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ABSTRACT

The development of Janus kinase (JAK) inhibitors has revolutionized the treatment of rheumatoid arthritis (RA), facilitating
the attainment of clinical remission for patients. On the other hand, there have been reports of opportunistic infections (OIs)
emerging in relation to JAK inhibitor treatment. In order to compile reports of OIs connected to JAK inhibitor therapy for RA
in clinical trials, methodical literature research was carried out. Janus kinases (JAKs) are crucial for growth factor receptors,
cytokines, haematopoiesis and immune system processes, playing a vital role in intracellular signalling cascades. A family of
drugs known as Janus kinase (JAK) inhibitors has drastically changed the way rheumatoid arthritis (RA) is treated. Cytokine
receptors play a crucial role in the pathophysiology of inflammatory, allergy and autoimmune illnesses, mediated by the four
Janus kinase proteins and seven STAT transcription factors. Janus kinase (JAK) family comprises four members: JAK1, JAK2,
JAK3 and TYK2, which regulate gene transcription in inflammatory, immunological and cancerous diseases through the
JAK-STAT pathway. This review covers eleven approved clinically-used JAK inhibitors, including fedratinib, filgotinib, oclacitinib,
pacritinib, peficitinib, ruxolitinib, baricitinib, fedratinib, tofacitinib and upadacitinib. Mechanism-based therapies targeting the
JAK-STAT pathways may be beneficial in treating systemic immune-mediated inflammatory disorders by reducing the use of
glucocorticoids and immunosuppressant. These medications' putative metabolic routes and metabolites were also depicted. In
conclusion, the information presented in this study may be useful in the development of novel JAK inhibitors that may be used
to treat autoimmune and inflammatory disorders.
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Highlights
1. JAK inhibitors potentially target to Rheumatoid arthritis.

2. JAK inhibitors target the Janus kinase signalling pathway, which plays a crucial role in immune cell activation and
inflammatory responses by blocking specific JAK enzymes (JAK1, JAK2, JAK3 and TYK2).

3. Tofacitinib, Baricitinib, Upadacitinib, etc. as efficacious and potential approved drugs for the treatment of Rheumatoid
arthritis.



https://doi.org/10.51219/JAIMLD/satyadeepak-bollineni/296
https://urfpublishers.com/journal/alternativemedicine

Rathi D, et al.,

1. Introduction

As we know, over 70% are female and 55% are above the age
of 55 who are mostly affected by an auto immune disease called
rheumatoid arthritis, which causes inflammation, discomfort and
eventually joint destruction as a result of the immune system
attacking the joints'. Although it can affect other parts of the
body as well, it usually affects the tiny joints of the hands and
feet. The ancient labels arthritis deformans and rheumatic gout
were replaced by rheumatoid arthritis by A. B. Garrod in 1858,
Thus, ¢ Bannatyne (1896) was the first to describe the appearance
of joints damaged by rheumatoid arthritis. The International
Committee on Rheumatism was established in 1932. Later on,
it changed its name to American College of Rheumatology and
subsequently American Rheumatism Association’. Rheumatoid
arthritis affected 18 million persons globally in 2019. Rehab may
be beneficial for the 13 million individuals who suffer from mild
to severe rheumatoid arthritis. The JAK-STAT pathway is used
by the Janus kinase (JAK) family of intracellular, non-receptor
tyrosine kinases to transduce cytokine-mediated signals®. Since
they were only two of many findings from a PCR-based screen of
kinases, they were originally dubbed “just another kinase” 1 and
2, but they were eventually published as “Janus kinase™. While
one domain displays kinase activity, the other adversely controls
the first domain’s kinase activity. There are four members of
the JAK family: Janus kinase 1 (JAK1), Janus Kinase 2(JAK?2),
Janus Kinase 3 (JAK3) and Tyrosine kinase 2 (TYK2)¢. JAK1-
deficient transgenic mice have impaired cytokine responses,
including interferon-gamma. Type II (interferon-gamma)
interferon signalling involves JAK1 and JAK2, while type I
interferon signalling involves JAK1 and TYK2'. Mice lacking
TYK2 have impaired function of natural killer cells. A kind of
immune modifying drug called a Janus kinase inhibitor (JAK1,
JAK2, JAK3, TYK2) reduces the activity of one or more of the
Janus kinase family of enzymes, interfering with the JAK-STAT
signalling pathway in lymphocytes. It is also referred to as a
JAK inhibitor or jakinib®.

2. Janus Kinase (JAK)

The intracellular, non-receptor tyrosine kinases known as
Janus kinases (JAKSs) are essential for the signalling cascades of
several growth factor receptors and cytokines. They are essential
for haematopoiesis or the production of new blood cells and for
the control of certain immune system processes’. As a nod to
their dual function as signal transducers and regulators, “Janus”
kinase” is named after the Roman deity of two faces. Instead
of being receptors by themselves, Janus kinases (JAKs) are
intracellular signalling proteins that bind to the receptors of
different growth factors and cytokines'.

2.1. Types

JAK 1: Participates in the signalling of several cytokine
receptors, such as interleukins and interferons''.

JAK 2: Vital for erythropoietin, thrombopoietin and various
another hematopoietic cytokine signalling via receptors'.

JAK 3: Particularly engaged in communication via standard
v-chain cytokine receptors, as those for interleukins IL-2, 1L-4,
IL-7, IL-9, IL-15 and IL-21".

TYK2(Tyrosine kinase 2): Involved in interferon and
interleukin (IL-10 and IL-12) signalling via receptors'*.
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2.2. Structure

The seven domains that make up the structure of JAKs are
JH1-JH7.The domains of the four JAKSs are identical, with a 48%
total similarity.JH1, which is located at the C-terminal, is the first
domain®. This domain is also referred to as the kinase domain as
it is in charge of the kinase’s enzymatic action'. JH2, the second
domain, is a pseudo-kinase domain that is devoid of tyrosine
kinase activity'’. Nonetheless, JH2 is crucial for controlling
kinase activity. JAKs also include two domains (Figure 1),
JH3-JH4, which is homologous to the Src-homology-2 (SH2)
domain'®. The FERM domain, located at the N-terminal of
JAKSs, is the fourth area of JAKs and is involved in the binding
of JAKSs to cytokine receptors’.

SH2 domain Kinase domain

v O O~

FERM Domain Pseudo-kinase domain

Figure 1: Domain structure of JAKs.

The activation follows JAK-STAT Pathway which
includes steps like Receptor Binding, Auto phosphorylation,
Phosphorylation of STATs and Gene Expression. Receptor
Binding involves the intracellular domains of different cytokine
receptors which are linked to JAKs?. A cytokine’s binding to its
receptor results in a conformational shift that activates the JAKs
thatare connectedtoit’’. Thenitbrings about Autophosphorylation
which involves JAKs that have been activated by phosphorylating
themselves or auto-phosphorylation, which increases the kinase
activity of the protein®>. Which then leads to Phosphorylation of
STATs includes signal transducer and activator of transcription
proteins (STATs) which are phosphorylated by JAKs (Figure 2).
Following phosphorylation, STATSs translocate to the nucleus and
dimerize®. After Phosphorylation of STATs, Gene Expression
gets proceeded in the nucleus, STAT dimers bind to certain DNA
sequences to control target gene transcription, which in turn
triggers the cytokine signalling-driven biological reactions®.

Figure 2: Molecular level signalling of JAK-STAT Pathway.
2.3. Biological functions

Numerous cytokines and growth factors have an impact
on immune cells and JAKs are implicated in mediating those
effects. For instance, interleukin receptor signalling, which
controls immune cell activation and differentiation, depends on
JAK1 and JAK3*. A number of hematopoietic growth factors,
such as erythropoietin and thrombopoietin, which are necessary
for the generation of red blood cells and platelets, respectively,
rely on JAK2 for their signalling pathways®. JAKs have a
role in controlling inflammatory reactions as well. Numerous
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inflammatory and autoimmune disorders can result from the
dysregulation or over activation of JAK pathways?’.

2.4. Clinical relevance

These medications belong to a class that blocks JAK
activity and are used to treat diseases linked to excessive or
improper JAK signalling”’. As an examples, we can consider
rheumatoid arthritis that involves JAKs which are inhibited by
medications like tofacitinib and baricitinib to lower immune
system activation and inflammation and Myelo proliferative
disorders that involves a JAK2 inhibitor called rufolitinib is
used to treat conditions including essential thrombocythemia
and polycythaemia vera®®. Numerous disorders can result from
mutations in the JAK gene. For example, mutations in JAK?2 are
frequently linked to tumours that are myeloproliferative®.

3. Janus Kinase Inhibitors and Their Mechanism of
Action

A class of medications known as Janus kinase inhibitors
or JAK inhibitors, target the Janus kinase (JAK) family of
enzymes, which are essential for the signalling pathways of
several cytokines and growth factors®®. These medications are
used to treat a number of inflammatory and autoimmune diseases
in addition to specific cancers®'. JAKs are intracellular enzymes
that influence gene expression by sending signals from cell
surface cytokine receptors to the nucleus®. They participate in
the signalling pathways of many different cytokines, including
those linked to inflammation and immunological responses
(Figure 3). JAK inhibitors function by preventing one or more
of the JAK enzymes (JAK1, JAK2, JAK3 and Tyk2) from being
active®. JAK inhibitors can aid in the management of illnesses
marked by hyperactive immune responses by blocking these
pathways*.
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Figure 3: Graphical representation of mechanism of action of
JAK inhibitors.

3.1. Classification of JAK inhibitors
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Figure 4: Classification of JAK inhibitors with representative
example.
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3.2. Reversible and Irreversible JAK Inhibitor

Competitive inhibitors of JAKs bind to the amino acids of
the four JAKSs in a reversible, non-covalent manner. This class
of JAK inhibitors forms hydrophobic and hydrogen bonding
interactions during binding. There are two subclasses within
the class of reversible JAK inhibitors. These inhibitors work by
competing with ATP for the catalytic ATP-binding site in JAKSs,
which is how their mechanism of action works. The kinase
domain conformation that these inhibitors bind to can also be
used to categorize them®. Type 1 JAK Inhibitors attach to the
JAKSs’ ATP-binding site while the kinase domain is in its active
state. Clinically authorized medications like filgotinib, which
functions as a selective JAK1 inhibitor and fedratinib, which
shows selective inhibition of JAK2, fall under this category?®.
Tofacitinib and peficitinib, on the other hand, work by blocking
several JAKs. The much-conserved structure of the ATP-binding
site in the four JAKs may be the reason why type I JAK inhibitors
can bind to different kinases and function as non-selective
inhibitors®’. Type 2 JAK Inhibitors also bind to the ATP-binding
region of the kinase domain. Representative examples of
type II inhibitors that target JAK2 include NVP-BBT594 and
NVP-CHZ868%*. Allosteric JAK Inhibitor are small molecule
inhibitors that bind to a location other than the ATP-binding site in
JAKs are among the allosteric JAK inhibitors®’. Deucravacitinib
(BMS-986165) is one of these inhibitors that selectively inhibit
TYK?2 allostery. Furthermore, JAK?2 allosteric inhibitors include
LS104 and ON044580°%4-42 Trreversible JAK3 Inhibitors was
also reported on this family of irreversible JAK inhibitors that
target JAK3. These inhibitors” mode of action is dependent on
their covalent interaction with JAK3’s distinct Cys909 residue®.
These inhibitors’ chemical structures contain groups that can
create covalent bonds, like acrylamide and a-cyanoacrylamide,
which can link with the Cys909 residue*.

3.3. Types Of Jak Inhibitors

There are many JAK inhibitors, each with unique indications
and selectivity profiles (Table 1):

3.4. Clinical uses

JAK inhibitors are used in a number of situations were
reducing inflammation or the immune system is advantageous:

Rheumatoid arthritis-whan
traditional dissnse -modifying anti-
thenmatic mediations (DMARDs)
are insufficisnt, TAK are utilized .

Maelo fibrosis-TAK inhibitors

can exhance blood counts and
aid in symptom management.

Paoriatic arthriti=- They aid in the
treatment of skin and joint 1ssues.

CLINICAL USES

Atopic Dermatitis— JAK
inkibitors can aid in the
managsment of sevar eczema

Ulcerative colitis- When altemmative

therapiss are insffactive for modarate-
to-severs instances, JAK mhibitors are
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everproduction of red blood
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Figure 5: Diagrammatic representation of Clinical uses of JAK
inhibitors.
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Table 1: Types of JAK inhibitors with mechanism, indications and side effects.
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S.no. Drugs Mechanism Indications Side effects
l. Tofacitinib (Xeljanz) | Mainly prevents JAKI1 | Used to treat ulcerative colitis, | Include the possibility of an increased risk of
and JAK3 psoriatic  arthritis,  rheumatoid | developing certain malignancies, elevated cholesterol
arthritis (RA) and other ailments®. levels, infection and abnormalities in liver enzymes.
2. Ruxolitinib (Jakafi) Supresses JAK1  and | Mostly used for some forms of graft- | May involve abnormal liver enzyme levels,
JAK2 versus-host disease, polycythaemia | thrombocytopenia, anaemia and infections.
vera and myelofibrosis*.
3. Baricitinib | SupressesJAKlandJAK2 | Used in certain situations for | Might include abnormal liver enzyme levels, headaches
(Olumiant) COVID-19 and moderate-to-severe | and upper respiratory tract infections.
rheumatoid arthritis*’.
4. Fedratinib (Inrebic) | Mostly prevents JAK2 For myelofibrosis use*. May include symptoms related to the digestive system,
anaemia and thrombocytopenia.
5. Upadacitinib|JAKI is specifically | Used to treat atopic dermatitis, | Might include headaches, increased liver enzymes and
(Rinvoq) inhibited psoriatic arthritis and moderate-to- | upper respiratory tract infections.
severe rheumatoid arthritis®.

3.5. Safety and monitoring

Because of the possibility of adverse effects, patients on JAK
inhibitors need to be monitored often. The point those need to
be considered as infection risk i.e., compromised immunity as
a result of immune system modification®. Keeping an eye on
cholesterol levels, as certain JAK inhibitors might cause a rise in
cholesterol**. To keep an eye out for liver problems, have regular
liver enzyme testing. Focus on blood cell count variations that
might indicate thrombocytopenia or anaemia’.

4. Janus Kinase in Rheumatoid Arthritis

4.1. JAK Affecting rheumatoid arthritis: mediators and
mechanism of action

the intracellular signal transduction system known as the
JAK/STAT pathway is activated by a variety of cytokines and
can result in the creation of additional pro- and anti-inflammatory
cytokines as well as locally damaging enzymes’. Pro- and anti-
inflammatory cytokines have a well-established role in the
pathophysiology of RA. A class of medications known as Janus
kinase (JAK) inhibitors is used to treat rheumatoid arthritis (RA)
by focusing on particular inflammatory mediators that are part

of the disease process’’. Several inflammatory mediators play
a critical role in sustaining joint damage and inflammation in
rheumatoid arthritis. JAK inhibitors function by obstructing these
mediators’ signalling pathways*®. JAK inhibitor-affected major
inflammatory mediators in RA includes Cytokines, Tumour
necrosis factor-alpha (TNF-a) etc. Although JAK inhibitors do
not directly target TNF-o, it is a part of the inflammatory cascade
that they assist regulate™. By encouraging inflammation and joint
destruction, IL-6 has a profound effect on the pathophysiology
of RA. JAK inhibitors have an impact on the signalling cascades
triggered by IL-6. In RA, IL-1 has a role in joint degradation
and inflammation. Because JAK inhibitors have a more extensive
effect on cytokine networks, they can also indirectly affect IL-1
signalling®'. Similarly, IL-2 is necessary for the proliferation
and activation of T cells. JAK inhibitors work by blocking
JAK pathways, which in turn lessens IL-2 signalling and the
associated activation of immune cells (Table 2). Likewise, IL-4
(interleukin) and IL-13 (interleukin-13); these cytokines play a
role in inflammation and T helper cell polarization. The effects
of these cytokines on immunological responses can be adjusted
by JAK inhibitors®.

Table 2: Table summarises the roles these cytokines play in mediating pain associated with RA and their relationship to the JAK/
STAT pathway, including indirect relationships in the case of TNF and interleukin (IL)-1.

Cytokine (ligand/receptor)

Elements of JAK /STAT pathway affected

Association with pain mechanism

Induced hyperalgesia
Up-regulates sodium channel expression (Nav1.7-Nav1.9)%.

GM-CSF/GM-CSFR Jak2

STAT3

STATS
IL-6/IL-6R, JAKI1, JAK2, TYK2, STAT3
sIL-6R

Pro-nociceptive factor contributes to development of hyperalgesia/
allodynia in rats can have detrimental effect on cognitive function®.

IL-10/IL-10R Jak1 STST3

Mitigates pain (anti-nociceptive effect)

1L-27/gp130
subunit

TYK2, STAT1, STAT3, STATSa/b gpl30-signaling

Diminished expression of gp130 can attenuate pain®.

TNF-o/TNFR1, TNFR2

Indirect via IFN-B-JAK/STAT expression and STAT

Can initiate pain and induce pain-receptor sensitization (both
mechanical and thermal hyperalgesia) Is associated with

neuropathic pain and has detrimental effect on cognitive function®.

IL-18/IL-18R Jak1 and STAT3

Increased expression level is noted in experimental arthritis®’.

4.2. Janus kinase inhibitors -immune response

The therapeutic landscape for rheumatoid arthritis (RA) has
been profoundly changed by a class of drugs known as Janus
kinase (JAK) inhibitors. They have a complicated and specific

effect on the immune response in RA, opening up new treatment
options for this inflammatory chronic illness. The impact of JAK
inhibitors on immunological responses in RA is examined in
detail below:
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4.2.1. Mechanism of action
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Table 3: Mechanism of action of JAK inhibitors.

BLOCKING JAK FUNCTION MECHANISM OF ACTION
JAK inhibitors function by preventing one or more JAK enzymes from being active. These enzymes are essential for the
signalling of many growth factors and cytokines that are involved in inflammation and immunological responses®®.
Targeted Blocking

b) Specificity

The specificity with which different JAK inhibitors target members of the JAK family, including JAK1, JAK2, JAK3 and

69

TYK2, varies. Their effectiveness and adverse effect profiles maybe impacted by this specificity®.

DIMINISHED SIGNALLING OF

CYTOKINES

Cytokine Receptors

These medications stop the activation of downstream signalling pathways—which are necessary for the synthesis of pro-
inflammatory cytokines like TNF-a, IL-6, IL-1 and IL-17—by inhibiting JAKs™.

STAT Pathway

Reduced activation of STAT proteins, which are essential mediators in converting cytokine signals into cellular responses
such as inflammation and immune cell activation, results from the inhibition of JAKs*.

4.2.2. Impact on Immune response in arthritis: The JAK
inhibitors show promising impact in arthritis by reducing
inflammation by lowering cytokine levels which worsen the
inflammatory process and encourage inflammation. This
reduction alleviates the joint pain and stiffness. JAK inhibitors
effectively target multiple inflammatory pathways, making them
beneficial for patients who struggle with biologics or DMARD:s.
With reduction in inflammation, JAK inhibitors also affect T and
B cell activation, proliferation and function. This may regulate
the overactive immune responses characteristic of RA, impacting
myeloid cells like macrophage and dendritic cells, thus reducing
their capacity to induce chronic inflammation.

4.3. Signalling molecule in Janus kinase inhibitors

Janus kinase (JAK) inhibitors prevent certain JAK pathways
that are essential for cytokine signalling, which an effect on the
signalling molecules has connected to rheumatoid arthritis (RA).

4.3.1. Key signalling molecules and pathways targeted by
JAK inhibitors

*  Cytokines and Their Receptors: TNF-a, also known as
tumour necrosis factor, is TNF-a signalling is impacted
indirectly but not directly. By blocking the upstream cytokine
pathways, JAK inhibitors can lower the amount of TNF-a
produced73. One of the main pro-inflammatory cytokines
in RA is IL-6. JAK inhibitors lessen the impact of IL-6 on
inflammation and joint injury by blocking its signalling
pathways74. Another key inflammatory cytokine whose
signalling can be modulated by JAK inhibition. Involved
in the RA inflammatory process. By changing upstream
signalling, JAK inhibitors can affect IL-17 pathways75.

e Signal Transducers and Activators of Transcription
(STATSs): STAT3 is an important participant in inflammation;
STAT3 is frequently triggered by IL-6 and other cytokines.
JAK inhibitors lessen tissue damage and inflammation by
inhibiting STAT3 activity”'. JAK activity affects these STAT
proteins, which are engaged in several immunological
reactions. JAK inhibition decreases STAT1 and STATS
activation, which affects the function of immune cells and

inflammatory responses’.

* Downstream Signalling Pathways: By stopping JAKSs
from phosphorylating STAT proteins, JAK inhibitors
directly block this pathway. By stopping the transcription

of genes that promote inflammation, this inhibition lowers
inflammation and RA disease activity”’. JAK inhibitors
can indirectly affect MAPK (Mitogen-Activated Protein
Kinase) pathways even if they are not the main target. These
pathways play a role in inflammation and cell proliferation
and variations in JAK-STAT signalling may alter how active
these pathways are’®.

4.3.2. T and B cell activation: By inhibiting cytokine receptors
necessary for T cell activation, such as IL-2 and IL-6 receptors,
JAK inhibitors lessen the activation and proliferation of T
cells. By interfering with signalling pathways crucial for B cell
function and antibody production, they also have an impact on B
cell activation and differentiation79.

4.3.3. Role of signalling molecules in RA: These medications
lessen the production and action of pro-inflammatory cytokines
such IL-6, IL-1 and TNF-a by blocking JAKs. This aids in
lowering inflammation in the RA-affected joints and other
tissues. JAK inhibitors aid in controlling T cell activity, which
is one of the main causes of inflammation in RA*. They lessen
the production of inflammatory cytokines by T helper cells,
particularly Th1 and Th17 cells®'. They have the ability to control
B cell activity and lower autoantibody synthesis, both of which
are important in the RA pathogenesis. Joint pain, oedema and
stiffness are among the symptoms that JAK inhibitors relieve
by focusing on several inflammatory pathways. They can slow
the progression of joint damage and improve physical function

60

in RA patients®.

4.3.4. Clinical implication: JAK inhibitors frequently relieve
RA symptoms quickly, which is helpful for individuals who
require prompt inflammatory control®>. JAK inhibitors often
provide rapid RA symptom relief, which is advantageous
for people who need immediate inflammatory control. JAK
inhibitors can raise the risk of infections because of their
effect on immune function®'. It’s crucial to regularly check for
infections and other negative effects. To completely comprehend
the long-term safety profile of JAK inhibitors, more research is
required®.

4.4. Interrelationship between adipokines,
arthritis and Janus Kinase inhibitors

rheumatoid

Adipokine levels may be impacted by chronic inflammation,
which is linked to RA. Pro-inflammatory adipokines such as
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IL-6 and TNF-alpha, for instance, can be raised in RA and have
a role in the pathophysiology of the disease®. By focusing on
the cytokine signalling pathways that control the generation
of these inflammatory adipokines, JAK inhibitors can aid in
lowering their levels. Insulin resistance in RA can be caused by
chronic inflammation, in part because of the actions of certain
adipokines®. JAK inhibitors may help normalize the levels of
adipokines implicated in glucose metabolism, such as resist in
and adiponectin and enhance insulin sensitivity by lowering
systemic inflammation®.

* Impact on leptin levels: Inflammatory circumstances
can affect leptin, an adipokine involved in energy balance
regulation. By decreasing inflammation, JAK inhibitors may
help return leptin levels to normal, albeit the precise results
may differ and rely on a patient’s unique circumstances®’.

* General effect on adipokines profile: All things
considered, JAK inhibitors’ anti-inflammatory properties
may result in a more balanced adipokine profile, which
may help with the treatment of RA symptoms and related
metabolic disorders®.

5. JAK Inhibition in Rheumatoid Arthritis

HLA-DRB1 showed the strongest connection among
disease-susceptibility genes including PTPN22, CTLA4 and
STAT4 in genome-wide association studies (GWAS) of SNPs in
RA patients. Anti-citrullinated protein antibodies are produced
in response to HLA-DRBI1 alleles, which encode protein chains
containing the common epitope motif88. The identification
of specific auto antigens remains elusive; however, the
combination of genetic, environmental and extracellular matrix
citrullination factors, along with altered conformational changes
and epigenetic modification, can induce autoimmunity in RA
by impairing the immune system’s tolerance to antigens§9.
Consequently, auto reactive T and B lymphocytes build up in the
synovial tissue, causing angiogenesis, vasodilation and synovial
cell proliferation. Furthermore, naive T cell differentiation into
TH1 cells, TH17 cells, TFH cells and TPH cells, along with B
cell activation, result in the development of germinal centre-
and lymphoid-follicle-like structures that trigger the generation
of autoantibodies90. Pro-inflammatory cytokines are produced
excessively as a result of close cell-cell contact, which causes
RA. In the presence of macrophage colony-stimulating factor
(M-CSF) and RANKL, monocytes can develop into osteoclasts
produced from immature dendritic cells. This process is
dependent on IL-4 and GM-CSF91. Additionally, rheumatoid
synovial fibroblasts overproduce pro-inflammatory cytokines,
primarily IL-6. These and other pathogenic processes in RA
suggest that JAK inhibitors directly target a number of cytokines,
such as IL-6, interferons and GM-CSF, while indirectly affecting
the production of other cytokines, such TNF30.

6. JAK Inhibitors Used the Treatment of Rheumatoid
Arthritis

6.1. Tofacitinib

The main indication for Tofacitinib is the management of
autoimmune diseases, including ulcerative colitis, psoriatic
arthritis and rheumatoid arthritis®>. The U.S. FDA authorized
it in 2012 for the treatment of rheumatoid arthritis after Pfizer
produced it”. The medicine is a member of the class of drugs
called Janus kinase (JAK) inhibitors. A prevalent theme
in medications that target kinases is the pyridopyrimidine

6
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backbone seen in tofacitinib. This structure makes it possible
for the medication to attach to Janus kinases’ ATP-binding site
and so limit their activity. The compound has many aromatics
and nitrogen-containing heterocyclic rings, a hydroxy group
(-OH) and a cyano group (-CN) that improve its selectivity for
JAK inhibition. JAK1 and JAK3 are preferentially inhibited
by tofacitinib, with a lower degree of JAK2 inhibition™*. These
kinases are a component of the JAK-STAT signalling system,
which influences the transcription of genes involved in immune
responses by sending signals from different cytokines to the cell
nucleus”. Tofacitinib inhibits JAK1 and JAK3, which in turn
decreases the activity of cytokines including interleukin-2 (IL-2),
IL-6 and interferons that are important in the pathophysiology of
autoimmune disorders’’. Inhibition of these cytokine pathways
leads to decreased inflammation and activation of immune
cells. Following oral treatment, tofacitinib is quickly absorbed;
peak plasma concentrations happen in 0.5 to 1 hour®®. The liver
predominantly uses the cytochrome P450 enzymes (CYP3A4
and CYP2C19) to metabolize the medication. Due to the
medication’s brief half-life of three to four hours, it must often
be taken twice daily”’.

6.2. Ruxolitinib

As a selective inhibitor of JAK1 and JAK2, ruxolitinib is a
fundamental part of the JAK-STAT signalling cascade, which is
important for controlling immunological responses, cell division
and haematopoiesis. It is a member of the group of medications
called Janus kinase (JAK) inhibitors™. Ruxolitinib preferentially
inhibits JAK1 and JAK2 due to its core structure, which is based
on a pyrazole ring connected to a pyrrolo [2,3-d] pyrimidine
scaffold”. Nitrogen atoms in the molecule participate in hydrogen
bonding, which is essential for interacting with the ATP-binding
site of JAK enzymes and causing an inhibitory impact.
Because ruxolitinib has chiral centres, it can exist as distinct
stereoisomers'®’. The medication works as the S-enantiomer, a
particular stereoisomer with strong activity and selectivity against
JAK enzymes. Ruxolitinib inhibits JAK1 and JAK2, which in
turn prevents inflammatory response-related cytokines including
interleukin-6 (IL-6), interleukin-12 (IL-12) and interferon-y
from signalling'®'. This disturbance of the JAK-STAT signalling
pathway reduces cytokine-driven inflammation, particularly in
conditions such as myeloproliferative neoplasms (MPNs), in
which aberrant JAK signalling results in excessive blood cell
synthesis and bone marrow fibrosis'®. Orally administered
ruxolitinib has a peak plasma concentration that occurs one to
two hours after dosing'®. The cytochrome P450 3A4 (CYP3A4)
enzyme and, to a lesser extent, CYP2C9 are the primary enzymes
involved in the drug’s liver metabolism. Inactive metabolites
are produced by this metabolism. Because of the medication’s
brief elimination half-life (about 3-6 hours), twice-daily
administration is required. The kidneys eliminate the majority
of ruxolitinib, with faeces excreting a smaller amount. By
blocking the JAK-STAT pathway, it regulates haematopoiesis
and the immune system, which makes it useful in conditions
marked by aberrant cell proliferation and excessive cytokine
signalling. When hydroxyurea is not tolerated or resistant in PV
patients, ruxolitinib is used to reduce the need for phlebotomy
and manage symptoms. In patients who do not respond to
conventional corticosteroid therapy, it is also licensed for the
treatment of acute and chronic GVHD. The main drawback of
this medication is that long-term users are more likely to develop
skin cancer, most likely as a result of its immunosuppressive
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qualities'™. Since CYP3A4 is responsible for the metabolism
of ruxolitinib, medications that inhibit or promote this enzyme,
such as rifampin or ketoconazole, may alter the body’s levels of
ruxolitinib and necessitate dosage modifications!®.

6.3. Baricitinib

The selective inhibitor baricitinib acts on the Janus kinase
(JAK) enzymes, namely JAK1 and JAK2. It has demonstrated
effectiveness in treating several inflammatory disorders,
although its main usage is in the treatment of rheumatoid
arthritis'®. Two structural elements that are essential to its
biological activity are the bicyclic system and the pyrimidine
ring. JAK1 and JAK2, which are important in the signalling
pathways of several cytokines involved in inflammation and
immunological response, are inhibited by it'”’. Baricitinib
decreases the synthesis of pro-inflammatory mediators by
inhibiting these enzymes. Orally administered baricitinib is
well absorbed; peak plasma concentrations are obtained in
about an hour'®. It is attached to plasma proteins and has a
volume of distribution of around 1 L/kg. mostly metabolized by
UDP-glucuronosyltransferases and CYP3 A4, with a tiny amount
excreted undigested. Because of the half-life, which is around 12
hours, dosage can be done once day'”. It is common for patients
on baricitinib to need to have their liver function, cholesterol
and infection symptoms checked'’. It is mainly authorized for
the management of persons with moderate-to-severe rheumatoid
arthritis whose response to one or more disease-modifying
antirheumatic medications (DMARDs) was insufficient''". It
was approved for use in COVID-19 emergency situations and
has also been studied for usage in alopecia areata''. Infections,
nausea, headaches and elevated liver enzymes are a few of the
frequent side effects. Due to its immunosuppressive qualities,
there is a risk of significant infections and thrombosis''>.

6.4. Upadacitinib

A selective Janus kinase (JAK) inhibitor, upadacitinib is
mainly used to treat inflammatory diseases like rheumatoid
arthritis''*. Its amine group, pyrimidine ring and other functional
groups all contribute to its increased bioactivity. Upadacitinib
disrupts the JAK-STAT signalling pathway, which is essential
for the activity of several cytokines in the immune response,
by specifically blocking JAK””. As a result, immunological
response and inflammation are reduced. After oral treatment,
Upadacitinib is quickly absorbed; peak plasma concentrations
happen in 1-4 hours. It shows excellent tissue penetration with
a modest volume of dispersion. Mostly metabolized by the
liver via CYP3A4, however a few other small routes are also
involved. A few active metabolites are present'’’. Because of
the half-life, which is around 12 hours, dosage can be done
once day. To reduce possible dangers related to JAK inhibition,
patients taking Upadacitinib need to have their blood counts,
liver function tests and infection symptoms closely monitored''°.
Elevated liver enzymes, headaches, nausea and upper respiratory
tract infections are a few of the prevalent side effects. In addition,
there’s a chance of developing thrombosis, cancer and severe
infections.

6.5. Fedratinib

Another JAK inhibitor for RA is fedratinib, a little chemical
mostly used to treat myelofibrosis, a kind of cancer of the bone

Curr Res Altern Complement Integra Med | Vol: 2 & Iss: 1

marrow''’. The complicated structure of fedratinib, which
consists of an amine group and a pyrimidine, helps it to block
certain kinases. It inhibits Janus kinase 2 (JAK2) and JAK to a
lesser degree [68]. The signalling pathways that encourage the
growth of malignant hematopoietic cells are disrupted by this
suppression. JAK2, which is involved in the signalling pathways
of several hematopoietic growth factors and cytokines, is
blocked by fedratinib in order to exert its effect. Proliferation is
lowered as a result. The treatment of people with intermediate-2
or high-risk myelofibrosis with fedratinib is authorized'".
It can also help reduce symptoms such as splenomegaly.
Following oral dosing, fedratinib is well absorbed and peak
plasma concentrations are usually attained in 4-6 hours. Its wide
distribution volume suggests that the tissue is widely distributed.
CYP3A4 and other liver enzymes are primarily responsible for
the drug’s metabolism, but other active metabolites also play
a role in its pharmacological actions. Because of the half-life,
which is around 19 to 24 hours, once-daily dosage is possible®. It
is advised to periodically check liver function tests, blood counts
and any indications of neurological problems while on fedratinib
therapy. It is a targeted therapeutic option for myelofibrosis,
helping patients with this difficult illness to achieve better
results''®. Diarrhoea, nausea, exhaustion and increased liver
enzymes are a few frequent side effects. Thrombocytopenia and
encephalopathy are more severe side effects that may require
monitoring*.

7. Discussion and Conclusion

Eleven JAK inhibitors that were approved to treat
inflammatory, autoimmune and myeloproliferative neoplasms
were included in the current review. These medications’
synthetic routes, including their original and/or modified routes,
were explained.

JAK inhibitors target STAT-mediated cytokine pathways,
providing immunomodulatory effects on diverse illnesses,
leading to a paradigm shift in refractory systemic autoimmune
treatments. JAKs are crucial intracellular signalling molecules
that convert extracellular inputs into cellular responses, crucial for
understanding the interplays involved in various immunological
and haematological diseases. JAK inhibitors, by disrupting the
JAK-STAT signalling pathway, provide a therapeutic alternative
for rheumatoid arthritis, reducing inflammation and improving
symptoms by influencing cytokine-driven processes. JAK
inhibitors, targeting inflammatory signalling pathways, are a
significant development in RA treatment, regulating disease
activity and easing symptoms. Tofacitinib, Baricitinib and
Upadacitinib are common JAK inhibitors used in RA. Through
their targeting of these inflammatory mediators’ signalling
pathways, they aid in the management of symptoms and alter
the course of the disease. However, careful evaluation and
continuous monitoring are crucial for long-term outcomes.
JAK inhibitors offer tailored treatment for autoimmune and
inflammatory illnesses, improving symptoms and quality of
life, but their use requires careful management due to potential
adverse effects. The summary provides a summary of eleven
medications, categorized as selective or nonselective JAK
inhibitors, based on their pharmacological applications and
kinase inhibitory actions.
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8. List of Abbreviations
Table 4: List of abbreviations.

S.No. | ABBREVIATIONS | MEANINGS

1. JAK Janus kinase

2. Ols Opportunistic infections

3. RA Rheumatoid arthritis

4. TyK2 Tyrosine kinase

5. JAK STAT Janus kinase-signal transducer and activator of
transcription

6. 1L Interleukins

7. JH Janus homology domain

8. ATP Adenosine tri-phosphate

9. DMARDs Disease -modifying anti rheumatic medications

10. TNF o Tumour necrosis factor- o

11. GM-CSF Granulocyte-macrophage  colony-stimulating-
factor

12. MAPK Mitogen-activated protein kinase

13. HLA-DRB1 Human leukocyte antigen, major
histocompatibility complex, Class 2, DR betal

14. GWAS Genome wide association studies

15. M-CSF Macrophage colony-stimulating factor

16. PV Polycythemia Vera

17. GVHD Graft- Versus- Host- Disease

18. CYP Cytochrome P450
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