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Inflammatory bowel disease (IBD) encompasses a group of chronic and relapsing inflammatory disorders of the gastrointestinal
tract, driven by a multifaceted interplay between genetic predisposition, environmental factors and dysregulated immune responses.
Central to its immunopathogenesis is the aberrant activation of pro-inflammatory cytokine networks, among which interferon-
gamma (IFN-y) has been increasingly recognised as a critical mediator of mucosal damage and disease perpetuation. IFN-y exerts
pleiotropic effects on both innate and adaptive immune compartments, orchestrating a pathogenic immune milieu that disrupts
intestinal epithelial integrity and sustains chronic inflammation. Recent therapeutic advances have focused on the modulation of
IFN-y signalling as a targeted approach to restoring intestinal homeostasis. A growing repertoire of IFN-y inhibitors—including
neutralising monoclonal antibodies (MAbs), small-molecule Janus kinase (JAK) inhibitors and bioactive phytochemicals—are being
explored for their capacity to attenuate IFN-y-driven inflammatory cascades. These agents offer distinct mechanistic profiles,
targeting various nodes of the IFN-y axis, and hold significant promise for addressing therapeutic gaps in refractory IBD. This
review provides a comprehensive evaluation of emerging IFN-y-targeted therapies, detailing their mechanisms of action, preclinical
and clinical efficacy and translational potential. By elucidating the therapeutic landscape of IFN-y modulation, this study aims to
inform the development of more effective and personalised treatment strategies for patients with IBD.
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commonly the terminal ileum or perianal region, in a discon-
tinuous manner [2]. Unlike UC, CD is frequently associated
with a spectrum of complications such as abscesses, fistulas and
strictures. UC; however, is limited to the colonic mucosa and is

1. Introduction

Inflammatory bowel disease (IBD) is a chronic inflammatory
disease of the gastrointestinal tract, primarily divided into two

principal subtypes such as ulcerative colitis (UC) and Crohn’s
disease (CD) [1]. CD is characterised by transmural inflamma-
tion that can affect any region of the gastrointestinal tract, most

marked by mucosal inflammation, predominantly impacting
the rectum and spreading proximally in a continuous manner
[3]. The clinical presentation of IBD often encompasses
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non-specific gastrointestinal symptoms such as abdominal
pain, persistent diarrhoea and rectal bleeding [4]. As
highlighted by the World Health Organization, IBD remains
among the most challenging chronic diseases globally, with
rising incidence and mortality rates—particularly in newly
industrialised countries—over the past five decades [5-7]. In
addition to physical symptoms, IBD is often associated with
psychological comorbidities and malnutrition, contributing to
increased healthcare costs and significantly impaired quality of
life for affected individuals [8]. Although the precise aetiology
of IBD remains largely unknown, emerging evidence suggests
that genetic predisposition, environmental factors, immune
responses and intestinal microbiota are both functionally
interconnected in its pathogenesis [9-11]. Historically,
much of the investigative focus has centred on characterising
the role of immune cell populations in the initiation and
progression of IBD [12].

Building upon foundational insights into the immunopatho-
genesis of IBD, contemporary immunological and genetic inves-
tigations have increasingly underscored the pivotal role of
cytokines as central modulators of intestinal inflammation
[13, 14]. Among these, interferon-gamma (IFN-y), a prototypi-
cal pro-inflammatory cytokine, has garnered significant attention
due to its multifaceted involvement in IBD pathophysiology.
IFN-y orchestrates key immune responses by directing T helper
cell differentiation, activating macrophages and enhancing the
expression of major histocompatibility complex (MHC) class I
and II molecules—thereby amplifying antigen presentation and
perpetuating mucosal immune activation [15, 16]. Notably,
elevated mucosal levels of IFN-y have been consistently
observed in patients with CD, and its critical role in mediating
intestinal inflammation has been substantiated through vari-
ous experimental colitis models [17].

At the mechanistic level, IFN-y has been shown to disrupt
epithelial barrier function by down-regulating tight junction
(T7) proteins, including zonula occludens (ZO)-1 and occludin,
thereby facilitating paracellular permeability and translocation
of luminal antigens [18-20]. Furthermore, emerging evidence
indicates that IFN-vy also disrupts vascular barrier function by
impairing adherens junction integrity through the degradation
of VE-cadherin, further exacerbating mucosal immune infiltra-
tion and inflammatory burden [21].

Given its central pathogenic role, IFN-y has emerged as a
compelling therapeutic target for modulating intestinal
inflammation in IBD. Therapeutic strategies aimed at inhibit-
ing IFN-y signalling are gaining momentum, particularly in
cases where patients exhibit suboptimal responses to conven-
tional therapies. Current research is focused on the discovery
and characterisation of effective IFN-y antagonists capable of
attenuating mucosal inflammation and promoting epithelial
homeostasis. Promising avenues include the application of
monoclonal antibodies (MAbs) targeting IFN-y or its recep-
tor, the development of receptor antagonists and the explora-
tion of bioactive phytochemicals with immunomodulatory
properties [22-27]. This review seeks to comprehensively
examine the therapeutic potential of IFN-y inhibitors in the
context of IBD, with particular emphasis on their underlying
mechanisms of action and translational relevance.
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2. Materials and Methods

This study adhered to stringent selection criteria to ensure the
reliability and relevance of collected data. We sourced literature
from high-impact and widely recognised scientific databases,
including PubMed, Web of Science, Scopus and Google
Scholar, prioritising peer-reviewed studies. The selection pro-
cess was guided by specific keywords and MeSH terms, such as
IEN-y, IBD, IFN-y inhibitors, MAbs, IFN-y receptor (IFNGR)
blockers, plant-derived compounds, pharmacological activity,
molecular mechanisms and therapeutic effects. We included
studies published up to January 2025, ensuring the inclusion
of the most recent advancements in the field. Articles were
further screened based on study design, sample size and exper-
imental validity. Studies published in predatory journals, non-
English publications, conference abstracts, preprints lacking
peer review and those that did not align with our research
objectives were excluded to maintain the integrity and scientific
rigour of our review.

3. Results and Discussion

3.1. Role of IFN-y in the Pathogenesis of IBD. IFN-y is a potent
pro-inflammatory cytokine primarily secreted by T-helper 1
(Th1) lypmholcytes and natural killer (NK) cells, plays a pivotal
role in the immunopathogenesis of IBD, with particular prom-
inence in CD [28-30]. Acting as a key immunomodulatory
molecule, IFN-y exerts its effects by activating macrophages
and dendritic cells (DCs), which in turn enhances the secretion
of key inflammatory mediators such as tumour necrosis factor-
alpha (TNF-a), interleukin-1f (IL-1f) and interleukin-6 (IL-6),
thereby perpetuating chronic intestinal inflammation [31-34].
Beyond its role in immune cell activation, IFN-y critically
impairs intestinal epithelial barrier function through multiple
mechanisms. It downregulates the expression of TJ proteins
(e.g., claudins and occludins), induces epithelial cell apoptosis
and facilitates translocation of antigens and luminal microor-
ganisms throughout the compromised barrier, contributing to
mucosal damage and immune activation [35-37]. Further-
more, IFN-y also activates the Janus kinase (JAK)-signal trans-
ducer and activator of transcription (STAT) signalling
pathway, promoting the transcription of pro-inflammatory
genes and perpetuating aberrant immune responses that
underpin the chronicity and relapsing nature of IBD [38, 39].
In addition, IFN-y contributes to disease pathogenesis by dis-
rupting vascular integrity, particularly through the disassembly
of adherens junctions via VE-cadherin destabilisation, thus
promoting leukocyte transmigration and enhancing intestinal
inflammation [21]. Collectively, the multifaceted pathogenic
mechanisms driven by IFN-y underscore its critical contribu-
tion to the initiation and perpetuation of IBD. A schematic
representation of IFN-y-mediated mechanisms in IBD patho-
genesis is illustrated in Figure 1.

3.2. IFN-y Inhibitors for IBD Treatment. Targeting IFN-y
signalling has emerged as a promising therapeutic strategy to
mitigate disease progression. Several biologics and small-
molecule inhibitors have been developed to neutralise IFN-y
or block its downstream signalling pathways. Preclinical studies
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FiGure 1: Schematic representation of IFN-y—mediated immunopathogenic mechanisms in IBD. This figure delineates the complex immu-
nological cascade underlying IBD pathogenesis, with a central focus on the pivotal role of IFN-y. IFN-y, predominantly secreted by (Th1)
lymphocytes and natural killer (NK) cells, orchestrates a pro-inflammatory response through the activation of macrophages and dendritic
cells (DCs), thereby amplifying mucosal inflammation. Activated antigen-presenting cells subsequently produce a repertoire of pro-
inflammatory cytokines, including TNF-a, IL-1p and IL-6, which synergistically perpetuate inflammatory signalling. Additionally, IFN-y
induces epithelial barrier dysfunction and tissue injury via activation of the Janus kinase—signal transducer and activator of transcription
(JAK-STAT) signalling pathway, linking cytokine-mediated immune activation to sustained epithelial damage and compromised barrier

integrity.

and early-phase clinical trials have demonstrated the potential
of IFN-y inhibitors in reducing inflammation, restoring
immune homeostasis and alleviating disease symptoms are
summarised below with a mechanistic insight in Figure 2.

3.2.1. Direct IFN-y Inhibitors

3.2.1.1. MAbs Targeting IFN-y. MAbs targeting IFN-y repre-
sent a promising therapeutic avenue and strategically targeted
immunotherapeutic modality within the expanding armamen-
tarium for the management of IBD (summarised in Table 1)
[44]. These antibodies exert their therapeutic effects by selec-
tively binding to specific epitopes on the IFN-y molecule,
thereby sterically hindering its interaction with cognate sur-
face receptors on immune effector cells. This blockade effec-
tively abrogates the activation of downstream JAK-STAT
signalling pathways, culminating in the suppression of IFN-
y-mediated pro-inflammatory transcriptional programmes
[24, 25]. In the context of IBD particularly CD and UC, two
MADs have been investigated so far for their potential abil-
ity to mitigate disease severity through IFN-y inhibition.

The immunoneutralization of IFN-y is particularly relevant
given its well-established role in driving Thl-type immune
responses, which are critically implicated in the pathogenesis
of both CD and UC. Within this context, two MAbs have
undergone pre-clinical and/or clinical investigation, aiming
to attenuate disease activity and mucosal inflammation
through precise modulation of IFN-y bioavailability and sig-
nalling (Table 1). These agents underscore a paradigm shift
towards cytokine-specific immune intervention, with the
potential to refine disease management strategies and minimise
systemic immunosuppression.

3.2.1.1.1. Fontolizumab. Fontolizumab is a humanised
IgGl MAD that selectively targets IFN-y, a key cytokine
involved in Thl-driven immune responses [40, 45]. Given
the central role of IFN-y in the pathogenesis of CD [21],
fontolizumab was developed as a potential therapeutic inter-
vention to mitigate intestinal inflammation through targeted
cytokine blockade [40]. By binding to endogenous human
IFN-y, fontolizumab inhibits the expression of IFN-y-re-
sponsive genes that are characteristically upregulated in
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FIGURE 2: Schematic representation of IFN-y signalling inhibitors in the intestinal immune system and its therapeutic targeting in inflamma-
tory bowel disease (IBD). This figure illustrates the role of IFN-y in intestinal immune regulation, highlighting its impact on epithelial barrier
function, immune cell activation and potential therapeutic interventions. IFN-y, secreted primarily by Th1 cells, interacts with its receptor,
triggering JAK-STAT signalling, which subsequently regulates immune responses through macrophage activation and MHC-II gene expres-
sion. Therapeutic strategies, including JAK-STAT inhibitors, IFN-y receptor blockers (e.g., Anti-IGNGRI) and monoclonal antibodies
(MAbs), are shown as potential approaches to mitigate IFN-y-mediated inflammation. Additionally, plant-derived compounds modulating
AMPK pathways are depicted as alternative therapeutic agents influencing CD4+4 IFN-y+ T cell activity.

CD [46, 47]. Initial clinical trials reported modest reductions
in inflammatory biomarkers and symptomatic improvement
in subsets of patients with moderate-to-severe CD [48].
However, subsequent trials failed to demonstrate sustained
clinical efficacy, and the development of fontolizumab for
IBD was ultimately discontinued [49]. These findings under-
score the complexity of IFN-y mediated inflammation in
IBD and suggest that broader immune modulation may be
required for effective disease control.

3.2.1.1.2. Emapalumab. Emapalumab is a fully human
IgG1 MAD that neutralises IFN-y by binding directly to the
cytokine and preventing its interaction with cell surface
receptors [42]. It is currently FDA-approved treatment for
primary hemophagocytic lymphohistiocytosis (HLH) in the
United States, a severe hyperinflammatory disorder charac-
terised by dysregulated IFN-y signalling [50]. By specifically
targeting IFN-y, emapalumab inhibits its biological activity
and mitigates the cytokine-driven inflammatory cascade,
including the prevention of cytokine storms [42]. While

this antibody not yet approved for IBD, its mechanism sug-
gests potential therapeutic applications in refractory IBD
cases where IFN-y plays a dominant pathogenic role [21].
The clinical success of emapalumab in HLH supports further
exploration of IFN-y blockade in context of chronic intesti-
nal inflammation, offering a rationale for its investigation
in IBD.

3.2.1.2. IFNGR Blockers. IFNGR blockers, also referred to as
IFNGR antagonists, represent a class of immunomodulatory
agents designed to inhibit the IFN-y-mediated signalling
cascade [22]. The biological activity of IFN-y is mediated
through its binding to the heterodimeric IFNGR, which
comprises two distinct subunits: IFNGR1 and IFNGR2 [16].
Ligand engagement with this receptor complex triggers
activation of the JAK-STAT pathway, subsequently inducing
the transcription of a spectrum of pro-inflammatory genes
implicated in the pathogenesis of intestinal inflammation
[16, 51, 52].
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TasLE 1: Monoclonal antibodies targeting IFN-y in inflammatory bowel disease.
Mo‘noclonal Target  Mechanism of action Study Key outcomes Clinical status References
antibody model
. . . . Decreased disease severity . .
Fontolizumab  IFN-y Neutralises circulating Clinical and improved clinical Discontinued (lack of (40, 41]
IFN-y (phase II) efficacy)
response
Bm(izctg Igj;g;?iﬁigents Clinical Reduced IFN-y-driven  Investigational for IBD and
Emapalumab  IFN-y P S inflammation and currently approved for [42, 43]
downregulating (phase IT) . .
. improved mucosal healing HLH
inflammatory pathways
TasLE 2: Indirect effects of JAK-STAT inhibitors on IFN-y suppression in inflammatory bowel disease.
JAK-STAT Indirect mechanism of
inhibitor Targeted pathway IEN-y inhibition Study model Key outcomes References
Reduces Thl and Th17 Clinical and Improved mucosal healing and
Tofacitinib JAK1/JAK3 differentiation, suppressing . reduced inflammatory [53]
- preclinical .
IFN-y production cytokines
Upadacitinib JAK1 Preventing the phosphorylatlp n Phase 3 clinical Reduce inflammation in the gut ~ [54-56]
of downstream effector proteins trials
Filgotinib JAK1 Reduces IFN-y in serum Phase 2 study  Improvements in clinical scores  [57, 58]
Ruxolitinib JAK1 and JAK2 Disrupt th;ai?;g, signalling In vivo study Mitigating inflammation [59-61]
Baricitinib JAK2/STAT3 Impact T ‘cell p r(?hf.eranon and In vivo study Help to reduce inflammation [62]
differentiation
Mucosal healing, remission and
Peficitinib JAK1, JAK2, JAK3 Inhibiting various Phase 2b trial clinical response in individuals (63, 64]

and Tyk2

inflammatory factors

receiving dosages greater than
75mgo.d.

Targeted blockade of the IFNGRI subunit using MAbs has
been proposed as a potential therapeutic strategy to attenuate
IFN-y-driven inflammation, thereby offering a novel avenue
for immune modulation in IBD [23]. By disrupting IFNGR
engagement, these agents may effectively suppress downstream
inflammatory signalling. However, given the pleiotropic roles
of IFN-y in host immune defence, particularly in antimicrobial
responses, the broad immunosuppressive potential of IFNGR
inhibitors necessitates careful evaluation. The associated risk
of opportunistic infections remains a significant concern, and
to date, there is a paucity of clinical studies investigating the
safety, efficacy, and long-term consequences of anti-IFNGR1
therapy in IBD. This underscores a critical gap in current
research and highlights the need for rigorous preclinical
and clinical investigations to elucidate the therapeutic via-
bility of IFNGR blockade in the context of chronic intestinal
inflammation.

3.2.2. Indirect Modulation of IFN-y Pathways in IBD

3.2.2.1. JAK-STAT Inhibitors. JAK-STAT inhibitors (sum-
marised in Table 2 and Figure 2) represent a promising class
of therapeutics for the treatment of IBD. These small-molecule
drugs act by disrupting the JAK-STAT signalling cascade, a
critical intracellular pathway involved in the transduction
of pro-inflammatory cytokine signals, including IFN-y-a
key mediator in IBD pathogenesis [65-68]. By blocking this

pathway, JAK inhibitors can suppress the production and
activity of IFN-y, thereby attenuating intestinal inflammation
and ameliorating clinical symptoms [59, 68, 69]. Several JAK
inhibitors have received regulatory approval for the treatment
of moderate-to-severe IBD, particularly UC, owing to their
capacity to simultaneously inhibit multiple cytokine signals
implicated in disease progression, including IFN-y [70-72].
Their broad-spectrum immunomodulatory effects position
them as a key therapeutic option in evolving IBD treatment
paradigm.

3.2.2.1.1. Tofacitinib. Tofacitinib, an oral JAK inhibitor,
has emerged as a pivotal agent in modulating inflammatory
responses in IBD [73, 74]. By selectively targeting JAK
enzymes, tofacitinib disrupts the intracellular signalling cas-
cades initiated by cytokines such as IFN-v, thereby inhibiting
downstream effects including T cell specifically Thl and
Th17 activation and pro-inflammatory cytokine production
[12, 73]. Clinical studies have demonstrated that tofacitinib
treatment leads to significant reductions in IFN-y levels in
patients with IBD, correlating with symptomatic improve-
ment and induction of clinical remission [75]. These findings
support its role as an effective therapeutic option, particu-
larly in cases where IFN-y driven immune activation plays a
dominant pathogenic role.

3.2.2.1.2. Upadacitinib. Upadacitinib, a newly registered
JAK inhibitor targeted for JAK1, could be a potential choice
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in people with UC [76]. By specifically inhibiting JAK1, upa-
dacitinib disrupts the JAK-STAT signalling cascade, thereby
preventing the phosphorylation and activation of down-
stream transcription factors and suppressing the activity of
multiple pro-inflammatory cytokines, including IFN-y [54].
Inhibition of IFN-y signalling contributes to the attenuation
of intestinal inflammation, positioning upadacitinib as a
promising therapeutic candidate for IBD management [55].
Notably, its clinical efficacy and safety have been validated in
phase 3 trials (NCT02819635 and NCT03653026), demon-
strating significant improvements in patients with moder-
ately to severely active UC [56].

3.2.2.1.3. Filgotinib. Filgotinib is an orally administered,
selective JAKI inhibitor that targets a critical component of
the JAK-STAT signalling cascade [65, 77]. This pathway is
instrumental in mediating the biological effects of several
pro-inflammatory cytokines including IFN-y, which are
involved in the inflammatory response in the gut [51]. By
selectively inhibiting JAK1, filgotinib effectively suppresses
IFN-y signalling, resulting in reduced circulating levels of this
cytokine [57]. Clinical studies have demonstrated that filgotinib
treatment leads to significant decreases in IFN-y and other
inflammatory biomarkers, which are associated with improve-
ments in clinical disease activity indices and endoscopic out-
comes in patients with UC [78, 79]. These findings support
filgotinib’s potential as a targeted therapy for patients with
moderate-to-severe UC.

3.2.2.1.4. Ruxolitinib. Ruxolitinib is a JAK inhibitor, spe-
cifically targeting JAK1 and JAK2, which are essential com-
ponents of the JAK-STAT pathway [80, 81]. By inhibiting
JAK1 and JAK2, ruxolitinib can disrupt the IFN-y signalling
pathway, reducing the production of pro-inflammatory cyto-
kines and mitigating inflammation [59]. Preclinical studies
have demonstrated that ruxolitinib can reduce inflammation
in animal models of IBD, and it has also been used in clinical
trials for patients with IBD, showing promising results, indi-
cating its potential as a therapeutic candidate for managing
chronic intestinal inflammation [60, 61].

3.2.2.1.5. Baricitinib. Baricitinib is a JAK inhibitor, spe-
cifically targeting JAK2/STAT3 signalling pathways [62].
This pathway plays a critical role in development of inflam-
matory diseases by regulating T cell differentiation and pro-
liferation, as well as cytokine secretion [51, 82]. A study by
Wu et al. [62] demonstrated that baricitinib effectively inhi-
bits JAK2/STATS3 signalling, leading to suppression of IFN-y
and other pro-inflammatory cytokines, including IL-6 and
IL-17A. These findings suggest that baricitinib could be a
valuable therapeutic strategy for targeting immune dysregu-
lation in IBD.

3.2.2.1.6. Peficitinib. Peficitinib is an oral inhibitor of
JAK1,JAK2, JAK3, and Tyk2 (pan-JAK) that has demonstrated
promising results in the treatment of IBD [56]. By inhibiting
these JAK enzymes, peficitinib disrupts the signalling of multi-
ple pro-inflammatory cytokines, including IFN-y, a key medi-
ator in IBD pathogenesis [83]. Clinical studies have highlighted
the potential of peficitinib, particularly in UC, where it has
shown efficacy in achieving mucosal restore, remission and
clinical response in individuals with moderate-to-severe

Mediators of Inflammation

infection, as demonstrated in a phase 2b trial [56, 63, 84, 85].
However, no ongoing trials are presently registered to continue
peficitinib evaluation in UC or CD patients [85].

3.2.2.2. Plant-Based IFN-y Inhibitors. Plant compounds have
been utilised for centuries due to their numerous health bene-
fits, with substantial evidence supporting their anti-
inflammatory properties. Recent research has identified several
plant-derived compounds with the ability to inhibit production
of pro-inflammatory cytokines IFN-y, a key mediator in
inflammatory responses [86, 87]. Some of these bioactive com-
pounds, as listed in Table 3, have demonstrated potential in
suppressing IFN-y production and modulating various inflam-
matory pathways described in Figure 2, highlighting their ther-
apeutic promise in the management of inflammatory disorders.
However, plant-derived compounds such as curcumin, resver-
atrol and epigallocatechin gallate (EGCG) have demonstrated
IFN-y inhibitory effects in preclinical IBD models, although no
dedicated clinical trials have specifically evaluated their efficacy
as [FN-vy inhibitors in IBD [89, 96, 97]. The lack of trials may be
attributed to challenges including poor bioavailability, pharma-
cokinetic variability, regulatory hurdles and the multifactorial
mechanisms of these phytochemicals that extend beyond IFN-
y modulation. Nonetheless, a few small-scale clinical studies
have examined curcumin and EGCG in IBD, but these did
not specifically focus on IFN-y as a primary endpoint
[98-101]. Collectively, this highlights the need for well-
designed, mechanistic trials with cytokine-specific endpoints
to validate the translational potential of plant-based IFN-y
inhibitors in IBD.

3.2.2.2.1. Curcumin (Curcuma longa). Curcumin belongs
to the family of natural compounds collectively called curcu-
minoids and it possesses remarkable anti-inflammatory prop-
erties particularly, suggested as a remedy for digestive diseases
such as IBD [102]. Among its key mechanisms, curcumin has
been identified as a potent inhibitor of IFN-y, a pro-
inflammatory cytokine implicated in the pathogenesis of IBD
[96, 103]. IFN-y plays a pivotal role in disrupting intestinal
homeostasis by activating macrophages [104, 105], modulating
T cell activity [98] and promoting epithelial barrier dysfunction
[21]. Curcumin mitigates these effects by downregulating IFN-
y expression, modulating JAK-STAT signalling and inhibiting
NF-kB activation, thereby attenuating inflammatory cascades
within the gut [106-109]. Additionally, curcumin suppressed
the transcription of IFN-y-induced genes, such as CII-TA,
MHC-II genes (HLA-DRa, HLA-DPal and HLA-DRp1) and
T cell chemokines (CXCL9,10) [96].

3.2.2.2.2. Resveratrol (Grapes, Berries and Peanuts). Res-
veratrol, a naturally occurring polyphenol, has shown promise
in preclinical studies for its anti-inflammatory and antioxidant
properties, which are crucial in managing IBD [110, 111].
Notably, resveratrol treatment has been associated with a
decrease in IFN-y expression in murine models of colitis
[89]. For instance, resveratrol administration significantly
reduced the number of CD3+ T-cell infiltrates expressing
IFN-y in the lamina propria and mesenteric lymph nodes of
mice with colitis caused by dextran sulphate sodium (DSS)
[89]. Additionally, resveratrol treatment led to a decrease in
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CD4+4IEN-y+ T cells in colitis mice, suggesting a suppression
of Th1l-mediated immune responses [112].

3.2.2.2.3. EGCG (Green Tea). EGCG, a primary catechin
in green tea, has been identified for its anti-inflammatory activ-
ities, especially in the context of IBD [113]. EGCG has been
shown to inhibit IFN-y induced signalling pathways in intesti-
nal epithelial cells and monocytes, thereby preventing the asso-
ciated increase in epithelial permeability [97]. IFN-y directly
activates the transcription of the Thl-associated factor T-bet
through the STAT 1 (STAT1) in CD4™ T cells [114]. However,
EGCG administration has been observed to maintain the bal-
ance between Th1 and T-helper 2 (Th2) cells in UC models,
potentially through modulation of the TLR4/MyD88/NF-kB
signalling pathway [115].

3.2.2.2.4. Genistein (Soybeans and Legumes). Genistein
(4,5,7-trihydroxyisoflavone) is a natural isoflavone compound
recognised for its potent anti-inflammatory properties, making
it a promising agent for preventing gastrointestinal diseases
such as UC [116, 117]. Its therapeutic potential is largely attrib-
uted to its ability to modulate key inflammatory signalling
pathways. Specifically, genistein has been shown to downregu-
late the IFN-y/JAK1/STATI1 and IFN-y/TLR-4/NF-kB signal-
ling pathways, both of which contribute to gut inflammation by
promoting pro-inflammatory cytokine production and
immune activation [118]. By inhibiting NF-kB pathway activa-
tion, genistein further reduces IFN-y expression, thereby dis-
rupting the inflammatory cascade and potentially alleviating
UC related symptoms [91, 119].

3.2.2.2.5. Berberine (Berberis Species and Goldenseal). Ber-
berine, an isoquinoline alkaloid found in various medicinal
plants, has long been recognised for its anti-inflammatory
effects [120, 121]. Its therapeutic potential in UC is linked to
the suppression of the IFN-y signalling pathway, a key media-
tor in colonic immune-inflammatory responses [92]. In UC
mouse models, BBR significantly downregulated IFN-y and
its downstream targets—IRF8, Ifitl, Ifit3 and IRF1 [92].
This effect is partly mediated by BBR’s ability to activate
AMPK, which supports immune regulation and cellular
homeostasis [122].

3.2.2.2.6. Andrographolide  (Andrographis  panicu-
lata). Andrographolide, a labdane diterpenoid derived from
Andrographis paniculata, has demonstrated significant anti-
inflammatory effects in various inflammatory disease models
[93]. These effects are primarily attributed to the suppression of
NF-xB and MAPK signalling pathways, coupled with the acti-
vation of nuclear factor E2-related factor 2 (Nrf2) signalling
[123, 124]. Studies have shown that andrographolide, at differ-
ent concentrations, can significantly reduce levels of IFN-y
along with other cytokines such as IL-23 and IL-17 in patients
with UC, thereby diminishing the proportion of Th1 and Th17
helper T cells [125]. Additionally, andrographolide’s anti-
inflammatory properties are believed to be mediated through
the downregulation of NF-kB, a key transcription factor that
regulates inflammatory responses [126, 127].

3.2.2.2.7. Luteolin (Celery, Green Peppers and Chamo-
mile). Luteolin, a flavonoid abundant in Salvia tomentosa,
has demonstrated protective effects in colitis by attenuating
colon shortening and reducing histological inflammation
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[128]. Nishitani et al. [94], reported that luteolin significantly
suppressed the infiltration of macrophages and IFN-y—produ-
cing CD4+ T cells into the colonic mucosa. Its anti-
inflammatory action is mediated through inhibition of the
JAK-STAT pathway, leading to decreased production of pro-
inflammatory cytokines such as TNF-a and IL-6 [129]. These
findings highlight luteolin’s therapeutic potential in modulat-
ing immune responses in IBD.

3.2.2.2.8. Ginsenosides (Panax). Ginsenosides, the main
active ingredients in ginseng, have shown promising anti-
inflammatory and immunomodulatory effects [95]. Studies
have demonstrated that certain ginsenosides, such as Rgl, Rd
and Rh2, can effectively reduce the expression and activity of
IFN-y in IBD models [95, 130, 131]. Ginsenosides exert their
anti-inflammatory effects by modulating various signalling
pathways involved in inflammation, including NF-xB and
P38MAPK, ultimately leading to reduced production of pro-
inflammatory cytokines like IFN-y [131, 132].

3.3. Comparative Efficacy and Safety of Biologics. Biologic
therapies have transformed the management of IBD, but their
efficacy and safety profiles vary considerably depending on the
therapeutic target. Anti-TNF agents, such as infliximab and
adalimumab, remain the most widely used biologics and
have demonstrated robust efficacy in inducing and maintaining
remission in moderate-to-severe IBD [133, 134]. However,
limitations include primary non-response in up to one-third
of patients, secondary loss of response and increased risk of
infections due to systemic immunosuppression [135, 136].
Anti-IL-12/23 therapies including ustekinumab have emerged
as effective alternatives, offering durable efficacy with a more
favourable safety profile compared with anti-TNF therapy, par-
ticularly regarding immunogenicity and long-term tolerability
[137-139]. In contrast, anti-IL-17A therapies, while useful for
other autoimmune diseases, are generally not used for IBD
because they can worsen the condition in clinical trials
[140-143]. Direct IFN-y blockade include fontolizumab and
emapalumab has so far shown limited success. Fontolizumab
demonstrated modest efficacy in CD but failed to achieve con-
sistent clinical benefit, leading to discontinuation of its devel-
opment [49]. Emapalumab, though effective in conditions
characterised by hyper-inflammation, remains investigational
in IBD and requires further evaluation to determine its thera-
peutic role [43]. Small-molecule JAK inhibitors, such as tofa-
citinib and upadacitinib, indirectly suppress IFN-y along with
multiple other cytokines and have demonstrated significant
efficacy, especially in UC [144-146]. Their oral administration,
rapid onset of action and steroid-sparing effects make them
attractive options [147]. Nevertheless, risks such as thrombo-
embolism and lipid abnormalities, requiring careful patient
selection, risk factor assessment and close monitoring during
IBD treatment [147]. Overall, anti-TNF agents offer strong
efficacy but higher immunosuppressive risk, anti-IL-12/23
therapies combine durable response with better safety, anti-
IL-17A agents are contraindicated and anti-IFN-y therapies
remain limited in clinical utility.

Compared with traditional therapies such as corticoster-
oids and immunomodulators, biologics and JAK inhibitors
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provide higher rates of mucosal healing, improved quality of
life and long-term steroid-sparing benefits [148]. Looking for-
ward, combination strategies—such as integrating cytokine
inhibitors with microbiome-modulating interventions or con-
ventional immunomodulators—may further optimise thera-
peutic outcomes while minimising adverse events, providing
a comprehensive approach to IBD management.

4. Challenges and Future Directions

Despite the expanding body of evidence underscoring the piv-
otal role of IFN-y in the pathogenesis of IBD, significant obsta-
cles persist in the clinical translation of IFN-y-targeted
therapeutics. The multifactorial and heterogeneous nature of
IBD, coupled with substantial inter-individual variability in
therapeutic response, complicates the development of univer-
sally efficacious IFN-vy inhibitors. Moreover, the immunomod-
ulatory nature of IFN-y blockade raises concerns regarding
heightened susceptibility to opportunistic infections and
impaired host immune surveillance, which have led to the
premature termination of several clinical trials due to adverse
safety profiles. Compounding these challenges, the inherently
low bioavailability and suboptimal pharmacokinetics of current
IFN-y antagonists further constrain their clinical utility.

Ongoing research endeavours continue to dissect the
molecular intricacies of IFN-y signalling in the context of intes-
tinal inflammation, aiming to delineate the context-dependent
effects of its downstream effectors. Particular emphasis is being
placed on elucidating the immunopathological thresholds at
which IFN-y shifts from protective to deleterious, in order to
design therapeutics that selectively modulate its activity. Cen-
tral to this pursuit is the development of next-generation inhi-
bitors with enhanced target specificity and efficacy, capable of
attenuating pathogenic signalling without compromising
essential immune functions.

In parallel, the refinement of IFN-y-targeted strategies
necessitates a paradigm shift towards precision medicine,
incorporating robust patient stratification frameworks to iden-
tify individuals most likely to derive benefit. Emerging
approaches in nanotechnology-mediated drug delivery offer
promising avenues to improve tissue-specific targeting and
enhance the local bioavailability of these agents, thereby reduc-
ing systemic toxicity. Additionally, the integration of high-
resolution multi-omics platforms—such as transcriptomics,
proteomics and single-cell sequencing—holds immense poten-
tial for the identification of predictive biomarkers and mecha-
nistic disease subtypes.

Future therapeutic paradigms may also involve combina-
torial regimens wherein IFN-y inhibitors are co-administered
with microbiome-modulating agents, stem cell-based interven-
tions or other immunoregulatory modalities to synergistically
restore intestinal homeostasis and achieve sustained remission.
Ultimately, addressing these multifaceted challenges through
interdisciplinary and translational research will be critical for
unlocking the full therapeutic potential of IFN-y inhibition in
the long-term management of IBD.

Data Availability Statement

The authors have nothing to report.

Disclosure

The Australian Government had no role in the study design,
data collection and analysis, decision to publish or preparation
of the manuscript.

Conflicts of Interest

The authors declare no conflicts of interest.

Author Contributions

Md. Mizanur Rahaman: conceptualisation, methodology,
software, formal analysis, writing — original draft, preparation,
writing — review and editing, visualisation. Phurpa Wangchuk:
writing — review and editing, supervision. Subir Sarker: con-
ceptualisation, methodology, software, resources, data curation,
preparation, writing — review and editing, supervision, project
administration, funding acquisition.

Funding

Subir Sarker is the recipient of an Australian Research Council
Discovery Early Career Researcher Award (Grant
DE200100367) funded by the Australian Government.

References

[1] K. Yeshi, T. Jamtsho, and P. Wangchuk, “Current Treatments,
Emerging Therapeutics, and Natural Remedies for Inflamma-
tory Bowel Disease,” Molecules 29, no. 16 (2024): 3954.

[2] Y.-Z. Zhang and Y.-Y. Li, “Inflammatory Bowel Disease:
Pathogenesis,” World Journal of Gastroenterology 20, no. 1
(2014): 91.

[3] C. Abraham and J. H. Cho, “Inflammatory Bowel Disease,”
New England Journal of Medicine 361, no. 21 (2009): 2066
2078.

[4] B. E. Sands, “From Symptom to Diagnosis: Clinical Distinc-
tions among Various Forms of Intestinal Inflammation,”
Gastroenterology 126, no. 6 (2004): 1518-1532.

[5] G. G. Kaplan and S. C. Ng, “Understanding and Preventing
the Global Increase of Inflammatory Bowel Disease,”
Gastroenterology 152, no. 2 (2017): 313-321.e2, e2.

[6] S. C.Ng, H. Y. Shi, N. Hamidi, et al., “Worldwide Incidence

and Prevalence of Inflammatory Bowel Disease in the 21st

Century: A Systematic Review of Population-Based Studies,”

The Lancet 390, no. 10114 (2017): 2769-2778.

J. Sykora, R. Pomahacova, M. Kreslov4, D. Cvalinova, P. Stych,

and J. Schwarz, “Current Global Trends in the Incidence of

Pediatric-Onset Inflammatory Bowel Disease,” World Journal

of Gastroenterology 24, no. 25 (2018): 2741-2763.

[8] Q. Cao, Y.-H. Huang, M. Jiang, and C. Dai, “The Prevalence
and Risk Factors of Psychological Disorders, Malnutrition
and Quality of Life in IBD Patients,” Scandinavian Journal of
Gastroenterology 54, no. 12 (2019): 1458-1466.

[7

—

85U8017 SUOWIWIOD SATER.D 3|(qeol[dde au Aq pauienob a1e ssjoiie VO ‘85N JO S3|Nn 10} ArIq1T 8UIUO /8|1 UO (SUOPUOD-PUB-SLUB)/LI0D™ A8 | IM ATeIq 1 jeulUO//:SANY) SUORIPUOD pue SWe | 81 88S *[5202/0T/22] Uo AriqiT aulluo A8 M ‘A1sielun %000 sswer A 002T8TE/IW/SSTT 0T/I0p/uoo A 1M Ariq1uljuo//Sdny wouy papeojumoq ‘T ‘SZ0Z ‘26L



10

[9] S. Danese and C. Fiocchi, “Etiopathogenesis of Inflammatory
Bowel Diseases,” World Journal of Gastroenterology 12,
no. 30 (2006): 4807.

[10] S. Kugathasan and C. Fiocchi, “Progress in Basic Inflammatory
Bowel Disease Research,” Seminars in Pediatric Surgery 16
(2007): 146-153.

[11] D. K. Podolsky, “Inflammatory Bowel Disease,” New England
Journal of Medicine 347, no. 6 (2002): 417-429.

[12] S. Gopalakrishnan, M. D. Hansen, H. K. Skovdahl, et al.,
“Tofacitinib Downregulates TNF and Poly (I: C)-Dependent
MHC-II Expression in the Colonic Epithelium,” Frontiers in
Immunology 13 (2022): 882277.

[13] M. F. Neurath, “Cytokines in Inflammatory Bowel Disease,”
Nature Reviews Immunology 14, no. 5 (2014): 329-342.

[14] W. Strober, L J. Fuss, and R. S. Blumberg, “The Immunology
of Mucosal Models of Inflammation,” Annual Review of
Immunology 20, no. 1 (2002): 495-549.

[15] A. Raza, K. Ahmed, U. Navaneethan, et al, “Significant
Correlation Between Interferon-y (IFN-y) Secretion by T
Cells in Peripheral Blood With Disease Severity in Crohn’s
Disease but Not in Ulcerative Colitis,” Official Journal of the
American College of Gastroenterology| ACG 107 (2012): S630.

[16] D.Smyth, V. Phan, A. Wang, and D. M. McKay, “Interferon-
y-Induced Increases in Intestinal Epithelial Macromolecular
Permeability Requires the Src Kinase Fyn,” Laboratory
Investigation 91, no. 5 (2011): 764-777.

[17] W. Strober and I. J. Fuss, “Proinflammatory Cytokines in the
Pathogenesis of Inflammatory Bowel Diseases,” Gastroenter-
ology 140, no. 6 (2011): 1756-1767.el, el.

[18] M. Bruewer, M. Utech, A.I Ivanov, A. M. Hopkins,
C. A. Parkos, and A. Nusrat, “Interferon-y Induces Internaliza-
tion of Epithelial Tight Junction Proteins via a Macropinocytosis-
Like Process,” The FASEB Journal 19, no. 8 (2005): 923-933.

[19] A. Youakim and M. Ahdieh, “Interferon-y Decreases Barrier
Function in T84 Cells by Reducing ZO-1 Levels and Disrupting
Apical Actin,” American Journal of Physiology-Gastrointestinal
and Liver Physiology 276, no. 5 (1999): G1279-G1288.

[20] F. Wang, W.V. Graham, Y. Wang, E.D. Witkowski,
B. T. Schwarz, and J. R. Turner, “Interferon-y and Tumor
Necrosis Factor-a Synergize to Induce Intestinal Epithelial
Barrier Dysfunction by up-Regulating Myosin Light Chain
Kinase Expression,” The American Journal of Pathology 166,
no. 2 (2005): 409-419.

[21] V. Langer, E. Vivi, D. Regensburger, et al., “IFN-y Drives

Inflammatory Bowel Disease Pathogenesis through VE-

Cadherin-Directed Vascular Barrier Disruption,” Journal of

Clinical Investigation 129, no. 11 (2019): 4691-4707.

https://synapse.patsnap.com/article/what-are-ifngr-antagonists-

and-how-do-they-work.

[23] Y. Chen and B. Tian, “IFN-y Promotes the Development
of Systemic Lupus Erythematosus Through the IFNGRI1/2-
PSTATI1-TBX21 Signaling Axis,” American Journal of Transla-
tional Research 14, no. 10 (2022): 6874-6888.

[24] C. H. Miller, S. G. Maher, and H. A. Young, “Clinical Use of
Interferon-y, Annals of the New York Academy of Sciences
1182, no. 1 (2009): 69-79.

[25] U. Yasamut, W. Thongkum, S. Moonmuang, et al., “Neutraliz-
ing Activity of Anti-Interferon-y Autoantibodies in Adult-
Onset Immunodeficiency Is Associated With Their Binding
Domains,” Frontiers in Immunology 10 (2019): 1905.

[26] X. Chen, S. Pan, F. Li, X. Xu, and H. Xing, “Plant-Derived
Bioactive Compounds and Potential Health Benefits: Involvement

~
s

Mediators of Inflammation

of the Gut Microbiota and Its Metabolic Activity,” Biomolecules
12, no. 12 (2022): 1871.

[27] A. A. Alarabei, N. A. L. Abd Aziz, N. I. A. Razak, et al,
“Immunomodulating Phytochemicals: An Insight Into Their
Potential use in Cytokine Storm Situations,” Advanced
Pharmaceutical Bulletin 14, no. 1 (2023): 105.

[28] E. Alspach, D. M. Lussier, and R. D. Schreiber, “Interferon y
and Its Important Roles in Promoting and Inhibiting
Spontaneous and Therapeutic Cancer Immunity,” Cold Spring
Harbor Perspectives in Biology 11, no. 3 (2019): a028480.

[29] J. Yu, M. Wei, B. Becknell, et al., “Pro-and Antiinflammatory
Cytokine Signaling: Reciprocal Antagonism Regulates
Interferon-Gamma Production by Human Natural Killer
Cells,” Immunity 24, no. 5 (2006): 575-590.

[30] T.Imam, S. Park, M. H. Kaplan, and M. R. Olson, “Effector
T Helper Cell Subsets in Inflammatory Bowel Diseases,”
Frontiers in Immunology 9 (2018): 1212.

[31] F. A. Silva, B. L. Rodrigues, MdLS. Ayrizono, and R. F. Leal,
“The Immunological Basis of Inflammatory Bowel Disease,”
Gastroenterology Research and Practice 2016, no. 1 (2016):
2097274.

[32] J. Pan, M. Zhang, ]. Wang, et al., “Interferon-y Is an Autocrine
Mediator for Dendritic Cell Maturation,” Immunology Letters
94, no. 1-2 (2004): 141-151.

[33] G. Arango Duque and A. Descoteaux, “Macrophage Cytokines:
Involvement in Immunity and Infectious Diseases,” Frontiers in
Immunology 5 (2014): 491.

[34] J. Wang, J. Wakeham, R. Harkness, and Z. Xing, “Macro-
phages Are a Significant Source of Type 1 Cytokines During
Mycobacterial Infection,” Journal of Clinical Investigation 103,
no. 7 (1999): 1023-1029.

[35] J. Landy, E. Ronde, N. English, et al., “Tight Junctions in
Inflammatory Bowel Diseases and Inflammatory Bowel Disease
Associated Colorectal Cancer,” World Journal of Gastroenterol-
ogy 22, no. 11 (2016): 3117.

[36] H. Wu, L. Wang, D. Zhang, et al, “PRDM5 Promotes the
Apoptosis of Epithelial Cells Induced by IFN-y During Crohn’s
Disease,” Pathology - Research and Practice 213, no. 6 (2017):
666-673.

[37] M. Chichlowski and L. P. Hale, “Bacterial-Mucosal Interac-
tions in Inflammatory Bowel Disease—An Alliance Gone
Bad,” American Journal of Physiology-Gastrointestinal and
Liver Physiology 295, no. 6 (2008): G1139-G1149.

[38] L. B. Ivashkiv, “IFNy: Signalling, Epigenetics and Roles in
Immunity, Metabolism, Disease and Cancer Immunother-
apy,” Nature Reviews Immunology 18, no. 9 (2018): 545-558.

[39] X. Hu and L. B. Ivashkiv, “Cross-Regulation of Signaling
Pathways by Interferon-y: Implications for Immune Responses
and Autoimmune Diseases,” Immunity 31, no. 4 (2009): 539-550.

[40] D. W. Hommes, T.L. Mikhajlova, S. Stoinov, et al,
“Fontolizumab, a Humanised Anti-Interferon y Antibody,
Demonstrates Safety and Clinical Activity in Patients With
Moderate to Severe Crohn’s Disease,” Gut 55, no. 8 (2005):
1131-1137.

[41] W. Reinisch, W. de Villiers, L. Bene, et al., “Fontolizumab in
Moderate to Severe Crohn’s Disease: A Phase 2, Randomized,
Double-Blind, Placebo-Controlled, Multiple-Dose Study,”
Inflammatory Bowel Diseases 16, no. 2 (2010): 233-242.

[42] M. Vallurupalli and N. Berliner, “Emapalumab for the
Treatment of Relapsed/Refractory Hemophagocytic Lym-
phohistiocytosis,” Blood 134, no. 21 (2019): 1783-1786, The
Journal of the American Society of Hematology.

95U017 SUOWLLIOD dAIIe8.D) 8 ealdde au Aq peuenob afe sejoie O '8sn Jo o 10} Akeiq18UljuQ 8|1/ UO (SUONIPUOO-PUE-SLLLS)L0D" A8 | 1M Ale g1 jpul[uo//:SANy) SUONIPUOD pue SWe | 8u1 88S *[6Z0z/0T/2z] Uo Arigiauliuo A ‘AsIBAluN %000 sewer Ag 00ZTSTE/IW/SSTT 0T/I0p/W0d A8 im Aeidijpuljuo//sdny wolj pepeojumod ‘T ‘G202 ‘26LY


https://synapse.patsnap.com/article/what-are-ifngr-antagonists-and-how-do-they-work
https://synapse.patsnap.com/article/what-are-ifngr-antagonists-and-how-do-they-work
https://synapse.patsnap.com/article/what-are-ifngr-antagonists-and-how-do-they-work
https://synapse.patsnap.com/article/what-are-ifngr-antagonists-and-how-do-they-work

Mediators of Inflammation

[43] X. Tong, Y. Zheng, Y. Li, Y. Xiong, and D. Chen, “Soluble
Ligands as Drug Targets for Treatment of Inflammatory
Bowel Disease,” Pharmacology and Therapeutics 226 (2021):
107859.

[44] J. K. H. Liu, “The History of Monoclonal Antibody
Development—Progress, Remaining Challenges and Future
Innovations,” Annals of Medicine and Surgery 3, no. 4 (2014):
113-116.

[45] J. C. Peng, J. Shen, and Z. H. Ran, “Novel Agents in the
Future: Therapy Beyond Anti-TNF Agents in Inflammatory
Bowel Disease,” Journal of Digestive Diseases 15, no. 11
(2014): 585-590.

[46] Q. Ouyang, M. El-Youssef, B. Yen-Lieberman, et al,
“Expression of HLA-DR Antigens in Inflammatory Bowel
Disease Mucosa: Role of Intestinal Lamina Propria Mononu-
clear Cell-Derived Interferon vy, Digestive Diseases and Sciences
33, no. 12 (1988): 1528-1536.

[47] L. Mayer, D. Eisenhardt, P. Salomon, W. Bauer, R. Plous, and
L. Piccinini, “Expression of Class II Molecules on Intestinal
Epithelial Cells in Humans: Differences Between Normal and
Inflammatory Bowel Disease,” Gastroenterology 100, no. 1
(1991): 3-12.

[48] W. Reinisch, D. W. Hommes, G. Van Assche, et al., “A Dose
Escalating, Placebo Controlled, Double Blind, Single Dose
and Multidose, Safety and Tolerability Study of Fontolizu-
mab, A Humanised Anti-Interferon y Antibody, in Patients
With Moderate to Severe Crohn’s Disease,” Gut 55, no. 8
(2005): 1138-1144.

[49] A. Kaser, “Not All Monoclonals Are Created Equal-lessons
From Failed Drug Trials in Crohn’s Disease,” Best Practice
and Research Clinical Gastroenterology 28, no. 3 (2014): 437-
449.

[50] J. T.England, A. Abdulla, C. M. Biggs, et al., “Weathering the
COVID-19 Storm: Lessons From Hematologic Cytokine
Syndromes,” Blood Reviews 45 (2021): 100707.

[51] M. Coskun, M. Salem, J. Pedersen, and O. H. Nielsen,
“Involvement of JAK/STAT Signaling in the Pathogenesis of
Inflammatory Bowel Disease,” Pharmacological Research 76
(2013): 1-8.

[52] X. Hu, J. Li, M. Fu, X. Zhao, and W. Wang, “The JAK/STAT
Signaling Pathway: From Bench to Clinic,” Signal Transduc-
tion and Targeted Therapy 6, no. 1 (2021): 402.

[53] B. S. Boland, W. J. Sandborn, and J. T. Chang, “Update on
Janus Kinase Antagonists in Inflammatory Bowel Disease,”
Gastroenterology Clinics of North America 43, no. 3 (2014):
603-617.

[54] M. E. F. Mohamed, S. Bhatnagar, ]. M. Parmentier, P. Nakasato,
and P. Wung, “Upadacitinib: Mechanism of Action, Clinical, and
Translational Science,” Clinical and Translational Science 17,
no. 1 (2024): e13688.

[55] D.-y. Zheng, Y.-n. Wang, Y.-H. Huang, M. Jiang, and C. Dai,
“Effectiveness and Safety of Upadacitinib for Inflammatory
Bowel Disease: A Systematic Review and Meta-Analysis of
RCT and Real-World Observational Studies,” International
Immunopharmacology 126 (2024): 111229.

[56] Z. Tian, Q. Zhao, and X. Teng, “Anti-IL23/12 Agents and
JAK Inhibitors for Inflammatory Bowel Disease,” Frontiers in
Immunology 15 (2024): 1393463.

[57] X. Roblin, A. Serone, O. K. Yoon, et al., “Effects of JAKI-
Preferential Inhibitor Filgotinib on Circulating Biomarkers and
Whole Blood Genes/Pathways of Patients With Moderately to
Severely Active Crohn’s Disease,” Inflammatory Bowel Diseases
28, no. 8 (2022): 1207-1218.

11

[58] S. Vermeire, S. Schreiber, R. Petryka, et al, “Clinical
Remission in Patients With Moderate-to-Severe Crohn’s
Disease Treated With Filgotinib (the FITZROY Study):
Results From a Phase 2, Double-Blind, Randomised, Placebo-
Controlled Trial,” The Lancet 389, no. 10066 (2017): 266—
275.

[59] Z. Chen, P. Jiang, D. Su, Y. Zhao, and M. Zhang,
“Therapeutic Inhibition of the JAK-STAT Pathway in the
Treatment of Inflammatory Bowel Disease,” Cytokine &
Growth Factor Reviews 79 (2024): 1-15.

[60] A. Overstreet, D. LaTorre, L. Abernathy-Close, et al., “The
JAK Inhibitor Ruxolitinib Reduces Inflammation in an ILC3-
Independent Model of Innate Immune Colitis,” Mucosal
Immunology 11, no. 5 (2018): 1454-1465.

[61] S. Rudra, E. Shaul, M. Conrad, et al., “Ruxolitinib: Targeted
Approach for Treatment of Autoinflammatory Very Early
Onset Inflammatory Bowel Disease,” Clinical Gastroenterol-
ogy and Hepatology 20, no. 6 (2022): 1408-1410.e2, e2.

[62] Q. Wu, Y. Liu, J. Liang, et al.,, “Baricitinib Relieves DSS-
Induced Ulcerative Colitis in Mice by Suppressing the NF-xB
and JAK2/STATS3 Signalling Pathways,” Inflammopharma-
cology 32, no. 1 (2024): 849-861.

[63] B. E. Sands, W. J. Sandborn, B. G. Feagan, et al., “Peficitinib,
an Oral Janus Kinase Inhibitor, in Moderate-to-Severe
Ulcerative Colitis: Results From a Randomised, Phase 2
Study,” Journal of Crohn’s and Colitis 12, no. 10 (2018):
1158-1169.

[64] S. He, J. Xia, H. Jia, et al, “Peficitinib Ameliorates 5-
Fluorouracil-Induced Intestinal Damage by Inhibiting Aging,
Inflammatory Factors and Oxidative Stress,” International
Immunopharmacology 123 (2023): 110753.

[65] L. De Vries, M. Wildenberg, W. De Jonge, and G. D’haens,
“The Future of Janus Kinase Inhibitors in Inflammatory
Bowel Disease,” Journal of Crohn’s and Colitis 11, no. 7
(2017): 885-893.

[66] S.Honap, A. Agorogianni, M. J. Colwill, et al., “JAK Inhibitors
for Inflammatory Bowel Disease: Recent Advances,” Frontline
Gastroenterology 15, no. 1 (2023): 59-69.

[67] T. A. Spiewak and A. Patel, “User’s Guide to JAK Inhibitors
in Inflammatory Bowel Disease,” Current Research in
Pharmacology and Drug Discovery 3 (2022): 100096.

[68] C. Herrera-deGuise, X. Serra-Ruiz, E. Lastiri, and N. Borruel,
“JAK Inhibitors: A New Dawn for Oral Therapies in
Inflammatory Bowel Diseases,” Frontiers in Medicine 10
(2023): 1089099.

[69] H. Lei, M. S. Crawford, and D. F. McCole, “JAK-STAT
Pathway Regulation of Intestinal Permeability: Pathogenic
Roles and Therapeutic Opportunities in Inflammatory Bowel
Disease,” Pharmaceuticals 14, no. 9 (2021): 840.

[70] E.J. Pippis and B. R. Yacyshyn, “Clinical and Mechanistic
Characteristics of Current JAK Inhibitors in IBD,” Inflamma-
tory Bowel Diseases 27, no. 10 (2021): 1674-1683.

[71] S. H. Veltkamp and P. W. Voorneveld, “The Cell-Specific
Effects of JAK1 Inhibitors in Ulcerative Colitis,” Journal of
Clinical Medicine 14, no. 2 (2025): 608.

[72] T. Pérez-Jeldres, C.J. Tyler, J. D. Boyer, et al., “Targeting
Cytokine Signaling and Lymphocyte Traffic via Small
Molecules in Inflammatory Bowel Disease: JAK Inhibitors
and SIPR Agonists,” Frontiers in Pharmacology 10 (2019):
212.

[73] S. Danese, M. Grisham, J. Hodge, and J.-B. Telliez, “JAK
Inhibition Using Tofacitinib for Inflammatory Bowel Disease
Treatment: A Hub for Multiple Inflammatory Cytokines,”

95U017 SUOWLLIOD dAIIe8.D) 8 ealdde au Aq peuenob afe sejoie O '8sn Jo o 10} Akeiq18UljuQ 8|1/ UO (SUONIPUOO-PUE-SLLLS)L0D" A8 | 1M Ale g1 jpul[uo//:SANy) SUONIPUOD pue SWe | 8u1 88S *[6Z0z/0T/2z] Uo Arigiauliuo A ‘AsIBAluN %000 sewer Ag 00ZTSTE/IW/SSTT 0T/I0p/W0d A8 im Aeidijpuljuo//sdny wolj pepeojumod ‘T ‘G202 ‘26LY



12

American Journal of Physiology-Gastrointestinal and Liver
Physiology 310, no. 3 (2016): G155-G162.

[74] 1. S. Padda, R. Bhatt, and M. Parmar, Tofacitinib (StatPearls,
2025, https://www.ncbi.nlm.nih.gov/books/NBK572148/.

[75] R. Seal, L. S. Schwab, C. M. Chiarolla, et al., “Delayed and
Limited Administration of the JAKinib Tofacitinib Mitigates
Chronic DSS-Induced Colitis,” Frontiers in Immunology 14
(2023): 1179311.

[76] S. Hosomi, Y. Nishida, and Y. Fujiwara, “Efficacy of
Upadacitinib As a Second-Line JAK Inhibitor in Ulcerative
Colitis: A Case Series,” Internal Medicine 63, no. 13 (2024):
1882-1885.

[77] J. Fanizza, F. D’Amico, G. Lauri, et al., “The Role of Filgotinib
in Ulcerative Colitis and Crohn’s Disease,” Immunotherapy
16, no. 2 (2024): 59-74.

[78] H. Nakase, S. Danese, W. Reinisch, et al., “Mediators of
Filgotinib Treatment Effects in Ulcerative Colitis: Exploring
Circulating Biomarkers in the Phase 2b/3 SELECTION
Study,” Inflammatory Bowel Diseases 31 (2024): izae278.

[79] J. M. Tarrant, R. Galien, W. Li, et al.,, “Filgotinib, a JAKI
Inhibitor, Modulates Disease-Related Biomarkers in Rheu-
matoid Arthritis: Results From Two Randomized, Controlled
Phase 2b Trials,” Rheumatology and Therapy 7, no. 1 (2020):
173-190.

[80] M. Haq and G. Adnan, Ruxolitinib (StatPearls, 2025, https://
www.ncbi.nlm.nih.gov/books/NBK570600/.

[81] A. G. Gravina, R. Pellegrino, A. Esposito, et al., “The JAK-
STAT Pathway as a Therapeutic Strategy in Cancer Patients
With Immune Checkpoint Inhibitor-Induced Colitis: A
Narrative Review,” Cancers 16, no. 3 (2024): 611.

[82] M. Zhang, L. Zhou, Y. Xu, et al., “A STAT3 Palmitoylation
Cycle Promotes TH17 Differentiation and Colitis,” Nature
586, no. 7829 (2020): 434-439.

[83] Y. Kitanaga, E. Imamura, Y. Nakahara, et al, “In Vitro
Pharmacological Effects of Peficitinib on Lymphocyte Activation:
A Potential Treatment for Systemic Sclerosis With JAK
Inhibitors,” Rheumatology 59, no. 8 (2020): 1957-1968.

[84] J.-W. Kim and S.-Y. Kim, “The Era of Janus Kinase Inhibitors
for Inflammatory Bowel Disease Treatment,” International
Journal of Molecular Sciences 22, no. 21 (2021): 11322.

[85] R.Sedano, C. Ma, V. Jairath, and B. G. Feagan, “Janus Kinase
Inhibitors for the Management of Patients With Inflamma-
tory Bowel Disease,” Gastroenterology and Hepatology 18,
no. 1 (2022): 14-27.

[86] R. Verbeek, A. C. Plomp, E. A. van Tol, and J. M. van Noort,
“The Flavones Luteolin and Apigenin Inhibit In Vitro
Antigen-Specific Proliferation and Interferon-Gamma Pro-
duction by Murine and Human Autoimmune T Cells,”
Biochemical Pharmacology 68, no. 4 (2004): 621-629.

[87] Y. Takei, T. Kunikata, M. Aga, et al., “Tryptanthrin Inhibits
Interferon-y Production by Peyer’s Patch Lymphocytes
Derived From Mice That Had Been Orally Administered
Staphylococcal Enterotoxin,” Biological and Pharmaceutical
Bulletin 26, no. 3 (2003): 365-367.

[88] X. Zhang, J. Wu, B. Ye, Q. Wang, X. Xie, and H. Shen,
“Protective Effect of Curcumin on TNBS-Induced Intestinal
Inflammation Is Mediated Through the JAK/STAT Pathway,”
BMC Complementary and Alternative Medicine 16, no. 1
(2016): 1-11.

[89] X. Cui, Y. Jin, A. B. Hofseth, et al., “Resveratrol Suppresses
Colitis and Colon Cancer Associated With Colitis,” Cancer
Prevention Research 3, no. 4 (2010): 549-559.

Mediators of Inflammation

[90] X. Wu, F. Shao, Y. Yang, et al., “Epigallocatechin-3-Gallate
Sensitizes IFN-y-Stimulated CD4+ T Cells to Apoptosis via
Alternative Activation of STAT1,” International Immuno-
pharmacology 23, no. 2 (2014): 434-441.

[91] R. Zhang, J. Xu, J. Zhao, and Y. Chen, “Genistein Improves
Inflammatory Response and Colonic Function through NF-
kB Signal in DSS-Induced Colonic Injury,” Oncotarget 8,
no. 37 (2017): 61385-61392.

[92] T. Yang, X. Ma, R. Wang, et al., “Berberine Inhibits IFN-y
Signaling Pathway in DSS-Induced Ulcerative Colitis,” Saudi
Pharmaceutical Journal 30, no. 6 (2022): 764-778.

[93] N. Kim, P. Lertnimitphun, Y. Jiang, et al., “Andrographolide
Inhibits Inflammatory Responses in LPS-Stimulated Macro-
phages and Murine Acute Colitis Through Activating AMPK,”
Biochemical Pharmacology 170 (2019): 113646.

[94] Y. Nishitani, K. Yamamoto, M. Yoshida, et al., “Intestinal Anti-
Inflammatory Activity of Luteolin: Role of the Aglycone in NF-
kB Inactivation in Macrophages Co-Cultured With Intestinal
Epithelial Cells,” BioFactors 39, no. 5 (2013): 522-533.

[95] Z. Kang, Y. Zhonga, T. Wu, J. Huang, H. Zhao, and D. Liu,
“Ginsenoside From Ginseng: A Promising Treatment for
Inflammatory Bowel Disease,” Pharmacological Reports 73,
no. 3 (2021): 700-711.

[96] M. T. Midura-Kiela, V. M. Radhakrishnan, C. B. Larmonier,
D. Laubitz, F. K. Ghishan, and P.R. Kiela, “Curcumin
Inhibits Interferon-y Signaling in Colonic Epithelial Cells,”
American Journal of Physiology-Gastrointestinal and Liver
Physiology 302, no. 1 (2012): G85-G96.

[97] J. L. Watson, S. Ansari, H. Cameron, A. Wang, M. Akhtar, and
D. M. McKay, “Green Tea Polyphenol (—)-Epigallocatechin
Gallate Blocks Epithelial Barrier Dysfunction Provoked by
IFN-y but Not by IL-4,” American Journal of Physiology-
Gastrointestinal and Liver Physiology 287, no. 5 (2004): G954—
G961.

[98] T. Alj, F. Shakir, and J. Morton, “Curcumin and Inflammatory
Bowel Disease: Biological Mechanisms and Clinical Implica-
tion,” Digestion 85, no. 4 (2012): 249-255.

[99] D. Mokra, M. Joskova, and J. Mokry, “Therapeutic Effects of
Green Tea Polyphenol (-)-Epigallocatechin-3-Gallate (EGCG)
in Relation to Molecular Pathways Controlling Inflammation,
Oxidative Stress, and Apoptosis,” International Journal of
Molecular Sciences 24, no. 1 (2023): 340.

[100] M. Briickner, S. Westphal, W. Domschke, T. Kucharzik, and
A. Liigering, “Green Tea Polyphenol Epigallocatechin-3-
Gallate Shows Therapeutic Antioxidative Effects in a Murine
Model of Colitis,” Journal of Crohn’s and Colitis 6, no. 2
(2012): 226-235.

[101] Y. He, Y. Yue, X. Zheng, K. Zhang, S. Chen, and Z. Du,
“Curcumin, Inflammation, and Chronic Diseases: How Are
They Linked?” Molecules 20, no. 5 (2015): 9183-9213.

[102] L. Vecchi Brumatti, A. Marcuzzi, P. M. Tricarico, V. Zanin,
M. Girardelli, and A. M. Bianco, “Curcumin and Inflamma-
tory Bowel Disease: Potential and Limits of Innovative
Treatments,” Molecules 19, no. 12 (2014): 21127-21153.

[103] E. Naschberger, C. Flierl, J. Huang, et al., “Analysis of the
Interferon-y-Induced Secretome of Intestinal Endothelial
Cells: Putative Impact on Epithelial Barrier Dysfunction in
IBD,” Frontiers in Cell and Developmental Biology 11 (2023):
1213383.

[104] B. Garavaglia, L. Vallino, A. Amoruso, M. Pane, A. Ferraresi,
and C. Isidoro, “The Role of Gut Microbiota, Immune System,
and Autophagy in the Pathogenesis of Inflammatory Bowel

95U017 SUOWLLIOD dAIIe8.D) 8 ealdde au Aq peuenob afe sejoie O '8sn Jo o 10} Akeiq18UljuQ 8|1/ UO (SUONIPUOO-PUE-SLLLS)L0D" A8 | 1M Ale g1 jpul[uo//:SANy) SUONIPUOD pue SWe | 8u1 88S *[6Z0z/0T/2z] Uo Arigiauliuo A ‘AsIBAluN %000 sewer Ag 00ZTSTE/IW/SSTT 0T/I0p/W0d A8 im Aeidijpuljuo//sdny wolj pepeojumod ‘T ‘G202 ‘26LY


https://www.ncbi.nlm.nih.gov/books/NBK572148/
https://www.ncbi.nlm.nih.gov/books/NBK572148/
https://www.ncbi.nlm.nih.gov/books/NBK572148/
https://www.ncbi.nlm.nih.gov/books/NBK572148/
https://www.ncbi.nlm.nih.gov/books/NBK572148/
https://www.ncbi.nlm.nih.gov/books/NBK570600/
https://www.ncbi.nlm.nih.gov/books/NBK570600/
https://www.ncbi.nlm.nih.gov/books/NBK570600/
https://www.ncbi.nlm.nih.gov/books/NBK570600/
https://www.ncbi.nlm.nih.gov/books/NBK570600/
https://www.ncbi.nlm.nih.gov/books/NBK570600/

Mediators of Inflammation

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

Disease: Molecular Mechanisms and Therapeutic Approaches,”
Aspects of Molecular Medicine 4 (2024): 100056.

X. Hu, S. D. Chakravarty, and L. B. Ivashkiv, “Regulation of
IFN and TLR Signaling during Macrophage Activation by
Opposing Feedforward and Feedback Inhibition Mechan-
isms,” Immunological Reviews 226, no. 1 (2008): 41-56.

Y. Lin, H. Liu, L. Bu, C. Chen, and X. Ye, “Review of the
Effects and Mechanism of Curcumin in the Treatment of
Inflammatory Bowel Disease,” Frontiers in Pharmacology 13
(2022): 908077.

H. Y. Kim, E.J. Park, E.-h. Joe, and 1. Jou, “Curcumin
Suppresses Janus Kinase-STAT Inflammatory Signaling
Through Activation of Src homology 2 Domain-Containing
Tyrosine phosphatase 2 in Brain Microglia,” The Journal of
Immunology 171, no. 11 (2003): 6072-6079.

A. Karthikeyan, K. N. Young, M. Moniruzzaman, et al,
“Curcumin and Its Modified Formulations on Inflammatory
Bowel Disease (IBD): The Story so Far and Future Outlook,”
Pharmaceutics 13, no. 4 (2021): 484.

A. S. D. P. Martins, M. D. C. Alves, O. R. P. D. E. ARAUJO,
F. O. D. S. Camatari, M. O. F. Goulart, and F. A. Moura,
“Curcumin in Inflammatory Bowel Diseases: Cellular Targets
and Molecular Mechanisms,” Biocell 47, no. 11 (2023): 2547~
2566.

Y. Gu, Y. Lou, Z. Zhou, et al., “Resveratrol for Inflammatory
Bowel Disease in Preclinical Studies: A Systematic Review
and Meta-Analysis,” Frontiers in Pharmacology 15 (2024):
1411566.

T. Aparecida Lima, L.T. Marton, S.V. de Marqui,
F. C. Neto, R. de Alvares Goulart, and S. M. Barbalho,
“The Role of Resveratrol in the Inflammatory Bowel
Diseases,” Pharmacognosy Reviews 13, no. 26 (2019): 36-44.
H. R. Alrafas, P. B. Busbee, M. Nagarkatti, and P. S. Nagarkatti,
“Resveratrol Modulates the Gut Microbiota to Prevent Murine
Colitis Development Through Induction of Tregs and Suppres-
sion of Th17 Cells,” Journal of Leukocyte Biology 106, no. 2 (2019):
467-480.

Z. Wu, S. Huang, T. Li, et al., “Gut Microbiota From Green
Tea Polyphenol-Dosed Mice Improves Intestinal Epithelial
Homeostasis and Ameliorates Experimental Colitis,” Micro-
biome 9, no. 1 (2021): 1-22.

A. A. Lighvani, D. M. Frucht, D. Jankovic, et al., “T-Bet Is
Rapidly Induced by Interferon-y in Lymphoid and Myeloid
Cells,” Proceedings of the National Academy of Sciences of the
United States of America 98, no. 26 (2001): 15137-15142.
X. Bing, L. Xuelei, D. Wanwei, L. Linlang, and C. Keyan,
“EGCG Maintains Th1/Th2 Balance and Mitigates Ulcerative
Colitis Induced by Dextran Sulfate Sodium Through TLR4/
MyD88/NF-kB Signaling Pathway in Rats,” Canadian
Journal of Gastroenterology and Hepatology 2017, no. 1
(2017): 3057268, 9.

J. Li, D. Gang, X. Yu, et al., “Genistein: The Potential for
Efficacy in Rheumatoid Arthritis,” Clinical Rheumatology 32,
no. 5 (2013): 535-540.

N. Tanideh, F. Sadeghi, S. Amanat, et al., “Protection by Pure
and Genistein Fortified Extra Virgin Olive Oil, Canola Oil,
and Rice Bran Oil against Acetic Acid-Induced Ulcerative
Colitis in Rats,” Food & Function 11, no. 1 (2020): 860-870.
E. A. Elhefnawy, H. F. Zaki, N. N. El Maraghy, K. A. Ahmed,
and E. A. Abd El-Haleim, “Genistein and/or Sulfasalazine
Ameliorate Acetic Acid-Induced Ulcerative Colitis in Rats via
Modulating INF-y/JAK1/STAT1/IRF-1, TLR-4/NF-xB/IL-6,

[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

[132]

[133]

13

and JAK2/STAT3/COX-2 Crosstalk,” Biochemical Pharma-
cology 214 (2023): 115673.

W. Liu, W. Guo, N. Hang, et al., “MALT1 Inhibitors Prevent
the Development of DSS-Induced Experimental Colitis in
Mice via Inhibiting NF-kB and NLRP3 Inflammasome
Activation,” Oncotarget 7, no. 21 (2016): 30536-30549.

C. Zhu, K. Li, X.-X. Peng, et al., “Berberine a Traditional
Chinese Drug Repurposing: Its Actions in Inflammation-
Associated Ulcerative Colitis and Cancer Therapy,” Frontiers
in Immunology 13 (2022): 1083788.

S. Habtemariam, “Berberine Pharmacology and the Gut
Microbiota: A Hidden Therapeutic Link,” Pharmacological
Research 155 (2020): 104722.

M. Takahara, A. Takaki, S. Hiraoka, et al., “Berberine
Improved Experimental Chronic Colitis by Regulating
Interferon-y-and IL-17A-Producing Lamina Propria CD4+
T Cells Through AMPK Activation,” Scientific Reports 9,
no. 1 (2019): 11934.

W. D. Tan, W. Liao, S. Zhou, and W. F. Wong, “Is There a
Future for Andrographolide to Be an Anti-Inflammatory
Drug? Deciphering Its Major Mechanisms of Action,”
Biochemical Pharmacology 139 (2017): 71-81.

Y. Dai, S.-R. Chen, L. Chai, J. Zhao, Y. Wang, and Y. Wang,
“Overview of Pharmacological Activities of Andrographis
paniculata and Its Major Compound Andrographolide,”
Critical Reviews in Food Science and Nutrition 59, no. Supl
(2019): S17-829.

Q. Cai, W. Zhang, Y. Sun, et al., “Study on the Mechanism of
Andrographolide Activation,” Frontiers in Neuroscience 16
(2022): 977376.

M. Low, H. Suresh, X. Zhou, et al., “The Wide Spectrum Anti-
Inflammatory Activity of Andrographolide in Comparison to
NSAIDs: A Promising Therapeutic Compound against the
Cytokine Storm,” Plos One 19, no. 7 (2024): €0299965.

F. Algieri, A. Rodriguez-Nogales, M. E. Rodriguez-Cabezas,
S. Risco, M. A. Ocete, and J. Galvez, “Botanical Drugs as an
Emerging Strategy in Inflammatory Bowel Disease: A
Review,” Mediators of Inflammation 2015, no. 1 (2015):
179616.

A. Salaritabar, B. Darvishi, F. Hadjiakhoondi, et al,
“Therapeutic Potential of Flavonoids in Inflammatory Bowel
Disease: A Comprehensive Review,” World Journal of
Gastroenterology 23, no. 28 (2017): 5097.

C. Nunes, L. Almeida, R. M. Barbosa, and J. Laranjinha,
“Luteolin Suppresses the JAK/STAT Pathway in a Cellular
Model of Intestinal Inflammation,” Food & Function 8, no. 1
(2017): 387-396.

Z.Zhang, Q. Jiang, L. Huang, et al,, “Ginsenoside Rgl Regulated
Subpopulation Homeostasis of Tfh Cells Ameliorate Experi-
mental Colitis by Inhibiting TLR/MyD88 Pathway,” Journal of
Functional Foods 113 (2024): 106011.

L. Zhao, T. Zhang, and K. Zhang, “Pharmacological Effects of
Ginseng and Ginsenosides on Intestinal Inflammation and
the Immune System,” Frontiers in Immunology 15 (2024):
1353614.

B. Qu, T. Cao, M. Wang, S. Wang, W. Li, and H. Li,
“Ginsenosides Rd Monomer Inhibits Proinflammatory
Cytokines Production and Alleviates DSS-Colitis by NF-«xB
and P38MAPK Pathways in Mice,” Immunopharmacology
and Immunotoxicology 44, no. 1 (2022): 110-118.

J.-C. Xue, X.-T. Hou, Y.-W. Zhao, and S. Yuan, “Biological
Agents as Attractive Targets for Inflammatory Bowel Disease

95U017 SUOWLLIOD dAIIe8.D) 8 ealdde au Aq peuenob afe sejoie O '8sn Jo o 10} Akeiq18UljuQ 8|1/ UO (SUONIPUOO-PUE-SLLLS)L0D" A8 | 1M Ale g1 jpul[uo//:SANy) SUONIPUOD pue SWe | 8u1 88S *[6Z0z/0T/2z] Uo Arigiauliuo A ‘AsIBAluN %000 sewer Ag 00ZTSTE/IW/SSTT 0T/I0p/W0d A8 im Aeidijpuljuo//sdny wolj pepeojumod ‘T ‘G202 ‘26LY



14

[134]

[135]

[136]

[137]

[138]

[139]

[140]

[141]

[142]

[143]

[144]

[145]

[146]

[147]

[148]

Therapeutics,” Biochimica et Biophysica Acta (BBA) - Molecular
Basis of Disease 1871, no. 3 (2025): 167648.

G. R. Lichtenstein, R. Panaccione, and G. Mallarkey,
“Efficacy and Safety of Adalimumab in Crohn’s Disease,”
Therapeutic Advances in Gastroenterology 1, no. 1 (2008):
43-50.

C. Dai, Y.-H. Huang, and M. Jiang, “Combination Therapy in
Inflammatory Bowel Disease: Current Evidence and Perspec-
tives,” International Immunopharmacology 114 (2023): 109545.
G. R. Lichtenstein, “Comprehensive Review: Antitumor
Necrosis Factor Agents in Inflammatory Bowel Disease and
Factors Implicated in Treatment Response,” Therapeutic
Advances in Gastroenterology 6, no. 4 (2013): 269-293.

W. Zhang, G. Zhong, X. Ren, and M. Li, “Research Progress
of Ustekinumab in the Treatment of Inflammatory Bowel
Disease,” Frontiers in Immunology 15 (2024): 1322054.

T. L. Parigi, M. Iacucci, and S. Ghosh, “Blockade of IL-23:
What Is in the Pipeline?” Journal of Crohn’s and Colitis 16,
no. Supplement_2 (2022): ii64-ii72.

F. Valenzuela and R. Flores, “Immunogenicity to Biological
Drugs in Psoriasis and Psoriatic Arthritis,” Clinics 76 (2021):
e3015.

L. Grimme, S. Dombret, T. Knosel, A. Skapenko, and
H. Schulze-Koops, “Colitis Induced by IL-17A-Inhibitors,”
Clinical Journal of Gastroenterology 17, no. 2 (2024): 263-
270.

Z. Deng, S. Wang, C. Wu, and C. Wang, “IL-17 Inhibitor-
Associated Inflammatory Bowel Disease: A Study Based on
Literature and Database Analysis,” Frontiers in Pharmacology
14 (2023): 1124628.

K. A. Fieldhouse, S. Ukaibe, E. L. Crowley, R. Khanna,
A. O’Toole, and M. J. Gooderham, “Inflammatory Bowel
Disease in Patients With Psoriasis Treated With Interleukin-
17 Inhibitors,” Drugs in Context 9 (2020): 1-9.

L. Tiburcd, M. Bembea, D. C. Zaha, et al., “The Treatment
With Interleukin 17 Inhibitors and Immune-Mediated
Inflammatory Diseases,” Current Issues in Molecular Biology
44, no. 5 (2022): 1851-1866.

A. M. Caballero-Mateos and G. A. C. la Fuente, “Game
Changer: How Janus Kinase Inhibitors Are Reshaping the
Landscape of Ulcerative Colitis Management,” World Journal
of Gastroenterology 30, no. 35 (2024): 3942-3953.

K. Fansiwala and J. S. Sauk, “Small Molecules, Big Results:
How JAK Inhibitors Have Transformed the Treatment of
Patients With IBD,” Digestive Diseases and Sciences 70, no. 2
(2025): 1-477.

J. Su, D. A. Lartey, G. Zanella, et al., “Therapeutic Potential of
Janus Kinase Inhibitors for the Management of Fibrosis in
Inflammatory Bowel Disease,” Journal of Crohn’s and Colitis
19, no. 6 (2025): jjaf087.

P. Niiiez, R. Quera, and A. J. Yarur, “Safety of Janus Kinase
Inhibitors in Inflammatory Bowel Diseases,” Drugs 83, no. 4
(2023): 299-314.

E. Troncone, I. Marafini, G. Del Vecchio Blanco, A. Di
Grazia, and G. Monteleone, “Novel Therapeutic Options for
People With Ulcerative Colitis: An Update on Recent
Developments With Janus Kinase (JAK) Inhibitors,” Clinical
and Experimental Gastroenterology 13 (2020): 131-139.

Mediators of Inflammation

95U017 SUOWLLIOD dAIIe8.D) 8 ealdde au Aq peuenob afe sejoie O '8sn Jo o 10} Akeiq18UljuQ 8|1/ UO (SUONIPUOO-PUE-SLLLS)L0D" A8 | 1M Ale g1 jpul[uo//:SANy) SUONIPUOD pue SWe | 8u1 88S *[6Z0z/0T/2z] Uo Arigiauliuo A ‘AsIBAluN %000 sewer Ag 00ZTSTE/IW/SSTT 0T/I0p/W0d A8 im Aeidijpuljuo//sdny wolj pepeojumod ‘T ‘G202 ‘26LY



	Targeting Interferon-Gamma (IFN-γ)-Related Signalling Pathways in Inflammatory Bowel Disease: Emerging Inhibitors and Therapeutic Advances
	1. Introduction
	2. Materials and Methods
	3. Results and Discussion
	3.1. Role of IFN-γ in the Pathogenesis of IBD
	3.2. IFN-γ Inhibitors for IBD Treatment
	3.2.1. Direct IFN-γ Inhibitors
	3.2.1.1. MAbs Targeting IFN-γ
	3.2.1.2. IFNGR Blockers

	3.2.2. Indirect Modulation of IFN-γ Pathways in IBD
	3.2.2.1. JAK&x2013;STAT Inhibitors
	3.2.2.2. Plant-Based IFN-γ Inhibitors


	3.3. Comparative Efficacy and Safety of Biologics

	4. Challenges and Future Directions
	Data Availability Statement
	Disclosure
	Conflicts of Interest
	Author Contributions
	Funding
	References




