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D uring the past few years, evidence
has accumulated that implies the
presence and activation of mech-

anisms common to both atherosclerosis
and rheumatoid arthritis. Points that sup-
port this correlation are the existence of
systemic and chronic inflammatory reac-
tions in both diseases, and the fact that the
therapeutic approaches to both conditions
have common denominators, such as the
use of aspirin in recent years and the pre-
sent use of statins. 

The similarities between atherosclero-
sis and rheumatoid arthritis mainly stem
from the activation of the cellular networks
of the immune system. In both disorders,
macrophages are activated to produce tu-
mour necrosis factor alpha (TNF-·), in-
terleukin (IL)-6 and matrix metalloprotei-
nases, T-cells express more soluble IL-2
receptors, the ratio of T-helper lymphocy-
tes (Th-cells), Th1/Th2, is shifted, and B-
cell activation leads to induction of auto-
antibodies targeting oxidised low density
lipoproteins (oxLDL) and heat shock pro-
tein (HSP). Furthermore, levels of C-re-
active protein (CRP) and endothelin are
heightened, adhesion molecules (VCAM-
1, ICAM-1, E-selectin, P-selectin) are rea-
dily expressed, and neutral and lysosomal
enzymes are locally secreted that disrupt
collagen and similarly destabilise athero-
sclerotic plaques and articular structures. 

The immunomodulatory effects of sta-
tins in various autoimmune diseases apply
equally well to cardiovascular disease, in
which a surprisingly similar immune dys-
regulation is observed. Indeed, the inflam-
matory component of atherosclerosis, cha-
racterised by increased production of in-
terferon-Á by T-cells, has led immunolo-
gists to suggest that atherosclerosis should
be added to the list of organ-specific autoim-
mune diseases.

A major challenge of contemporary me-
dicine is to break the traditional compart-
mentalisation that frequently separates ap-
parently different fields. This holds true for
basic biochemical mechanisms as well as
for the practice of clinical medicine. Unex-
pected connections between different areas
of medicine may turn out to be of great in-
terest. A link between molecular immuno-
logy and cardiology practice, as will be pre-
sented in this review, is an example of such
a connection.

The present review highlights the role
of a subpopulation of T-lymphocytes, the
CD4+CD28null cells, which has recently been
implicated in the development of acute co-
ronary syndromes in patients with unsta-
ble angina, and also in the increased car-
diovascular morbidity and mortality of pa-
tients with rheumatoid arthritis. The re-
sults of studies on the administration of sta-
tins in these diseases and their immuno-
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modulatory effects, which seem to be mediated via ef-
fects on T-cells, are discussed.

CD4+CD28null ∆-lymphocytes

Activation of T-lymphocytes (T-cells) requires two sig-
nals from the antigen-presenting cells (∞PCs). The first
signal is the attachment of the ∆-cell receptor to the
antigen molecule, which is secured to an ∞PC through
a major histocompatibility (MHC) class II molecule
through which antigenicity is provided. The second sig-
nal is mediated by costimulating molecules, of which
the B7 protein family appears to be the most efficient.1

The costimulative pathway of the B7 family includes at
least two molecules present on APCs, B7-1 (CD80) and
B7-2 (CD86), which respectively interact with the
CD28 and CTLA-4 receptors on the surface of T-cells.2

Interaction of the CD28 receptor with the B7-1
molecule induces T-cell activation and clonal expan-
sion.3-7 On activation, naïve CD4+ T-cells evolve into
at least two different types of Th-cells: Th1 cells, which
secrete IL-2, interferon-Á (IFN-Á) and TNF-·, and
Th2 cells, which secrete the interleukins IL-4, IL-5
and IL-10. The type of Th-cell produced will determine
the course of the immune response.8 The Th1-cells
mediate cellular inflammatory responses and tissue
destruction and participate in the pathophysiology of
autoimmune diseases, such as rheumatoid arthritis
and inflammatory vascular disease.9 The Th2-cells
mediate humoral immune responses and simultane-
ously decrease the magnitude of the Th1-cell inflam-
matory response. Differentiation of immature CD4+

T-cells into Th1 or Th2 is affected by the type of APC
that interacts with them, the presence of costimulato-
ry molecules, the intensity of the T-cell receptor stim-
ulation and the cytokine profile during the first steps
of immature CD4+ T-cell stimulation.8

Although the CD28 receptor is consistently ex-
pressed on the T-cell surface, it has been noted that its
expression decreases with chronic infection and with
aging.10-12 At ages over 65, about 50% of the total pop-
ulation of CD4+ T-cells is composed of CD4+CD28null

cells.13 The CD4+CD28null T-cells are uncommon in
healthy persons and may represent 0.1-2.5% of the total
T-cell population.14 In contrast, high counts of these
cells are found in patients with unstable angina and
rheumatoid arthritis with extraarticular manifesta-
tions.15-18 In such cases they acquire inflammatory ca-
pacity and participate in the pathogenesis of autoimmu-
nity, or else they take on the features of Th1-cells. The
CD4+CD28null T-cells that are isolated from patients

G. Rammos, D. Kondomerkos

166 ñ HJC (Hellenic Journal of Cardiology) 

with rheumatoid arthritis (RA) are autoreactive18 pro-
duce large amounts of IFN-Á,19 which is typical of the
immune response of a Th1 cell.20 The CD4+ CD28null ∆-
cells are characterised by the prevalence of the ∆h1
phenotype, are oligoclonal and derive from persistent
antigenic stimulation. The antigens responsible for
such long-lasting stimulation are probably from mi-
croorganisms that chronically infect a host or other-
wise may be products of a chronic stimulation of the
immune system, such as human HSP 60 or oxLDL.15

The CD28null T-cells  have  a “memory  phenotype”
(CD45RO+), are long-lived, create large oligoclonal
populations, resist apoptosis and present features of an
aged immune system.12,21-23

The killer immunoglobulin-like receptors (KIRs)
are a family of receptors that recognise the MHC ty-
pe I molecules and are usually expressed on the sur-
face of natural killer (NK) cells.24 The family of KIRs
includes inhibitory and stimulatory receptors. Inhi-
bitory KIRs, after linking to the proper MHC class I
molecule, activate the SHP-1 phosphatase,25 which in
turn inactivates the stimulatory receptor signal trans-
duction, thus inhibiting the NK cell cytotoxic function.
This observation argues for the “missing-self” hypoth-
esis, in which the function of inhibitory KIRs is to re-
cognise self-MHC class I molecules and to prevent
self-directed NK cell cytotoxicity.26 This implies that
inhibitory KIRs promote self-tolerance by depressing
the immune response provoked by stimulatory recep-
tors.27 The stimulatory KIRs possess a transmembra-
ne molecule (DAP12) that activates members of the
Syk family of protein tyrosine kinases, resulting in ex-
tracellular signal-regulated kinase (ERK) activation,
calcium mobilisation, and NK cell cytotoxicity.28

Apart from NK cells, KIRs are expressed almost
exclusively on CD4+ and CD8+ T-cells that have lost
CD28 molecule expression.29 The CD28- T-cells that
express KIRs are resistant to apoptosis and long-lived.30

The gene expression profile in CD28- T-cells also in-
cludes other types of genes that are normally expressed
on NK cells but not on T-cells.31 The possibility exists of
region-specific gene activation in CD4+ CD28null T-cells.
If this is correct, the functional phenotypes of CD4+

CD28null T-cells in healthy individuals in patients with
RA and in patients with acute coronary syndromes
(ACS) could represent different stages of a differenti-
ation program, which ranges from the circumstantial
expression of KIRs in healthy individuals, to frequent
expression in RA patients, to the co-expression of
DAP12 and KIR in ACS patients.32 An observation
that supports this view is that patients with severe RA



have a high risk of developing vasculitis; the KIR2DS2
gene and its HLA-C ligand have been identified as
risk factors for rheumatoid vasculitis.33 The similari-
ties in the immunoregulatory defects between patients
with RA and ACS imply common pathogenetic me-
chanisms in these two syndromes.34 Possibly, the ex-
pression of KIRs in T-cell subsets is predetermined
and does not represent an untoward effect of cell ag-
ing or T-cell maturation. It has been shown that the
transcriptive machinery of naïve T-cells is fully e-
quipped to transcribe KIR genes, although it is dif-
ferent from that of NK cells.35 These data support
the hypothesis that the expression of KIRs in ∆-cells
is controlled by epigenetic mechanisms and does
not require complex alterations of transcription fac-
tors.

The CD4+CD28null T-cells in unstable angina and rupture
of the atherosclerotic plaque 

The ACS, which include unstable angina and acute my-
ocardial infarction, represent acute complications of
coronary artery atherosclerosis.32 The presence of a
fragile site on the surface of the atheromatous plaque
that is prone to disruption, and of an appropriate stimu-
lus, lead to plaque rupture and initiation of an ACS.36

Histological studies prove that activated T-lymphocytes
and macrophages accumulate at the plaque shoulder,
which is the point of least resistance to disruption.37,38

In regard to the role of T-lymphocytes in coronary
artery disease, Liuzzo et al have shown the presence of
CD4+CD28null T-cells in a group of patients with unsta-
ble angina, while in patients with stable angina these
cells were almost absent.39 Clonal expansion of the
CD4+CD28null T-cells in patients with unstable angina
is accompanied by production of IFN-Á and inflamma-
tory activity. The activation of monocytes in the plaque
microenvironment could be attributed to the secretion
of IFN-Á by the CD4+CD28null cells.20,39 In turn, mono-
cyte activation could promote the expression of acute
phase proteins40 that contribute to the pathogenesis of
ACS.41 The CD4+CD28null cells represent inflammato-
ry cells that are capable of causing tissue destruction,
since they can migrate from the vascular circulation to
the tissues.17 The migration of CD4+CD28null T-cells to
the atheromatous plaques may cause a series of devas-
tating events, such as the IFN-Á-induced activation of
metalloproteinase-secreting macrophages, which re-
sults in the rupture and detachment of the fibrous cap
of the plaque.37,39,42 Apart from their capability to se-
crete IFN-Á, they also express the cytolytic proteins per-
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forin and granzyme B,43 which participate in the reduc-
tion of the thickness of the atheromatous plaque. There-
fore, it is possible that the CD4+CD28null cells directly
contribute to the destabilisation and rupture of the athe-
roma in many ways. 

The CD4+CD28null T-cells of patients with ACS
commonly coexpress stimulatory KIRs (CD158j) with
the DAP12 molecule. The CD4+ T-cells that coexpress
CD158j and DAP12 promote cellular activation, by-
passing the requirement of T-cell receptor signalling
after exogenous antigen stimulation, and thus respond
to the endogenous signals of their own microenviron-
ment and to self-structures.32

The acquisition of CD158j and its signalling protein
DAP12 offers cytolytic capability to the CD4+CD28null

∆-cell. The CD158j+DAP12+CD4+ T-cells have been
found exclusively in patients with ACS.32 Preliminary
data concerning plaque ∆-cells collected during angio-
plasty show that DAP12+CD4+ T-cells gather at the
unstable lesion. Signalling through CD158j will bypass
the need for T-cell receptor signalling and induce en-
dothelial cell lysis. It has been proposed that deviant ex-
pression of LRC-encoded genes on CD4+ T-cells can
break self-tolerance, a mechanism possibly contributing
to T-cell-mediated damage of the atherosclerotic pla-
que.32 Deviant expression of stimulatory KIRs obvious-
ly jeopardises self-tolerance.

The CD4+CD28null T-cells in rheumatoid arthritis

Autoimmune responses induced by T-cells play an im-
portant role in RA.44 Patients with RA with multiartic-
ular involvement and extraarticular manifestations bear
the CD4+CD28null T-cell subset.3 The suppression of
CD28 nuclear transcription in RA may be due to expo-
sure to chronically increased levels of TNF-·, since the
administration of an anti-TNF-· therapy will restore
the expression of CD28 receptor.45 The presence of a
significant number of CD4+CD28null T-cells may divert
the immune response to the activation of Th1 lympho-
cytes, the production of IFN-Á, and the involvement of
protease-secreting macrophages that will disrupt the ex-
tracellular matrix and erode the inflamed joints in RA
patients.3 Also, it has been reported that these cells are
characterised by cytolytic activity, due to the secretion
of the proteins perforin and granzyme B.31 A higher in-
cidence of CD4+CD28null cells corresponds to a higher
risk of extensive articular erosion in patients with RA.3

RA can be correlated with the early development
of atherosclerosis and increased cardiovascular mor-
tality.46,47 Although some conventional risk factors for



cardiovascular disease may be involved, it is believed
that the chronic, systemic inflammatory reaction plays
a predominant role in the development of accelerated
atherosclerosis in RA patients. Typical atherosclerot-
ic disease, which is also considered a chronic inflam-
matory disorder, presents many similarities to RA,48

one of which is the detection of CD4+CD28null cells in
a subgroup of patients with RA.15,16 Since the CD4+

CD28null present potent inflammatory activity and a
capability to induce tissue destruction, it has been pro-
posed that they promote atherosclerotic processes
and the development of cardiovascular disease in RA
patients.15,17,48

In a study of patients with RA who lacked apparent
cardiovascular disease, the population of CD4+ CD28null

cells was correlated with indices of preclinical athero-
sclerotic disease.49 The group of patients with RA and
clonal expansion of the CD4+CD28null cells had disor-
ders of flow-mediated vasodilation and increased ca-
rotid artery intima-media thickness, compared to the
group of RA patients without circulating CD4+ CD28null

cells. This implies that the particular T-cell subset is
partially involved in the development of early athero-
sclerotic lesions.49

The de novo expression of KIRs on CD4+ T-cells
was initially shown in patients with RA.50 The CD4+

CD28null T-cells of patients with RA express KIRs, with
a preferential expression of the stimulatory receptor
CD158j. Individuals carrying the KIR2DS2 gene, which
encodes the CD158j molecule, are at greater risk of de-
veloping RA-associated vasculitis.33 The expression of
stimulatory KIRs on CD4+CD28null T-cells is related to
autoimmunity, providing costimulatory signalling in the
absence of professional APCs.51 This form of costimu-
lation seems to play a significant role in the pathogene-
sis of RA, in which the CD4+ T-cells express various
regulatory molecules that induce INF-Á production and
T-cell proliferation.52

In T-cell clones of RA patients, it has been shown
that CD158j selectively activates the c-Jun NH2-ter-
minal kinase (JNK) signalling pathway independently
of the adaptor molecule KARAP/DAP12, after stim-
ulation of the T-cell receptor.28 Activation of the JNK
pathway by CD158j led to activation of c-Jun, a com-
ponent of the transcription factor AP-1, which is known
to bind to the IL-2 promoter as well as to the IFN-Á pro-
moter.53,54 It has been proposed that, through this JNK
pathway, the CD158j receptor induces inflammation
in RA and ACS, by regulating the effector functions of
CD4+CD28null T-cells.28 CD158j on cytotoxic CD4+ T-
cells does not induce or augment a cytotoxic T-cell re-
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sponse, raising the possibility that the signalling path-
ways of stimulatory KIRs in T-cells and NK cells are
different.28 This would explain why CD158j does not
induce any calcium flux and cannot induce cytotoxic ac-
tivity in CD4+CD28null T-cells in RA.55

The KIR+CD4+ ∆-cells in RA and ACS have sim-
ilar phenotypes and functional features, but are not the
same. In RA, the CD158j+CD4+ ∆-cells are not cy-
totoxic after CD158j stimulation, and fail to express the
DAP12 gene.32,55 In contrast, in ACS the CD4+CD28null

T-cells possess both DAP12 and CD158j, thus being
cytotoxic. In ACS, the cytotoxicity mediated by the
KIR-expressing  T-cells  is  in  part  responsible  for
smooth muscle cell apoptosis and plaque instability
(Figure 1).32

The immunoregulatory role of statins

The family of 3-hydroxy-3-methylglutaryl coenzyme A
(HMG-CoA) inhibitors, known as statins, are used to
control increased levels of cholesterol, with a proven
clinical benefit in primary and secondary prevention
of cardiovascular disease.56 However, statins may also
prove beneficial in the treatment of autoimmune dis-
orders.57 It has been reported that the administration
of pravastatin to heart transplant recipients was asso-
ciated with a significant decrease in organ rejection
cases and increased survival, independently of its ac-
tion on blood cholesterol levels.58 Since then, data have
accumulated concerning the anti-inflammatory and
immunosuppressive function of statins.

Statins bind to the HMG-CoA reductase, leading
to competitive displacement of the natural substrate,

Figure 1. The functional and structural differences in CD4+CD28 null

T-cells between rheumatoid arthritis (R∞) and acute coronary
syndromes (ACS). Further details provided in text. 



HMG-CoA, thereby inhibiting its catalytic conversion
to L-mevalonate.59 Mevalonate is a precursor not only
to cholesterol synthesis, but also to intermediary lipid
donors that are important for the isoprenylation of
GTP-binding proteins, such as RhoA and RhoB.60

These small GTPases require lipid modifications for
membrane tethering and subsequent interaction with
downstream effector cascades. Only then are they ca-
pable of regulating cellular functions, which include
cell survival, proliferation, differentiation and cyto-
skeletal organisation.61 As a result of their isopreny-
lation requirements, GTPases are targets of statin ther-
apy.

The mechanisms through which statins exert their
immunosuppressive activities are set out in the follow-
ing paragraphs. 

Anergy of T-cells

Anergy imposes immune tolerance by rendering au-
toreactive cells functionally inactive. It was found that
an induction of T-cell anergy following the in vitro ap-
plication of atorvastatin was accompanied by an in-
duction of IL-10 gene expression in peripheral im-
mune cells, which could be responsible for the accu-
mulation of the anergy factor p27Kip1.62,63 The nega-
tive cell cycle regulator p27Kip1 plays a central role in
the blockade of clonal expansion and represents a criti-
cal downstream target of anergy induced by blockade of
costimulatory pathways.64

Immunohistochemistry has suggested an inverse
correlation between p27Kip1 expression and the prolif-
eration of macrophages and vascular smooth muscle
cells (VSMCs) within human atherosclerotic tissue.65

Also, p27Kip1 is abundantly expressed in intimal and
medial VSMCs of non-atherosclerotic human coro-
nary arteries.66 Thus, the growth suppressor p27Kip1

functions as an important regulator of the phenotypic
response of VSMCs to mitogenic and hypertrophic
stimuli, both in vitro and in vivo. In addition, p27 is re-
ported to be a negative regulator of migration.67 In-
deed, p27Kip1 mediates the antiproliferative and anti-
migratory activity of sirolimus-coated stents.68 One
downstream effect of Rho is to reduce the expression
of cell cycle inhibitors such as p27Kip1, leading to accel-
eration of cell cycle progression and migration.69 Con-
versely, cellular levels of p27Kip1 are increased when
Rho function is inhibited by treatment with statins.70

Collectively, agents that increase p27Kip1 levels in vivo,
such as statins, may have both an antiproliferative and
an anti-migratory effect.

Inhibition of apoptosis

Activated T-cells can induce apoptosis in resident and
infiltrating cells of atherosclerotic plaques by the action
of the Fas-Fas ligand (FasL) system. Fas is a type I mem-
brane protein, belonging to the tumour necrosis factor
receptor family, that induces a death signal when bound
to FasL.71 FasL expression has been reported in activat-
ed T-cells.72 Fas is expressed ubiquitously, and expres-
sion of Fas and FasL has been detected in the diseased
vessel wall.73 It has been proposed that Fas-mediated
apoptosis of resident and infiltrating cells of these vas-
cular lesions is a feature of atherogenesis and of athero-
sclerotic plaque instability.74,75

Treatment with atorvastatin downregulated FasL
expression in activated T-cells.76 The physiological im-
portance of FasL downregulation by atorvastatin is at-
tributed to the decreased cytotoxic activity of T-lympho-
cytes upon target cells. The reduction of the cytolytic
effect of T-lymphocytes on target cells may contribute
to the maintaining of cellularity in the lesions, favour-
ing the stability of the plaque.76 Also, it has been ob-
served that treatment with statins decreases FasL ex-
pression and apoptotic cells in human carotid pla-
ques.77

Suppression of Th1 immune responses

Major histocompatibility complex (MHC) class I and
class II molecules play an important role in immune
surveillance.78 MHC-II molecules, expressed on the
surface of specialised cells, are directly involved in the
control of the immune response. Whereas a limited
number of specialised cell types express MHC-II con-
stitutively, numerous other cells become MHC-II posi-
tive on induction by the inflammatory mediator IFN-
Á. This complex regulation is under the control of the
transactivator CIITA, the expression of which is tight-
ly regulated under distinct physiological conditions.79

The MHC-II molecules play a central role in the initi-
ation of the cellular and humoral immune responses
and have also been implicated as contributing factors
for a variety of autoimmune disorders.

Among the first reports of the immunologic effects
of statins was the finding that they inhibit the increase
in cell-surface MHC-II proteins induced by INF-Á.80

Statins effectively repress the induction of MHC-II ex-
pression by IFN-Á in a dose-dependent manner.80,81

This effect of statins is specific for MHC-II and does
not affect MHC class I expression.

Statins inhibit IFN-Á-inducible MHC-II expression
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on macrophages and block lymphocyte function-associ-
ated antigen-1 (LFA-1)-dependent stimulation of T-
cells, both of which might suppress the activation of
proinflammatory Th1 cells.80,82 Treatment with atorvas-
tatin prevents and reverses experimental autoimmune
encephalomyelitis via suppression of Th1 and augmen-
tation of Th2 immune responses.63 Simvastatin has also
been reported to inhibit the Th1 response in a murine
model of RA.9 In these studies, the beneficial effects of
statins on autoimmune diseases were attributable to the
suppression of Th1 response. On the other hand, statins
have been reported to downregulate the expression of
MHC-II, CD40, CD80 and CD86 on APCs induced by
IFN-Á.80 Statin treatment reduced the expression of
CD40 on atheroma-associated cells in vitro, as well as
on atherosclerotic lesions in situ in patients treated with
statins.83 CD40 and its ligand CD154 have been impli-
cated in several crucial immunological pathways. These
results provide a rationale for suggesting their use as
immunosuppressors in various autoimmune diseases,
including rheumatoid arthritis, and chronic inflamma-
tory diseases, such as atherosclerosis.81

The association between cholesterol levels and im-
munologic regulation may be closer than previously re-
alised. Cholesterol is a key component of the structure
and function of cell membranes. The response of lym-
phocytes to exogenous signals such as antigen is orches-
trated by a number of molecules that cluster in choles-
terol-rich areas of the cell membrane known as lipid
rafts. Lipid rafts bring together molecules essential for
the activation of immune cells, but also separate them
when the conditions for activation are not appropriate.
Several strands of evidence suggest that the inhibition
of cholesterol synthesis by statins disrupts these lipid
rafts and thereby influences the function of lympho-
cytes.84

Statins in rheumatoid arthritis

Cytokines that mediate the inflammatory mechanisms
in RA could partially account for the increased risk of
vascular disease in these patients, through the induction
of endothelial dysfunction and/or insulin resistance.85

The existing data support the hypothesis that statins
could prove beneficial for the therapy of RA patients,
by suppressing these inflammatory mechanisms.80 The
benefit of statins seems to be greater when high values
of CRP are detected.87 Statins may decrease blood lev-
els of CRP, which represent an independent risk factor
for cardiovascular disease,88 and suppress the produc-
tion of IL-6.9 A chronic increase in IL-6 could promote

atherogenesis directly, through effects on the vascular
wall, and indirectly, through development of insulin re-
sistance.89

Arterial stiffness is an indicator of vascular dysfunc-
tion and an independent risk factor for cardiovascular
disease.90 After administration of atorvastatin to pa-
tients with RA, a significant decrease of arterial stiff-
ness was observed. The greatest decrease in arterial
stiffness was observed in the patients with the most in-
tense activity of RA disease.9 The immunomodulatory
properties of statins may prove important in the cardio-
vascular complications of patients with RA—even if
they have low levels of cholesterol—in particular in
those patients with extraarticular manifestations of RA
and high levels of CRP.91

Simvastatin provides a highly effective therapy in
treating murine collagen-induced arthritis, a surrogate
model for human RA. This drug can suppress the pro-
gression of acute to chronic inflammation in vivo, and
was effective even after the onset of arthritis. Ex vivo
analysis demonstrated a significant suppression of col-
lagen-specific Th1 humoral and cellular immune re-
sponses and a reduction of IFN-Á release from mononu-
clear cells derived from peripheral blood and synovial
fluid.9

Some studies have shown the important role of the
matrix metalloproteinases (MMPs), particularly MMP-
3, that are produced by chondrocytes, during the process
of cartilage catabolism and degradation in joint dis-
eases.92 Recent studies have demonstrated that some
statins inhibit MMP production both in vitro and in
vivo.77,93,94 Bellosta et al have demonstrated that statins
reduce MMP-9 production by cultured macrophages.94

Simvastatin inhibits MMP-3 production from cultured
human chondrocytes stimulated with IL-1‚, and from
unstimulated cells.95 These effects of statins could pro-
vide an additive cartilage-protective mechanism in joint
diseases. It is reasonable to assume that statins may
play a modulatory role in chronic inflammatory condi-
tions, such as rheumatic diseases.96,97

The effects of statins on the atheromatous plaque

Vulnerable positions of the atheromatous plaque con-
tain large amounts of lipid, a high proportion of activat-
ed inflammatory cells, increased expression of MMPs,
low VSMC contents and increased VSMC apoptosis.98

Plaque stability depends upon the VSMC content, as
only these cells are capable of synthesising the struc-
turally important collagens I and III. Increasing evi-
dence indicates that apoptosis of VSMCs promotes pla-
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que instability. Higher levels of VSMC apoptosis are
seen in plaques compared with normal vessels,99,100 In
contrast, inflammatory cells (particularly macrophages)
release MMPs that degrade collagen and extracellular
matrix, potentially weakening the plaque. The quality of
the plaque, rather than its absolute size, determines the
likelihood of rupture. Fatal events in atherosclerosis
are due to rupture of the thinnest part of the fibrous
cap region, which is synthesised almost exclusively by
VSMCs, and rupture sites are characterised by a rela-
tively low density of VSMCs.98

Statins increase collagen content and decrease lipid
content, inflammation, MMPs, and cell death in human
carotid artery plaques.101,102 The preoperational admin-
istration of pravastatin changed the structure of the un-
stable atheromatous plaque, by significantly lowering
the local concentrations of oxLDL, MMP-2, T-cells and
macrophages, while increasing collagen content and the
inhibitory factors to MMPs.98 Angiographic trials have
indicated that statins produce little if any regression of
established lesions.103,104 Thus, the evidence suggests
that statins may change the characteristics of the plaque
to stabilise fragile, moderate sized plaques, with little
reduction in plaque volume.

As has been mentioned previously, statins inhibit
the inflammatory actions of Th1 cells. This effect, in
addition to the interruption of the CD40/CD40-acti-
vator system, reveals a specific mechanism for manip-
ulating T-cell-induced inflammation, which in turn is
a cornerstone event in activating the atherosclerotic
plaque and in the transition from stable to unstable
prethrombotic condition.105

It is evident that activation of plaque rather than
lumen stenosis precipitates ischaemia and infarction.106

The activation of plaque seems to be associated with
its increased temperature. Indeed, in patients with
ACS an inflammatory activation is observed with in-
creased local atherosclerotic plaque temperature.107

This is associated with plaque containing more ma-
crophages, fewer VSMCs, and greater MMP-9 activi-
ty.108 Moreover, the administration of statins was shown
to be associated with a reduction of local plaque ther-
mal heterogeneity. The possible mechanism is the re-
duction of the macrophage content of atherosclerotic
plaque due to their pleiotropic effects. Statins have a
beneficial effect on plaque temperature post-myocar-
dial infarction, as well as in patients with ACS and ty-
pe 2 diabetes.109-111 This favourable effect was also
found in patients with diabetes, independently of the
levels of LDL.111 A very recent study has shown that
statins reduce the numbers of CD4+ CD28null cells,

which provides a link to explain the beneficial effects
of statins in these disorders.112

Cytokines and the induction of atherosclerosis

Cytokines (including TNF-·, IFN-Á, the various inter-
leukins and TGF-‚) mainly promote vascular disease
through their pleiotropic immunoregulatory and me-
tabolic effects. The sustained increase of cytokine lev-
els, independently of its magnitude and aetiology, fa-
cilitates atherogenesis by aggravating risk factors such
as lipoprotein metabolism disorders, insulin resistance
and endothelial dysfunction. Indeed, a low-grade chro-
nic inflammatory response in population studies corre-
lates with many classic and novel risk factor pathways
for CHD.85

Cytokines regulate the expression of a number of
inflammatory molecules, leading to destabilisation
and finally rupture of vulnerable atheromatous pla-
ques. They also participate in the pathophysiology
of ACS by direct effects on myocardial contractility
and apoptosis. At a clinical level, circulating cyto-
kines also have a prognostic role, since they are use-
ful markers predicting future coronary events in pa-
tients with advanced atherosclerosis and in patients
after ACS.113

Conclusions

The present review has attempted to present evidence
that would correlate CD4+CD28null cells with rheuma-
toid arthritis and unstable atherosclerotic plaque, as
well as providing data concerning the effects of statins
on these diseases. The beneficial effects of statins in
these disorders could be linked to the reduction in the
numbers of CD4+CD28null cells, providing a further
link between these conditions. Such findings represent
leads in the research to define the molecular mecha-
nisms of autoimmune disease pathogenesis and also ar-
gue for the use of statins to depress inflammatory pro-
cesses in rheumatoid arthritis and coronary artery dis-
ease, regardless of the lipidaemic profile.
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