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Osteoarthritis (OA) can no longer be labeled simply as a “degenerative” joint disease,
implying a wear-and-tear process driven almost solely by mechanical events. A growing
body of evidence supports the notion of an important role of both local and systemic
inflammation in promoting structural damage in OA joints, as well as pain and reduced
physical function (1). Numerous cytokines, chemokines, and other proinflammatory factors
have been identified in OA synovial fluid. These mediators can be produced by activated
synovial macrophages, which increase in number in OA, and also by joint tissue cells
including synovial fibroblasts, chondrocytes, and cells in the subchondral bone. In the knee
joint, the menisci and infrapatellar fat pad are additional sources of proinflammatory
mediators, including adiposederived adipokines from the fat pad. The local production of
inflammatory mediators in OA joints is thought to be the result of a cellular stress response
to joint and tissue injury, further promoted by the response to the release of damaged
proteins including matrix fragments produced by proteolytic enzymes.

Perhaps with the exception of obesity and metabolic syndrome (2), it has been more difficult
to explain an association of OA with systemic inflammation, as clinical signs and symptoms
typical of a systemic immune response are absent. However, a number of systemically
measured candidate markers of inflammation have been demonstrated to be associated with
symptoms or presence of disease in OA populations, though the data on their ability to
predict progression are mixed (3). Among them, serum levels of C-reactive protein and
hyaluronic acid have been the most studied (3-5).

In a report in this issue of Arthritis & Rheumatology, Attur and colleagues provide evidence
that systemic markers of inflammation may serve as prognostic and diagnostic biomarkers to
identify patients with symptomatic knee OA who are at greater risk of radiographic
progression (6). Their results using peripheral blood leukocyte (PBL) transcription patterns
and plasma eicosanoid levels to distinguish symptomatic knee OA cases from controls, and
to predict joint space narrowing (JSN) over 2 years, build on their previous finding of an
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association between PBL interleukin-1f (IL-1) transcript levels and progression of
radiographic OA in a single cohort (7). In the current study, the authors again demonstrated a
relationship between PBL IL-1p expression and JSN, in an expanded cohort from the one
reported previously. They then used adjusted analysis of receiver operating characteristic
curves to show the predictive value of IL-1f for the most rapid progressors (defined as JSN
>0.5 mm in 2 years). More importantly, their previous analysis was expanded to include
PBL tumor necrosis factor (TNF), cyclooxygenase 2 (COX-2), and prostaglandin E synthase
(PGES) expression levels, which revealed even stronger predictive value for PBL COX-2
expression and JSN, regardless of the rate of progression. Addition of IL-1p levels to
multivariate analyses did not add significantly more predictive value above that offered by
PBL COX-2 levels.

COX-2 is the inducible form of the cyclooxygenase enzyme, an important target of
nonsteroidal anti-inflammatory drugs. COX-2 is significantly up-regulated in leukocytes
after an inflammatory stimulus, and acts on arachidonic acid to produce eicosanoid lipid
mediators, specifically prostaglandins, prostacyclins, and thromboxanes. In addition,
arachidonic acid is metabolized by lipoxygenases, leading to production of intermediates,
including 15-hydroxyeicosatetraenoic acid (15-HETE), that are precursors for other
eicosanoids, the leuko-trienes. Together, eicosanoid metabolites of arachidonic acid have a
variety of effects on cells, including promotion of inflammatory signaling, cytokine
production, and leukocyte migration and stimulation. Eicosanoids are important mediators of
inflammatory pain.

In the current study by Attur et al (6), the results regarding PBL COX-2 transcript levels
were strengthened by further analysis of PBL expression of PGES transcripts, and plasma
levels of the eicosanoids PGE, and 15-HETE, in 3 separate symptomatic knee OA cohorts.
Mean PBL expression levels of PGES enzyme isoforms, measured by microarray analysis in
2 cohorts, were higher in patients with symptomatic knee OA from both cohorts compared
to nonarthritic controls. Elevated mean plasma PGE; levels were demonstrated in all 3
cohorts of OA patients compared to controls, and when PBLs were cultured ex vivo, OA
patient PBLs produced higher levels of PGE, than PBLs from controls. Finally, plasma
levels of 15-HETE were measured in 2 cohorts and in both, were higher in cases than
controls.

Taken together, the findings of increased PBL expression of messenger RNA (mMRNA) for 2
enzymes involved in arachidonic acid metabolism (COX-2 and PGES), along with elevated
peripheral levels of eicosanoid products of that metabolism (PGE, and 15-HETE), suggest
that leukocyte arachidonic acid metabolism is increased in OA. Using receiver operating
characteristic curve analysis, Attur et al went on to demonstrate that the PGE, and 15-HETE
lipid markers may have diagnostic value in distinguishing patients with symptomatic knee
OA from controls. Additional investigations comparing symptomatic knee OA to other
conditions causing knee pain will need to be performed before any clinical utility of this
measurement can be assumed. Future studies focusing on early-stage symptomatic knee OA
would be most helpful, given that distinguishing OA as a cause of knee pain is particularly
difficult before obvious radiographic changes are evident.
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With regard to predictive markers of OA progression, Attur et al used multivariate modeling
to investigate which variables were most strongly predictive of JSN progression in one of
their cohorts, which was followed up radiographically for 2 years. This revealed that plasma
15-HETE levels and PBL COX-2 mRNA levels correlated with JSN most strongly, and PBL
COX-2 expression added significant predictive value after controlling for age, sex, body
mass index (BMI), and Kellgren/Lawrence grade (8). These results are intriguing, and add to
the list of potential predictive biomarkers in OA. Joint alignment at the knee, an important
risk factor for progression of OA, was not accounted for in this analysis, so whether these
measurements add additional predictive value over measures of alignment cannot yet be
determined. Additionally, it cannot be determined from Attur and colleagues’ analysis
whether these measurements will perform similarly in other OA cohorts (i.e., early-stage or
preradiographic disease) or can be applied to OA at joints other than the knee. Therefore, the
assessments need to be repeated in other populations.

The focus on measures of PBL activity, by transcriptome profiling and ex vivo stimulation of
PBLs, in concert with plasma levels of metabolites of this activity is intriguing. Although
plasma levels of PGE, and 15-HETE determined in the current study may be confounded by
sources other than activated PBLS, the authors demonstrate relationships of similar
magnitude between JSN and plasma lipid mediators, PBL micro-somal PGES transcript
levels, and ex vivo PBL PGE, production, suggesting that the source of the measured lipids
may be activated PBLs. Another particularly interesting finding is the differential ex vivo
production of cytokines by PBLs from patients with OA. When ex vivo production of IL-1B
was categorized as above or below the median, patients with higher-than-median levels of
IL-18 mRNA had higher rates of JSN over 2 years. Differential activity of peripheral blood
cells has also been reported by other investigators (9,10). Lower production of I1L-1p, IL-6,
and IL-1 receptor antagonist by whole blood samples stimulated with lipopolysaccharide
was associated with absence of OA (evaluated in multiple joint sites) in an aged population
(10), while higher TNF and IL-10 production by peripheral blood cells was associated with
radiographic progression of knee OA (9). The authors of those reports attributed their
findings to genetic differences in innate production of cytokines by peripheral leukocytes.

Attur and colleagues suggest another possible explanation for differential PBL activity in
OA patients. They speculate that PBL cytokine production profiles may be a reflection of
local inflammation at joint sites where leukocytes are exposed repeatedly to inflammatory
stimuli, prior to trafficking back to the peripheral circulation where the consequences of
local stimulation can then be detected. Pools of activated precursors in the bone marrow are
also hypothesized to contribute.

Results of other studies support the idea that local inflammation in OA joints may be
reflected in systemically measured markers (i.e., C-reactive protein [11], plasma arachidonic
acid [12], soluble CD163 [13]). However, the possibility that patients with rapid progression
of JSN may be characterized by PBL populations that have a lower threshold for activation,
through other mechanisms not directly related to local inflammation, also needs to be
considered. Potential explanations for Attur and colleagues’ results include the impact of
genetic and epigenetic influences on cellular activation. Additionally, the potential for a
systemic influence on PBL inflammatory activity, for example in the setting of metabolic
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syndrome (2), needs to be determined. Although the authors did control for BMI in their
study, other measures of adiposity may convey more information regarding risk of metabolic
derangement (14). Dietary intake of fatty acids, another variable that could influence
inflammatory profiles of PBLs, was also not assessed. How much of the influence on PBL
activity in OA is local, and how much is systemic, remains to be further investigated in order
to gain full understanding of the relationship between these systemic measures of
inflammation and disease progression (Figure 1).

The potential for measurement of plasma PGE, and 15-HETE to distinguish symptomatic
knee OA cases and controls, and for measurement of PBL COX-2 or cytokine production to
predict radiographic progression, adds to the list of biomarkers of interest in OA (15). As
with other systemic inflammatory markers, specificity for OA should not be implied from
the findings reported by Attur et al since there was considerable overlap in plasma lipid
levels between patient and control groups. The microarray technique used for the
transcriptomic analysis in this study has the advantage of high-throughput capability, but
was not validated by more accurate measurements such as quantitative polymerase chain
reaction. However, the authors thoughtfully combined the microarray COX-2 expression
with measurement of plasma eicosanoid levels to strengthen their findings. Still, these
results need to be replicated in other populations. A measure of burden of disease, or number
of joints affected, was not accounted for in this population, and could influence systemically
assessed markers. Additionally, how comorbid conditions that are common in older OA
patients may influence PBL activity needs to be determined.

Despite many remaining questions, the current report strengthens the increasingly expanding
evidence challenging the historical categorization of OA as a strictly noninflammatory
disease. It highlights the importance of inflammatory mediators and pathways in OA
pathogenesis. Measurement of the inflammatory markers chosen in this study substantially
expands the list of biomarkers that may be useful in future clinical trials. That these markers
can be detected in peripheral blood significantly increases their practical utility to help
identify more rapid progressors, and potentially to categorize patients into subgroups with a
more inflammatory component to their disease, who might be expected to respond more
readily to antiinflammatory treatment approaches.
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Local and systemic factors that could contribute to systemic measures of inflammation in
knee osteoarthritis (OA). Inflammatory cells infiltrate the synovial tissues and fat pads of the

osteoarthritic joint to a variable extent. Infiltrating cells become activated locally by

inflammatory cytokines and adipokines within the joint. These cells, as well as soluble
products such as cytokines, can be taken up by local lymphatic vessels within the joint,

where they eventually may traffic back to the peripheral circulation and be detected
peripherally. A number of systemic factors may have an effect on the behavior of the

peripheral blood leukocyte pool. These include adiposity/metabolic syndrome through the
effects of soluble adipokines and lipid mediators, genetic or epigenetic heritable effects on
cellular activation, and biologically active molecules released from the joint that become
systemic from increased disease burden in patients with multiple joints affected by arthritis.

Additionally, the impact of aging and comorbidities, as well as dietary fatty acids, on

peripheral blood leukocyte activity should be considered.
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