Our working concept is that one or more
factors released by retrovirus-infected T cells
are critical in the development of KS be-
cause they initiate cellular events that lead to
the production of cytokines. These cyto-
kines, in turn, have autocrine and paracrine
effects and thus produce histological
changes characteristic of AIDS-KS (17). Im-
munological and molecular probes for On-
costatin M will be valuable tools to study its
role in KS development.

. 8. Z. Salahuddin et al., Science 242, 430 (1988).
. B. Ensoli, G. Barillari, S. Z. Salahuddin, R. C.
Gallo, F. Wong-Staal, Nature 345, 84 (1990).
9. G. Barillari et al., in preparation.
10. U. K. Laemmli, Nature 227, 680 (1970).
11. R. M. Hewick, M. M. Hunkapiller, L. E. Hood, W.
J. Dreyer, J. Biol. Chem. 256, 7990 (1981).
12. Abbreviations for the amino acid residues are: A,
Ala; C, Cys; D, Asp; E, Glu; F, Phe; G, Gly; H, His;
I, Ile; K, Lys; L, Leu; M, Met; N, Asn; P, Pro; Q,
Gln; R, Arg; S, Ser; T, Thr; V, Val; W, Trp; and Y,
Tyr.
13. J. M. Zarling et al., Proc. Natl. Acad. Sci. U.S.A.
83, 9739 (1986).
14. T. J. Brown, M. N. Lioubin, H. Marquardt, J.
I 1. 139, 2977 (1987).

[N}

REFERENCES AND NOTES

1. A. E. Friedman-Kien, J. Am. Acad. Dermatol. 5,
468 (1981).

2. G.]. Gottlieb and A. B. Ackerman, Hum. Pathol. 13,
882 (1982).

3. N. S. McNutt, V. Fletcher, M. A. Conant, Am. J.

Pathol. 111, 62 (1983).

S. Nakamura et al., Science 242, 426 (1988).

. B. Ensoli et al., ibid. 243, 223 (1989).

. S. A. Miles et al., Proc. Natl. Acad. Sci. U.S.A. 87,

4068 (1990).

E-NILWN

15. N. Malik ef al., Mol. Cell Biol. 9, 2847 (1989).

16. D. Horn et al., Growth Factors 2, 157 (1990).

17. B. Ensoli, S. Z. Salahuddin, R. C. Gallo, Cancer
Cells (Cold Spring Harbor) 1, 93 (1989).

18. We thank Y. Kim for expert assistance in the amino
acid sequence analysis. Supported in part by the
National Cancer Institute, Department of Health
and Human Services, under contracts NO1-CP-
73723 and NO1-CO-74101 with Advanced BioSci-
ence Laboratories, Inc.

6 September 1991; accepted 16 December 1991

Oncostatin M as a Potent Mitogen for AIDS-Kaposi’s

Sarcoma—Derived Cells

STEVEN A. MILES,* OTONfEL MARTINEZ-MAZA, AHMAD REZATI,
LARRY MAGPANTAY, TADITNITSU KISHIMOTO, SHUJI NAKAMURA,

SusaN F. RADKA, PETER S. LINSLEY

Oncostatin M, a cytokine produced by activated lymphoid cells, regulates the growth
and differentiation of a number of tumor and normal cells. In contrast to its effects on
normal endothelial and aortic smooth muscle cell cultures, Oncostatin M was a potent
mitogen for cells derived from acquired immunodeficiency syndrome-related Kaposi’s
sarcoma (AIDS-KS). After exposure to Oncostatin M, AIDS-KS cells assumed a
spindle morphology, had an increased ability to proliferate in soft agar, and secreted
increased amounts of interleukin-6. Oncostatin M RNA and immunoreactive Onco-
statin M protein were found in ATDS-KS—derived cell isolates. These results suggest
that Oncostatin M may play a role in the pathogenesis of AIDS-KS.

IDS-RELATED KAPOSI’S SARCOMA
A (AIDS-KS) is a malignant, neoplas-

tic proliferation of mesenchymal
cells. Kaposi’s sarcoma (KS) is the most
common malignancy complicating human
immunodeficiency virus (HIV) infection
and is the source of significant morbidity
and occasional mortality (1). Although effec-
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tive therapy exists for mild to moderate cases
of K8 (2), many patients develop aggressive
cases of the disease that complicate treatment
of both the underlying HIV infection and the
associated opportunistic infections (3). New
therapeutic modalities are needed to more
effectively treat AIDS-KS.

The introduction of routine cell culture of
AIDS-KS-derived spindle cells (AIDS-KS
cells) (4) has made possible the in vitro
study of cytokines that may be involved in
the pathogenesis and regulation of prolifer-
ation of AIDS-KS cells. By means of these
culture systems, interleukin-6 (IL-6) (5) and
the transactivating protein of HIV, Tat (4,
6), were identified as important growth fac-
tors for AIDS-KS—derived cells. A variety of
other cytokines, including interleukin-1B
(IL-1B), tumor necrosis factor—a (TNF-a),
gamma-interferon, transforming growth
factor—8 (TGF-B), platelet factor 4, and
interleukin-4 (IL-4), have been shown to

modulate IL-6 and to have effects on the
proliferative rate of cultured AIDS-KS cells
(6, 7). Alteration in the levels of one or more
of these cytokines has been demonstrated in
patients with various stages of HIV infection
(8), and the potential role of these cytokines
in the pathogenesis and proliferation and
progression of KS has been discussed (8).
Oncostatin M is a 28,000- to 36,000-kD
polypeptide cytokine produced by activated
T lymphocytes and phorbol 12-myristate
13-acetate (PMA)-treated monocytic cell
lines (9-11). Although originally identified
by its ability to inhibit the growth of A375
melanoma cell lines (10), Oncostatin M has
a wide variety of in vitro activities including
growth regulation of malignant and normal
cell lines (9, 11). Oncostatin M also increases
the expression of IL-6 in cultured human
endothelial cells (12). Because of the effects of
Oncostatin M on these cells, its production
by both activated T lymphocytes and PMA-
treated U937 cells, and the belief that AIDS-
KS—derived cells are mesenchymal-derived
cells, we investigated the effects of Oncostatin
M on AIDS-KS—derived cell lines.
Recombinant Oncostatin M at low con-
centrations was found to be one of the most
potent mitogens for AIDS-KS—derived cell
lines (Fig. 1). For example, for the mitoge-
nesis of AIDS-KS cell lines the half-maximal
concentration of Oncostatin M was ~2 ng/
ml of medium (70 pM) in short-term cul-
ture. Long-term cultures of AIDS-KS cells
show that the optimal concentration for
proliferation is approximately 250 pg/ml
(6). These results are less than the half-
maximal concentration for mitogenesis of
approximately 20 ng/ml for IL-1f and
TNF-o. Similar to the effects of Oncostatin
M on endothelial cells, mitogenesis of KS
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Fig. 1. Increased proliferation of AIDS-KS cells
in culture by Oncostatin M. Six AIDS-KS cell
lines (KSL1, KSL2, KSL4, KSL5, KSL6, KSL7)
were exposed to recombinant Oncostatin M at
concentrations from 1 to 1500 ng/ml in serum-
free media; representative data from one cell line
(KSL4) performed in quadruplicate are presented
(mean * SD). Proliferation was measured by
[®H]thymidine incorporation over 18 hours, and
proliferation assays were performed as described
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Fig. 2. Relationship of increased AIDS-KS cell
proliferation with Oncostatin M to secreted IL-6.
The proliferation of four cell lines was measured
by thymidine incorporation at five concentrations
of Oncostatin M. Each cell isolate was tested in
quadruplicate (Fig. 1). IL-6 levels were quantified
on the pooled quadruplicate supernatants using
an IL-6-specific enzyme-linked immunosorbent
assay (5). The mean of the proliferation of the
four cell isolates and mean of the corresponding
IL-6 levels are plotted (circles). The first-order
regression line (solid) and 95% confidence inter-
vals (dotted lines) are shown.

cells is associated with increases in IL-6
secretion (Fig. 2). However, although an-
tisense IL-6 molecules inhibit IL-1 and
TNF-induced mitogenesis completely, an-
tisense IL-6 oligonucleotides inhibit ap-
proximately 50% of the mitogenic effects of
Oncostatin M (13). This result suggests that
only part of the effects of Oncostatin M may
be modulated by IL-6 and that other mech-
anisms not dependent on IL-6 may also be
involved.

Fig. 3. Morphologic effects of Oncostatin M on
freshly cloned AIDS-KS cells. (A) Normal aortic
endothelia. (B) Fresh KSL2 cells (passage 2)
isolated on gelatin in the presence of media
lacking endothelial growth supplement (Collabo-
rative Research, Boston, Massachusetts), heparin,
conditioned media, or recombinant Oncostatin
M. (C) The same isolate as grown with media and
recombinant Oncostatin M (250 pg/ml). (D)
Normal smooth muscle cells. (E) Cells from (B)
harvested by trypsin, split evenly, and replated in
the same media. (F) Trypsinized cells simultane-
ously replated in the presence of Oncostatin M
(250 pg/ml).
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Table 1. Number of colonies of AIDS-KS cells in soft agar with Oncostatin M, IL-1B, or TNF-a.
Results are given for two experiments. Values represent the number of colonies of KSL1 cells in
soft agar. Concentration of IL-18 and TNF-a was 200 ng/ml; TNTC, too numerous to count. Cells
(5 x 10%) were suspended in 1 ml total volume of 0.3% agar with 30% fetal bovine serum, media,
and Oncostatin M. The semisolid agar was layered onto 0.5% hard agar and incubated on scored
petri dishes in a humidified, 5% CO, atmosphere at 37°C. Colony formation was counted with a
dissecting microscope. Clusters of more than 20 cells were considered colonies.

Oncostatin M (ng/ml)

Days wg  NE
0 2 10 50 250
3 0,0 26,14 27,25 27,39 4,42 10,13 55
7 5.4 110,74 141,145 140,162 198,236 10,10 12,42
10 1412 112,108 200,194 300,325  TNTC 20,10 12,12

Oncostatin M also changed the morphol-
ogy of AIDS-KS cells in culture. Fresh,
primary KS-derived cells isolated in the ab-
sence of Oncostatin M and other mitogens
have a cobblestone-like, round shape char-
acteristic of endothelial cell cultures. These
cells grow poorly and do not survive in
long-term culture. In contrast, KS cells iso-
lated in the presence of Oncostatin M are
spindle-shaped like smooth muscle cell cul-
tures (Fig. 3) and proliferate readily. This
spindle shape is indistinguishable from the
morphology of AIDS-KS cells in histologic
sections. When cell lines grown in the ab-
sence of Oncostatin M are replated in media
containing Oncostatin M, the cells immedi-
ately assume the spindle morphology with
frequent development of vertical plumes of
semiattached cells.

These observations suggested that Onco-
statin M may be important in maintaining
the transformed phenotype of AIDS-KS-
derived cells. To examine this possibility, we
plated AIDS-KS—derived cells at low con-
centration in semisolid agar. Spreading
sheets of KS cells were observed in cultures
containing Oncostatin M (Table 1), and the
density and rate of growth were dependent
on the concentration of Oncostatin M. Al-
though some growth was observed in the
cultures without Oncostatin M, growth of
the cells in semisolid agar was enhanced by
Oncostatin M but not by IL-18 or TNF-a.

The proliferative effects of Oncostatin M
on AIDS-KS-derived cells are completely
different from the effects of Oncostatin M
on other normal human mesenchymal cell
cultures examined. This result was not an-
ticipated since Oncostatin M increases IL-6
production in endothelial cells (12). For
example, normal human aortic endothelia,
aortic smooth muscle, and umbilical vein
endothelia were all inhibited by low (<1
pmol/liter) concentrations of Oncostatin M
(6). This effect was specific and not related
to the toxicity of the recombinant Oncosta-
tin M preparation used because a neutraliz-
ing monoclonal antibody (MAb) to Onco-
statin M (OM2) partially blocked the inhib-

itory effects of the recombinant protein.

To investigate whether Oncostatin M was
synthesized in KS cells, we examined the
expression of Oncostatin M RNA and pro-
tein in AIDS-KS-derived cells. Northern
(RNA) blot analysis revealed a single 2-kb
messenger RNA in cells from the AIDS-KS
cell line KSL1 and immunoreactive Onco-
statin M on chemiluminescence-enhanced
protein immunoblots. Utilizing an Oncosta-
tin M-specific MAb [immunoglobulin G2b
(IgG2b) isotype, OM3], we detected
36,000-, 32,000-, and ~28,000-kD pro-
teins in AIDS-KS cell lines KSL1 and
KSL4. In the AIDS-KS cell line KSL2 and
the control U937 cells, only the ~32,000-
kD protein was observed. These bands were
competed away in the presence of excess
exogenous Oncostatin M and were not ob-
served in the absence of primary antibody
(Ab). Two other KS cell isolates examined
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Fig. 4. Effects of a neutralizing MAb to Onco-
statin M on basal proliferation of AIDS-KS cells
and their response to exogenous Oncostatin M.
AIDS-KS cells (KSL5) were plated (Fig. 1) in
quadruplicate in serum-free media in the presence
(solid bars) or absence (open bars) of Oncostatin
M (20 ng/ml). Increasing concentrations of a
neutralizing MAb, OM2, were added. Basal pro-
liferation in the absence of Oncostatin M and the
MAD is shown (control, crosshatched bar). A
mouse isotype IgG1 control MAb had no effect
(14).
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did not have immunoreactive protein. We
also looked to see if endogenous Oncostatin
M could act in an autocrine growth loop.
Although the neutralizing Oncostatin M
MADb OM2 had no significant effect on basal
proliferation of KSL1 cells at concentrations
up to 5 pg/ml (Fig. 4), it reduced by more
than 90% the stimulation of proliferation
seen with 20 ng/ml 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 one of the most potent mitogens for
KS cells in culture and has several properties
not shared by other mitogens such as IL-18
or TNF-a. These properties include the
ability to transform the morphologic 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. Because of the restricted
response of KS cells to the HIV Tat protein
(4), IL-6 (5), and Oncostatin M, we suggest
that these cells may be functionally different
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 may 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-
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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 other activating factors for mono-
cytes and T lymphocytes could increase the
production of Oncostatin M. This situation
could amplify the effects of the HIV Tat
protein and 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 AIDS-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 Affinity Converter for the LIF Receptor

DaviD P. GEARING,* MICHAEL R. COMEAU, DELLA J. FRIEND,
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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 LIF receptor. A complementary DNA was isolated that
encodes the high-affinity 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 to the signal transducing subunit of the IL-6
receptor, gpl30. 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.

EUKEMIA INHIBITORY FACTOR

I (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, K4y = 1 x 107! to
20 x 107 M) and low affinity (Ky = 1 X
107% to 3 x 107° M) (3). LIF receptor
c¢DNA 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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