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Summary: Interleukin-6 (IL.-6) signal is transduced through a membrane

glycoprotein gp130, which associates with the IL-6 receptor a chain (IL-6Rx)
in the presence of IL-6. We prepared monoclonal antibodies (mAbs) specific to
murine gp130 by immunizing rats and hamsters with a chimeric molecule
consisting of the extracellular domain of murine gpl30 and human
immunoglobulin (Ig) G1 Fe¢ (m130Ig). Furthermore, we developed a
sandwich ELISA for detection of murine soluble gp130 (sgp130) and showed
that sgp130 was present in the ascitic fluids of tumor-bearing mice. Because
sgp130 can inhibit the biclogical activities of the IL-6-related cytokine
subfamily that can enhance anti-tumor immune response and also has both
growth inducing and growth inhibitory activities on various tumors, the
results suggest that sgp130 in tumor-bearing host modulates tumor
progression. © 1994 Academic Press, Inc.

Interleukin-6 (IL-6) is a pleiotropic cytokine acting on a variety of cells (1-3).
I1.-6 receptor consists of a 80 kDa IL-6 binding molecule (IL-6Rx) and a
signal transducer, gp130. Upon IL-6 stimulation, IL-6Ra associates with
gp130 and signal is transduced through gp130 (4, 5 and also see a review 6).
Furthermore, gp130 functions as a common signal transducer for the IL-6
family cytokine, including leukemia inhibitory factor (LIF), oncostatin M
(OSM), IL-11 and ciliary neurotrophic factor (CNTF) (7-9) that not only act on
tumors as either a growth factor or growth inhibitory factor but also
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ABBREVIATIONS: IL, interleukin; SDS-PAGE, sodium dodecyl sulfate-
polyacrylamide gel electrophoresis; ELISA, enzyme-linked immunosorbent
assay; mAb, monoclonal antibody.
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modulate anti-tumor immune response (1-3). Recent work showed that
soluble gp130 (sgp130) is detected in human serum and sgp130 inhibits
signals through membrane-anchored gp130 (10). In this study, we describe
the establishment of monoclonal antibodies (mAbs) against murine gp130
and a sandwich ELISA for murine sgp130. Furthermore, we show the
presence of sgp130 in the ascitic fluids of tumor-bearing mice.

MATERIALS AND METHODS

Cell lines. An IL-3-dependent murine pro B-cell line, BAF-B03 (11) and its
stable transformant, BAFmM130 (12), expressing murine gp130 were
maintained in RPMI1640 medium supplemented with 10% fetal calf serum
and 10% conditioned medium from WEHI-3B cells as a source of IL-3. For
the maintenance of BAFm130, 1 mg/ml of G418 was added to the medium. A
human embryonic kidney-derived cell line, 293T was maintained in DMEM
medium supplemented with 10% fetal calf serum.

Preparation of m130Ig and m80Ig chimeric proteins. A chimeric molecule
consisting of the extracellular domain of murine gp130 and human
immunoglobulin (Ig) G1 Fc (termed as m130Ig) was prepared from the
culture supernatants of 293T cells that were transfected with pCDMm130Ig
by the calcium phosphate precipitation method (12,13). A chimeric molecule
consisting of the extracellular domain of murine 1L-6 Ro and human
immunoglobulin (Ig) G1 Fc (termed as m80Ig) was also prepared from the
culture supernatant of 293T cells transfected with pCDMm80Ig. m130Ig and
m80Ig were affinity purified with protein A-Sepharose column (Pharmacia)
from the culture supernatants (13). Protein contents were estimated from
their absorbance, based on a value of 10.0 for A280 of the 1% solution.
Preparation of monoclonal antibodies against murine gp130. Armenian

hamster and Wistar rat were immunized weekly with 100ug of m130Ig.
Spleen cells were fused with murine plasmacytoma XA653 using
ployethylene glycol 1500, and hybridomas were established by conventional
HAT selection as described previously (14). Hybridomas producing anti-
murine gpl130 mAbs were selected by FACS analysis. A hamster anti-murine
gp130 mAb, HMB1 and rat anti-murine gp130 mAbs, RMB1, RMB2, RMf3,
RMp4 were established and purified by Ampure PA column (Amersham).
Immunoprecipitation and immunoblotting. Proteins in the ascites of tumor-

bearing mice were immunoprecipitated with HMB1. The immunoprecipitate
was resolved to 4-20% SDS-PAGE and transferred to Immobilon (Millipore).

The Immobilon filter was immunoblotted with the mixture of RM33 and
RMpB4. Immunoreactive proteins were visualized using an enhanced
chemiluminescence detection system (Amersham).

ELISA for the detection of murine sgp130. 96-well ELISA plates were coated
with HMB1 (5ug/ml) at 100 pul/well. The plates were left overnight at 4°C. After
blocking with PBS containing 5% (w/v) non-fat milk, test samples were added
to each well and incubated for 2 hours at 37°C. After washing with PBS
containing 0.05% Tween 20, RMB4 (5ug/ml) was added to each well and the
plates were incubated for 2 hours at 37°C followed by washing as described
above, and 2000-fold diluted alkaline phosphatase-conjugated goat anti-rat
IgG ( Zymed ) was added to each well. The plates were then incubated for 2
hours at 37°C. The color development was performed with phosphatase

substrate (Sigma). Absorbance at 405nm was measured with an automated
ELISA reader.
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FACS analysis. Cells were incubated with the culture supernatant
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containing mAbs for 20 minutes on ice and washed three times with PBS
containing 2% fetal calf serum and 0.02% NaNg3. The cells were then incubated

with fluorescein-conjugated mouse anti-rat IgG (Tago) or fluorescein-

conjugated goat anti-hamster IgG (Zymed) for 20 minutes on ice.

After washing three times, cells were evaluated for membrane

immunofluorescence using a FACScan (Becton Dickinson).

RESULTS AND DISCUSSIONS

To prepare mAbs against murine gpl130, we made a chimeric molecule

consisting of the extracellular domain of murine gpl130 and human

immunoglobulin (Ig) G1 Fc (m130Ig) (Fig.1a). By immunizing hamsters and
rats with m130lg, we obtained one hamster (HMp1) and four rat (RMf1,
RMpB2, RMB3 and RMB4) mAbs to murine gp130. Fig.1b shows that one of
mAbs to murine gp130, RMp1 reacted with m130Ig but not m8&0Ig, showing
the specificity of RMp1. Essentially the same results were obtained with other
four mAbs (data not shown). Furthermore, FACS analysis showed that these
mAbs against m130Ig reacted with BAFm130 cell line that expresses murine
gp130 but not a gp130-negative parent cell line, BAF-B03 (Fig.2). Utilizing
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Fig. 1. Western blotting of m80lg and m130Ilg.
Culture supernatants of 293T cells transfected with either pPCDMm80lg (a, b;
lane 1) or pPCDMm130Ig (a, b; lane 2) were incubated with protein A-
Sepharose beads. The beads were extensively washed with PBS containing
0.05% Tween 20 and boiled in an equal volume of sample buffer. The eluted
sample was subjected to SDS-PAGE and transferred to Immobilon. The

Immobilon filter was then immunoblotted with alkaline phosphatase-
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conjugated goat anti-human IgG antibodies (a). The same eluted sample was
subjected to SDS-PAGE and transferred to Immobilon. The Immobilon filter

was then immunoblotted with RMB1 (b). The arrowheads indicate m130Ig.
Molecular weight markers on the left are in kilodaltons.

Fig.2. FACS analysis of cell surface murine gp130 by HMB1 and RMB1.

BAFmM130 cells were incubated with the culture supernatant containing

HMQpB1 (a) or RMB1 (b) for 20 minutes on ice and washed three times with PBS
containing 2% fetal calf serum and 0.02% NaNg. The cells were then

incubated with fluorescein-conjugated mouse anti-rat IgG or fluorescein-

conjugated goat anti-hamster IgG for 20 minutes on ice. Dashed and solid
lines show the staining with anti-murine gp130 mAbs and control IgG,

respectively.
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these mAbs, we attempted to develop an ELISA system for the detection of
murine sgpl30. We used HMf1 as capture of sgp130 and the mixture of RMA33
and RMpB4 as the detector antibody. Fig.3 shows that m130Ig could be
detected at a concentration of as low as 100ng/ml. The specificity of the ELISA
was confirmed because m80Ig was not detected (Fig.3).

Utilizing the ELISA system described above, we measured amounts of
sgp130 in mice bearing plasmacytoma, XA653. Fig.4 shows that large
amounts of sgp130 were detected in the ascitic fluids in 7 out of 17 tumor-
bearing mice. No measurable level of sgp130 was detected in normal murine
sera (data not shown). Furthermore, sgp130 protein was detected by western
blotting utilizing anti-murine gp130 mAbs: Fig.5 shows the presence of
sgp130 proteins with molecular weight of around 100 kDa in the ascitic fluids
of tumor-bearing mice.
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Fig. 3. Standard curves for the ELISA for murine sgp130.

96-well ELISA plates were precoated with Sug/ml of HMB1. Purified m130Ig
(@) or m80Ig(0) that was diluted with various concentrations in PBS was
added. ELISA was performed as described in MATERIALS AND
METHODS. Averages of duplicate measurements are shown.

Fig.4. Soluble gp130 levels in the ascitic fluids of plasmacytoma bearing mice.
Murine sgp130 levels were measured by the ELISA. Averages of duplicate
measurements are shown.

Fig. 5. Western blotting of murine sgp130 in the ascitic fluids.

100pl of acites was immunoprecipitated with HMB1-conjugated Sepharose
beads. The beads were extensively washed with PBS containing 0.05% Tween
20 and boiled in an equal volume of sample buffer. The eluted sample was
subjected to SDS-PAGE and transferred to Immobilon. The Immobilon filter
was then immunoblotted with the mixture of RMB3 and RMp4. The
arrowhead indicates murine sgp130. Molecular weight markers on the left
are in kilodaltons.
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Soluble cytokine receptors modulate the biological activity of cytokines:
most soluble cytokine receptors act as a competitive inhibitor, whereas some
are agonistic and in certain cases, the complex of cytokine and its soluble
cytokine receptor exert different biological activity from the original cytokine
(6,15). Because cytokine regulates immune response, hematopoiesis and
inflammation and acts as a growth factor or a growth inhibitory factor for
various tumor cells, soluble cytokine receptor may affect tumor progression
by either modulating the host defense reaction against tumor or by directly
acting on tumor growth. Soluble IL-6Rxa was shown to potentiate the
biological activities of IL-6. In contrast, sgp130 inhibits functions of the IL-6
family cytokine and may impair the host defense reaction. 1L-6 enhances the
generation of cytotoxic T lymphocytes and anti-tumor response (1-3). IL-6,
LIF and OSM upregulate the expression of ICAM-1 on melanoma cells (16-
18). The high expression of ICAM-1 on the melanoma cells was shown to
enhance anti-tumor response and reduce metastasis. IL-6, II.-11, LIF, OSM
and CNTF are growth factor for myeloma (3,19,20). On the other hand IL-6,
LIF and OSM act as growth inhibitory factor for several tumor cells, such as
myeloleukemic cells and breast carcinoma (1-3,21). Therefore, sgp130 may
modulate the tumor progression by impairing host anti-tumor response or
directly affecting the tumor growth. There are evidence that soluble cytokine
receptors are related to inflammatory disease and malignancy. For example,
soluble IL-2Ra and soluble erythropoietin receptor were found in the serum
of some patients with ovarian cancer and acute erythropoiesis, respectively.
The elevated levels of sIL-6Ra were found in the serum of HIV-infected
patients and aged autoimmune-prone mice (15). The ELISA system for the
detection of murine sgp130 described in this study should be useful for
further understanding the biological significance of sgp130 in health and
disease in relation to IL-6-related cytokines.
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