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Editorial

Coronary Atherosclerosis in Rheumatoid Arthritis:
Could Endothelial Progenitor Cells Be the Missing Link?

Patients with rheumatoid arthritis (RA) have a reduced life
expectancy of 5–10 years1, largely driven by its association
with an increased risk of cardiovascular disease (CVD),
which accounts for about half of all deaths in patients with
RA2. The reasons for such a disproportionately high risk
compared to the general population are not yet fully under-
stood, but conventional risk factors alone do not appear to
fully account for the difference3. It follows that convention-
al CV risk stratification tools, such as the Framingham risk
score, used so widely in primary prevention in the general
population, may not be as well suited for use in patients with
RA.

Arguably the most appropriate algorithm of CV risk
assessment for this cohort of patients may be the Reynolds
risk score, which includes the measurement of high sensi-
tivity C-reactive protein (CRP), reflecting the underlying
inflammatory nature to atherosclerosis4. Another tool to
improve coronary risk stratification is coronary artery calci-
um (CAC) scoring by computed tomography, which has
gained popularity in recent years. High CAC scores have
been associated with an increase in all-cause mortality5, and
patients with RA have a higher prevalence and a greater bur-
den of coronary calcification than non-RA controls.
Therefore, its application for measuring subclinical athero-
sclerosis in this patient cohort could be utilized. However,
pathophysiological links between arterial calcium deposi-
tion and atherosclerotic plaque formation are not complete-
ly clear, and clinical utility of CAC as well as the Reynolds
risk score as a risk stratification tool has not been well vali-
dated in RA patients; therefore, the challenge of trying to
predict patients who are most at risk continues6.

The process of atherogenesis has been fundamentally
linked to endothelial injury unbalanced by appropriate
endothelial recovery, which appears to be at least partly
attributable to the impairment of mobilization and function
of endothelial progenitor cells (EPC)7-9 It has been suggest-
ed that the number of circulating EPC may serve as a mark-
er of CV risk10. Indeed, reduced levels of EPC have been
shown to be associated with increased incidence of coronary
artery disease, CV events, and death from CV causes, inde-
pendent of conventional risk factors11,12. Moreover, levels
of EPC have been shown to be a better predictor of endothe-

lial dysfunction (measured by flow-mediated brachial reac-
tivity) than the Framingham risk score13. However, in con-
trast, some have reported an increase in the number of EPC
in stable patients, proportional to the severity of coronary
disease on coronary angiography14. Therefore, whether
EPC correlate positively or negatively with CVD is seem-
ingly more complex. Some of this inconsistency may be
due to the current controversy surrounding the definition of
EPC and the possibility that investigators use different
methodological techniques to identify them.

There are two fundamental techniques to study EPC.
First, flow cytometry has been used to quantify EPC based
on cell surface markers, including CD34 (found in both
immature endothelial cells and hematopoietic stem cells),
KDR (kinase insert domain receptor on endothelial cells for
vascular endothelial growth factor, VEGF), and CD133
(expressed on hemopoietic stem cells). Unfortunately, the
theory that these markers identify EPC is open to criticism,
not least because these antigens are also expressed on sub-
populations of hematopoietic progenitor cells and also
because it presumes that these cells will differentiate into
functional endothelium. A second technique, cell culture, is
useful for evaluating functionality of these putative EPC
compared with differentiated endothelial cells. Using a
human endothelial cell-specific angiogenesis assay, 2 func-
tionally distinct populations of cells have been grown from
mononuclear cells, classified according to the time at which
they appeared in culture15.

The first to appear, so called “early” EPC, express CD14
(monocyte marker) and CD45 (common leukocyte marker)
and do not form new vessels de novo but seem to facilitate
angiogenesis in a paracrine fashion by the release of
chemokines. For this reason, some have renamed them cir-
culating angiogenic cells. They typically appear as early as
at 3 days in culture, have limited proliferative potential, and
disappear after 2 weeks. These early cells have been identi-
fied in many previous studies by the use of the colony form-
ing unit-endothelial cell assay and some would argue that
this technique should no longer be used to study EPC. The
second group, late outgrowth endothelial cells (OEC), have
powerful long-lasting proliferative capacity resulting in for-
mation of functional mature endothelium and neovessel for-
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mation, hence representing “true” EPC. Such OEC colonies
grow from a very rare subset of CD34+ CD14-negative
CD45-negative cells and express KDR. Importantly, highly
purified CD133+ cells have been unable to generate OEC in
culture16. In the current absence of an identifiable specific
surface marker for EPC, cells defined solely by the presence
of CD34, KDR, and CD133, without comment on function-
ality, might be regarded as stem cells that are involved in the
angiogenesis pathway, but may not necessarily go on to
form the endothelium itself.

RA is a systemic inflammatory condition and associates
with high levels of pro-angiogenic markers, such as
VEGF17. Thus, it could be hypothesized that levels of EPC
would be higher among patients with RA. Interestingly,
Grisar, et al observed that CD34+KDR+CD133+ cells were
significantly decreased in patients with active RA compared
to those with low disease activity, and healthy controls18. In
those with active disease, disease modifying antirheumatic
drugs had no impact on EPC levels, but patients receiving
anti-tumor necrosis factor (TNF) therapy had comparable
numbers to those with low disease activity and healthy con-
trols. Regardless of whether or not these triple positive cells
truly represent EPC, the negative correlation may be impor-
tant given their proven association with unfavorable CV
prognosis.

In this issue of The Journal, Yiu, et al19 attempt to close
the triangle of association between RA, subgroups of EPC,
and coronary atherosclerosis. Their study compared 70
patients with RA (without established CVD) to 35 age and
sex matched healthy controls. All subjects underwent CAC
score measurement and flow cytometry to identify EPC sub-
populations. Four subpopulations of EPC were defined:
CD34+, CD34+/KDR+, CD133+, CD133+/KDR+. Just
over one-fifth (21%) of RA patients had coronary athero-
sclerosis (defined as calcium score ≥ 10 Agatston units).
There were no significant differences in EPC subgroups
between RA patients and controls, possibly related to the
low disease activity, measured by CRP. However, in those
RA patients who had significant coronary atherosclerosis
the numbers of CD133+ and CD133+/KDR+ cells were sig-
nificantly lower than in those without coronary atheroscle-
rosis (p < 0.01). In addition, older age and lower
CD133+/KDR+ were identified as independent predictors
of coronary atherosclerosis.

However, the potential for using EPC as a surrogate
marker for coronary artery disease highlighted by Yiu, et
al19 may be hampered by some perplexity surrounding EPC.
Much of this is driven by the disagreement as to what actu-
ally constitutes an EPC. Flow cytometry has the disadvan-
tage of measuring only surface markers, which can be pres-
ent on other cell lineages, while cell culture is complex and
time-consuming. While Yiu, et al19 may claim that CD133+
cells are immature EPC, this could be challenged in the light
of the evidence presented earlier, namely that they are more

likely to be stem cells involved in angiogenesis by releasing
angiogenic factors that provide the building material for the
repopulation of dysfunctional endothelium.

Another potential limitation of their study is that not all
atherosclerotic plaques are calcified. Indeed it has been sug-
gested that RA patients have more vulnerable plaques
despite less extensive atherosclerotic burden overall20. This
is something that a CAC score would not identify, and fur-
ther research is needed to establish the relation of the score
with future CV events in patients with RA.

Regardless of the semantics surrounding EPC definition,
Yiu, et al19 have suggested a potential link between the
depletion of CD133/KDR+ cells and coronary atherosclero-
sis in patients with RA. There are — of course — more
questions than answers. It is not clear whether reduced EPC
contribute to the pathophysiology of atherosclerosis or are
depressed by some overwhelming causative factor, which
also contributes to the coronary artery disease itself.
CD133+ cells were particularly depressed in RA patients
with coronary atherosclerosis while CD34+ cells were unaf-
fected. This contrasts with previous work in the general pop-
ulation showing CD34+/KDR+ EPC levels to be signifi-
cantly negatively correlated with carotid intima-media
thickness, another surrogate of atherosclerosis, in healthy
subjects21. Perhaps CD133+ cells are in some way preferen-
tially targeted in patients with RA and coronary atheroscle-
rosis. If so, the mechanism at this stage is far from clear.
Biological agents such as anti-TNF therapy appear to
increase EPC levels in RA, but the impact on coronary ath-
erosclerosis is unclear and needs to be addressed. What is
clear is that RA is associated with increased CVD, and risk
stratification is often difficult because standard tools have
not been validated for this patient cohort. The use of a bio-
marker, such as EPC, may be attractive and may help to
identify RA patients at high risk for coronary artery disease,
allowing for a more aggressive risk-reducing strategy.
Equally exciting might be the promise of possibly manipu-
lating EPC through stem cell treatment, perhaps reducing
atherosclerotic burden in patients most at risk22. Further
work in this area is clearly needed.
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