effective therapeutic agents to AIDS-KS,
we have identified a new target in the form of interleu-
kin-4 receptors (IL-4R).
Materials and Methods: The expression of IL-4R on
AIDS-KS cells and their subunit structure was deter-
mined by radioligand receptor binding, cross-linking,
and Northern and RT-PCR analyses. The in vitro effect of
IL-4 and recombinant fusion protein made up of circu-
larly permuted IL-4 and a mutated form of Pseudomonas
exotoxin, IL-4(38-37)-PE38KDEL, was examined by clo-
nogenic and protein synthesis inhibition assays.
Results: Five AIDS-KS cell lines expressed high-affinity
IL-4R with a Kid of 23.5-219 pM. IL-4 appeared to cross-
link to one major protein corresponding to 140 kDa
and a broad band corresponding to 60-70 kDa. Both
cross-linked proteins were immunoprecipitated with

an antibody to human IL-4Rf3 chain. AIDS-KS cells
exhibited IL-4R,B-specific mRNA. IL-4 caused a modest
inhibition (31-34%) of colony formation in two
AIDS-KS cell lines tested. IL-4(38-37)-PE38KDEL was
found to be highly effective in inhibiting the protein
synthesis in all five AIDS-KS examined. The IC50 ranged
from 32 to 1225 pM. The cytotoxic action of IL-4 toxin
was blocked by an excess of IL-4, exhibiting the specific-
ity of IL-4(38-37)-PE38KDEL. The cytotoxicity of IL-4
toxin observed by a clonogenic assay corroborated well
with the IC50 obtained by protein synthesis inhibition
assay. Normal human endothelial cells expressed a
negligible number of IL-4R (<50 sites/cell) and were
less sensitive or not sensitive to IL-4(38-37)-PE38KDEL.
Conclusion: The presence of a new plasma membrane
protein in the form of IL-4R on AIDS-KS cells may be
targeted by IL-4(38-37)-PE38KDEL for its potential im-
plication in the treatment of AIDS-KS.

INTRODUCTION
Kaposi's sarcoma (KS) is an invasive and intensely
angiogenic multifocal tumor characterized by
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proliferation of mesenchymal cells. KS is more
prevalent in HIV-infected individuals (1,2).
AIDS-associated KS (AIDS-KS) lesions are com-
posed of spindle-like cells, mixed with endothe-
lial cells, fibroblasts, and vascular smooth mus-
cles (3-5). Several lines of evidence suggest that
AIDS-KS is a cytokine-mediated disease, and
many growth factors play a role in the pathogen-
esis of AIDS-KS (6,7). AIDS-KS cells express ba-
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sic and acidic fibroblast growth factor (8), inter-
leukin-1 and -6 (8,9), platelet-derived growth
factor (10,11), granulocyte/macrophage colony-
stimulating factor (8,9,12), and oncostatin M
(13). Development of AIDS-KS lesions has been
reported to be caused by autocrine production of
several diverse cytokines and growth factors (14).

Interleukin-4 (IL-4) is a product of activated
T lymphocytes and mast cells, and exerts a variety
of effects on different cell types (15-17). Our group
and others have shown that IL-4 inhibits the
growth of different tumor types, including human
melanoma, ovarian, breast, and multiple myeloma,
colon and renal cell carcinoma, and hematologic
malignancies (18-22). IL-4 has also been impli-
cated as playing a controversial role in the progres-
sion of AIDS (23). A wide variety of solid tumor
cells and other cells have been reported to overex-
press high-affinity IL-4R (17-19,24,25). A low
level of IL-4R is also expressed in normal immune
cells, eosinophlls, basophils, fibroblasts, and endo-
thelial cells (15-17). Like other cytokines, IL-4 me-
diates its biological activity through its cell surface
receptors, which appear to consist of three binding
proteins of different sizes, e.g., IL-4Ra (p70), IL-
4Rp140 (termed here IL-4R13), and common y
chain (p63) (26). Because of the association of
IL-4R in various malignancies, we decided to de-
termine whether AIDS-KS cells express IL-4R and
if so, to determnine the structure of IL-4R on such
cells. We observed that all AIDS-KS cells examined
in this study expressed high-affinity IL-4R.

The presence of IL-4R on AIDS-KS cells was
exploited by targeting them with chimeric pro-
tein composed of circularly permuted IL-4 and a
mutated form of Pseudomonas exotoxin (27,28).
In our earlier reports, IL-4R-bearing tumor cells
had been found to be extremely sensitive to chi-
meric fusion toxin (28-33). Our results demon-
strate that circularly permuted interleukin-4
toxin, IL-4(38-37)-PE38KDEL, is highly and spe-
cifically cytotoxic to these IL-4R-positive AIDS-KS
cells. In contrast, human endothelial and normal
cells expressing a low level of IL-4R were less or
not at all sensitive to IL-4 toxin.

MATERIALS AND METHODS
Cell Culture and Reagents
AIDS-KS-derived cells (KS248, NCB-59, KS54A,
KS220B, and ARL-13) were generated from bi-
opsy samples obtained from AIDS-KS patients
(34). These cells were grown in 1% gelatin-
coated flasks in RPMI culture medium supple-

mented with 15% fetal bovine serum (FBS),
2 mM glutamine, essential and nonessential
amino acids (1 mM each), 1% nutridoma-HU
(Boehringer Mannheim, Indianapolis, IN), peni-
cillin (100 U/ml), and streptomycin (100 ,ug/ml;
Biowhittaker, Walkersville, MD). The human um-
bilical vein endothelial cells (HUVEC) and human
umbilical artery endothelial cells (HUAEC) were
obtained from Clonetics (San Diego, CA) and cul-
tured in endothelial cell growth medium (Clonet-
ics) supplemented with 10% FBS and 12 ,ug/ml
bovine brain extract (endothelial cell growth fac-
tor), 1.0 ug/ml hydrocortisone, 10 ng/ml human
epidermal growth factor, 50 ,ug/ml gentamicin
sulphate, and 50 ng/ml amphotericin B.

Recombinant human IL-4 was a gift from
Schering Corp. (Kenilworth, NJ). IL- 13 was ex-
pressed in Escherichia coli and purified as previ-
ously described (35). A polyclonal rabbit anti-
body to the p140 form of human IL-4R (P7) was
a kind gift from Immunex Corp. (Seattle, WA).
Rabbit polyclonal antibody against IL-2Ry (anti-
,yc) was purchased from Santa Cruz Biotechnol-
ogy (Lake Placid, NY).

IL-4 Receptor Binding Studies
Recombinant human IL-4 was labeled with 125I
(Amersham) by using IODO-GEN reagent
(Pierce, Rockford, IL) according to the manufac-
turer's instructions. The specific activity of radio-
labeled IL-4 ranged from 31.5 to 179 ACi/,g of
protein. The IL-4 equilibrium binding studies
were carried out as described elsewhere (18).
Briefly, 0.5 X 106 AIDS-KS cells in 100 ,lI of
binding buffer were incubated at 40C for 2 hr
with '25I-IL-4 (500 pM) in the absence and pres-
ence of increasing concentrations (10 pM-200 nM)
of unlabeled IL-4. The duplicate samples of the
cells associated with 1251-IL-4 were separated
from free 125I-IL-4 by centrifugation through
cushion of phthalate oils. The cell pellets were
counted in a Gamma-counter (Wallac, Gaithers-
burg, MD). The data were analyzed with the
LIGAND program (39) to calculate the number
of receptors and binding affinities.

The competition of 1251-IL-4 binding with
varying concentrations (up to 1000 nM) of IL-4
or IL-13 was performed in a similar manner as
described above.

Affinity Cross-linking Studies
Cells (4 X 106) were labeled with 125I-IL-4
(500 pM) in the absence or presence of 200-fold
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molar excess of unlabeled IL-4 or IL- 13 for 2 hr
at 4°C. The bound 1251-IL-4 was cross-linked to
its receptor with disuccinimidyl suberate (Pierce)
at a final concentration of 2 mM for 45 min. Cells
were then lysed at 40C in a buffer containing 1%
Triton X-100, leupeptin (0.02 mM), trypsin inhib-
itor (5 ,kM), benzamidine HCI (10 mM), phenan-
throline (1 mM), iodoacetamide (20 mM), s-amino
caproic acid (50 mM), pepstatin (10 ,g/ml), and
aminoethyl benzenesulfonyl fluoride HCI (1 mM).
The resulting cell lysates were cleared by being
boiled in sample buffer containing 2-mercapto-
ethanol and were analyzed by electrophoresis
through 8% SDS-PAGE gel as described earlier
(35). In another experiment, the IL-4/IL-4R com-
plex was immunoprecipitated from the lysate over-
night at 4°C through incubation with protein-A
sepharose beads that had been preincubated with
anti-hIL-4R antibody (P7). The resulting conju-
gates were washed twice with solubilizing buffer,
diluted with reducing buffer, boiled for 5 min,
and analyzed by SDS-PAGE as described above.
The gels were dried and autoradiographed.

Northern Analysis
AIDS-KS cells were harvested by trypsinization,
and extensively washed, and total cellular RNA
was extracted with TRIzol (Life Technologies,
Gaithersburg, MD) according to the manufactur-
er's instructions. Total RNA (10 jig) for each cell
line was electrophoresed through formaldehyde-
denaturing gel containing 1.0% agarose and
transferred to nylon membrane (S&S Nytran,
Scheicher and Schuell, Keene, NH) by capillary
action. The nucleic acid on membrane was im-
mobilizedby ultraviolet (UV) cross-linking (Strata-
linker, Stratagene, La Jolla, CA). The membrane
was allowed to prehybridize for 4 hr at 42°C and
hybridized overnight with 32P-labeled cDNA
probes of human IL-4R,3 insert cDNA (0.8 Kb) or
IL-2R y chain (-1.5 Kb). The membrane was
washed and subsequently exposed to X-ray film
for autoradiographs.

Reverse Transcription-Polymerase Chain
Reaction (RT-PCR)
Total RNA of AIDS-KS cells was extracted using
TRIzol reagent. The reverse transcription was per-
formed in 50 ,u reaction buffer containing 2.5 ,ug
total RNA, 10 mM Tris-HCl (pH 8.3), 5 mM
MgCl2, 50 mM KCI, 1 mM of each dNTP, RNAse
inhibitor (1 U/,ul), Random hexamer (2.5 ,kM),
and 2.5 U/,l of Moloney murine leukemia virus-

reverse transcriptase (RT) (Perkin Elmer). The
mixture was incubated for 10 min at room tem-
perature and then for 15 min at 42°C. The en-
zyme was heat inactivated at 990C for 5 min and
chilled to 50C for 5 min with the Perkin Elmer
Cetus 9600 PCR System.

An aliquot of 10 ,ul of synthesized cDNA
was amplified by polymerase chain reaction
(PCR) in a 50-,ul final volume of mixture con-
taining 10 mM Tris-HCl (pH 8.3), 2 mM MgCl2,
50 mM KCI, 1.25 U of AmpliTaq DNA polymer-
ase (Perkin-Elmer), and 0.1 jig of the following
primer pairs: IL-4R,B (+598) 5'-GACCTGGAG
CAACCCGTATC-3'/(+913) 5'-CATAGCACAAC
AGGCAGACG-3' or IL-2R y (+419) 5'-ACGG
GAACCCAGGAGACAGG-3 '/( + 674) 5' -AGCG
GCTCCGAACACGAAAC-3' (36). The amplifica-
tion procedure involved an initial denaturation
step at 950C for 2 min, 35 cycles at 95°C for 15
sec, and 600C for 30 sec, respectively. Both PCR
products were run on 2% Nusieve 3:1 agarose
(FMC BioProducts, Rockland, ME) for UV analysis.

Protein Synthesis Inhibition Assay
Protein synthesis was determined by the incor-
poration of [3H]leucine into AIDS-KS tumor
cells. The cytotoxicity of the chimeric toxin IL-
4(38-37)-PE38KDEL on various KS cells was
tested as previously described (27,28,31). In brief,
1 x 104 cells per well were cultured overnight in
96-well, flat-bottomed microtiter plates. Medium
was aspirated and replaced by 200 Al leucine-free
medium (Biofluids, Rockville, MD) with or with-
out various concentrations of IL-4(38-37)-
PE38KDEL. For blocking experiments, cells were
preincubated with IL-4 or IL- 13 for 45 min at
37°C prior to the addition of IL-4 toxin to the
cells. Cells were further incubated for 20-24 hr
at 37°C and then 1 ,ACi of [3H]leucine (NEN,
Boston, MA) was added to each well and cul-
tured for an additional 4 hr. The cells were
washed and harvested on fiberglass filtermat and
the cell-associated radioactivity was measured
with a Beta Plate Counter (Wallac, Gaithersburg,
MD). The data were obtained from the average
of quadruplicates and the assays were repeated
several times. The concentration of IL-4(38-37)-
PE38KDEL at which 50% inhibition of protein
synthesis (IC50) occurred was calculated.

Clonogenic Assay
The effect of IL-4 and IL-4(38-37)-PE38KDEL on
AIDS-KS cells was examined by colony-forming
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FIG. 1. Equilibrium binding
of 125I-IL-4 to AIDS-KS cells
Cells were surface labeled with
'25I-IL-4 as described in Materi-
als and Methods. The displace-
ment curve (top panel) and
Scatchard analysis (lower panel)
for KS248 and NCB-59 are rep-
resentative of the several exper-
iments performed for each
AIDS-KS cell line. The average
binding sites/cell and receptor

2.0 affinity for each cell line are
tabulated in Table 1. The bind-
ing data were analyzed with
LIGAND software program (39).

assay (37,38). AIDS-KS (500 cells) and HUVEC
(200 cells) were plated in triplicate in 100-mm
and 60-mm petri dishes, respectively. The next
day, the cells were exposed to either IL-4 (1-1000
ng/ml) or IL-4(38-37)-PE38KDEL (1-200 ng/ml)
or control medium. The plates were incubated for
10 days at 37°C in a humidified CO2 incubator. The
cells were washed, fixed, and stained with crystal
violet (0.25% in 25% alcohol). The colonies con-

sisting of more than 50 cells were scored. The per-
cent ratio of colony survival was calculated from
the colonies formed in control and treated groups.

RESULTS
Expression of High-Affinity IL-4R on

AIDS-KS
AIDS-KS cell lines KS248 and NCB-59 expressed
2643 ± 30 and 2567 ± 35 high affinity IL-4R
molecules/cell with a dissociation constant (I(d)
of 62.8 ± 10.4 and 23.5 ± 4.7 pM, respectively
(Fig. 1 and Table 1). Three other AIDS-KS

TABLE 1. IL-4 receptor expression on AIDS-
KS cells determined by 1251-IL-4 binding
studies

IL-4 binding
Cell type sites/cella Kd (pM)

AIDS-KS
KS248 2643 ± 30 62.8 ± 10.4
NCB-59 2567 ± 35 23.5 ± 4.7

Normal
endothelial cells

HUVEC <50 76.2 ± 12.4
HUAEC <50 b

aBinding sites and receptor affinity (Kd) for each cell type
were calculated by the LIGAND program with (39) the data
obtained from radioreceptor binding as described in Materi-
als and Methods. The data are presented as the mean no.
of molecules/cell ± S.D. of two to four experiments per-
formed in duplicate.
bCould not be calculated.
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FIG. 3. Characterization of IL-4 receptor by
affinity cross-linking
Cells (4 X 106) were incubated with '251-IL-4 in the
absence (lane 1) and presence of either unlabeled
IL-4 (lane 2) or IL-13 (lane 3) for 2 hr at 4°C (A) as
described in Materials and Methods. (B) IL-4/IL-4R
complex was immunoprecipitated with anti-hIL-4R
antibody, P7 (lane 1) or anti-'yc antibody (lane 2)
overnight at 4°C. The cell lysates were electropho-
resed on 8% SDS-PAGE gel and autoradiographed.
The arrows on the left indicate the specific IL-4R
bands. Lane 1 (A) is from the same gel and has been
realigned for presentation.
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FIG. 2. IL-13 competes for the binding of
1251-IL-4 on AIDS-KS cells
Data presented for KS248 and NCB-59 are the actual
125I-IL-4 bound to 106 cells in the presence of vary-
ing concentrations of either unlabeled IL-4 or IL- 13.
KS248 and NCB-59 cells incorporated 9296 ± 236
(cpm ± S.D.) and 11,009 ± 366 (cpm ± S.D.), re-
spectively, in the absence of competitor. The error
bars represent the standard deviation of duplicate
determinations.

(KS220B, ARL-13, KS54A) cell lines also ex-

pressed IL-4R, but with a relatively lower af-
finity (Kd ranging between 202 and 219 pM).
In contrast, HUVECs and HUAECs, the possible
precursor of Kaposi's sarcoma, expressed
barely detectable levels of IL-4R (<50 sites/
cell) (Table 1). It has been recently proposed
that IL-4R may interact with IL-13 (35,40,41).
To examine the interaction between IL-4R
with IL-13, we compared the 1251-IL-4 binding
in the presence of either unlabeled IL-4 or

IL-13 in KS248 and NCB-59 cell lines. Both

IL-4 and IL-13 competed for the binding of
'251-IL-4 in both cell lines examined (Fig. 2).
IL-4 was better at displacing '25I-IL-4 binding
than IL- 13, which was less efficient in the dis-
placement of IL-4 binding. These data suggest
that IL-4R also interacts with IL-13 in AIDS-KS
cells and that it may share some components of
IL-13R.

Subunit Structure and Characterization of
IL-4R by Affinity Cross-linking
The molecular nature of IL-4R on AIDS-KS cells
was also investigated by cross-linking studies us-

ing 125I-IL-4 as a ligand. Figure 3A shows the
SDS-PAGE analysis of '25I-IL-4/IL-4R complex
electrophoresed under reducing conditions. One
main band of 155 kDa and a broad band of
75-85 kDa were cross-linked to 1251-IL-4 on

NCB-59 cells (lane 1). After subtracting 15 kDa,
the molecular mass of IL-4, the size of IL-4 cross-

linked proteins corresponded to 140 kDa and
60-70 kDa, respectively. The broad 60-70 kDa
protein appeared to consist of two proteins of 63
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FIG. 4. IL-4 receptor mRNA expression in AIDS-KS cells
Total RNA (10 ,tg) from KS248 and NCB-59 (A) were subjected to Northern analysis by using 1% agarose gel and
transferred to the membrane as discussed in Materials and Methods. The membrane was probed with 32P-labeled
IL-4R p140 insert cDNA and autoradiographed. (B) RT-PCR analysis of products amplified with IL-4R-specific
primers. AIDS-KS mRNA were reverse transcribed to cDNA and subjected to PCR analysis using specific IL-4R,3
and IL-2R yc primers as outlined in Materials and Methods. The PCR products were run on Nusieve 3:1 gel and
stained with ethidium bromide for UV analysis. EBV-immortalized B (EBV-B) cell cDNA was used as a positive
control for both PCRs.

and 70 kDa. The size of each of these three
proteins is similar to that of IL-4R p140 (IL-4R,3),
p70 (IL-4Ra), and IL-2R yc, respectively, as pre-
viously suggested (26,42-46). As expected, these
cross-linked proteins were not observed in the
presence of 200-fold molar excess of unlabeled
IL-4 (lane 2) indicating that these bands are spe-
cific IL-4R binding proteins. Similar to the bind-
ing studies, unlabeled IL- 13 could also partially
displace radiolabeled IL-4 from 125I-IL-4/IL-4R
complex (lane 3), which is consistent with pre-
vious reports (35,41,47).

To further investigate the immunoreactivity
of putative IL-4R, '25I-IL-4/IL-4R cross-linked
complex was immunoprecipitated with a rabbit
polyclonal antibody against human IL-4R p140
(P7), which has previously been used to immu-
noprecipitate IL-4R subunits (35,46). The pat-
tern of bands in Fig. 3B (lane 1) was similar to
that observed when lysates were analyzed with-
out immunoprecipitation (Fig. 3A, lane 1), ex-
cept that a sharp band at about 60 kDa in addi-
tion to 140 kDa was observed. 125I-IL-4/IL-4R
complex was also immunoprecipitated with
anti-,yc antibody. We and others have previ-
ously reported that antibody to IL-2R yc can
co-immunoprecipitate IL-4R p140 and IL-7R
along with yc in immune cells (35,46,48). How-
ever, in KS cells, as shown in Fig. 3B, lane 2, no
protein was immunoprecipitated with anti-,yc
antibody. The inability of anti-,yc antibody to
immunoprecipitate cross-linked IL-4R suggests
that yc may not be associated with the IL-4R on
AIDS-KS cells.

AIDS-KS Cells Express IL-4R8 mRNA but
not IL-2Ry Chain mRNA
We next investigated the expression of IL-4R
p140 (IL-4R,3) and IL-2R y-chain mRNA in
AIDS-KS cells. Total cellular RNA was isolated
from AIDS-KS cells and subjected to Northern
blot analysis. RNA from KS248 and NCB-59 ex-
hibited a 3.9-Kb species of IL-4R mRNA
(Fig. 4A); however, yc mRNA expression was not
detected in these two cell lines (data not shown).

Even though cross-linking and Northern
analysis did not demonstrate the expression of yc
protein or mRNA, respectively, in AIDS-KS cells,
we next utilized a very sensitive technique, RT-
PCR, to examine the expression of these mRNAs.
As shown in Fig. 4B, all five AIDS-KS cells ex-
amined in this study expressed IL-4R,3 chain
(upper lanes). Epstein-Barr virus (EBV)-immor-
talized B cells served as a positive control and
expressed this mRNA. However, as observed
with cross-linking and Northern analysis, yc
mRNA was either very low or it was not ex-
pressed at all in all five AIDS-KS cell lines tested.
KS248 cells showed a weak ethidium bromide
staining. Thus, it is possible that a low level of 'yc
mRNA was expressed in these cells as detected by
a sensitive technique or it was a technical artifact
due to nonspecific binding of template cDNA.
Further studies continue to address the issue of
expression of yc by AIDS-KS cells. EBV-immor-
talized B cells again served as a positive control
and exhibited a strong band for IL-2R yc, as
expected.
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IL-4R on AIDS-KS Cells Are Highly
Sensitive to IL-4(38-37)PE38KDEL

PROTEIN SYNTHESIS INHIBITION ASSAY. We have re-
cently demonstrated that circularly permuted re-
combinant IL-4 toxin is highly cytotoxic to IL-
4R-bearing tumor cells in vitro (27-29) and in
vivo (27, S.R. Husain et al., unpublished results).
Because AIDS-KS cells express a high number of
IL-4R on their surface, it was of interest to ex-
amine the cytotoxicity of IL-4 toxin on these
cells. IL-4(38-37) -PE38KDEL was constructed by
fusing two proteins in which a truncated form of
Pseudomonas exotoxin is fused to the new car-
boxy terminus of a circularly permuted form of
IL-4 (28,29). We examined the cytotoxicity of
circularly permuted IL-4 toxin on five different
AIDS-KS cells by measuring the inhibition of
protein synthesis determined by the incorpora-
tion of [3H]leucine. The IC50, the toxin concentra-
tion necessary for 50% inhibition of protein syn-
thesis, ranged from 1.7 to 65.0 ng/ml (32 to 1225
pM). We found that KS248 and NCB-59 were
the most sensitive cell lines; other AIDS-KS cells
were also highly sensitive to the cytotoxic effect
of IL-4(38-37)-PE38KDEL (Table 2). HUAECs
that expressed low levels of IL-4R (<50 sites/
cell) were not sensitive to IL-4 toxin (IC50 =
>1000 ng/ml). The protein synthesis inhibi-
tory effect of IL-4 toxin was blocked by an
excess of IL-4 (2 ,ug/ml) and IL- 13 (2 jig/ml) in
KS248 and NCB-59 cells, although IL-4 was
better at blocking cytotoxicity than IL- 13
(Fig. 5). These findings suggest that IL-4(38-
37)-PE38KDEL exerts its cytotoxic effect spe-
cifically through IL-4R, and that IL-4R inter-
acts with IL- 13; this has also been shown by
binding and cross-linking studies (Figs. 2 and
3A).

CLONOGENIC ASSAY. Since the AIDS-KS cells
studied were not tumorigenic in immunosup-
pressed mice, the cytotoxic activity of IL-4(38-
37)-PE38KDEL on two of the AIDS-KS cells
(KS248 and NCB-59) was tested by clonogenic
assay (37,38). Clonogenic assays in vitro corre-
lates well with in vivo malignant phenotype in
xenografts (49). Five hundred AIDS-KS cells were
plated on 100-mm petri dishes and treated with
various concentrations of either IL-4 or IL-4(38-
37)-PE38KDEL. After 10 days of incubation, the
percent ratios of colonies formed in control and
treated groups were compared. Both IL-4 and IL-
4-toxin inhibited colony formnation in a concentra-
tion-dependent manner in both AIDS-KS cells

TABLE 2. Cytotoxicity of IL-4(38-37)-
PE38KDEL in AIDS-KS cells by protein
synthesis inhibition assay

Cell type IC50 (ng/ml) Mean ± S.D."

AIDS-KS
KS248 1.7 ± 0.5
NCB-59 6.2 ± 3.5
KS54A 41b
KS220B 42.5 ± 17.5
ARL-13 64.5 6.0

Normal endothelial cells
HUAEC >1 OOOC

For cytotoxic assay, 104 cells/well were cultured in 96-well
microtiter plates with different concentrations (0.1 to 1000
ng/ml) of IL-4(38-37)-PE38KDEL, as detailed in Materials
and Methods.
aIC50, the concentration of IL-4 toxin at which 50% inhibi-
tion of protein synthesis occurred, was calculated from the
graphs generated from the experimental data explained in
Materials and Methods. The data are shown as the mean ±
S.D. of two to five experiments done for each cell type.
bIC50 was determined from a single experiment.
cCIC could not be achieved even at 1000 ng/ml concentra-
tion of IL-4 toxin.

studied (Table 3). IL-4 induced modest inhibition
(27-34%) in colony formation in both AIDS-KS
(KS248 and NCB-59) cells. HUVECs were also
found to be sensitive to IL-4 and had modest
growth inhibitory effects. Similar to the cytotoxic-
ity of toxin assessed by protein synthesis inhibition
assay, IL-4(38-37)-PE38KDEL exhibited a marked
inhibition in colony formation in a concentration-
dependent manner. IL-4-toxin completely sup-
pressed colony formation at 100 ng/ml in both
AIDS-KS cells, as shown in Fig. 6. The IC50 of IL-4
(38-37)-PE38KDEL on KS248 and NCB-59 were
found to be as low as 3.5 and 4.9 ng/ml, respec-
tively, which are in very close agreement with
the IC50s obtained in protein synthesis inhibi-
tion assay (Table 2). However, HUVECs that
express few IL-4R (<50 sites/cell) were 40- to
60-fold less susceptible to toxin, with <50%
cell death even at a very high concentration of
toxin (200 ng/ml). These results suggest that
IL-4(38-37)-PE38KDEL has a low toxicity on
human endothelial cells, a possible precursor
to AIDS-KS cells, because there is low-level
expression of IL-4R on these cells.
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TABLE 3. AIDS-KS cell growth inhibition by
IL-4 and IL-4(38-37)-PE38KDEL in clonogenic
assay

Colonies ± S.D. (% of control)

HUVEC
KS-248 NCB-59 (normal

(AIDS-KS) (AIDS-KS) endothelial)

IL-4 (ng/ml)
1 82 1.9 89 1.9 89 5.5
10 79 1.9 79±3.6 79±6.1
100 78±5.7 75±2.4 82±2.5
1000 73 4.1 66 1.5 80 1.5

IL-4(38-37)PE38KDEL (ng/ml)
1 71 ± 5.3 65 3.0 97 ± 7.7
5 32 ± 2.3 49 2.8 74 ± 6.0
50 5 1.2 10±0.6 65±3.3
100 0 0 66 ± 7.2
200 0 0 51 ± 7.1

KS248 or NCB-59 (500 cells of each) and HUVECs (200
cells) were plated in triplicate in 100-mm or 60-mm petri
dishes, respectively, and treated with either IL-4 or IL-4
toxin on the subsequent day. The culture dishes were incu-
bated for 8 to 10 days and then washed with PBS and col-
onies stained with crystal violet. The colonies consisting of
>50 cells were scored. The results are presented as a per-
centage of the colony counts in control and treated groups.

IL-4 Toxin (ng/ml)

FIG. 5. Cytotoxicity of IL-4(38-37)-PE38KDEL
on AIDS-KS cells
K(S248 and NCB-59 cells (104 cells of each) were
cultured in 96-well microtiter plates with the indi-
cated concentration of IL-4 toxin in the absence (0)
and presence of 2 jig/ml of either IL-4 (0) or IL- 13
(U). After 20 hr, cells were pulsed with [3H]leucine
(1 ,tCi per well) for 4 hr and harvested to determine
the inhibition in the protein synthesis. Error bars
represent the S.D. of quadruplicate determination.

DISCUSSION
In this study, we have demonstrated that AIDS-
KS-derived spindle cells express high-affinity
IL-4R on the cell surface and at the mRNA level.
These receptors are functional, since IL-4 inhib-
ited the cell growth, albeit modestly, as measured
by clonogenic assay. The growth of tumor cells
was inhibited in a dose-dependent manner with

a maximum of 34% inhibition in NCB-59 cells
(Table 3). Similarly, IL-4 also inhibited colony
formation of HUVECs. We next attempted to
characterize the subunit structure of IL-4R in
AIDS-KS cells. The IL-4R on these cells appeared
to be mainly composed of two major proteins
migrating at 140 and 60-70 kDa. All IL-4 cross-

linked bands disappeared when cross-linking
was performed in the presence of an excess of
IL-4, indicating that these proteins are specific
IL-4 binding proteins. The immunoprecipitation
of IL-4R proteins revealed the same pattern of
bands as observed in direct cross-linking. The
predominant 140 kDa IL-4R protein has been
well characterized (50) and designated as IL-4R,3
(26); however, the identity of the 60-70 kDa
protein is still ambiguous. The 70 kDa protein
was previously reported to be a proteolytically
degraded subunit of a larger, 130 kDa protein
(42,51). However, later studies suggest that p70
is a distinct protein and not a degradation prod-
uct of p140 (52). Galizzi et al. (44) observed the

KS248
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1 ng/ml 5 nglml

50 ng/ml 100 ng/ml

FIG. 6. Inhibition of colony formation of AIDS-KS cells by IL-4(38-37)-PE38KDEL.
KS248 cells (500) were plated in 100-mm petri dishes and exposed with the indicated concentration of IL-4(38-
37)-PE38KDEL as performed for Table 3. The control cells formed 218 ± 8 (mean ± S.D.) colonies with the clon-
ing efficiency of 43.6%. Similar results were obtained for NCB-59 cells (not shown). For illustration purposes, one
out of three plates is chosen for each concentration.

expression of a 70 kDa subunit along with a 140
kDa protein in B cells. We have also reported the
presence of a 70 kDa protein as a subunit of
IL-4R in human renal cell carcinoma (53), colon
carcinoma (26), and B-lymphoblastoid cells (54).
We considered the possibility that the 60-70 kDa
protein includes IL-2R y chain because it has
been shown to be a component of the IL-4R
system in immune cells (26,46). However, we

were unable to show yc expression by cross-

linking and Northern analyses. RT-PCR analysis
showed a very faint band that may be an exper-
imental artifact. These data suggest that yc is not
a predominant component of the IL-4R complex
in AIDS-KS cells. The identity of all proteins in
the 60-70 kDa band is still not clear. Further
studies will delineate the composition of the
IL-4R complex in AIDS-KS cells.

It is interesting to note that IL- 13, a related
cytokine to IL-4, also partially inhibited the bind-
ing as well as the cross-linking of 125I-IL-4 to

AIDS-KS cells (Figs. 2 and 3). These data agree
with our recent report in which IL- 13 competed
for the binding of IL-4 to its receptors on renal
cell carcinoma, colon carcinoma, and brain tu-
mor cells (26,35,41). Our results are also consis-
tent with another report of the displacement of
IL-4 binding by IL-13 in TF-1 cells, suggesting
that IL-4R and IL-13R share a novel compo-
nent(s) that functions in signal transduction (40).

We further exploited the presence of IL-4R
on AIDS-KS cells by targeting them with IL-4-
fused cytotoxin, IL-4(38-37)-PE38KDEL. The
IL-4 toxin was extremely to highly cytotoxic to
all AIDS-KS cells, with the IC50 ranging from 1.7
to 65 ng/ml. The IC50 of IL-4(38-37)-PE38KDEL
on KS248 (1.7 ng/ml) and NCB-59 (6.2 ng/ml)
obtained by protein synthesis inhibition assay
corroborated well with the IC50 observed in a

clonogenic assay (3.5 and 4.9 ng/ml, respective-
ly). The specificity of action of the toxin was well
documented by the abrogation of its cytotoxicity

Control
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by the excess of IL-4. Interestingly, IL- 13 also
partially blocked the cytotoxicity of IL-4 toxin
(Fig. 4) and further confirmed that IL- 13 inter-
acts with IL-4R. The IL-4 toxin binds only to the
cells expressing IL-4R and exerts its effect via
receptor-mediated endocytosis, subsequently in-
hibiting protein synthesis (27). Although we
have shown similar effects and specificity of cir-
cular permuted IL-4 toxin in other IL-4R-bearing
renal cell carcinoma cells, this is the first mani-
festation of the cytotoxicity of IL-4 toxin in
AIDS-KS tumor cells.

IL-4 toxin also exhibited sensitivity to
HUVECs, although much less than did AIDS-KS
isolates. The other endothelial cells, HUAECs,
which also lack the expression of IL-4R, were not
at all sensitive to IL-4 toxin. In addition, we have
previously reported that resting T cells, trans-
formed B cells, monocytes, and fresh or activated
bone marrow cells were either slightly or not
sensitive to IL-4(38-37)-PE38KDEL (28). The in-
sensitivity of IL-4 toxin on normal cells may pro-
vide an opportunity to treat AIDS-KS patients with
a low concentration of toxin in a clinical setting.

We have shown that IL-4 receptors on
AIDS-KS cells represent a new plasma membrane
protein for targeting potent, Pseudomonas exotox-
in-based, cytotoxic agents. Further studies are
warranted to examine the expression of IL-4 re-
ceptors in fresh AIDS-KS tumors as well as to eval-
uate the in vivo anti-tumor activity of IL-4 toxin.
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