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Interleukin-6 (IL-6) is a pleiotropic cytokine with nu-
merous biological activities in several organs and sys-
tems. First described in 1973 by Kishimoto et al. [1], it has 
been attributed several names in the subsequent years, 
as different scientific groups were isolating the  same 
molecule in different biological scenarios. Subsequent 
cloning showed that these proteins were identical, and 
they were thus grouped under the current name of IL-6. 
This cytokine is now recognised as a  central media-
tor of  the  innate and adaptive immune response, with  
an established role in promoting B- and T-cell differen-
tiation and activation, immunoglobulin production by 
B cells, endothelial activation, secretion of  other pro- 
inflammatory cytokines, and synthesis of  acute phase 
reactants by the liver. In the last decades, the role of IL-6 
in the pathogenesis of rheumatic and non-rheumatic in-
flammatory diseases has been recognised, and its phar-
macological blockade has made its way into national 
and international recommendations for the  treatment 
of rheumatoid arthritis, giant cell arteritis, juvenile idio-
pathic arthritis, adult-onset Still’s disease, systemic scle-
rosis, Castleman’s disease, cytokine release syndrome, 
neuromyelitis optica spectrum disorder, and severe coro-
navirus disease 2019 (COVID-19) [2]. The effects of  IL-6 
extend far beyond the  modulation of  the  immune re-
sponse, frequently with opposing effects depending on 
the context. A fundamental concept behind the pleiotro-
pic and variable activity of IL-6, is that of the multiplicity 
of  its signalling modalities. This cytokine can exert its 
biological functions via binding to a membrane-bound 
receptor (IL-6R), initiating the  so-called “classical sig-
nalling”, or to its soluble form (sIL-6R), via the so-called 
“trans-signalling”. Both pathways lead to recruitment 
of  the  adaptor glycoprotein 130 (gp130) and initiation 
of  intracellular signalling via the  JAK/STAT3 pathway. 
Interleukin-6 family cytokines are cytokines that use 

gp130 as a receptor subunit, and they are therefore also 
called gp130 cytokines (Fig. 1) [3].

There is also a  third signalling mechanism, called 
trans-presentation of uncertain significance in humans, 
in which dendritic cells present the  membrane-bound 
IL-6/IL-6R complex from cell to cell to cognately interact-
ing T cells, which respond through their own gp130 [3]. 
Under physiological conditions, the  classical signalling 
predominates, and only cells expressing the membrane- 
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Fig. 1. Interleukin-6 receptor family.
CNTF – ciliary neurotrophic factor, gp130 – glycoprotein 130, 
IL – interleukin, LIF – leukaemia inhibitory factor
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bound IL-6R (hepatocytes, neutrophils, monocytes, mac-
rophages, and some types of T lymphocytes) are activat-
ed to maintain the  immune homeostasis. On the other 
hand, in a pro-inflammatory status, owing to the activity 
of matrix metalloproteases (including A disintegrin and 
metalloproteinase 17 – ADAM17) and alternative spicing, 
sIL6-R is generated and liberated from the  membrane, 
and the  balance shifts towards trans-signalling, which, 
being ubiquitously gp130 expressed, involves a  signifi-
cantly wider variety of cell types [4]. 

This accounts for the complexity of the effect of IL-6 
on immune response, metabolism, haematopoiesis, bone 
and neural homeostasis, and tumourigenesis. In general 
terms we may assume that classical signalling is mainly 
responsible for the acute inflammatory, homeostatic, 
and pro-regenerative effects of  IL-6, while disease is 
mediated by trans-signalling and trans-presentation [5]. 
In fact, the classical signalling is responsible for the acute 
inflammatory response involved in bacterial clearance, 
while trans-signalling inhibition mediates macrophage 
infiltration, endothelial activation, chemokine expres-
sion, reduced differentiation of CD4+ T cells into T regu-
latory cells, and induction (along with classical signalling 
and trans-presentation) and maintenance of a Th17 
phenotype [6, 7]. This duality is maintained at the met-
abolic level, with classical signalling being associated 
with improved glucose control, greater insulin sensitivity, 
suppressed adipose tissue macrophage accumulation, 
and reduction of body weight, while trans-signalling is 
associated with insulin resistance, tissue macrophage 

accumulation, hepatic inflammation, and atherosclerosis 
[7, 8]. Furthermore, the same concepts apply to the role 
of  IL-6 in cancer as acute signalling promotes antitu-
mour adaptive immunity by regulating T-cell priming in 
lymphoid organs and inducing the migration of cytotoxic 
T cells to tumour-draining lymph nodes and vessels. 
Conversely, persistent IL-6 signalling in the  tumour 
microenvironment supports cell survival, angiogenesis, 
endothelial-to-mesenchymal transition, and metastatic 
spread through activation of the JAK/STAT3 pathway and 
regulation of tumour-infiltrating stromal and immune 
cells, being recognised as a poor prognostic factor across 
several types of cancer [9]. It appears from the effect 
of selective blockade of trans-signalling in animal can-
cer models that this pathway is mostly responsible for 
the pro-oncogenic properties of IL-6 [10]. 

The currently available anti-IL-6 agents target either 
the IL-6 receptor (tocilizumab, sarilumab, satralizumab), 
or the  cytokine itself (siltuximab, sirukumab, clazaki-
zumab, olokizumab). Both approaches seem equally 
effective on the classical and trans-signalling pathways 
with comparable outcomes, although characterised by 
different pharmacokinetic properties and by the  fact 
that anti-IL-6 antibodies fail to prevent trans-presenta-
tion [10, 11]. The  general inhibition of  IL-6 effects may 
thus account for some of the side effects attributable to 
IL-6 inhibition, such as increased incidence of bacterial 
infections, liver injury, dyslipidaemia, acute pancreatitis, 
and intestinal perforation [2]. In the last 2 decades, selec-
tive inhibitors of  trans-signalling have been developed 

Fig. 2. Basic principles of  IL-6 signalling and inhibition. Antibodies targeting IL-6 or IL-6 receptor block 
indistinctively classical and trans-signalling, while inhibitors of glycoprotein 130 (gp130), here represented  
by the pioneer sgp130Fc (i.e. olamkicept), selectively inhibit trans-signalling.
JAKi – Janus kinase inhibitor, mAb – monoclonal antibody. 
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in an attempt of overcome this hurdle, and they are well 
represented by olamkicept (sgp130Fc), a fusion protein 
of  the  extracellular portion of  gp130 fused to the  Fc 
portion of a human IgG1 antibody, tested in numerous 
preclinical trials on animal models of human and neo-
plastic diseases. Treatment with olamkicept in these 
settings proved to be at least as efficient as treatment 
with anti-IL-6 or anti-IL-6R agents, with possible advan-
tages in animal models of  sepsis, pancreatitis, bone 
fracture healing, and myocardial infarction [11]. Olam-
kicept proved to be safe and tolerated in phase I trials 
on IBD, with an effect superior to placebo in induction 
of remission in a recent phase IIb trial on active ulcer-
ative colitis [12, 13]. Owing to these promising results, 
further phase II and III trials on olamkicept are planned 
for the near future [10]. However, gp130 is not unique 
to IL-6 but is employed as an adaptor molecule by oth-
er cytokines, including IL-11, which has been implicated 
in both physiological and pathological processes with 
a dual effect similar to IL-6 [14]. There is thereby a theo-
retical risk of inhibiting the beneficial effects of other cy-
tokines along with IL-6 trans-signalling with olamkicept 
treatment, a risk that new-generation gp130 inhibitors, 
designed to have higher affinity for IL-6-sIL-6R complex, 
are trying to overcome [10]. Finally, IL-6 signalling can be 
blocked with JAK inhibitors; however, JAKs participate in 
the  intracellular signalling of  several cytokines; hence, 
selective IL-6 inhibition is not possible with these mol-
ecules. Figure 2 provides an overview of the 2 main sig-
nalling pathways of IL-6 and how they are inhibited via 
the available treatments.

In conclusion, modulating IL-6 activity represents 
the  cornerstone treatment of  some inflammatory dis-
eases and a  fascinating therapeutic opportunity even 
for non-rheumatic diseases that feature deregulated 
inflammation. Novel agents promise to target IL-6 in 
a more selective and safer way, and future trials will clar-
ify at which level they may enter clinical practice.
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