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ABSTRACT
Rheumatoid factor (RF), an autoantibody classically directed against the Fc portion of IgG, is most widely
recognized for its diagnostic and prognostic roles in rheumatoid arthritis. Increasing evidence, however, implicates
RF in broader systemic processes that extend beyond joint disease, notably in the modulation of oxidative stress
and redox homeostasis. This review synthesizes mechanistic and clinical data linking RF to systemic redox
imbalance. We discuss how RF-containing immune complexes amplify reactive oxygen and nitrogen species
production through Fc receptor engagement, complement activation, and cellular signaling in phagocytes and
endothelial cells. We examine the contribution of RF to chronic inflammation, mitochondrial dysfunction, and the
formation of advanced oxidation products and advanced glycation end-products, all of which feed into a
self-perpetuating cycle of oxidative damage and immune activation. Clinical associations between RF positivity
and heightened markers of oxidative stress, increased cardiovascular morbidity, and worsened metabolic control in
disorders such as diabetes are summarized. Potential biomarker roles for RF in stratifying oxidative burden and
therapeutic implications, including targeted anti-inflammatory treatments, antioxidant strategies, and modulation
of Fc receptor pathways, are considered. Finally, we identify gaps in existing research, recommending longitudinal
cohort studies, mechanistic cellular models, and trials combining immune-modulatory and redox-targeted
therapies to clarify causality and therapeutic potential. Recognizing RF as an active participant in systemic redox
imbalance reframes an old serologic marker as a potential mechanistic contributor to multisystem disease and a
candidate target for integrated immunometabolic interventions.
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INTRODUCTION

Rheumatoid factor is a heterogeneous group of autoantibodies, predominantly of the IgM isotype but also
including IgA and IgG variants, that recognize and bind the Fc portion of IgG[17]. Traditionally regarded as a
serologic hallmark of rheumatoid arthritis, RF is now understood to be neither disease-specific nor confined to
autoimmunity. It is detected in chronic viral and bacterial infections, in older adults without clinical disease, and in
several malignancies[27]. Importantly, RF also appears across metabolic disorders in which immune activation and
systemic inflammation are prominent. In parallel, oxidative stress, defined as the imbalance between reactive
oxygen and nitrogen species and the biochemical systems that neutralize them, has emerged as a unifying
mechanism underlying endothelial dysfunction, insulin resistance, tissue injury, and chronic inflammatory
signaling[87]. While the reciprocal relationship between inflammation and oxidative stress is well established, the
specific role of autoantibodies as upstream contributors to redox imbalance remains underexplored[47]. Recent
evidence suggests that RF, particularly when present within circulating or deposited immune complexes, acts as
an active amplifier of oxidative pathways. This review synthesizes current mechanistic and clinical insights,
proposing that RF is both a marker and mediator of systemic redox disturbance, with implications that extend far
beyond rheumatoid arthritis[57].

Biology of Rheumatoid Factor: basic properties and immune complex formation

Rheumatoid factor originates from antigen-experienced B cells and long-lived plasma cells, which are activated
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through chronic immune stimulation, microbial mimicry, or loss of tolerance. IgM-RF is the most efficiently
produced and is highly adept at crosslinking IgG molecules, resulting in the formation of large immune
complexes[67]. These complexes differ widely in their solubility, valency, and capacity to engage effector
pathways. Once formed, RF-IgG complexes can remain in the circulation, deposit in small vessels, or accumulate
in tissues where F¢c gamma receptor—bearing cells, such as neutrophils, monocytes, and macrophages, reside[77].
Two intrinsic characteristics make RI-containing complexes particularly potent in triggering downstream
immune cascades[8]. First, their multivalent structure enables dense clustering and activation of Fc gamma
receptors, which initiates intracellular signaling pathways that culminate in oxidative burst and the generation of
reactive oxygen species[9]. Second, RF complexes activate the classical complement cascade, leading to C3 and
C5 cleavage, leukocyte recruitment, and further ROS and reactive nitrogen species production through
complement-mediated cell activation[107]. Together, these mechanisms position RF not merely as a passive
byproduct of inflammation but as an active driver of redox imbalance capable of sustaining oxidative stress in
systemic disease contexts[117].
Biology of Rheumatoid Factor: basic properties and immune complex formation
Rheumatoid factor antibodies originate from antigen-experienced B cells and differentiated plasma cells, typically
arising under conditions of persistent immune stimulation. Chronic infections, prolonged exposure to
immunogenic debris, defective clearance of apoptotic material, and inflammatory cytokine signaling can all drive
RF production[127. The IgM isotype remains the most frequently measured and the most effective at forming
multivalent interactions with IgG, although IgA- and IgG-class RFs also contribute to pathogenic processes.
When RF binds to the Fc region of IgG, the resulting immune complexes can range from relatively small, soluble
aggregates to large, lattice-like structures with high avidity and stability[187. Their physicochemical properties
influence whether they remain in circulation, deposit within microvascular beds, or accumulate in inflamed tissues.
Two key characteristics of RF-containing immune complexes explain their strong capacity to activate downstream
inflammatory and redox pathways[147]. First, their multivalency allows dense clustering of Fc gamma receptors
on neutrophils, monocytes, macrophages, and other innate effector cells. This receptor crosslinking is a potent
trigger for intracellular signaling cascades that mobilize oxidative enzymes[ 15 ]. Second, because RF complexes
incorporate IgG in conformations that strongly engage C1q, they activate the classical complement pathway with
high efficiency. Complement activation not only generates inflammatory mediators but also enhances the
phagocytic and oxidative responses of F'c receptor—bearing cells[167]. As a result, RF-containing complexes bridge
two major arms of innate immunity—Fc receptor signaling and complement activation, both of which converge on
the generation of reactive oxygen and nitrogen species[177]. Through these pathways, RF becomes an active
biochemical contributor to systemic oxidative stress rather than a passive biomarker of immune dysfunction[187.
Mechanisms by which RF drives oxidative stress
Fc receptor—mediated oxidative burst
Innate immune cells such as neutrophils and monocytes/macrophages express multiple subclasses of Fc gamma
receptors that bind the Fc portion of IgG. When RF-containing immune complexes engage these activating
receptors, intracellular tyrosine kinases initiate signaling that leads to the assembly of the NADPH oxidase
(NOX2) complex on phagosomal or plasma membranes[ 197]. Activation of NOX2 drives the rapid one-electron
reduction of oxygen to superoxide, launching a cascade of secondary ROS including hydrogen peroxide, hydroxyl
radicals, and hypochlorous acid. In acute infection, this oxidative burst serves as a microbicidal defense. However,
chronic or repeated stimulation by persistent immune complexes pushes these pathways into a maladaptive state,
generating sustained extracellular ROS that damage tissue architecture, degrade extracellular matrix components,
oxidize lipids, and alter the function of circulating or cell-surface proteins[207. This contributes to a systemic
environment of oxidative imbalance.
Complement activation and oxidative injury
Similarly, the ability of RF immune complexes to activate the classical complement pathway intensifies oxidative
stress through multiple overlapping mechanisms[217]. The binding of C1q to IgG within the complex initiates the
cleavage of C4 and Cg2, culminating in the formation of C8 and C5 convertases. The resulting anaphylatoxins, C3a
and Cbsa, are strong chemoattractants and activators of neutrophils and monocytes, which respond by releasing
more ROS[227]. Complement activation also generates the membrane attack complex, which perturbs cell
membranes, increases intracellular calcium, and triggers mitochondrial stress responses that further augment ROS
production. Complement-coated complexes additionally enhance Fc receptor—driven signaling, producing a
synergistic amplification of oxidative pathways[237].
Mitochondrial dysfunction and intracellular redox imbalance
RF-induced inflammatory signaling extends into intracellular domains, particularly affecting mitochondrial
function[247]. Cytokines released during immune complex—mediated inflammation, such as IL-1, TNF-a, and
IFN-y, interfere with normal electron transport chain activity, promoting electron leakage and mitochondrial ROS
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formation. mtROS damage mitochondrial DNA, impair oxidative phosphorylation, and activate redox-sensitive
transcription factors that upregulate further inflammatory gene expression[257. This creates a self-reinforcing
loop: inflammation impairs mitochondrial function, mitochondrial dysfunction amplifies oxidative stress, and
oxidative stress sustains inflammatory pathways that drive continued RF production.
Protein and lipid oxidation, AGEs, and neo-epitope formation
Chronic exposure to elevated ROS results in widespread oxidative modification of biomolecules[267. Proteins
accumulate carbonyl adducts, lipids develop peroxidation products such as malondialdehyde and
4-hydroxynonenal, and nucleic acids undergo oxidative damage. These modifications generate new molecular
patterns that can be immunogenic[27]. In metabolic conditions characterized by hyperglycemia, oxidative stress
accelerates the formation of advanced glycation end-products, which stiffen extracellular matrix components and
activate inflammatory receptors such as RAGE[287]. RF-containing immune complexes may bind to glycated or
oxidized IgG, fostering the formation of additional immune complexes and perpetuating autoantibody responses.
Endothelial cell activation and vascular oxidative stress
The vascular endothelium is particularly vulnerable to RF-driven redox disturbances[297]. When endothelial cells
encounter immune complexes and complement activation products, they exhibit increased oxidative stress,
reduced nitric oxide bioavailability, and heightened expression of adhesion molecules and chemokines. This
enhances leukocyte adhesion and transmigration, initiating and sustaining vascular inflammation[ 307]. Superoxide
reacts with nitric oxide to form peroxynitrite, a highly reactive species that nitrates proteins, disrupts endothelial
signaling, and promotes vasoconstriction and vascular remodeling. Over time, this environment contributes to
endothelial dysfunction, stiffness of the arterial wall, and increased susceptibility to atherosclerosis and
thrombosis.
Clinical evidence linking RF to systemic oxidative burden
Clinical studies have reported higher levels of oxidative stress markers in RF-positive individuals, both in
rheumatologic populations and in extra-articular contexts[817]. RF positivity correlates with elevated circulating
protein carbonyls, lipid peroxidation products, and reduced antioxidant capacity in several cohorts.
Epidemiologically, RF-positive status associates with increased cardiovascular risk and mortality, independent of
classical risk factors, an effect plausibly mediated, at least in part, by oxidative vascular injury[327. In metabolic
disease, RF positivity has been linked to worse glycemic control and increased microvascular complications,
conditions where oxidative stress is a known driver.
Therapeutic and biomarker implications
If RF contributes to systemic redox imbalance, several therapeutic strategies become rational[337.
Anti-inflammatory and immunomodulatory interventions that reduce immune complex formation, B-cell activity,
or Fc receptor signaling may attenuate ROS generation. Agents that modulate complement activation could
reduce leukocyte recruitment and oxidative amplification. Concurrently, traditional antioxidant strategies
boosting glutathione, using small-molecule scavengers, or targeting mitochondrial ROS may complement
immune-targeted therapies to break the inflammatory-oxidative cycle[847]. Clinically, RF could be evaluated as
part of a multimodal biomarker panel to stratify oxidative risk and monitor responses to combined immunologic
and redox-directed therapies.
Research gaps and future directions
Despite mechanistic plausibility and associative clinical data, causality remains incompletely established[857]. Key
research priorities include longitudinal studies correlating RF titers and immune complex burden with dynamic
measures of oxidative stress and clinical outcomes; mechanistic in vitro and in vivo models dissecting FcyR
isoform—specific effects on ROS sources (NADPH oxidases versus mitochondria); and interventional trials testing
whether reducing RF (through B-cell depletion, tolerizing strategies, or Fc blockade) diminishes oxidative
biomarkers and improves organ-specific endpoints[867. Standardization of RF and oxidative stress assays will be
essential for comparability across studies.
CONCLUSION
Rheumatoid factor, beyond its diagnostic role in rheumatoid arthritis, appears to be an active participant in
processes that generate and sustain systemic oxidative stress. Through immune complex formation, Fc¢ receptor
engagement, complement activation, and downstream effects on mitochondrial and endothelial function, RF
fosters a pro-oxidative environment that can drive tissue injury and disease progression. Reframing RF as a
mechanistic contributor to redox imbalance opens new avenues for integrated therapeutic strategies that combine
immune modulation with targeted antioxidant interventions and prompts renewed research into its role as a
biomarker of oxidative burden.
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