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Abstract

Osteoarthritis (OA) is a prevalent joint disorder marked by progressive articular cartilage degeneration,
underlying bone changes, and joint inflammation. It primarily affects weight-bearing joints such as
knees, hips, and spine, significantly causing pain, disability, and diminished quality of life.
Inflammation takes a pivotal role in OA's origin and advancement. C-reactive protein (CRP), an acute-
phase reactant indicating systemic inflammation, has emerged as a potential biomarker and contributor
in this process. Elevated serum CRP levels reflect both systemic and synovial inflammation, offering a
valuable measure to assess disease severity and activity. A systematic literature search across databases
like Google Scholar, EBSCO, PubMed, Cochrane, and Web of Science yielded 3680 relevant
publications up to September 2022, Elevated CRP levels correlate with more pronounced radiographic
findings, encompassing joint space reduction and increased osteophyte formation, as well as declining
function over time. Moreover, elevated CRP levels correspond to intensified pain scores and escalated
analgesic needs. CRP's potential to bind with cartilage components like collagen and proteoglycans
might contribute to cartilage degradation. Furthermore, CRP activates immune cells and stimulates the
production of pro-inflammatory cytokines, chemokines, and matrix metalloproteinases, all of which
contribute to joint inflammation.
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Introduction

Osteoarthritis (OA) is a common joint disorder characterized by the progressive degeneration
of articular cartilage, changes in the underlying bone, and joint inflammation. It affects
millions of individuals worldwide and poses a significant healthcare burden. In recent years,
there has been growing recognition of the role of inflammation in the pathogenesis and
progression of OA. C-reactive protein (CRP), an acute-phase reactant and a marker of
systemic inflammation, has emerged as a potential biomarker and mediator in the disease
process. This review provides an overview of the background and significance of
osteoarthritis, the role of inflammation in its progression, and the involvement of CRP [,
Osteoarthritis is a multifactorial disease characterized by the breakdown of articular
cartilage, joint inflammation, and structural changes. It primarily affects weight-bearing
joints such as the knees, hips, and spine, and is a leading cause of pain, disability, and
reduced quality of life. The rising prevalence of OA is attributed to factors such as an aging
population, obesity, joint injury, and genetic predisposition. Understanding the underlying
mechanisms of OA is crucial for developing effective management strategies and potential
therapeutic interventions ™ 8. Inflammation plays a central role in the pathogenesis and
progression of OA. While OA was traditionally considered a degenerative disorder, evidence
suggests that inflammatory processes contribute significantly to disease pathophysiology.
Inflammatory mediators, including cytokines, chemokines, and matrix metalloproteinases
(MMPs), are elevated in OA joints and promote cartilage degradation, inflammation, and
joint damage. Synovial inflammation, characterized by the infiltration of immune cells and
increased pro-inflammatory cytokine production, further exacerbates joint inflammation and
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tissue destruction 2 3 5 8 C-reactive protein (CRP) is a
well-established biomarker of systemic inflammation and an
acute-phase reactant produced by the liver in response to
pro-inflammatory cytokines, notably interleukin-6 (IL-6).
Elevated levels of CRP have been observed in various
inflammatory conditions, including rheumatoid arthritis and
systemic lupus erythematosus. While traditionally regarded
as a marker of systemic inflammation, recent studies have
suggested that CRP may also play a direct role in the
pathogenesis of OA. Elevated CRP levels have been
associated with disease severity, progression, and joint pain
in OA patients. CRP can directly stimulate the production of
pro-inflammatory cytokines and induce the expression of
matrix metalloproteinases, contributing to cartilage
degradation and joint inflammation [ 7: 9. 101,

CRP and Osteoarthritis: The link

Synovial inflammation is a hallmark feature of osteoarthritis
(OA) and is closely associated with disease progression. The
synovium is a specialized tissue lining the joints and plays a
crucial role in joint homeostasis. In OA, synovial
inflammation is characterized by increased infiltration of
immune cells, such as macrophages and lymphocytes, along
with elevated levels of pro-inflammatory cytokines. C-
reactive protein (CRP), an acute-phase reactant, has been
found to be associated with synovial inflammation in OA
(11, Studies have shown a positive correlation between CRP
levels and synovial inflammation markers, such as synovial
fluid white blood cell count, synovial membrane thickness,
and synovial cytokine levels. The presence of synovial
inflammation is associated with increased disease severity,
joint pain, and functional impairment in OA patients.
Elevated CRP levels in the serum reflect the systemic
inflammation associated with synovial inflammation and
can serve as a valuable biomarker for assessing disease
activity and severity [*2. Radiographic assessment, such as
joint space narrowing and osteophyte formation, is
commonly used to evaluate the structural changes in OA.
Several studies have investigated the association between
serum CRP levels and radiographic severity in OA patients.
Elevated CRP levels have been correlated with more severe
radiographic findings, including greater joint space
narrowing and increased osteophyte formation ['3 141, These
findings suggest that CRP may serve as a useful biomarker
for predicting radiographic progression and structural
damage in OA. Serial measurements of CRP levels may
provide valuable information for monitoring disease
progression and response to therapeutic interventions %1, In
addition to its association with radiographic severity, CRP
has also been investigated as a predictor of disease
progression in OA. Longitudinal studies have demonstrated
that higher baseline CRP levels are associated with an
increased risk of disease progression, including joint space
narrowing and cartilage loss, over time. CRP has shown
predictive value in identifying patients who are more likely
to experience worsening symptoms, functional decline, and
the need for joint replacement surgery 6 171, The ability of
CRP to predict disease progression highlights its potential as
a prognostic marker in OA. Incorporating CRP
measurements into clinical practice may help identify
patients at higher risk of progression and facilitate
personalized treatment strategies [8l. Pain is the most
common symptom in OA and significantly affects patients'
quality of life. Growing evidence suggests a relationship
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between CRP and pain severity in OA. Studies have
reported a positive association between CRP levels and pain
intensity in OA patients, independent of radiographic
severity. Elevated CRP levels have been associated with
higher pain scores and increased analgesic requirements [,
The exact mechanisms underlying the association between
CRP and pain in OA are not fully understood. However, it is
hypothesized that CRP may directly contribute to pain
through the activation of inflammatory pathways and the
release of pain-modulating substances. Additionally, CRP-
induced inflammation and joint damage may lead to

sensitization of pain receptors, amplifying the pain response
[20]

Mechanisms of CRP in osteoarthritis

Interaction between CRP and cartilage components
C-reactive protein (CRP), an acute-phase reactant and
marker of systemic inflammation, has been implicated in the
pathogenesis of osteoarthritis (OA) through its interaction
with  cartilage components. Several studies have
demonstrated direct interactions between CRP and cartilage
matrix molecules, including collagen and proteoglycans 24,
CRP can bind to collagen type 11, the predominant collagen
in articular  cartilage, through calcium-dependent
interactions. This binding may facilitate the recruitment of
immune cells and the activation of inflammatory processes
in the joint. CRP can also interact with cartilage
proteoglycans, leading to enhanced cartilage degradation.
These interactions suggest that CRP may directly influence
the integrity and homeostasis of cartilage in OA 2% %1,

CRP-induced inflammation and joint degradation

CRP has been shown to induce inflammation and joint
degradation through various mechanisms. CRP can activate
immune cells, such as macrophages and neutrophils, leading
to the production of pro-inflammatory cytokines,
chemokines, and matrix metalloproteinases (MMPs). These
mediators contribute to the degradation of cartilage
components and the perpetuation of inflammation in the
joint. Moreover, CRP can stimulate the production of
reactive oxygen species (ROS) and nitric oxide (NO) in
chondrocytes, further promoting inflammation and tissue
damage. ROS and NO can initiate a cascade of events
leading to the breakdown of cartilage matrix molecules,
such as collagen and proteoglycans, and the activation of
inflammatory pathways 241,

Role of CRP in cartilage metabolism

CRP has also been implicated in the modulation of cartilage
metabolism in OA. Studies have shown that CRP can
directly influence chondrocyte function and matrix
synthesis. CRP can up sregulate the expression of catabolic
enzymes, such as MMPs, while down regulating the
expression of anabolic factors, such as collagen type Il and
aggrecan. Additionally, CRP can interfere with the signaling
pathways involved in cartilage homeostasis. It has been
shown to activate nuclear factor-kappa B (NF-xB), a key
regulator of inflammation, and inhibit the transforming
growth factor-beta (TGF-B) pathway, which plays a crucial
role in cartilage repair and maintenance 4. The
dysregulation of cartilage metabolism by CRP contributes to
the imbalanced catabolic and anabolic processes observed in
OA. This disruption of homeostasis leads to the progressive
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degradation of cartilage and the development of joint
pathology [?31.

Clinical implications of CRP in osteoarthritis

CRP as a diagnostic marker in OA

C-reactive protein (CRP) has been investigated as a
diagnostic marker in osteoarthritis (OA) to aid in the early
detection and accurate diagnosis of the disease. Several
studies have examined the association between CRP levels
and the presence of OA. Elevated CRP levels have been
found in patients with OA compared to healthy individuals,
suggesting its potential as a diagnostic marker [2°, However,
it is important to note that CRP is not specific to OA and
can be elevated in various inflammatory conditions.
Therefore, CRP alone may not be sufficient for a definitive
diagnosis of OA. Combining CRP measurements with other
clinical and radiological assessments can provide a more
comprehensive evaluation for diagnosing OA 2,

Predictive value of CRP in disease progression

CRP has shown promise as a predictive marker for disease
progression in OA. Several longitudinal studies have
demonstrated an association between baseline CRP levels
and subsequent disease progression. Higher baseline CRP
levels have been correlated with increased joint pain,
radiographic severity, and functional decline over time 7,
These findings suggest that CRP measurements can help
identify patients at higher risk of disease progression. Early
identification of individuals with elevated CRP levels may
enable proactive management strategies and interventions to
slow down or prevent disease progression 2],

Monitoring therapeutic response in CRP

CRP can also serve as a valuable tool for monitoring
therapeutic response in OA. The effectiveness of various
treatment modalities, such as non-steroidal anti-
inflammatory drugs (NSAIDs), disease-modifying anti-
rheumatic  drugs (DMARDs), and intra-articular
corticosteroid injections, can be evaluated by monitoring
changes in CRP levels over time . A decrease in CRP
levels following treatment may indicate a favorable
response to therapy, while persistent or elevated levels may
suggest a lack of response or the need for alternative
treatment strategies. Regular monitoring of CRP levels can
provide clinicians with objective data to guide treatment
decisions and optimize patient outcomes (9.

CRP and comorbidities in OA

Osteoarthritis is often associated with various comorbidities,
such as cardiovascular disease, metabolic syndrome, and
obesity. CRP, as a marker of systemic inflammation, has
been implicated in the development and progression of these
comorbidities 1, Elevated CRP levels in OA patients have
been associated with an increased risk of developing
cardiovascular  disease and  metabolic  syndrome.
Furthermore, high CRP levels have been linked to increased
pain severity, functional impairment, and poorer outcomes
in individuals with OA and comorbidities 2.

Therapeutic opportunities and future directions
Targeting CRP for disease management

Given the emerging evidence regarding the role of C-
reactive protein (CRP) in the pathogenesis and progression
of osteoarthritis (OA), targeting CRP may offer potential
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therapeutic benefits for disease management. Strategies
aimed at reducing CRP levels or inhibiting its downstream
effects could help alleviate inflammation, cartilage
degradation, and associated symptoms in OA patients [,
One approach to targeting CRP is through lifestyle
interventions. Lifestyle modifications, such as weight loss
and exercise, have been shown to decrease CRP levels in
individuals with OA. By promoting weight reduction and
physical activity, these interventions can help reduce
systemic inflammation and potentially improve OA
outcomes B4, Another potential avenue for targeting CRP is
through pharmacological interventions. Anti-inflammatory
drugs, such as non-steroidal anti-inflammatory drugs
(NSAIDs) and disease-modifying anti-rheumatic drugs
(DMARDs), have been shown to reduce CRP levels in
various inflammatory conditions. However, their specific
effects on CRP in OA require further investigation %],

Modulation of CRP levels as a therapeutic strategy
Modulating CRP levels directly or indirectly represents a
therapeutic strategy for managing OA. Several approaches
have been proposed to achieve this, including:

Targeting pro-inflammatory cytokines

Inhibiting the production or activity of pro-inflammatory
cytokines, such as interleukin-6 (IL-6), can lead to
decreased CRP synthesis. IL-6 inhibitors, such as
tocilizumab, have shown promise in reducing CRP levels
and improving clinical outcomes in inflammatory diseases.
Further research is needed to explore their potential efficacy
in OA B¢l Modulating CRP synthesis: Identifying agents
that can specifically modulate CRP synthesis may provide
therapeutic opportunities. For example, certain natural
compounds, such as curcumin, have been shown to suppress
CRP production in inflammatory conditions. Developing
targeted therapies that specifically inhibit CRP synthesis
may offer a novel approach for managing OA 7. Targeting
CRP receptors: CRP exerts its effects by binding to specific
receptors, such as Fcy receptors and pentraxins receptors.
Modulating these receptors could potentially influence CRP-
mediated inflammatory responses. Further research is
needed to elucidate the role of these receptors in OA and
explore their therapeutic potential (21,

Potential of CRP as a pharmacological target
Considering the direct involvement of CRP in OA
pathogenesis, CRP itself could be a pharmacological target.
Therapeutic strategies aimed at neutralizing or blocking
CRP activity may help reduce inflammation and cartilage
degradation %1, Monoclonal antibodies targeting CRP have
shown promise in preclinical studies and other inflammatory
diseases. However, their potential efficacy and safety in OA
need to be thoroughly investigated ],

Future research directions

Future research directions should focus on addressing key
knowledge gaps and exploring the therapeutic potential of
targeting CRP in OA. This includes:

Conducting clinical trials

Well-designed clinical trials are needed to assess the
efficacy and safety of interventions targeting CRP in OA.
These trials should evaluate the impact of interventions on
CRP levels, disease activity, pain, joint function, and
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structural  outcomes . Elucidating  underlying
mechanisms: Further studies are required to unravel the
molecular ~ mechanisms  underlying = CRP-mediated
inflammation and cartilage degradation in OA. This will
provide a better understanding of the potential therapeutic
targets and strategies for CRP modulation 1,

Developing CRP-specific interventions

The development of CRP-specific inhibitors or modulators
that can effectively block or reduce CRP activity without
significant off-target effects is warranted. This may involve
the design of small molecules, peptides, or other agents
targeting CRP synthesis, receptors, or downstream signaling
pathways [“2. Assessing long-term outcomes: Long-term
studies are needed to evaluate the sustained effects of
interventions targeting CRP in OA. These studies should
assess not only the clinical outcomes but also structural
changes, disease progression, and the impact on
comorbidities associated with OA 3. In conclusion,
targeting CRP represents a promising approach for
managing OA. Strategies aimed at reducing CRP levels or
modulating its activity could help alleviate inflammation,
cartilage degradation, and associated symptoms. Future
research should focus on conducting well-designed clinical
trials, elucidating underlying mechanisms, developing CRP-
specific interventions, and assessing long-term outcomes to
fully explore the therapeutic potential of targeting CRP in
OA.

Conclusion

In this comprehensive review, we have explored the role of
C-reactive protein (CRP) in osteoarthritis (OA) and its
implications for disease management. The key findings can
be summarized as follows:

Background and Significance of Osteoarthritis

OA is a prevalent joint disorder characterized by cartilage
degeneration, inflammation, and functional impairment.
Inflammation plays a critical role in disease progression ™,
Inflammatory mediators contribute to cartilage degradation
and joint damage in OA. Synovial inflammation perpetuates
the inflammatory response @, CRP is an acute-phase
reactant and a marker of systemic inflammation. It is
produced by the liver in response to pro-inflammatory
cytokines, particularly interleukin-6 (IL-6) [, Elevated CRP
levels have been associated with disease severity,
progression, and pain in OA patients [1% CRP has been
shown to be associated with synovial inflammation in OA.
Elevated CRP levels correlate with markers of synovial
inflammation and disease severity 2. Higher CRP levels
have been correlated with more severe radiographic
findings, including joint space narrowing and increased
osteophyte formation 31, Elevated CRP levels at baseline
are associated with an increased risk of disease progression
in OA, including joint space narrowing, cartilage loss, and
functional decline over time [l CRP levels have been
positively associated with pain intensity in OA patients,
independent of radiographic severity. Elevated CRP levels
are linked to higher pain scores and increased analgesic
requirements [, CRP can bind to collagen and
proteoglycans in the cartilage, potentially contributing to
cartilage degradation and joint inflammation @4, CRP
activates immune cells and stimulates the production of pro-
inflammatory  cytokines, chemokines, and matrix
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metalloproteinases,  which  contribute to cartilage
degradation and joint inflammation . CRP can disrupt
cartilage metabolism by upregulating catabolic enzymes and
downregulating anabolic factors. It can also interfere with
signaling pathways involved in cartilage homeostasis 24,
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