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GSK3β leading to an mTOR- and SNAI1-driven program of 
epithelial-to-mesenchymal transition (EMT) [2]. This causes 
epithelial cell dedifferentiation and loss of specialised polarised 
functions as well as fibroblast-to-myofibroblast transformation. 
In disease, this leads to (1) loss of homeostatic epithelial cell 
functions, (2) fibrosis and (3) stromal-driven inflammation.

IL11RA receptors are most highly expressed on stro-
mal and epithelial cells, whereas IL6R is more specific 
for immune cells. Unlike IL6, IL11 is barely detectable in 
health. Loss of IL11 signalling in humans, mice, tadpoles 
and fish has limited effects in health whereas inhibition of 
IL6, STAT3 or gp130 is very detrimental [1, 3, 4]. In the 
general population, IL11 and IL11RA have accumulated 
loss-of-function (LoF) mutations in the absence of selec-
tive constraint, which suggests these genes are unimportant 
for reproductive health. This said, human knockouts for 
IL11RA can have mild skull and tooth abnormalities, and 
female mouse Il11ra1 knockouts are infertile. LoF mutations 
in other IL6 family members or their receptors are strongly 
selected against (https:// gnomad. broad insti tute. org/). This 
begs the following questions: why is IL11 upregulated in 
damaged mammalian tissues to cause disease, why does 
IL11 appear redundant in healthy humans, why does IL11 
initiate a program of EMT and are these matters related?

It has been said that ‘nothing in biology makes sense 
except in the light of evolution’ (Theodosius Dobzhansky, 
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Abstract
Recent studies have shown IL11 to be pro-fibrotic, pro-inflammatory and anti-regenerative in heart, liver, lung and kidney 
disease in mice and humans. However, data also show that IL11 is specifically required for appendage regeneration following 
trauma in some species. In fish, tadpoles and axolotl, IL11 is uniquely upregulated in the regenerative organ, the blastema, 
following loss of fin, tail or limb. In this short essay I suggest that the pathobiology of IL11 in mammals is rooted in its 
deep evolutionary role for epimorphic appendage regeneration. In both blastema formation and mammalian disease there is 
robust IL11-driven fibroblast activation, extracellular matrix production, inflammation and epithelial cell dedifferentiation. 
While these cellular processes are critical for regeneration in lower species they cause organ failure in mammals. This hypoth-
esis, if correct, may explain the apparent redundancy of IL11 for human health and suggest IL11 as a therapeutic target.
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Interleukin 11 (IL11) is a little-studied member of the IL6 
family of cytokines that has recently been shown to have 
pro-fibrotic, pro-inflammatory and anti-regenerative proper-
ties [1]. IL11 is upregulated in a range of fibro-inflammatory 
diseases, first identified in cardiorenal disease and contrib-
utes to disease pathology. IL11 expression in disease is 
apparent in damaged epithelial cells and activated fibroblasts 
that secrete IL11 as an alarmin-like response when exposed 
to infective, environmental, metabolic or genetic stressors.

IL11 secreted from damaged cells acts in autocrine and 
paracrine to transiently activate STAT3 leading to pro-inflam-
matory gene expression. In a more sustained fashion, IL11 
increases the activity of ERK and p90RSK, which act together 
to dually phosphorylate and inactivate both LKB1 (STK11) and 
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1973). IL11 is thought to have evolved in fish some 450 mil-
lion years ago, and here I explore IL11 biology in an evolu-
tionary context, in fish and tadpoles, with the idea that this 
might shed light on its detrimental effects in human disease.

In the zebrafish, il11 is strongly linked with organ 
regeneration, and il11 is specifically upregulated at 
sites of trauma across fish species (e.g. lungfish, killi-
fish). Genetic loss of function of either Il11ra or il11a 
in the zebrafish prevents regeneration of the larval fin 
fold, adult heart, caudal fin and scales [4]. This effect 
is accompanied by impaired activation of critical pro-
regeneration genes (e.g. devoid of blastema) along with 
reduced polarised cell dedifferentiation. Regeneration 
in the zebrafish is characterised by fibroblast activation 
and extracellular matrix production, without which heart 
regeneration is impaired [5].

Xenopus laevis tadpoles regenerate their tails following 
amputation, and this effect is associated with the unique 
upregulation of il11 in the regeneration bud at the site of 
injury. Knockdown of il11ra.L or il11 in Xenopus tadpoles 

prevents tail regeneration, which is associated with reduced 
neuron, mesenchymal and muscle cell dedifferentiation and 
reduced cell migration. As for zebrafish, inhibition of il11 
signalling in Xenopus does not affect normal development, 
and survival after trauma is normal. In the axolotl, IL11 is 
one of the most upregulated genes at the site of trauma fol-
lowing limb amputation.

Epimorphic appendage regeneration following traumatic 
fin, tail or limb amputation in fish, tadpoles and axolotl has 
a deep evolutionary origin and an absolute requirement 
for the regenerative organ—the blastema, where IL11 is 
distinctly expressed [6]. The blastema is a heterogeneous 
mass of migrating immune cells, activated fibroblasts and 
dedifferentiated bone, muscle, neuron and endothelial cells 
that forms at the site of injury. Cells in the mesenchyme-
rich blastema proliferate and redifferentiate to generate a 
new appendage. Robust inflammation, immune evasion and 
matrix production are essential for normal blastema func-
tion. In the absence of IL11, blastema function fails and 
so does regeneration.

Fig. 1  Cartoon hypothesis showing how tissue trauma across spe-
cies causes IL11 upregulation that acts on both epithelial and stro-
mal cells to activate ERK, p90RSK and mTOR while inactivating 
LKB1, AMPK and GSK3β. This leads to fibroblast-to-myofibroblast 
transformation, extracellular matrix production and inflammation 
as well as dedifferentiation of epithelial cells (e.g. neuronal/muscle/
bone/endothelial cells). In regenerative species, IL11-stimulated cells 

migrate to form a blastema where they proliferate and redifferentiate 
to form a replacement appendage. In non-regenerative species, the 
activated myofibroblasts and dedifferentiated epithelial cells fail to 
form a blastema and are stalled in a dysfunctional state that causes 
tissue fibrosis, inflammation and failed epithelial repair leading to 
organ failure. This is evident in mouse models of heart, lung, liver 
and kidney failure. Created with BioRender.com on 14/12/2022
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How can we reconcile these seemingly conflicting data: 
that IL11-driven blastema development leads to limb 
regeneration in lower species whereas IL11-activated pro-
cesses cause fibroinflammatory diseases in mammals? On 
closer inspection, it is apparent that IL11 causes fibroblast 
activation, matrix production, inflammation and epithe-
lial dedifferentiation (via EMT) in all species, across the 
evolutionary scale. In lower species, redifferentiation of 
the blastema resolves fibroinflammation and regenerates 
damaged tissues. Mammals do not generate blastemas but 
still activate IL11 that leads to a disorganised milieu of 
activated fibroblasts, inflammatory cells and dysfunctional 
epithelial cells (Fig. 1).

To answer the questions posed above: (1) why is IL11 
upregulated in damaged mammalian tissues to cause dis-
ease? This likely reflects an unhelpful legacy of IL11’s evo-
lutionary role—an attempt to form a blastema that fails in 
mammals with deleterious consequences. (2) Why does IL11 
appear largely redundant in healthy humans? As humans 
do not undergo epimorphic regeneration, there are limited 
benefits of IL11 in humans. (3) Why does IL11 initiate a 
program of EMT across cell types? This comes back to the 
ancestral role of IL11 in blastema formation where EMT-
enabled cell migration features prominently.

I propose that while fibrosis and inflammation are often 
viewed as sequelae of failed regeneration, they should 
instead be seen as critical, IL11-dependent components of 
regeneration, in lower species. In mammals, IL11 remains 
‘hard-wired’ to respond to injury and continues to activate 
components of a deep evolutionary cellular program of 
repair. However, in the absence of a blastema, IL11 causes 
disease instead of regeneration in warm-blooded mammals. 
I end by suggesting IL11 as a therapeutic target as it appears 
to have limited homeostatic functions in humans but causes 
pathobiology across cellular compartments in both rare and 
common human diseases.
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