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T-helper 17 (Th17) cells represent a subpopulation of CD4+ T lymphocytes that play an essential role in defense

against pathogens. Th17 cells are distinguished from Th1 and Th2 cells by their ability to produce members of the

interleukin-17 (IL-17) family, namely IL-17A and IL-17F. IL-17 in turn induces several target cells to synthesize and

release cytokines, chemokines, and metalloproteinases, thereby amplifying the inflammatory cascade. Th17 cells

reside predominantly in the lamina propria of the mucosa.

Th17  pathogens  immunopathology

1. Introduction

T helper 17 cells represent a subset of CD4+ T lymphocytes discovered about 20 years ago . It was evident

from the beginning that this population played a key role in defense against bacteria, viruses, and fungi. It was

shown that the defensive action of Th17 cells occurred primarily through the production of members of the IL-17

family, in particular IL-17A and IL-17F . It was also found that the specific cytokine signature of Th17 cells was

closely dependent on IL-23 produced by cells of innate immunity in response to stimulation by microbial agents.

The dependence of IL-17 production on IL-23 led to the formulation of the term “IL-23/IL-17 axis” .

Although Th17 cells were shown to be essential in preserving the integrity of the mucosal barrier from attack by

infectious agents, subsequent studies revealed that these cells were also involved in immunopathological

processes. Indeed, in an appropriate inflammatory microenvironment, they were found to be responsible for

immunopathology, promoting the induction and maintenance of inflammatory and autoimmune diseases 

.

2. Th17 Cell Discovery: A Novel CD4+ T-Helper Cell Paradigm

For several years since the second half of the 1980s, CD4+ T cells have been subdivided into two subpopulations,

T-helper 1 (Th1) cells and Th2 cells . Th1 cells were characterized by their ability to produce interferon (IFN)-γ,

cooperate with B cells to produce immunoglobulin (Ig)G, and give rise to delayed-type T-cell responses .

Conversely, Th2 cells were characterized by the ability to produce interleukin (IL)-4, which is required to promote

isotope switching by B cells for IgE production . While Th1 cells predominantly provided defense against

intracellular pathogens, Th2 cells provided defense against parasites. In 1989, the so-called Th1/Th2 paradigm

was thus formulated .
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Subsequently, however, several pieces of evidence showed that IFN-γ production by Th1 cells did not fully explain

the presence of pro-inflammatory CD4+ T-cell mediated responses in mouse models . The Th1/Th2

paradigm was therefore destined to be overcome.

3. IL-17-Member Family

A critical event that preceded the discovery of Th17 cells was the cloning of a new interleukin with pro-inflammatory

properties in 1993 . This interleukin was initially defined as CTLA8 and later as interleukin-17A. That

interleukin showed sequence homology with an open reading frame of the Herpesvirus saimiri, a herpes virus

capable of infecting T cells . Interleukin 17A was characterized by not having sequence homology with other

known cytokines and deserved the definition of cytokine because it could induce the production of immune-active

soluble factors by target cells . Other cytokines structurally similar to interleukin 17A were then identified in

sequence homology studies . All these molecules were then grouped into a family defined as IL-17 that

presently includes six members from 17A to IL-17F . Five specific receptors expressed on different cell types

were then cloned . These receptors have molecular peculiarities that differentiate them from other

interleukin receptors. In particular, they contain an intracytoplasmic motif termed SEFIR (SEF/IL-17 receptor) that

has some similarities with a domain present in the Toll/IL-1 receptor (TIR) . IL-17R signaling initiates with the

recruitment of Act1 adaptor molecule, with subsequent IL-17R/Act-1 association  thus amplifying the signal

transduction. This interaction is critical in the response to pathogens as demonstrated in murine models of

knockout mice for the gene encoding IL-17RA as well as in humans with ACT1 mutations or with congenital

deficiency of IL-17A or IL-17C, where a high susceptibility to fungal infections is observed . Act1 possesses the

peculiar ability to bind to E3 Ubiquitin . Through this interaction, TNF-receptor associated factor(TRAF)6 is then

recruited , resulting in activation of the nuclear factor kappa-light-chain-enhancer of activated B (NF-κB) and

subsequent gene transcription of several antimicrobial proteins .

In the year 2000, a discovery would prove essential for the subsequent identification of new pro-inflammatory

CD4+ T cells in addition to the classic Th1 and Th2 cells . Indeed, a new cytokine called p19 was discovered.

This cytokine was able to form a heterodimer with the p40 chain of IL-12. The association of these two proteins

originated a new interleukin called IL-23. Interleukin-23 was able to bind a receptor to IL-23R constituted by

IL23R/IL-12β1 heterodimer . Later studies showed that IL-23 was produced mainly by dendritic cells after

activation by prostaglandin E and adenosine triphosphate . It was shown that IL-23 was able to induce IL-17

production by a subpopulation of CD4+ T cells distinct from both Th1 and Th2 cells . Therefore, this

subpopulation was termed Th17 . The peculiar differentiation and function characteristics of this subpopulation

were further defined . Th17 cells predominantly produce a member of the IL-17 family, namely IL-17A. However,

subsequent study showed that other soluble factors involved in the inflammatory response, such as IL-17F, IL-21,

IL-22, IL-26, and the chemokines CXCL8 and CCL20, were also produced . It was found that a peculiar feature of

Th17 cells was that their differentiation depended on specific transcription factors retinoic-acid orphan gamma

receptor t (RORγt) in mice and its human isoform retinoic-acid orphan receptor C (RORC) . These factors in

turn induced il17a gene transcription . Th17 cells were shown to characteristically express CCR6 chemokine
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receptor on their surface . Further studies identified the existence of an intermediate cell subtype termed

Th1Th17 able to produce both IL-17 and IFN-γ .

4. Differentiation of Th17 Cells

Differentiation of Th17 cells is a rather intricate molecular process that has been clarified at least in part only

recently. This process requires TCR engagement of naïve CD4+ T cells together with the action of different

cytokines present in the microenvironment. In more detail, IL-6 and tissue growth factor-β (TGF-β) provide to

chromatin remodeling of the il17 gene locus . IL-6 enhances retinoic-acid orphan receptors (RORγt)

transcription through signal transducer and activator of transcription 3 (STAT3) phosphorylation , whereas TGF-

β regulates Th17 differentiation via Staufen1 (STAU1)-mediated mRNA decay (SMD)-dependent or -independent

pathways. It is noteworthy that TGF-β is also capable to promote regulatory T-cell (Treg) differentiation, which in

turn suppresses Th17 through the function of forkhead box P3 (FOXP3). However, this activity is counteracted by

IL-6-phosphorylated STAT3, which downregulates FOXP3, with consequent induction of RORγt and transformation

of inducible Tregs into Th17 cells . An important role in the early stages of Th17 cell differentiation is also played

by IL-1β. This interleukin upregulates the expression of interferon regulatory factor (IRF) 4  and RORγt .

Once differentiated, Th17 cells express IL23R on their surface. Interaction with IL-23 present in the inflammatory

microenvironment is required to maintain the phenotype of Th17 cells, increasing RORγt and IL-17 expression by

the intervention of STAT3 , but does not participate in the Th17 differentiation process . Figure 1 shows the

differentiation process of Th17 cells.

Figure 1. The process of Th17 cell differentiation. Dendritic cells after activation by microbial components

activate CD4+ naive T cells in an antigen-dependent manner. In the presence of the appropriate cytokine

environment, such cells acquire a Th17 phenotype by upregulating RORγt/RORC and downregulating Foxp3. IL-23

is required to stabilize their phenotype. Th17 cells are characterized by the ability to synthesize and secrete IL-17A

and IL-17F in addition to other soluble factors. IL-6, TGFβ, and IL-1β contribute to the differentiation of naïve T

cells into Th17 cells. IL-23 is required to stabilize their phenotype. Chemokine receptor CCR6 directs Th17 cells to

barrier tissues.
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5. Plasticity of Th17

An important feature of Th17 cells is their plasticity, defined by their ability to acquire functional and phenotypic

characteristics of other CD4+ T lymphocyte subpopulations. Indeed, Th-17 cells can acquire the characteristics of

Th1 cells in the presence of interleukin 12, which downregulates the expression of RORγt/RORC and induces the

expression of T-bet, a major transcription factor of IFN-γ . In a microenvironment rich in IL-4, they can

acquire a Th2 phenotype . Th17 cells present in the Peyer’s patches can acquire the follicular T cells (Tfh)

phenotype and induce immunoglobulin (Ig) A production by geminal center B lymphocytes . Finally,

differentiation of naïve CD4+ T cells into Treg or Th17 is bidirectional. Interconnection between these two

subpopulations depends on FOXP3/ RORγt/RORC balance, as demonstrated in numerous studies. This is

regulated by the relative activity of several cytokines, including TGF-β, IL-6, IL-21, IL1β, and IL-23 . Th17

cells exert their function on several cellular targets that are not only part of the immune system, but also express

receptors for cytokines they produce.

6. The Physiological Function of Th17

The final effect of Th17-produced cytokines, mainly IL-17A, induces the consequent production of chemokines,

interleukins, and chemokines by IL17R+ cells. These factors participate to the recruitment of neutrophils to the

inflammatory site and induce secretion of anti-bacterial substances by epithelial cells . Importantly, Th17 is

localized mainly at the mucosal level where it exerts protective activity against bacteria and fungi . The primary

function of Th17 cells is therefore to maintain immune control of infection at the mucosal level and in the skin 

. As discussed above, the maintenance of their differentiative state over time is strictly dependent on the

cytokine environment. To this end, an important role is played by low levels of IL-1β produced by macrophage cells

stimulated by intestinal commensal bacteria . In the skin, commensal bacteria including S. epidermidis

contribute to Th17 cell stability . The presence of several metabolites including tryptophan can also favor the

differentiation state of Th17 cells . At the intestinal level, Th17 cells produce IL-22 and IL-21 in addition to IL-17.

IL-17 and IL-22 locally exert an antimicrobial action through the production of bactericidal proteins . Either in

experimental animal models or rare primary immunodeficiencies in humans, alteration in the production of

interleukin 17 or its receptors as well as in the case of RORγt mutations, loss of immunological defense against C.

albicans and S. aureus has been observed at the skin, nail, and genital mucosa levels . The observation that

commensal segmented filamentous bacteria (SFBs) can induce a vigorous Th17 response in the intestine appears

to be of considerable importance . Such bacteria have a special ability to penetrate through the mucus that

protects mucous membranes and thus can resist their removal by epithelial cell turnover and digestive processes

. It has been proposed that this SFB property can indirectly facilitate the transformation of Th17 cells from

defensive to pathogenic. Importantly, Th17 cells play their role in the mucosal defense against pathogens not only

in the gut or at the skin level, but also in the lung . Figure 2 shows the main pro-inflammatory activity of Th17

cells.
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Figure 2. The pro-inflammatory function of Th17 cells. IL-17A and IL-17F produced by Th17 cells recognize

different cellular targets that express their specific receptors. After activation, the signal transduction is triggered

with formation of the ACT1/TRAF6 complex. The final event of this process includes activation of transcription

factor NF-κB. Different pro-inflammatory factors are synthesized by the stimulated cells including cytokines,

chemokines, growth factors and matrix metalloproteinases. IL-17A/IL-17F target cells include keratinocytes,

fibroblasts, osteoblasts, epithelial cells, endothelial cells and macrophages.
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