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Brief Report

Colchicine: A New Dawn for Preventing Complications After
Heart Attack? Unveiling its Network Pharmacology and the

COLD-MI Trial
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ABSTRACT

Acute myocardial infarction, or heart attack, remains a significant cause of morbidity and mortality
globally. Despite substantial advancements in acute management, the residual risk of recurrent
coronary events, including myocardial infarction, stroke, and heart failure, poses a substantial
challenge. This persistent threat underscores the imperative for ongoing research into novel
therapeutic strategies to improve patient outcomes. The recently published COLD-MI trial results
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has generated significant interest by highlighting the potential of colchicine, a readily available

and inexpensive medication, in preventing complications after a heart attack. This report delves
into the rationale behind the COLD-MI trial, scrutinizes its findings, and explores the implications
in correlation with network pharmacology of colchicine for future clinical practice.
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BACKGROUND

Acute Myocardial Infarction (AMI), commonly referred to as a
heart attack, is a critical medical condition arising from a sudden
blockage of blood flow to the heart muscle.”* This blockage
results in the death of heart tissue. It remains a leading cause
of morbidity and mortality worldwide, imposing a substantial
burden on healthcare systems and societies.** The global
incidence of AMI is significant and varies across different regions.
While there has been improvement in AMI rates due to optimal
risk factor management and advancements in medical care, the
disease burden and its consequences specially under comorbid
conditions remains a cause for concern.*® These concerns are
further fortified with urban lifestyle, changing dietary habits,
increased stress levels, and growing prevalence of risk factors
such as smoking, hypertension, and diabetes. It is essential to
note that the true global burden of AMI is likely underestimated
due to variations in data collection and reporting systems across
countries.

Biological response and healing post heart attack

Following a heart attack, the body undergoes a complex and
gradual healing process. The heart, unable to regenerate damaged
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muscle cells, undergoes a process of repair and remodelling.>”
The immediate aftermath of a heart attack involves the death
(necrosis and apoptosis) of heart muscle cells in the affected
area.® The body initiates an inflammatory response to clear away
dead tissue.>'*!"" White blood cells are dispatched to the site of
injury to clean up the debris. As the inflammation subsides, the
heart begins to repair itself by forming scar tissue. This scar tissue
replaces the damaged heart muscle. The endogenous regeneration
of heart muscle is not universally observed, but does occur is
some patients.'>"” The heart may undergo changes in shape and
size as the scar tissue/heart muscles forms (remodelling). The scar
tissue is not as efficient as healthy heart muscle, which can lead to
a weakened heart.'*" The electrical activity of the heart may be
disrupted due to scar tissue, potentially leading to arrhythmias.?**!
The healing process typically takes several weeks.>?% However,
the heart continues to adapt and remodel for months, and even
years, after a heart attack.

Several factors influence the healing process, including: Size of
the heart attack (Larger heart attacks tend to have more extensive
damage and a longer healing period). Prompt medical treatment
(Early intervention can limit heart damage and improve the
healing process). Overall heart health (Pre-existing heart
conditions or other health issues can impact healing).>?? It's
crucial to emphasize that while the heart can heal to a certain
extent, it cannot fully regain its pre-injury state. Therefore,
patients who have experienced a heart attack need ongoing care
and lifestyle modifications to manage their heart health and
reduce the risk of future complications. One such complication
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Figure 1: Target profile of colchicine. Chemical structure of colchicine along its major target categories is

shown in the top panel. The major target categories of colchicine in humans were eraser’s (47% of the top

15% targets) and kinases (27% of the top 15% targets). Bottom panel shows the probability of interaction

with the top 5 targets of colchicine identified in the Swiss target prediction database (the gene codes of the
targets are mentioned in the figure).

commonly observed is an undesirable phenomenon known
as sympathetic denervation.”?® This refers to the damage or
loss of nerves that regulate heart function and blood pressure.
Sympathetic denervation disrupts the delicate balance of the
autonomic nervous system, leading to an overactive sympathetic
state characterized by increased heart rate, blood pressure, and

inflammation. This heightened sympathetic activity is associated
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with an increased risk of adverse cardiovascular events including
progressing towards heart failure.?*

Synopsis of the COLD-MI trial and colchicine
pharmacology

The recently published COLD-MI trial****** aimed to investigate
whether colchicine could mitigate the detrimental effects of
sympathetic denervation after a heart attack, thereby reducing
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Figure 2: Target networks of colchicine. Top panel shows the top ten target networks of colchicine in

humans identified in the STITCH database. Bottom panel shows the interaction scores of colchicine with

each of its target network (the targets are represented by their gene code). The highest interaction score
was observed for MTNR1B and PPY.

the risk of future complications. Colchicine, a natural alkaloid
derived from the autumn crocus (Colchicum autumnale),
has a rich history dating back to its FDA approval in 1961.%%
Traditionally employed for the acute management of gout flares®
and as a prophylactic treatment for familial Mediterranean
fever,**¥ the therapeutic spectrum of colchicine has expanded

considerably. Contemporary clinical practice also leverages
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its anti-inflammatory properties for the prevention of major
cardiovascular events.***** Furthermore, ongoing research delves
into its potential in managing a diverse array of inflammatory
and fibrotic conditions.**** Recent research suggests colchicine
possesses anti-inflammatory properties and may modulate the
activity of the autonomic nervous system.***>** Colchicine exerts

its anti-inflammatory effects through multiple mechanisms. By
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inhibiting microtubule polymerization,* it disrupts key cellular
processes in neutrophils and monocytes, including activation,
migration, and degranulation.**® This interference with the
cytoskeleton also prevents the assembly of the inflammasome
complex, a critical mediator of inflammation.” Consequently,
colchicine reduces the production of inflammatory cytokines
such as interleukin-1p.***° Additionally, the drug attenuates
neutrophil adhesion and reactive oxygen species generation.
These combined actions contribute to colchicine's efficacy in
managing gout and potentially preventing cardiovascular events.

The COLD-MI trial was a multicenter, randomized, double-blind,
placebo-controlled trial that enrolled over 4,400 patients
hospitalized for a heart attack.”** Participants were randomly
assigned to receive either colchicine or a placebo for one year,
alongside standard heart attack treatment. The primary endpoint
of the study was myocardial sympathetic denervation assessed
at six months via 123I-metaiodobenzylguanidine scintigraphy
(1231-MIBG SPECT) imaging. Secondary endpoints encompassed
clinical outcomes such as survival and revascularization rates,
as well as imaging parameters including planar 123I-MIBG
Heart-to-Mediastinum (H/M) ratio and Left Ventricular Ejection
Fraction (LVEF) by echocardiography. Additionally, we evaluated
arrhythmic burden through electrocardiographic analysis and
heart rate variability assessment.

The trial yielded intriguing results.**** Compared to the placebo
group, patients receiving colchicine (1 mg colchicine tablet, one
per day for 30 days, initiated within 48 hr after revascularization)
experienced a statistically significant reduction in the primary
endpoint. Patients who took colchicine were less likely to
experience myocardial sympathetic denervation (damage to
the heart's nerve supply) compared to those who didn't.*?*
Pharmacometrics suggested a ~58% relative risk reduction
preferentially in the non-infarcted zones than the infarcted
zones, signifying a noteworthy potential benefit. However, it is
essential to note that the odd ratio reported was an unadjusted
analysis, meaning other factors that could influence the results
(like age, other medications, severity of heart attack) haven't been
accounted for. Hence further analysis with adjustments for these
factors will be essential to assess the true effect of colchicine.
The benefits in secondary outcomes were evident on H/M ratio,
suggesting a potential protective effect of colchicine on myocardial
sympathetic innervation, with no therapeutic influence on the
extent of heart damage (necrosis), overall heart function (LVEF),
heart rhythm, heart rate variability, or major clinical events. In
addition to the benefits observed, colchicine was associated with
more gastrointestinal side effects®* compared to the control

group.

Network Pharmacology of Colchicine

In lieu of these new findings from COLD-MI trial, an objective
assessment of colchicine’s network pharmacology®= is essential
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to understand if colchicine can be a beacon of hope or is a
glimmer in the dark. Although colchicine is previously reported
to be well-tolerated, the significant incidence of gastrointestinal
side effects is a cause for concern. While the study showed a
positive effect on the H/M ratio, suggesting potential benefits for
myocardial sympathetic innervation,** the overall long-term
impact on patient outcomes is not clear-cut. The protection for
the heart's sympathetic innervation offered by colchicine could
potentially also have long-term implications (beyond 6 months)
for heart health, and further research will be needed to confirm
this. It will also be essential to understand the mechanism of
action/s by which colchicine exerts its protective effects on
sympathetic innervation. Further research is needed to elucidate
whether the observed benefits stem from its anti-inflammatory
properties, direct modulation of the autonomic nervous system,
or a combination of both or a completely new mechanism/s.
The screening in Swiss target prediction site®**' for human
specific targets of colchicine indicated Histone deacetylase’s (1,
2, 3 and 6) to be their major targets followed by kinases (Figure
1). The interaction probability (0.6) of colchicine with tubulin
beta-1 chain was the highest, and showed similar degree of
interactions with all types of histone deacetylase’s (Figure 1). The
screening of colchicine networks in STITCH database revealed
six general targets (MTNRIB, PPY, CCR3, MTRNR2L2, RGS6,
and S1PR2) and four taste receptor specific targets (TAS2R14,
TAS2R20, TAS2R30, and TAS2R38) (Figure 2), all with high
network scores (>0.9). The highest network score of colchicine
was observed for melatonin receptor 1B (MTNRIB, 0.93) and
pancreatic polypeptide (PPY, 0.92). Considering these targets
of colchicine the observation of significant gastrointestinal side
effects among patients are not surprising.**>#*62 The MT-RNR2-
like 2 (MTRNR2L2) is known to be neuroprotective factor and
possibly may have a role in the reduced myocardial sympathetic
denervation following colchicine treatment. In addition to these
targets of Colchicine, Chemokine (C-C motif) receptor 3 (CCR3),
Sphingosine 1-Phosphate Receptor 2 (S1PR2) and Regulator
of G-protein Signalling 6 (RGS6) through their influence on
myeloid progenitors are likely to be responsible for beneficial
effects of colchicine post AMI.

CONCLUSION

The COLD-MI trial represents a pivotal advancement in
our understanding of post-myocardial infarction care. The
demonstration of colchicines efficacy in reducing recurrent
cardiovascular events offers a promising therapeutic avenue.
However, this is merely the beginning of a new chapter in
heart disease management. To fully realize the potential of
colchicine, several areas warrant further investigation. Refining
risk stratification will be essential to identify patients who may
derive the greatest benefit from this medication. Exploring
synergistic interactions with other established therapies could
lead to even more robust prevention strategies. Additionally, a
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comprehensive cost-effectiveness analysis is needed to evaluate
the economic implications of colchicine integration into routine
care. While the results of the COLD-MI trial are encouraging, it
is imperative to conduct long-term studies to assess the sustained
benefits and safety profile of colchicine. Delving deeper into the
underlying mechanisms of action will provide valuable insights
for developing novel therapeutic approaches. Ultimately, the goal
is to translate these findings into improved patient outcomes. By
carefully considering the data and conducting rigorous research,
we can optimize the use of colchicine and other preventive
strategies to reduce the burden of heart disease.

ACKNOWLEDGEMENT

Research support from University College Dublin-Seed funding/
Output Based Research Support Scheme (R19862, 2019) and
Stemcology (STGY2917, 2022) is acknowledged.

CONFLICT OF INTEREST

The authors declare that there is no conflict of interest.

ABBREVIATIONS

123I-MIBG SPECT: 123I-metaiodobenzylguanidine
scintigraphy; AMI: Acute Myocardial Infarction; CCR3:
Chemokine (C-C motif) receptor 3; COLD-MI: Colchicine to
Prevent Sympathetic Denervation after an Acute Myocardial
Infarction; H/M: Heart-to-Mediastinum; HDACI: Histone
deacetylase 1; HDAC2: Histone deacetylase 2; HDAC3: Histone
deacetylase 3; HDAC6: Histone deacetylase 6; LVEF: Left
Ventricular Ejection Fraction; MTNR1B: Melatonin receptor type
1B; MTRNR2L2: Humanin-like 2; PPY: Pancreatic polypeptide
prohormone; RGS6: Regulator of G-protein signaling 6; SIPR2:
Sphingosine 1-phosphate receptor 2; TAS2R14: Taste receptor,
type 2, member 14; TAS2R20: Taste receptor, type 2, member 20’
TAS2R30: Taste receptor, type 2, member 30; TAS2R38: Taste
receptor, type 2, member 38; TUBB1: Tubulin beta-1 chain.
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