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Chronic arthritis is not a singular disorder; it is stands for multifaceted autoimmune and inflammatory disabling conditions
causing joint pain or joint deformity. Chronic arthritis in children is diagnosed when all three of the following criteria are
met. First, the age of onset is younger than 16 years. Second, arthritis includes swelling or effusion, or presence of two or
more of the following: a) limitation of range of motion; b) tenderness or pain on motion; c) increased heat in one or more
joints; and third, the duration of disease is 6 weeks or longer. Juvenile idiopathic arthritis (JIA) and adult rheumatoid
arthritis (RA) are two major groups with chronic joint pain and inflammation, extra-articular manifestations, and high risk of
comorbidities, which can cause physical and ocular disability, as well as create great socio-economic pressure worldwide.

The pathogenesis of arthritis manifested in childhood and adulthood is multifactorial, unclear, and overly complex, in
which immunity plays an important role. Although there are more and more biological agents with different mechanisms of
action for the treatment of arthritis, the results are not as expected, because there are partial responses or non-responsive
patients to these compounds, high therapeutic costs, side effects, and so on; therefore, we must turn our attention to other
therapeutic modalities. Updating knowledge on molecular and cellular mechanisms in the comparative pathogenesis of
chronic arthritis in both children and adults is necessary in the early and correct approach to treatment.
Photobiomodulation (PBM) represents a good option, offering cost-effective advantages over drug therapy, with a quicker,
more positive response to treatment and no side effects. The successful management of PBM in arthritis is based on the
clinician’s ability to evaluate correctly the inflammatory status of the patient, to seek the optimal solution, to choose the
best technology with the best physical parameters, and to select the mode of action to target very precisely the immune
system and the signaling pathways at the molecular level with the exact amount of quantum light energy in order to obtain
the desired immune modulation and the remission of the disease. Light is a very powerful tool in medicine because it can
simultaneously target many cascades of immune system activation in comparison with drugs, so PBM can perform very
delicate tasks inside our cells to modulate cellular dysfunctions, helping to initiate self-organization phenomena and finally,
healing the disease.

Keywords: autoimmune ; chronic ; cytokines ; laser blood irradiation ; low-level laser ; systemic ; single-cell imaging
devices ; multispectral laser photobiomodulation ; multidisciplinary management

| 1. Introduction

Chronic arthritis is the most usual cause for joint pain, physical disability, and ocular invalidity worldwide. Juvenile
idiopathic arthritis (JIA) and rheumatoid arthritis (RA) of the adult are two major groups with chronic joint inflammation,
extra-articular manifestations, and high risk for comorbidities IZIBIAIE While in adults there are over 150 forms of
chronic arthritis, in children, there are several dozen subtypes of the disease, but only juvenile polyarthritis with positive
rheumatoid factor and the subtype of systemic arthritis also known as Still disease, which is more consistent with an
autoinflammatory condition, have similar manifestations to adults el

Patients with systemic JIA require close keep under surveillance by a multidisciplinary team due to possible serious
complications: macrophage activation syndrome, pericarditis, pulmonary hypertension, interstitial lung disease, infections,
etc., which may be associated with increased mortality 2.

In the pathology of children, the oligoarticular manifestation is an entity that we do not find in the forms of rheumatic
disease in adults and is characterized by often severe eye damage, localized growth disorders with elongation of a limb,
and secondary posture disorders.

JIA is the type of chronic rheumatic disease that affects the child’s daily activities due to pain, joint swelling, morning
stiffness, and locomotor and possibly ocular infirmities, which causes short-term and long-term disabilities, until adulthood
and sometimes throughout life &1,



Treatment available for patients with chronic arthritis aims to reduce pain, maintain joint function, improve well-being, and
prevent disability and associated comorbidities.

Pharmacological therapy usually includes non-steroidal anti-inflammatory drugs, intra-articular or systemic steroids, to
which will be added disease-modifying anti-rheumatic drugs (DMARDSs) and biological agents administered on time in the
“window of opportunity” to prevent irreversible complications 2.

Early use of intra-articular steroid therapy, methotrexate, and biological agents introduced in recent decades have
improved the prognosis of children with arthritis, but those with polyarticular form can have serious problems with active
disease as adults. Most children with the JIA oligoarticular subtype may enter remission, but a small number progress to a
persistent polyarticular form as adults.

Concerns have been raised about the use of biological agents that may increase the risk of cancer in patients with chronic
arthritis.

Based on the severity of the disease, which evolves progressively, the patient with chronic arthritis can become an
important burden for the family, but especially for the society, through the enormous costs of direct health care, social
assistance, loss in education, productivity, and jobs.

The first goal of this review was to update knowledge on molecular and cellular mechanisms through a parallelism
between special forms of chronic arthritis present in both children and adults, for an introspection into the pathogenesis of
these diseases, in an attempt to reveal to researchers and clinicians the latest discoveries regarding new molecules and
signaling pathways.

The second objective of this review was to raise awareness and send a signal to rheumatologists on the need to change
the treatment paradigms for arthritis through innovative therapies to stop the perpetuation of the disease from childhood to
adulthood, the side effects, the inefficiency in some cases, and the high current costs, in order to overcome this human
and economic burden.

The third purpose was to promote light or laser therapies (photobiomodulation) as an important complementary and
alternative method, which has become increasingly known around the world in recent decades for reducing pain and
sometimes even eliminating the cause of the pain itself, for inducing early remission before common destructive changes
in joints begin, in all arthritis forms.

Last aim but not least is to signal that photobiomodulation (PBM) and the single-cell live tracking technology of immune
cell activities are ready to precisely target the signaling pathways and to find the answers to the complex interaction of the
laser with the immune system, for “undoing” arthritis!

Seeking and developing new treatments to interact smoothly with the immune system both in children and adults to
handle immune-mediated diseases that are becoming more and more complex is urgently needed.

JIA, formerly known as juvenile rheumatoid arthritis in the Anglo-Saxon literature, and chronic juvenile arthritis for French
speakers, is a chronic immune-mediated inflammatory disease of unknown etiology and a complex genetic component
that is defined according to the criteria of the International League of Associations for Rheumatology (ILAR) as
inflammatory arthritis in one or more joints, which begins before the age of 16, persists for at least six weeks, and all other
conditions that cause similar symptoms have been excluded 14,

A better understanding of the pathogenesis and the latest diagnostic tools are challenges for rheumatologists to update
the classification. Based on ILAR criteria, there are seven main subgroups of JIA defined by clinical and laboratory data:
systemic arthritis, rheumatoid factor (RF) polyarthritis—positive or negative, oligoarthritis (persistent or extensive),
enthesitis-related arthritis (ERA), psoriatic arthritis (PsA), and a seventh category, undifferentiated arthritis, which includes
those patients who do not fit any of the above forms of criteria 2.

| 2. Molecular and Cellular Mechanisms of Systemic Arthritis

The pathogenesis of systemic arthritis manifested in childhood and adulthood is multifactorial, unclear, and very complex,
in which the innate immunity plays an important role by activating neutrophils and macrophages, as well as the adaptive

immunity, by increasing the percentage of pro-inflammatory cytokines: interleukin (IL)-1(3, IL-6, IL-18, and interferon
gamma (IFN)—y [LQLLL2|[13][14]

sJIA accounts for about 10% of all forms of juvenile arthritis and is a chronic disease that results in significant morbidity
and mortality in children 2216],



The most significant manifestation of systemic arthritis is its association with macrophage activation syndrome, a
secondary disorder of excessive, uncontrolled activation and non-malignant proliferation of T lymphocytes and
macrophages, with a state of hypercitokinemia, on which the clinical-biological signs depend RALEI19],

The underlying cause of the occurrence of chronic rheumatism in the JIA subtypes, including sJIA, is largely unknown. A
current concept would be that triggering manifestations in sJIA would be due to an infectious aggression with an
inappropriate immune response due to a genetic or acquired immune defect 3. More and more studies have shown that
in the pathogenesis of sJIA, the innate immune system is more involved, compared to the adaptive one [11120121],

Biological studies for sJIA describe a polymorphism of disease-promoting elements encoded by tumor necrosis factor
alpha (TNFa), IL-6, IL-10, macrophage migration inhibitory factor (MIF), and IL-1 family (in particular, IL1A, ILIRN, IL1R2)
(22]123][241(25]  \More and more clinical and biological as well as translational research draw attention to the particularly
important role of IL-1(3, IL-6, and IL-18 in the complexity of disease manifestation and the limited role of TNF-a, as well as
the relative absence of induced chemokines by interferon gamma (IFN-y), IFN-y-inducible protein 10 (IP-10, CXCL10),
MIG, and I-TAC LUI2LI28] || -1 has a biphasic role in implicating innate immune mechanisms, but also in adaptive ones in
triggering sJIA. Certain evidence of IL-1 involvement in the pathogenesis of sJIA is given by the successful treatment with
IL-1 inhibitors, such as the biological agent anakinra, a soluble IL-1 receptor antagonist (IL-1Ra) that is similar to IL-1Ra,
which has increased levels during the active disease observed also in polyarticular JIA. However, not all patients with sJIA
respond well to anti-IL-1 therapy. The importance of IL-6 in the pathogenesis of sJIA has been demonstrated by
correlating the serum and synovial concentration with the severe joint manifestations and the maximum level of fever 24,
Pro-inflammatory cytokines, such as IL-1, IL-6, and TNF-a, by stimulating similar receptors, induce IL-6 production in
lymphocytes, macrophages, and synovial cells 28],

IL-6 has various functions in the pathogenesis of sJIA in children and rheumatoid arthritis in adults, in the sense that it
induces an acute phase response as well as activates immune reactions and hematopoiesis. The released IL-6 will induce
the production of acute phase proteins (C-reactive protein and fibrinogen), which are known as biological markers of
inflammation and the differentiation of naive T cells into Th17 cells [28122],

The imbalance between Th17/Treg, where Th17 is activated significantly more than Treg, has a disastrous effect on RA
development 29,

As IL-10 is a cytokine that would play a key anti-inflammatory role in the prevention of immune cascades from immune-
mediated inflammatory diseases, conflicting results are reported in the literature regarding the poor involvement of this
cytokine and the occurrence of manifestations in sJIA [241[25][31],

Both sJIA and macrophage activation syndrome are triggered by a cascade discharge of some cytokines such as
interleukin 13, IL-6 and IL-18.

To date, the exact role of interferon-gamma (IFN-y), a cytokine with pro- and anti-inflammatory properties is being
intensively investigated along with the role of NK cells providing IFN-y 22,

In contrast, gene expression profiling was altered by the increased expression of innate genes, including TLR4 (Toll-Like
Receptor 4) and S100A9 (S100 calcium-binding protein A9), and the decreased expression of immunity-regulating genes,
such as IL-10RA (interleukin 10 receptor, alpha) and GZMK (granzyme K), as compared to cells from healthy controls.
From these studies, it is believed that subtle defects in the pathways associated with NK cells, such as granzyme K
expression and IFN-y production determined by IL-18, may contribute to the immune aggregation of this disease 22,

3. Comparative Pathogenesis of Rheumatoid Arthritis in Adults and
Children

The pathogenesis of RA and JIA is not yet very well known, although there is strong evidence that it involves the
components of the immune system, especially T and B lymphocytes, as well as the antibodies and cytokines resulting
from this immune conflict [Z124],

In rheumatoid arthritis, the activation of a naive T cell departing from the thymus to the lymphoid organs involves
coordinated interactions between a number of molecules on the surface of this cell and an antigen-presenting cell (APC),
that is, that carries an antigenic peptide derived from the infectious agent noncovalently linked to a major
histocompatibility complex (MHC) class | or class Il molecule.

When the APC cell is activated, various costimulatory ligands are expressed, allowing the activation, proliferation, and
differentiation of T cells [23136],



The T cells will express a series of inhibitory receptors for a fine regulation of the response appropriate to the
inflammatory environment where they were being stimulated. Inhibitory receptors can act in two directions: to limit the
costimulatory signaling, as well as to temporarily bind the costimulatory molecule 21,

At the synovial level, as result of inflammation, the differentiation of naive T cells in Th17 cells will occur. It was believed
that this immune pathology would be mediated by Thl cells (the first objectified), but today, the research has evolved, and

it has been discovered that, in fact, Th17 cells are considered responsible for the pathogenesis in rheumatoid arthritis 22
(s8]

Current studies demonstrate that synovial fibroblasts and activated immune cells are directly involved in the production
and release of many pro-inflammatory cytokines that play a crucial role in the development and progression of RA B2,

In fact, the characteristic inflammatory process in RA is achieved by the abundance of inflammatory-promoting cytokines,
in counterbalance with inhibitory cytokines, intercellular communication, immune responses, and boosting cell movement
to territories of inflammatory, infectious, or post-traumatic conflict.

In RA, the cytokines of the immune network are classified into four groups: pro-inflammatory cytokines, inflammatory
cytokines in the joints, anti-inflammatory cytokines, and natural cytokine antagonists 42,

After the onset of initial stimuli, the cytokines play an important role in communicating with the components of the immune
system at each stage of the pathophysiology of RA. The release of cytokines, particularly the TNF-qa, IL-6, and IL-1,
promotes the synovial inflammatory process.

Recent clinical studies have shown that patients with RA (adults) or active polyarticular sJIA (children), who did not
respond adequately to MTX (methotrexate) and TNF-alpha inhibitors, received an IL-6 inhibitor, for example, tocilizumab
in children and sarilumab (in adults), which are biologics that can be more effective [41142],

Among the pro-inflammatory cytokines at the synovial level, TNF-a is a pleiotropic cytokine produced by several cell
types, such as T and B cells, but also by innate immune cells (dendritic, monocyte, neutrophil, mast cells) and has a very
important role, because it participates as the main mediator in regulating and training other factors 43144 |n addition to
this role, it is known that TNF-a is associated with bone and cartilage destruction by activating chondrocytes and
osteoclasts 42, TNF-a induces the synthesis and secretion of MMPs (matrix metalloproteinases), which in turn affect the
chemokine and cytokine action of MMP-2, MMP-3, MMP-7, and MMP-9, which release TGF beta (Transforming Growth
Factor) from the matrix, thus enabling its activation 48], Therefore, anti-TNF biological therapy has been considered a
remarkable breakthrough in the treatment of chronic autoimmune diseases, such as RA and JIA 43,

The interleukin (IL)-1 (family) together with its members (IL-33, IL-36a, B, y, IL-37, and IL-38), IL-6, and IL-12
superfamilies (IL-27, IL-35) together with the other key cytokines (IL-15, IL-16, IL-17 family IL-17A, IL-17B, IL-17C), the
recently cloned cytokine I1L-18, IL-32, IL-34, and interferon (IFN)-y, the granulocyte macrophage colony-stimulating factor,
are detected in a high concentration in the synovial fluid, but also in the patient’s serum, thus leading to the process of
local joint destruction and systemic effects in the rheumatoid arthritis patient 22471,

More explicitly, IL-1 has 11 pro-inflammatory and anti-inflammatory members, which are chronologically numbered based
on their discovery, from the IL-1 first family member 1 (IL-1F1) to IL-1F11. More commonly, they are also known as
receptor antagonist IL-1a, IL-1B, IL-1 (IL-1Ra), IL-18, IL-33, IL-36a, IL-36pB, IL-36y, IL-36Ra, IL-37, and IL-38 8],

IL-33 has been detected in high serum concentrations in adult patients with rheumatoid arthritis, in contrast to those with
osteoarthritis (OA) and psoriatic arthritis (PsA) and was associated with bone erosion and cardiovascular pathology, as a
predictive factor for the evolution of atherosclerotic plaque 24; however, the results are contradictory for its real role in the
pathogenesis of RA, and as a consequence, specific drugs are not yet available 2EABEL52],

IL-17A has a direct influence on the early pathogenesis and chronic stages of synovitis in rheumatoid and psoriatic
arthritis, through systemic, but also local effects on keratinocytes 23],

It has been shown that in the synovial lymphocyte infiltration and in the hyperplastic mucosa of RA, there are cells
producing IL-17A and IL-17F; at the same time, there is a recruitment of Th17 cells that will interact with local cells and
perpetuate chronic inflammation 24,

IL-17 is directly involved in the stimulation of vascular endothelial growth factor production in synovial fibroblasts,
angiogenesis, and synovial pannus development B335, The interaction between Th17 cells and synoviocytes is crucial,
because of this cooperation, IL-17 will be massively released 3. TNF-alpha supports the effect of human IL-17A for the



action of increasing the secretion of IL-6 and IL-8 from rheumatoid synoviocytes and vice versa, IL-17A and IL-17F induce
TNFa receptor Il expression and production [B3IE7158]

Another particularly important role of IL-17 is to promote the expression of nuclear factor kappa-B (NF-kB) ligand receptor
activator (RANKL) on osteoblasts and synoviocytes and to activate RANK signaling in osteoclasts B26961]

The pro-inflammatory cytokines are also responsible for the synthesis of chemokines from MMPs, inducible nitric-oxide
synthase, osteoclasts differentiation, and an increased expression of cell adhesion molecules. Disruption of MMP activity
can lead to tissue degradation associated with inflammation in rheumatoid arthritis.

Helper T cells are deeply involved in the pathogenesis of autoimmune diseases, including RA; for example, it has been
shown recently that Th17 can move into a “non-classical” class of Thl.

Today, it is known that Th17 produces the cytokine IL-17 28], which activates inflammation by stimulating immune cells
and at the same time activates osteoclasts by inducing kappa B ligand nuclear factor activator receptor (RANKL) in
synovial fibroblasts. This fact opens new horizons for Thl7-targeted therapies to stop the bone destruction associated
with T cell activation €2,

At the same time, Foxp3 is essential for the suppressive function of Treg cells, and as a specific marker of Th17 cells, it
accelerates osteoclasts differentiation. In RA, Foxp3(+)CD4(+) T cells are subjected to conversion into Th17 cells, which
is mediated by synovial fibroblast-derived IL-6 [110], and meanwhile, IFN-gamma cytokines, IL-4, and cytotoxic T
lymphocyte-associated protein 4 (CTLA-4), produced by Thl, Th2, and respectively, Treg, regulate osteoclast
differentiation. In RA, there is an imbalance in the Th17/Treg ratio, where Th17 is activated much more than Treg (&3 It is
speculated that TNF inhibitors used in RA therapy reduce the passage of Th17 cells to non-classical Thl cells, as well as
direct inhibit the TNFa 4364 |nflammatory synovitis both in RA and JIA provides the image of an imbalance between pro-
inflammatory and anti-inflammatory cytokines [IL-10, IL-11, and IL-13], which are insufficient to counterbalance the
intensely active inflammatory process.

Although there are more and more biological agents with different mechanisms of action for the treatment of rheumatoid
arthritis in children and adults, the results are not as we expected, because there are partial responses or non-responsive
patients to these compounds, high therapeutic costs, side effects, and so on; therefore, we must turn our attention to other
therapeutic modalities to induce disease remission.

4. New Introspections and Perspectives on Photobiomodulation in
Arthritis

As an interdisciplinary field, photomedicine is growing in importance because of its relevance to light and laser therapies
(651 Applied photobiomodulation could be a safe and an exceptionally good option in the multidisciplinary management of
rheumatoid arthritis and chronic pain in children and adults.

To achieve the desired effect of photobiomodulation, a certain quantified amount of photonic energy is always required to
target the cells and the immune signaling pathways, to modulate the immune system, and LASERS, LEDs or other
available light devices can be used accordingly.

There is currently no consensus on the effective PBM treatment method in improving symptoms and remission of chronic
rheumatic diseases.

Successful management of PBM in arthritis is based on the clinician’s ability to evaluate correctly the inflammatory status
of the patient, to seek the optimal solution, to choose the best technology with the best physical parameters and mode of
action, so that at molecular level the treatment can target very precisely the immune system and the molecular signaling
pathways with the exact amount of quantum light energy in order to obtain the desired immune modulation and the
remission of the disease.



How photobiomodulation could regulate the immune response in arthritis. Possible mechanisms of action on excessive T
cell immune response, regulation of pro- and anti-inflammatory cytokines balance, and the process of stopping the
proliferative synovium and the osteocartilaginous destruction.

Light is a very powerful tool in medicine because it can simultaneously target many cascades of immune system
activation in comparison with drugs, so PBM can perform very delicate tasks inside our cells to modulate cellular
dysfunctions, helping to initiate self-organization phenomena and finally healing the disease.

A lot of information can be stored or transmitted using light. The near future will be focused on state-of-the-art laser
therapy, in an atmosphere concentrated not only on reducing pain and inflammation, but also early healing of the disease.

Interdisciplinary teams should work diligently to meet these needs by also using single-cell imaging devices for
multispectral laser photobiomodulation on immune cells.

A new field of innovative research with multiple treatment options in immune-mediated inflammatory diseases opens up by
the application of photobiomodulation with important clinical implications for the future.
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