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Historically, cytokines belonging to the gpl30 family bind to specific
ligand-binding receptors that stimulate cell signaling through a receptor
complex comprising gpl30 or gpl30 together with another structurally
related signaling receptor. However, recent findings increasingly dispel these
stereotypes and suggest that the receptor specificity of gp130-activating cyto-
kines is less strict than originally assumed. Weitz et al. now provide the latest
example of this pleiotropy and report that human interleukin-6 can bind and
stimulate signaling via the interleukin-11 receptor. Possible biological and
therapeutic consequences of these findings are discussed.

Comment on: https://doi.org/10.1111/febs.17309

Introduction

The four-helical cytokines involved in coordinating the
immune system are grouped into families defined by
their common use of shared receptor subunits. Accord-
ingly, members of the gp130 cytokine family use gp130
homo- or heterodimers as signaling receptors. These
cytokines engage specific ligand-binding receptors (IL-
6R, IL-11R, EBI3, CNTFR) that establish signaling
complexes through binding gp130 homo- or heterodi-
mers (Fig. 1) [1]. Interestingly, the specific receptors
also function as soluble proteins that complex with
their ligands to stimulate gp130 signaling on cells lack-
ing expression of their membrane-bound counterparts.
This mechanism, called trans-signaling, dramatically
expands the spectrum of target cells since gpl130 and

Abbreviations

the gpl30-related receptors leukemia inhibitory factor
receptor (LIFR) and oncostatin M receptor (OSMR)
are far more widely expressed than the ligand-binding
receptors [2]. However, the specificity of these interac-
tions for particular cytokines within the gpl130 cyto-
kine family is becoming more blurred. For example, it
was already known that the interleukin (IL)-6 receptor
(IL-6R) can bind ciliary neurotrophic factor (CNTF)
and IL-30 (I-L27p28) and that Epstein—Barr
virus-induced gene 3 (EBI3) can bind IL-30 (forming
I-L27) and p35 (forming I-L35) [3], indicating some
degree of pleiotropy. Furthermore, it was shown that
CNTF can also activate the heterodimer of gp130 and
OSMR (Fig. 2) [4].

CLC, cardiotrophin-like cytokine; CNTF, ciliary neurotrophic factor; CNTFR, CNTF receptor; CT-1, cardiotrophin-1; EBI3, Epstein—Barr
virus-induced gene 3 (cytokine receptor-like subunit of 1L-27 or IL-35); ERK, extracellular signal-regulated kinase; gp130, glycoprotein

130 kDa; GPL, gp130-like (signaling subunit of the IL-31 receptor); IL, interleukin; LIF, leukemia inhibitory factor; LIFR, LIF receptor; MAPK,
mitogen-activated kinase; OSM, oncostatin M; OSMR, OSM receptor; p35, cytokine-like subunit of IL-12.

The FEBS Journal (2024) © 2024 The Author(s). The FEBS Journal published by John Wiley & Sons Ltd on behalf of 1

Federation of European Biochemical Societies.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use,
distribution and reproduction in any medium, provided the original work is properly cited.


https://orcid.org/0000-0002-7519-3279
https://orcid.org/0000-0002-7519-3279
https://orcid.org/0000-0002-7519-3279
https://orcid.org/0000-0001-7297-9711
https://orcid.org/0000-0001-7297-9711
https://orcid.org/0000-0001-7297-9711
mailto:rosejohn@biochem.uni-kiel.de
https://doi.org/10.1111/febs.17309
http://creativecommons.org/licenses/by/4.0/

Commentary

‘{ I
IL-6 IL-30 IL-11 p35
IL-6R IL-6R IL-11R EBI3

| KK 1

CNTF  CLC LIF CT-1 OsSM
CNTFR CNTFR

gp130/0SMR } Ie

heterodimer | CNTF
osMm CNTFR

AR

IL-30 (p28) ]_ Lo7

gp130/LIFR }

heterodimer |

gp130/WSX-1
heterodimer

EBI3

{1 ¥

p35 R
ERI3 ]— IL-35

GPL/OSMR 2
heterodimer | L-31

Fig. 1. Overview of the IL-6 family of cytokines. Homodimers of
gp130 and heterodimers of gp130 with related receptors are
shown along with their cognate cytokines or cytokine/receptor
complexes. Details are given in the text.

Weitz et al. [5] now demonstrate that human IL-6
can also bind the human IL-11R mimicking signaling
of IL-11 via a gp130 homodimer (Fig. 2). Interestingly,
this also applies to a chimeric engineered cytokine
called IC7, which contains a binding site to IL-6R,
gpl30, and LIFR and which has shown promising
results in the treatment of type 2 diabetes and muscle
atrophy [6,7]. Remarkably, murine IL-6 did not stimu-
late the murine IL-11R/gp130 complex and IL-11 did
not cross-react with IL-6R [5].

Members of the IL-6 cytokine family control a wide
range of overlapping activities. This level of redundancy
and pleiotropy is often explained by their universal reli-
ance on gpl30 for cell signaling and the ubiquitous
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Fig. 2. Pleiotropy of some cytokines or cytokine receptors of the
gp130 family. (A) The IL-6R can interact with the cytokines IL-6,
CNTF and IL-30 and induce signaling via a gp130/LIFR heterodimer
in the case of CNTF and via a gp130 homodimer in the case of IL-
30. (B) The IL-11R can bind IL-11 and IL-6 and induce signaling via
a gp130 homodimer. (C) The cytokine receptor EBI3 can interact
with IL-30 and with p35, which is a cytokine-like subunit of the
cytokine IL-12. (D) The complex of CNTF and CNTFR can interact
and signal via a heterodimer of gp130 and LIFR and via a
heterodimer of gp130 and OSMR.

cellular expression of gp130. In contrast, cognate recep-
tors for individual family members display a more
restricted expression and often correspond with the bio-
logical functions assigned to a gpl30-activating cyto-
kine. As a result, the phenotype of mice genetically
lacking a gpl30-activating cytokine (or their cognate
ligand-binding receptor subunit) is less dramatic than
that of gpl30-deficient mice, which are embryonically
lethal. While these studies help to compartmentalize the
functional properties of members of the IL-6 cytokine
family, the ability of these cytokines to engage different
receptor systems now raises questions for the field.

Does this toggling of receptor usage
have biological relevance?

Historical data show that certain gpl30-activating
cytokines have evolved strategies that broaden their
biological impact. For example, trans-signaling mecha-
nisms that broaden the types of cells that respond to
IL-6, TL-11, and CNTF. However, the ability of
gpl30-activating cytokines to share ligand-binding
receptor subunits, as described by Weitz et al., adds
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another layer of regulation. Earlier studies of OSM
signaling provide an example of this complexity.
Human OSM can signal through gp130 receptor cas-
settes comprising either the OSMR or the LIFR, and
when signaling through LIFR, OSM can control activ-
ities commonly associated with LIF (e.g., hematopoie-
sis, totipotency). Equally, CNTF binds with low
affinity to the IL-6R and may elicit IL-6-like activities
within the central nervous system through a gpl130
receptor cassette comprising IL-6R and LIFR (Fig. 2).
It would be important to consider why these shared
relationships exist. Do these interactions yield differ-
ences in signaling potentials, as illustrated by studies
describing the activation of extracellular
signal-regulated  kinase/mitogen-activated  protein
kinase (ERK/MAPK) signaling by IL-11, which has
been claimed to be more prominent than that reported
for 1L-6 [8]. Reflecting on the data from Weitz et al.,
Il6ra~'~ mice have been shown to display heightened
ERK/MAPK signaling during wound healing [9]. If
indeed IL-6 signaling and IL-11 signaling is different,
it will be interesting to molecularly define the signal
transduction pathway when IL-6 acts via the IL-11R.

Should we now reconsider the mode
of action of biological medicines
targeting IL-6?

The potential for IL-6 to engage and signal via the
IL-11R, as demonstrated by Weitz et al., now raises
questions about the biological significance of this inter-
action and potentially means that biological medicines
targeting IL-6 itself (e.g., siltuximab, clazakizumab,
and olokizumab) may possess different modes of
action than IL-6R blocking therapies (e.g., sarilumab,
tocilizumab) (Fig. 2).

This might be important for several reasons. In
mice, IL-11 was recently shown to promote chronic
inflammation in fibrotic lung disease and liver fibrosis
[8]. Consequently, antibodies targeting IL-11 or the
IL-11R are in clinical trials as drug candidates for
treating lung fibrosis and nonalcoholic steatohepatitis
[8]. Furthermore, it was most recently observed in a
mouse model that pharmacologic and genetic inhibi-
tion of IL-11 extended the health and lifespan of the
animals, indicating that blocking IL-11 could be a
strategy for treating elderly human patients [10].
In this regard, it would be important to consider that
in humans, IL-6 could substitute for IL-11, circum-
venting the pharmacologic blockade. As a note of cau-
tion, this effect would not have been observed in
animals since murine IL-6 does not cross-react with
the murine IL-11 receptor [5].

Commentary

In this regard, /I6/~ and Il6ra”’~ mice show
marked differences in wound healing, colitis severity
and glucose metabolism, whereas comparisons between
11117/~ and IllIra~'~ mice display phenotypic differ-
ences in bone deformities (e.g., craniosynostosis seen
in I/l1ra~’~ mice) and pulmonary fibrosis, which is
protected in 7/7117/~ mice [9,11]. However, in this case,
the binding of 1L-6 to the IL-11R cannot be responsi-
ble since murine IL-6 does not signal via the murine
IL-11R [5]. This might point to even more pleiotropy
within the gp130 cytokine family.

Still, the findings offered by Weitz et al. need to be
placed in the context of clinical trials with tocilizumab,
which has typically failed in indications where IL-6
contributes to epithelial homeostasis, barrier integrity
or immunity against infection [12]. For example,
would interventions that target inflammatory flares in
IL-6 during chronic disease offer an advantage over a
global blockade of IL-6R, which may underpin physio-
logical processes required for health?

How does the sharing of receptor
usage affect our understanding of IL-6
and IL-11 regulation?

Traditionally, the assignment of biological functions to
IL-6 and IL-11 was broadly separated by the action of
IL-6 on leukocytes and IL-11 on non-hematopoietic
stromal cells. Over time, this distinction has blurred
with the discovery that sgp130 blocks both IL-6 and
IL-11 trans-signaling, illustrating a more common bio-
logical regulation. So, how should we compartmental-
ize the activities of IL-6 and IL-11 and contextualize
the importance of trans-signaling mechanisms if 1L-6
can engage other gpl30-related receptor systems?
When considering these questions, it is important to
reflect on the roles these cytokines play in healthy
physiology versus those involved in pathophysiology
and examine how the biological functions of IL-6 and
IL-11 align. For example, studies of the musculoskele-
tal system show that IL-6 may shape skeletal muscle
function and regeneration, whereas IL-11 may take a
more central role in regulating bone turnover [13,14].
A similar scenario exists in gastric cancer, where IL-6
controls activities linked to angiogenesis, cancer
inflammation and tissue remodeling, and IL-11
instructs cancer cell survival and proliferation [15].

Conclusion

In summary, the plot thickens, with Weitz et al. offering
new light through old windows. These data provide pro-
vocative insights into the workings of IL-6 and IL-11 by
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offering a new understanding of how cells sense cyto-
kine cues. The challenge for the research community is
to establish how these types of receptor interactions
affect the interpretation of these cytokine cues.
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