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Targeting the major
pro-in�ammatory interleukin-6-
type cytokine receptor gp130
by antagonistic single
domain antibodies
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Britta Lipinski3, Thi Hong Hue Tran3, Pia Metzenmacher1,
Richard Kunze1, Felix Geyer2, Stefan Zielonka3,
Doreen M. Floss1, Harald Kolmar2, Jens M. Moll1

and Jürgen Scheller1*

1Institute of Biochemistry and Molecular Biology II, Medical Faculty, Heinrich-Heine-University,
Düsseldorf, Germany, 2Applied Biochemistry, Institute for Organic Chemistry and Biochemistry,
Technical University of Darmstadt, Darmstadt, Germany, 3Biomolecular Immunotherapy, Institute for
Organic Chemistry and Biochemistry, Technical University of Darmstadt, Darmstadt, Germany
Introduction: Although Interleukin (IL)-6-type cytokine signaling is critical for
maintaining the body's homeostasis, aberrant signaling has been observed in
numerous diseases including autoimmunity and cancer. Currently, all approved
biologics that inhibit IL-6-type cytokines speci�cally target the key pro-
in�ammatory mediator IL-6 or its receptor (IL6R). Historically, direct inhibition
of glycoprotein 130 (gp130)—the shared transmembrane receptor for IL-6-type
cytokines—was avoided due to concerns that broad suppression might cause
more harm than bene�t. However, this view is being reconsidered in light of the
clinical success of Janus kinase (JAK) inhibitors, which broadly disrupt cytokine
signaling, including pathways mediated by gp130.

Methods: Here we developed four single domain antibodies (sdAb), consisting
out of a camelid-derived nanobody and a human Fc-fragment, and
characterized them by direct protein interaction analysis, epitope binding,
epitope binning, as well as inhibition of cytokine-induced stimulation and
proliferation of appropriate Ba/F3 cell lines and trans-migration in HT-29 cells.

Results: The four sdAb-Fc constructs GP01-, GP11- GP13- and GP20-Fc bind
directly to gp130 in the cytokine binding module (CBM) and largely inhibit IL-6-
type cytokine signaling by interfering with the high-af�nity binding site of IL-6, IL-
11, CLCF1, CT1, CNTF, OSM and LIF. Furthermore, we functionally demonstrate
the inhibitory effect of the selected nanobodies in cell-based transmigration
assays of the human colorectal cancer cell line HT-29.

Discussion: In summary, our study has identi�ed and characterized four novel
inhibitory high-af�nity gp130 nanobodies with potential for use in cytokine-
dependent autoimmunity or cancer therapy.
KEYWORDS

IL-6-type cytokines, glycoprotein 130, single domain antibody, inhibitor, in� ammation
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1 Introduction

In the complex landscape of cellular communication, cytokines
stand as pivotal signaling molecules orchestrating diverse physiological
processes, from immune response modulation to tissue development
and homeostasis. The trans-membrane b-receptor glycoprotein 130
(gp130) serves as a common signal transmitter for cytokines belonging
to the interleukin (IL)-6-type cytokine family (1).

At its core, gp130 represents a transmembrane protein equipped
with an extracellular and a cytoplasmic domain that receives and
transmits signals upon cytokine binding. The versatility results from its
association with a spectrum of different cytokines, including IL-6, IL-
11, IL-27, leukemia inhibitory factor (LIF), oncostatin M (OSM),
cardiotrophin-1 (CT-1), cardiotrophin-like cytokine factor 1
(CLCF1), and ciliary neurotrophic factor (CNTF) (2, 3). IL-6 and IL-
11 are signaling viagp130 homodimers with the need of initial binding
to membrane-bound or soluble IL-6 and IL-11 a-receptors (IL-6R, IL-
11R) which is referred to as classic- or trans-signaling, respectively (4,
5). All other cytokines form signal-transducing receptor heterodimers
consisting of gp130 and one of the b-receptors OSMR, LIFR or WSX-1.

Within the IL-6 family, binding of a cytokine to its receptors
generally follows the same steps. The cytokine binds via site I to the
a-receptor (IL-6R for IL-6, IL-11R for IL-11, CNTFR for CNTF and
EBI3 for IL-27_p28). CLCF1, CT-1, LIF and OSM do not rely on a-
receptor binding to interact with the b-receptor. Subsequently, all
IL-6-type cytokines bind via site II to the �rst b-receptor. With the
exception of IL-27 and IL-31, this initial high af�nity interaction
occurs with the cytokine binding module (CBM, domains 2 and 3
(D2/D3)) of gp130. For IL-27, the high af�nity binding is formed by
the CBM (D1/D2) of IL-27R. To form the active signaling receptor
complex, these intermediate complexes recruit a second b-receptor
via the low af�nity binding site III of the cytokine. In detail, IL-6, IL-
11 and IL-27 bind to D1 of gp130, CNTF, CT-1, CLCF1, LIF and
OSM to D3/4 of LIFR and OSM to D2/3 of OSMR (5).

Through these partnerships, gp130 acts as a transmitter for
extracellular signals to relay intracellular messages, triggering
various downstream pathways such as the Janus kinase (JAK)-
signal transducer and activator of transcription (STAT),
extracellular signal-regulated kinase (ERK), and phosphoinositide
3-kinase (PI3K) pathways (6, 7). These signaling pathways result in
the control of crucial biological responses ranging from immune
regulation to hematopoiesis, neuronal survival and tissue repair.

Exploring the diverse roles of gp130-associated cytokines reveals
their signi�cance in both health and disease. Dysregulation of gp130
signaling has been implicated into many pathological conditions,
including chronic in�ammatory diseases, autoimmune disorders, and
cancer, highlighting the therapeutic potential of targeting this signaling
axis (8). To date, all approved biologics for blocking IL-6-type cytokines
are directed against IL-6 or the IL-6R to selectively inhibit classic- and
trans-signaling of the major pro-in�ammatory cytokine IL-6 (9, 10). In
addition, all other antibodies in pre-clinical and clinical development
are also speci�cally directed against a single IL-6-type cytokine. These
include the potentially anti-�brotic and anti-aging IL-11 inhibitory
antibody BI 765423, which has just entered Phase 1 (Clinical Trail ID:
NCT05658107) (11, 12), and the potentially anti-cancer IL-27
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inhibitory antibody SRF388 (Clinical Trail ID: NCT04374877) (13).
Approaches to target other cytokines like LIF (14) and OSM (15), or
the OSMR (16) did provide promising data for anti-tumorigenic effects,
but have not yet reached clinical studies. Same for the small molecule
sc144, which is inducing the internalization of gp130 and interfering
with the phosphorylation of STAT3. This inhibitor is widely used in
pre-clinical cancer studies but has not been approved in clinical studies
to date (17–19). Another approach involves the development of a
monoclonal antibody that disrupt gp130-mediated signaling, thereby
attenuating downstream signaling and disease progression in a
rheumatoid arthritis (RA) mouse model (20) or in myeloma growth
(B-R3) (21). The overall severe phenotypes from global and conditional
gp130 de�cient mice (22) may suggest that targeting gp130 will have
more deleterious than bene�cial effects. However, this paradigm has
generally been broken with the approval of small molecules broadly
blocking cytokine-receptor associated JAKs. These inhibitors do not
only interfere with gp130 receptor signaling but also with other
cytokine receptor classes that also use JAKs as central kinases,
including interferon-, erythropoietin-, and growth hormone-
signaling. Already 10 JAK inhibitors have been approved by different
healthcare authorities for the treatment of various diseases such as
rheumatoid arthritis, ulcerative colitis, Crohn’s disease, Myelo�brosis
and others (23–25).

Therefore, the development of �rst-in-class nanobodies that
largely block gp130 signaling may be an attractive novel approach
for future anti-in�ammatory and anti-�brotic therapies, additionally
taking advantage of the manifold bene�cial properties of single
domain antibodies (sdAbs) (26–28). Moreover, inhibition of gp130
signaling holds potential in oncology, where aberrant cytokine
signaling contributes to tumor progression and immune evasion
(29–31). By dampening cytokine-driven tumor-promoting
in�ammation, gp130 inhibition may enhance the ef�cacy of cancer
immunotherapy and sensitize tumors to conventional treatments
(32). However, careful consideration of potential side effects,
including immunosuppression and adverse effects on tissue
homeostasis, is paramount in the development of gp130-targeted
therapies to ensure their safety and ef�cacy in clinical settings (33).
Ongoing research efforts aim to further elucidate the complexities of
gp130 signaling and re�ne therapeutic strategies to harness its
therapeutic potential while minimizing off-target effects.

Our study describes the development of camelid-derived
antagonistic sdAbs directed against the CBM of gp130 with
potential for therapeutic application in gp130-dependent diseases.
Due to their mode of action, gp130 binders speci�cally inhibit IL-6-
type cytokines that use site II for high-af�nity binding of gp130, i.e.,
IL-6, IL-11, LIF, OSM and CNTF, but not IL-27.
2 Results

2.1 Development of heavy chain antibodies
targeting gp130 from an immunized llama

The adaptive immune system of camelids comprises antibodies
devoid of light chains referred to as heavy chain-only antibodies
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(hcAbs). In contrast to canonical antibodies composed of heavy and
light chains, only a single variable domain of the heavy chain is
required for antigen binding which is named variable domain of the
heavy chain of a heavy chain-only antibody (VHH) or nanobody (dark
blue, Figure 1A) (26). Due to their favorable properties including ease
of production and high modularity, VHH domains are currently being
exploited for various different scienti�c and therapeutical approaches
(34). In this study, a llama was immunized with the recombinant
human extracellular domain (ECD) of gp130 fused to the human Fc
region. Subsequently, a VHH library was constructed based on total
RNA and generated cDNA of the llama peripheral blood mononuclear
cell repertoire using yeast surface display technology. Fluorescence-
activated cell sorting enabled the enrichment of an antigen binding
population (Supplementary Figure S1A). After sorting, sequencing
revealed four clonotypes harboring seven unique sequences in total,
referred to as GP01, GP06, GP11, GP12, GP13, GP14 and GP20
(Supplementary Figure S1B). The respective paratopes were genetically
grafted onto the Fc region of an IgG1 backbone, expressed using
Expi293™ cells, and puri�ed by protein A chromatography
(Figures 1B, C).
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2.2 The four nanobodies GP01, GP11, GP13
and GP20 speci�cally target gp130 with
high af�nities

Further kinetic and biophysical properties of the seven gp130-
interactors were determined by biolayer interferometry (BLI). Here,
the Fc-tagged -nanobody fusion proteins were immobilized on an
anti-hIgG Fc Capture (AHC) biosensor and titrated with increasing
concentrations of gp130. Increasing layer thickness can be linked to
protein-protein interaction. The negative control (only PBS),
showed an increased layer thickness of about 0.2 nm, which could
also be detected for the fusion proteins GP06-Fc, GP12-Fc and
GP14-Fc. These nanobodies were therefore considered as non-
binders and excluded from further experiments. (Supplementary
Figure S2). The remaining for VHHs were analyzed further for their
equilibrium dissociation constants (KD), as well as kon and koff rates,
which revealed single-digit nanomolar af�nity of GP01-Fc
(5.03 nM), GP11-Fc (1.10 nM), GP13-Fc (5.18 nM) and GP20-Fc
(1.76 nM) towards gp130 (Figures 1D, E). In order to predict their
stability, the nanobodies were examined for their melting
FIGURE 1

Characterization of gp130 nanobodies. (A) Structural organization a of single domain antibody. Dark blue color indicates the nanobody or VHH; the
light blue color marks the Fc-region. (B) Alignment of GP01, GP11, GP13 and GP20. The Complementarity-determining regions (CDRs) are indicated
above the sequence. Deviations are marked in orange. (C) Puri�ed proteins GP01-Fc, GP11-Fc, GP13-Fc and GP20-Fc stained with Coomassie
Brilliant Blue. (D) Association of 25 nM, 12.5 nM, 6.25 nM and 3.13 nM gp130-His (from top to bottom) to the four sdAbs with in BLI measurements.
The data was �tted using a 1:1 binding model after Savitzky – Golay �ltering (red lines). (E) Summery of the equilibrium dissociation constants (KD), as
well as kon and koff rates of the BLI measurement.
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temperatures via a thermal shift assay, displaying temperatures of
GP01: 62.1°C; GP11: 64.9°C; GP13: 68.7°C; GP20: 66.1°C, therefore
considering these proteins as stable.
2.3 All four gp130 nanobodies bind within
the D2 domain of gp130

Next, the remaining four gp130-binders were analyzed
regarding their binding sites, as well as their ability to compete
with cytokine association. This approach was carried out by another
BLI experiment, coating the VHH-Fc fusion proteins to the AHC
biosensor and pre-incubating the interaction partner gp130 with
increasing concentrations of an IL-11:IL-11R-fusion protein
(Hyper-IL-11). In accordance with their high sequence identity
(Figure 1B), all gp130-speci�c nanobodies were not able to bind
simultaneous to Hyper-IL-11 and are therefore competing for either
the same or an overlapping binding epitope as the cytokine-
receptor-complex (Figure 2A, Supplementary Figure S3).

The association of a cytokine to its receptors is generally similar
within the IL-6-type cytokine family and is coordinated by the same
binding sites as previously described (Figure 2B). The speci�c a-
and b-receptor combinations are listed in Table 1. Since the four
nanobodies are blocking the association of Hyper-IL-11 to gp130, it
is reasonable to assume that the binding epitope of all four
nanobodies may lay within the D1-D3 domain of gp130. To
verify and pinpoint the speci�c binding epitopes, protein
association and pull-down assays were carried out using a set of
gp130 deletion variants: gp130-DD1 lacking domain 1, gp130-DD2
lacking domain 2 and gp130-DD3 lacking domain 3 as well as the
gp130 wild type (WT) as a positive control. Additionally,
gp130Y190K,F191E was used, as these speci�c mutations in the D2
domain are known to play a crucial role in the direct binding of IL-6
and IL-11 (PBD: 8D82) (35, 36).

The association of the four nanobodies with gp130-WT, gp130-
DD1 and gp130Y190K,F191E, which were expressed in Ba/F3 cells, was
detected using an immuno�uorescence-based FACS analysis.
Gp130-WT and gp130-DD1 could bind to all nanobodies,
indicated by an increase in the mean of �uorescence (Figure 2C,
Supplementary Figure S4). The gp130Y190K,F191E variant could only
bind to GP01 and GP11. Based on this data, the D1 domain of
gp130 was excluded as the binding epitope. Next, binding to the
domains D2 and D3 were investigated via pull-down assay. The
binding epitope of D2 domain was further validated by using the
gp130Y190K,F191E mutant for pull-down analysis. After cell lysis, the
variants were incubated with the Fc-tagged nanobodies and
precipitated by Protein A agarose beads (Figures 2D, E). Strong
binding was observed for gp130-WT. The gp130-DD2 variant was
not precipitated by the nanobodies. Gp130-DD3 was precipitated by
all nanobodies, but with decreased ef�cacy. Interestingly, the two
nanobodies GP13-Fc and GP20-Fc still displayed weak association
with the gp130Y190K,F191E mutant. Whereas GP20-Fc exhibits very
attenuated binding, GP13-Fc seems to fail association almost
completely. The amino acids Y190 and F191 of gp130 form direct
contacts with site II of IL-6 and are in close proximity to the site II
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contact site of D3 domain (F191 (D2) and V252 (D3) - 7.87 Å
(Supplementary Figure S5, PDB:8D82 (36)). Our data point to an
epitope for GP13-Fc and GP20-Fc including Y190 and F191 in the
EF-loop of the D2 domain and maybe part of the D3 domain.
Docking analysis were performed using AlphaFold 3 and con�rmed
a binding epitope in the transition of the D2 to D3 domain for all
four nanobodies, including a close proximity of F191 with the
nanobodies GP13 and GP20 (Supplementary Figure S6). Moreover,
the competition of the four nanobodies was tested to check whether
they could bind simultaneously to gp130. Therefore, epitope
binning analysis were performed by BLI measurements. The data
underlines that all four nanobodies block each other from their
binding sites and cannot bind simultaneously to gp130
(Supplementary Figure S7). Taken together, the data suggest that
the binding epitope of GP01-Fc and GP11-Fc mainly lies within the
D2 domain of gp130 but outside of the amino acids Y190 and F191,
and a binding epitope which encompasses the EF-loop that
connects D2 and D3 domain including Y190 and F191 for GP13-
Fc and GP20-Fc.
2.4 The nanobodies GP01-Fc, GP11-Fc,
GP13-Fc and GP20-Fc block the signaling
of gp130 site II-binding IL-6-type cytokines

Binding of the gp130 nanobodies to the D2 or D2/D3 domain,
and competing with Hyper-IL-11 for the same binding site
suggested inhibitory properties for gp130. Most, but not all, IL-6-
type cytokines use site II to bind to gp130, and signaling of those
cytokines may be impaired. IL-6-type cytokine-induced cellular
proliferation as well as STAT3 and ERK phosphorylation were
analyzed using Ba/F3 cells expressing the respective IL-6-type
cytokine receptor combinations (Table 2).

We �rst performed cell biological assays for IL-11 and IL-6
classic- and trans-signaling, comprising the membrane bound or
the soluble a-receptor, respectively (Figures 3A–D). The
proliferation assays (Figures 3E–H), as well as the results for
phospho-STAT3 and -ERK levels (Figures 3I–L) revealed a strong
inhibitory effect of all gp130 nanobodies towards cell proliferation
and downstream signaling. For IL-11, classic- and trans-signaling
were both strongly inhibited, whereas IL-6 trans-signaling was
much more affected than IL-6 classic-signaling. The overall half
maximal inhibitory concentrations (IC50) of the nanobodies are
shown in Table 2. Remarkably, ERK signaling was less responsive
when stimulated by classic-signaling (especially IL-6), which is also
re�ected in poor regulation upon inhibitor treatment.

The signaling pathways of OSM, LIF, CNTF and IL-27, also
utilize the gp130 receptor for transducing intracellular signaling
cascades (Figures 4A–D). The experimental setup used to
investigate these pathways regarding their ability to be inhibited
by the gp130 nanobodies was analogue to the previous
measurements and was based on proliferation assays (Figures 4E–
H), as well as the results for phospho-STAT3 and -ERK levels
(Figures 4I–L). Of the four cytokines, OSM was most effectively
inhibited by the gp130 nanobodies. LIF inhibition was achieved at
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FIGURE 2

Epitope mapping of the gp130 nanobodies. (A) Competition assay of Hyper-IL-11 (IL-11:IL-11R fusion protein) with binding of the sdAbs to gp130 in BLI.
GP01-Fc, GP11-Fc, GP13-Fc or GP20-Fc were coated on a an AHC biosensor. The interaction partner gp130 (100 nM) was preincubated with Hyper-IL-
11 in increasing concentration of 50, 100 and 500 nM and measured in BLI for the association with the nanobody-Fc fusion protein. Please check
Supplementary Figure S3 for original data. (B) Graphical illustration of IL-11 binding to its receptors. First site I of L-11 associates with the a-receptor (IL-
11R), next site II binds to the D2/D3 region of the b-receptor gp130, and �nally site III binds to D1 domain of the second b-receptor gp130. The �nal
complex is either formed by a tetramer or hexamer. (C) Immuno�uorescence-based FACS analysis of sdAbs binding to gp130-WT, gp130-DD1 and
gp130Y109K,F191E variant, stable expressed in Ba/F3 cells. The secondary antibody against the Fc-part of the sdAbs is labelled with Phycoerythrin (PE). The
data is represented as the mean of �uorescence in the PE-channel. Secondary antibody only without any sdAB (w/o) is used as an internal negative
control. Untransduced Ba/F3 cells served as another negative control and are displayed in Supplementary Figure S4. (n=3) (D) Pull-down assay of gp130-
WT, gp130-DD2, gp130-DD3 and gp130Y109K,F191E variants (HA-tagged), overexpressed in HEK293T cells. Lysates were incubated with sdAbs and pulled
down with Protein A breads. The proteins were analyzed by western blot using an anti-HA antibody. (E) Quanti�cation of the pull-down analysis of three
independent experiments, normalized to the signal intensity of the input. (n=3).
Frontiers in Immunology frontiersin.org05
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higher nanobody concentrations. CNTF-induced cell proliferation
was also only slightly reduced at high concentrations of the gp130
nanobodies, but reduced STAT3 and ERK phosphorylation was
observed at a nanobody concentration of 1 µM. Interestingly, IL-27-
induced signaling and proliferation was not inhibited by any of the
nanobodies at any concentration. Combining these results with the
binding epitope of the nanobodies studied in Figure 2 this was
expected, because site II of IL-27 interacts with WSX-1 and only site
III associates with gp130 via the D1 (Table 1).

To exclude some off-target effects of the nanobodies, the closely
related IL-23, which utilizes the gp130-related cytokine receptors
IL-12Rb and the IL-23R to induce intracellular signaling, was used
as a negative control. As shown in Supplementary Figure S8, the
four nanobodies did not prevent Ba/F3-gp130:IL-12Rb1:IL-23R cell
proliferation and/or STAT3/ERK phosphorylation.

Summarizing the biological effects of the gp130 nanobodies
regarding gp130-dependent signaling pathways, underlines the
inhibitory effect of GP01-Fc, GP11-Fc, GP13-Fc and GP20-Fc.
Frontiers in Immunology 06
GP11-Fc did overall show the lowest IC50 values and can
therefore be considered as the most potent inhibitor. Based on
the proliferation data, IL-6 trans-signaling is inhibited best, in
contrast to classical IL-6 signaling, whose inhibition is rather
weak. IL-11 and OSM signaling is both inhibited quite well,
followed by LIF, which displays about 5-times higher IC50 values.
CNTF signaling was barely affected, even though high
concentrations did have an effect in stimulation assays.
2.5 No crosstalk with murine gp130

Most studies related to speci�c diseases and their treatment
involve mouse experiments. Therefore, the cross-reactivity of the
nanobodies against the murine gp130 receptor (mgp130) was
investigated in an immuno�uorescence-based binding assay
(Figure 5A). Ba/F3 cells that either express the human or the
murine gp130 receptor were incubated with the nanobodies and
TABLE 2 IC50s of gp130 nanobodies.

Cytokine Ba/F3 Receptors
IC50 [nM]

GP01 GP11 GP13 GP20

IL-11
Gp130
IL-11R

2.64 ± 1.49 1.88 ± 1.54 5.35 ± 3.89 9.94 ± 4.02

IL-11
IL-11-R

Gp130 5.49 ± 4.24 5.01 ± 3.10 9.50 ± 7.10 19.32 ± 10.13

IL-6
Gp130
IL-6R

– – – –

Hyper-IL-6
(IL-6/IL-6R fusion protein)

Gp130 0.43 ± 0.31 0.52 ± 0.10 0.59 ± 0.40 3.43 ± 1.86

OSM
Gp130
OSMR

10.45 ± 15.73 4.68 ± 4.18 10.48 ± 11.71 20.11 ± 21.77

LIF
Gp130
LIFR

47.83 ± 17.81 24.22 ± 8.18 78.45 ± 24.93 127.18 ± 76.00

CNTF
Gp130
CNTFR

LIFR
– – – –

mIL-27
(p28/EBI3 fusion protein)

Gp130
WSX-1

No inhibition No inhibition No inhibition No inhibition

Hyper-mIL-23
(p40-p19 fusion protein)

Gp130
IL-12Rb1
IL-23R

No inhibition No inhibition No inhibition No inhibition
IC50 ± SD (n=3)/- not to be calculated.
TABLE 1 Cytokine binding sites.

Cytokine IL-6 IL-11 OSM LIF CNTF p28 (IL-27)

Site I
a-receptor

IL-6R IL-11R – – CNTFR EBI3

Site II
b-receptor

gp130 (D2/D3) gp130 (D2/D3)
gp130 (D2/D3)

low af�nity
gp130 (D2/D3)

high af�nity
gp130 (D2/D3)

high af�nity
WSX-1

Site III
b-receptor

gp130 (D1) gp130 (D1)
OSMR

high af�nity
LIFR

low af�nity
LIFR gp130 (D1)
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detected by an PE-labeled anti-human-Fc-antibody via FACS
analysis. The experiment could not show any binding of the
nanobodies to mgp130 (Figure 5B, n=3). Hyper-IL-6-Fc was used
as a positive control. The data was normalized to the unstained cells.
Next, phosphorylation of STAT3 at Y705 was measured by
intracellular STAT3 staining. The cells were pre-incubated with
the sdAbs and stimulated with Hyper-IL-6-Fc. Human gp130
signaling was decreased by the nanobodies, in contrast to murine
gp130 signaling, which could be induced by human Hyper-IL-6-Fc
but was not inhibited by GP01-Fc, GP11-Fc, GP13-Fc or GP20-Fc
(Figure 5C, n=3).
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2.6 Gp130 nanobodies inhibit Hyper-IL-11
induced transmigration in HT-29 cells

Transmigration of the colorectal cancer cell line HT-29 was
described earlier to be IL-11 dependent (37). To examine our
nanobodies in a functional setting, the transmigration of HT-29
cells was aimed to be inhibited by blocking IL-11 signaling.
Therefore, HT-29 cells were plated in a trans-well together with
the nanobodies, and placed in a medium containing Hyper-IL-11
(Figure 6A). After 5 hours, transmigration was checked by
removing cells on top of the membrane and staining migrated
FIGURE 3

Biological characterization of the sdAbs towards IL-11 and IL-6 classic and trans-signaling. (A–D) Graphical illustration of signaling components.
Displayed receptors are overexpressed on Ba/F3 cells and used for the respective proliferation and stimulation assays. (E, F) Proliferation assays of
Ba/F3 cells stimulated with 1 ng/ml IL-11 (IL-11 classic-signaling), 10 ng/ml IL-11 and 100 ng/ml sIL-11R (IL-11 trans-signaling), 1 ng/ml IL-6 (IL-6
classic-signaling), or 1 ng/ml Hyper-IL-6-Fc (IL-6 trans-signaling). The gp130 nanobodies were titrated to the cells in a concentration between 1000
and 0.00056 nM as indicated (�GP01-Fc, �GP11-Fc, � GP13-Fc, • GP20-Fc). The negative control (-) black circle •, represents unstimulated cells,
the positive control (+) white square �, displays cells treated with cell supernatant containing approx. 20 ng/ml Hyper-IL-6. Every value is measured
in triplicates and all assays are performed in three independent experiments (n=3). (I–L) Stimulation assays of Ba/F3 cells expressing the respective
receptors and being stimulated with 20 ng/ml IL-11 (IL-11 classic-signaling), 400 ng/ml IL-11 and 800 ng/ml sIL-11R (IL-11 trans-signaling), 20 ng/ml
IL-6 (IL-6 classic-signaling), or 20 ng/ml Hyper-IL-6-Fc (IL-6 trans-signaling). The sdAbs were added in a concentration of 10, 30 and 100 nM or 1,
10 and 1000 nM as indicated. The negative control (-) represents unstimulated cells, the positive control (+) displays cells treated with cell
supernatant containing approx. 20 ng/ml Hyper-IL-6. The lysates were blotted against pSTAT3Y705, total STAT3, pERKT202,Y204, and total ERK. The
blots are representative for at least three independent experiments.
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cells on the lower side with crystal violet. The data shows a Hyper-
IL-11 dependent transmigration of HT-29, which was reduced by
the gp130-nanobodies (Figure 6B). GP01-Fc and GP20-Fc showed
the best inhibitory effect in this setting, followed by GP11-Fc and
GP13-Fc. The pSTAT3Y705 levels of HT-29 in response to Hyper-
IL-11 stimulation were checked via intracellular pSTAT3/STAT3
staining using FACS. All four nanobodies could reduce the
pSTAT3Y705 levels to the level of the unstimulated cells (Figure 6C).
3 Discussion

Targeting the signaling cascade of IL-6-type cytokines has
proven to be a promising approach for therapies against
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autoimmune diseases, various cancers and other cytokine-related
syndromes. Selective inhibition of a single signaling cascade has
long been preferred to minimize off-target effects. With the
approval of a variety of JAK inhibitors, the focus shifted from
local to global inhibition of these signaling cascades. Although JAK
inhibitors are approved for speci�c therapies, adverse effects such as
infections, cytopenia and hyperlipidemia are common (25, 38). The
main task in blocking and �ne-tuning these signaling cascades in
therapeutic terms is to �nd the balance between speci�c and global
inhibition. Gp130 as a b-receptor for almost all IL-6-type cytokines
could establish the balance between speci�c a-receptor or cytokine
and non-speci�c, global JAK inhibition (39).

Inhibition of gp130 was suggested for example, for cancer
associated cachexia. Here, not only IL-6 but also LIF and OSM
FIGURE 4

Biological characterization of the sdAbs towards OSM, LIF, CNTF and IL-27 signaling. (A–D) Graphical illustration of signaling components. Displayed
receptors are overexpressed on Ba/F3 cells and used for the respective proliferation and stimulation assays. (E, F) Proliferation assays of Ba/F3 cells
stimulated with 1 ng/ml OSM, 0.1 ng/ml LIF, 10 ng/ml CNTF, or 5 ng/ml mIL-27. The gp130 nanobodies were titrated to the cells in a concentration
between 1000 and 0.00056 nM as indicated (�GP01-Fc, �GP11-Fc, � GP13-Fc, • GP20-Fc). The negative control (-) black circle •, represents
unstimulated cells, the positive control (+) white square �, displays cells treated with cell supernatant containing approx. 20 ng/ml Hyper-IL-6. Every
value is measured in triplicates. All proliferation assays are performed in three independent experiments (n=3). (I–L) Stimulation assays of Ba/F3 cells
expressing the respective receptors and being treated with 10 ng/ml OSM, 0.1 ng/ml LIF, 10 ng/ml CNTF, or 10 ng/ml mIL-27. The sdAbs were
added in a concentration of 10, 30 and 100 nM or 1, 10 and 1000 nM as indicated. The negative control (-) represents unstimulated cells, the
positive control (+) displays cells treated with cell supernatant containing approx. 20 ng/ml Hyper-IL-6. The lysates were blotted against pSTAT3Y705,
total STAT3, pERKT202,Y204, and total ERK. The blots are representative for at least three independent experiments.
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play a role in the rapid loss of adipose and skeletal muscle tissue
(40). Moreover, the general inhibition of gp130 for cancer therapy
has been intensively discussed, as a large number of different types
of cancer exhibit aberrant production and response of IL-6-type
cytokines that can trigger cell proliferation, differentiation,
migration and invasion [Reviewed in (39)]. In rheumatoid
arthritis, not only the dysregulation of the immune response,
especially by the proin�ammatory cytokine IL-6, has a serious
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impact on the progression of the disease, but also the
differentiation of osteoclasts and their high expression of gp130,
both of which can be reduced by inhibiting gp130 (20, 41). Clinical
applications need careful patient strati�cation and combination
strategies with other immune-modulating agents, especially in
complex diseases like cancer and autoimmunity.

A handful of monoclonal antagonistic antibodies against gp130
have been reported and tested in speci�c disease settings. The �rst,
FIGURE 5

Evaluating cross talk of the sAbs with murine gp130. (A) Graphical illustration of the immuno�uorescence-based binding assay of the nanobody-Fc
fusion proteins to gp130, detected by a PE-labeled anti-human-Fc antibody. (B) Ba/F3 cells either expressing human gp130 (�lled bars) or murine
gp130 (mgp130, striped bars) were incubated with 3µg of the sdAbs. Binding was detected by the PE-labeled secondary antibody targeting the Fc-
Tag of the sdAbs. Secondary antibody only (w/o) is used as a negative control. Hyper-IL-6-Fc (300 ng for gp130 and 3 µg for mgp130) was used as a
positive control. The data is normalized to unstained cells and represented as the relative mean of �uorescence in the PE-channel. (n=3) (C)
Phosphorylation of STAT3Y705 was measured via intracellular STAT3 staining using FACS. Ba/F3 cells were either stimulated with 20 ng/ml (gp130) or
200 ng/ml (mgp130) Hyper-IL-6-Fc and spiked with 1000 nM GP01-Fc, GP11-Fc, GP13-Fc or GP20-Fc. Cells without sdAb (w/o) were used as a
negative control. Results are displayed as the mean of �uorescence of pSTAT3Y705 in Alexa647 channel divided by the mean of �uorescence of total
STAT3 in the PE channel. The values are normalized to the unstimulated cells (not shown) and the negative control (w/o). (n=3).
FIGURE 6

Determining the effect of sdAbs on the Hyper-IL-11 induced transmigration of HT-29 cells. (A) Graphical illustration of the transmigration experiment. HT-29
cells and nanobody-Fc fusion proteins were placed in the transwell insert. Hyper-IL-11 was added to the lower buffer. (B) Transmigration was induced by
100 ng/ml Hyper-IL-11. The sdAbs were added in a concentration of 100 nM. Unstimulated cells served as a negative control, cells without any sdAB (w/o)
served as a positive control. Migrated cell were analyzed by removing cells on top of the membrane and staining the remaining cells with crystal violet. The
membranes were imaged under a microscope with 2x magni�cation and analyzed using ImageJ software. The results are displayed as total particle area,
which represent migrated cells. Statistics were added by GraphPad Prism using an unpaired t test. The statistical analysis revealed p-values of w/o vs. GP01-
Fc p=0.0006; GP11-Fc p=0.0994; GP13-Fc p=0.0520; GP20-Fc p=0.0031. (n=4) (C) Phosphorylation of STAT3Y705 was measured via intracellular STAT3
staining using FACS. HT-29 cells were stimulated with 100 ng/ml Hyper-IL-11 and spiked with 100 nM GP01-Fc, GP11-Fc, GP13-Fc or GP20-Fc. Cells
without sdAb (w/o) were used as a positive control. Unstimulated cells were utilized as a negative control. Results are displayed as the mean of �uorescence
of pSTAT3Y705 in Alexa647 channel divided by the mean of �uorescence of total STAT3 in the PE channel. (n=3). (*p < 0.05; **p < 0.01; ***p < 0.001).
frontiersin.org

https://doi.org/10.3389/fimmu.2025.1613004
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

















	Targeting the major pro-inflammatory interleukin-6-type cytokine receptor gp130 by antagonistic single domain antibodies
	1 Introduction
	2 Results


