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ABSTRACT

Purpose: Existing literature reports that colchicine
inhibits inflammasome activation and downstream
inflammatory cytokine production and stabilizes
coronary plaque. However, colchicine's effect on
chemokines, which orchestrate multiple
atheroinflammatory pathways, is unknown.

Methods: Patients with acute coronary syndrome
(ACS) were randomly assigned to colchicine (1.5 mg
PO) (n ¼ 12; mean age, 65.2 years) or no treatment
(n ¼ 13; mean age, 62.2 years). Blood samples were
collected during cardiac catheterization within 24
hours of colchicine administration from the coronary
sinus, aortic root, and right atrium. Patients with
colchicine-naive stable angina (SAP) (n ¼ 13; mean
age, 66.8 years) were additionally sampled. Serum
chemokine levels were analyzed with ELISA. In
parallel, monocytes from healthy donors were
isolated and subjected to colchicine treatment.

Findings: Transcoronary (TC) levels of chemokine
ligand 2 (CCL2) and C-X3-C motif chemokine ligand 1
(CX3CL1) were significantly elevated in patients with
ACS versus patients with SAP (P < 0.01). TC
chemokine ligand 5 (CCL5) levels were not significantly
(P ¼ 0.084) elevated in patients with ACS versus
patients with SAP. Colchicine treatment markedly
reduced TC levels of CCL2, CCL5, and CX3CL1 in
2172
patients with ACS (P < 0.05). In vitro colchicine
suppressed CCL2 gene expression in stimulated
monocytes (P < 0.05). Colchicine treatment reduced the
intracellular concentration of all 3 chemokines
(P< 0.01) and impairedmonocyte chemotaxis (P< 0.05).

Implications: Here, we report for the first time that
short-term colchicine therapy significantly reduces the
local production of coronary chemokines, in part by
attenuating production of these mediators by
monocytes. These data provide further evidence of
colchicine's beneficial role in patients with ACS. (Clin
Ther. 2019;41:2172e2181) © 2019 Published by
Elsevier Inc.

Keywords: Atherosclerosis, Acute coronary syn-
drome, Coronary heart disease, Inflammation,
Therapeutics.
INTRODUCTION
Chemokines are a class of chemotactic cytokines
characterized by their ability to induce cell migration.
Beyond their chemotactic function, chemokines are
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involved in a plethora of proatherogenic processes,
including cell survival, leukocyte adhesion, foam cell
differentiation, and endothelial to mesenchymal
transition.1 Chemokine ligand 2 (CCL2), chemokine
ligand 5 (CCL5), and C-X3-C motif chemokine
ligand 1 (CX3CL1) are commonly expressed
chemokines implicated in atherosclerotic plaque
progression and instability. Combined inhibition of
CCL2, CCL5, and CX3CL1 axes abolishes
atherosclerosis in hypercholesterolemic mice,2

whereas blockade of a single pathway stunts plaque
progression and produces a more stable disease
phenotype.3e5 Furthermore, antagonism of the CCL2
receptor was reported to reduce serum C-reactive
protein in humans at high risk of coronary artery
disease (CAD).6 Despite these promising results, there
is yet to be a tolerable, effective, and accessible
therapeutic option available to favorably modify
chemokine expression in humans.

Colchicine is a potent, yet inexpensive, anti-
inflammatory medication used commonly in the
management of gout and pericarditis. Although
colchicine's precise mechanism of action is ill defined,
it is known to inhibit microtubule polymerization.7

As such, colchicine influences numerous cellular
processes, including inflammasome function, cytokine
release, and phagocytosis.7e9 Low-dose colchicine
treatment was found to reduce the incidence of
secondary cardiovascular events and to promote
atherosclerotic plaque stability.10,11

Given colchicine's purported broad mechanism of
action, this pilot study was designed to test its effects
on inflammatory chemokines in patients presenting
with an acute coronary syndrome (ACS). We
hypothesized that (1) the local cardiac production of
CCL2, CCL5, and CX3CL1 would be higher in
patients with ACS than in patients with stable CAD;
(2) colchicine would suppress transcoronary (TC)
production of these chemokines; and (3) this
reduction in chemokine levels would be due to a
direct effect of colchicine on monocyte processes.

PATIENTS AND METHODS
Patient Recruitment

Adult patients indicated for cardiac catheterization
at Royal Prince Alfred Hospital (Sydney, NSW,
Australia) were recruited for this study. Patients were
divided into 2 cohorts, according to clinical
presentation (as per the American Heart Association
October 2019
guidelines)12 as follows: (1) ACS cohort in which
patients presented with recent, acute-onset chest pain
associated with ECG changes and/or positive cardiac
enzymes (creatine kinase or troponin T) and (2)
stable CAD cohort in which patients presented with
symptomatic chest pain on exertion for a period >3
months or asymptomatic patients with >50%
stenosis and positive function tests.

The ACS cohort was randomly assigned, in a 1:1
fashion, to receive either 1 mg, followed by 0.5 mg
(1 hour later), of colchicine or no colchicine, 6 to 24
hours before undergoing cardiac catheterization, as
per our previous publication.8 Staff within the
catheterization laboratory, but not the patient, were
blinded to the assigned treatment. Individuals with
stable CAD served as a control cohort and were not
treated. Exclusion criteria included (1) cardiogenic
shock or hemodynamic instability, (2) known
hypersensitivity to colchicine, (3) use of colchicine or
other anti-inflammatory medications besides aspirin
(ie, corticosteroid drugs); (4) evidence of concurrent
inflammatory or infective conditions that may affect
serum concentration of acute-phase proteins (ie,
rheumatoid arthritis and peripheral vascular disease),
(5) use of potent cytochrome p450 inhibitors, (6)
moderate renal dysfunction (creatine
clearance < 45 mL/min) or hepatic dysfunction
(alanine aminotransferase 1.5× upper limit of normal
range), and (7) thrombocytopenia or leukopenia.

Demographic and clinical data were recorded. The
local Ethics Review Committee approved the study
protocol, and all patients gave written informed
consent before participating.

Sample Collection
Blood sampling was performed as per our previously

published method.8,13 Briefly, a standard coronary
angiogram was performed in all patients.
Subsequently, right femoral vein access was obtained
with a 5F sheath and a 5F Simmons catheter was
advanced into the right atrium. Blood (20 mL) was
drawn from the coronary sinus, lower right
atriumeinferior vena cava junction (venous), and
ascending aorta (arterial). Blood samples were
collected in vacuum containers that contained EDTA.
Samples were subsequently centrifuged at 1500 rpm at
room temperature for 10 minutes; plasma was then
immediately collected and stored at −80�C until
required for processing. TC concentrations (defined as
2173
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coronary sinus concentration minus the central aortic
concentration) for all 3 chemokines were calculated.

Cell Culture
Human-derived mononuclear cells (HDMCs) were

isolated via elutriation from the buffy coat of healthy
individuals. After isolation, HDMCs were seeded in
6-well plates at a density of 3 × 106 cells/well in
RPMI. Cells were incubated at 37�C for 2 hours to
facilitate adhesion. Subsequently, the medium was
replaced with either colchicine (50 nM) or ethanol as
a vehicle control in RPMI that contained 10% fetal
bovine serum. Cells were incubated for 4 hours
before lipopolysaccharide (LPS; 25 ng/mL)
stimulation for 4 hours. After this, cells were lyzed
by either TRI Reagent (SigmaeAldrich, Castle Hill,
NSW, Australia) or CelLytic (SigmaeAldrich) for
RNA and cellular protein extraction, respectively. All
samples were stored at −80�C until required.

Chemokine Quantification
The concentration of plasma and intracellular

CCL2, CCL5, and CX3CL1 was analyzed by ELISA
(R&D Systems, Minneapolis, Minnesota). The
intracellular concentration of the 3 chemokines was
assessed by subjecting the cell lysates to bicinchoninic
acid analysis and loading equal protein quantities
(10 mg) from each sample. ELISAs were performed as
per the manufacturer's guidelines.

RNA Isolation and Quantitative Reverse
Transcriptase Polymerase Chain Reaction

RNA was isolated from HDMCs with the use of
TRI Reagent (SigmaeAldrich) as per the
manufacturer's instructions. RNA was reverse
transcribed with the use of the iScript cDNA
synthesis kit (Bio-Rad Laboratories, Hercules,
California). Quantitative reverse transcriptase
polymerase chain reaction was performed with the
Table I. Human primer sequences used in gene amplifica

Gene Forward

CCL2 TCATAGCAGCCACCTTCATT
CCL5 TCCTCATTGCTACTGCCCT
CX3CL1 TATCTCTGTCGTGGCTGCT
GAPDH TTCAACAGCGACACCCACT
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use of IQ Sybr mix in a CFX384 thermocycler (Bio-
Rad Laboratories). Relative changes in mRNA
expression were determined with the DDCT method
normalized to the housekeeping gene GAPDH. The
primer sequences used for mRNA amplification are
given in Table I.

Migration Assay
Supernatant from HDMCs treated with colchicine

(50 nM) or ethanol (vehicle control) and stimulated
with LPS (25 ng/mL) for 4 hours was collected and
centrifuged at 550 × g and 600 mL was added to 12
wells of a 24-well plate. Freshly isolated HDMCs
were stained with CellTrace CFSE (Thermo Fisher,
Waltham, Massachusetts) as per the manufacturer's
instructions. Once stained, 5 × 104 HDMCs in
100 mL of RPMI were added to the inserts (Corning,
Tewksbury, Massachusetts; 3-mm pores) of the
transwell plate and incubated at 37�C for 1 hour to
facilitate adhesion. Thereafter, the inserts were added
to the wells that contained the conditioned media and
incubated for 2 hours to allow migration. After
migration, the transwell inserts were removed, washed
3 times in phosphate-buffered saline, and fixed in 2%
formalin for 10 minutes. Once dry, the insert was
imaged with the use of the Zeiss Axio Imager Z2, and
3 images of each membrane were obtained with the
use of the 10× objective. Migrated cells were counted
manually with the use of Image J software (National
Institute of Health, Bethesda, Maryland).

Statistical Analysis
Continuous data are reported as mean [SD] or

[SEM] when appropriate. Categorial variables are
displayed as number and percentage. Proportional
differences in categorical data were tested by Pearson
c2 test. Differences in means of continuous variables
were analyzed by 1-way ANOVA or independent t
test when appropriate. All tests were 2-tailed with the
tion.

Reverse

TCGGAGTTTGGGTTTGCTT
TTGGCGGTTCTTTCGGGTGA
TCCTTGACCCATTGCTCCTT
TTCCTCTTGTGCTCTTGCT
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acceptable type 1 error set at P < 0.05. All statistical
analyses were performed with SPSS Statistics 25
software (IBM, Armonk, New York), and graphs
were produced with GraphPad Prism 7.0 (GraphPad
Software, San Diego, California).
RESULTS
Between March 2017 and October 2017, 38 patients
were enrolled in the study. This included 25 patients
presenting with an ACS and 13 with stable CAD. Of
patients within the ACS cohort, 12 were randomly
assigned to colchicine, whereas the remaining 13
patients received no treatment. Colchicine treatment
was well tolerated, and no adverse reactions were
reported.
Table II. Baseline characteristics for study participants.

Characteristic ACS
(n ¼ 13)

Age, years 62.2 [12.1]
Female 1 (7.7)
Diabetes 6 (46.2)
Hypertension 9 (69.2)
Dyslipidemia 10 (76.9)
Current smoker 6 (46.2)
Previous MI 4 (30.8)
Previous PCI 4 (30.8)
Previous CABG 3 (23.1)
Medications

Aspirin 13 (100)
b-Blockers 10 (76.9)
ACE-I 4 (30.8)
Insulin 0 (0.0)
Statin 11 (84.6)

Admission blood value
Troponin T, mg/L 89 (18e1300)
CRP, mg/L 5.2 (2.8e18.9)

Data are presented as mean [SD], n (%), or median (IQR).
ACE-I ¼ angiotensin converting enzyme inhibitor; ACS ¼ acute
CAD ¼ coronary artery disease; Col ¼ colchicine; CRP
PCI ¼ percutaneous coronary intervention.
*P < 0.05 compared with the untreated ACS cohort; c2 test used
and CRP) were log transformed, and subsequent analysis was pe

October 2019
Baseline Characteristics
Baseline characteristics for the 3 cohorts,

untreated ACS, colchicine-treated ACS, and stable
CAD, are presented in Table II. Compared with the
untreated ACS cohort there were fewer active
smokers in the ACS plus colchicine group
(P ¼ 0.035) and fewer patients currently taking a
b-blocker in the stable CAD group (P ¼ 0.047). As
expected, patients with ACS had significantly higher
levels of C-reactive protein and troponin compared
with the stable CAD cohort (P ¼ 0.015 and
P < 0.001, respectively).

Patients with ACS Have Increased Tc Chemokine
Levels

A significant association was found between TC
chemokine levels and clinical presentation. Patients
ACS + Col
(n ¼ 12)

Stable CAD
(n ¼ 13)

65.2 [11.1] 66.8 [8.2]
3 (25.0) 1 (7.7)
5 (41.7) 4 (30.8)
9 (75.0) 10 (76.9)
8 (66.7) 10 (76.9)
1 (8.3)* 4 (30.8)
7 (58.3) 2 (15.4)
4 (33.3) 2 (15.4)
1 (8.3) 1 (7.7)

12 (100) 12 (92.3)
10 (83.3) 5 (38.5)*
8 (66.7) 2 (15.4)
2 (16.7) 1 (7.7)
9 (75.0) 11 (84.6)

206.5 (38.5e1083) 7 (4.5e10.5)*
2.7 (1.1e19.45) 1.2 (0.7e2.2)*

coronary syndrome; CABG ¼ coronary artery bypass graft;
¼ C-reactive protein; MI ¼ myocardial infarction;

for binary variables; non-normally distributed data (troponin
rformed with an independent t test.
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with ACS had significantly higher TC levels of CCL2
and CX3CL1 (12.2 versus −10.0 pg/mL and 73.4
versus −25.0 pg/mL; P ¼ 0.049 and P ¼ 0.007,
respectively) compared with patients with stable
CAD. Patients with ACS had elevated levels of TC
CCL5, although this did not reach statistical
significance (12.6 versus −1.0 ng/mL; P ¼ 0.16).
When aortic, coronary sinus, and venous levels of
the 3 chemokines were compared independently, no
significant differences were found (data not shown).

Colchicine Treatment Acutely Suppresses TC
Chemokine Levels in Patients with ACS

A single dose of colchicine (1.5 mg) had no
significant effect on the concentration of chemokines
at the individual sampling sites (data not shown).
However, calculation of the TC values revealed that
colchicine acutely suppressed TC levels of all 3
chemokines: CCL2 (12.2 versus −12 pg/mL;
P ¼ 0.049), CCL5 (12.6 versus −16.2 ng/mL;
P ¼ 0.010), and CX3CL1 (73.4 versus −7.8 pg/mL;
P ¼ 0.016) as illustrated in Figure 1. Because there
were significantly more active smokers in the
untreated ACS group, a sensitivity analysis with
Figure 1. Transcoronary (TC) chemokine levels. During
administration, blood was collected from the
lated, chemokine concentrations were analyzed
onary sinus e aortic). P values were calculate
multiplicity was adjusted for by using the Hol
ASC+C ¼ acute coronary syndrome plus colchic
ligand 5; CX3CL1 ¼ C-X3-C motif chemokine
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adjustment for numbers of smokers was performed.
This resulted in similar significant differences in
chemokine levels between the groups.

Colchicine Suppresses CCL2 Gene Expression in
Activated HDMCs

Colchicine treatment of HDMCs in vitro, before
LPS stimulation, inhibited CCL2 gene expression
by 59% (4.6 versus 11.1; P ¼ 0.028) (Figure 2A).
Moreover, colchicine exposure reduced the relative
increase in CCL2 intracellular protein concentration
associated with LPS stimulation by ~3-fold (0.4
versus 1.3; P ¼ 0.002) (Figure 2B).

Unlike CCL2, colchicine treatment had no
significant effect on CCL5 or CX3CL1 mRNA
expression versus the ethanol-treated control group
(data not shown). Despite this, colchicine treatment
significantly reduced the relative increase in CCL5
and CX3CL1 intracellular protein concentration
associated with LPS stimulation (2.5 versus 9.7;
P ¼ 0.005; 0.9 versus 1.3; P ¼ 0.009, respectively)
(data not shown).
cardiac catherization, 6 to 24 hours after colchicine
coronary sinus and aortic root. The plasma was iso-
by ELISA, and the TC gradient was calculated (cor-

d with a 1-way ANOVA with multiple comparisons;
meSidak method. ACS ¼ acute coronary syndrome;
ine; CCL2 ¼ chemokine ligand 2; CCL5 ¼ chemokine
ligand 1.
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Figure 2. Effect of colchicine (Col) on chemokine ligand 2 (CLL2) expression. Col treatment significantly
reduced CCL2 (A) mRNA and (B) intracellular protein levels compared with vehicle (ethanol; EtoH)
control. Human-derived mononuclear cells (HDMCs) were isolated from buffy coat and treated with
either 50 nM Col (n ¼ 5) or EtOH (n ¼ 5) as a vehicle control for 4 hours. Cells were stimulated with
lipopolysaccharide (25 ng/mL) for a further 4 hours before being harvested. The mean difference
between treatment groups was analyzed by paired t test.

B. Tucker et al.
Colchicine Inhibits The Generation of a Functional
Chemotactic Gradient

We next used a migration assay to assess the
functional consequences of reduced chemokine
production. Monocyte migration toward conditioned
media generated from colchicine-treated HDMCs was
reduced by 46% (P ¼ 0.035) compared with the
ethanol-treated controls (Figure 3).
DISCUSSION
This pilot study is the first, to our knowledge, that
measures TC chemokine levels in patients with ACS
and the effect of colchicine on these factors. There
are several novel findings. First, patients with ACS
have increased TC levels of CCL2 and CX3CL1
compared with patients with stable CAD. Second, a
one-off colchicine dose acutely suppressed the TC
levels of CCL2, CCL5, and CX3CL1. Finally,
colchicine reduced CCL2 expression and chemotaxis
in activated HDMCs, suggesting a direct inhibitory
effect of colchicine on these cells.
October 2019
Local Cardiac Production of Chemokines is
Elevated in Patients with ACS

Expectedly, these results found that the local
cardiac production of CCL2, CCL5, and CX3CL1 is
higher in patients with ACS than in patients with
stable CAD; however, results for CCL5 were
statistically indeterminant. From this trend, a higher
powered study might be able to detect a significant
difference in the TC levels of CCL5 between these 2
cohorts. As previously reported by our group,8

venous levels do not track with increased TC
production, indicating the importance of measuring
the TC gradient to identify local cardiac changes.
Although augmented chemokine expression is known
to disrupt plaque stability, results of this study are
unable to confirm whether the increase in TC
chemokine levels were the cause of plaque rupture or
consequent to it.

CCL2, CCL5, and CX3CL1 are instrumental in the
progression of atherosclerosis and have been suggested
to promote instability of atherosclerotic lesions.14

CCL2 is primarily responsible for inducing monocyte
migration into plaque, although it is also involved in
regulating matrix metalloproteinase expression;
therefore, it directly influences plaque stability.15,16 In
2177



Figure 3. Colchicine (Col) reduced human-derived mononuclear cell (HDMC) migration. (A) Graphical rep-
resentation of HDMC migration in response to conditioned medium with and without Col. (B)
Representative images of carboxyfluorescein diacetate succinimidyl ester (CFSE)-labeled HDMCs
(green) that have migrated to the underside of the transwell membrane. HDMCs treated with either
50 nM Col or ethanol (EtOH) for 4 hours were stimulated with lipopolysaccharide (25 ng/mL). The
supernatant was subsequently collected, centrifuged, and added to a 24-well plate. Freshly isolated
CFSE-stained HDMCs were then added to transwell inserts and allowed to migrate toward the
conditioned media (n ¼ 4).

Clinical Therapeutics
mice, CCL2 overexpression accelerates plaque
progression17; whereas CCL2 blockade stunts
progression and limits destabilization of preexisting
atherosclerotic lesions.18 In humans, elevated
circulating CCL2 levels after ACS are associated with
an increased risk of recurrence and a higher
mortality.19,20 CCL5 induces migration of
monocytes, T lymphocytes, and neutrophils toward
atherosclerotic lesions. Inhibition of CCL5 signaling
attenuates plaque progression and promotes plaque
stability in mice.4 In humans, CCL5 is increased
during cardiac ischemia, and elevated CCL5 levels
after ACS are associated with progressive
atherosclerotic lesions and future cardiovascular
adverse events.21,22 The dual-function chemokine
2178
CX3CL1 acts as both a soluble ligand and a
membrane-bound adhesion molecule. In
atherosclerosis, CX3CL1 is known to facilitate
monocyte recruitment to the inflamed endothelium,
activate platelets, and promote leukocyte survival.1,23

Not surprising, increased serum levels of CX3CL1
are associated with an unstable plaque morphology
and a higher risk of ACS.24e26

Colchicine Reduces TC Chemokine Levels
We found that colchicine administration acutely

suppressed the local cardiac production of CCL2,
CCL5, and CX3CL1. This reduction in intracardiac
chemokine expression has significant therapeutic
implications. ACS is most commonly preceded by
Volume 41 Number 10
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plaque rupture and subsequent thrombosis, a process
that is driven by the continual recruitment of
leukocytes to atherosclerotic lesions. By reducing this
chemotactic stimulus, colchicine may increase
stability of preformed atherosclerotic lesions and may
reduce plaque disruption rates. Encouragingly, the
use of colchicine in patients with ACS and patients
with CAD has been supported by findings from the
LoDoCo trial10 and the COLPLAST-ACS study11

which found that colchicine stabilizes coronary
plaque and reduces ACS recurrence rates. As such,
these current findings combined with previous data
from our group indicating suppression of
inflammasome-specific cytokines found that
colchicine has a broad antiatherogenic mechanism(s)
of action.

Colchicine Modulates Chemokine Expression in
HDMCs

With the use of an in vitro model, we aimed to
elucidate the mechanism by which colchicine reduces
TC chemokine levels and whether this effect has a
functional consequence. Our data found that
colchicine regulates HDMC migration, in part by
reducing CCL2 expression, a major process that
mediates atherogenesis. In line with a previous report
from Li et al,27 this data found that colchicine acts
directly on HDMCs to reduce CCL2 mRNA
expression. One possible mechanism may be
modulation of transcription factor nuclear
translocation by disruption of microtubule
networks,28,29 although confirmation of this is
beyond the scope of this article. We also found that
colchicine reduces CCL5 and CXC3L1 protein levels
without affecting transcription; this may be due to
interference with post-transcriptional microtubule-
dependent packaging and transport of these
chemokines, thereby reducing their production.
Again, dedicated mechanistic studies are required to
confirm these findings. To determine whether the
observed reduction in intracellular chemokine
expression translated to a reduction in secretion and
thus chemotaxis, we used a transwell migration
assay. We found that by reducing chemokine
production, colchicine inhibits HDMC chemotaxis.
This evidence provides a mechanism by which
colchicine may improve plaque stability by reducing
intraplaque immune cell accumulation. Overall, these
data suggest that colchicine suppresses monocyte
October 2019
activation and therefore chemotaxis, as found by the
blunted response to LPS stimulation.

This pilot study was designed to identify potential
anti-inflammatory mechanisms of colchicine in
patients presenting with an ACS, rather than to
assess colchicine's efficacy in cardiovascular disease
or its effect on plaque stability. As such, this study
has 3 important limitations. First, the sample size of
this study was relatively small. Consequently, the
distribution of baseline characteristics was not
entirely equal, and results may be influenced by
confounders not identified in this pilot study. Second,
we did not measure the effect of colchicine on
chemokines in patients with stable CAD. Finally, we
only investigated the impact of colchicine on
HDMCs, whereas in vivo serum chemokine levels are
regulated by many cell types. To completely
understand colchicine's mechanism of action in vivo
it would be essential to investigate all relevant cell
types, including endothelial cells and macrophages,
which also secrete large amounts of chemokines.

CONCLUSION
In summary, these data provide a novel mechanism by
which colchicine exerts its anti-inflammatory effects in
patients with ACS. These results found that colchicine
inhibits chemokine expression and thus monocyte
migration. In combination with the existing literature,
this evidence highlights the need for further large-
scale, outcome-based clinical trials to assess the
efficacy of colchicine in cardiovascular disease.
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