
did not have immunoreactive rotei in. We 
also looked to see if endogenous Oncostatin 
M could act in an autocrine growth loop. 
Although the neutralizing Oncostatin M 
MAb OM2 had no significant effect on basal 
proliferation of KSLl cells at concentrations 
up to 5 pg/ml (Fig. 4), it reduced by more 
than 90% the stimulation of proliferation 
seen with 20 ng/rnl of exogenous Oncostatin 
M. These results, in cells producing Onco- 
statin M, suggest that the-major mitogenic 
stimulus from Oncostatin M in vivo is ex- 
ogenous Oncostatin M. 

Together, these results suggest that On- 
costatin M may contribute to the pathogen- 
esis and progression of AIDS-KS. Oncosta- 
tin M is oneof the most potent mitogens for 
KS cells in culture and has several properties 
not shared by other mitogens such as IL-16 
or TNF-a. These properties include the 
ability to transform the iorphologic pheno- 
type of cells to spindle cells as well as to 
facilitate the proliferation of AIDS-KS-de- 
rived cells in semisolid agar. Thus, Oncosta- 
tin M may help maintain the transformed 
phenotype of AIDS-KS-derived cells. Its 
ability to increase IL-6 and proliferation 
correlates with the effects of many other 
cytokines studied (6). Paradoxically, Onco- 
statin M also inhibits the growth of normal 
mesenchymal cells. ~ecause of the restricted 
response of KS cells to the HIV Tat protein 
(4), IL-6 ( 5 ) ,and Oncostatin M, we suggest 
that these cells mav be functionallv di&rent 
from their normal mesenchymal counter- 
parts. With respect to their in vitro pheno- 
type, these cells could be considered "trans- 
formed" but not "immortalized." 

As with several other cytokines, Oncosta- 
tin M RNA as well as protein is found in 
some AIDS-KS-derived cells and mav be 
functionally active. As a result, Oncostatin 
M could act as both a paracrine and auto- 
crine growth factor in vivo. However, the 
response of all cell lines tested to exogenous 
Oncostatin M suggests that the principal site 
of action is through exogenous Oncostatin 
M. Although the^ heterogeneity in expres- 
sion of Oncostatin M in cultured AIDS-KS 
cells could be the result of the isolation and 
culture process, it is also possible that 
expression of Oncostatin M is variable in 
vivo. If so, this variable expression could 
explain some of the wide range of growth 
characteristics of KS observed in patients 
with HIV infection. 

Compared to the effects of other more 
modest~growth-promoting proteins such as 
the HIV Tat protein (4) , the effects of On- 
costatin M are far more potent. While expo- 
sure of AIDS-KS cells to the HIV Tat protein 
gives a 50 to 100% increase in proliferation, 
proliferation increases from Oncostatin M in 
soft agar can be as high as tenfold. In addi- 

tion, because activated T cells as well as 
PMA-stimulated U937 cells produce Onco- 
statin M, it is possible that the HIV Tat 
protein or ~ther ic t iva t in~ factors for mono- 
cytes and T lymphocytes could increase the 
production of Oncostatin M. This situation 
could amphfy the effects of the HIV Tat 
protein i d  indicate a potential role for Tat- 
based inhibitors in AIDS-KS therapy. This 
situation also leaves open the possibility that 
other sexually transmitted agents could alter 
Oncostatin M secretion and thereby partici- 
pate in the pathogenesis of ADS-KS. Given 
the potent activity of Oncostatin M, inhibi- 
tors of Oncostatin M expression or biologic 
activity should be explored as potential ther- 
apeutic agents in AIDS-KS. 
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The IL-6 Signal Transducer, gp130: An Oncostatin M 

Receptor and Attinty Converter for the LIF Receptor 


Leukemia inhibitory factor (LIF) and interleukin-6 (IL-6) are multifunctional cyto- 
kines with many similar activities. LIF is structurally and functionally related to  
another cytokine, Oncostatin M (OSM), that binds to  the high-affinity LIF receptor 
but not to  the low-affinity LIE receptor. A complementary DNA was isolated that 
encodes the high-&ty converting subunit of the LIF receptor. The converter 
conferred high-affinity binding of both LIF and OSM when expressed with the 
low-affinity LIF receptor and is identical t o  the signal transducing subunit of the IL-6 
receptor, gp130. The gp130 subunit alone confers low-affinity binding of OSM when 
expressed in COS-7 cells. This receptor system resembles the high-affinity receptors for 
granulocyte-macrophage colony-stimulating factor, IL-3, and IL-5, which share a 
common subunit. 

LEUKEMIA INHIBITORY FACTOR 

(LIF) acts as an inducer or inhibitor 
of differentiation and promotes ei- 

ther survival, proliferation, or activation of a 
wide array of target cells, including he- 
mopoietic, hepatic, adipogenic, osteogenic, 
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renal, neuronal, and embryonic cells (1, 2). 
LIF action appears to be mediated through 
specific cellular receptors of high affinity 
(dissociation constant, K, = 1 x lo-" to 
20 x 10- l M) and low affinity (K, = 1 x 

to 3 x lop9 M) (3).  LIF receptor 
cDNA confers specific low-affinity binding 
of LIF when expressed in COS-7 cells (1) 
and both low-affinity and high-affinity bind- 
ing when expressed in murine B9 cells (4). 
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The LIF receptor is a member of the he- 
matopoietin receptor superfamily (5) and 
resembles most closely the beta subunit 
(gp130) of the IL-6 receptor (6, 7) and the 
granulocyte-colony-stimulating factor (G- 
CSF) receptor (8). LIF and a second cyto- 
kine, Oncostatin M (OSM), are related in 
structure, chromosomal localization, and bi- 
ological activity (9) .  Analysis of the binding 

LlFR +Vector 
A BlOG +Vector 
&Vector 

'2 0 
0 5 10 15 20 

r x  103 
Fig. 1. Binding of human LIF, OSM, and IL-6 to 
COS-7 cells transfected with the LIF receptor, 
clone BlOG, and the IL-6 receptor. COS-7 cells 
were transfected with the following plasmids 
alone (2 kg) or in combination (1 pg each): 
pHLIFR-65, BlOG, pIL-6R, or empty vector 
(Vector). (A) Binding of 1251-labeled hLIF to 
cells transfected with pHLIFR-65 and BlOG, 
pHLIFR-65 and vector, BlOG and vector, or 
vector alone. (B) Binding of 125~-labeled hOSM 
to cells transfected with pHLIFR-65 and BlOG, 
pHLIFR-65 and vector, or vector alone. (C) 
Binding of 1251-labeled hIL-6 to cells transfected 
with pIL-6R and BlOG, pIL-6R and vector, or 
vector alone. Experimental conditions were as 
described (19). r = molecules bound per cell; C = 
concentration (M). The calculated equilibrium 
dissociation constant (Kd 2 SD) and the upper 
limit value of r (r,, ? SD), which is the number 
of receptors per cell, for each biding curve were 
(A) pHLIFR-65 and BlOG, Kd = 9.1 ? 0.1 x 
10-lo M, r,, = 8450 ? 200; HLIFR-65 and P vector,Kdl = 3.3 ? 2.0 X 10-I M, r,, , = 105 
2 4 0 , & = 2 . 4 ? 0 . 3  x 1Q-9M,r,,2=7350 
2 370. (B) HLIFR-65 and BlOG, K, = 2.4 ? B 0.4 x lo-' M, r,, = 7170 2 400. (C) pIL6R 
and BlOG, Kd = 3.3 2 0.3 x M, r,, = 
35,000 2 4,000; pIL6R and vector, &, = 7.4 2 
3.5 x lo-" M, r,, , = 380 2 150, K, = 3.5 
2 2.3 x lo-' M, r,, , = 130,000 2 70,000. 

of human OSM (hOSM) to native and 
recombinant LIF receptors on a variety of 
cell types (4) led to the following conclu- 
sions: (i) the high-&ty, but not the low- 
&ty, LIF receptor is also an OSM recep- 
tor; (ii) distinct OSM-specific receptors exist 
on A375 melanoma cells and H2981 lung 
carcinoma cells; and (iii) OSM may have all 
of the biological activities of LIF and also a 
variety of activities mediated by the OSM- 
specific receptor. 

We expected that a second subunit of the 
LIF receptor might confer high-&ty 
binding of LIF and OSM to the cloned LIF 
receptor. Because hOSM does not bind to 
the low-attinity hLIF receptor, we used 
hOSM to screen for this subunit. We ex- 
pressed the cloned low-&ty hLIF recep- 
tor and pools of cDNA clones from a human 
placental cDNA library in COS-7 cells and 
screened for binding of 1251-labeled hOSM 
(10). A pool of cDNAs was identified that 
conferred hOSM binding in the presence of 
the hLIF receptor, and a single cDNA clone 
(BlOG) with the same propemes was isolat- 
ed. The cDNA insert of this clone was nearly 
identical to that of gp130, the high-attinity 
converter and signal transducing component 
(beta subunit) of the human IL-6 receptor 
complex, which does not bind IL-6 alone 
but associates with the low-&ty IL-6 
receptor alpha subunit to form a high-&- 
ity komplex (6, 7). Clone BlOG is an incom- 

plete cDNA of gp130 that is missing the 
COOH-terminal 209 amino acids of the 
cytoplasmic domain and terminates in vec- 
tor-encoded sequences. It also has a single 
conservative substitution in the signal se- 
quence (Vals to Leu) that is presumed to be 
a polymorphism. 

Expression of the hLIF receptor cDNA in 
COS-7 cells increased the number of LIF 
binding sites of low &ty (K, = 2.4 x 

M) with no detectable change in OSM 
binding as compared to that seen with 
COS-7 cells transfected with vector alone 
(Fig. 1). Expression of the hLIF receptor 
cDNA with clone BlOG resulted in hOSM 
binding (K, = 2.4 x 10-lo M; Fig. 1B) 
and increased the &ty of hLIF binding 
(K, = 9 x 10-lo M; Fig. 1A) without 
affecting the number of LIF binding sites. 
These results indicate a conversion of low- 
&ty binding sites to higher finity bind- 
ing sites rather than addition of a new class 
of high-attinity sites. The &ty of LIF 
binding to COS-7 cells expressing the hLIF 
receptor and BlOG was somewhat lower 
than that to high-attinity LIF receptors on 
responsive cell lines (K, = 1 x 10- to 20 
x 10-I M) (3) .  Expression of clone BlOG 
with a cDNA encoding the low-&ty IL-6 
receptor (K, = 3.5 x lop8) (11) also 
resulted in formation of a higher &ty 
hIL-6 receptor complex (K, = 3.3 x 
Fig. lC), but again, this f i t y  was lower 

Fig. 2. Low-affinity binding of OSM to COS-7 cells transfected with BlOG. COS-7 cells on microscope 
slides were transfected with (A) clone BlOG or (B) empty vector and incubated with 5 n M  1251-labeled 
hOSM for 1 hour at room temperature, washed, fixed, and dipped in photographic emulsion as 
described ( 1 ) .  Slides were exposed for 2 days and then developed. (C) Direct analysis of binding to 
transfected COS-7 cells'in suspension. (D) Scatchard transformation of data presented in (C). 
Untransfected COS-7 cells had hOSM biidmg indistinguishable to cells transfixted with the vector. 
Calculated equilibrium dissociation constans and site numbers (2SD) were as follows: BlOG, K, = 7.7 
2 1.4 x M, r,, = 31,000 ? 5,000. Vector, K, = 7.6 2 2.0 x 10-'OM, r,, = 2,500 r 600. 
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than that previously described (K, = 1.3 x 
lo-'' to 6.7 x 10-l1 M) (7, 12). The high- 
&ty LIF-OSM receptor and IL-6 recep- 
tor may require the presence of a third 
subunit (which is present in limiting 
amounts in COS-7 cells) for full affinity 
conversion. A similar three-subunit model 
has been proposed for the IL-2 receptor 
(13). Alternatively, the truncations present 
in the cytoplasmic domains of our LIF 
receptor and BlOG clones may have contrib- 
uted to the lower affinities. 

Transfection experiments in COS-7 cells 
(14) also demonstrated the following fea- 
tures of the binding of the three ligands to 
the three receptor subunits: (i) coexpression 
of the hIL-6R and hLIFR did not result in 
high-affinity binding of hIL-6 or hLIF; (ii) 
neither the low-affinity hIL-6R nor hIL6R- 
BlOG complex could bind hLIF directly; 
(iii) human LIF and hOSM competed with 
each other for binding to the hLIFR-B1OG 
complex; and (iv) the hLIFR did not bind 
hIL-6 (1) or hOSM (4). 

Both slide autoradiography and direct 
binding analyses demonstrated that hOSM 
bound with low affinity to the protein en- 

r 

coded by BlOG in the absence of the hLIF 
receptor (K, = 7.7 x lop9M; Fig. 2). The 
dinity of binding of hOSM to COS-7 cells 
expressing BlOG was similar to that of 
low-affinity hOSM binding to H2981 hu- 
man lung carcinoma cells (K, = 8.6 x lop9 
M) (4), suggesting that gp130 may also be a 
component of the OSM-specific receptor on 
HZ981 cells. Weak binding of hLIF to 
COS-7 cells expressing BlOG was observed 
by the slide-autoradiography method (the 
number of grains counted was approximate- 
ly one fiftieth of that after binding of 
hOSM) (14) but the affinity of this interac- 
tion was not measurable by Scatchard anal- 
ysis (Fig. 1). Human IL-6 did not bind to 
BlOG expressed on COS-7 cells. 

To confirm the apparent relationship be- 
tween the LIF-OSM and IL-6 receptor sys- 
tems we used a variant of the murine IL-6- 
dependent line, B9, that was transfected 
with the low-affinity hLIF receptor (B9- 
hLIFR) (4). This cell line has high-affinity 
hLIF receptors with mixed subunits that 
derive from the transfected low-affinity 
hLIF receptor and an endogenous murine 
affinity-converting subunit (presumably mu- 

r 

Fig. 3. Competition of binding of hLIF, hOSM, and mIL-6. Binhng to B9-hLIFR cells (A through 
C) and B9 cells (D). (A) '25~-labeled hLIF binding in the absence or presence of unlabeled hOSM or 
mIL-6. (B) 1251-labeled hOSM binding in the absence or presence of mIL-6. Under the same conditions 
hLIF completely competes the hOSM binding (4). (C and D) 125~-labeled mIL-6 binding in the absence 
or presence of hLIF or hOSM. Neither hLIF nor hOSM binds to untransfected B9 cells (4). 
Experimental conditions were as described (22). Calculated equilibrium dissociation constants and site 
numbers (*SD) for each 12"-labeled ligand (*) were as follows. (A) *LIF + no competitor, Kd, = 1.1 
? 1.0 x 10-'~M,r,,, = 2 2 4 2  75,Kd2 = 2.8 f 1.0 x 10-9M,r,,2 = 1200 * 60; *LIF + IL-6, 
Kd, = 1.3 f 1.2 x 10-llM,rm,l = 3 4 f  18,Kd2= 1.6 * 0.2 x 10-9M,rm,2 = 1250 * 40; *LIF 
+ OSM, Kd = 3.1 ? 0.4 x M, r,, = 1390 ? 140. (B) *OSM + no competitor, Kd = 5.9 f 
0.8 x 10-'OM, r,, = 570 ? 70; *OSM + IL-6,& = 6.2 ? 0.3 x 10-'OM, r,, ,= 300 f 35. 
LIF competed all *OSM binding (4). (C) *IL-6 + no competitor, Kd = 3.1 ? 0.5 X lo-'' M, 
r,, ,= 1780 f 65; *IL-6 + LIF, Kd = 1.6 f 0.2 X 10-'OM, r,, = 330 f 10; *IL-6 + OSM, Kd 
= 1.8 k 0.2 x 10-lo M, r,, = 290 ? 25. (D) *IL-6 + no competitor, Kd = 1.4 * 0.1 X lo-'' M, 
r,, ,= 1460 * 100; *IL-6 + LIF, Kd = 1.6 * 0.2 X 10-'OM, r,, = 1400 ? 130; *IL-6 + OSM, 
Kd = 1.7 ? 0.2 x lo-'' M, r,, = 1380 ? 50. 

Fig. 4. Comparison of the IL-6, OSM, and LIF 
receptor system (A) to the GM-CSF, IL-3, and 
IL-5 receptor system (B). High-affinity binding is 
represented by broad arrows and low-afEnity 
bindng by thin arrows. 

rine gp130); these high-affinity receptors 
bind hOSM (4). Incubation of B9-hLIFR 
cells with excess mIL-6 reduced the number 
of high-dinity hLIF binding sites but had 
no effect on low-affinity hLIF binding sites 
(Fig. 3A). We therefore studied the effect of 
mIL-6 on binding of hOSM to the high- 
afKnity LIF receptors. Incubation with ex- 
cess hLIF completely blocked hOSM bind- 
ing (4), but mIL-6 competed less effectively 
for hOSM binding sites, and the affinity of 
hOSM binding was unchanged (Fig. 3B). 
Similarly, we studied the effect of excess 
hLIF or hOSM on the binding of mIL-6 to 
endogenous binding sites. In untransfected 
B9 cells, mIL-6 binding was not influenced 
by excess hLIF or hOSM (Fig. 3D), pre- 
sumably reflecting the much higher affinity 
of mIL-6 for the IL-6 receptor-gpl30 com-
plex than hLIF or hOSM for murine gp130. 
However, the binding of mIL-6 to B9-
LIFR cells was partially competed by hLIF 
or hOSM (Fig. 3C). The high-affinity 
mIL-6 receptors may be converted to a 
low-affinity form by the sequestration of 
gp130 molecules into hLIF receptor com- 
plexes in the presence of excess hLIF or 
hOSM. Although we observed a reduction 
in high-affinity IL-6 binding sites, we could 
not measure the small number (-500 sites 
per cell; Fig. 3) of low-affinity binding sites 
presumably generated (expected K, = 5 x 
10-9 M) (7). 

Similar interactions between receptor 
subunits have been proposed for the low- 
dinity granulocyte-macrophage colony-
stimulating factor (GM-CSF), IL-3, and 
IL-5 receptors and their high-affinity con- 
verter, KH97 (15) (Fig. 4). However, 
gp130 appears to be both a signal transduc- 
er and a low-affinity OSM receptor, whereas 
KH97 has not been reported to bind any 
cytokine on its own. 
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Reported homologies between the IL-6 
receptor, ciliary neurotrophic factor recep
tor (16), and the natural killer cell stimula
tory factor (17) indicate possible interac
tions of these molecules with gpl30. By 
contrast, the G-CSF receptor, which is 
structurally similar to both gpl30 and the 
LIF receptor, binds G-CSF and transduces a 
signal (as a homodimer) independently of 
gpl30 (18). Thus, gpl30 as well as KH97 
in a separate but parallel system might be 
focal points of signal transduction for a 
variety of cytokines, providing an explana
tion for the functional redundancy of those 
cytokines. 
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K APOSI'S SARCOMA (KS) IS CHARAO 

terized by microvascular prolifera
tion (angiogenesis) in the initial 

stage of lesion development that is soon 
followed by the presence of proliferating 
spindle cells, edema, and infiltration by mul
tiple cell types (1). We developed in vitro 
systems for the long-term culture of AIDS-
KS cells and in vivo systems that simulate 
the formation of KS-related lesions (2, 3). 
AIDS-KS cells induce vascularization on 
chicken chorioallantoic membranes (CAM), 
and when transplanted into nude mice they 
induce vascular hyperpermeability and re
sultant edema (4), angiogenesis, and the 
development of KS-like lesions of murine 
origin (3). 

Kaposi's sarcoma is currently treated 
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low-affinity hLIF receptors expressed on these B9-
hLIFR cells is lower than that described (4) al
though the number of high-affinity LIF and OSM 
binding sites has remained approximately constant. 
During the course of the transfection and selection 
procedure the B9-hLIFR cells (and control cells) 
lost their requirement for IL-6 (4). 
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with cytotoxic agents such as vinblastine, 
bleomycin (5, 6), and suramin (7), or with 
cytokines like interferon a (IFN-a) (8). 
Both of these forms of therapy may effect 
multiple cell types and many cell functions. 
An angiostatic compound, pentosan 
polysulfate (9, 10), has also been used, but 
many potential angiostatic compounds 
(11-16) still remain to be clinically tested. 
One of these is SP-PG, a naturally occur
ring sulfated polysaccharide-peptidogly-
can produced by a specific species of the 
bacterium Arthrobacter sp. (strain AT-25, 
Daiichi Pharmaceutical). Although SP-PG 
has not yet been purified to homogeneity, 
the most active fraction has a molecular 
size of 30 kD (17) and inhibits the growth 
of subcutaneously inoculated solid tumors 
(which require angiogenesis for their 
growth), while not affecting growth of 
ascites tumor cells of the same origin (18). 
Although subcutaneous tumor growth is 
inhibited by SP-PG, in vitro growth of 
these tumor cells is not inhibited; however, 
SP-PG does inhibit growth of vascular 
endothelial cells in vitro (19). 

The AIDS-KS cells were more sensitive 
to SP-PG than normal endothelial cells 
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In vitro and in vivo model systems for the study of human immunodeficiency virus 
(HIV)—associated Kaposi's sarcoma (KS) were used to evaluate compounds for their 
potential as therapeutic agents. A sulfated polysaccharide—peptidoglycan compound 
(SP-PG) produced by bacteria controlled the in vitro growth of acquired immunode
ficiency syndrome (AIDS)-associated, KS-derived spindle-shaped cells (AIDS-KS 
cells) at noncytotoxic concentrations. Angiogenesis induced by AIDS-KS cells in the 
chicken chorioallantoic membrane assay was blocked by SP-PG, which also inhibited 
the vascular hyperpermeability response and the angiogenesis associated with the 
induction of KS-like lesions that develop after subcutaneous inoculation of AIDS-KS 
cells into nude mice. Suramin, pentosan polysulfate, and interferon a, which are 
currently in use for therapy of KS, were either less effective than SP-PG or much more 
cytotoxic, or both. 
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