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Introduction

Autoimmunity arises from self-reactive elements within the adaptive immune system,
resulting in clinically observable pathology in autoimmune diseases. There is growing
evidence indicating a rise in both autoimmunity and autoimmune diseases. Likely factors
contributing to this increase encompass significant recent shifts in dietary patterns, lifestyle
choices, exposure to xenobiotics... (Miller, 2024).

Previously, autoimmune diseases were linked to sarcoidosis, but now it’s recognized that
sarcoidosis itself might involve an autoimmune process (Alzghoul et al., 2020).

This is what sparked our interest in studying sarcoidosis as an autoimmune disease and its
connection to autoimmunity through conducting a comprehensive analysis of the disease.
Sarcoidosis is a chronic, multi-system granulomatous disorder with an unknown cause. Its
prevalence ranges from 2.2 to 160 cases per 100,000 individuals, affecting women more than
men. While the lungs are commonly involved, extrapulmonary manifestations are also
observed. Sarcoidosis can affect any organ or tissue and often presents with diverse clinical
symptoms, from mild to severe and serious symptoms. Although its exact mechanism
remains elusive (Gaddam et al., 2021).

The management of sarcoidosis is complex and demands continuous meticulous attention.
Corticosteroids have traditionally been the primary treatment for sarcoidosis. Additionally,
many medications used in treating various autoimmune diseases have been utilized in
sarcoidosis treatment, alongside ongoing clinical trials targeting different causative elements
of the disease (Obi et al., 2022).

Our research reviews ongoing and anticipated drug trials in sarcoidosis, detailing drug
targets at the molecular and cellular levels. We also review several recently completed trials

and others that have laid the groundwork for their initiation.






Chapter I. Autoimmunity and autoimmune diseases

Introduction:

The immune system comprises an intricate system of organs, cells and proteins working
together to safeguard the body from infections while preserving its own cells. This defense
mechanism also maintains a memory of every defeated germ, allowing it to swiftly identify
and eliminate any returning microbes.

In addition to that, our Immune system is capable of recognizing between: self and tolerating
it, and non- self and rejecting it. The self refers to the body’s regular components, while non
self includes foreign substances, infectious agents and altered self -components.
Occasionally our immune system can malfunction, resulting in a medical condition.

It has the potential to respond to harmless external agents, causing allergies. It might not be
sufficiently responsive to combat microbes, resulting in immunodeficiency. Additionally,
there are instances when the immune system targets and destroys normal body components,

which are referred to as autoimmune diseases (figure 1) (Moore, 2015).

Autoimmune Diseases

Nervous Sytem Call > A Muteplo

. Sclerosis (MS)
Hypersensitivity “ ! i

Viast cell
IgE g Glastic acid Hashimoto's

» ' . 0 > cretion Thyroiditis
[ Q ';f ’ Asthma
3 g e ¢ /
. \
. Bl ui

Confused
e

TCell

(tmamure Colly) - Antigen  / \ - i.l m
/ Histamine'
r/’
v
2 - Systemic Lupus Cellac Dioase
e Erythomadosus (SLE)
)
.-...\...n.unl..
et tnNammation Contraction of |
tchiness respiratory ways ‘
( ) —
Aheurnatoid & l;,[,:“".l ,l
Arthiitis (RA T

Figure 1. Categories of immune dysfunction (Immune Dysfunction,2021).
1. Autoimmunity:
1.1. Definition of autoimmunity:

The concept of autoimmunity was first introduced approximately a century ago by the
German scientist and Nobel laureate Paul Erlich, coining the term ‘autotoxicus’. It describes
the immune system’s tendency to target foreign invaders while avoiding self-harm

(Silverstein, 2001).
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Autoimmunity involves auto- reactive T lymphocytes and autoantibodies reacting against
the body's own antigens (autoantigens). This phenomenon can be a natural part of the
immune response (natural autoimmunity) induced pathologically, potentially leading to
clinical abnormalities (word health organization, 2006).

1.2. Physiological autoimmunity:

Autoimmunity, is a natural physiological phenomenon, in every individual, there exists a
degree of self-recognition. these includes self-reactive B cells, self-peptides, and self-Major
Histocompatibility Complex (MHC) reactive T cells, except in individuals with severe
immunodeficiency, these elements can be detected in the circulatory system of all of us as
are “autoantibodies”. A low level of autoimmunity is typically considered normal and
usually doesn’t lead to health issues. However, it tends to increase with age (Delves et al.,
2017).

Natural autoantibodies possess polyreactivity due to their inherent flexibility, enabling them
to recognize various epitopes, which may include public determinants present in all
individuals of the same species, and sometimes shared with different species (Arakawa et
al., 2023).

Numerous hypotheses have been proposed about the functions of Natural autoantibodies
(NAADs), they can be involved in shaping immune repertoires, expediting initial immune
responses, assisting in the removal of apoptotic cells, exhibiting anti-inflammatory
properties, and maintaining homeostasis (Olasz, 2012).

The immune system maintains natural self-immunity through the following mechanisms:

1.2.1. central tolerance:

Central tolerance takes place in primary lymphoid organs and promotes tolerance in
developing T and B cells through clonal anergy, clonal deletion, and negative cell selection
T cells tolerance is attained by eliminating self-reactive clones in the thymus, while B cells
strongly binding self-antigens undergo apoptosis in the bone marrow (Pathak, 2005).
Multiple studies involving human B cells have shown that the mechanism of ‘receptor
editing ‘is crucial for shaping their repertoire and maintaining self-antigen tolerance
(Gururajan et al., 2014). A recent study published in Journal of Experimental Medicine
(JEM) contests the typical understanding of central tolerance. It was previously believed that
B cell receptors (BCRs) regulated this process, the study exposes that central tolerance also
depends on a receptor called Toll-like Receptor 9(TLR9), situated inside B cells. TLR9 is
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activated by binding to DNA fragments and play an important role in preventing the
production of self-reactive B cells and antibodies. The depletion of TLR9 impairs central
tolerance (Cakan et al., 2023).

1.2.2. peripheral tolerance:

Despite clonal deletion mechanisms, a small number of self-reactive T and B cells may
still make their way into peripheral organs, some mechanisms of peripheral tolerance
include: anergy, suppression by regulatory T cells (Treg), clonal deletion, activation induced
cell death, ...

Anergy: A state of unresponsiveness to autoantigens occurs once the self-antigen is
identified in peripheral tissues.

Regulatory T cells: They assume an inhibitory function in immune responses through the
activity of various secreted cytokines and receptors.

Clonal deletion: This process involves the elimination of self-reacting clones (Demir et al.,
2021).

Immune checkpoints: These are proteins situated on the surfaces of T and B cells allowing
the maintenance of immune tolerance and mitigate autoimmunity. Examples include CTLA4
protein, which blocks the activation of T cells autoreactive, and PD1 protein, which

promoting the suppressive function of Treg cells (figure 2) (Gonzalez,2022).
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1.3. Pathological autoimmunity:

Autoimmune responses occur when the immune system mistakenly attacks the host’s own
body, indicating a disruption in the regulation of the immune system (Pollard, 2006). When
immune tolerance is compromised, autoantibodies and self-reactive lymphocytes contribute
to inflammation, ultimately leading to the development of pathological autoimmunity, which
can manifest in form of autoimmune diseases (Wang et al., 2015).

2. Autoimmune diseases:
2.1. An overview of autoimmune diseases:

Autoimmune diseases (AIDs) constitute a distinct category of chronic illnesses, and they
have a significant social impact on individuals. These diseases are characterized by complex
mechanisms, occurring when the immune system loses its ability to recognize and tolerate
the body’s own antigens (Arango et al., 2013 ; Rentier, 2015).

Autoimmune diseases habitually come with the development of inflammation, and
inflammatory mediators such as inflammatory factors and inflammasomes, play a
fundamental role in their development. These mediators facilitate the immune process by
impacting both innate cells like macrophages and adaptive cells like T and B cells,
ultimately, leading to the promotion of autoimmune responses (Xiang, 2023).

There are more than 80 types of AIDs known. A recent study conducted on 22 million
individuals to investigate 19 types of the most common AIDs revealed that 10 % of the
population were affected, with 13% being women and 7 %being men. This showed a
significant increase compared to previous years when the percentage ranged from 3-9 %
(Conrad et al., 2023).

2.2. Classification of AlIDs:

Autoimmune diseases can be categorized as:
2.2.1. Organ specific AIDs:

These diseases involve the production of autoantibodies that precisely target the tissue of
asingle organ, resulting a specialized effect on that organ. Examples include Grave’s disease

and insulin -dependent mellitus.
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2.2.2. Systemic AlDs:

In this diseases, the immune system produces autoantibodies that attack a diverse tissue
in the body. These diseases exhibit a distinctive issues in immune regulation, resulting an
hyperactive T and B cells. As a result, tissue damage is pervasive tends to lead to disorders
affecting various organ systems, such as Systemic Lupus Erythematosus (SLE) (Parija,
2012).

2.3. Factors influencing AlDs:

The causes of AIDs are not entirely understood. Therefore, conducting epidemiological
studies on AlDs can offer valuable insights into potential factors that may play a role in the
development of the disease (Ye, 2023).

2.3.1. Genetic factors:

Autoimmune diseases have a notable genetic component, but inheriting susceptibility
doesn’t ensure the development of the disease (Zhang, 2023). Some AIDs have a higher
genetic predisposition than others. changes in genes like human leukocyte antigen (HLA)
(Cormack, 2019), complement factors, cytokines, or cytokine receptor genes are frequently
observed (Hachulla et al., 2006). Besides, research shows a relationship between epigenetic
modification (DNA methylation, histone modifications, and noncoding RNAS) and the

progression of AIDs (Mazzone et al., 2019).
2.3.2. Endogenous factors:

Other factors also thought to play a role in the development of AIDs, it is called
endogenous factors such as cytokines, hormones .... Cytokines involved in the initiation and
propagation of autoimmune inflammation (Moudgil et al., 2011)., and hormones like
estrogens generally influence the immune system towards a type 2 helper cell (Th2), leading
to increased B cell activation and the production of antibodies, on the other hand, androgens

stimulate a (Th1) response, resulting activation of CD+8 T cells (Miller, 2021).
2.3.3. Environmental factors:

Many environmental determinants may play an important role in triggering the
autoimmune response including diet (fatty acids, cow’s milk, gluten iodine excess, vitamin
D deficiency, obesity), chemicals, cigarette smoking (Chowaniec et al., 2017) viruses,

bacteria and other infectious pathogens (Delogu et al., 2011).
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2.4. Stages of autoimmune diseases:
AlIDs is also a persistent disease that goes through three stages:
Stage 1: Silent autoimmunity

In this phase, the body has developed a reduced tolerance to its own tissues, but their
impact on the normal functions of the body is minimal and no symptoms are present, also
the level of antibodies increase this is indicated by laboratory tests. People in this stage can

remain an extended period, often spanning several years (Ryan, 2018).
Stage 2: Reactive autoimmunity

We are aware that there are millions of people in this stage suffering considerable health
issues. Even so, the level of tissue damage is limited, making it difficult to definitively
diagnose a specific disease. These individuals offer a chance to preserve in advance their
health.

Stage3: Autoimmune disease

When a patient is diagnosed with an AID, it frequently suggests that damage has been
silently progressing for many years. At this stage the damage is extensive, making the
process of healing considerably more difficult (Wright et al.,2018).

2.5 Mechanisms of AlDs:
2.5.1Mechanisms related to autoantigens:
A. The visibility of autoantigens to the immune system:

Certain constituents in the body, such as the heart, lens and sperm, keep their antigens
hidden (sequestered) from the immune system to prevent the development of immunological
tolerance. This is generally not a problem, except when incidents like physical trauma leads
to the release of these antigens into circulation, potentially triggering self-reactive
lymphocytes (Delves et al., 2017).

B. Modification of the autoantigens:

This includes posttranslational modifications of autoantigens, encompassing a wide array
of changes such as phosphorylation, proteolytic cleavage, isoaspartyl modification. In some
instances, autoantibodies exclusively target the modified version of the antigen (Johnson et
al., 2023).
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C. Molecular mimicry:

This mechanism occurs when a foreign antigen, such as one from an infectious pathogen,
shares sequence or structural similarities with self-antigens within the body. This similarity
can lead to disorder within the immune system, where immune cells may have difficulty

distinguishing between self and foreign antigens.

As a result, the immune response that is presumed to target the invading pathogen may

mistakenly target the body’s tissues, initiating an AID (Cusick et al., 2012).
2.5.2 Polyclonal activation of B lymphocytes:

Excessive sustained polyclonal B cell activation may lead to the production of nonspecific
antibodies and trigger anti self-responses, potentially contributing to AIDs (Montes et al.,
2007).

2.5.3. Cytokines imbalance:

The imbalance between pro- and anti-inflammatory cytokines worsens immune function
and leads to the development of AIDs (Zou, 2018).

2.5.4 Epitope spread:

Epitope spreading refers to the phenomenon where the immune response, induced by an
initial antigen, diversifies to target new T cells and antibody specificities, which can
contribute to the development and progression of autoimmune disease (Venkatesha et al.,
2015).

2.5.5. Idiotype bypass mechanism:

Idiotypes are the antigenic determinants of immunoglobulin molecules situated in the
variable region of the antibodies. Idiotypic distribuance is a pivotal mechanism leading to
AIDs through the production of pathological autoantibodies (Abu shakra et al., 2014).

2.5.6. Abnormal expression of MHCII:

Aberrations in MHCII molecules play an important role in AID development by
influencing different mechanisms. Irregular T Cell Receptor (TCR) interactions with self-
antigens presented on MHC, posttranslational modifications of self-antigens, direct loading

onto classical MHC, proinflammatory environments, and molecular mimicry between

10
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foreign and self-antigens can all contributed to the emergence of autoreactive T cells and the

loss of self-antigen tolerance (Ishina et al.,2023).
2.5.7. Dysfunction of the immune system:
A. Mutation in Fas and FasL.:

Fas ligand is a protein produced by activated Tcells, and it induces cell death in target
cells when it binds to the Fas receptor, which is also protein. Mutation in either Fas or FasL
genes which encode these proteins can lead to certain AIDs through the dysregulation of
self-antigen tolerance (Maccari et al., 2023).

B. Mutation in AIRE gene:

The autoimmune regulator(AIRE) is a protein plays a crucial role in the negative selection
of autoreactive Tcells in the thymus. Mutation in the autoimmune regulator(AIRE) gene can
cause AID, such as Polyendocrinopathy-Candidiasis-Ectodermal Dystrophy (APECED)
(Sakaguchi et al., 2021).

C. Dysfunction of Tregs:

The malfunction of regulatory Tcells (Tregs), along with the ineffectiveness of effector T
cells which are responsible for the immune system’s response to pathogens, can lead to AID

(Rajendeeran et al., 2021).
D. Dysfunction in complement system:

The dysregulation of the complement system can lead to uncontrolled immune responses,
ultimately causing AIDs and damage to various tissues notably the kidneys (Jia et al., 2022).

2.6. Examples of some AIDs:
2.6.1. Psoriasis:

Psoriasis is a persistent skin disease often characterized by red, thickened patches of skin
covered with silvery scales. Prevent forms of the disease include Scalp psoriasis, guttate
psoriasis sand erythrodermic psoriasis (Koo et al., 2014). Studies propose that the disease
begins with the activation of Tcell by an unidentified antigen. This activation triggers the
release of different cytokines by activated Tcells, leading to inflammation and affecting
keratinocytes. The skin lesions seen in psoriasis are a result of the hyper-proliferation of
keratinocytes (figure 3) (Das, 2009).

11
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Figure 3. Overview of the current understanding of the pathogenesis of psoriasis and
the roles of dendritic cells and macrophages. DC, dendritic cells; pDC, plasmacytoid
DC; iDC, inflammatory DC (Kamata et al., 2022).

2.6.2. Rheumatoid Arthritis:

Rheumatoid Arthritis(RA) is a chronic systemic AID, which is primarily characterized
by proliferative synovitis and inflammatory arthritis with erosions (Koarada et al., 2018).
RA is associated with elevated production of inflammatory cytokines. T and B cells, as
well as macrophages, are found in the synovial tissue of RA patients, indicating an ongoing
local immune response. Recent research indicates that certain long non-coding RNAs
(LncRNAS) are linked to notable inflammatory reactions and compromised immune

responses (figure 4) (Huang et al., 2022).
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Figure 4. Bone microenvironment in healthy (left) and RA (right) bone. Healthy bones

have thin and smooth synovium, smooth cartilage tissue and healthy bone matrix (left):
Synovial hyperplasia, pannus formation, inflammatory cell infiltration, cartilage
damage, bone matrix destruction, joint effusion and other symptoms in RA bone (right)
(Huang et al., 2022).

2.6.3. Pernicious Anemia:

Pernicious Anemia is an uncommon AID that leads to a reduction in the absorption of
dietary vitamin B12, resulting in B12 deficiency and the development of megaloblastic
anemia (Vagar et al., 2023).

Pernicious anemia results from the body’s inability to transport vitamin B12 effectively
across the intestinal mucosa due to a relative deficiency of intrinsic factor, which normally
forms a complex with vitamin B12, facilitating its absorption by mucosal cells. The
condition is believed to be primarily driven an autoimmune response targeting parietal cells
in the stomach’s mucosa, which are responsible for producing intrinsic factor (Regezi et al.,

2012).
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Chapter Il. Generalities About Sarcoidosis

Introduction:

Inflammation is a typical physiological defense against pathogenic assault, infections, and
tissue damage, usually terminating rapidly. However, the inflammatory response can persist
in several chronic conditions, leading to substantial damage to organs and tissues. Lately
manifestations revealed the relationship between abnormal inflammatory responses and
various chronic diseases, notably AIDs, and this is clearly evident in sarcoidosis (Shen et
al.,2018; Chen et al., 2019).

Sarcoidosis is an autoimmune disease that can affect the entire body and is correlated with
the evolution of non-necrotizing granulomas (Zeron et al., 2022). It may initiate as an auto-
inflammatory disorder, at which the activation of adaptive immunity happens accompanied
by the presence of auto-specific Tand B cells that synthesize autoantibodies to a specific
antigen (Doria et al., 2012).

1. Definition and Epidemiology:

1.1. General presentation about sarcoidosis:

Sarcoidosis, also known as Besnier-Bock-Shaumann disease, is a systemic
granulomatosis disease. At present, the cause of the disease is unknown. Histologically, it is
marked by the presence of epithelioid and giant cell granulomas without caseous necrosis
(Tougorti et al., 2017). The granulomatous reaction can unfold in any tissue or organ;
therefore, clinical signs may differ and vary, but the lung is the most commonly targeted
organ.

Sarcoidosis can be associated with other AIDs, making diagnosis more complex and
challenging (Ceobanu et al., 2021).

The term ‘Sarcoidosis’ originates from the Greek words “sarco”, which means “flesh”,”
edos” which means “similar”, and “osis” meaning “condition”. In1877, Jonathan Hutchinson
described the first case at King’s college hospital in London. Later, Cesar Boeck developed
a description of sarcoidosis by focusing on the granulomatous inflammation that
characterizes this disease. He was the first to use the term “sarcoid” because he considered
the lesions to resemble sarcoma but benign.

In1953, Sven Lofgren described acute sarcoidosis syndrome with enlarged lymph nodes and
the appearance of rosacea nodules, often associated with arthritis, fever, and eye
inflammation. Over the past century, sarcoidosis has become known as a granulomatous

disorder extending to multiple organs with diverse presentations (Sterling et al., 2015).
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1.2. Epidemiology:

The yearly occurrence of sarcoidosis ranges from 1 to 15 cases per 100,000 individuals,
contingent on geographical location. The incidence is at its minimum in Eastern Asian
nations (0.5-1 per 100,000), elevated in North America and Australia (5-10), and reaches its
peak in Northern European(Scandinavian)countries. Estimates in Southern Europe are lower
compared to the north. The frequency and prevalence display variations even within
countries, likely influenced by genetic disparities, environmental exposures, or differences
in the detection and diagnosis of sarcoidosis (Rossides et al., 2023).

Sarcoidosis is more prevalent among females, often manifesting between the ages of 20and
40. Interestingly, bimodal distribution patterns have been reported, revealing a secondary

peak occurring around the age of 50 (figure 5) (Ramachandran et al., 2021).

@) (b)
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Figure 5. Incidence (panel a) and prevalence (panel b) of sarcoidosis in Europe showing

the north-south gradient, with higher incidence in northern regions and lower

incidence in southern regions (Rossides et al., 2023).

2. Clinical manifestations:

Individuals with sarcoidosis develop abnormal granulomas consisting of inflamed tissues
in different organs of the body. The symptoms differ from person to other based on the
organs involved (Synovec et al., 2021). Note that sometimes more than one organ may be
affected at the same time (Oya et al., 2022).

The most commons symptoms of sarcoidosis are: dry cough, skin and eye manifestations,
weight loss, malaise, night sweats, fever, arthralgia and erythema nodosum (Robert et al.,
2013; Jain et al., 2020).

Furthermore, sarcoidosis may be present with acute symptoms, such as in Lofgren syndrome

which is a subtype of sarcoidosis with the presence of erythema nodosum and bilateral hilar
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adenopathy. Moreover, Heerfordt —waldenstrom syndrome presents a subacute variant of
sarcoidosis, represented by enlargement of the parotid glands, anterior uveitis and facial
nerve paralysis. In addition to that, the symptoms of sarcoidosis could be chronic or self-
remitting. Nonetheless, for the most part of cases, it is fully asymptomatic or incidentally
detected (Fraga et al., 2017; Baughman et al., 2018).

3.Types of sarcoidosis:

3.1Pulmonary sarcoidosis:

Pulmonary sarcoidosis presents non-caseating granulomatous inflammation dispersed

along the interstitium of the lung, the pleura, and interlobular septa and around
bronchovascular bundles. The granulomas are well-defined and composed of densely packed
histocytes and multinucleated giant cells, as well as a few lymphocytes and other
inflammatory cells.
During routine examination of an asymptomatic patient, pulmonary sarcoidosis can be
detected on a chest radiograph. As lung disease progress, nonspecific respiratory symptoms
including dyspnea during exercise and aspiration, may develop (Lee et al., 2013 ; Reisner,
2013). The stages of pulmonary sarcoidosis are illustrated in the table 1:

Tablel. Stages of pulmonary sarcoidosis (Jane Smith et al, 2015).

Stage Chest X-ray findings symptoms
0 Normal None
1 Bilateral hilar lymphadenopathy None or mild cough
2 Parenchymal infiltrates and bilateral hilar | None ,breathlessness or cough
lymphadenopathy
3 Parenchymal infiltrates only Progressive breathlessness
4 Advanced pulmonary fibrosis Progressive breathlessness

3.2. Extrapulmonary Sarcoidosis:

Even though sarcoidosis generally affects the lung, it may involve any organ, with the
most commonly targeted organs being those outlined below:
3.2.1. Cutaneous Sarcoidosis:

There are two types of cutaneous sarcoidosis lesions: specific and nonspecific. Specific
sarcoidosis lesions demonstrate granulomatous inflammation on histology, and their lesions

may develop on any part of the skin and mucosa. Virtually, all forms have been stated,
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including: papules, plaques, nodules, macules, and the dominant presentation is the popular
form.

Lupus Pernio is a special specific sarcoidosis skin lesion. Habitually, these lesions are
somewhat symmetric, violaceous indurated plaque-like and nodular occurring on the nose,
ear lobes, and cheeks. Nonspecific skin findings are lesions resulting from reactive
inflammation that do not show granulomas, such as erythema nodosum, and the skin biopsies

here have no value in the diagnosis of sarcoidosis (Baughman et al., 2011).

3.2.2. Cardiac Sarcoidosis:

Cardiac sarcoidosis(CS) is an infiltrating disease resulting from granulomatous
inflammation affecting the heart. The frequent occurrences encompass atrioventricular
blocks (AV) pursued by ventricular arrhythmias, bundle branch blocks, and supraventricular
arrhythmias, of which atrial fibrillation is most common. The typical signs for (CS)comprise:
palpitations, pre-syncope, and syncope (Hussain et al., 2023).

3.2.3. Lymph nodes Sarcoidosis:

Effectively, all cases of sarcoidosis encompass lymph nodes, and any lymph nodes can
be involved yet the frequent are the hilar and mediastinal lymph nodes. Generally,
enlargement of these nodes is picked up on a chest radiograph (Carton et al., 2007).

3.2.4. Neurosarcoidosis:

Neurosarcoidosis alludes to central and peripheral nervous system engagement during
sarcoidosis, related to granulomatous infiltration of several areas of the nervous system,
where lymphocytes and mononuclear phagocytes enclose a noncaseating epithelioid cell
granuloma (Aubart et al., 2019 ; Pirau et al., 2023).

Clinical manifestations are multifarious, varying from cognitive or psychiatric disruptions
to motor or sensory deficiencies. The prevalent manifestation is cranial neuropathy, most
frequently bilateral or unilateral facial-nerve palsy, pituitary dysfunction, seizures,
headache, ... (Chen et al., 2019)
3.2.5. Ocular Sarcoidosis:

ocular sarcoidosis is an inflammatory state, that has the potential to affect any part of the
eye, resulting in benign conjunctival masses, episcleritis/scleritis uveitis, optic neuropathy,
and/or its accessory tissues leading to enlargement of the lacrimal glands and orbital
inflammation (Simakurthy et al., 2023).

3.2.6. Renal Sarcoidosis:
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Renal sarcoidosis is an infrequent condition, but it may cause significant complications.
The established pathology of renal sarcoidosis is granulomatous interstitial nephritis, which
commonly presents with elevated creatinine. Confused calcium metabolism is the crucial
manifestation of renal sarcoidosis and is defined by the uncontrolled synthesis of calcitriol
by activated macrophages. Calcitriol augments the gastrointestinal absorption of ingested
calcium and stimulates bone resorption, leading to increased hypercalciuria and /or
hypercalcemia accordingly, can cause nephrocalcinosis and nephrolithiasis (Wagner et al.,
2023).

3.2.7. Gastrointestinal and Hepatic Sarcoidosis:

Each component of the gastrointestinal(Gl) tract, from the oral cavity to continuum of
(GI) and hepatic sarcoidosis, is extensive extending from asymptomatic disease to abrupt
liver failure requiring transplantation.

The trademark of this condition is the development of epithelioid noncaseating granulomas.
These granulomas prefer periportal and portal regions in the liver, while in the (Gl) tract,
they are situated in the mucosa and submucosa.(Gl) sarcoidosis shows peptic ulcerations or
narrowing of the gastric lumen as a consequence of granulomatous inflammation and/or
allied fibrosis of the gastric wall, reduced peristalsis leading to abdominal fullness or satiety,
on the other hand ,there are other markers such as epigastric pain ,nausea ,vomiting
,heartburn ,abnormal discomfort, diarrhea, and anorexia .

The pivotal sign of hepatic sarcoid is fatigue, accompanied by pruritis, weight loss,
hepatomegaly, and the presence of portal hypertension (Shah et al., 2021).

3.2.8. Musculoskeletal Sarcoidosis:

Musculoskeletal sarcoidosis is combined with the accumulation of granulomas in one or
multiple areas of the musculoskeletal system, including joints, muscles, bones and vessels.
The first clinical manifestation possibly is muscular atrophy. Also, in the context of
Lofgren’s syndrome, acute joint inflammation may appear; despite chronic joint
inflammation, it is linked with swelling in multiple organs. Symptomatic muscular
involvement in sarcoidosis is divided into two types: sterile, acute myositis, and chronic
myopathy. Depending on the location of the affected bones, sarcoid bone lesions can be
permeative, lytic, or sclerotic. Moreover, bone density can be reducing, elevating the risk of
fractures especially in the distal forearm, due to the illness development and activation of

osteoclasts.
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Studies on vascular involvement in sarcoidosis are still rare. While vasculitis may sometimes
coincide and be induced by sarcoidosis (ElI Hasbani et al., 2022).
4. Etiology of sarcoidosis:

The cause of sarcoidosis is unknown, but research suggests that a combination of genetic
and environmental factors may contribute to the development of the disease.
4.1. Genetic factors:

Sarcoidosis may be a polygenic genetic disease, and it is deemed that HLA-A1, HLA-BS,
and HLA-DR3 in human leukocyte antigen (HLA) are intricately connected to the
development of sarcoidosis (Li et al., 2023), and is substantiated by various proofs:
monozygotic twins are more commonly agreement for the disease than dizygotic twins, and
people with sarcoidosis are more likely than healthy people to report the influence of a
sibling or parent with the disease (Spagnolo et al., 2013).

4.2. Environmental factors:

Several environmental factors, incorporating contact with wood stoves, inorganic
particles, insecticides, nanoparticles, soil, tree pollen, and others, may contribute to the
initiation of sarcoidosis. Some of these factors can be infectious (Jain et al., 2020).

The environmental factors manifest their impact clearly through the following example:

4.2.1. Infectious agents in sarcoidosis:

It has been suspected that infectious agents may be a possible cause of sarcoidosis. These
infectious agents include bacteria, mycobacteria, and fungi. One of the most important pieces
of evidence for this is the presence of DNA from the bacteria Propionibacterium acnes in
the lymph nodes of people with sarcoidosis (Arevalo, 2012).

On the other hand, molecular techniques in some studies have proven the presence of
mycobacterial components in the tissues of sarcoidosis patients, especially mycobacterial
catalase peroxidase (mKatG).mKatG has physiochemical properties similar to the Kveim-
Siltzbach reagent that causes granulomatous inflammation in sarcoid patients. T cell
responses to mKatG have been documented in peripheral blood cells of sarcoidosis patients,
and their appear to be more robust responses in Broncho alveolar lavage fluid and stronger

responses in active cases of the disease(Thomassen et al.,2021).

4.3. Autoimmunity:
Autoimmunity may be involved in some forms of sarcoidosis. Autoimmunity in
sarcoidosis can be triggered by molecular mimicry, where antigens initiate inflammation,

ultimately resulting in the exposure of self-peptides.
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Immunologic resembling between the altered trigger and the self-peptide may contribute to
the activation of autoreactive T and B cells in individuals prone to such responses. It is
conceivable that the primary granulomatous reaction in sarcoidosis is a direct effect of an
antigen exposure in a designated organ, but that ensuing granulomatous reactions in other

organs are the consequence of molecular mimicry (Thomassen et al., 2021).

4.3.1. Vimentin and sarcoidosis:

Vimentin is a type of Il filament protein, which is part of the cytoskeleton of human
mesenchymal cells and certain bacteria, and is part of the components of Kveim solution
reagent. Vimentin has also been suggested to be a sarcoidosis antigen causing expansion of
the clonal proliferation of CD+4T lymphocytes bearing the TCR Va2.3+/VB22+ antigen in
Lofgren syndrome patients.

Whilst the response against the self-protein Vimentin suggests that sarcoidosis has an
autoimmune component, the perfect fit of vimentin with the peptide-binding gap of HLA-
DRB1*3 molecules may result from molecular mimicry.

Simple put, vimentin may resemble the structure of the antigen that causes granulomatous
inflammation, and there may be other antigens/environmental factors that trigger
granulomatous inflammation via molecular mimicry (Bonella et al., 2022).

5. Pathogenesis:

While the exact pathogenesis of sarcoidosis remains obscure, there is a consensus that it
represents an exaggerated helper/inducer T lymphocyte(Th17) response to exogenous or
autologous antigens. These cells accumulate in the affected organs, where they secrete
lymphokines and recruit macrophages activated by IFN-gamma. The activated
macrophages, in turn, secrete increased amounts of interleukin-17(IL-17), participating in
the formation of noncaseating granulomas.

The organs containing sarcoid granulomas have CD4+to CD8+ T cell rations of 10:1
compared with 2:1 in uninvolved tissues. The basis for this abnormal accumulation of
helper/inducer T lymphocytes is unclear. In addition, there is an increased production of
tumor necrosis factor (TNF), contributing to disease symptoms. Nonspecific polyclonal
activation of B cells by T-helper cells is evidenced by hyperglobulinemia, a characteristic of
active sarcoidosis. Also observed in cases of sarcoidosis are an increase in the release of
certain inflammatory cytokines, activation of Th1/Th17 cells, decreased regulatory T-cells,

and impairment of CD4 cells. These factors promote the proliferation of cells and blood
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vessels, tissue remodeling, and stromal growth leading to a tumor (figure 6) (Reisner, 2013
; Ramstein et al., 2016).
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Figure 6. Pathogenesis of sarcoidosis granuloma (Ramstein et al., 2016).

6. Complications of sarcoidosis:
The most serious and repeated complications of sarcoidosis are:

e Pulmonary fibrosis: The development of lung fibrosis can lead to chronic shortness
of breath and a significate impact on lung function.

e Respiratory airways obstruction: Resulting from several mechanisms, such as
deformation of the trachea due to pulmonary fibrosis or direct localization of
granulomatous masses in the airways.

e High pulmonary arterial pressure: It occurs in cases of terminal pulmonary fibrosis
and is considered a strong indicator of death.

e Granulosis formation: A complication considered to be associated with an increased

risk of death due to severe bleeding or underlying respiratory failure.
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e Heart complications: Such as cases of continuous tachycardia and left ventricular
dilatation.

e Complications in the central nervous system: It can be the third cause of death after
localization in the lungs and heart.

e Skin problems: Such as Lupus Pernio symptoms.

e Problems in the nose, throat, kidneys, and severe eye concentrations.

e Permanent effects:10-20% of patients with sarcoidosis experience permanent effects
(Nunes et al., 2007).

7. Diagnosis of sarcoidosis:

Diagnosing sarcoidosis is somewhat challenging due to the variability of symptoms and
the affected organs. In most cases, the diagnosis relies on a thorough review of the medical
and family history, followed by a physical examination, it is than complemented by a series
of additional tests (Chow, 2022).

7.1. Medical family history:

Since the disease is associated with genetic factors, it is essential to consider the family
history. Additionally, specific factors related to an individual’s lifestyle and daily routine
must be known for an accurate diagnosis (Chow, 2022).

7.2. Physical examination ‘Footprints of sarcoidosis’:

It is essential to investigate the effects of involvement in different organs through a
complete physical examination. There are no distinctive clinical symptoms to confirm the
disease based on physical examination (Baughman, 2016)

7.3. Laboratory:

The serum biomarkers identified in sarcoidosis are primarily generated by inflammatory
cells participating in the formation of granulomas. Angiotensin-converting enzyme (ACE)is
the crucial biomarker, which is increased in 60-90% of patients (figure 7) (Kraaijvanger

et al., 2020), and others are summarized in the picture below:
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Figure 7. An integrated overview of serum and Broncho alveolar lavage fluid

biomarkers produced by cells of the innate and adaptive immune system, involved in

the formation of granulomas in sarcoidosis (Kraaijvanger et al., 2020).

7.4. Imaging:

v' Chest X-ray or computerized tomography(CT)scan is often used as adjunctive

screening tests for sarcoidosis. Important findings for sarcoidosis include hilar or

mediastinal nodal enlargement, interstitial air space-like opacities and peripheral

cavitation.

v" Bone X ray is used to assess bone involvement, like punched- out lesions.

v Gallium scan in order to perceive and assess lesions and swelling not revealed by

ancients methods.

v" (PET)scan is employed to detect inflammation, mostly in cardiac sarcoidosis

(Papaliodis, 2017).
7.5. Biopsy:

v Doctors take a small sample of tissue, selecting the least invasive place to biopsy

such as the skin, lymph nodes or lungs.
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v" Kveim or Kveim-Siltzbach reaction involves a preparation from the spleen of a
patient whose histopathological examination has confirmed sarcoidosis. It causes
the appearance of masses when injected intradermally in patients with sarcoidosis.
The test is positive in 80%of cases with acute systemic sarcoid and negative in
90%of patients with long- term sarcoid.

v" Pulmonary function testing might indicate a reduction in diffusion capacity and
static lung volume.

v' Skin testing might uncover a lack of immune response to Candida and
Trichophyton indicating anergy.

v" Pathologic findings: granuloma of sarcoidosis comprises multinucleated giant
cells, epithelioid cells, and slender coating of lymphocytes. Additionally, the giant
cells might consist of Shaumann or Lamellar bodies (basophilic inclusions
constituted by calcium and iron) and asteroid bodies (acidophilic inclusions
composed by intermediate filaments) (Gold et al., 2011).

7.6. Differential diagnosis:

Causes of granulomatous nodules, searching for infections (fungal, mycobacterial,) and
immunologic problems (allergy, autoimmunity...).

On the other hand, the latest studies presented by the lung journal showed the contribution
of artificial intelligence in diagnosing sarcoidosis, as machine learning(ML), deep
learning(DL), and neural networks(NN) represent subsets of technological development,
increasing depth of analytical capacity, accuracy in diagnosis, and decreasing reliance on
human supervision (Klang et al., 2023).

8. Treatment of sarcoidosis:

Not all patients with sarcoidosis require systemic treatment, as sarcoidosis can develop in
two different ways: the first has a specific duration, while the second takes a chronic nature.
8.1. Medical therapy:

Immunosuppressants are a class of drugs designed to attenuate the immune response,
thereby alleviating the symptoms associated with sarcoidosis include:

8.1.1. Corticosteroids:

Corticosteroids persist as a cornerstone in therapy by suppressing pro-inflammatory

cytokines and chemokines that participate in cell-mediated immune responses and

granuloma formation, namely Prednisone and Prednisolone. Although corticosteroids
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present the first line of medical therapy, research into alternative medications was conducted
due to their negative effects (Grutters et al., 2006 ; Arcana et al., 2023).

8.1.2. Disease-modifying antirheumatic drugs (DMARDS):

DMARDSs Are medications that dampen the immune system. They may prolong the
progression of sarcoidosis and minimize symptoms to treat an overactive immune system,
such as Methotrexate, Azathioprine and Leflunomide (Chambers, 2019).

8.1.3. Tumor necrosis factor (TNF) inhibitors:

Tumor necrosis factor alpha, plays a crucial role in the formation of granulomas. Recent
clinical trials have highlighted the efficacy of TNF-alpha inhibitors in treating sarcoidosis
that is resistant to conventional therapies, drugs like Infliximab and Adalimumab (Wig et
al., 2018).

8.1.4. Calcineurin inhibitors:

Calcineurin is an important protein that activates T lymphocytes. Although calcineurin
inhibitors (Tacrolimus, Cyclosporine, and pimecrolimus) are among the most powerful
immunosuppressant medications (Jindal et al., 2011).

8.1.5. Immunomodulators:

Many drugs used in the treatment of inflammatory conditions, aimed at modulatory the
immune response, are also recommended for use in the treatment of sarcoidosis. For
example, Thalidomide modulate the effects of TNF-alpha (Hay et al., 2009).

8.2. Surgical intervention:

Surgical intervention may be necessary in some cases when sarcoidosis leads to various
complications in a specific organ that cannot be effectively managed with medications alone.
whereas transplant surgery (commonly lung and liver) has been used as a treatment for
sarcoid more than remove surgery. The aim for surgical intervention in sarcoidosis is not the

elimination of disease but the anticipated elevation of life quality (Rosen, 2022).
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Introduction:

About half of patients suffering from sarcoidosis will need systemic treatment for their
disease, as the proposed medications aim to alleviate the severity of inflammation and
symptoms through their effect on the immune system. There are cases that heal
spontaneously.

Since the cause of sarcoidosis is unknown, specific treatment and distinct signs do not exist.
Many medications have been studied, some of which have proven effective in reducing the
severity of the disease, and some are still undergoing clinical trials. Therefore, several
additional research efforts should be undertaken to develop improved and effective tools in
the treatment of sarcoidosis (Grunewald et al., 2019 ; Zhou et al., 2023).

1. Therapeutic approaches for targeting cells and molecules:

Only two medications, Prednisone and Repository Corticotropin injection (RCI), are
approved by the United States Food and Drug Administration for the treatment of
sarcoidosis.

Corticosteroids continue to be considered the first-line treatment for sarcoidosis, but
considerations must be given to corticosteroid-sparing medications for patients who require
long-term therapy or who experience toxicity or side effects from corticosteroids.

Drug development is hindered due to the absence of suitable animal models and a basic
understanding of its underlying causes. Moreover, most research on sarcoidosis focuses on
pulmonary sarcoidosis as the most prevalent form.

Over the last twenty years, a significant portion of clinical trials has focused on investigating
drugs initially approved for different medical purposes. This strategy is grounded in the
recognition that many immunopathological pathways implicated in inflammatory and
fibrotic diseases, akin to those observed in sarcoidosis, exhibit similarities. Consequently,
by scrutinizing medications licensed for alternative uses, researchers seek to uncover
potential treatments that might prove efficacious in managing sarcoidosis owing to their
shared underlying mechanisms (Obi et al., 2022 ; Gerke, 2020 ; Gerke, 2024).

1.1. Targeting B cells:

Many studies have demonstrated the role of B cells in the pathogenesis of sarcoidosis.
The relevance of B lymphocyte activation in sarcoidosis can be proven by the effectiveness
of anti-CD20 treatment (Malkova et al., 2019).

“Rituximab”, a chimeric monoclonal antibody which, its association with the

transmembrane protein CD20 leads to the destruction of B cells, through complement
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mediated cytotoxicity and antibody, furthermore the onset of apoptotic path-ways (figure 8)
(Nelson et al., 2024).
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Figure 8. The mechanism of action of Rituximab (Taylor et al., 2007).

1.2. Targeting T cells:

Recent studies have revealed the diverse contribution of CD4+T subsets in sarcoidosis,
with the focus on the roles of Th17 cells, Th17.1cells and Tregs cells as active players
involved in the formation of granuloma, beyond that CD8+T lymphocytes. We discussed the
mechanism of action of certain drugs targeting Tcells (Zhou et al.,2020; Zhang et al.,2021).
“Azathioprine”is an analogue of purine, undergoing conversion to the active 6-
mercaptopurine by thiopurine -s-methyl transferase. The incremental amassment of 6-
thioguanine nucleotides in target organs may play a pivotal role in immunosuppression.
Working as an inhibitor of RNA/DNA, Azathioprine hinders the proliferation of T cells and
impairing the function of cytotoxic T cells.

Various studies have emphasized the advantages of Azathioprine as a steroid-sparing agent
in sarcoidosis. Though, because of its substantial toxicities, which include gastrointestinal
effects, hepatitis, bone marrow suppression, the utilization of this drug in sarcoidosis is
reserved for cases of progressive organ-threatening disease that do not respond to safer

alternatives, such as low-dose corticosteroid therapy (Moller, 2003).
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“Leflunomide™is an oral immunosuppressive agent. Its supposed mechanism of action
involves inhibiting dihydroorate dehydrogenase (DHODH), an important enzyme in the
novo synthesis of deoxyuridine monophosphate (dUMP). Activated T-lymphocytes, but not
memory ones, rely on de novo pyrimidine production for membrane biosynthesis, clonal
expansion, and terminal differentiation into effector cells. Leflunomide, selectively suppress
lymphocyte responses in actively stimulated lymphocyte clones. In the absence of sufficient
intracellular (dUMP), P53-mediated apoptosis (DNA-binding transcription factor) is
triggered in activated, but not resting, lymphocytes.

After being approved in 2003, the prevalent side effects of “leflunomide” included diarrhea
and increased liver enzyme levels (Sahoo et al., 2018).

1.3. Targeting Cytokines:

Despite confirming the contribution of cells to the inflammatory and granulomatous

response in sarcoidosis, numerous studies have demonstrated the involvement of several
cytokines and chemokines in disease pathogenesis (Weinberger et al., 2008).
“Infliximab” is a monoclonal antibody targeting tumor necrosis factor- alpha (TNFa), which
is a crucial inflammatory cytokine in the pathophysiology of sarcoidosis. The mechanism of
action of “Infliximab” involves binding to and neutralization of (TNFa) where it is
considered a good therapeutic option, most notably in cases of neurologic and cutaneous
sarcoidosis (figure 9) (Sakhat et al., 2022).

Infliximab

Macrophage

Figure 9. Mode of action of Infliximab (Grewal, 2009).

Interleukin 1(IL-1), is one of therapeutic targets of sarcoidosis, it activates the nuclear
transcription factor NF-kB, which contributes to inflammation and granuloma formation.IL-

1 inhibitors have paved the way for new therapeutic directions.
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“Anakinra”is a recombinant human IL-1 receptor antagonist that blocks IL-1a and IL-1p. It
can harmlessly modulate systemic inflammation in cardiac sarcoidosis according to the latest
studies (figure 10) (Kron et al., 2021 ; Kron et al., 2023).
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Figure 10. Mechanism of action of Anakinra (Baskar et al., 2016).

“Tocilizumab” is a direct inhibitor of IL-6 monoclonal antibody, targeting the I1L-6 pathway,
proving advantageous in chronic sarcoidosis affecting multiple systems. The inhibition of
IL-6 receptor in sarcoidosis aims to decrease the precursor protein SAA (Elevated Serum

Amyloid A), concentrated within sarcoidosis granulomas (figure 11) (Sharp et al., 2019).
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Figure 11. Hypothesized therapeutic role of blocking IL-6 pathway in Sarcoidosis
(Sharp et al., 2019).

An analysis of the genetic code in biopsies taken from sarcoid skin lesions revealed an
increase in IL-12 and IL-23. This suggests a potential upregulation of Th1 and possibly Th17
pathways in sarcoidosis. Therefore, inhibiting of IL-12/1L-23 could potentially prove
effective in treating chronic sarcoidosis.

“Ustekinumab” is a human monoclonal antibody of the immunoglobulin G1k class that binds
strongly to the shared P40 submit of human IL-12 and IL-23. Despite demonstrating
excellent safety, “Ustekinumab” did not meet the primary effectiveness endpoint moreover,
literature reports various cases of induced or aggravated sarcoidosis with “Ustekinumab”
(figure 12) (Judson et al., 2014 ; Boleto et al., 2020).
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Figure 12. Mechanism of action of Ustekinumab, an interleukin-12 and interleukin-23
inhibitor (Koutruba et al., 2010).

Recent studies suggest that Th17 cells play a pivotal role in all phases of granuloma
formation. The distinctive feature of the Thl7 pathway is its production of IL-17. In
individuals with sarcoidosis, the impact of inhibiting IL-17 remains unclear. Most
information regarding IL-17 inhibitors are derived from case reports.

“Secukinumab” is a human monoclonal antibody to IL-17A.Generally, the use of
“Secukinumab” leads to a lower concentration in IL-17. While many reports present
paradoxical cases where the onset of sarcoidosis was associated with the use of an IL-17
inhibitor, and several cases have reported successful treatment with “Secukinumab”, and
diagnostic test results were completely normal (Nychowski et al., 2017 ; Boleto et al., 2020
; Kobac et al., 2020).

1.4. Targeting Enzymes:

Angiotensin converting enzyme(ACE) is a serum marker that shows an increased presence
in sarcoidosis. Several studies have demonstrated the positive effects of (ACE) inhibitors on
patients with cutaneous and lymphatic sarcoidosis.

“Enalapril” and “Captopril” inhibit (ACE) through a direct contact with a different special
site of (ACE). The use of these inhibitors in sarcoidosis patients has shown a positive
response. Test results demonstrated significant improvement in lung function and prevented

pulmonary fibrosis and skin tissue fibrosis in patients with sarcoidosis. Additionally,
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experimental results showed an important remodeling of areas in diverse tissues (Wang et
al., 2011 ; Kaura et al., 2013).

Targeting Phosphodiesterase-4 (PDE4), holds significant clinical promise as it focuses on a
central pathological process that circumvents intricate antigen receptor-specific
immunoregulatory mechanisms. Inhibiting (PDE4) leads to the accumulation of the
intracellular second messenger (CAMP), subsequent activation of protein kinase A(PKA),
and consequent phosphorylation of the transcription factor cAMP-response element binding
protein (CREB). This pathway activation regulates the transcription of various cytokines,
resulting in the suppression of their production (Kumar et al., 2013).

“Apremilast”is a specific inhibitor of phosphodiesterase 4 (PDE4). This specificity allows
for higher dosages with fewer side effects compared to other non-specific PDE4 inhibitors.
Its effectiveness in treating cutaneous sarcoidosis was described in 2012 by Baughman et al
(EI Jammal et al., 2020).

There is ample evidence indicating persistent activation of Janus Kinase-signal transducer
and activation of transcription (JAK-STAT) signals in sarcoidosis (Damsky et al., 2020).
“Tofacitinib” is a Janus Kinase inhibitor that works to reduce JAK-STAT signaling
pathways, thereby contributing to the reduction of inflammation and granuloma formation
in sarcoidosis by decreasing cytokines levels. This medication demonstrated significant
improvement in skin condition and effective healing in patients with cutaneous sarcoidosis.
Moreover, it improved respiratory symptoms in those with pulmonary sarcoidosis
(Kerkemeyer et al., 2020).

1.5. Targeting fibroblasts:

Fibrosis results from the activation and proliferation of fibroblasts, leading to the
production and deposition of collagen. In sarcoidosis, these process occur as an extension of
granulomatous inflammation. Histopathologically, fibrotic changes initiate at the periphery
of granulomas and extend centrally (Patterson et al., 2014).
“Nintedanib” exhibits antifibrotic properties by inhibiting the proliferation and migration of
fibroblasts. Additionally, it reduces the accumulation of extracellular matrix, demonstrating
its anti-inflammatory effects. The use of Nintedanib as an antifibrotic treatment in
pulmonary sarcoidosis has shown success and improvement in the decline of vital lung
capacity (Papanikolaou et al., 2022; Bandyopadhyay et al., 2023).
1.6. Targeting genes expression:

Hypoxia-inducible factor(HIF-1a) is transcription factor. In sarcoidosis, granulomatous

lung tissues, the in situ hybridization revealed a significant presence of HIF-1a concentrated
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at the center of granulomas. The abundance of HIF isoforms was found to be intricately
connected to heightened levels of IL1p and IL17, this connection was demonstrated through
targeted downregulation of HIF-1a using short interfering RNA or a specific HIF-1a
inhibitor, resulting in a reduction in their production. Additionally, pharmacological
intervention with Chloroquine, a lysosomal inhibitor, led to decreased levels of HIF-1o,
along with alterations in cytokine production (Kietzmann et al., 2016; Talreja et al., 2019).
2. Exploring innovative treatments in clinical trials:

It’s expected that upcoming treatment will focus on preventing exposure, targeting
antigens, reducing granulomatous inflammation, and blocking fibrotic pathways (Gerke,
2020).

2.1. mTOR inhibitor:

mTOR also known as mammalian target of rapamycin, is a protein kinase that plays a
significant role in controlling and shaping the effective responses of innate immune cells. It
configures cellular metabolism and regulates translation, cytokines responses, antigen
presentation, macrophages proliferation and cell migration.

The activation of the mTOR pathway in sarcoidosis, supporting the hypothesis that mMTOR
plays a pivotal role in granuloma formation. The signaling mechanisms and the involvement
of mTOR signaling during the early stages of sarcoidosis granuloma formation remain
unclear (Weichhart et al.,2018; Crouser et al.,2021; PiZZirni et al.,2021).

“Sirolimus” binds to a cytoplasmic protein known as FK-binding protein(FKBP), forming a
complex that inhibits the cytosolic enzyme mTOR (Ali et al.,2024).

One report has been published indicating the effectiveness of Sirolimus in treating
pulmonary sarcoidosis by alleviating symptoms and inducing improvement in granuloma
enlargement. Short-term systemic treatment with Sirolimus can be a safe and effective option
for sarcoidosis. Currently, its impact on cutaneous sarcoidosis is being further investigated
in large clinical trials (Gupta et al.,2020; Redl et al.,2024).

2.2. Inhibitor of Pentose Phosphate Pathway:

Activation of the pentose phosphate pathway(PPP) in macrophages plays a vital role in
the formation of granulomas in sarcoidosis. Elevated expression of pentose phosphate
pathway enzymes was detected not only in the serum of sarcoidosis patients but also in

systemic granuloma lesions.

35



Chapter I11. New therapeutic avenues and clinical trials

Studies have shown that in sarcoidosis, the production of reactive oxygen species (ROS)
increases through NADPH and NADPH oxidase (NOX) activation via (PPP). Additionally,
free radicals contribute to granuloma formation and tissue destruction around the
granulomas. The use of PPP inhibitors in both in vitro giant cell cultures and in vivo murine
models resulted in a reduction of granuloma formation. After using FBP1,6AN, and G6PDi
compounds, which inhibit the pentose phosphate pathway, the results showed inhibition of
granuloma formation in vitro. Moreover, a significant decrease in cytokines was recorded.
These findings indicate that targeting the PPP could hold promise for the development of

treatments for sarcoidosis (figure 13) (Nakamizo et al.,2023).

IFN-y - CD40L
Tcells = -
= % . . ™~ TREM2 Macrophages
Possible Drug Target
%, FBP1 inhibitor |

Pentose Phosphate
Pathway Inhibitor

Pathogen Killing
Tissue Damage
Granuloma Formation

Figure 13. Pentose Phosphate pathway (Nakamizo et al., 2023).

2.3. Inhibitor of Phosphoinositide-3 Kinases y / 6:

Phosphoinositide-3 kinases y / 6 (PI3K y / &) are crucial for maintaining a robust immune
response, particularly in regulating the balance and stability of regulatory T cells (Tregs).
Both patients and mice with sarcoidosis exhibited activation of the Phosphoinositide-3
kinases signaling pathway. After using CAL-101 and AS-605240 as inhibitors for (PI3K &)
and (PI3K y), respectively, they played a role in restoring the balance of Tregs and Th1 cells
and reducing granuloma formation, as tested in mice. Moreover, the effect of inhibiting
(PI3K &) was more effective than (PI3K y). These inhibitors could potentially be a new
therapeutic strategy for sarcoidosis (Zhang et al.,2022).

2.4. Activator of TGFB/Smad3 pathway:
The TGFB/Smad3 signaling pathway is involved in regulating the function of Tregs in

sarcoidosis, where the TGFB/Smad3 pathway is inactive in patients with sarcoidosis.
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Dexamethasone, was used in a mouse model, there it was observed to activate TGF3/Smad3
signals and promote rebalancing of Th17/Tregs in pulmonary sarcoidosis patients.

This study suggests the possibility of using Dexamethasone in the treatment of pulmonary
sarcoidosis (Zhang et al., 2024).

2.5. OATD-01:

Chitotriosidase, a biomarker secreted by activated macrophages and neutrophils, is still
not fully understood in terms of its physiological function. However, its believed to be
involved in breaking down chitin and similar substances. Elevated levels of chitotriosidase
have been observed in the serum and Broncho alveolar lavage fluid of patients with active
sarcoidosis (Bergantini et al., 2019).

OATD-01, the first chitl inhibitor of its kind, showed effectiveness in murine models of
granulomatous inflammation. Where it inhibited the production of inflammatory mediators
CCL4 and IL15, showed anti-inflammatory effects reducing the percentage of neutrophils,
thereby decreasing granuloma formation, as the model was applied in the case of pulmonary
sarcoidosis (Daymek et al., 2022).

2.6. Efzofitimod:

Efzofitimod, a novel immunomodulatory molecule, is undergoing testing for the treatment
of pulmonary sarcoidosis by targeting Neuropilin- 2 (NRP-2), a cell surface receptor pivotal
in lymphanogiogenesis and implicating in some physiological conditions such as
inflammation. The increased presence of Neuropilin 2 in the granulomatous model suggests
that Efzofitimod could be an effective treatment option.
the preliminary experimental results showed that Efzofitimod reduced inflammation and key
fibrosis indicators including IL6, CCL2, and CXCL10 in sarcoidosis animal models and this
is after it is associated with Neuropilin 2. significant improvement in lung function was also
observed, opening the door for further study of this drug in sarcoidosis patients, especially

after the promising preliminary results (Forster et al., 2023; Baughman et al., 2023).
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Conclusion

Sarcoidosis is a systemic granulomatous disease that induces various changes in the
immune system involving cells and molecules. This diversity in the targeted elements by the
disease has necessitated the search for specialized medications for each, such as Infliximab,
which binds and neutralizes TNFa whether soluble, transmembrane, or receptor-bound
thereby guarding against the serious complications of the disease. Additionally, recent
clinical trials have shed positive light on treatment, particularly with mTOR inhibitors due
to their multi-targeting capabilities including cytokine response, antigen presentation, and
macrophage proliferation and migration. This warrants the exploration of multi-targeted
drugs or subjecting patients to a comprehensive therapeutic regimen with minimal side
effects. The recent qualitative leap in trials underscores the positive research outlook pursued

by researchers in treating the disease.
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Abstract:

The term “autoimmunity” refers to the failure of the body’s immune system to recognize its own
cells and tissues as part of the self, leading to the emergence of autoimmune diseases such as
sarcoidosis, a systemic granulomatous disease of unknown cause. Genetics and lifestyle play a
significant role in increasing the likelihood of developing it, resulting in various symptoms of varying
severity, with the lungs being the most commonly affected organ.

For effective treatment, early and accurate diagnosis of the disease is essential, followed by the use
of targeted medications against the cells and molecules involved in the disease process. It’s crucial
to broaden the research perspective to develop specific treatments for sarcoidosis because the
diversity of changes caused by the disease makes it difficult to reach a real and effective cure.

Key words: Sarcoidosis, Autoimmunity, Autoimmune diseases, Specific treatments, Effective

cure.

Résumé :
Le terme “auto-immunité” fait référence a 1’échec du systéme immunitaire a reconnaitre ses
propres cellules et tissues comme faisant partie du soi, ce qui conduit a I’émergence de maladies

auto-immunes telles que la sarcoidose, une maladie granulomateuse systémigue de cause inconnue.

probabilité de développer cette maladie, ce qui entraine divers symptémes de gravités variables, les
poumons étant I’organe le plus fréquemment touché.
Pour un traitement efficace, un diagnostic précoce et précis de la maladie est essentiel, suivi de
I’utilisation de médicaments ciblés contre les cellules et les molécules impliquées dans le processus
pathologique. 1l est crucial d’élargir la perspective de la recherche pour développer des traitements
spécifiques pour la sarcoidose car la diversité des changements causés par la maladie rend difficile
1’obtention d’un Vvéritable remeéde efficace.
Les mots clés: Sarcoidose, Auto-immunité, Maladie auto-immune, Traitements spécifiques,
Remede efficace.
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