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Abstract: Several lines of evidence have clearly indicated that inflammation plays a pivotal role
in the development of atherosclerosis and of its thrombotic complications such as acute coronary
syndromes or ischemic stroke. Thus, it has been postulated that the use of anti-inflammatory agents
might be extremely useful to improve cardiovascular outcome. Recently, increasing attention has been
reserved to one of the oldest plant-derived drugs still in use in clinical practice, colchicine that has
been used as drug to treat inflammatory diseases such gout or Mediterranean fever. To date, current
guidelines of the European Society of Cardiology have included colchicine as first line choice for
treatment of acute and recurrent pericarditis. Moreover, several studies have investigated its role in
the clinical scenarios of cardiovascular disease including chronic and acute coronary syndromes with
promising results. In this review, starting from a description of the mechanism(s) involved behind its
anti-inflammatory effects, we give an overview on its potential effects in atherothrombosis and finally
present an updated overview of clinical evidence on the role of this drug in cardiovascular disease.
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1. Introduction

Current guidelines on cardiovascular disease prevention recommend low plasma
levels of low-density lipoprotein cholesterol (LDL-C) to reduce the patient’s cardiovascular
risk and atherosclerotic burden [1]. However, clinical and experimental data support an
important and additional role of inflammation in the various steps of atherosclerosis, from
its early stages till the acute final event represented by thrombosis after plaque rupture [2].
Indeed, many epidemiological studies have reported that some biomarkers of inflammation,
such as high sensitivity protein C (hs-CRP) [3], interleukin-6 (IL-6) [4] and interleukin-1
beta (IL-1β) [5,6] are associated with the increased risk of developing cardiovascular events,
regardless of cholesterol levels. Specifically, some studies have pointed out that CRP might
play a role as prognostic marker [3], and others have indicated that the IL-6 and IL-1β have
a causal role in the pathogenesis of atherosclerosis [4–6]. Indeed, it has been postulated
that the benefic effects of statins observed in the context of cardiovascular prevention
might be due not only to the lowering of cholesterol levels but also to the modulation of
inflammation witnessed by the parallel reduction of plasma levels of some markers of
inflammation [7,8]. Considering a pathophysiologic point of view, among the inflammatory
mediators, IL-1β seems to be one of the main cytokine involved in the complex network
of immune-inflammation linked to atherosclerosis. Interleukin-1 was suggested to be
involved because it modulates the downstream pathway represented by IL-6-CRP axis [5,9].
More recent studies have shifted the point of view about relationship between CRP and
coronary artery disease because they have clearly indicated that CRP might be no more
considered not only a simple marker of disease but it is actively involved in acute coronary
syndrome (ACS) pathophysiology. Indeed, several in vitro and in vivo studies have shown
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that CRP exerts direct biological effects on endothelial cells: (a) it promotes expression of
adhesion molecules [10–13] and Tissue Factor (TF) [14]; (b) it stimulates release of monocyte
chemoattractant protein-1 (MCP-1) [15] and matrix metalloproteinases (MMPs) [16,17];
(c) secretion of other inflammatory cytokines [18,19]; (d) increases inducible nitric oxide
synthase (iNOS) and superoxide production and decreases endothelial nitric oxide syn-
thase (eNOS), prostacyclin and tissue plasminogen activator (tPA) expression [11,20]. CRP
sustains an anti-inflammatory innate immune response when circulates in a pentameric
form, while as monomeric form, it exerts potent proinflammatory and prothrombotic
actions. Interestingly, this conversion may occur at the site of plaque rupture, mainly
induced by activated platelets [21,22]. In line with the pathophysiologic concepts reported
above, in the Canakinumab Antiinflammatory Thrombosis Outcomes Study (CANTOS),
canakinumab, a monoclonal antibody against IL-1β was administered on top of optimal
therapy including statins in patients with high cardiovascular risk. Canakinumab adminis-
tration was associated with a significant reduction of cardiovascular events in the absence
of beneficial effects on blood pressure or cholesterol levels [23]. Interestingly, in this study,
the extent of clinical benefit was proportional to the reduction plasma levels of hs-CRP
or IL-6 achieved during treatment with the antibody [6,23]. The CANTOS represents the
“proof-of-concept” that strongly outlined the importance of inflammation in atherosclerotic
disease and demonstrated that the reduction of pro-inflammatory cytokine levels might
be considered an additional target for the prevention of cardiovascular events. However,
canakinumab therapy coincided with important side effects such as the increased risk
of death due to infections and an unsatisfactory cost-effectiveness profile. Thus, more
affordable anti-inflammatory strategies in the clinical scenario of cardiovascular disease
should be considered.

Newer concepts about atherothrombosis suggest that another pivotal mechanism in-
volved in its pathophysiology is represented by immunity. Many evidences have outlined
that an active immune response occurs in atherosclerosis contributing to plaque vulnera-
bility [24–29]. Monocytes/macrophages are known to be involved in the initial stage of
plaque formation [30], and other white blood cells, such as B and T-lymphocytes, are also
involved in atherosclerosis [31,32]. Interestingly, despite of T-cells being a minority of the
leukocytes enriching the plaques, several reports suggest their key regulatory role within
atherosclerotic lesion [33] by modulating the adaptive immune response, by recruiting the
more abundant monocytes/macrophages of the innate immune response [28,34]. Moreover,
it has been clearly documented a specific, immune-driven response and inflammatory path-
ways within the “culprit lesion” of patients presenting with ACS [25], showing a specific
oligoclonal T-cell expansion only in the vulnerable plaque and not in the peripheral blood
indicating a selective expansion driven by a given intraplaque antigen. Taken together,
these data strongly suggest that therapies against the immuno-inflammatory pathways
involved in atherothrombosis might be extremely attractive to reduce the rate of acute
coronary events.

Recently, an increasing attention has been paid to an old and affordable drug, colchicine
that has already used in clinical practice as anti-inflammatory drug, which had been recently
proposed to treat cardiovascular disease too. This drug belongs to the tropolon family, and
it is extracted from the plants of the genus Colchicum, in particular the Colchicum autum-
nale [35,36]. It is mentioned for the first time in the Ebers papyrus dating back to about
1500 years before Christ as an antirheumatic remedy of plant origin [36]. The drug has been
used for centuries as an antirheumatic and antigout [35,37]. However, the active compound
was isolated only in 1820 by two French chemists, PJ Pelletier and JB Caventon [36,38]. In
1833 PL Geiger purified the active ingredient and proposed the use of the term "colchicine"
from Colchis, an ancient and legendary kingdom that overlooked the Black Sea and where
Colchicum plants were very common with a typical autumn flowering [36,39]. To date,
its use in cardiology is mainly for acute pericarditis and chronic pericardial disease [40].
Interestingly, some recent reports have indicated that colchicine possesses beneficial effects
in patients with acute and chronic cardiovascular disease too [38,39]. However, the mecha-
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nisms by which colchicine exerts the observed cardiovascular effects have not completely
defined yet.

In this review the mechanism(s) involved behind its anti-inflammatory effects, its
potential effects in atherothrombosis and finally an updated overview of clinical evidence
on the role of colchicine in cardiovascular disease will be discussed.

2. Chemical Structure, Pharmacokinetics and Pharmacodynamics

N-{(7S)-5,6,7,9-tetrahydro-1,2,3,10-tetramethoxy-9-oxobenzo(a)heptalen-7-yl) acetamide}
is the chemical structure of colchicine. It is a small lipophilic molecule composed of three
rings (A, B and C) [41]. The rings A (trimethoxyphenyl moiety) and C (methoxytropone
moiety) are mainly involved in binding to tubulin, while the ring B function is to maintain
the structure in a rigid configuration [42]. Hence, modifications of A and/or C rings inter-
fere with tubulin binding [43,44], while alterations on the B rings may modify activation
energy of the binding and association/dissociation kinetics [45]. Colchicine is able to freely
enter into the cells, from where it is actively removed via the glycoprotein -P (P-gp). The
P-gp protein regulates colchicine absorption, distribution, and elimination. It is particu-
larly expressed in the intestine, liver, kidney, central nervous system where it regulates
the transit of substances and drugs [36]. Following oral route, colchicine bioavailability
is extremely variable (ranging from 24 to 88% of the administered dose) and the mean
apparent volume of distribution in young and healthy patients is calculated to be about
5–8 L/kg with moderate albumin binding. Its elimination occurred mainly via hepatic
route with a half-life of 20 to 40 h [46]. At the dose of 1 mg/d, the steady state is reached 8
days after the first oral administration and plasma concentrations ranged from 0.3 to 2.5
ng/mL [46]. However, based on pharmacokinetic/pharmacodynamic studies, the biolog-
ical effects of colchicine were not related to plasma concentrations but to intraleukocyte
concentrations [35,46]. Drug interactions may occur when colchicine is associated to other
drugs, which interact with cytochrome P450, and/or P-gp and modify renal and/or hepatic
clearances. Common colchicine related side effects are the following: gastrointestinal upset,
diarrhea, neutropenia, anemia, fatigue, and headache. Less commonly, colchicine can
cause muscle pain, paresthesias, pale/gray appearance of skin or the tongue, or flu-like
symptoms. The therapeutic drug monitoring of colchicine during these circumstances
could allow to prevent the side effects [36,46].

3. Colchicine: Molecular Mechanisms and Effects on “Atherothrombotic” Cells

Colchicine is able to interfere with cytoskeleton of cells because it binds specifically
to tubulin, that is one of its main components [46]. This drug exerts a biphasic effect
of microtubules as at low concentrations it stops the growth of microtubules, while at
high concentrations it promotes their depolarization. These effects on cytoskeleton sig-
nificantly impact cell biology because several physiologic functions of healthy cells such
as mitosis and consequently replication, cytoplasmic vesicle trafficking and cell mobility
are impaired [35]. Cytoskeleton and specifically microtubules are also essential for the
correct positioning of selectins that are a group of transmembrane glycoproteins expressed
by leukocytes, platelets and endothelial cells during inflammatory processes [47,48]. It is
intuitive that colchicine, by altering the qualitative and quantitative expression of these
proteins might be an attractive drug to modulate the atherothrombotic network involving
endothelium, inflammatory cells and platelets [47,48]. Importantly, beyond this effect on
microtubules, it has been reported that colchicine may interfere with the activation of the
Nucleotide-Binding Domain, Leucine-Rich–Containing Family, Pyrin Domain–Containing-
3 (NLRP3) inflammasome [49]. This inflammasome is one of the most important complexes
which participates in the processes of pathogen clearance and tissue repair [50,51]. Upon ac-
tivation, the inflammasome also promotes an inflammatory form of cell death named pyrop-
tosis [51,52] and leads to the generation of active forms of inflammatory interleukins, first of
all IL-1, also known as endogenous pyrogen [35]. In the pathophysiology of atherosclerosis,
NLRP3 inflammasome seems to play a pivotal role since it has been shown that cholesterol
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crystals and oxidized low-density lipoproteins (oxLDLs) are actively involved in NLRP3
activation [53,54]. Several studies have pointed out the relationship between inflammasome
and atherosclerosis in humans. For example, in the context of stable atherosclerotic disease
it has been demonstrated that components of NLRP3 inflammasome are highly expressed
in carotid atherosclerotic plaques [55] and that high levels of expression of NLRP3 correlate
with the severity of coronary artery atherosclerosis [56]. Similarly, in the clinical scenario
of ACS, the inflammasome has been shown to be primed in peripheral monocytes from
ACS patients [57] and patients with ACS showed elevated levels of NLRP3, IL-1 and IL-18
compared to controls [58]. Thus, since several studies have confirmed that colchicine
limits NLRP3 inflammasome activity, this drug might have a great potential role to limit
atherosclerosis. Indeed, the mechanisms underlying its anti-inflammatory activity have not
completely elucidated. Based on the available data, it has been suggested that colchicine
inhibits the intracellular transport of ASC (the adaptor molecule apoptosis-associated
speck-like protein containing a C-terminal caspase recruitment domain (CARD)) which
prevents co-localization of NLRP3 components thus limits the consequent release of active
IL-1β [59]. Moreover, it has been demonstrated that this drug causes reduction of protein
expression of cleaved caspase-1 and IL-1β, without affecting mRNA levels of NLRP3 or
IL-1β [57]. Again, other studies have shown that colchicine has stable interaction with the
ATP binding pocket of the NAIP (neuronal apoptosis inhibitor protein), C2TA (MHC class
2 transcription activator), HET-E (incompatibility locus protein from Podospora anserina)
and TP1 (telomerase-associated pro-tein) (NATCH) region of NLRP3 that is essential for
its activation [60] and, finally, that it causes inhibition of pore formation [61], a key step in
ATP-mediated NLRP3 inflammasome activation [50]. Taken together, all these mechanisms
lead to limited NLRP3 inflammasome activity and IL-1β release in vitro and in vivo [62]
and finally reduce inflammatory burden

A large mass of studies has significantly contributed to the mechanisms involved in the
pathophysiology of atherotrombosis. Specifically, this complex scenario includes several
actors such as vascular wall cells, endothelial and smooth muscle cells, immune cells, and
cells directly involved in thrombosis such as platelets. Early stages of atherosclerosis are
characterized by changes in biology of endothelial and smooth muscle cells that both are
pathologically altered in a complex manner [63,64]. Colchicine seems able to modulate
several biologic mechanisms of endothelial cells. At low doses it inhibits microtubule
dynamics and cell migration, while at high concentration (up to 11.0 nmol/L) inhibits
cell division. It has been reported that treatment of Familial Mediterranean fever (FMF)
patients with colchicine reduced the level of asymmetric dimethlarginine (ADMA), throm-
bomodulin (TM), and osteoprotegerin (OPG), suggesting an endothelial protective effect
of colchicine [65]. In the atherosclerotic plaque formation, modified lipoproteins, mainly
oxLDLs, play a crucial role [66]. These lipoproteins bind to endothelial cells by a specific
receptor named lectin-like oxidized low-density lipoprotein receptor-1 (LOX-1) [67], and
are able to promote endothelial dysfunction since endothelial cells lose their anti athero-
trombotic features. For example, it has been shown that endothelial cells stimulated with
oxLDLs turn to a prothombotic phenotype since they express TF, the main activator of
coagulation cascade, known to be involved in coronary thrombosis during ACS [68]. Ex-
perimental studies have suggested that the oxLDL effects on TF expression in endothelial
cells might be prevented by colchicine [69]. Colchicine effect should be mainly related to
well-known activity of the drug on microtubules and cytoskeleton [35,36]. It is known
that in unstimulated endothelial cells, TF is stored in intracellular pools with a distinct
perinuclear localization [70]. Upon cell activation, TF transolcates to cell surface where TF
may be detected and become functional [71]. This phenomenon is part of the intracellular
traffic of secreted and transmembrane proteins in vesicles, such as TF, that move along
cytoskeletal tracks associated to the microtubule arrays [72]. By binding with high affinity
to the specific domain of β-tubulin, colchicine induces depolymerization and inhibition of
microtubule assembly, finally leading to cytoskeleton disarrangement [73] with interruption
of TF transmigration from the intracellular pool to cell surface. Moreover, colchicine also
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modulates the NF-κB/IκB axis. It is known that the promoter for TF is under the direct con-
trol of this nuclear transcription factor that upon cell activation translocates to the nucleus
inducing expression of several genes [74]. Several studies have clearly indicated that NF-κB
inhibition reduces TF gene and protein expression [68,75]. Microtubules are involved also
in this phenomenon and if they are destabilized by colchicine, NF-κB translocation is greatly
reduced [76] and consequently, the pathway for TF biosintheys was not activated. The effect
of oxLDLs on cells is mainly mediated by LOX-1. The oxLDL/LOX-1 complex activates
several pro-inflammatory signaling pathways including NF-kB in vascular endothelial cells
and macrophages [77], and even the synthesis of other LOX-1 molecules, thus inducing
an amplificatory loop [78–80]. Expression of functional TF maybe also mediated by LOX-1
activation [81]. Since colchicine is able to reduce also LOX-1 expression [69], this might be
another hypothetical additional mechanism of TF inhibition.

Smooth muscle cells (SMCs) are another vascular cell population involved in the patho-
physiology of atherosclerosis [82]. These cells actively participate in formation, progression
and plaque stabilization via several ways: (a) migration to the inner layer and proliferation;
(b) secretion of extracellular matrix proteins (such as collagen and proteoglycans) with
the formation of fibrous caps at advanced stage; (c) intake of oxLDL and formation of
SMC-derived foam cells; (d) recruitment of macrophages [67]. In this regard, colchicine
has been reported to attenuate SMC proliferation and migration via inhibition of DNA
synthesis and microtubule polymerization and depolymerization [83–85]. Additionally,
colchicine decreased collagen secretory activity and decreased the cGMP level of SMCs [86].
It is still to be determined whether colchicine prevents intima-media thickness in patients
with early stage of atherosclerosis and plaque rupture in advanced atherosclerotic lesions.

The role of immune-competent cells in athero-thrombosis is accepted and now well
documented [87]. Since leukocytes, and in particular neutrophils, have a reduced num-
ber of P-gp molecules, the drug accumulates particularly in these cells, carrying out an
anti-inflammatory action [88]. A majority of cellular effects depends on the colchicine
concentrations [35]. It has been reported that at low concentrations (nanomolar) colchicine
inhibits neutrophil chemotaxis and adhesion to the inflamed endothelium while at higher
concentration (µM) it promotes shedding of L-selectin from neutrophils and prevents
further recruitment [48,88]. Finally, it inhibits neutrophil release of IL-1, IL-8, and su-
peroxide production [89]. Moreover, at therapeutic concentrations, colchicine decreased
neutrophil-(NPA) and monocyte-platelet aggregation (MPA) [47]. Colchicine also inhibits
monocite proliferation and differentiation in vitro [90]. More recently it has been reported
that colchicine reduces vascular inflammation by dampening uptake of inflammatory
leukocytes into plaques through altering the recruitment profile of circulating monocytes
and neutrophils [91].

T-lymphocytes are major players in determinig the final fate of the plaque via several
mechanisms such as cell-to-cell interaction, production and release of cytokines as well
as regulation of macrophage activity [92,93]. T-cells have been found at the site of plaque
rupture [93,94] and in coronary thrombi [95], thus indicating that T-cell activation might
be another important mechanism in the pathophysiology of plaque vulnerability, both
in humans [25,26] and in animal models [96]. Moreover, T-lymphocytes are also able to
express functional TF, the main activator of the coagulation cascade, upon activation [81,95],
thus actively participating to thrombus formation. A first study evaluating the effect of
colchicine on human lymphocytes has been published in 1997 showing how colchicine
is able to potentiate cyclic AMP levels in these cells in response to other agents that
affect microtubule assembly [97]. A subsequent study, published in 1990, indicates how
colchicine modulates the lymphocytes function in relation to fibroblast proliferation [98]. A
report from our reserch group indicate another potential benefit in T-cells by inhibiting TF
expression and activity also modulating NF-κB/IκB axis even on top of statin treatment [99].

Platelets activation is essential for the thrombotic manifestations upon atherosclerotic
plaque complications [100]. A first report suggesting that colchicine might affect platelet ag-
gregation has been published in 1980 [101]. The molecular mechanisms by which colchicine
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exerts this effect involve cytoskeleton rearrangement in platelets once activated specifically
modulating the key proteins responsible for this process [102]. Cytoskeleton rearrangement
results from the dynamics of myosin contraction and of actin-filaments that is mainly regu-
lated by myosin phosphatase target subunit 1 (MYPT1) and Lin-11, Isl-1 and Mec-3 kinase-1
(LIM kinases) [103]. LIMK-1, in turn, exerts its activity on cofilin, a member of actin depoly-
merization factor (ADF)/cofilin (A/C) family that accelerates the off-rate from pointed end
and the on-rate at the barbed end of the actin filament [104]. In most cell types, including
platelets, cofilin activity is regulated by its phosphorylation/dephosphorylation on a highly
conserved serine residue. Specifically, it is inactivated via phosphorylation by LIMK-1 and
reactivated after dephosphorylation by slingshot protein phosphatases [105]. When cofilin
is phosphorylated by LIMK-1, its affinity for actin is reduced while dephosphorylation
activates the enzyme [104]. This balance permits rearrangement of cytoskeleton. Colchicine
seems to inactivate MYPT/p-MYPT pathway as well as LIMK-1/p-LIMK and cofilin/p-
cofilin pathways in platelets stimulated with adenosine diphosphate (ADP), collagen and
thrombin activating receptor peptide (TRAP) [102]. In resting platelets, tubulin is appre-
ciable as a typical marginal ring while in activatred cells it appears as a diffuse staining,
indicating that platelet shape change involves cytoskeleton rearrangement. Conversly, in
colchicine-treated platelets, the tubulin marginal band is replaced by microtubules depoly-
merization or fragmentation that appears as compacted “spots” impairing the cytoskeleton
rearrangement [99] finally resulting in reduced platelet aggregation even in vivo in patients
already on antiplatelet therapy [105]. Two reports in humans have shown that colchicine
reduced β-thromboglobulin levels, a protein released during platelet activation, while no
effect is observed on mean platelet volume that is a marker of platelet activity in FMF
patients [106] and reduces leukocyte-platelet aggregation (both monocyte and neutrophil)
as well as levels of surface markers of platelet activity, such as p-selectin and Procaspase
Activating Compound-1 (PAC-1) (activated GP IIb/IIIa) when administered to healthy
subjects [47]. It is reported that other possible effects on platelets might derive from that
the anti-inflammatory action of colchicine on neutrophils. Activated neutrophils may expel
their DNA and proteins forming an extracellular matrix, termed neutrophil extracellular
traps (NETs) [107]. It has been shown that NETs can facilitate thrombosis by promoting
platelet adhesion, activation, and aggregation, and also the accumulation of prothrombotic
factors such as vonWillebrand factor and fibrinogen [108]. Since colchicine reduce NETosis
in both patients with Behcet’s disease [109] or ACS [110], it might postulated a reduction
on platelet activation/aggregation.

A schematic view of colchicine mechanisms on the key players in athero-thrombosis is
reported in Figure 1.
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4. Colchicine in Coronary Artery Disease: Clinical Studies

Considering the pathophysiologic as well as the experimental observations reported
above, several studies have investigated the potential benefits derived by colchicine use in
different cardiovascular scenarios such as chronic coronary artery disease, acute coronary
syndromes and cerebrovascular disease.

4.1. Chronic Coronary Syndrome

The effects of colchicine in patients with coronary artery disease were initially in-
vestigated retrospectively in patients affected by diseases treated with this drug, such as
FMF and gout. Specifically, patients with FMF in whom colchicine was prescribed long-
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term, had lower incidence of coronary disease as compared with not treated patients [111].
Similarly, other studies in which patients with gout treated with colchicine have shown
a lower rate of coronary artery disease and of myocardial infarction [112,113]. Finally a
larger retrospective study enrolling patients with gout also indicated that colchicine was
associated with a signfiicat lower risk of the composite of myocardial infarction, stroke,
transient ischemic attack and with reduction in all-cause mortality compared with patients
not treated with this drug [114].

These restrospective studies were followed by two randomized controlled trials, the
Low Dose Colchicine (LoDoCo) and the LoDoCo-2 trials. Specifically, the LoDoCo trial
enrolled 532 patients with chronic coronary artery disease angiographically proven. This
study showed that adding low dose (0.5 mg/day) colchicine to the optimal medical treat-
ment significantly reduced the risk of acute coronary events, out-of-hospital cardiac arrests,
and non cardioembolic ischemic strokes [42]. Thus, it was postulated that the observed
effects were due to the ability of colchicine to inhibit the inflammatory responses that have
been observed in unstable coronary plaques. The LoDoCo2 study was a larger study that
included 5522 patients from Australia and Netherlands with chronic coronary artery dis-
ease treated with optimal medical therapy including statins [115]. In this study, colchicine
led to a 31% reduction of cardiovascular death, ischemic stroke, myocardial infarction, and
of ischemia-driven coronary revasculatization compared with placebo. Importantly, in
these larger study the investigators did not observe any difference in hospitalizations due
to infection, pneumonia or gastrointestinal disease between patients treated with colchciine
and controls.

4.2. Acute Coronary Syndromes

The effects of colchicine in patients with acute coronary syndromes were initially investi-
gated in the Low Dose Colchicine after Myocardial Infarction (LoDoCo-MI) study [116], that
evaluated the impact of low dose of colchicine on plasma levels of hs-CRP in 237 patients with
a diagnosis of acute myocardial infarction. In this study the treatment with low dose of
colchicine did not exert any effect on CRP [116]. Another study that investigated the effects
of colchicine in the setting of acute coronary syndromes was the COVERT-MI multicenter
study (Colchicine for Left Ventricular Infarct Size Reduction in Acute Myocardial Infarc-
tion) that enrolled 192 patients with a diagnosis of acute myocardial infarction treated with
percutaneous coronary intervention (PCI) [117]. Patients were randomly assigned to 5 days
of high-dose colchicine (2 mg dose followed by 0.5 mg twice daily) or placebo. This study
failed in demonstrating benefits derived by colchicine treatment since no differences were
demonstrated between groups in terms of infarct size, in biomarkers of inflammation, or in
myocardial injury [117]. On the contrary, a higher number of patients with left ventricle
thrombus in the colchicine group than in the placebo group at 5 days was observed, a differ-
ence that was no longer observed at 3 months [118]. A larger study, Colchicine in Patients
With Acute Coronary Syndromes (COPS) trial, has investigated the effects of colchicine in
the clinical scenario of ACS. A total of 795 patients admitted with a diagnosis of ACS (MI or
unstable angina) were randomly assigned to receive colchicine (0.5 mg twice daily for one
month, then 0.5 mg daily for other eleven months) vs placebo [119]. The original trial failed
to demonstrate a significant difference between the two groups of patients in terms of all
cause mortality, acute coronary syndromes, ischemia-driven urgent revascularization and
non cardioembolic stroke, but a significant 40% reduction in the composite of all-cause mor-
tality, ACS, ischemia driven-unplanned-urgent revascularization, and non-cardioembolic
ischemic stroke were observed when follow up was extended till 24-month.

The largest double-blind, placebo-controlled trial that evaluated the effects of colchicine
in the clinical context of acute coronary syndromes was the COLchicine Cardiovascular Out-
comes (COLCOT) trial [120]. In this trial, 4745 patients, enrolled within 30 days after acute
myocardial infarction, were randomly assigned to receive 0.5 mg daily of colchicine on top
of optimal mediacl therapy or placebo and were followed for 23 months. A 23% reduction
of cardiovascular death, resuscitated cardiac arrest, MI, stroke, or urgent hospitalization
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for angina was observed in the colchicine treated patients [120]. These results were driven
mainly by a significant reduction in the incidence of stroke and urgent hospitalization for
angina leading to coronary revascularization. An interesting take-home message emerging
by this study was that the greatest benefit in terms of clinical outcome was observed in
patients treated with colchicine in the first three days after the acute event with a lack of
benefit when the drug was started later. Another interesting result of the COLCOT study
was that patients treated with low doses of colchicine had a markedly lower risk of stroke
compared with the placebo group suggesting that this drug might exert benefic effects in
this clinical scenario too [120].

A summary of the studies exploring the effects of colchicine in clinical practice is
provided in Table 1.

Table 1. Clinical trials evaluating Colchicine effects in patient affectd by acute/chronic coronary
syndrome.

STUDY Target Population
and Trial Characteristics Primary Endpoint Main Results Ref.

LoDoCo trial 2013
Stable CAD ACS 5.3% vs. 16% [42]
532 patients Cardiac Arrest * p < 0.001

Prospective, open label
Colchicine 0.5 mg OD

Ischemic Stroke. #

Median follow-up 3 years

LoDoCo2 trial 2020

Stable CAD CV death 6.8% vs. 9.6% [116]
5522 patients MI § p < 0.001

Prospective, double-blind Ischemic Stroke #

Colchicine 0.5 mg OD Revascularization ◦

Median follow-up 28.6 months

COPS 2020

ACS Total death 6.1% vs. 9.5% [120]
795 patients ACS p = 0.09

Prospective, double-blind Revascularization £

Colchicine 0.5 mg BID (1 month) Ischemic Stroke #

Colchicine 0.5 mg OD
(11 months) at 12 months

COLCOT 2019

AMI within 30 days CV death 5.5% vs. 7.1% [121]
4745 patients Resuscitated Cardiac Arrest p = 0.02

Prospective, double-blind MI
Colchicine 0.5 mg OD Stroke

Hospitalization &

Median follow-up 22.6 months

LoDoCo = Low Dose Colchicine; COPS = Colchicine in patients with acute coronary syndrome: the Australian
Randomized clinical trial; COLCOT = Efficacy and safety of low-dose colchicine after myocardial infarction; * out
of hospital cardiac arrest; # Non-cardioembolic ischemic stroke; § spontaneous non-procedural MI; ◦ ischemia-
driven coronary revascularization; £ ischemia-driven unplanned urgent revascularization; & urgent hospitalization
for angina leadingto coronary revascularization; CAD, coronary artery diseases; AMI, acute myocardial infarction;
CV, cardiovasacular.

4.3. Cerebrovascular Disease

To date, few clinical trials have specifically investigated the impact of colchicine ther-
apy on cerebrovascular disease. However, several recent meta-analyses have clearly shown
the impressive stroke reductions associated with colchicine compared to placebo. Of note,
although these analysis included different studies and had controversial results on benefit
derived by colchicine administration on cardiac endpoints, such as myocardial infarction
and cardiac death, they were in line in demonstrating that colchicine had promising results
in significantly reducing the risk of stroke [121–124]. To date, the effect of colchicine on
non-cardioembolic strokes is evaluated by the ongoing CONVINCE (Colchicine for preven-
tion of Vascular Inflammation in Non-CardioEmbolic Stroke) trial [124] that has planned
recruitment of 2623 patients who have recently suffered a noncardioembolic transient
ischemic attack or ischemic stroke [124].
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5. Conclusions

The mechanisms by which colchicine exerts its cardioprotective effects might be
multiple and still poorly understood. Fortunately, more recent data have contributed to
explain the mechanisms by which this drug might exert its effects and they have shed a
brighter light on the cardiovascular benefits of colchicine. In particular, grown attention
in focusing on the anti-inflammatory effects of colchicine observed in cell types involved
in atherothrombosis, such as endothelial cells, lymphocytes, and platelets. It might be
hypothesized that the lower rate of future cardiovascular events in colchicine-treated
patients might be due, at least in part, to the anti athero-thrombotic effects described in
cells involved in the athero-thrombotic pathophysiology such as cells of vascular wall, of
immunity and platelets. Further basic research and clinical studies should be done to reduce
the gray areas that still persist about colchicine and its use in acute cardiovascular events.

Author Contributions: Conceptualization, G.C. and P.C.; methodology, G.C.; validation, P.C.; data
curation, F.S.L.; writing—original draft preparation, G.C. and G.D.R.; writing—review and editing,
G.C.; supervision, P.C. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data are available to corresponding author upon request.

Conflicts of Interest: The authors declare no conflict of interest.

Abbreviations

ACS, acute coronary syndrome; ADP, Adenosine Diphosphate; AMP, Adenosine Monophos-
phate; ATP, adenosine triphosphate; CARD, C-terminal caspase recruitment domain; cGMP, cyclic
guanosine monophosphate; COPS, Colchicine in Patients With Acute Coronary Syndromes; hs-CRP,
high sensity C-reactive protein; DNA, Deoxyribonucleic Acid; eNOS, endothelial nitric oxide syn-
thase; IL, interleukin; iNOS, inducible nitric oxide synthase; LIMK-1, Lin-11, Isl-1 and Mec-3 kinase-1;
LOX-1, lectin-like oxidized low-density lipoprotein receptor-1; MCP-1, monocyte chemoattractant
protein-1; MMP, matrix-metalloproteinases; mRNA, messenger ribonucleic acid; MYPT-1, myosin
phosphatase target subunit 1; NACHT, NAIP (neuronal apoptosis inhibitor pro-tein), C2TA (MHC
class 2 transcription activator), HET-E (incompatibility locus protein from Podospora anserina) and
TP1 (telomerase-associated protein); NETs, neutrophil extracellular traps; NF-kB, nuclear factor kappa
B; NLRP3, Nucleotide-Binding Domain, Leucine-Rich-Containing Family, Pyrin Domain-Containing-
3; NPA, neutrophil-platelet aggregate; oxLDL, oxidized low-density lipoprotein; PAC-1, Procaspase
Activating Compound-1; P-gp, P-glycoprotein; SMC, smooth muscle cells; TF, tissue factor; TNF,
tumor necrosis factor; tPA, tissue plasminogen activator; TRAP, thrombin activating receptor peptide.

References
1. Visseren, F.L.; Mach, F.; Smulders, Y.M.; Carballo, D.; Koskinas, K.C.; Bäck, M.; Benetos, A.; Biffi, A.; Boavida, J.M.; Capodanno, D.;

et al. 2021 ESC Guidelines on cardiovascular disease prevention in clinical practice. Eur. Heart J. 2021, 42, 3227–3337. [CrossRef]
2. Soehnlein, O.; Libby, P. Targeting inflammation in atherosclerosis—From experimental insights to the clinic. Nat. Rev. Drug Discov.

2021, 20, 589–610. [CrossRef] [PubMed]
3. Kaura, A.; Hartley, A.; Panoulas, V.; Glampson, B.; Shah, A.S.V.; Davies, J.; Mulla, A.; Woods, K.; Omigie, J.; Thursz, M.R.; et al.

Mortality risk prediction of high-sensitivity C-reactive protein in suspected acute coronary syndrome: A cohort study. PLoS Med.
2022, 19, e1003911. [CrossRef] [PubMed]

4. Su, J.-H.; Luo, M.-Y.; Liang, N.; Gong, S.-X.; Chen, W.; Huang, W.-Q.; Tian, Y.; Wang, A.-P. Interleukin-6: A Novel Target for
Cardio-Cerebrovascular Diseases. Front. Pharmacol. 2021, 12, 745061. [CrossRef] [PubMed]

5. Mai, W.; Liao, Y. Targeting IL-1beta in the Treatment of Atherosclerosis. Front. Immunol. 2020, 11, 589654. [CrossRef] [PubMed]
6. Ridker, P.M.; Thuren, T.; Zalewski, A.; Libby, P. Interleukin-1beta inhibition and the prevention of recurrent cardiovas-cular

events: Rationale and design of the Canakinumab Anti-inflammatory Thrombosis Outcomes Study (CANTOS). Am. Heart J. 2011,
162, 597–605. [CrossRef]

http://doi.org/10.1093/eurheartj/ehab484
http://doi.org/10.1038/s41573-021-00198-1
http://www.ncbi.nlm.nih.gov/pubmed/33976384
http://doi.org/10.1371/journal.pmed.1003911
http://www.ncbi.nlm.nih.gov/pubmed/35192610
http://doi.org/10.3389/fphar.2021.745061
http://www.ncbi.nlm.nih.gov/pubmed/34504432
http://doi.org/10.3389/fimmu.2020.589654
http://www.ncbi.nlm.nih.gov/pubmed/33362770
http://doi.org/10.1016/j.ahj.2011.06.012


Int. J. Mol. Sci. 2023, 24, 2483 11 of 15

7. Koushki, K.; Shahbaz, S.K.; Mashayekhi, K.; Sadeghi, M.; Zayeri, Z.D.; Taba, M.Y.; Banach, M.; Al-Rasadi, K.; Johnston, T.P.;
Sahebkar, A. Anti-inflammatory Action of Statins in Cardiovascular Disease: The Role of Inflammasome and Toll-Like Receptor
Pathways. Clin. Rev. Allergy Immunol. 2020, 60, 175–199. [CrossRef]

8. Proute, M.C.; Kothur, N.; Georgiou, P.; Serhiyenia, T.; Shi, W.; Kerolos, M.E.; Pradeep, R.; Akram, A.; Khan, S. The Effect of Statin
Therapy on Inflammatory Biomarkers: A Systematic Review. Cureus 2021, 13, e18273. [CrossRef]

9. Vromman, A.; Ruvkun, V.; Shvartz, E.; Wojtkiewicz, G.; Masson, G.S.; Tesmenitsky, Y.; Folco, E.; Gram, H.; Nahrendorf, M.;
Swirski, F.K.; et al. Stage-dependent differential effects of interleukin-1 isoforms on experimental atherosclerosis. Eur. Heart J.
2019, 40, 2482–2491. [CrossRef]

10. Montecucco, F.; Steffens, S.; Burger, F.; Pelli, G.; Monaco, C.; Mach, F. C-reactive protein (CRP) induces chemokine se-cretion via
CD11b/ICAM-1 interaction in human adherent monocytes. J. Leukoc. Biol. 2008, 84, 1109–1119. [CrossRef]

11. Pasceri, V.; Willerson, J.T.; Yeh, E.T.H. Direct Proinflammatory Effect of C-Reactive Protein on Human Endothelial Cells. Circulation
2000, 102, 2165–2168. [CrossRef] [PubMed]

12. Portelinha, A.; Belo, L.; Tejera, E.; Rebelo, I. Adhesion molecules (VCAM-1 and ICAM-1) and C-reactive protein in women with
history of preeclampsia. Acta Obstet. Gynecol. Scand. 2008, 87, 969–971. [CrossRef] [PubMed]

13. Postadzhiyan, A.S.; Tzontcheva, A.V.; Kehayov, I.; Finkov, B. Circulating soluble adhesion molecules ICAM-1 and VCAM-1
and their association with clinical outcome, troponin T and C-reactive protein in patients with acute coronary syndromes. Clin.
Biochem. 2008, 41, 126–133. [CrossRef]

14. Cirillo, P.; Golino, P.; Calabrò, P.; Calì, G.; Ragni, M.; De Rosa, S.; Cimmino, G.; Pacileo, M.; De Palma, R.; Forte, L. C-reactive
protein induces tissue factor expression and promotes smooth muscle and endothelial cell proliferation. Cardiovasc. Res. 2005, 68,
47–55. [CrossRef]

15. Guo, S.; Meng, S.; Chen, B.; Liu, J.; Gao, L.; Wu, Y. C-Reactive Protein Can Influence the Proliferation, Apoptosis, and Monocyte
Chemotactic Protein-1 Production of Human Umbilical Vein Endothelial Cells. DNA Cell Biol. 2011, 30, 157–162. [CrossRef]
[PubMed]

16. Cimmino, G.; Ragni, M.; Cirillo, P.; Petrillo, G.; Loffredo, F.; Chiariello, M.; Gresele, P.; Falcinelli, E.; Golino, P. C-reactive protein
induces expression of matrix metalloproteinase-9: A possible link between inflammation and plaque rupture. Int. J. Cardiol. 2013,
168, 981–986. [CrossRef] [PubMed]

17. Gresele, P.; Falcinelli, E.; Loffredo, F.; Cimmino, G.; Corazzi, T.; Forte, L.; Momi, S.; Golino, P. Platelets release matrix metallopro-
teinase-2 in the coronary circulation of patients with acute coronary syndromes: Possible role in sustained platelet activa-tion.
Eur. Heart J. 2011, 32, 316–325. [CrossRef]

18. Galve-de Rochemonteix, B.; Wiktorowicz, K.; Kushner, I.; Dayer, J.M. C-reactive protein increases production of IL-1 alpha, IL-1
beta, and TNF-alpha, and expression of mRNA by human alveolar macrophages. J. Leukoc. Biol. 1993, 53, 439–445. [CrossRef]

19. Xie, L.; Chang, L.; Guan, Y.; Wang, X. C-Reactive Protein Augments Interleukin-8 Secretion in Human Peripheral Blood Monocytes.
J. Cardiovasc. Pharmacol. 2005, 46, 690–696. [CrossRef]

20. Hattori, Y.; Matsumura, M.; Kasai, K. Vascular smooth muscle cell activation by C-reactive protein. Cardiovasc. Res. 2003, 58,
186–195. [CrossRef]

21. Eisenhardt, S.U.; Habersberger, J.; Murphy, A.; Chen, Y.-C.; Woollard, K.J.; Bassler, N.; Qian, H.; Muhlen, C.V.Z.; Hagemeyer, C.E.;
Ahrens, I.; et al. Dissociation of Pentameric to Monomeric C-Reactive Protein on Activated Platelets Localizes Inflammation to
Atherosclerotic Plaques. Circ. Res. 2009, 105, 128–137. [CrossRef]

22. Thiele, J.R.; Habersberger, J.; Braig, D.; Schmidt, Y.; Goerendt, K.; Maurer, V.; Bannasch, H.; Scheichl, A.; Woollard, K.J.; von
Dobschütz, E.; et al. Dissociation of pentameric to monomeric C-reactive protein localizes and aggravates inflammation: In vivo
proof of a powerful proinflammatory mechanism and a new anti-inflammatory strategy. Circulation 2014, 130, 35–50. [CrossRef]

23. Ridker, P.M.; Everett, B.M.; Thuren, T.; MacFadyen, J.G.; Chang, W.H.; Ballantyne, C.; Fonseca, F.; Nicolau, J.; Koenig, W.; Anker,
S.D.; et al. Antiinflammatory Therapy with Canakinumab for Atherosclerotic Disease. N. Engl. J. Med. 2017, 377, 1119–1131.
[CrossRef]

24. Epelman, S.; Mann, D.L. Communication in the heart: The role of the innate immune system in coordinating cellular re-sponses
to ischemic injury. J. Cardiovasc. Transl. Res. 2012, 5, 827–836. [CrossRef] [PubMed]

25. De Palma, R.; Del Galdo, F.; Abbate, G.; Chiariello, M.; Calabró, R.; Forte, L.; Cimmino, G.; Papa, M.F.; Russo, M.G.; Ambrosio, G.;
et al. Patients with acute coronary syndrome show oligoclonal T-cell recruitment within unstable plaque: Evidence for a local,
intracoronary immunologic mechanism. Circulation 2006, 113, 640–646. [CrossRef]

26. Liuzzo, G.; Goronzy, J.J.; Yang, H.; Kopecky, S.L.; Holmes, D.R.; Frye, R.L.; Weyand, C.M. Monoclonal T-Cell Proliferation and
Plaque Instability in Acute Coronary Syndromes. Circulation 2000, 101, 2883–2888. [CrossRef] [PubMed]

27. Liuzzo, G.; Kopecky, S.L.; Frye, R.L.; Fallon, W.M.O.; Maseri, A.; Goronzy, J.J.; Weyand, C.M. Perturbation of the T-Cell Repertoire
in Patients With Unstable Angina. Circulation 1999, 100, 2135–2139. [CrossRef] [PubMed]

28. Hansson, G.K.; Hermansson, A. The immune system in atherosclerosis. Nat. Immunol. 2011, 12, 204–212. [CrossRef]
29. Wang, C.; Jinchuan, Y.; Zhu, X.; Yan, J.; Li, G. Function of CD147 in Atherosclerosis and Atherothrombosis. J. Cardiovasc. Transl.

Res. 2015, 8, 59–66. [CrossRef]
30. Moore, K.J.; Tabas, I. The Cellular Biology of Macrophages in Atherosclerosis. Cell 2011, 145, 341–355. [CrossRef]
31. Hedrick, C.C. Lymphocytes in Atherosclerosis. Arter. Thromb. Vasc. Biol. 2015, 35, 253–257. [CrossRef]

http://doi.org/10.1007/s12016-020-08791-9
http://doi.org/10.7759/cureus.18273
http://doi.org/10.1093/eurheartj/ehz008
http://doi.org/10.1189/jlb.0208123
http://doi.org/10.1161/01.CIR.102.18.2165
http://www.ncbi.nlm.nih.gov/pubmed/11056086
http://doi.org/10.1080/00016340802322265
http://www.ncbi.nlm.nih.gov/pubmed/18720045
http://doi.org/10.1016/j.clinbiochem.2007.09.001
http://doi.org/10.1016/j.cardiores.2005.05.010
http://doi.org/10.1089/dna.2010.1093
http://www.ncbi.nlm.nih.gov/pubmed/20979529
http://doi.org/10.1016/j.ijcard.2012.10.040
http://www.ncbi.nlm.nih.gov/pubmed/23157807
http://doi.org/10.1093/eurheartj/ehq390
http://doi.org/10.1002/jlb.53.4.439
http://doi.org/10.1097/01.fjc.0000183568.48389.a1
http://doi.org/10.1016/S0008-6363(02)00855-6
http://doi.org/10.1161/CIRCRESAHA.108.190611
http://doi.org/10.1161/CIRCULATIONAHA.113.007124
http://doi.org/10.1056/NEJMoa1707914
http://doi.org/10.1007/s12265-012-9410-7
http://www.ncbi.nlm.nih.gov/pubmed/23054658
http://doi.org/10.1161/CIRCULATIONAHA.105.537712
http://doi.org/10.1161/01.CIR.101.25.2883
http://www.ncbi.nlm.nih.gov/pubmed/10869258
http://doi.org/10.1161/01.CIR.100.21.2135
http://www.ncbi.nlm.nih.gov/pubmed/10571971
http://doi.org/10.1038/ni.2001
http://doi.org/10.1007/s12265-015-9608-6
http://doi.org/10.1016/j.cell.2011.04.005
http://doi.org/10.1161/ATVBAHA.114.305144


Int. J. Mol. Sci. 2023, 24, 2483 12 of 15

32. Ketelhuth, D.F.J.; Hansson, G.K. Cellular immunity, low-density lipoprotein and atherosclerosis: Break of tolerance in the artery
wall. Thromb. Haemost. 2011, 106, 779–786. [CrossRef] [PubMed]

33. Tse, K.; Tse, H.; Sidney, J.; Sette, A.; Ley, K. T cells in atherosclerosis. Int. Immunol. 2013, 25, 615–622. [CrossRef] [PubMed]
34. Doherty, T.M. T-cell regulation of macrophage function. Curr. Opin. Immunol. 1995, 7, 400–404. [CrossRef]
35. Leung, Y.Y.; Yao Hui, L.L.; Kraus, V.B. Colchicine—Update on mechanisms of action and therapeutic uses. Semin. Arthritis Rheum.

2015, 45, 341–350. [CrossRef] [PubMed]
36. Slobodnick, A.; Shah, B.; Pillinger, M.H.; Krasnokutsky, S. Colchicine: Old and New. Am. J. Med. 2014, 128, 461–470. [CrossRef]
37. Michalkova, R.; Mirossay, L.; Gazdova, M.; Kello, M.; Mojzis, J. Molecular Mechanisms of Antiproliferative Effects of Natural

Chalcones. Cancers 2021, 13, 2730. [CrossRef]
38. Lym, C.I.; Nakasato, F.K.; Menezes, M.C.S.; Sodré, C.T.; Gomes, M.K.; Manela-Azulay, M.; Cuzzi, T.; Ramos-E-Silva, M. Oleoma

treated with oral colchicine: Report of two cases and review of the literature. Int. J. Women’s Dermatol. 2015, 1, 47–50. [CrossRef]
39. Ben-Chetrit, E. Colchicine. In Textbook of Autoinflammation; Springer: Berlin/Heidelberg, Germany, 2018; pp. 729–749.
40. Adler, Y.; Charron, P.; Imazio, M.; Badano, L.; Barón-Esquivias, G.; Bogaert, J.; Brucato, A.; Gueret, P.; Klingel, K.; Lionis, C.;

et al. 2015 ESC Guidelines for the diagnosis and management of pericardial diseases: The Task Force for the Diagnosis and
Man-agement of Pericardial Diseases of the European Society of Cardiology (ESC)Endorsed by: The European Association for
Cardio-Thoracic Surgery (EACTS). Eur. Heart J. 2015, 36, 2921–2964.

41. Martínez, G.J.; Robertson, S.; Barraclough, J.; Xia, Q.; Mallat, Z.; Bursill, C.; Celermajer, D.S.; Patel, S. Colchicine Acutely
Suppresses Local Cardiac Production of Inflammatory Cytokines in Patients with an Acute Coronary Syndrome. J. Am. Heart
Assoc. 2015, 4, e002128. [CrossRef]

42. Nidorf, S.M.; Eikelboom, J.W.; Budgeon, C.A.; Thompson, P.L. Low-dose colchicine for secondary prevention of cardio-vascular
disease. J. Am. Coll. Cardiol. 2013, 61, 404–410. [CrossRef] [PubMed]

43. D’Amario, D.; Cappetta, D.; Cappannoli, L.; Princi, G.; Migliaro, S.; Diana, G.; Chouchane, K.; Borovac, J.A.; Restivo, A.; Arcudi,
A.; et al. Colchicine in ischemic heart disease: The good, the bad and the ugly. Clin. Res. Cardiol. 2021, 110, 1531–1542. [CrossRef]
[PubMed]

44. Cortese, F.; Bhattacharyya, B.; Wolff, J. Podophyllotoxin as a probe for the colchicine binding site of tubulin. J. Biol. Chem. 1977,
252, 1134–1140. [CrossRef] [PubMed]

45. Pyles, E.A.; Rava, R.P.; Hastie, S.B. Effect of B-ring substituents on absorption and circular dichroic spectra of colchicine analogues.
Biochemistry 1992, 31, 2034–2039. [CrossRef] [PubMed]

46. Angelidis, C.; Kotsialou, Z.; Kossyvakis, C.; Vrettou, A.-R.; Zacharoulis, A.; Kolokathis, F.; Kekeris, V.; Giannopoulos, G. Colchicine
Pharmacokinetics and Mechanism of Action. Curr. Pharm. Des. 2018, 24, 659–663. [CrossRef]

47. Shah, B.; Allen, N.; Harchandani, B.; Pillinger, M.; Katz, S.; Sedlis, S.P.; Echagarruga, C.; Samuels, S.K.; Morina, P.; Singh, P.; et al.
Effect of Colchicine on Platelet-Platelet and Platelet-Leukocyte Interactions: A Pilot Study in Healthy Subjects. Inflammation 2015,
39, 182–189. [CrossRef]

48. Cronstein, B.N.; Molad, Y.; Reibman, J.; Balakhane, E.; Levin, I.R.; Weissmann, G. Colchicine alters the quantitative and qualitative
display of selectins on endothelial cells and neutrophils. J. Clin. Investig. 1995, 96, 994–1002. [CrossRef]

49. Bonaventura, A.; Vecchié, A.; Dagna, L.; Tangianu, F.; Abbate, A.; Dentali, F. Colchicine for COVID-19: Targeting NLRP3
inflammasome to blunt hyperinflammation. Inflamm. Res. 2022, 71, 293–307. [CrossRef]

50. Schroder, K.; Tschopp, J. The Inflammasomes. Cell 2010, 140, 821–832. [CrossRef]
51. Walle, L.V.; Lamkanfi, M. Inflammasomes: Caspase-1-Activating Platforms with Critical Roles in Host Defense. Front. Microbiol.

2011, 2, 3. [CrossRef]
52. Bergsbaken, T.; Fink, S.L.; Cookson, B.T. Pyroptosis: Host cell death and inflammation. Nat. Rev. Genet. 2009, 7, 99–109. [CrossRef]

[PubMed]
53. Pope, R.M.; Tschopp, J. The role of interleukin-1 and the inflammasome in gout: Implications for therapy. Arthritis Rheum. 2007,

56, 3183–3188. [CrossRef] [PubMed]
54. Sheedy, F.J.; Grebe, A.; Rayner, K.J.; Kalantari, P.; Ramkhelawon, B.; Carpenter, S.B.; Becker, E.C.; Ediriweera, H.N.; Mullick,

E.A.; Golenbock, D.T.; et al. CD36 coordinates NLRP3 inflammasome activation by facilitating intracellular nucleation of soluble
ligands into particulate ligands in sterile inflammation. Nat. Immunol. 2013, 14, 812–820. [CrossRef] [PubMed]

55. Shi, X.; Xie, W.-L.; Kong, W.-W.; Chen, D.; Qu, P. Expression of the NLRP3 Inflammasome in Carotid Atherosclerosis. J. Stroke
Cerebrovasc. Dis. 2015, 24, 2455–2466. [CrossRef]

56. Paramel Varghese, G.; Folkersen, L.; Strawbridge, R.J.; Halvorsen, B.; Yndestad, A.; Ranheim, T.; Krohg-Sørensen, K.; Skjelland,
M.; Espevik, T.; Aukrust, P.; et al. NLRP3 Inflammasome Expression and Activation in Human Atherosclerosis. J. Am. Heart Assoc.
2016, 5, e003031. [CrossRef]

57. Robertson, S.; Martínez, G.J.; Payet, C.A.; Barraclough, J.Y.; Celermajer, D.S.; Bursill, C.; Patel, S. Colchicine therapy in acute
cor-onary syndrome patients acts on caspase-1 to suppress NLRP3 inflammasome monocyte activation. Clin. Sci. 2016, 130,
1237–1246. [CrossRef]

58. Altaf, A.; Qu, P.; Zhao, Y.; Wang, H.; Lou, D.; Niu, N. NLRP3 inflammasome in peripheral blood monocytes of acute coronary
syndrome patients and its relationship with statins. Coron. Artery Dis. 2015, 26, 409–421. [CrossRef]

59. Misawa, T.; Takahama, M.; Kozaki, T.; Lee, H.; Zou, J.; Saitoh, T.; Akira, S. Microtubule-driven spatial arrangement of mito-
chondria promotes activation of the NLRP3 inflammasome. Nat. Immunol. 2013, 14, 454–460. [CrossRef]

http://doi.org/10.1160/TH11-05-0321
http://www.ncbi.nlm.nih.gov/pubmed/21979058
http://doi.org/10.1093/intimm/dxt043
http://www.ncbi.nlm.nih.gov/pubmed/24154816
http://doi.org/10.1016/0952-7915(95)80117-0
http://doi.org/10.1016/j.semarthrit.2015.06.013
http://www.ncbi.nlm.nih.gov/pubmed/26228647
http://doi.org/10.1016/j.amjmed.2014.12.010
http://doi.org/10.3390/cancers13112730
http://doi.org/10.1016/j.ijwd.2014.12.004
http://doi.org/10.1161/JAHA.115.002128
http://doi.org/10.1016/j.jacc.2012.10.027
http://www.ncbi.nlm.nih.gov/pubmed/23265346
http://doi.org/10.1007/s00392-021-01828-9
http://www.ncbi.nlm.nih.gov/pubmed/33713178
http://doi.org/10.1016/S0021-9258(17)40631-4
http://www.ncbi.nlm.nih.gov/pubmed/14143
http://doi.org/10.1021/bi00122a020
http://www.ncbi.nlm.nih.gov/pubmed/1536846
http://doi.org/10.2174/1381612824666180123110042
http://doi.org/10.1007/s10753-015-0237-7
http://doi.org/10.1172/JCI118147
http://doi.org/10.1007/s00011-022-01540-y
http://doi.org/10.1016/j.cell.2010.01.040
http://doi.org/10.3389/fmicb.2011.00003
http://doi.org/10.1038/nrmicro2070
http://www.ncbi.nlm.nih.gov/pubmed/19148178
http://doi.org/10.1002/art.22938
http://www.ncbi.nlm.nih.gov/pubmed/17907163
http://doi.org/10.1038/ni.2639
http://www.ncbi.nlm.nih.gov/pubmed/23812099
http://doi.org/10.1016/j.jstrokecerebrovasdis.2015.03.024
http://doi.org/10.1161/JAHA.115.003031
http://doi.org/10.1042/CS20160090
http://doi.org/10.1097/MCA.0000000000000255
http://doi.org/10.1038/ni.2550


Int. J. Mol. Sci. 2023, 24, 2483 13 of 15

60. Lai, H.T.T.; Do, H.M.; Nguyen, T.T. Evaluation of Colchicine’s interaction with the ATP-binding region of mice NLRP3-NACHT
domain using molecular docking and dynamics simulation. J. Phys. Conf. Ser. 2022, 2269, 012012. [CrossRef]

61. Marques-Da-Silva, C.; Chaves, M.; Castro, N.; Coutinho-Silva, R.; Guimaraes, M. Colchicine inhibits cationic dye uptake induced
by ATP in P2X2 and P2X7 receptor-expressing cells: Implications for its therapeutic action. Br. J. Pharmacol. 2011, 163, 912–926.
[CrossRef]

62. Gonzalez, L.; Bulnes, J.F.; Orellana, M.P.; Munoz Venturelli, P.; Martinez Rodriguez, G. The Role of Colchicine in Ather-osclerosis:
From Bench to Bedside. Pharmaceutics 2022, 14, 1395. [CrossRef] [PubMed]

63. Poredos, P.; Poredos, A.V.; Gregoric, I. Endothelial Dysfunction and Its Clinical Implications. Angiology 2021, 72, 604–615.
[CrossRef]

64. Bennett, M.R.; Sinha, S.; Owens, G.K. Vascular Smooth Muscle Cells in Atherosclerosis. Circ. Res. 2016, 118, 692–702. [CrossRef]
[PubMed]

65. Pamuk, B.O.; Sari, I.; Selcuk, S.; Gokce, G.; Kozaci, D.L. Evaluation of circulating endothelial biomarkers in familial Med-iterranean
fever. Rheumatol. Int. 2013, 33, 1967–1972. [CrossRef] [PubMed]

66. Di Pietro, N.; Formoso, G.; Pandolfi, A. Physiology and pathophysiology of oxLDL uptake by vascular wall cells in ath-erosclerosis.
Vascul. Pharmacol. 2016, 84, 1–7. [CrossRef] [PubMed]

67. Kanuri, S.H.; Mehta, J.L. Role of Ox-LDL and LOX-1 in Atherogenesis. Curr. Med. Chem. 2019, 26, 1693–1700. [CrossRef]
68. Cirillo, P.; Conte, S.; Cimmino, G.; Pellegrino, G.; Ziviello, F.; Barra, G.; Sasso, F.C.; Borgia, F.; De Palma, R.; Trimarco, B. Nobiletin

inhibits oxidized-LDL mediated expression of Tissue Factor in human endothelial cells through inhibition of NF-kappaB. Biochem.
Pharmacol. 2017, 128, 26–33. [CrossRef]

69. Cimmino, G.; Conte, S.; Morello, A.; Pellegrino, G.; Marra, L.; Calì, G.; Golino, P.; Cirillo, P. Colchicine inhibits the prothrombotic
effects of oxLDL in human endothelial cells. Vasc. Pharmacol. 2020, 137, 106822. [CrossRef]

70. Cimmino, G.; Cirillo, P. Tissue factor: Newer concepts in thrombosis and its role beyond thrombosis and hemostasis. Cardiovasc.
Diagn. Ther. 2018, 8, 581–593. [CrossRef] [PubMed]

71. Mandal, S.K.; Pendurthi, U.R.; Rao, L.V. Tissue factor trafficking in fibroblasts: Involvement of protease-activated re-ceptor-
mediated cell signaling. Blood 2007, 110, 161–170. [CrossRef]

72. Kamal, A.; Goldstein, L.S. Connecting vesicle transport to the cytoskeleton. Curr. Opin. Cell Biol. 2000, 12, 503–508. [CrossRef]
[PubMed]

73. Chaldakov, G.N. Colchicine, a microtubule-disassembling drug, in the therapy of cardiovascular diseases. Cell Biol. Int. 2018, 42,
1079–1084. [CrossRef] [PubMed]

74. Mackman, N. Regulation of the Tissue Factor Gene. Thromb. Haemost. 1997, 78, 747–754. [CrossRef]
75. Aggarwal, B.B.; Takada, Y.; Shishodia, S.; Gutierrez, A.M.; Oommen, O.V.; Ichikawa, H.; Baba, Y.; Kumar, A. Nuclear transcription

factor NF-kappa B: Role in biology and medicine. Experiment 2004, 42, 341–357.
76. Jackman, R.W.; Rhoads, M.G.; Cornwell, E.; Kandarian, S.C. Microtubule-mediated NF-kappaB activation in the TNF-alpha

signaling pathway. Exp. Cell Res. 2009, 315, 3242–3249. [CrossRef] [PubMed]
77. Balzan, S.; Lubrano, V. LOX-1 receptor: A potential link in atherosclerosis and cancer. Life Sci. 2018, 198, 79–86. [CrossRef]
78. Pirillo, A.; Norata, G.D.; Catapano, A.L. LOX-1, OxLDL, and atherosclerosis. Mediat. Inflamm. 2013, 2013, 152786. [CrossRef]
79. Mehta, J.L.; Chen, J.; Hermonat, P.L.; Romeo, F.; Novelli, G. Lectin-like, oxidized low-density lipoprotein receptor-1 (LOX-1): A

critical player in the development of atherosclerosis and related disorders. Cardiovasc. Res. 2006, 69, 36–45. [CrossRef]
80. Li, D.; Mehta, J.L. Upregulation of endothelial receptor for oxidized LDL (LOX-1) by oxidized LDL and implications in apoptosis

of human coronary artery endothelial cells: Evidence from use of antisense LOX-1 mRNA and chemical inhib-itors. Arterioscler.
Thromb. Vasc. Biol. 2000, 20, 1116–1122. [CrossRef]

81. Cimmino, G.; Cirillo, P.; Conte, S.; Pellegrino, G.; Barra, G.; Maresca, L.; Morello, A.; Calì, G.; Loffredo, F.; De Palma, R.;
et al. Oxidized low-density lipoproteins induce tissue factor expression in T-lymphocytes via activation of lectin-like oxidized
low-density lipoprotein receptor-1. Cardiovasc. Res. 2019, 116, 1125–1135. [CrossRef]

82. Zhuge, Y.; Zhang, J.; Qian, F.; Wen, Z.; Niu, C.; Xu, K.; Ji, H.; Rong, X.; Chu, M.; Jia, C. Role of smooth muscle cells in
Cardiovascular Disease. Int. J. Biol. Sci. 2020, 16, 2741–2751. [CrossRef] [PubMed]

83. March, K.L.; Mohanraj, S.; Ho, P.P.; Wilensky, R.L.; Hathaway, D.R. Biodegradable microspheres containing a colchicine analogue
inhibit DNA synthesis in vascular smooth muscle cells. Circulation 1994, 89, 1929–1933. [CrossRef] [PubMed]

84. Bauriedel, G.; Heimerl, J.; Beinert, T.; Welsch, U.; Höfling, B. Colchicine antagonizes the activity of human smooth muscle cells
cultivated from arteriosclerotic lesions after atherectomy. Coron. Artery Dis. 1994, 5, 531–539.

85. Clarke, M.C.; Talib, S.; Figg, N.L.; Bennett, M.R. Vascular smooth muscle cell apoptosis induces interleukin-1-directed in-
flammation: Effects of hyperlipidemia-mediated inhibition of phagocytosis. Circ. Res. 2010, 106, 363–372. [CrossRef] [PubMed]

86. Mehta, U.M.; Kaul, D. Effect of trifluoperazine and colchicine on smooth muscle cellular proliferative and secretory activity
induced by hypercholesterolemic medium in vitro. Biochem. Int. 1990, 21, 107–116.

87. Wolf, D.; Ley, K. Immunity and Inflammation in Atherosclerosis. Circ. Res. 2019, 124, 315–327. [CrossRef]
88. Ben-Chetrit, E.; Levy, M. Does the lack of the P-glycoprotein efflux pump in neutrophils explain the efficacy of colchicine in

familial Mediterranean fever and other inflammatory diseases? Med. Hypotheses. 1998, 51, 377–380. [CrossRef]
89. Chia, E.W.; Grainger, R.; Harper, J.L. Colchicine suppresses neutrophil superoxide production in a murine model of gouty arthritis:

A rationale for use of low-dose colchicine. Br. J. Pharmacol. 2008, 153, 1288–1295. [CrossRef]

http://doi.org/10.1088/1742-6596/2269/1/012012
http://doi.org/10.1111/j.1476-5381.2011.01254.x
http://doi.org/10.3390/pharmaceutics14071395
http://www.ncbi.nlm.nih.gov/pubmed/35890291
http://doi.org/10.1177/0003319720987752
http://doi.org/10.1161/CIRCRESAHA.115.306361
http://www.ncbi.nlm.nih.gov/pubmed/26892967
http://doi.org/10.1007/s00296-013-2681-8
http://www.ncbi.nlm.nih.gov/pubmed/23358733
http://doi.org/10.1016/j.vph.2016.05.013
http://www.ncbi.nlm.nih.gov/pubmed/27256928
http://doi.org/10.2174/0929867325666180508100950
http://doi.org/10.1016/j.bcp.2016.12.016
http://doi.org/10.1016/j.vph.2020.106822
http://doi.org/10.21037/cdt.2018.10.14
http://www.ncbi.nlm.nih.gov/pubmed/30498683
http://doi.org/10.1182/blood-2006-10-050476
http://doi.org/10.1016/S0955-0674(00)00123-X
http://www.ncbi.nlm.nih.gov/pubmed/10873823
http://doi.org/10.1002/cbin.10988
http://www.ncbi.nlm.nih.gov/pubmed/29762881
http://doi.org/10.1055/s-0038-1657623
http://doi.org/10.1016/j.yexcr.2009.08.020
http://www.ncbi.nlm.nih.gov/pubmed/19732770
http://doi.org/10.1016/j.lfs.2018.02.024
http://doi.org/10.1155/2013/152786
http://doi.org/10.1016/j.cardiores.2005.09.006
http://doi.org/10.1161/01.ATV.20.4.1116
http://doi.org/10.1093/cvr/cvz230
http://doi.org/10.7150/ijbs.49871
http://www.ncbi.nlm.nih.gov/pubmed/33110393
http://doi.org/10.1161/01.CIR.89.5.1929
http://www.ncbi.nlm.nih.gov/pubmed/8181114
http://doi.org/10.1161/CIRCRESAHA.109.208389
http://www.ncbi.nlm.nih.gov/pubmed/19926874
http://doi.org/10.1161/CIRCRESAHA.118.313591
http://doi.org/10.1016/S0306-9877(98)90031-7
http://doi.org/10.1038/bjp.2008.20


Int. J. Mol. Sci. 2023, 24, 2483 14 of 15

90. Schwarz, N.; Toledo-Flores, D.; Fernando, S.; Di Bartolo, B.; Nicholls, S.J.; Psaltis, P.J. Pro-Inflammatory Effects of Col-chicine on
Macrophages Stimulated with Atherogenic Stimuli In Vitro. Heart Lung Circ. 2016, 25, S89. [CrossRef]

91. Meyer-Lindemann, U.; Mauersberger, C.; Schmidt, A.-C.; Moggio, A.; Hinterdobler, J.; Li, X.; Khangholi, D.; Hettwer, J.; Gräßer,
C.; Dutsch, A.; et al. Colchicine Impacts Leukocyte Trafficking in Atherosclerosis and Reduces Vascular Inflammation. Front.
Immunol. 2022, 13, 898690. [CrossRef]

92. Chistiakov, D.A.; Orekhov, A.N.; Bobryshev, Y.V. Immune-inflammatory responses in atherosclerosis: Role of an adaptive
immunity mainly driven by T and B cells. Immunobiology 2016, 221, 1014–1033. [CrossRef]

93. Profumo, E.; Buttari, B.; Tosti, M.E.; Tagliani, A.; Capoano, R.; D’Amati, G.; Businaro, R.; Salvati, B.; Riganò, R. Plaque-infiltrating T
lymphocytes in patients with carotid atherosclerosis: An insight into the cellular mechanisms associated to plaque desta-bilization.
J. Cardiovasc. Surg. 2013, 54, 349–357.

94. Gotsman, I.; Sharpe, A.H.; Lichtman, A.H. T-Cell Costimulation and Coinhibition in Atherosclerosis. Circ. Res. 2008, 103,
1220–1231. [CrossRef]

95. De Palma, R.; Cirillo, P.; Ciccarelli, G.; Barra, G.; Conte, S.; Pellegrino, G.; Pasquale, G.; Nassa, G.; Pacifico, F.; Leonardi, A.; et al.
Expression of functional tissue factor in activated T-lymphocytes in vitro and in vivo: A possible contribution of immunity to
thrombosis? Int. J. Cardiol. 2016, 218, 188–195. [CrossRef]

96. Aukrust, P.; Otterdal, K.; Yndestad, A.; Sandberg, W.J.; Smith, C.; Ueland, T.; Øie, E.; Damås, J.K.; Gullestad, L.; Halvorsen, B. The
complex role of T-cell-based immunity in atherosclerosis. Curr. Atheroscler. Rep. 2008, 10, 236–243. [CrossRef] [PubMed]

97. Rudolph, S.A.; Greengard, P.; Malawista, S.E. Effects of colchicine on cyclic AMP levels in human leukocytes. Proc. Natl. Acad. Sci.
USA 1977, 74, 3404–3408. [CrossRef] [PubMed]

98. Kershenobich, D.; Rojkind, M.; Quiroga, A.; Alcocer-Varela, J. Effect of colchicine on lymphocyte and monocyte function and its
relation to fibroblast proliferation in primary biliary cirrhosis. Hepatology 1990, 11, 205–209. [CrossRef]

99. Cirillo, P.; Conte, S.; Pellegrino, G.; Barra, G.; De Palma, R.; Sugraliyev, A.; Golino, P.; Cimmino, G. Effects of colchicine on tissue
factor in oxLDL-activated T-lymphocytes. J. Thromb. Thrombolysis 2022, 53, 739–749. [CrossRef] [PubMed]

100. Koenen, R.R.; Binder, C.J. Platelets and coagulation factors: Established and novel roles in atherosclerosis and athero-thrombosis.
Atherosclerosis 2020, 307, 78–79. [CrossRef] [PubMed]

101. Menche, D.; Israel, A.; Karpatkin, S. Platelets and microtubules. Effect of colchicine and D2O on platelet aggregation and release
induced by calcium ionophore A23187. J. Clin. Investig. 1980, 66, 284–291. [CrossRef] [PubMed]

102. Cimmino, G.; Tarallo, R.; Conte, S.; Morello, A.; Pellegrino, G.; Loffredo, F.; Calì, G.; De Luca, N.; Golino, P.; Trimarco, B.; et al.
Colchicine reduces platelet aggregation by modulating cytoskeleton rearrangement via inhibition of cofilin and LIM domain
kinase 1. Vasc. Pharmacol. 2018, 111, 62–70. [CrossRef] [PubMed]

103. Bodakuntla, S.; Jijumon, A.; Villablanca, C.; Gonzalez-Billault, C.; Janke, C. Microtubule-Associated Proteins: Structuring the
Cytoskeleton. Trends Cell Biol. 2019, 29, 804–819. [CrossRef] [PubMed]

104. Ostrowska, Z.; Moraczewska, J. Cofilin—A protein controlling dynamics of actin filaments. Adv. Hyg. Exp. Med. 2017, 71, 339–351.
[CrossRef] [PubMed]

105. Cirillo, P.; Taglialatela, V.; Pellegrino, G.; Morello, A.; Conte, S.; Di Serafino, L.; Cimmino, G. Effects of colchicine on platelet
ag-gregation in patients on dual antiplatelet therapy with aspirin and clopidogrel. J. Thromb. Thrombolysis 2020, 50, 468–472.
[CrossRef]

106. Abanonu, G.B.; Daskin, A.; Akdogan, M.F.; Uyar, S.; Demirtunc, R. Mean platelet volume and beta-thromboglobulin levels in
familial Mediterranean fever: Effect of colchicine use? Eur. J. Intern. Med. 2012, 23, 661–664. [CrossRef]

107. Brinkmann, V.; Reichard, U.; Goosmann, C.; Fauler, B.; Uhlemann, Y.; Weiss, D.S.; Weinrauch, Y.; Zychlinsky, A. Neutrophil
ex-tracellular traps kill bacteria. Science 2004, 303, 1532–1535. [CrossRef]

108. Moschonas, I.C.; Tselepis, A.D. The pathway of neutrophil extracellular traps towards atherosclerosis and thrombosis. Atheroscle-
rosis 2019, 288, 9–16. [CrossRef]

109. Safi, R.; Kallas, R.; Bardawil, T.; Mehanna, C.J.; Abbas, O.; Hamam, R.; Uthman, I.; Kibbi, A.G.; Nassar, D. Neutrophils contribute
to vasculitis by increased release of neutrophil extracellular traps in Behcet’s disease. J. Dermatol. Sci. 2018, 92, 143–150. [CrossRef]

110. Vaidya, K.; Tucker, B.; Kurup, R.; Khandkar, C.; Pandzic, E.; Barraclough, J.; Machet, J.; Misra, A.; Kavurma, M.; Martinez, G.; et al.
Colchicine Inhibits Neutrophil Extracellular Trap Formation in Patients with Acute Coronary Syndrome after Percuta-neous
Coronary Intervention. J. Am. Heart Assoc. 2021, 10, e018993. [CrossRef]

111. Langevitz, P.; Livneh, A.; Neumann, L.; Buskila, D.; Shemer, J.; Amolsky, D.; Pras, M. Prevalence of ischemic heart disease in
patients with familial Mediterranean fever. Isr. Med Assoc. J. IMAJ 2001, 3, 9–12.

112. Shah, B.; Toprover, M.; Crittenden, D.B.; Jeurling, S.; Pike, V.C.; Krasnokutsky, S.; Xia, Y.; Fisher, M.C.; Slobodnick, A.; Tenner,
C.T.; et al. Colchicine Use and Incident Coronary Artery Disease in Male Patients with Gout. Can. J. Cardiol. 2020, 36, 1722–1728.
[CrossRef]

113. Crittenden, D.B.; Lehmann, R.A.; Schneck, L.; Keenan, R.T.; Shah, B.; Greenberg, J.D.; Cronstein, B.N.; Sedlis, S.P.; Pillinger, M.H.
Colchicine Use Is Associated with Decreased Prevalence of Myocardial Infarction in Patients with Gout. J. Rheumatol. 2012, 39,
1458–1464. [CrossRef]

114. Solomon, D.H.; Liu, C.-C.; Kuo, I.-H.; Zak, A.; Kim, S.C. Effects of colchicine on risk of cardiovascular events and mortality
among patients with gout: A cohort study using electronic medical records linked with Medicare claims. Ann. Rheum. Dis. 2015,
75, 1674–1679. [CrossRef]

http://doi.org/10.1016/j.hlc.2016.06.210
http://doi.org/10.3389/fimmu.2022.898690
http://doi.org/10.1016/j.imbio.2016.05.010
http://doi.org/10.1161/CIRCRESAHA.108.182428
http://doi.org/10.1016/j.ijcard.2016.04.177
http://doi.org/10.1007/s11883-008-0037-8
http://www.ncbi.nlm.nih.gov/pubmed/18489852
http://doi.org/10.1073/pnas.74.8.3404
http://www.ncbi.nlm.nih.gov/pubmed/198784
http://doi.org/10.1002/hep.1840110208
http://doi.org/10.1007/s11239-021-02585-2
http://www.ncbi.nlm.nih.gov/pubmed/34671897
http://doi.org/10.1016/j.atherosclerosis.2020.07.008
http://www.ncbi.nlm.nih.gov/pubmed/32718764
http://doi.org/10.1172/JCI109855
http://www.ncbi.nlm.nih.gov/pubmed/6772671
http://doi.org/10.1016/j.vph.2018.09.004
http://www.ncbi.nlm.nih.gov/pubmed/30287213
http://doi.org/10.1016/j.tcb.2019.07.004
http://www.ncbi.nlm.nih.gov/pubmed/31416684
http://doi.org/10.5604/01.3001.0010.3818
http://www.ncbi.nlm.nih.gov/pubmed/28513458
http://doi.org/10.1007/s11239-020-02121-8
http://doi.org/10.1016/j.ejim.2012.04.007
http://doi.org/10.1126/science.1092385
http://doi.org/10.1016/j.atherosclerosis.2019.06.919
http://doi.org/10.1016/j.jdermsci.2018.08.010
http://doi.org/10.1161/JAHA.120.018993
http://doi.org/10.1016/j.cjca.2020.05.026
http://doi.org/10.3899/jrheum.111533
http://doi.org/10.1136/annrheumdis-2015-207984


Int. J. Mol. Sci. 2023, 24, 2483 15 of 15

115. Nidorf, S.M.; Fiolet, A.T.L.; Mosterd, A.; Eikelboom, J.W.; Schut, A.; Opstal, T.S.J.; The, S.H.K.; Xu, X.-F.; Ireland, M.A.; Lenderink,
T.; et al. Colchicine in Patients with Chronic Coronary Disease. N. Engl. J. Med. 2020, 383, 1838–1847. [CrossRef]

116. Hennessy, T.; Soh, L.; Bowman, M.; Kurup, R.; Schultz, C.; Patel, S.; Hillis, G.S. The Low Dose Colchicine after Myocardial
In-farction (LoDoCo-MI) study: A pilot randomized placebo controlled trial of colchicine following acute myocardial infarction.
Am. Heart J. 2019, 215, 62–69. [CrossRef]

117. Bresson, D.; Roubille, F.; Prieur, C.; Biere, L.; Ivanes, F.; Bouleti, C.; Dubreuil, O.; Rioufol, G.; Boutitie, F.; Sideris, G.; et al.
Colchicine for Left Ventricular Infarct Size Reduction in Acute Myocardial Infarction: A Phase II, Multicenter, Randomized,
Double-Blinded, Placebo-Controlled Study Protocol—The COVERT-MI Study. Cardiology 2021, 146, 151–160. [CrossRef]

118. Mewton, N.; Roubille, F.; Bresson, D.; Prieur, C.; Bouleti, C.; Bochaton, T.; Ivanes, F.; Dubreuil, O.; Biere, L.; Hayek, A.; et al. Effect
of Colchicine on Myocardial Injury in Acute Myocardial Infarction. Circulation 2021, 144, 859–869. [CrossRef]

119. Tong, D.C.; Quinn, S.; Nasis, A.; Hiew, C.; Roberts-Thomson, P.; Adams, H.; Sriamareswaran, R.; Htun, N.M.; Wilson, W.; Stub, D.;
et al. Colchicine in Patients with Acute Coronary Syndrome: The Australian COPS Randomized Clinical Trial. Circulation 2020,
142, 1890–1900. [CrossRef]

120. Tardif, J.-C.; Kouz, S.; Waters, D.D.; Bertrand, O.F.; Diaz, R.; Maggioni, A.P.; Pinto, F.J.; Ibrahim, R.; Gamra, H.; Kiwan, G.S.; et al.
Efficacy and Safety of Low-Dose Colchicine after Myocardial Infarction. N. Engl. J. Med. 2019, 381, 2497–2505. [CrossRef]

121. Andreis, A.; Imazio, M.; Piroli, F.; Avondo, S.; Casula, M.; Paneva, E.; De Ferrari, G.M. Efficacy and safety of colchicine for the
prevention of major cardiovascular and cerebrovascular events in patients with coronary artery disease: A systematic review and
meta-analysis on 12 869 patients. Eur. J. Prev. Cardiol. 2021, 28, 1916–1925. [CrossRef]

122. Goh, C.X.Y.; Tan, Y.K.; Tan, C.H.; Leow, A.S.T.; Ho, J.S.Y.; Tan, N.H.W.; Goh, S.; Ho, A.F.W.; Sharma, V.K.; Chan, B.P.L.; et al. The
use of colchicine as an anti-inflammatory agent for stroke prevention in patients with coronary artery disease: A systematic
review and meta-analysis. J. Thromb. Thrombolysis 2022, 54, 183–190. [CrossRef]

123. Razavi, E.; Ramezani, A.; Kazemi, A.; Attar, A. Effect of Treatment with Colchicine after Acute Coronary Syndrome on Major
Cardiovascular Events: A Systematic Review and Meta-Analysis of Clinical Trials. Cardiovasc. Ther. 2022, 2022, 1–12. [CrossRef]

124. Kelly, P.; Weimar, C.; Lemmens, R.; Murphy, S.; Purroy, F.; Arsovska, A.; Bornstein, N.M.; Czlonkowska, A.; Fischer, U.; Fonseca,
A.C.; et al. Colchicine for prevention of vascular inflammation in Non-CardioEmbolic stroke (CONVINCE)—Study protocol for a
randomised controlled trial. Eur. Stroke J. 2021, 6, 222–228. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1056/NEJMoa2021372
http://doi.org/10.1016/j.ahj.2019.06.003
http://doi.org/10.1159/000512772
http://doi.org/10.1161/CIRCULATIONAHA.121.056177
http://doi.org/10.1161/CIRCULATIONAHA.120.050771
http://doi.org/10.1056/NEJMoa1912388
http://doi.org/10.1093/eurjpc/zwab045
http://doi.org/10.1007/s11239-022-02659-9
http://doi.org/10.1155/2022/8317011
http://doi.org/10.1177/2396987320972566

	Introduction 
	Chemical Structure, Pharmacokinetics and Pharmacodynamics 
	Colchicine: Molecular Mechanisms and Effects on “Atherothrombotic” Cells 
	Colchicine in Coronary Artery Disease: Clinical Studies 
	Chronic Coronary Syndrome 
	Acute Coronary Syndromes 
	Cerebrovascular Disease 

	Conclusions 
	References

