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Exploring the role of interleukin-27 as a regulator of 
neuronal survival in central nervous system diseases
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Abstract  
Interleukin-27 is a pleiotropic cytokine that is involved in tissue responses to infection, cell stress, 
neuronal disease, and tumors. Recent studies in various tissues indicate that interleukin-27 has 
complex activating and inhibitory properties in innate and acquired immunity. The availability of 
recombinant interleukin-27 protein and mice with genetic deletions of interleukin-27, its receptors 
and signaling mediators have helped define the role of interleukin-27 in neurodegenerative 
diseases. Interleukin-27 has been well-characterized as an important regulator of T cell activation 
and differentiation that enhances or suppresses T cell responses in autoimmune conditions in the 
central nervous system. Evidence is also accumulating that interleukin-27 has neuroprotective 
activities in the retina and brain. Interleukin-27 is secreted from and binds to infiltrating microglia, 
macrophage, astrocytes, and even neurons and it promotes neuronal survival by regulating pro- 
and anti-inflammatory cytokines, neuroinflammatory pathways, oxidative stress, apoptosis, 
autophagy, and epigenetic modifications. However, interleukin-27 can have the opposite effect and 
induce inflammation and cell death in certain situations. In this review, we describe the current 
understanding of regulatory activities of interleukin-27 on cell survival and inflammation and discuss 
its mechanisms of action in the brain, spinal cord, and retina. We also review evidence for and against 
the therapeutic potential of interleukin-27 for dampening harmful neuroinflammatory responses in 
central nervous system diseases.  
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Interleukin-27 and Its Receptors
Interleukin-27 (IL-27) is a heterodimeric cytokine composed of a 28 kDa IL-
27p28 subunit and the 24 kDa Epstein Barr Virus-induced gene 3 (EBI3) 
protein. IL-27 subunits are induced primarily in antigen-presenting cells 
after stimulation of Toll-like receptors, CD40, complement, and interferon 
(IFN) receptors, which positions IL-27 as a central responder to numerous 
inflammatory signals. Examination of publicly available single-cell RNA 
sequencing databases from mouse retina and brain indicates that EBI3 and 
IL-27p28 are detected in multiple glial and neuronal cell subtypes (singlecell.
broadinstitute.org). Immunodetection and transcript analyses also confirmed 
IL-27 expression in non-inflammatory cells in the central nervous system (CNS), 
including spinal cord neurons, retinal ganglion cells, and photoreceptors 
(Amadi-Obi et al., 2007). 

IL-27 belongs to the IL-6/IL-12 cytokine superfamily that shares receptors and 
has overlapping inflammatory functions (Yoshida and Hunter, 2015). Secreted 
IL-27 binds to a heterodimeric receptor complex composed of gp130 and 
interleukin-27 receptor alpha (IL-27Rα) (also known as WSX-1 or TCCR) (Luo 
et al., 2021). IL-27Rα is specific for IL-27 and is primarily expressed on the 
cell surface of inflammatory cells, including macrophages, microglia, mast 
cells, B cells, dendritic cells, natural killer cells, naive CD4+ and CD8+ T cells, as 
well as neurons and radial glia. The gp130 receptor is expressed widely and 
is found on most inflammatory cells as well as retinal Muller glia, neurons, 
and endothelial cells (singlecell.broadinstitute.org). Gp130 also interacts with 
several other ligands, including cytokines and growth factors such as IL-6, LIF, 
OSM, and CNTF. The expression of IL-27 and its receptor are rapidly induced 
after neuronal damage. For example, EBI3, IL-27p28, and IL-27Rα transcripts 
are up-regulated in inflammatory cells in the CNS at the peak of pathology 
in an experimental autoimmune encephalomyelitis (EAE) model of multiple 
sclerosis (MS) (Li et al., 2005), and IL-27 expression is increased during 
intraocular inflammation (uveitis) (Lee et al., 2011). Although both receptor 
subunits are typically required for IL-27 signaling, homodimers of IL-27Rα 
are functional in certain cell types, such as transformed hematopoietic cells 
(Pradhan et al., 2007). Furthermore, IL-27Rα interacts with other receptor 
complexes, including ciliary neurotrophic factor receptor and IL-6Rα, which 
expands the number of potential cellular pathways stimulated by IL-27. 
Interestingly, a soluble form of IL-27Rα was identified in CD4+ and CD8+ T cells, 
B cells, monocytes, human sera, and COS7 cells that binds to and inhibits IL-
27 signaling, indicating an additional route of IL-27 regulation (Dietrich et 

al., 2014), although the conditions that promote its formation are not yet 
understood.

IL-27 signals through the JAK-STAT pathway, which is a well-described pathway 
that mediates many cellular processes, including cellular differentiation, 
proliferation, and immunologic responses (Burrell et al., 2020). JAKs are 
receptor-associated tyrosine kinases that are activated when bound to ligands 
including cytokines, growth factors, and interferons. The gp130 component 
of the IL-27 receptor engages JAK1 or JAK2, and WSX-1 binds to Tyk2, which 
catalyzes tyrosine phosphorylation and creates a binding site for SH2 domain-
containing STAT proteins. STATs are a family of transcription factors with varied 
tissue expression, promoter binding affinity, and responses to extracellular 
signaling. STATs are phosphorylated in the cytosol by activated JAKs, leading 
to STAT dimerization and activation. STAT dimers are then transported to 
the nucleus where they induce transcription of target genes. The anti-
inflammatory and cytoprotective activities of IL-27 have been linked to STAT1 
or STAT3 activation in microglia, dendritic cells, and astrocytes (Amadi-Obi et 
al., 2007; Lee et al., 2011; Luo et al., 2021), described below. The involvement 
of JAK-STAT pathways in numerous cellular processes in the CNS increases 
the potential roles for IL-27 throughout the nervous system, suggests points 
of cross-talk between IL-27 and other extracellular stimuli, and provides 
additional regulatory pathways that potentially enhance or suppress IL-27 
signaling.

Cell Types Mediating the Effects of 
Interleukin-27
The role of IL-27 in regulating T cell responses that prevent immune 
hyperactivity has been extensively characterized and IL-27 has been 
investigated as a possible therapeutic for chronic inflammatory conditions 
with excessive T cell activation, such as MS and rheumatoid arthritis. IL-27 
antagonizes differentiation and function of type 1 effector cells (Th1), type 2 
effector cells (Th2), and IL-17 producing helper T-cells (Th17), inhibits Th9 cell 
differentiation and function, and regulates B cell responses. In contrast, IL-27 
has pro-inflammatory functions by promoting the clonal expansion of naive 
CD4+ T-cells, promoting Treg and CD8+ T cell survival, and stimulating tumor-
specific cytotoxic T cell responses (Kim et al., 2019). IL-27 also regulates anti-
viral responses of CD4+ T-cells by controlling cell number and effector function 
(Wehrens et al., 2018), and it promotes the expression of inhibitory receptors 
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on T cells, including PD-L1, LAG-3, TIGIT, and TIM-3, which limits the immune 
response during parasitic infection (DeLong et al., 2019).  

Although the anti-inflammatory activities of IL-27 are mostly associated with 
regulation of T cell responses, evidence from recent studies indicate that 
it also induces anti-inflammatory signaling through other cell types in the 
CNS such as macrophages, microglia, and dendritic cells (Baker et al., 2010; 
Sowrirajan et al., 2017). These cell types compose a major portion of the 
neuroinflammatory response to CNS injury, and fine-tuning their coordinated 
response to damage may limit further neuronal death. Macrophages, 
dendritic cells and other antigen-presenting cells secrete IL-27 and express IL-
27 receptors, suggesting that IL-27 may function independently of its effects 
on T cells (Lee et al., 2011; Sowrirajan et al., 2017). The expression of both IL-
27 and its receptors on the same cells also indicates the potential for positive 
and negative feedback loops. Furthermore, IL-27 increases the expression 
of its receptor, suggesting it strengthens its signaling as a positive feedback 
response (Zhao et al., 2017). 

Several studies confirmed that the expression of IL-27 and its receptors were 
induced in innate immunity cell types during disease, including microglia, 
macrophage, and dendritic cells. Elevated IL-27 levels were demonstrated 
in CD11b+ microglia/macrophage in the EAE mouse model of MS and were 
associated with the therapeutic reversal of disease symptoms (Chu et al., 
2020). Similarly, in a mouse model of neuropathic pain, expression of IL-
27 and its receptor were increased in resident macrophage, microglia, and 
astrocytes within the spinal cord and dorsal root ganglion (Fonseca et al., 
2019). Exogenous IL-27 stimulated these immune cells adjacent to the 
sensory ganglia and spinal cord after peripheral nerve injury, leading to 
reduced pain hypersensitivity in this animal model (Fonseca et al., 2019). 

IL-27 and IL-27Rα were detected in astrocytes, microglia, and macrophages 
in MS post-mortem brain tissue (Senecal et al., 2016; Lalive et al., 2017). 
In human astrocyte cultures, inflammatory cytokines induced IL-27 and 
upregulated class 1 MHC, whereas M1-polarized myeloid cells induced IL-
27 in microglia and macrophage (Senecal et al., 2016). Therefore, IL-27 may 
help coordinate the local neuroinflammatory response via astrocytes and 
monocytes, which could limit further neuronal death (Senecal et al., 2016). 
However, different macrophage cell types vary in their responses to IL-27. For 
example, IL-27 was pro-inflammatory in peritoneal macrophages stimulated 
with LPS, leading to nuclear factor kappa B (NF-κB) and MAPK activation 
(Shimizu et al., 2013). Further study is needed to precisely define the effects 
of IL-27 in macrophages from different tissues and activation states.

Neutrophils are also involved in mediating the effects of IL-27 in the brain 
after injury. In an interesting study by Zhao et al., induction of intracerebral 
hemorrhage in rat and mouse models lead to rapidly elevated expression 
of IL-27p28 and EBI3 in the brain, CSF, serum, and spleen within an hour 
after injury (Zhao et al., 2017). Furthermore, IL-27 promoted neutrophil 
maturation within the bone marrow and reduced neutrophil expression of 
pro-inflammatory genes, such as MMP-9 and NOX2, and increased anti-
inflammatory genes, such as lactoferrin and other iron scavengers. (Zhao 
et al., 2017). Characterization of IL-27-mediated signaling in neutrophils 
within the CNS, and examining cross-talk between neutrophils and other 
neuroinflammatory cells, will help clarify the role of IL-27 in neuroprotection 
after brain injury.

Furthermore, a study using the EAE mouse model of MS demonstrated that 
IL-27 signaling in Foxp3+ Tregs was required for suppressing autoimmune 
inflammation. IL-27 delivered by a subcutaneous osmotic minipump led 
to reduced disease severity, lower inflammatory cytokines, and increased 
survival only when Treg cells were present. Additionally, transfer of Tregs 
obtained from mice lacking IL-27Rα or Lag3 prevented the protective effect 
of IL-27, demonstrating that the neuroprotective effects of IL-27 in this model 
depend on T cells, and not macrophage or astrocytes (Kim et al., 2019). 

Roles of Interleukin-27 in the Central Nervous 
System
IL-27 increases neuronal survival in the CNS in various diseases and injuries. 
For example, intraperitoneal injections of IL-27 reduced ischemia-reperfusion 
injury in a murine stroke model, decreased infarct volume, and improved 
neurological function, which was associated with reduced pro-inflammatory 
proteins TNFα, IL-1β and MCP-1 and increased IL-10 and TGF-β (Luo et al., 
2021). Additionally, in a mouse model of intracerebral hemorrhage, treatment 
with an IL-27 neutralizing antibody reduced endogenous IL-27 by over 80% 
and increased neurological deficits, compared with IgG control antibody. 
Recombinant IL-27 significantly decreased neurological deficits and brain 
pathology. Furthermore, IL-27 binding to receptors on neutrophils promoted 
a protective neutrophil phenotype, characterized by lactoferrin expression 
and reduced free iron in the brain, and was required for the beneficial effects 
of IL-27 (Zhao et al., 2017). 

Neuroprotective activity of IL-27 was also demonstrated in the retina. Elevated 
IL-27 was associated with increased photoreceptor survival in the rd10 mouse 
model of inherited retinal degeneration injected with a MyD88 inhibitor 
(Garces et al., 2020). Furthermore, ocular injections of recombinant IL-27 
reduced photoreceptor death in rd10 mice, confirming the neuroprotective 
function of IL-27 in the retina (Nortey et al., manuscript in preparation).

The activity of IL-27 in neurons may augment its effect on inflammatory cells. 

For example, IL-27 reduced apoptosis by acting directly on cultured neurons 
(Luo et al., 2021). Additionally, Lee et al. (2011) demonstrated that retinal 
ganglion cells and photoreceptors express basal levels of IL-27 and that IL-27 
expression is upregulated in these neurons and microglia in a mouse uveitis 
model. Furthermore, photoreceptor and Muller glia cultures express IL-27 
receptors, and IL-27 incubation led to STAT1-dependent induction of IL-10 and 
SOCS1. The authors concluded that IL-27 produced by retinal neurons and glia 
contributes to suppressing intraocular inflammation and preserving the retina 
(Lee et al., 2011). Amadi-Obi et al. (2007) also demonstrated that IL-27 and 
EBI3 are constitutively expressed in the neural retina in retinal ganglion cells, 
inner retina, Muller glia, and RPE. IL-27 inhibited proliferation of uveitogenic T 
cells in a mouse model of uveitis, IL-27 was induced by IFN-gamma in retinal 
cells, and retinal cultures secreted IL-27 and inhibited the expansion of Th17 
cells when tested in a coculture system. These findings suggest that IL-27 
expression in retinal cells, which was elevated during uveitis, may suppress 
additional neuronal damage. Further studies using neuron-specific or glia-
specific IL-27 and IL-27R knockout mice will be needed to determine the 
precise involvement of neuronal-targeted IL-27. 

IL-27 is also induced by other pro-survival molecules and potentially 
contributes to their cytoprotective functions. In the mouse MPTP-toxicity 
induced Parkinson’s disease model, protection of dopaminergic neurons by 
administration of granulocyte macrophage colony-stimulating factor (GM-
CSF), a cytokine required for autoimmunity in the CNS, was associated 
with upregulation of IL-27 and IL-10R, increased Treg cells, and decreased 
microgliosis (Kosloski et al., 2013). In contrast, the protective effect of IL-27 in 
the EAE mouse model involved fewer infiltrating GM-CSF+ T cells into the brain 
and spinal cord and decreased GM-CSF expression in CD4+ T cells (Casella et 
al., 2017). Furthermore, reduced GM-CSF by IL-27 resulted in PD-L1 induction 
in myeloid cells, leading to reduced neuroinflammation and suppressed 
autoimmunity (Casella et al., 2017). 

In a study that investigated the therapeutic properties of matrine in the 
EAE mouse model, elevated IFN-β and IL-27 were associated with reduced 
symptoms (Chu et al., 2020). Blocking IFN-β activity reduced both IL-27 and 
the therapeutic effect of matrine, indicating a neuroprotective role of IFN-β/
IL-27 signaling. In contrast, in the SOD1-G93A mouse model of amyotrophic 
lateral sclerosis (ALS) treated with a P2X7 antagonist, serum IL-27, IFN-β, 
and IL-10 levels were elevated despite lack of a therapeutic effect of the 
antagonist, indicating IL-27 did not promote protection (Ly et al., 2020). It 
is possible that IL-27 levels may be elevated as an intrinsic neuroprotective 
response in the ALS model that is ultimately insufficient, or IL-27 may 
promote disease progression due to its pro-inflammatory properties (see 
below). Further studies on the role of IL-27 in ALS should be performed, 
including analysis of serum IL-27 levels in patients with ALS.

A link between IL-27 and autophagy has also been demonstrated, with 
opposite effects noted in different studies. IL-27 promotes survival of 
Mycobacterium tuberculosis-infected macrophages by inhibiting autophagy 
in an mTOR and Mcl-1-dependent manner (Sharma et al., 2014). In contrast, 
IL-27 promotes autophagy in stimulated primary human macrophages, which 
was not associated with mTOR phosphorylation or LC3 lipidation (Laverdure 
et al., 2021). Autophagy is critical to many neuronal diseases and the role of 
IL-27 in autophagy regulation in the CNS should be further investigated.  

Several studies suggest that IL-27 levels may represent a biomarker for 
neurodegenerative disease progression.  Patients with Parkinson’s disease 
(PD) had lower serum IL-27 levels and higher TNFα levels compared with age-
matched controls, and although total IL-27 levels were lower, they correlated 
with the severity of PD symptoms (Kouchaki et al., 2018). Increased IL-27 
expression in more severe PD may be a compensatory mechanism to reduce 
excessive inflammation. Similarly, higher IL-27 levels were measured in the 
CSF of patients with MS compared with control individuals, although serum IL-
27 levels did not differ between patients and controls (Lalive et al., 2017). The 
differences in CSF and serum levels of IL-27 with respect to disease pathology 
may indicate different roles and cellular interactions of IL-27 at the site of 
injury compared with the periphery. Additionally, higher serum levels of IL-27 
also correlated with cardiopulmonary failure from Enterovirus in children with 
neurological complications from infection, without an association between IL-
27 levels and viral load, suggesting its use as a predictor of disease severity 
in these patients (Huang et al., 2016). However, several studies indicated 
no correlation between IL-27 and disease severity, perhaps representing 
differences in the timing of disease pathogenesis, patient populations or 
other factors (Kouchaki et al., 2018; Ly et al., 2020).

Molecular Mechanisms of Interleukin-27-
Induced Cytoprotection 
IL-10
Studies in animal models of disease and cultured cells demonstrated that 
multiple signaling pathways contribute to the anti-inflammatory effects of IL-
27 (Figure 1). In addition to suppressing T cell differentiation and function, 
IL-27 induces secretion of the anti-inflammatory cytokine IL-10 from 
macrophages and activated CD4+ T cells (Fonseca et al., 2019). In the CNS, IL-
10 limits neuroinflammation by reducing pro-inflammatory cells and reactive 
astrogliosis and promotes neuroprotective microglial phenotypes (Burmeister 
and Marriott, 2018). IL-10 binds to microglia and astrocytes where it activates 
JAK1/STAT and NF-κB and suppresses the release of inflammatory cytokines. 
IL-10 also binds to IL-10R on the surface of several neuronal types, such as 
retinal ganglion cells (RGCs), cortical neurons, and spinal cord neurons. In the 
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latter, IL-10 induces STAT3/AKT signaling, leading to increased transcription 
of the anti-apoptotic genes Bcl-2 and Bcl-XL and increased survival of 
cultured neurons exposed to the elevated glutamate (Zhou et al., 2009). IL-
10 also leads to inactivation of GSK3β, raising the possibility that IL-27/IL-
10 signaling could stimulate the neuroprotective Wnt pathway (Garcia et al., 
2018). Furthermore, the anti-inflammatory effect of IL-27 is lost or reduced 
in animals lacking IL-10 (Fonseca et al., 2019), indicating the importance of 
IL-10 signaling to IL-27 function. However, IL-27 induced IL-10 expression in 
CD4+ T cells in vitro but not in vivo in a mouse model of MS (Kim et al., 2019), 
indicating that factors that mediate IL-27/IL-10 signaling are not yet fully 
understood.  

Figure 1 ｜ Potential mechanisms of neuronal protection from IL-27 acting on innate 
immune cells and neurons. 
Macrophages produce IL-27 after stimulation of TLR, CD40, IFN, and other receptors, 
via NF-κB or STAT1. The secreted IL-27 binds to receptors on microglia, dendritic 
cells, and astrocytes, which activates STAT1/3 signaling pathways, induction of anti-
inflammatory proteins, reduction of pro-inflammatory proteins, and inhibition of the 
NRLP3 inflammasome. CD39 expression in dendritic cells is required for inflammasome 
inhibition in dendritic cells. IL-10 released from microglia binds to IL-10 receptors on 
neurons and stimulates anti-apoptotic pathways (Bcl-2, Bcl-XL). IL-27 has direct effects on 
neurons by binding to IL-10 receptors and stimulating anti-expression of IL-10 and TGFβ. 
IL-27 is expressed in microglia, astrocytes, and neurons, suggesting positive-feedback 
pathways to sustain anti-inflammatory/cytoprotective signaling during sustained 
neuroinflammatory injury. The contribution of T cells and other IL-27-responsive cell 
types is not shown. IFN: Interferon; IL: interleukin; IL-27R: interleukin-27 receptor; NF-κB: 
nuclear factor kappa B; TGFβ: tumor growth factor-beta; TLR: Toll-like receptor. 

STAT signaling
Similar to other protective growth factors and cytokines, cytoprotection from 
IL-27 is mediated through STAT1 or STAT3 signaling. Activation of STAT1 and 
STAT3 by IL-27 links this pathway to a number of downstream neuroprotective 
mechanisms including interferon regulatory factors IRF1, IRF8, suppressor 
of cytokine signaling proteins (SOCS) and IL-10. In a murine stroke model, 
IL-27-induced neuronal protection depended on STAT3 signaling (Luo et al., 
2021). Signaling through STAT1, 3 and 5 has also been implicated in IL-27-
induced survival and proliferation of alloreactive splenocytes and confirmed 
by blocking the protective effects of IL-27 using a JAK/STAT inhibitor (Zhao et 
al., 2020).

Pro-Inflammatory and Apoptotic Activities of 
Interleukin-27  
Although the majority of studies indicate anti-inflammatory and anti-apoptotic 
effects of IL-27 in the CNS, developing the IL-27 cytokine as a potential 
neuroprotective therapy may be limited by its pro-inflammatory and pro-
death activities observed in certain cell types and disease models. Although 
some of these pro-death activities are beneficial and limit an overactive 
immune response, the mechanism by which IL-27 induces cell death is not 
entirely understood. A recent study demonstrated that IL-27/STAT3 signaling 
in the EAE mouse model induced apoptosis of CD4+ T cells, which occurs by 
inducing PD-L1 on monocyte-derived dendritic cells that bind to programmed 
cell death protein 1 on pathogenic T cells (Casella et al., 2020). Furthermore, 
using the streptozotocin-induced mouse model of Alzheimer’s disease, Salem 
et al. (2021) demonstrated that treatment with the phosphodiesterase 5 
inhibitor tadalafil and anti-inflammatory naturally derived product bergapten 
resulted in reduced IL-27 and IL-23 levels that were associated with decreased 
neuroinflammation, reduced neuronal loss, and improved cognitive function. 
These findings raise the possibility that IL-27 promotes degeneration in this 
mouse model and is suppressed by neuroprotective treatments.

The role of IL-27 in neuroinflammation in the BTBR mouse model of autism 
was investigated (Ahmad et al., 2017). Inhibiting adenosine A2a receptor 
signaling in this mouse model led to reduced inflammation, and was 
associated with lower levels of splenic CD14+IL-27+ cells and other pro-
inflammatory molecules, and decreased IL-27 expression in the CNS (Ahmad 
et al., 2017). These results suggest that IL-27 may be involved in microglial 
and neuroinflammatory responses underlying adenosine A2a receptor-
regulated behaviors.

IL-27 induces apoptosis as a component of its anti-tumor function. For 
example, IL-27 induced apoptosis of B cells from patients with chronic 
lymphocyte leukemia, although did not induce apoptosis in B cells from 
control subjects (Manouchehri-Doulabi et al., 2020). Furthermore, IL-
27 promoted apoptosis of several tumor cell types, including enhancing 
sensitivity to the chemotherapy drug cisplatin in a lung cancer cell line (Jiang 
et al., 2021) and increasing sensitivity to poly(I:C)-induced cell death in a 
prostate tumor cell line (Kourko et al., 2019). Evidence for its anti-tumor 
effects in vivo was shown using mouse models of colon, lung, and breast 
tumors, in which IL-27 over-expression led to improved survival by depleting 
Tregs through Stat1 signaling and CD25 downregulation and increasing 
IL-2 expression (Zhu et al., 2018). How the IL-27/STAT1 and STAT3 signaling 
pathways lead to survival or death in different cell types remains to be 
elucidated. 

IL-27 also mediates pro-inflammatory effects by promoting proliferation and 
survival of CD4+ T cells, differentiation, and effector function of Th1/Tfh and 
inhibition of Treg cells (Wehrens et al., 2018). Several direct and indirect 
mechanisms have been described for these activities, including CD3 and 
TCR binding and downregulation of FasL and cFLIP. IL-27 also upregulates 
pro-inflammatory chemokines, such as Ccl2, Ccl3, and Ccl4 in non-neuronal 
tissue (Liu et al., 2019), although this has not been reported in the CNS. 
Furthermore, exogenous IL-27 induced macrophage polarization to a pro-
inflammatory phenotype and enhanced liver cell apoptosis in a murine liver 
injury model (Fan et al., 2021). The effect of IL-27 on inflammation may 
be influenced by the timing of the immune response because evidence 
suggests that IL-27 is pro-inflammatory early in the disease course (Zhu et al., 
2018), although other factors are surely involved, including specific signaling 
pathways induced by IL-27 and the co-expression of other cytokines and 
inflammatory mediators.

Conclusions and Future Directions 
Precise control of neuroinflammatory signals is essential to restore tissue 
homeostasis after CNS injury — too little inflammation would reduce 
protective immune responses that remove dying neurons and limit damage, 
whereas too much inflammation impairs neuronal survival and worsens tissue 
damage. Research into the roles of IL-27 in regulating innate and adaptive 
immunity pathways that protect the CNS from neurodegeneration is still in its 
early stages. Several studies show that delivering functional IL-27 to the retina 
or brain reduces excessive neuroinflammation through several mechanisms 
and decreases neuronal death. IL-27 also directly stimulates STAT3-mediated 
survival pathways upon binding to IL-27Rα on neurons. It is important to 
note that while the majority of studies indicate anti-inflammatory and anti-
apoptotic effects of IL-27 in the CNS, the pro-inflammatory functions observed 
in certain disease models must be properly understood before developing IL-
27 as a potential therapy. Key questions to be investigated are: (1) how IL-27 

Cytokine expression
IL-27 reduces the expression of multiple inflammatory cytokines, and the 
combined effects of suppressed pro-inflammatory cytokines and elevated anti-
inflammatory IL-10 may tip the balance to promoting an immunosuppressive 
and neuroprotective tissue environment. A study by Mascanfroni et al. using 
the EAE model showed that IL-27 reduced effector Th1 and Th17 cells and 
decreased EAE severity. IL-27 induced CD39 (ENTPD1) in dendritic cells (DC) in 
the EAE model and CD39 was required for IL-27-induced immunosuppression 
because CD39 knock-out mice had increased EAE severity. Furthermore, 
IL-27 reduced ATP levels, decreased ATP-dependent activation of the 
NLRP3 inflammasome, and reduced inflammatory signaling (Mascanfroni 
et al., 2013). DCs treated with IL-27 had lower levels of IL-6, IL-12, and IL-
23 cytokines, lower antigen-presenting cell function, and increased anti-
inflammatory cytokines IL-10 and TGF-β1. Microarray analysis demonstrated 
that IL-27 increased expression of the NF-κB inhibitors Tnip3 and Tnfaip3 in 
DCs, indicating a transcriptional mechanism for reducing NF-κB inflammatory 
signaling (Mascanfroni et al., 2013).  

In contrast, IL-27 did not alter IL-10 or SOCS-3 levels in cultured microglia co-
treated with oncostatin M (OSM) but reduced TNFα and iNOS and inhibited 
NF-κB activation (Baker et al., 2010). Lower levels of inflammatory cytokines 
by IL-27 treatment were associated with decreased OSM-induced death of 
cultured mouse primary cortical neurons (Baker et al., 2010). The mechanism 
by which IL-27 inhibits NF-κB in these cells is unclear but it may involve 
altered binding to the gp130 receptor that IL-27 and OSM both use (Baker 
et al., 2010). Interestingly, IL-27 was shown to induce epigenetic changes 
in microglia by reducing binding of coactivator p300, decreased acetylation 
of histone H3 in TNFα and iNOS promoters, and increased binding of the 
transcriptional corepressor HDAC1 (Baker et al., 2010). Additionally, IL-
27 induces several transcription factors, including c-Maf, Egr-2, IRF1, and 
BATF, which alter chromatin accessibility at promoter regions and induce 
transcription of target genes that mediate the effects of IL-27, such as IL-10 
and genes involved in T cell function (Karwacz et al., 2017). Therefore, these 
studies suggest that IL-27 is a component of the tissue response that restores 
homeostatic levels of inflammation.
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expression and activity are regulated after acute and chronic injury, (2) what is 
the role of IL-27 in tissues with “immune privilege”, such as the retina, (3) how 
IL-27 secretion recruits the activity of other immune cells within the CNS in 
the immediate stages after injury, (4) identification of the signaling pathways 
that regulate the protective effects of IL-27, (5) what is the contribution of IL-
27 signaling within other CNS cell types, such as radial glia, astrocytes, and 
neurons, to the overall tissue response, and (6) what downstream signals 
determine whether IL-27 is anti-apoptotic, as seen in neuronal tissue, or pro-
apoptotic, as seen in tumor cells. In conclusion, further investigation of the 
promising cytoprotective and immunomodulatory properties of the IL-27 
cytokine is warranted and may ultimately lead to the development of novel 
therapeutic strategies for diseases of the CNS and retina. 

Search Strategy and Selection Criteria
The following search terms were used in PubMed for preparing this narrative 
review: “IL-27”, “Ebi3”, “WSX-1”, “IL-10” and “IL-27R” in combination with 
“CNS”, “neuron”, “brain”, “retina”, “spinal cord”, “neurodegenerative disease”, 
“neurodegeneration”, “apoptosis”, “survival”, or specific diseases (“Alzheimer’s 
disease”, “Parkinson’s disease”, “multiple sclerosis”, etc.), or in combination 
with specific cell types (“microglia”, “macrophage”, “dendritic cell”, “neuron”, 
“neutrophil”, “astrocyte”, “T cell”) or in combination with specific mechanisms 
(“autophagy”, “JAK/STAT”, “apoptosis”, etc). All years were chosen in the 
search. These searches were performed between July and September 2021. 
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