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Tumor necrosis factor-a (TNF-a) and interleukin-13 (IL-1f3) are two cytokines involved in the perpetuation of the chronic
inflammation state characterizing rheumatoid arthritis (RA). Significant advances in the treatment of this pathology have
been made over the past ten years, partially through the development of anti-TNF and anti-IL-1 therapies. However, major
side effects still persist and new alternative therapies should be considered.
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| 1. An Introduction to Rheumatoid Arthritis and Micro-immunotherapy

Rheumatoid arthritis (RA) is a widespread systemic autoimmune disease characterized by chronic inflammation of the
articular membrane, synovial hyperplasia, and progressive degradation of cartilage and bone, leading to joint destruction.
Patients with RA usually experience joint pain, swelling, tenderness, and stiffness, especially in the morning, and they also
have to cope with fatigue and depression as the disease represents high personal and social burdenll. Studies conducted
in Northern European and North American areas evaluated RA prevalence at about 0.5-1%2, whereas it appeared less
frequently in low- and middle-income countries, where it is gauged at 0.4% and 0.37% in Southeast Asian and in Eastern
Mediterranean regions, respectivelyl. This debilitating disease affects women at a rate double that in men, and in more
aggressive formstl.

As research progresses in delineating the drivers of this pathology, it appears that multiple immune factors, all integrated
in a complex network and in a particular temporal frame, are involved in the onset and the progression of the disease. For
instance, it is now well-established that numerous pro-inflammatory cytokines and growth factors perpetuate the chronic
inflammation state of RA, in particular, interleukin-1f3 (IL-1B) and tumor necrosis factor-a (TNF-a). Cytokines are typically
secreted by immune cells in order to orchestrate diverse cellular functions, such as cell differentiation, activation,
migration, survival or proliferation in a paracrine or autocrine manner. As they display pleiotropic effects, can either act
synergistically or share redundancy of actions one with the others, a fine-tuned regulation of their interplay is of
paramount interest in the proper immune system maintenance and the body’s homeostasis.

Significant advances in the treatment of this pathology have been made over the past ten years and the clinical arsenal
mainly encompasses the so-called disease-modifying anti-rheumatic drugs (DMARDSs) including methotrexate,
sulfasalazine, hydroxychloroquine and leflunomide, the janus-activated kinase 3 (JAK3) inhibitor tofacitinib,
glucocorticoids and biologic agents such as infliximab, etanercept, adalimumab, golimumab, and certolizumab pegol. All
of them are used in both early and established RA (< or > 6 months), depending on patients’ values, preferences and
comorbiditiesll€l. Regarding the pivotal role played by the resident/immune cells hosted in the synovial tissue in the
pathogenesis of the disease, cell-targeted therapies have also been developed. Unfortunately, most of the therapeutics
can only alleviate symptoms without intrinsically treating the root of the problem, ultimately leading to an incomplete

remission.

In line with those prerequisites, novel treatments—sequentially able to modulate the expression of multiple immune
players over time, as the stage of the pathology evolves—would be of great interest. 2LARTH® has been developed to
attenuate the symptoms of rheumatic diseases including RA, within a holistic immunomodulatory approach. This strategy
combines the use of several immune system mediators such as cytokines, growth factors, hormones, nucleic acids and
specific nucleic acids (SNA®), in order to orchestrate both the innate and the adaptive/acquired immune responses. Low
doses (LD) range from 1 CH to 7 CH and are used in Ml to boost the immune system, activate or increase protein
expression, while ultra-low doses (ULD) aim at modulating (from 8 to 12 CH) and lowering (higher than 12 CH) the
expression of protein(s) with upregulated levels.



The first part of this review aims at delineating the pivotal roles played by IL-1pB and TNF-a in RA physiopathology, leading
to the development of anti-TNF and anti-IL-1 therapeutic agents. In a second part, an emphasis will be made on
explaining the rationale of using multiple therapeutic targets, including both IL-13 and TNF-a in 2LARTH® medicine.
Particular attention will be paid to the ULD of those two main pro-inflammatory factors in order to counteract their
overexpression, through the lens of their molecular implication in RA pathogenesis.

2. RA and Cytokines: A TNF-a and IL-1B Crosstalk Modeled Both In Vitro
and In Vivo

The synovial niche's crosstalk in RA conditions was studied by Saeki et al., in their in vitro murine arthritis tissue-derived
cells model@. They recently published that synovial macrophages cultured within conditioned-medium from synovial
fibroblasts display changes in genic expression characterized by an upregulation in the expression of inflammatory
markers such as Nos2, TNF-a, IL-1B and CD86. Moreover, TNF-a secretion was also found to be induced by DNA
stimulation in the RA context, as CpG-rich DNA from blood plasma isolated from an RA patient was shown to stimulate the
TLR9-MyD88-NF-kB signaling pathway when added to the culture medium of PBMCs (peripheral blood mononuclear
cells) from healthy donors, resulting in a significant increase in the IL-6 and TNF-a secretion®. Moreover, the TNF-a
secretion induced in monocytes stimulated by LPS (lipopolysaccaride) + IFN-y (interferon-y) was significantly decreased
when the cells were pretreated for one hour with the anti-TNF-a etanercept at either 2 or 8 ug/mL, whereas the anti-IL-13
anakinra (from 2.5 to 20 pg/mL) didn’t show any effect on the TNF-a secretion!@. These data even strengthen the fact that
TNF-a acts as a key player in the chronicity of the RA disease and its related inflammatory-vicious cycle, as its expression
and secretion are induced by a plethora of factors on a broad number of cells from the synovial niche.

The increase of pro-inflammatory cytokines expression such as TNF-q, IL-1f, IL-6 and IL-17, inflammatory mediators like
COX-2 and 5-LOX (5-lipoxygenase), as well as the reduction of anti-inflammatory markers such as IL-4 and IL-10 are the
hallmark of synovial inflammation and cartilage damages and are extensively monitored parameters in in vivo RA
modelsi?@Ll The study reporting the benefits of using intra-articular injections of the anti-TNF infliximab, loaded onto
thermosensitive hydrogel to decrease pro-inflammatory cytokines within the synovial fluids of a rabbit model of RA
induced by ovalbumin and complete Freund’s adjuvant, is another example illustrating the interplay between TNF-a and
IL-1B in vivold. Indeed, two and six weeks after injections, the intra-articular levels of both TNF-a and IL-1B were
significantly decreased, compared with the saline-treated control.

3. Anti-IL-18 and -TNF-a Therapies: Effects and Side Effects of the
Conventional Allopathic Doses

IL-1B antagonism has been performed in the context of RA through several options; either targeting the cytokine itself or
its receptor. In patients undergoing active RA despite being treated with methotrexate, the addition of subcutaneous
injections of 150 mg canakinumab every four weeks over a 12-weeks period improved their therapeutic response
regarding the global assessment of disease-related parametersi23l. Kinetic studies and modeling simulations used to
extract the dose-response relationships confirmed that 150 mg every four weeks allowed for the capture of the majority of
IL-1p, lowering it below an ECsq allowing to improve the ACR (American College of Rheumatology) scores in patients with
RAI4. Moreover, canakinumab has been considered as a good option for young patients with severe and/or refractory
forms of IL-1-driven RA, in order to avoid joint deformation2!,

Anakinra is a human IL-1R antagonist currently approved for the treatment of RA, leading to significant improvements in
disease symptoms and quality of life, regarding pain, Larsen radiographic scores and erythrocytes sedimentation rates,
slowing down both radiologic manifestations of joint damages and bone erosion8L7. Furthermore, the treatment with
this agent was shown to have beneficial effects on inflammatory and metabolic parameters, allowing to discontinue the
concomitant use of glucocorticoids and anti-diabetic drugs in patients displaying both RA and type 2 diabetes8l. Anakinra
is mainly used as a second-line treatment in patients previously treated with a failing anti-TNF-a therapy or experiencing
cancer or infectious disease such as Mycobacterium tuberculosis infections.

In RA, anti-TNF treatment was shown to reduce the production of pro-inflammatory cytokines, including IL-1 and IL-6, thus
contributing to the disturbance of the crosstalk between those pathology drivers29. Certolizumab pegol is the only
PEGylated TNF inhibitor, where the PEG (polyethylene glycol) attachment allows to increase its half-life in vivo, while it
may also contribute to a better pharmacologic distribution into the inflamed arthritic tissues, compared with non-
PEGylated antibodies?ll. Other side effects of adalimumab include infections of the skin and the urogenital tract;
hematologic affections, like leukopenia and anemia; metabolism and nutrition defects, like lipids and hepatic enzymes
increased levels; nervous system infections, like cephalea; gastrointestinal related disorders, including abdominal pain



and nausea; musculo-skeletal pain, and injection-site reactions, like erythema. A Brazilian study also reported another
TNF-a blocker adverse effect, as the use of such therapeutic agents was shown to be associated with high risk of active
mycobacterial infections in patients with chronic inflammatory arthritis including RA even if they did not present any
evidence of latent tuberculosis infection(22],

In addition, the TNF-a signalization blockade has also been done by inhibiting the TNF-a binding to its receptor through
etanercept, a fully human soluble TNF receptor Fc fusion protein, where a dimer of the extracellular domains of human
TNFR2 is fused to the Fc portion of human IgGl. A phase IV study recently assessed the real-world safety and
effectiveness of biosimilar etanercept in patients with RA, ankylosing spondylitis or psoriatic arthritis and receiving
biosimilar etanercept injections, either 25 mg twice weekly or 50 mg once weekly!23l. The results reported that even if the
HAQ (Health Assessment Questionnaire) scores decreased from 1.32 + 0.77 at baseline to 0.81 + 0.61 at 12 months in
patients with RA and psoriatic arthritis (p < 0.01), some patients still reported adverse effects such as injection-site
reactions, abdominal pain and upper respiratory tract infections. The European Medicines Agency reports that the more
frequent side effects for this medicine are infections such as bronchitis, cystitis and cutaneous affections, as well as
allergic reactions24l,

Interestingly, besides the above-mentioned unwanted side effects, a meta-analysis highlighted that TNF-a antagonists

may have a beneficial effect on aortic stiffness, therefore related to cardiovascular risk, which RA patients are more prone
tol23],

4. Micro-Immunotherapy: A Multiple Immune-Targeted Ultra-Low-Dose-
Based Strategy to Calm Chronic Inflammation in RA

One of the main challenges of immunotherapy lies in the feasibility of the immune system management by a proper
targeting of the immunopathological activity without further affecting the immunosurveillance. Thus, by combining both the
advantages of using the immune system players themselves and extremely low dosages, Ml could be at a crossroads in
the RA treatment too, as the side effects of a conventional treatment would be reduced and/or avoided.

The 2LARTH® is a medicine that was developed to attenuate the symptoms of rheumatic diseases including RA and
which is currently notified as a homeopathic medicine under notification number 1507CH36 F1 by the Federal Agency for
Medicines and Health Products in Belgium. This medicine consists of different capsules, each one intended to be taken
according to the order in which they are packaged in the blister (from 1 to 10), to give daily information to the body. All the
capsules are composed of the same cytokines/factors at various ULD depending on the capsule number.

In the same manner as for the evaluation of the anti-inflammatory effects of one single cytokine at a time, IL-1f3 or TNF-a
at 27 CH, Floris et al. reported that 2LARTH® has a significant impact in reducing IL-1p secretion in human enriched
monocytes stimulated with LPS[28. Moreover, the secreted level of TNF-a was also reduced at concentrations ranging
from 2.25 to 22 mM in the same conditions, as well as the IL-6 secretion, at 11 and 22 mM. Furthermore, the effects of the
treatment have been evaluated in vivo, in a CIA mice model, in which a daily treatment respecting the sequential order of
2LARTH® was administered by oral gavage, starting 30 days after the first immunization2d. Results showed its efficacy
in reducing the clinical score, the degree of edema and the inflammation in treated animals, compared with the control
ones.

The “three birds with one stone” strategy of 2LARTH® is illustrated in the Figure 1 below, as IL-1f3, TNF-a, and IL-2 are
the principal therapeutic targets, all three used at ULD. We have widely discussed the first two targets, and less dwelt
about the third.
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Figure 1: Schematic representation of the potential beneficial effects of ULD: IL-1R1: Interleukin-1 type-l receptor; IL-
1RACP: IL-1 receptor accessory protein; MAPK: Mitogen-activated protein kinase; MyD88: Myeloid and differentiation
primary response 88; NF-kB: Nuclear factor-kB; TIR: Toll-IL-1 receptor; TNFR1: TNF receptor type 1; TRAF1l: TNF
receptor-associated factor 1; ULD: Ultra-Low dose. Red plain lines represent inhibition mechanisms, red dotted lines
represent modulatory mechanisms.

Little is known about the genetic background of IL-2 in RA, but it was found that specific diplotypes, meaning the
combination of haplotypes from both parents, in occurrence, the IL-2 TG: GG was positively associated with RA in the
Turkish population28l, Interestingly, the implication of this cytokine in joint-related pathologies seems to be dual and its
use as a therapeutic target may be approached in a modulatory manner as contradictory data were addressed regarding
this cytokine in this particular context. For instance, Paradowska-Gorycka et al. found that patients affected with RA or
osteoarthritis have higher serum levels of IL-2 than the healthy controls2¥), whereas Wang et al. reported an opposite
trend, as the serum level of IL-2 was downregulated in RA patients group compared with healthy one22,

A study focused on deciphering if the cytokine profile found in RA patients serum changed over the course of the disease
showed that, 3 months after the initial diagnosis, IL-1p3 was positively correlated with two of the acute phase inflammatory
reactants: CRP (C reactive protein) (R2= 0.642) and ESR (erythrocyte sedimentation rate) (R2= 0.579)Bl. This study
conducted in Poland would need to be generalized to more patients, but it reinforces the fact that a holistic approach to
RA treatment, with multiple cytokine targets, could be highly beneficial for patients. These results are in line with the fact
that both IL-2 and TNF-a were found to be parts of a specific pro-inflammatory cytokine profile also defined by high levels
of CXCL10 and IL-6, characterizing severe outcomes in systemic autoimmune diseases(22.

The wide therapeutic potential of IL-2 in many autoimmune and inflammatory diseases can be illustrated by the fact that,
when the dose is high, IL-2 was reported to promote the proliferation of effector T cells, while, when the dose is low, it
allowed an activation of the Tregs23. In addition, the effect of low dose IL-2 (5 IU/mL) was also shown to inhibit
osteoclastogenesis in vitro, a mechanism which is implicated in the bone degradation also occurring in RAR4. As the
rationale of using IL-2 in the 2LARTH® is based on its immunomodulatory functions, the 10-12 CH dilution range
employed in the sequence of the medicine allows the body’s responses to freely adjust by themselves, depending on the
organism-specific needs at a particular time (Figure 1).

More preclinical studies are still needed to understand its mode of action, the synergy of its multiple regulators, the
benefits of its sequential strategy, and clinical studies are indispensable to confirm and bring out the potential benefit of Ml
in the context of RA treatment.
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