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The family of NF-κB is composed of five members of proteins linking to DNA, (RelA, RelB, RelC, NFκ-B1, and NFκ-B2)

that trigger a set of inflammatory downstream effectors after nuclear translocation, involved in a broad range of biological

processes. Either a canonical or a non-canonical pathway can be responsible for their activation; the canonical pathway

mediates inflammatory responses and leads to a rapid but transient NF-κB activation, while the non-canonical signalling is

a slow, long-lasting pathway.
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1. Introduction

Typical inducers of the non-canonical NF-κB pathway are ligands of a subset of the tumour necrosis factor receptors

(TNFR) superfamily involved in the differentiation of the immune system, as well as in secondary lymphoid organogenesis

. The NF-κB family members show homology through a 300 amino acid N-terminal DNA binding/dimerization domain,

named the Rel homology domain (RHD). The RHD is a complex system where family members can constitute

homodimers and heterodimers, which are normally kept inactive in the cytoplasm through interaction with inhibitory

proteins of the IκB family (IκBs) . The common regulatory step in both the canonical and non-canonical cascades is the

activation of an IκB kinase (IKK) complex consisting of catalytic kinase subunits (IKKα and/or IKKβ) and the regulatory

non-enzymatic scaffold protein NF-κB essential modulator (NEMO), also known as IKKγ . NF-κB dimers are activated by

IKK-mediated phosphorylation of IκBs, which triggers proteasomal IκBs degradation, liberating the dimers of NF-κB from

the NF-κB-IκBs complex, that subsequently translocate to the nucleus, linking to κB enhancer elements of target genes 

(Figure 1). Among the IκBs, the best characterized is IκBα, which requires degradation of the activity of IKK kinase. IκBα

functions as a negative feedback loop to sequester NF-κB subunits, because NF-κB activation induces the expression of

the IκBα gene, which terminates signalling unless a persistent activation signal is present .

Figure 1. Canonical and non-canonical nuclear factor κ (kappa)-light-chain-enhancer of activated B cells (NF-κB)

signalling pathways. The canonical NF-κB pathway starts with the activation of innate and adaptive immune receptors in

response to various ligand molecules, which transfers the signal across the cell membrane causing the activation of the

trimeric IκB kinase (IKK) complex, composed of catalytic (IKKα and IKKβ) and regulatory (IKKγ) subunits. The IKK

complex phosphorylates IκBα and phosphorylated IκB undergo ubiquitylation and proteasomal degradation, allowing

nuclear translocation of the RelA/p50 dimer of the NF-κB heterodimer. The non-canonical NF-κB pathway selectively

responds to a subset of TNFR members that induce the activation of the NF-κB-inducing kinase (NIK). NIK

[1]

[2]

[2]

[2]

[2]



phosphorylates and activates IKKα, which in turn phosphorylates carboxy-terminal serine residues of p100, triggering

selective degradation of the C-terminal IκB-like structure of p100, and mediates the persistent activation of the RelB/p52

complex.

NF-κB is activated in every cell type and has a central role in inflammation. It is, therefore, fundamentally implicated in the

molecular pathways that induce the transcription of pro-inflammatory genes . NF-κB is highly activated in

various inflammatory disorders and triggers the transcription of chemokines, cytokines, pro-inflammatory enzymes,

adhesion proteins, and other factors to modulate the inflammatory response, such as metalloproteinases, Cox-2, and

inducible nitric oxide synthase , although the mechanism is still unclear (a schematic representation of NF-κB

activation is reported in Figure 2). In RA, NF-κB is highly expressed in the inflamed synovial stratum , where it

enhances the engagement of inflammatory cells and pro-inflammatory cytokines production such as IL-1, IL-6, IL-8, and

TNF-α . Interestingly, recent evidence has shown that alterations in the modulation of NF-κB-dependent gene

expression lead to a variety of other inflammatory and autoimmune disorders, neurological conditions and cancers . In

pSS, a correlation between NF-κB signalling and chronic inflammation has been demonstrated by various reports; nuclear

translocation of NF-κB into focal infiltrated lymphocytes and into the acinar epithelium surrounding the infiltrates from SGs

of patients with pSS was detected, while distal normal acini and ductal structures showed no nuclear translocation . In

addition, the non-canonical NF-κB p65 nuclear translocation has been induced in pSS SGEC by a range of molecular

agents such as epidermal growth receptor (EGFR) and B-cell activator CD40 . Furthermore, a downregulated gene

and protein expression of IκBα was detected in pSS monocytes, contributing to an enhanced NF-κB activity. Finally, pSS

autoantibodies can trigger the NF-κB signalling pathway, thus, contributing to exacerbate the inflammatory condition .

Figure 2. NF-κB signalling pathway dictates the inflammatory responses. After its activation, it can induce the transcription

of a large number of genes including pro-inflammatory cytokines, chemokines, adhesion molecules, cell cycle regulatory

molecules, anti-apoptotic proteins and angiogenic factors, and thereby regulate cell proliferation, apoptosis,

morphogenesis, differentiation, angiogenesis, and inflammation. The regulation of inflammation, cell proliferation and

apoptosis is central to the understanding of many diseases, such as autoimmune diseases and cancer.

2. Small-Molecule Inhibitors of NF-κB in Sjögren's Syndrome

Sjögren's syndrome (SS) is a systemic autoimmune inflammatory disease with a poorly defined aetiology, which targets

exocrine glands (particularly salivary and lachrymal glands), affecting the secretory function. Patients suffering from SS

exhibit persistent xerostomia and keratoconjunctivitis sicca. It is now widely acknowledged that a chronic grade of

inflammation plays a central role in the initiation, progression, and development of SS. Consistent with its key role in

organizing inflammatory responses, numerous recent studies have shown involvement of the transcription factor nuclear

factor κ (kappa)-light-chain-enhancer of activated B cells (NF-κB) in the development of this disease. Therefore, chronic

inflammation is considered as a critical factor in the disease aetiology, offering hope for the development of new drugs for

treatment.

The modulation of the NF-κB pathways has frequently been described as “pro-inflammatory”, largely due to the key role of

NF-κB in the pro-inflammatory genes expression including cytokines, chemokines, and adhesion molecules . Many

findings demonstrated that epithelial cells in the glandular sites of patients affected by pSS are able to release factors that

address the chemoattraction of lymphocytes and promote chronic inflammatory responses . NF-κB
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pathway modulation was therefore investigated in pSS, highlighting a role in regulating the production of pro-inflammatory

cytokines, leukocyte enrolment, or cell survival . In pSS, the NF-κB activation cascade can be modulated at

different levels . Considering the correlation with the biopsy focus score, grade of infiltration and evaluated disease

activity, phosphorylated IKKε, responsible for the degradation of IkB proteins, were significantly and positively correlated

with NF-κB levels in pSS . The levels of B-Cell Activating Factor (BAFF) and those of numerous pro-inflammatory

cytokines, all regulated by NF-κB signalling, are augmented in pSS . Nucleotide polymorphisms in NF-κB pathway

genes have been linked with pSS , and a specific mutation in the Ikα-826T, one of the promoters of a member of the

inhibitory IkB complex, was associated with susceptibility of pSS . Numerous small molecule inhibitors of the NF-κB

signalling pathways are currently commercially available for use, and NF-κB modulators are under study in clinical trials

for pSS treatment . Many preclinical studies have already analysed the role of NF-κB signalling in

the glandular tissue in pSS. The pSS SGECs have been recognized to have an active NF-κB pathway. The

phosphorylated forms of IKKε, IκBα, and NF-κB were expressed in the ductal cells in minor SGs derived from pSS

patients . By stimulating the Toll-Like Receptor 2 (TLR2) in SGECs, IL-2 production was induced through the NF-κB

cascade in pSS SGECs . SGECs treated with the anti-Ro/SSA autoantibodies isolated from pSS patients showed

a progressive increase in constitutive NF-κB activation, and transfection of SGECs with IκBα in SGECs treated with anti-

Ro/SSA led to a remarkable production of pro-inflammatory cytokines and an enhanced apoptosis . Furthermore, recent

findings showed that gene silencing of the natural NF-κB inhibitor TNF Alpha Induced Protein 3 (TNFAIP3) in keratin-14-

positive epithelial cells, promoting the activation of the constitutive NF-κB cascade, induces the initial phases of pSS,

leading to a reduced production of saliva and lymphocyte invasion in the SGs . This effect is likely related to the

calcium pathway in the acinar cells, since calcium signalling has an important role in NF-κB pathway activity . A list

of NF-κB small molecule inhibitors tested in pSS is reported in Table 1.

Table 1. List of NF-κB small molecules inhibitors tested or identified in primary SS (pSS).

Small Inhibitors of NF-kB in pSS Study References

Iguratimod Clinical study

Syk-inihibitor-Gs-9876 Clinical study

IKKε Pre-clinical study

IκBα Pre-clinical study

anti-Ro/SSA autoantibodies Pre-clinical study

TNFAIP3 Pre-clinical study

Calcium mobilization Pre-clinical study

3. Conclusion

This entry presents that NF-κB has a crucial role in the pathogenesis of pSS, since it promotes chronic inflammation. NF-

κB, through intrinsic SGEC activation, regulates sophisticated feedback circuits in pSS that comprise all elements of the

cellular immune response. Since NF-κB and members of its signalling pathways regulate cellular activity from DNA

transcription to translation into proteins, efficient and properly controlled NF-κB signalling is important during physiological

immune homeostasis. In fact, the integrity of the signal triggered by NF-κB is essential in preventing the onset of pSS

autoimmune disease. It is noteworthy that the significance of NF-κB activation in pSS suggests that inhibition of this

signalling pathway could provide novel strategies for the prevention and treatment of the SGs dysfunction characterizing

pSS. New future perspectives suggest, for example, the use of IKKε inhibitors for the treatment of pSS, repressing

downstream NF-κB signalling activation. Furthermore, great attention is now being paid to the modulation of NF-κB

activity and expression of NF-κB target genes through an IκBα-mediated negative feedback mechanism. Hopefully, as our

understanding of the regulation of the NF-κB pathways increases, insights into a better design of drugs that can effectively

target NF-κB for the prevention and treatment of pSS may be gained.
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