
Different Soluble Forms of the Interleukin-6 Family Signal
Transducer gp130 Fine-tune the Blockade of Interleukin-6
Trans-signaling*

Received for publication, January 29, 2016, and in revised form, May 13, 2016 Published, JBC Papers in Press, May 23, 2016, DOI 10.1074/jbc.M116.718551

Janina Wolf‡1, Georg H. Waetzig§, Athena Chalaris‡, Torsten M. Reinheimer¶, Henning Wege�, Stefan Rose-John‡,
and X Christoph Garbers‡2

From the ‡Institute of Biochemistry, Kiel University, 24098 Kiel, Germany, §CONARIS Research Institute AG, 24118 Kiel, Germany,
¶Non-Clinical Development, Ferring Pharmaceuticals A/S, 2300 Copenhagen, Denmark, and the �Department of Internal Medicine,
University Medical Center Hamburg-Eppendorf, 20246 Hamburg, Germany

Soluble forms of the IL-6 receptor (sIL-6R) bind to the cyto-
kine IL-6 with similar affinity as the membrane-bound IL-6R.
IL-6�sIL-6R complexes initiate IL-6 trans-signaling via activa-
tion of the ubiquitously expressed membrane-bound �-receptor
glycoprotein 130 (gp130). Inhibition of IL-6 trans-signaling has
been shown to be favorable in numerous inflammatory diseases.
Furthermore, different soluble forms of gp130 (sgp130) exist
that, together with the sIL-6R, are thought to form a buffer for
IL-6 in the blood. However, a functional role for the different
sgp130 forms has not been described to date. Here we demon-
strate that the metalloproteases ADAM10 and ADAM17 can
produce sgp130 by ectodomain shedding of gp130, even though
this mechanism only accounts for a minor proportion of sgp130
in the circulation. We further show that full-length sgp130 and
the shorter forms sgp130-rheumatoid arthritis-associated pep-
tide (RAPS) and sgp130-E10 are differentially expressed in a
cell type- specific manner. Remarkably, full-length sgp130 is
expressed by monocytes, but this expression is completely lost
during differentiation into macrophages in vitro. Using geneti-
cally engineered murine pre-B cells that secrete different forms
of sgp130, we found that these secreted sgp130 proteins are able
to prevent trans-signaling-driven cell proliferation of the secret-
ing cells, whereas conditioned supernatant from these cells
failed to block IL-6 trans-signaling in other cells. Thus, our data
suggest that the different sgp130 forms are released from cells
into their immediate surroundings and appear to form cell-as-
sociated gradients to modulate their own susceptibility for IL-6
trans-signaling.

IL-6 is a pleiotropic cytokine with pro- and anti-inflamma-
tory functions (1– 4). Classic signaling via the membrane-

bound IL-6R3 accounts for the regenerative properties of IL-6;
trans-signaling via sIL-6R is rather pro-inflammatory (2, 4).
In both cases, IL-6 binds initially to the (s)IL-6R, and the
IL-6�(s)IL-6R complex recruits two signal-transducing gp130
�-receptors. This final IL-6�(s)IL-6R/gp130 complex formation
initiates the activation of intracellular signaling pathways,
among them Jak/STAT, PI3K, MAPK, and Src/Yes-associated
protein (YAP) (5).

Soluble forms of gp130 (sgp130) exist in human serum at
concentrations of up to 400 ng/ml (6) and have been shown to
act as natural inhibitors of IL-6 trans-signaling (7), although, at
high concentrations, they can interfere with classic signaling as
well (8). Interestingly, specific inhibition of trans-signaling with
an Fc-dimerized version of sgp130 (sgp130Fc) has been shown
to be beneficial in numerous inflammatory diseases and cancer
(9, 10). sgp130Fc is currently in clinical development as a drug
candidate to treat inflammatory bowel diseases (11).

gp130 is a transmembrane protein with three N-terminal Ig-
like domains followed by three fibronectin-type III domains.
sgp130 forms with molecular weights of 50, 90, and 110 kDa
have been detected in human body fluids (6, 12, 13). Where and
how these three proteins act mechanistically has not been
explored in detail. The different forms of sgp130 most likely
derive from differentially processing of the gp130 mRNA,
although limited proteolysis of the membrane-bound gp130 is
another possible mechanism for sgp130 generation (14). The
smallest variant, comprising domains 1–3 of full-length gp130,
is called sgp130-RAPS and corresponds to the 50-kDa variant
(12). Because of a unique C terminus of sgp130-RAPS, the
occurrence of the protein in vivo could be verified using mono-
clonal antibodies recognizing this C terminus (12). sgp130-E10,
which is generated by alternative polyadenylation through the
use of an intronic polyadenylation site, contains domains 1– 4
and has also been shown to exist in human serum with the help
of a selective monoclonal antibody, although it only accounts
for 1–2% of total sgp130 (15). The identities of the 90- and
110-kDa variants are still unclear. Two different variants of full-
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length sgp130 have been described that contain all six extracel-
lular domains of gp130 and would give rise to a soluble protein
within this range (16, 17). However, sgp130 originating from
limited proteolysis would most likely also contain all six extra-
cellular domains and thus could be one of the described iso-
forms. Although recombinant proteins of the different sgp130
variants have been shown to inhibit IL-6 trans-signaling with
varying efficacy, the expression and functions of these variants
are not clear.

In this study, we found that limited proteolysis of gp130 is
only a minor event and does not account for the majority of
sgp130. We further show that primary human immune cells
have different expression profiles of full-length sgp130, sgp130-
E10, and sgp130-RAPS. Intriguingly, monocytes express high
amounts of full-length sgp130, and this expression is com-
pletely lost when monocytes are differentiated into macro-
phages in vitro. Finally, we developed a novel in vitro assay to
compare the ability of the different sgp130 variants to inhibit
IL-6 trans-signaling in a cell-autonomous manner.

Results

gp130 Can Be Shed by ADAM10 and ADAM17, albeit with
Low Efficiency—Limited proteolysis of the IL-6R by the metal-
loproteases ADAM10 and ADAM17 has been studied in much
detail (18 –21). Far less attention has been paid to a possible role
for metalloproteases in the generation of sgp130, probably
because this is generally believed to solely result from alterna-
tive mRNA splicing (2). However, recent studies showed that
metalloproteases participate in the generation of soluble forms
of the leukemia inhibitory factor receptor (LIFR) (22) and of the
IL-27R WSX-1 (23), two other � receptors that are used by IL-6
family of cytokines (24).

To address this question, we stimulated FH-hTERT cells
with the phorbol ester PMA, which activates protein kinase C
and is the strongest known activator of ADAM17, and mea-
sured sgp130 formation in the supernatant of the cells via
ELISA. FH-hTERT cells are immortalized fetal hepatocytes
that express gp130 endogenously. As shown in Fig. 1A, stimu-
lation with 100 nM PMA led to a significant increase in sgp130.
Although pretreatment of the cells with the ADAM10-specific
hydroxamate inhibitor GI did not significantly alter sgp130 for-
mation, chemical inhibition of both ADAM10 and ADAM17
with the double inhibitor GW reduced sgp130 levels back to
baseline. We verified this observation with a second cell line
that expresses gp130 endogenously and found a comparable
PMA-induced increase in sgp130 released from Huh7 cells, a
hepatocarcinoma cell line (Fig. 1B). To exclude a contribution
of alternative splicing in these assays, we pretreated FH-hTERT
cells with the transcription inhibitor actinomycin D and found
no difference in gp130 shedding when the cells were stimulated
with PMA (Fig. 1C).

However, these experiments only show that ADAM17 is, in
principle, able to shed gp130 but not to which extent cellular
gp130 is proteolytically released. To investigate this, we made
use of Ba/F3-gp130-hIL-6R cells. Ba/F3-gp130-hIL-6R cells are
stably transduced with gp130 and the human (h) IL-6R, a well
established substrate of ADAM10 and ADAM17 (20, 21), but
express neither protein endogenously. Stimulation with PMA

resulted again in sgp130 formation (Fig. 1D), but the amounts of
sIL-6R were much higher than those of sgp130 (Fig. 1E).
Accordingly, we detected no reduction of the cell surface levels
of gp130 by flow cytometry (Fig. 1F), whereas IL-6R surface
levels were strongly reduced after PMA treatment (Fig. 1G).
Furthermore, we found that endogenous sgp130 serum levels in
hypomorphic ADAM17ex/ex mice, which have no detectable
ADAM17 activity (25), were similar to those of wild-type mice
(Fig. 1H).

Besides ADAM17, the IL-6R can also be shed by ADAM10,
and the ionophore ionomycin is a strong activator of this pro-
cess (21, 26). To investigate a possible role for ADAM10 in
sgp130 generation, we stimulated FH-hTERT and Huh7 cells
with 1 �M ionomycin. Although we could not detect a signifi-
cant increase in sgp130 released from FH-hTERT cells (Fig.
2A), stimulation of Huh7 cells with ionomycin led to a signifi-
cant increase in sgp130 levels in the supernatant (Fig. 2B). Pre-
treatment of the cells with GI or GW reduced sgp130 to the
level of the vehicle-treated controls, demonstrating that
ADAM10 was also able to release sgp130 from cells. To eluci-
date whether ADAM10 or ADAM17 are also able to shed gp130
without any stimulus, we treated FH-hTERT cells with GI, GW,
or the vehicle DMSO for 150 min and analyzed supernatants via
ELISA. As shown in Fig. 2C, both metalloprotease inhibitors
reduced sgp130 levels, which suggests that at least ADAM10
can cleave gp130 constitutively in this cell line.

In conclusion, we show that gp130 can be shed by ADAM10
and ADAM17. However, gp130 appears to be a weak protease
substrate compared with the IL-6R. At least cleavage by
ADAM17 does not appear to play a significant role in sgp130
generation in vivo, as we found unaltered serum levels in
ADAM17ex/ex mice.

The Three Different Forms of sgp130 Are Expressed in a Cell
Type-specific Manner—Having excluded limited proteolysis as
the major mechanism of sgp130 generation, we sought to ana-
lyze alternative splicing of the gp130 mRNA in greater detail.
To date, three different forms of sgp130 have been described
(reviewed in Ref. 2). We developed an RT-PCR based assay that
is able to distinguish between the mRNAs of the three soluble
and the membrane-bound form of sgp130 (Fig. 3A). As an inter-
nal control, we designed a primer pair that binds within exons 4
and 5 and amplifies all gp130 transcript variants irrespective of
their C terminus (Fig. 3A). The so-called full-length form of
sgp130 contains all six extracellular domains of gp130 and is
generated through incorporation of a novel exon 16* after the
regular exon 15 (16). We designed an oligonucleotide pair that
binds in exons 15 and 16* so that only the full-length form of
sgp130 would be amplified but not any other variant (Fig. 3A).
To detect sgp130-E10, which is generated through the usage of
an alternative polyadenylation site within intron 10, we used
oligonucleotides that bind in exon 9 and intron 10 (Fig. 3A, a
strategy adopted from Ref. 15). sgp130-RAPS, which contains
domains D1-D3 of gp130, is generated via deletion of exon 9
and a premature stop codon because of the resulting frameshift
(12). Thus, we designed oligonucleotides spanning exons 8 –10
to specifically detect mRNA encoding sgp130-RAPS (Fig. 3A).
Importantly, this strategy excludes detection of genomic DNA
or the unprocessed primary RNA transcript of gp130.
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In the next step, we analyzed the expression of the three
different sgp130 forms in primary human leukocytes and
human liver cell lines. To this end, we obtained human periph-
eral blood mononuclear cells, followed by an isolation of differ-

ent subtypes of leukocytes via magnetic cell separation. In addi-
tion, granulocytes were isolated via two different gradients.
Analysis of total gp130 transcripts showed overall comparable
levels, although the amount appeared to be slightly increased in

FIGURE 1. The protease ADAM17 sheds membrane-bound gp130 with low efficiency. A and B, FH-hTERT (A) and Huh7 (B) cells were stimulated with 100 nM

PMA for 2 h or treated with DMSO as a control. Cells were pretreated with 3 �M GI (a specific ADAM10 inhibitor) or 3 �M GW (a specific combined ADAM10/
ADAM17 inhibitor) 30 min prior to PMA stimulation as indicated. The amount of sgp130 in the cell culture supernatant was analyzed by ELISA. C, FH-hTERT cells
were either stimulated with 100 nM PMA for 2 h or treated with DMSO as a control. Where indicated, cells were pretreated with 1 �g/ml actinomycin D (Act D)
30 min prior to stimulation with PMA. The amount of sgp130 in the cell culture supernatant was analyzed by ELISA. D and E, Ba/F3-gp130-hIL-6R cells were
stimulated with 100 nM PMA for 2 h or treated with DMSO as a control. The amount of sgp130 (D) or shIL-6R (E) in the cell culture supernatant was analyzed via
specific ELISAs. F, analysis of proteolytic cleavage of gp130 in DMSO- (dark gray) or PMA-treated (light gray) Ba/F3-gp130 cells by flow cytometry. G, analysis of
proteolytic cleavage of IL-6R in DMSO- (dark gray) or PMA-treated (light gray) Ba/F3-gp130-IL6R cells by flow cytometry. H, analysis of endogenous sgp130 in
wild-type or ADAM17ex/ex mice (n � 3 each) by murine sgp130-ELISA. All ELISA data shown are the mean � S.E. derived from three independent experiments.
Flow cytometry data show one representative experiment of three independent experiments with similar outcomes. *, p � 0.05; ns, not significant.

FIGURE 2. The protease ADAM10 is an inducible and constitutive sheddase of gp130. A and B, FH-hTERT (A) and Huh7 (B) cells were stimulated with 1 �M

ionomycin (Iono) for 1 h or treated with DMSO as a control. Cells were pretreated with 3 �M GI (a specific ADAM10 inhibitor) or 3 �M GW (a specific combined
ADAM10/ADAM17 inhibitor) 30 min prior to ionomycin stimulation as indicated. The amount of sgp130 in the cell culture supernatant was analyzed by ELISA.
C, FH-hTERT cells were incubated with 3 �M GI, 3 �M GW, or DMSO as a control for 1 h. The amount of sgp130 in the cell culture supernatant was analyzed by
ELISA. All ELISA data shown are the mean � S.E. derived from three independent experiments. *, p � 0.05.
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B cells and granulocytes and slightly decreased in monocytes
and macrophages (Fig. 3B). We observed expression of full-
length sgp130 only in B cells, monocytes, and granulocytes but
not in T cells or macrophages (Fig. 3B). Expression of sgp130-
E10 was detected in T cells, B cells, and monocytes but not in
macrophages or granulocytes, whereas sgp130-RAPS was
expressed in all five leukocyte populations examined (Fig. 3B).
All three forms of sgp130 were expressed in the three different
hepatic cell lines Huh7, HepG2, and FH-hTERT (Fig. 3B). As a
control, we analyzed sgp130 expression in HEK293 cells, a com-
monly used cell line originating from human embryonic kidney.
HEK293 cells expressed sgp130-E10 and sgp130-RAPS but not
the full-length form of sgp130 (Fig. 3B).

In conclusion, we observed a distinct expression pattern of
the three different forms of sgp130 in primary human leuko-
cytes but not in human hepatocyte-derived cell lines. The full-
length form of sgp130 (and, to a lesser extent, also sgp130-E10)
appears to be expressed in a cell type-specific manner, whereas
sgp130-RAPS was expressed in all cells examined.

Down-regulation of Full-length sgp130 during Monocyte-to-
Macrophage Transition Occurs Only in Primary Cells—Circu-
lating monocytes migrate to sites of inflammation to differen-
tiate into macrophages, which is an important step in the
resolution of inflammation (27). Therefore, we decided to
investigate the loss of full-length sgp130 mRNA expression
during the monocyte-to-macrophage transition (Fig. 3B) in

FIGURE 3. RNA expression of sgp130 variants. A, schematic of the exon-intron structure of the 5� beginning of all gp130 transcripts and the individual 3� ends
of the three soluble forms of gp130, adapted from Ref. 40. Full-length sgp130 results from an exon insertion, whereas sgp130-RAPS is produced after an exon
deletion. sgp130-E10 is produced when an alternative polyadenylation site after exon 10 is used. Binding sites of oligonucleotides used to specifically amplify
the different transcripts are indicated by arrows. B, RNA expression of the total gp130 transcripts and the three soluble forms of gp130 was analyzed in different
human primary cell types (T cells, B cells, monocytes, macrophages, and granulocytes) as well as in human cell lines (Huh7, HepG2, Fh-hTERT, and HEK293) as
indicated. Amplification of �-actin was used as a control. One representative experiment of three independent experiments with similar outcomes is shown.
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more detail. To this end, we isolated monocytes from human
peripheral blood and cultured them for up to 10 days in the
presence of 100 ng/ml M-CSF, thereby inducing differentiation
into macrophages (Fig. 4A). It has to be noted, however, that

macrophages differentiated via M-CSF treatment may not fully
resemble macrophages generated during inflammation in vivo.
Semiquantitative analysis of mRNA by RT-PCR revealed
sgp130 expression on day 0 of the differentiation process, which
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decreased during the first 2 days and was completely absent
after 3, 7, and 10 days of M-CSF treatment (Fig. 4B). Quantita-
tive (qPCR) analysis demonstrated a 21.9 � 4.0-fold signifi-
cantly higher expression of sgp130 mRNA on day 0 compared
with day 1 of the differentiation process, underlining the rapid
change of sgp130 mRNA expression during the monocyte-to-
macrophage transition (Fig. 4C).

We sought to further analyze this process using a human
monocytic cell line and stimulated THP-1 cells with 100 nM

PMA, which is a well known stimulus to differentiate THP-1
cells into macrophages (Fig. 4D) (28). Both THP-1 cells and
THP-1-derived differentiated macrophages released compara-
ble amounts of sIL-6R, indicating that IL-6 signaling should not
influence gp130 analysis (Fig. 4E). Furthermore, cell viability
did not differ between the two cell types (Fig. 4F). Interestingly,
the amount of gp130 at the cell surface of the differentiated
THP-1-derived macrophages was reduced compared with the
undifferentiated THP-1 cells, as judged by flow cytometry (Fig.
4G), but no significant difference in sgp130 mRNA expression
was detected by qPCR or RT-PCR, suggesting different regula-
tion of these two gp130 mRNAs (Fig. 4H). In conclusion, we
show that the reduction of sgp130 mRNA during the monocyte-
to-macrophage-differentiation induced by M-CSF is a rapid
event in primary human cells but is not reproduced in the
human monocytic cancer cell line THP-1.

Cell-autonomous Secretion of sgp130 Is Sufficient to Block
Proliferation of Ba/F3-gp130 Cells—It is well established that
exogenous addition of recombinant sgp130 or sgp130Fc is able
to block proliferation of Ba/F3-gp130 that is induced by IL-6
trans-signaling (7, 8). However, our data with primary mono-
cytes show that cells can secrete sgp130, possibly to protect
themselves against trans-signaling. “Protection” as used here
does not imply that IL-6 trans-signaling harms cells but that
signaling events triggered by trans-signaling may be undesir-
able in a given context. To study this phenomenon in a con-
trolled in vitro setting, we stably transduced Ba/F3-gp130
pre-B-cells with cDNAs encoding sgp130(Fc) (termed Ba/F3-
gp130-sgp130(Fc) hereafter), sgp130-RAPS(Fc) (termed Ba/F3-
gp130-RAPS(Fc) hereafter), or sgp130-E10(Fc) (termed Ba/
F3-gp130-E10(Fc) hereafter). These cells express membrane-
bound gp130 and therefore respond to stimulation by trans-
signaling with hyper-IL-6 and furthermore secrete the different
isoforms of sgp130 or sgp130Fc, which enabled comprehensive
analysis of the inhibitory capacity of the individual sgp130(Fc)
isoforms when secreted from cells. We first analyzed sgp130
secretion by ELISA (Fig. 5, A and B). All generated cell lines
indeed secreted higher sgp130 amounts compared with the

GFP-transfected controls (Fig. 5, A and B). However, the
amounts of the three sgp130 variants differed between the indi-
vidual cell lines. This might be due to the fact that all trans-
duced cell lines are derived from individual transduced clones
but also reflects that the sgp130 isoforms have different stabil-
ities. Among the Fc-tagged variants, the smallest amount of
sgp130 was detected in the supernatant of Ba/F3-gp130-E10Fc
cells (Fig. 5A), which confirms previous results showing that
the sgp130-E10 variant is rather unstable (15). The same was
observed for the untagged protein variants, where similarly
Ba/F3-gp130-E10 cells secreted the lowest amounts of sgp130
(Fig. 5B).

Ba/F3-gp130 cells, which served as negative control, prolif-
erated in a dose-dependent manner when stimulated with
hyper-IL-6 (Fig. 5C). Ba/F3-gp130-RAPSFc cells showed a
slightly reduced proliferation compared with Ba/F3-gp130 cells
(Fig. 5C). In contrast, Ba/F3-gp130-E10Fc cells proliferated less
when stimulated with the same amounts of hyper-IL-6, and
Ba/F3-gp130-sgp130Fc cells did not proliferate at all at hyper-
IL-6 concentrations up to 100 ng/ml (Fig. 5C).

To not solely rely on the artificially dimerized Fc-tagged
sgp130 proteins, we performed the same experiment with the
Ba/F3-gp130 cells expressing the monomeric sgp130 forms,
which had been shown to inhibit IL-6 trans-signaling, albeit
with reduced efficacy (7). Here Ba/F3-gp130-RAPS cells prolif-
erated less than Ba/F3-gp130-E10 cells (Fig. 5D), and Ba/F3-
gp130-sgp130 cells, which express the longest isoform of
sgp130, showed the strongest reduction of proliferation in
comparison with the other three cell lines (Fig. 5D). Of note, all
cell lines proliferated at high concentrations of 100 ng/ml
hyper-IL-6, indicating that monomeric sgp130 is less efficient
to block IL-6 trans-signaling compared with dimerized
sgp130Fc, as has been shown before with recombinant proteins
(7). Although we were able to block hyper-IL-6-induced prolif-
eration of Ba/F3-gp130 cells with recombinant sgp130Fc in a
dose-dependent manner (Fig. 5E), interestingly, we observed
no inhibition of IL-6 trans-signaling when we transferred
supernatant of Ba/F3-gp130-sgp130, Ba/F3-gp130-RAPS, and
Ba/F3-gp130-E10 cells to Ba/F3-gp130 cells and analyzed pro-
liferation in response to different concentrations of Hyper-
IL-6, suggesting that secreted sgp130 forms some kind of buffer
in close proximity to the cell membrane, which protects against
IL-6 trans-signaling (Fig. 5F) but does not reach sufficient con-
centration in the whole supernatant.

In conclusion, we show that secreted sgp130 from Ba/F3-
gp130 cells is sufficient to block hyper-IL-6-mediated prolifer-
ation of these cells. The three different isoforms vary in their

FIGURE 4. Down-regulation of full-length sgp130 during monocyte-to-macrophage transition. A, differentiation of human monocytes to macrophages
was induced by addition of 100 ng/ml M-CSF for 10 days and verified by bright-field microscopy. B, semiquantitative analysis of sgp130 RNA expression in
human macrophages after different time points of differentiation by RT-PCR. Total gp130 transcripts and the specific full-length variant of sgp130 were
analyzed. Amplification of �-actin was used as a control (Ctrl). C, quantitative analysis of sgp130 RNA expression in human monocytes before and after 1 day
of differentiation to macrophages by qPCR. Expression was normalized to GAPDH expression (mean � S.D., n � 3). D, differentiation of the monocytic cell line
THP-1 to macrophages (THP-1 diff) was induced by addition of 100 nM PMA for 3 days and verified by bright-field microscopy. E, release of sIL-6R over 72 h by
monocytic THP-1 and differentiated THP-1 cells was analyzed by ELISA (mean � S.D., n � 3). F, cell viability of 2500, 5000, or 10,000 THP-1 cells compared with
the same number of differentiated THP-1 cells was analyzed as described under “Experimental Procedures” (mean � S.D., n � 3). RLU, relative light unit. G, cell
surface expression of gp130 was analyzed on THP-1 cells and on differentiated macrophages on day 3. gp130 staining is shown in blue, and control staining to
exclude unspecific antibody binding is shown in black. H, analysis of sgp130 RNA expression in THP-1 cells before and differentiation (diff) by qPCR, where
expression was normalized to GAPDH (mean � S.D., n � 3), and by RT-PCR, where �-actin served as a control. If not indicated otherwise, one representative
experiment of three independent experiments with similar outcomes is shown. *, p � 0.05; ns, not significant.

Characterization of Different sgp130 Proteins

JULY 29, 2016 • VOLUME 291 • NUMBER 31 JOURNAL OF BIOLOGICAL CHEMISTRY 16191



efficacy to block IL-6 trans-signaling, with full-length sgp130
being the most potent inhibitor.

Discussion

Overshooting activities of IL-6 are known to occur in all
inflammatory human diseases. Interestingly, IL-6 signals either
via the membrane-bound or the soluble IL-6R, and these two
modes of signaling have diametrical opposite effects. Inhibition
of trans-signaling has been shown to be sufficient to block dis-
ease progression, leading to the conclusion that the trans-sig-
naling branch of IL-6 signaling is mainly responsible for the
detrimental chronic pro-inflammatory activities of IL-6 (5, 9).

These conclusions stem from the observation that
sgp130Fc, which is an Fc-dimerized version of sgp130, spe-
cifically blocks IL-6 trans-signaling and is highly efficacious
in diverse models of chronic inflammation (3, 5, 7). Interest-
ingly, dimerization increased the efficacy to block signaling
via IL-6/sIL-6R by a factor of 10 –100 compared with mono-
meric sgp130 (7), which might be explained by the homodi-
meric nature of gp130 in the IL-6 signaling complex. Fur-
thermore, gp130 exists as a dimeric preformed cytokine
receptor complex even when no IL-6 is present (29). Classic
signaling can only be influenced by sgp130 under certain
conditions when sIL-6R is present in molar excess over IL-6

FIGURE 5. Implications of the secretion of various sgp130 forms for cell proliferation. A and B, equal amounts of Ba/F3-gp130-GFP, Ba/F3-gp130-
sgp130(Fc), Ba/F3-gp130-sgp130-RAPS(Fc), and Ba/F3-gp130-sgp130-E10(Fc) cells were incubated for 24 h. Supernatants were harvested, and the amount of
sgp130 in the cell culture supernatant was quantified via ELISA (mean � S.D., n � 3). C and D, Ba/F3-gp130 cells stably transduced with various forms of sgp130
were stimulated with increasing amounts of hyper-IL-6 (0.001–100 ng/ml), and cell proliferation was measured after 48 h. Data shown are the mean � S.D. (n �
3 biological replicates) from one representative experiment of three performed with similar outcomes. RLU, relative light unit. E, Ba/F3-gp130 cells were
incubated with either 1, 10, or 100 ng/ml hyper-IL-6 and increasing amounts (0 –1000 ng/ml) of recombinant sgp130Fc, and cell proliferation was determined
after 48 h. F, Ba/F3-gp130 cells stably transduced with sgp130, sgp130-RAPS, or sgp130-E10 as well as Ba/F3-gp130 cells (wild-type) were grown for 48 h, and
their supernatants were used for 48-h cultivation of Ba/F3-gp130 cells in the presence of various amounts of hyper-IL-6. Cell proliferation was measured after
this 48-h incubation with the supernatants. Data are the mean � S.D. of three independent experiments (n � 3 biological replicates each).
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(8). However, correct dosing of sgp130Fc ensures exclusive
blockade of IL-6 trans-signaling (8).

At least three different natural soluble isoforms of sgp130
have been described in human body fluids, which account for
serum levels of up to 400 ng/ml (6). These isoforms have molec-
ular masses of 110, 90, and 50 kDa (12, 16, 17). The latter one
corresponds to sgp130-RAPS, which contains the extracellular
domains D1-D3 and a unique C terminus that arises from alter-
native splicing of the gp130 mRNA (12). The 90-kDa isoform
of sgp130 could represent sgp130-E10, which is generated
through the usage of an alternative intronic polyadenylation
sequence (15). sgp130-E10 contains domains D1-D4, which is
again followed by an unique C-terminal peptide (15). The
nature of the 110-kDa isoform has not been addressed bio-
chemically, but it could represent the full-length isoform of
sgp130, which comprises all extracellular domains. Like
sgp130-RAPS, the full-length form of sgp130 arises from alter-
native mRNA splicing (16, 17). As shown in this study, ectodo-
main cleavage of membrane-bound gp130, which would result
in a full-length sgp130 protein, is not a likely mechanism, as
gp130 is only a weak substrate for the metalloproteases
ADAM10 and ADAM17. It is possible, however, that gp130 can
be cleaved more efficiently by other proteases.

The biological function of the endogenous sgp130 proteins is
not known. When seen in combination with sIL-6R, they could
likely represent a buffer system to prevent that local peaks of
IL-6 have systemic effects. In this context, IL-6 binds to sIL-6R
with 1 mM affinity, and this IL-6�sIL-6R complex binds to
sgp130 with 10 pM affinity and is immediately neutralized
rather than being able to activate a target cell because the
IL-6�sIL-6R�sgp130 complexes form quickly and are biologi-
cally inactive (3, 5, 30). The capacity of this buffer is controlled
by the amount of sIL-6R, as sgp130 is present in molar excess
over sIL-6R (5). Indeed, individuals who are homozygous for
the SNP rs2228145 have elevated sIL-6R levels and reduced
C-reactive protein levels, which is accompanied with a slightly
reduced risk of suffering from coronary heart diseases (31–33).

However, it has not been addressed why three different iso-
forms are present and what their biological impact in terms of
inhibiting IL-6 signaling might be. In this study, we show for the
first time a cell type-specific expression pattern of the three
sgp130 isoforms in primary human immune cells and different
established human cell lines. Most interestingly, although
monocytes express full-length sgp130, this expression is com-
pletely lost during their M-CSF-induced differentiation into
macrophages. It is tempting to speculate that the secreted
sgp130 isoforms form an endogenous, cell-specific, and cell-
autonomous protective system that can block activation of
immune cells via IL-6 trans-signaling. Furthermore, through
the expression of different sgp130 isoforms, cells can fine-tune
this protection in terms of efficacy and stability.

Indeed, our novel Ba/F3-gp130 cell-based assay for sgp130
variant efficacy revealed different capacities of the three sgp130
isoforms to block IL-6 trans-signaling. Cells that were geneti-
cally engineered to secrete full-length sgp130Fc did not prolif-
erate in response to hyper-IL-6, and even secretion of the
monomeric sgp130 largely prevented hyper-IL-6-mediated
proliferation. Secretion of sgp130-E10 and sgp130-RAPS also

showed an inhibitory function, albeit less efficient compared
with the full-length sgp130. Importantly, this protective effect
was absent when conditioned supernatant was transferred to
normal Ba/F3-gp130 cells, indicating that the amount of sgp130
was insufficient to systematically block IL-6 trans-signaling and
that the cell-mediated secretion was important for the protec-
tive function. It can be envisaged that the secretion of specific
sgp130 isoforms leads to a protective gradient in the glycocalyx
of individual cells. In summary, we characterize the expression
and function of three different endogenous sgp130 isoforms
that fine-tune the cellular capacity to prevent activation by IL-6
trans-signaling.

Experimental Procedures

Cells and Reagents—HEK293, HepG2, THP-1, and Phoenix
cells were obtained from DSMZ GmbH (Braunschweig, Ger-
many), Ba/F3-gp130 cells from Immunex (Seattle, WA) (Gear-
ing et al. (42)), and U-937 cells from the ATCC (Wesel, Ger-
many). FH-hTERT cells were kindly provided by Henning
Wege (University Hospital Eppendorf, Hamburg, Germany)
(34), and Huh 7 cells were kindly provided by Gerald Rimbach
(Institute of Human Nutrition and Food Science, Kiel Univer-
sity, Kiel, Germany).

HEK293, HepG2, THP-1, and Phoenix cells were cultured in
high-glucose DMEM (PAA Laboratories, Cölbe, Germany)
supplemented with 10% FBS (PAN Biotech) and penicillin
(60 mg/liter)/streptomycin (100 mg/liter) (Sigma-Aldrich,
Taufkirchen, Germany) under standard conditions (37 °C, 5%
CO2, and water-saturated atmosphere). For Ba/F3-gp130 cells,
10 ng/ml recombinant hyper-IL-6 was added for cultivation.
Expression and purification of hyper-IL-6 were performed as
described previously (35, 36). For Ba/F3-gp130-IL-6R cells (8),
10 ng/ml recombinant IL-6 was added for cultivation, which
was produced as described previously (37).

Huh7 cells were cultivated in RPMI 1640 medium (PAA Lab-
oratories) supplemented with 10% FBS and penicillin (60 mg/
liter)/streptomycin (100 mg/liter) under standard conditions.
FH-hTERT cells were cultivated in high-glucose DMEM con-
taining 10% FBS, penicillin (60 mg/liter)/streptomycin (100
mg/liter), 5 �g/ml insulin (Sigma-Aldrich), and 2.4 �g/ml
hydrocortisone (Sigma-Aldrich).

Recombinant sgp130Fc was expressed and purified as
described previously (7). For flow cytometry, gp130-phyco-
erythrin-labeled antibodies (Abcam, Cambridge, United King-
dom) or IL-6R-allophycocyanin-labeled antibody (Biolegend,
Fell, Germany) were used. The ADAM10-specific inhibitor
GI254023X and the combined ADAM10/ADAM17-specific
inhibitor GW280264X were synthesized by Iris Biotech (Mark-
tredwitz, Germany) (38, 39).

Construction of Plasmids Coding for sgp130, sgp130-RAPS,
or Agp130-E10 and Fc-tagged Variants Thereof—For cloning
sgp130-RAPS and sgp130-E10 into the human expression vec-
tor pcDNA3.1, optimized DNA fragments were amplified by
using GATCAAGCTTAGAACCATGCTGACACTGCAGA-
CATG as forward and GATCGCGGCCGCTCAAAAGGAG-
GCAATGTTGTC (RAPS) and GATCGCGGCCGCTCA-
CAGATACAAACCCTGAAAAT (E10) as reverse primers.
Cloning of the optimized fragment of sgp130 (16) is described

Characterization of Different sgp130 Proteins

JULY 29, 2016 • VOLUME 291 • NUMBER 31 JOURNAL OF BIOLOGICAL CHEMISTRY 16193



in Ref. 40. Cloning of the Fc-tagged variant of sgp130 was
achieved using the specific primers GATCAAGCTTAGAAC-
CATGCTGACACTGCAGACATG (forward) and GATCGC-
GGCCGCCTCGCCCTGGGCGAACTT (reverse). Cloning of
RAPS-Fc is described in Ref. 40) and cloning of sgp130-E10-Fc
in Ref. 15. Subcloning into the vector pMOWS-puromycin was
achieved by restriction of pcDNA3.1 plasmids using HindIII
and NotI, followed by generation of blunt ends by Klenow frag-
ment (Thermo Scientific) and restriction of pMOWS using
PmeI (41).

Retroviral Transduction of Ba/F3-gp130 Cells—Retroviral
transduction of the murine pre-B cell line Ba/F3-gp130 to
obtain stably transfected cells producing the soluble proteins
sgp130 (16), sgp130-RAPS, sgp130-E10, sgp130-Fc, sgp130-
RAPS-Fc, or sgp130-E10-Fc, was described previously (41).
After transduction, cells were resuspended in standard medium
including 10 ng/ml hyper-IL-6. After 48 h, 1.5 �g/ml puromy-
cin was added to select transduced clones.

ELISA—The ELISAs for human sgp130 and sIL-6R as well as
the murine sgp130 were purchased from R&D Systems and
performed according to the instructions of the manufacturer in
ELISA plates (F96 Cert. NUNC MaxiSorp, Thermo Fisher Sci-
entific). For all ELISAs, signal detection was performed after
addition of the peroxidase substrate BM Blue POD (Sigma-
Aldrich) by measurement of absorbance at 450 nm on a plate
reader (Tecan Rainbow, Tecan, Crailsheim, Germany).

Cell Viability Assay—To analyze cell viability and prolifera-
tion, Ba/F3-gp130 cells stably transduced with sgp130 variants
were washed three times with sterile PBS. Cells were resus-
pended in standard DMEM without hyper-IL-6 and seeded into
microtiter plates (5000 cells/well). Hyper-IL-6 was added in
various concentrations as indicated. Cells were cultured for
72 h in a final volume of 100 �l. Cell viability was measured
using Cell Titer Blue Cell viability assay reagent (Promega,
Mannheim, Germany) according to the instructions of the
manufacturer. The resulting signal was detected on a Lambda
Fluoro320 multiplate reader (excitation, 560 nm; emission, 590
nm; BioTek, Bad Friedrichshall, Germany). Alternatively,
supernatants of Ba/F3-gp130 cells stably transduced with vari-
ous forms of sgp130 were harvested and used as a culture
medium for Ba/F3-gp130 cells after supplementation with dif-
ferent amounts of hyper-IL-6. Cell viability was measured as
mentioned above. Furthermore, 2500, 5000 or 10,000 THP-1
cells/well (either undifferentiated or differentiated into macro-
phages) were seeded into 96-well plates, and cell viability was
determined 48 h later as described above.

ADAM Protease Shedding Assays—Cells were seeded in
6-well plates and stimulated with either 100 nM phorbol 12-
myristate 13-acetate (PMA, Calbiochem/Merck Millipore,
Schwalbach, Germany) or 1 �M ionomycin (Sigma-Aldrich) for
2 h in serum-free medium. For protease inhibition studies, GI
or GW (3 �M each (38)) were added 30 min prior to stimulation.
For transcription inhibition experiments, actinomycin D (1
�g/ml, Sigma-Aldrich) and for translation-inhibition experi-
ments, cycloheximide (100 �g/ml, Sigma-Aldrich) were added
2 h before stimulation. Supernatants were used for ELISA
experiments. Cells were analyzed by flow cytometry.

Preparation and Differentiation of Primary Human Cells and
Human Cell Lines—For T cell, B cell, and monocyte enrich-
ment from human blood, peripheral blood mononuclear cells
were isolated by gradient density centrifugation using His-
topaque� 1077 (Sigma-Aldrich). Cells were washed several
times using sterile-filtered Dulbecco’s PBS (pH 7.2) (Biochrom,
Berlin, Germany) including 2 mM EDTA. For preparation of
different cell subtypes, cells were magnetically labeled and iso-
lated using the MACS� technology (Miltenyi Biotec, Bergisch
Gladbach, Germany) according to the instructions of the man-
ufacturer. Here T cells were labeled with CD3 beads, B cells
with CD19 beads, and monocytes with CD14 beads. The purity
of the resulting cell suspensions was confirmed by flow cytom-
etry. For differentiation of human monocytes into macro-
phages, up to 107 cells were seeded in 10-cm plates in 10 ml of
RPMI medium containing 10% FBS, 1 mM sodium pyruvate
(Life Technologies/Thermo Fisher Scientific), non-essential
amino acids (Sigma-Aldrich), 50 �M �-mercaptoethanol (Life
Technologies/Thermo Fisher Scientific), penicillin (60 mg/
liter)/streptomycin (100 mg/liter), and 10 ng/ml human M-CSF
(eBioscience, Frankfurt am Main, Germany) and cultivated
under standard conditions for 10 days. Every 3– 4 days, 30 –50%
of the medium was replaced, including supplementation of
fresh M-CSF.

Granulocytes were isolated by gradient centrifugation of
human blood using 60/70% Percoll (GE Healthcare), followed
by a second gradient centrifugation using 65/70/75/80/85%
Percoll. Granulocytes were found between the 75% and 80%
layer. Ethics approval for this study was obtained from the insti-
tutional review board of the Medical Faculty of Kiel University
(study D 556/15). For in vitro differentiation of THP-1 and
U-937 monocytic cell lines to macrophages, cells were incu-
bated in standard medium including 100 nM PMA for 3 days.

Isolation of RNA and cDNA Synthesis—From all cells, RNA
was isolated according to the instructions of the manufacturer
using the NucleoSpin� RNA kit (Macherey-Nagel, Düren, Ger-
many). 0.2–2 �g of RNA was used for cDNA synthesis by
reverse transcription using random hexamer primers accord-
ing to the instructions of the manufacturer (Thermo Fisher
Scientific).

Analysis of sgp130 Variants by PCR—For analysis of various
splice variants of soluble gp130, primers were designed accord-
ing to Fig. 3A. The sequences were as follows: sgp130 (16), GC-
AGCATACACAGATGAAGGTG forward primer (FP) and
TAAGCTGTAAGGTCCTCGTTGG reverse primer (RP);
sgp130-RAPS, TCCACCCGATCTTCATTCACTG (FP) and
AAGGAGGCAATGTTATCTTCATAGGT (RP); and sgp130-
E10, TCCATCCCATACTCAAGGCTAC (FP) and TCACAG-
ATACAAACCTTGAAAGTCAC (RP). All gp130 transcript
variants were detected with the following primers: GAACAG-
CATCCAGTGTCACC (FP) and CATTTTCTTCCCCTCGT-
TCAC (RP). The primers for amplification of full-length gp130
were AACACATCTGGCCTAATGTTCC (FP) and TACCAC-
TGCTGTGTCCTTCAGT (RP), and the primers for the IL-6R
were GGGACCATGGAGTGGTAGC (FP) and ACTGGTCA-
GCACGCCTCT (RP). The correct sequences of all PCR prod-
ucts were verified by Sanger sequencing (GATC Biotech AG,
Konstanz, Germany). Semiquantitative analysis was performed
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using 1–2 �l of cDNA and Dream Taq polymerase (Thermo
Fisher Scientific) with a starting denaturation of 3 min at 95 °C.
Other parameters, annealing temperatures, and elongation
times depended on the amplified fragments and were chosen
according to the recommendations of the manufacturer. Quan-
titative analysis by qPCR was performed according to the
instructions of the manufacturer using SYBR� Green qPCR mix
(Thermo Fisher Scientific) on a LightCycler� 480 SW 1.5
(Roche Diagnostics).

Analysis of Stimulated Primary Human Cells—Monocytes or
macrophages were stimulated using various amounts of IL-6 or
hyper-IL-6 in serum-free RPMI 1640 medium for 15 min at
37 °C, followed by harvesting of the cells. After two washing
steps with ice-cold PBS, cells were either lysed (buffer con-
tained 50 mM Tris-HCl (pH 7.5), 150 mM NaCl, 1% Triton
X-100, and Complete protease inhibitor mixture from Roche)
and boiled in Laemmli buffer for Western blotting analysis, or
the cells were used for RNA preparation and cDNA synthesis
(see above). Western blotting was performed as described
above.

Flow Cytometry—After stimulation, 0.5–1 � 106 cells were
washed twice with flow cytometry buffer (0.5% BSA/PBS), fol-
lowed by staining against various antigens for 1 h on ice. Mono-
cytes and macrophages were blocked using human TruStain
FcX Fc-receptor blocking solution (Biolegend) prior to staining
according to the instructions of the manufacturer. Antibodies
were diluted in flow cytometry buffer according to the recom-
mendations of the manufacturer. After three more washing
steps and resuspension of cells in flow cytometry buffer, the
presence of cell surface proteins was analyzed using a BD
FACS-Canto II cytometer (BD Biosciences).

Statistical Analysis—Statistical analyses were performed
using GraphPad Prism (GraphPad Software, La Jolla, CA). Data
were analyzed by Student’s t test. Significant differences are
indicated (p � 0.05). Where appropriate, p values for multiple
comparisons were corrected via the Bonferroni correction.
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