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Colchicine modulates TIMP1, MMP1, and pMAP4 expression to
enhance extracellular matrix degradation in 3T3 fibroblast-mediated
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Abstract

Context: Cardiovascular disease is a leading cause of mortality worldwide. Following acute myocardial infarction (AMI), cardiac cells release many cytokines
and proteolytic enzymes that regulate the extracellular matrix (ECM), including matrix metalloproteinases (MMPs), tissue inhibitor of metalloproteinases
(TIMPs), and phosphorylated microtubule-associated protein 4 (Phospho/pMAP4).

Aims: To analyze the role of colchicine in ECM regulation post-ischemic in cell line culture towards MMPs, TIMPs, and pMAP4.

Methods: This in vitro experimental study was conducted on the 3T3 fibroblast cell line subjected to hypoxic conditions (CoCl treatment) and compared with
3T3 cells experiencing hypoxia/ischemic and colchicine treatment. MMP-1, TIMP-1, and pMAP4 expression were measured using flow cytometry. Data analysis
was performed using One-Way ANOVA with a 95% confidence level.

Results: Treatment with colchicine in the 3T3 fibroblast cell culture regulated the extracellular matrix by increasing TIMP-1 expression and reducing MMP-1
and pMAP4 expression (p<0.0001) following ischemic conditions induced by CoCl..

Conclusions: Colchicine effectively mitigates ECM degradation by enhancing TIMP-1 expression and inhibiting MMP-1 activity and pMAP4 expression post-
ischemic conditions.

Keywords: cell line; colchicine; extracellular matrix; ischemia.

Resumen

Contexto: Las enfermedades cardiovasculares son una de las principales causas de mortalidad en todo el mundo. Tras un infarto agudo de miocardio (IAM),
las células cardiacas liberan muchas citocinas y enzimas proteoliticas que regulan la matriz extracelular (MEC), incluidas las metaloproteinasas de matriz
(MMP), los inhibidores tisulares de las metaloproteinasas (TIMP) y la proteina 4 fosforilada asociada a microtibulos (Phospho/pMAP4).

Objetivos: Analizar el papel de la colchicina en la regulacion de la MEC post-isquémica en cultivos de lineas celulares en relacién con las MMPs, TIMPs y
PMAP4,

Métodos: Este estudio experimental in vitro se realiz6 en la linea celular de fibroblastos 3T3 sometida a condiciones de hipoxia (tratamiento con CoCl,) y se
comparé con células 3T3 que experimentaron hipoxia/isquemia y tratamiento con colchicina. La expresién de MMP-1, TIMP-1 y pMAP4 se midié mediante
citometria de flujo. El analisis de los datos se realizé mediante ANOVA unidireccional con un nivel de confianza del 95%.

Resultados: El tratamiento con colchicina en el cultivo celular de fibroblastos 3T3 regulé la matriz extracelular aumentando la expresién de TIMP-1y
reduciendo la expresion de MMP-1y pMAP4 (p<0,0001) tras condiciones isquémicas inducidas por CoCl,.

Conclusiones: La colchicina mitiga eficazmente la degradacién de la MEC aumentando la expresion de TIMP-1 e inhibiendo la actividad de MMP-1 y la
expresion de pMAP4 tras condiciones de isquemia.

Palabras Clave: linea celular; colchicina; matriz extracelular; isquemia.

ARTICLE INFO AUTHOR INFO
Received: December 29, 2023. ORCID: 0000-0003-0009-4660 (SDH) 0000-0002-8446-6291 (AA)
Accepted: March 1,2024. 0000-0001-6461-2223 (MSR) 0000-0002-1265-1957 (

BL)
Available Online: March 6, 2024. 0000-0002-4558-130X (DS) 0000-0002-6242-6491 (DO)



https://jppres.com/
https://doi.org/10.56499/jppres23.1937_12.3.586
mailto:saskia.handari@ub.ac.id
mailto:saskiahandari@outlook.com
https://orcid.org/0000-0003-0009-4660
https://orcid.org/0000-0002-8446-6291
https://orcid.org/0000-0001-6461-2223
https://orcid.org/0000-0002-1265-1957
https://orcid.org/0000-0002-4558-130X
https://orcid.org/0000-0002-6242-6491

Dyah Handari et al.

INTRODUCTION

Heart disease remains one of the leading causes of
death globally (Bouabdallaoui and Tardif, 2021), with
ischemic heart disease accounting for 49.2% of such
cases in 2019 (Zhang et al., 2022). Coronary artery
disease (CAD) is a major contributor to morbidity and
mortality. The most significant consequence of this
condition is the abrupt reduction in blood flow, lead-
ing to myocardial ischemia. Prolonged disruption of
blood flow can cause permanent myocardial damage
(>30 minutes in rats) and cardiomyocyte necrosis,
eventually leading to myocardial infarction (MI)
(Lindsey et al., 2021). MI incidence is more prevalent
in individuals over 60 years, with a prevalence rate of
9.5%, compared to 3.8% in those under 60 (Salari et
al., 2023).

Myocardial infarction, defined as the death of my-
ocardial cells due to prolonged ischemic (Thygesen et
al., 2012), is a primary cause of heart failure and mal-
adaptive cardiac remodeling. Ischemic events in the
heart trigger excessive immune and inflammatory
responses aimed at protecting the injured left ventri-
cle (LV). This LV strain and remodeling state is close-
ly associated with the degradation of the extracellular
matrix. The ECM, produced and released by injured
myocytes and endothelial cells, is regulated by matrix
metalloproteinases (MMPs) (Asgharnezhad et al,
2023). MMP-1 is known to cause ECM degradation,
cell proliferation, and scar tissue formation. The dis-
ruption of ECM integrity by MMP-1 can lead to heart
deformation and reduced cardiac function. However,
MMP1 also affects post-myocardial infarction's repair
and regeneration processes. Excessive ECM accumu-
lation leads to scar tissue formation (Parsons et al.,
2004), which, while maintaining the integrity of the
LV wall, can also increase wall stiffness, resulting in
dilation and heart failure (Nielsen et al., 2019). The
degradation of ECM is modulated by the increased
expression of tissue inhibitors of metalloproteinases-1
(TIMP-1), which inhibits MMP activity (Cabral-
Pacheco et al., 2020). The balance between MMP and
TIMP significantly influences LV remodeling and the
secretion of inflammatory cytokines (Avcioglu et al.,
2020). Among the structures more prevalently ex-
pressed in the heart is microtubule-associated protein
4 (MAP4). MAP4 is involved in microtubule tissue's
pathological densification and microtubule transport
inhibition. Overexpression of MAP4 can increase tu-
bulin expression and microtubule stability, leading to
myocardial damage (Caporizzo et al., 2019).

Clinically, the current treatment for CAD primari-
ly involves reperfusion to restore blood flow through
the arteries. However, approximately 25% of patients
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are unable to receive reperfusion therapy due to low
success rates. Additionally, about 30% of those who
undergo reperfusion therapy experience myocardial
hypoperfusion. Coronary artery disease contributes to
adverse cardiac remodeling and heart failure (Lindsey
et al., 2021). In dogs, nearly 50% of the at-risk myo-
cardium can be salvaged with reperfusion after 90
minutes. Conversely, myocardial reperfusion is re-
versible and can lead to irreversible injury, exacerbat-
ed by increased levels of reactive oxygen species
(ROS) and calcium (Lukécs et al., 2012).

Drugs such as losmapimod, a p38-MAPK inhibi-
tor, have failed to produce beneficial effects in AMI
patients. Tocilizumab, a humanized anti-interleukin-6
receptor (IL-6R) antibody, has also not shown signifi-
cant results (D’Amario et al.,, 2021). The administra-
tion of 0.5 mg of colchicine significantly reduces the
risk of cardiovascular death, MI, stroke, and resusci-
tated cardiac arrest (Avcioglu et al., 2020). Colchicine
is an anti-inflammatory medication that binds to tu-
bulin, affecting cellular processes (including phagocy-
tosis function and leukocyte recruitment), thereby
reducing the release of proinflammatory cytokines
that trigger inflammation (Bouabdallaoui and Tardif,
2021). Research on the role of ECM proteins in heart
regeneration is limited. Besides cardiomyocyte (CM)
proliferation, heart regeneration requires adequate
revascularization to provide trophic support for myo-
cardial growth, a process often overlooked (Vu et al,,
2022). Therefore, further research is needed to explore
the therapeutic potential of ECM components as tar-
gets for heart regeneration. This study aims to analyze
the role of colchicine in ECM regulation post-ischemic
in cell line culture towards MMPs, TIMPs, and
PMAP4.

MATERIAL AND METHODS

Study design

This experimental in vitro study was conducted on
the 3T3 fibroblast cell line. The research design com-
pared 3T3 cells subjected to ischemic with those expe-
riencing both ischemic and colchicine treatment. The
study received ethical approval (No. 181/EC/KEPK-
S3/07/2023) from Universitas Brawijaya, Indonesia.

Ischemic induction and colchicine treatment

This study utilized the 3T3-Swiss albino mouse fi-
broblast cell line (ATCC®CCL-92TM). Cells were
cultured in Dulbecco's Modified Eagle Medium
(DMEM) (D6429; Sigma-Aldrich; Merck; Germany)
supplemented with 10% Fetal Bovine Serum (FBS)
(F2442; Sigma-Aldrich; Merck; Germany) and Antibi-
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otic-Antimycotic Solution (A5955; Sigma-Aldrich;
Merck; Germany). Incubation conditions were main-
tained at 37°C, 5% CO2, and 95% air. Cells were ex-
posed to 300 pM cobalt chloride (CoCly) (C8661; Sig-
ma-Aldrich; Merck; Germany) for 24 hours (Liu et al,,
2019; Zhao et al., 2015) to mimic hypoxic conditions.
Colchicine (Recolfar®, a 0.5 mg colchicine tablet)
treatment was administered at 1 mM (stock), referenc-
ing the protocol (Peruzzi et al. 2013). A colchicine
stock solution with a concentration of 1 mM was pre-
pared by dissolving two tablets, each containing 0.5
mg of colchicine, in 2.5 mL of DMSO. This achieves
the required concentration since a total of 1 mg of
colchicine was used. For the purpose of application in
media at a concentration of 1 uM, the initial 1 mM
stock solution was subsequently diluted 1000-fold.
The study design included five experimental groups:
Control Group: healthy cells; Colchicine Group:
healthy cells treated with colchicine for 24 hours;
CoCl> Group: cells exposed to hypoxic conditions for
24 hours and treated with a placebo; Colchicine
Treatment Group: healthy cells treated with colchi-
cine for 24 hours, then exposed to hypoxic conditions
for another 24 hours; and CoCl, + Colchicine Group:
cells directly exposed to hypoxic conditions and sim-
ultaneously treated with colchicine for 24 hours.

Measurement of MMP-1, TIMP-1, and pMAP4
expressions using flow cytometry

A suspension of 3T3 cells was centrifuged at 2500
rpm for 5 minutes at 10°C. The supernatant was dis-
carded following centrifugation, and the cell pellet
was resuspended in 1 mL of PBS. Next, the cell pellet
was treated with 100 pL of BD Cytofix/Cytoperm™
Fixation/Permeabilization solution and incubated on
ice for 20 minutes. Subsequently, 500 pL of BD
Perm/Wash™ buffer was added, and the suspension
was centrifuged again at 2500 rpm for 5 minutes at
10°C. The cell pellet was then stained with a cocktail
of antibodies: PE-conjugated anti-human MMP-1 (sc-
137044; SantaCruz; Santa Cruz Biotechnology; USA),
FITC-conjugated anti-human TIMP-1 (sc-21734; San-
taCruz; Santa Cruz Biotechnology; USA), and pMAP4
fluorescein goat anti-rabbit (PA5-64526; Invitrogen;
Thermo Fisher Scientific; USA). The staining incuba-
tion was performed on ice for 20 minutes. Finally, 400
uL of PBS was added. Cell acquisition was then set up
based on the specific cell type of interest, and gating
strategies were established based on antibody stain-
ing and observed expression patterns (Peruzzi et al.,
2013).
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Data analysis

Data were analyzed using One-way ANOVA fol-
lowed by Tukey's test, p-value<0.05, employing
GraphPad software version 8.4.0.

RESULTS

MMP-1 expression

Our findings demonstrate that MMP-1 expression
in the control group differed significantly from both
the colchicine group (p<0.0001) and the ischemic
group (p<0.0001). Notably, colchicine administration
significantly reduced MMP-1 expression compared to
the control (p<0.0001) and the ischemic groups
(p<0.0001). Interestingly, while CoCl, treatment alone
induced ischemic, as evidenced by increased MMP-1
expression compared to the control, subsequent col-
chicine administration restored MMP-1 levels to near
control values (Fig. 1).

TMP-1 expression

The study also revealed that TMP1 expression in
the control group significantly differs from the colchi-
cine group (p<0.001) and the ischemic group (p<0.01).
Colchicine administration can increase TMP1 expres-
sion in ischemic conditions compared to those not
given colchicine (p<0.0001). Colchicine in healthy
individuals (control) can decrease TIMP-1 expression,
but in ischemic conditions, it can increase TIMP1 ex-
pression (Fig. 2).

PMAP4 expression

The study indicated that pMAP4 expression in the
control group differed significantly from both the
colchicine group (p<0.0001) and the CoCl> group
(p<0.0001). The administration of colchicine effective-
ly reduced pMAP4 expression in hypoxic conditions
(post-CoCl, treatment) compared to the group not
receiving colchicine (p<0.0001) (Fig. 3).

DISCUSSION

This study's administration of colchicine in the 3T3
cell culture is based on previous research. This re-
search indicated that administering a low dose of 0.5
mg of colchicine daily to patients significantly re-
duced the risk of ischemic cardiovascular events
compared to a placebo (Mewton et al., 2021). CoCl;
was employed to induce ischemic. 3T3 cells exposed
to CoCly exhibited higher HIF-la expression than
those not exposed to CoCl» (unpublished data). Ma-
trix metalloproteinases, or collagenases or matrixins,
are the central proteolytic system involved in the deg-
radation of the heart's extracellular matrix (ECM).
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Figure 1. Colchicine vs. placebo in
ischemic-induced MMP-1 upregulation in
3T3fibroblasts.

This study compares the effects of colchicine and
placebo on MMP-1 levels in fibroblasts under
ischemic stress induced by CoCl.. Colchicine
significantly reduces MMP-1 upregulation in
ischemic conditions (****p<0.0001) compared to
control and placebo groups without affecting
healthy control cells. In contrast, placebo shows
no significantimpact on MMP-1 levels. Results
from six experiments (n = 6 samples per group)
with SEM error bars confirm colchicine's efficacy
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Figure 2. Colchicine exhibits context-
dependent modulation of TIMP-1
expression in 3T3 fibroblasts.

This figure highlights colchicine's context-
dependent effects on TIMP-1 expression
compared to placebo. In healthy cells,
colchicine significantly reduces TIMP-1
(p<0.001), while it increases TIMP-1 under

hypoxic stress induced by CoCl, (p<0.0001).

The placebo shows no significant
modulation in either condition. Data from
six experiments (n = 6 per group) with SEM
error bars underline colchicine's unique,
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Figure 3. Colchicine colchicine's
impact on pMAP4 expression in 3T3
fibroblasts is compared with
placebo.

CoCly-induced ischemia elevates pMAP4
levels (****p<0.0001). Colchicine
significantly lowers pMAP4 in healthy
and ischemic cells (****p<0.0001),
outperforming placebo, which shows no
significant effect. This demonstrates
colchicine's ability to counteract
ischemic-induced pMAP4 upregulation.
Data from six experiments (n =6 per

in counteracting ischemic-induced MMP-1
elevation. (-): no ischemia, (+): ischemia.

environment-sensitive action on TIMP-1. (-):
no ischemia, (+): ischemia.

group) with SEM error bars are
presented. (-): no ischemia, (+):
ischemia.

The MI is caused by ischemia due to inadequate
blood supply, often resulting from the blockage of
coronary arteries, leading to tissue injury or cell death
(Veldhuizen et al., 2022). The initial phase of MI in-
volves protein lysis and degradation, while the sub-
sequent stage is characterized by the activation and
accumulation of fibrillar collagen (Ushakov et al,
2020). Hence, the ECM is considered a dynamic struc-
tural remodeling element crucial in cardiac repair. It
provides a cellular environment conducive to migra-
tion, growth, and differentiation, forming links be-
tween cellular functions and tissue structure
(Vanhoutte et al., 2006); fragmentation and degrada-
tion of the ECM also occur (Ushakov et al., 2020).

Acute myocardial infarction triggers an inflamma-
tory response that encompasses ECM interactions and
neurohumoral activation. This response is character-
ized by increased fibroblast cells, which produce
structural ECM proteins. This cellular activity can
lead to a cytokine storm and an overproduction of
matrix metalloproteinases. These factors contribute to
the excessive production and accumulation of ECM
proteins, causing maladaptive structural and func-
tional effects on the heart and adverse remodeling of
the left ventricle (Eyyupkoca et al., 2022). The heart’s
ECM is an integral part of the myocardial structure
and facilitates electrical transduction, molecular sig-
naling, and intercellular communication. Post-MI, the
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ECM changes to compensate for heart regeneration.
This process, known as ECM remodeling, involves
replacing damaged tissue with non-contractile scar
tissue. Regulation of matrix metalloproteinases dur-
ing the initial inflammatory phase mediates the re-
moval of cellular debris at the infarction site, followed
by ECM deposition during the proliferation phase,
regulated by molecular signals such as MMPs and
growth factors (Brunton-O’Sullivan et al., 2021).

Matrix metalloproteinases, collagenases, or matrix-
ins represent the principal proteolytic system in-
volved in the degradation of the ECM in the heart
(Vanhoutte et al.,, 2006). Under normal conditions,
MMPs are inactive proenzymes, but cardiomyocyte
necrosis rapidly activates them (Ushakov et al., 2020).
The ECM maintains the heart's structural and func-
tional integrity and is actively involved in wound
healing following myocardial infarction (Lindsey et
al., 2016). Strategies to eliminate fibrotic scarring in-
volve manipulating the levels of matrix metallopro-
teinases (MMPs) or decreasing tissue inhibitors of
metalloproteinases (TIMP) to promote ECM degrada-
tion (Parsons et al., 2004).

This study highlights the effect of colchicine in re-
ducing MMP-1 expression in infarct conditions.
MMP-1, an enzyme that catalyzes ECM degradation,
plays a significant role in remodeling the left ventricle
following myocardial infarction—inhibition of MMP
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expression results in decreased apoptosis and acceler-
ated accumulation of neurofilaments, leading to re-
duced inflammation. MMPs are crucial in tissue re-
modeling during physiological processes such as em-
bryogenesis, morphogenesis, angiogenesis, and
wound healing. Normal biological processes like
wound healing involve alterations in MMP expres-
sion and activity (Moore et al., 2012). MMP activity is
regulated at transcription, proenzyme activation, and
endogenous inhibition. The expression of MMPs var-
ies under different physiological and pathological
conditions and is generally low in healthy adults.
MMP-1, synthesized by various cells, including chon-
drocytes, macrophages, endothelial cells, fibroblasts,
and keratinocytes, maintains physiological develop-
ment and normal homeostasis. In healthy tissues,
MMP-1 protein expression is low, but it increases in
diseased tissues (Ray et al., 2005). This research indi-
cates that the control group exhibited lower MMP1
expression than the ischemic group. Other studies
have also shown that MMP1 expression increases in
inflammatory conditions such as valvular inflamma-
tion in calcific aortic valve disease (CAVD) cases.
Inflammatory cells are the primary source of MMPs,
critical mediators of ECM remodeling required for
fibrocalcific changes in valves (Jung et al., 2016). Pro-
inflammatory cytokines like interleukin (IL)-1 and IL-
6, transforming growth factor-beta (TGF-B), and tu-
mor necrosis factor-alpha (TNF-a), as well as growth
factors like epidermal growth factor and platelet-
derived growth factor, can stimulate MMP synthesis
(Phatharajaree et al., 2007).

The research findings indicate that colchicine can
increase TIMP-1 expression in MI conditions. The
result aligns with Moore et al. (2012), who observed
elevated TIMP-1, TIMP-2, and TIMP-4 levels on the
fourth day post-AMI. These increases positively cor-
relate with adverse cardiac conditions such as fibro-
sis, myocardial hypertrophy, and diastolic dysfunc-
tion. The reduction in ECM degradation is due to
increased TIMP-1 expression, which inhibits MMP
activity (Parsons et al., 2004). Inhibiting MMPs can
reduce left ventricular remodeling after MI, lowering
the risk of congestive heart failure (Lindsey, 2004).
Selective inhibition of TIMP-1 in knockout mice has
been shown to exacerbate left ventricular remodeling
post-AMI (Phatharajaree et al., 2007). TIMP-1, a natu-
ral inhibitor of MMP-1, plays a crucial role in tissue
protection by inhibiting MMP1 activity, thus prevent-
ing tissue damage (Moore et al.,, 2012). TIMPs are
essential for MMP activation and their up-
take/removal from the extracellular environment.
They significantly influence ECM's impact on cell
phenotype, cell adhesion molecules, cytokines, chem-
okines, and growth factors. MMPs and TIMPs are
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vital in heart morphogenesis (Cabral-Pacheco et al.,
2020). The role of colchicine as an anti-inflammatory
agent, particularly concerning TIMPs, aligns with the
findings of Yiqin et al. (2009). Their research indicates
that other anti-inflammatory drugs like aspirin can
inhibit MMP-2 and MMP-9 through mechanisms me-
diated by PPARa/y and TIMP-1, preventing cardio-
cerebrovascular events. This further supports the idea
that colchicine can enhance TIMP-1 expression in MI
conditions, aligning with findings highlighting in-
creased TIMP-1, TIMP-2, and TIMP-4 post-AMI, cor-
relating with adverse cardiac outcomes. This study's
results align with those of Moore et al. (2012), who
observed an increase in TIMP1, TIMP2, and TIMP4
levels on the fourth day following AMI. These elevat-
ed levels correlate positively with detrimental cardiac
conditions such as fibrosis, myocardial hypertrophy,
and diastolic dysfunction. The decrease in ECM deg-
radation is attributed to heightened expression of
TIMP-1, which inhibits the activity of MMP (Parsons
et al., 2004). This inhibition can reduce left ventricular
remodeling after myocardial infarction, lowering the
risk of congestive heart failure (Lindsey, 2004). Selec-
tive inhibition of TIMP-1 in knockout mice has wors-
ened left ventricular remodeling following AMI
(Phatharajaree et al. 2007). TIMP1, as a natural inhibi-
tor of MMP-1, plays a critical role in preventing tissue
damage by inhibiting MMP1 activity (Moore et al.,
2012). TIMPs are involved in the activation and up-
take/removal of MMPs from the extracellular envi-
ronment and influence the ECM's effect on cell pheno-
type, adhesion molecules, cytokines, chemokines, and
growth factors. MMPs and TIMPs are integral to heart
morphogenesis (Cabral-Pacheco et al., 2020). Colchi-
cine's function as an anti-inflammatory agent, particu-
larly concerning TIMPs, is supported by research
conducted by Yiqin et al. (2009). They found that oth-
er anti-inflammatory drugs, such as aspirin, can in-
hibit MMP-2 and MMP-9 through PPARa/y and
TIMP-1 mediated mechanisms, thereby preventing
cardio-cerebrovascular events.

The balance between tubulin polymerization and
depolymerization influences microtubule dynamics.
Microtubule-associated protein 4 (MAP4) modulates
microtubule dynamics through post-translational
phosphorylation modifications as a cytoskeletal regu-
lator. Under normal conditions, MAP4 associates with
microtubules, contributing to their stability. However,
upon phosphorylation, MAP4 dissociates from the
microtubules, leading to their disassembly and dy-
namic instability. This study demonstrates that
PMAP4 expression increases under hypoxic condi-
tions. This result aligns with Li et al. (2020), showing
that pMAP4 (specifically S737 and S760 phosphoryla-
tion) consistently increases under hypoxia and exces-
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sive strain, critical stimuli for heart remodeling in
cardiomyocytes. This result aligns with our observed
upregulation of pMAP4. In the mouse myocardium,
elevated pMAP4 levels trigger microtubule disassem-
bly and translocation to mitochondria, ultimately
leading to cardiac apoptosis. This, in turn, sets off a
cascade of changes, including mitochondrial swelling
and dysfunction, disrupted myofilaments, and, ulti-
mately, the progression of pathological heart remod-
eling as the heart ages. Notably, cytoskeletal rear-
rangement plays a pivotal role in this remodeling
process.

Microtubule-associated proteins (MAPs) are cyto-
solic skeleton proteins that bind to tubulin to stimu-
late polymerization, including MAP-2 and MAP-4
(Hu et al., 2014). Research indicates that colchicine
can decrease the expression of pMAP4 in ischemic
conditions. pMAP4, a modulator of apoptosis in hy-
poxic neonatal cardiomyocytes in vitro, is expressed in
non-neural cells and plays an essential role in micro-
tubule dynamics (Li et al., 2018). Colchicine works by
inhibiting microtubule regulation, which interferes
with neutrophil adhesion, migration, and recruitment
by altering the distribution of E-selectin and L-
selectin. Colchicine also reduces neutrophil deforma-
bility by decreasing cytoplasmic microtubule levels.
This change affects neutrophils' ability to migrate
through tiny pores, which is crucial for extravasation
in response to inflammatory signals (Forkosh et al.,
2020).

This study demonstrates that colchicine is crucial
in reducing excessive extracellular matrix (ECM) deg-
radation, a common occurrence in myocardial infarc-
tion. It does so by increasing the expression of TIMP1,
inhibiting MMP1 activity and MAP4 expression,
which, in turn, lessens tissue damage. Moreover, col-
chicine also plays a role in stabilizing microtubules
and potentially influences cellular remodeling pro-
cesses. This research brings novelty to the application
of colchicine to ECM post-myocardial infarction.
Zhang et al. (2022) explored the effects of colchicine
on myocardial infarction. This study highlights the
role of the PI3K/ Akt signaling pathway and its effec-
tors in increasing endothelial nitric oxide synthase
(eNOS) and vascular endothelial growth factor
(VEGEF), aiding in cardiac tissue repair post-infarction.
mTOR inhibitors, such as rapamycin, can enhance
autophagy and reduce infarct size. Furthermore, pro-
tein and gene therapies like FMS-like tyrosine kinase
3 and SERCA2a also demonstrate cardioprotective
effects. Cell therapies, including stem cells, show po-
tential in post-MI repair.

Colchicine can decrease the excessive ECM degra-

dation typically observed in myocardial infarction.
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Research indicates that colchicine reduces heart dam-
age and improves heart function in cells affected by
myocardial infarction. Modulating ECM is an emerg-
ing therapeutic strategy for cardiovascular diseases.
Drugs that can modulate ECM can potentially reduce
tissue damage, improve heart function, and prevent
the progression of cardiovascular complications. Pro-
teins like MMP, TIMP, and P-MAP4 are promising
therapeutic targets post-MI due to their ability to
modulate cell-matrix interactions, growth factors, and
cytokine signaling (Ushakov et al., 2020). The research
findings  indicate  that administering  anti-
inflammatory medications such as colchicine in post-
myocardial infarction patients leads to a decrease in
MMP1 and pMAP4 expression, alongside an increase
in TIMP1. This pattern is interpreted as a protective
response to reduce tissue damage and enhance more
effective healing processes. Colchicine appears to
attenuate pathological remodeling and cellular stress,
thus fostering a more balanced interplay between the
degradation and synthesis of the extracellular matrix.

CONCLUSION

Colchicine has been shown to reduce heart dam-
age and enhance cardiac function in cells affected by
myocardial infarction by modulating the extracellular
matrix. It accomplishes this by upregulating the ex-
pression of TIMP-1, which inhibits the expression of
MMP-1 and pMAP4. This regulatory effect on ECM
components underscores colchicine's potential as a
therapeutic agent in improving heart health and func-
tion following myocardial events.
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