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Abstract

Dilated cardiomyopathy (DCM) is characterized by ventricular dilation and systolic dysfunction, and the associated pathophysiology is
closely linked to myocardial fibrosis, a key contributor to disease progression and poor prognosis. Galectin-3 (Gal-3) plays a crucial role
in initiating early proinflammatory and profibrotic signaling. Meanwhile, type III procollagen N-terminal propeptide (PIIINP) serves
as a marker of type III collagen synthesis and acts as an active profibrotic effector. The counterpart to PIIINP, type III procollagen
C-terminal propeptide (PIIICP), is released during type III collagen maturation, reflecting distinct processing and clearance dynamics.
PIIINP promotes fibrosis through integrin α2β1/discoidin domain receptor 1 (DDR1)-mediated extracellular signal-regulated kinase
(ERK)/phosphatidylinositol 3-kinase/protein kinase B (PI3K/Akt) signaling and contributes to the establishment of a Gal-3–transforming
growth factor-β (TGF-β)–PIIINP positive feedback loop, thereby linking inflammation to extracellular matrix deposition. Recently,
Gal-3 and PIIINP have gained recognition as valuable biomarkers for the diagnosis, risk stratification, and prognosis assessment of
DCM. Unlike previous reviews that focused solely on individual fibrosis markers or static histological assessments, this review uniquely
highlights the complementary roles of Gal-3 and PIIINP. These markers are crucial for understanding inflammatory-fibrotic activation
and dynamic collagen turnover. This review systematically outlines the expression patterns of these markers across various stages of
DCM and underscores the additional prognostic value of the associated combined detection beyond traditional indicators. Among the
components of major adverse cardiovascular events (MACE), heart failure hospitalization and cardiovascular mortality are most strongly
associated with elevated levels of Gal-3 and PIIINP in patients with DCM. Specifically, Gal-3 levels of ≥14.54 ng/mL are closely
linked to increased risks of heart failure readmission and sudden cardiac death. In contrast, elevated PIIINP levels are most strongly
associated with heart failure hospitalization and ventricular arrhythmias. This review aims to elucidate the specific biological functions
of Gal-3 and PIIINP, address both mechanistic and clinical uncertainties, and summarize evidence-based thresholds for risk stratification.
This review also seeks to provide theoretical insights and clinical guidance for early intervention and personalized anti-fibrotic therapy
in DCM. A systematic search was conducted in PubMed, Embase, and Web of Science, covering literature from inception to March
2026. The search used keywords such as “dilated cardiomyopathy”, “myocardial fibrosis”, “Galectin-3”, “PIIINP”, “biomarker”, and
“cardiovascular events”. The review included studies comprising clinical trials, observational research, and mechanistic investigations
of Gal-3 and PIIINP in DCM. Reviews, case reports, and non-English literature were excluded. Data were synthesized using a narrative
review approach.
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1. Introduction

Dilated cardiomyopathy (DCM) is a primary heart
muscle disease characterized by ventricular enlargement
and impaired systolic function, with myocardial fibrosis at
its core. This fibrosis leads to irreversible structural and
functional changes in the heart, increasing the risk of heart
failure and major adverse cardiovascular events (MACE)
[1]. Recent advances in molecular imaging and biomarker
research have identified Galectin-3 (Gal-3) and type III
procollagen N-terminal propeptide (PIIINP) as key regu-

lators and indicators of myocardial fibrosis activity. These
biomarkers are now central to DCM risk assessment and the
development of therapeutic targets. This review takes a nar-
rative approach, selecting studies based on their relevance
to Gal-3, PIIINP, and myocardial fibrosis in DCM. Prefer-
ence was given to clinical observational studies, mechanis-
tic investigations, and meta-analyses published in English,
while excluding case reports, reviews, and non-clinical
studies.

While individual studies have explored the links be-
tween Gal-3 or PIIINP and myocardial fibrosis in DCM,
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most reviews tend to focus on a single biomarker or isolated
pathological aspects [2]. There is a notable absence of com-
prehensive analyses that examine the complementary roles
of Gal-3 and PIIINP and their combined predictive value
for MACE. This review aims to fill this gap by system-
atically exploring their molecular mechanisms, expression
patterns, and prognostic utility beyond traditional markers.
The goal is to offer new insights for risk stratification and
personalized antifibrotic therapy in DCM. Gal-3 and PII-
INP represent two distinct yet complementary aspects of
myocardial fibrosis. Gal-3 is primarily associated with sys-
temic inflammation and the activation of pro-fibrotic sig-
naling, whereas PIIINP directly indicates ongoing collagen
synthesis and extracellular matrix turnover. Therefore, as-
sessing both biomarkers together offers a more comprehen-
sive and accurate evaluation of myocardial fibrosis severity
and prognosis.

Gal-3, a β-galactoside-binding protein, plays a vital
role in myocardial inflammation and fibrosis progression.
It activates the transforming growth factor-β (TGF-β)/Smad
pathway, which promotes myocardial fibroblast prolifera-
tion and collagen deposition. Clinical studies indicate that
circulating Gal-3 levels are closely linked to the extent of
ventricular remodeling in patients with DCM. Specifically,
Gal-3 concentrations of ≥14.54 ng/mL significantly pre-
dict cardiovascular mortality and the risk of heart failure
hospitalization [3]. The pro-fibrotic effects of Gal-3 may
be mediated through its regulation of endoplasmic reticu-
lum stress and impaired autophagy flux. In mouse mod-
els, knocking out the Gal-3 gene reduces age-related my-
ocardial hypertrophy and interstitial fibrosis, along with de-
creased matrix metalloproteinase-9 (MMP-9) expression.
However, some studies report no significant correlation be-
tween circulating Gal-3 levels and collagen volume frac-
tion (CVF) in endomyocardial biopsies. This suggests Gal-
3 might indicate systemic inflammatory status rather than
local fibrosis. This discrepancy can be explained by under-
standing that circulating Gal-3 primarily reflects systemic
inflammation and fibrotic activation, whereas CVF repre-
sents the static histological fibrosis burden.

PIIINP, a byproduct of type III collagen synthesis,
serves as a marker for myocardial fibrosis activity [4]. In
contrast, the Type III procollagen C-terminal propeptide
(PIIICP), cleaved from the same procollagen molecule, is
more closely linked to mature collagen deposition. In pa-
tients with DCM, serum PIIINP levels have been shown
to positively correlate with the extracellular volume frac-
tion (ECV) as measured by cardiac magnetic resonance
(CMR). Research indicates that combining PIIINPwith late
gadolinium enhancement (LGE) can improve the effective-
ness of risk stratification models. A notable single-center
study reported that patients testing positive for both LGE
and PIIINP had a 5-year adverse event rate of up to 42%,
significantly higher than other groups. However, a multi-
center study found a smaller risk difference.

Current research on Gal-3 and PIIINP in DCM is pri-
marily confined to single-biomarker analyses or small-scale
observational studies. These studies often lack a compre-
hensive synthesis of the biomarkers’ complementary roles
in inflammation-fibrosis interactions and dynamic extracel-
lular matrix (ECM) remodeling [5]. Moreover, there is no
systematic review that clearly defines their combined in-
cremental prognostic value beyond conventional markers,
nor summarizes evidence-based thresholds for guiding risk
stratification and antifibrotic interventions. This review
aims to systematically summarize the molecular mecha-
nisms of Gal-3 and PIIINP in myocardial fibrosis, clar-
ify their dynamic expression characteristics across differ-
ent DCM stages, evaluate their individual and combined
predictive value for MACE, and discuss current research
controversies and future directions. The scope focuses on
non-ischemic DCM and clinical biomarker applications.

2. Biological Properties of Gal-3 and Its Role
in Myocardial Fibrosis
2.1 Molecular Structure and Function of Gal-3

Gal-3 is the sole chimeric member of the galectin
family, characterized by a C-terminal carbohydrate recog-
nition domain (CRD) and an N-terminal domain (NTD).
The CRD contains a highly conserved β-galactoside bind-
ing site that specifically recognizes glycan complexes with
β-galactoside structures, such as N-acetyl-D-galactosamine
(LacNAc). Research indicates that the CH-π interaction of
residue W181 is crucial for maintaining ligand-binding sta-
bility during Gal-3’s interaction with LacNAc [6]. This in-
teraction, along with a network of hydrogen bonds, under-
pins Gal-3’s sugar recognition mechanism. The NTD, com-
prising about 120 amino acids with eight collagen-like tan-
dem repeats rich in proline-glycine, exhibits intrinsic dis-
order. However, accelerated molecular dynamics simula-
tions and nuclear magnetic resonance (NMR) studies have
shown that the NTD forms transient contacts with the CRD.
This dynamic interaction plays a significant role in regulat-
ing Gal-3 (Fig. 1).

Gal-3 serves as an extracellular signaling molecule,
essential for cell adhesion, migration, and signal trans-
duction via its CRD that binds glycans [7]. Studies indi-
cate that Gal-3 forms heterodimers with the chemokine C-
X-C chemokine ligand 12 (CXCL12) by interacting with
CXCL12’s β-chain 1 and Gal-3’s F-face residues. This
interaction is pivotal in regulating leukocyte chemotaxis
and C-X-C chemokine receptor 4 (CXCR4) signaling. In-
side the cell, Gal-3 plays a role in membrane receptor en-
docytosis and retrograde transport through NTD-mediated
oligomerization, which relies on its ability to recognize spe-
cific N-glycan patterns.

The expression and secretion of Gal-3 are influ-
enced by several factors [8]. Changes in nutritional
status dynamically affect its secretion through O-linked
N-acetylglucosamine glycosylation (O-GlcNAc), a post-
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Fig. 1. Galectin-3 (Gal-3) consists of a C-terminal carbohydrate recognition domain (CRD) and an N-terminal domain (NTD),
and the flexible NTD can transiently interact with CRD to modulate its biological function.

translational modification that varies significantly between
the cytoplasmic and secreted forms of Gal-3. Interestingly,
Gal-3 acts as a double-edged sword: it provides protective
effects during acute injuries but can drive pathological pro-
gression in chronic inflammatory conditions. This func-
tional diversity is closely linked to its molecular structural
plasticity, glycan-binding specificity, and cellular localiza-
tion, making it a potential therapeutic target for various dis-
eases.

2.2 Molecular Mechanisms of Gal-3 in Myocardial
Fibrosis

Gal-3, a β-galactoside-binding lectin, plays a vital role
in the development and progression of myocardial fibro-
sis. It mainly promotes collagen deposition by activat-
ing fibroblasts and regulating ECM components [9]. Fur-
thermore, Gal-3 interacts with TGF-β receptors, stabiliz-
ing the receptor complex to enhance downstream Smad2/3
phosphorylation. This interaction facilitates fibroblast-to-
myofibroblast transdifferentiation and increases collagen
gene expression. Preclinical studies consistently demon-
strate that inhibiting Gal-3 reduces fibrosis in myocardial
tissue (Fig. 2).

In mouse models, knocking out the Gal-3 gene al-
leviated myocardial fibrosis and decreased the expres-
sion of TGF-β and MMP-9. This suggests that Gal-3
promotes fibrosis progression through the regulation of
the TGF-β signaling pathway [10]. Additionally, Gal-
3 worsens myocardial remodeling by inhibiting the ex-

pression of Sirtuin 1 (SIRT1) and Sirtuin 7 (SIRT7) [11].
Gal-3 is pivotal in myocardial fibrosis by modulating in-
flammatory responses. It promotes interactions between
macrophages and fibroblasts, creating a pro-fibrotic mi-
croenvironment [12]. Through the Toll-like receptor 4
(TLR4)/myeloid differentiation primary response protein
88 (MyD88)/nuclear factor-kappa B (NF-κB) signaling
pathway, Gal-3 boosts the release of inflammatory cy-
tokines, including interleukin-1β (IL-1β), interleukin-18
(IL-18), and tumor necrosis factor-α (TNF-α), which ex-
acerbate myocardial injury and fibrosis. Moreover, Gal-
3 promotes M2 macrophage polarization by upregulat-
ing arginase-1 (Arg-1) and inducible nitric oxide synthase
(iNOS), further intensifying the fibrotic response [11].

2.3 Expression Dynamics of Gal-3 in Dilated
Cardiomyopathy

Gal-3 expression in DCM varies significantly with the
disease’s progression [13]. In patients newly diagnosed
with DCM, serum Gal-3 levels are markedly elevated but
tend to decrease as the disease progresses. Research shows
that baseline Gal-3 levels in patients with a disease dura-
tion of ≤6 months are significantly higher than those ob-
served at 3-month and 12-month follow-ups. This pattern
suggests that Gal-3 plays a crucial role in the early phase of
myocardial fibrosis by activating macrophages and promot-
ing myofibroblast conversion. In a mouse model of DCM,
Gal-3 expression was significantly upregulated during the
early phase of myocardial remodeling, triggered by cardiac-
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Fig. 2. Mechanism by which Galectin-3 (Gal-3) promotes myocardial fibrosis: Gal-3 binds to the transforming growth factor-β
(TGF-β) receptor and stabilizes the receptor complex, thereby enhancing phosphorylation of downstream Smad2/3 and driving
fibroblast-to-myofibroblast transformation. In the context of myocardial fibrosis, inhibition of Galectin-3 reduces TGF-β expression,
which attenuates fibrosis and improves cardiac function.

specific Hippo pathway activation. This upregulation was
notably absent in Gal-3 knockout mice.

Unlike the acute phase, Gal-3 levels in chronic DCM
patients remain relatively stable. Research indicates that in
patients with chronic DCM lasting over six months, Gal-3
levels at baseline, 3-month, and 12-month follow-ups were
13.82 ± 3.05 ng/mL, 13.75 ± 2.91 ng/mL, and 13.68 ±
3.12 ng/mL, respectively, showing no statistically signifi-
cant differences. This stability suggests a slower progres-
sion of fibrosis during the chronic phase. Notably, Gal-3
levels in the chronic phase remain significantly higher than
those in healthy controls, highlighting its continued role in
myocardial remodeling [11]. Furthermore, CMR studies in
non-ischemic DCM patients have shown a positive corre-
lation between Gal-3 levels and the extent of replacement
fibrosis detected by LGE.

Gal-3 undergoes dynamic changes that correspond to
its dual role in myocardial fibrosis. In the acute phase,
it promotes fibrosis by increasing inflammatory cell infil-
tration and collagen deposition. In contrast, during the
chronic phase, Gal-3 primarily maintains the established fi-
brosis. This unique expression pattern makes it a potential
biomarker for tracking the progression of DCM and pre-

dicting MACE. Importantly, Gal-3 indicates fibrosis activ-
ity rather than the static fibrosis burden. It provide crucial
insights into the biological role of Gal-3 at different stages
of DCM.

2.4 Relationship Between Gal-3 and Other
Fibrosis-Related Markers

Gal-3 is a key regulator in fibrosis, interacting with
markers involved in ECM remodeling to create a com-
plex network [14]. In DCM-specific cohorts, circulating
Gal-3 levels positively correlate with osteopontin (OPN),
tissue inhibitor of metalloproteinase-1 (TIMP-1), matrix
metalloproteinase-2 (MMP-2), and PIIICP. This indicates
Gal-3’s comprehensive role in ECM homeostasis. Stud-
ies reveal significant correlations between serum Gal-3
and OPN, TIMP-1, PIIICP, and MMP-2, suggesting ele-
vated Gal-3 is linked to increased collagen synthesis, in-
hibited matrix degradation, and activation of pro-fibrotic
cytokines. This broad association supports the idea that
Gal-3 serves as a “central coordinator” of ECM remodel-
ing. It may promote myocardial fibrosis progression by ac-
tivating macrophages and fibroblasts, thereby upregulating
other pro-fibrotic mediators [15].
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Research extrapolated from non-DCMconditions sup-
ports the association between Gal-3 and fibrosis. In cases
of renal fibrosis, urinary Gal-3 levels positively correlate
with PIIINP [16]. Similarly, in heart failure patients, both
baseline and 12-month urinary Gal-3 levels show a corre-
lation with urinary PIIINP, reinforcing the strong connec-
tion between Gal-3 and type III collagen synthesis. Fur-
thermore, a study on hypertrophic cardiomyopathy (HCM)
identified a link between Gal-3 and extracellular volume
fraction (ECV), although not all studies concur. This sug-
gests Gal-3’s unique potential in identifying specific types
of myocardial fibrosis [17].

Circulating Gal-3 does not correlate with the histolog-
ical fibrosis burden, such as CVF, but rather reflects ongo-
ing fibrotic activity. In patients with DCM, Gal-3 levels
in the blood do not directly correlate with fibrosis severity
as assessed by endomyocardial biopsy. Similarly, a sys-
tematic review of chronic Chagas cardiomyopathy (CCC)
found insufficient evidence to link Gal-3 expression with
myocardial fibrosis. These findings suggest that Gal-3 may
indicate active fibrotic processes rather than established fi-
brotic scarring. Therefore, combining Gal-3 with dynamic
markers like PIIINP, which directly reflect collagen syn-
thesis and degradation, offers a comprehensive assessment
of fibrotic activity and disease progression risk [18]. This
combination provides a more precise opportunity for clini-
cal intervention.

3. Role of Collagen Marker PIIINP in
Myocardial Fibrosis
3.1 Biological Significance and Detection Methods of
PIIINP

PIIINP is a byproduct released during the synthesis of
type III collagen. While PIIINP reflects collagen synthesis
activity related to myocardial fibrosis, it is not exclusively a
biomarker for this condition [17,19]. In the development of
myocardial fibrosis, type III collagen, an early extracellular
matrix component, shows increased synthesis, which is cru-
cial for tissue repair and fibrotic remodeling. The release
of PIIINP aligns with collagen fiber formation, allowing
its concentration changes to partially indicate the severity
of myocardial fibrosis, though it is limited by non-cardiac
sources [20]. Serum PIIINP levels are notably higher in
patients with DCM and post-myocardial infarction ventric-
ular remodeling, showing a positive correlation with the ex-
tent of myocardial fibrosis [21,22]. Furthermore, elevated
PIIINP levels are linked to left ventricular diastolic dys-
function and a higher risk of adverse cardiovascular events,
highlighting its potential predictive value in disease pro-
gression despite its systemic origin.

Detection of PIIINP primarily relies on serologi-
cal methods, with enzyme-linked immunosorbent assay
(ELISA) and automated immunoassays being the most
commonly used techniques. These methods provide high
sensitivity and specificity, enabling precise quantification

of PIIINP concentrations. The reference range for adults is
4.42–16.0 µg/L and remains consistent across genders. Re-
cently, the microfluidic light-induced chemiluminescence
assay (LICA) has enhanced detection efficiency, allowing
for rapid quantitative analysis of PIIINP in multiplex test-
ing, thus facilitating the noninvasive diagnosis of myocar-
dial fibrosis. However, there is significant measurement
variability across different assay platforms. This variabil-
ity severely affects result reproducibility and clinical appli-
cability. It hinders cross-study comparability, complicates
the establishment of unified diagnostic cutoff values, and
limits the reliability of longitudinal monitoring for disease
progression or treatment response.

Monitoring PIIINP levels dynamically is essential for
evaluating the effectiveness of anti-fibrotic therapies. For
instance, spironolactone treatment has been demonstrated
to lower PIIINP levels and enhance left ventricular dias-
tolic function [23]. Furthermore, combining PIIINP mea-
surements with LGE on CMR significantly improves prog-
nostic predictions in patients with DCM. However, non-
cardiac factors such as liver fibrosis, obesity, and aging can
influence PIIINP levels. Thus, integrating assessments with
Gal-3 is crucial for accurate evaluations.

3.2 Molecular Mechanisms of PIIINP in Myocardial
Fibrosis

PIIINP, encoded by the COL3A1 gene, is produced by
cardiac fibroblasts, myofibroblasts, and activated smooth
muscle cells after myocardial injury. During collagen syn-
thesis, type III procollagen is formed inside cells with both
N-terminal and C-terminal propeptides [24]. Once se-
creted into the extracellular space, specific procollagen N-
proteinases cleave PIIINP and PIIICP from the mature col-
lagen triple helix. PIIINP is not integrated into collagen
fibrils but is released into the bloodstream, where it remains
stable and measurable. This makes it a direct indicator of
COL3A1 transcription and ECM synthesis [25].

PIIINP is more than a passive marker; it actively
contributes to myocardial fibrosis by interacting with in-
tegrin α2β1 and discoidin domain receptor 1 (DDR1) on
cardiac fibroblasts. This interaction triggers the extracel-
lular signal-regulated kinase (ERK) and phosphatidylinos-
itol 3-kinase/protein kinase B (PI3K/Akt) pathways, which
promote fibroblast proliferation, migration, andmyofibrob-
last differentiation [26]. Consequently, there is an upregu-
lation of COL3A1 and type I collagen (COL1A1) expres-
sion. PIIINP also increases connective tissue growth fac-
tor (CTGF), further enhancing ECM deposition. Addition-
ally, PIIINP inhibits matrix metalloproteinase (MMP) ac-
tivity while boosting tissue inhibitor of metalloproteinase
(TIMP) expression, leading to ECM accumulation. More-
over, PIIINP functions as a downstream effector in Gal-
3-driven inflammation. Gal-3 activates the TGF-β/Smad
pathway, which increases COL3A1 transcription and PII-
INP release. In turn, PIIINP enhances Gal-3 expression
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through a positive feedback loop, perpetuating pro-fibrotic
signaling. This Gal-3→TGF-β→PIIINP axis connects up-
stream inflammation with downstream ECM synthesis, es-
tablishing a central fibrotic cascade in DCM. Unlike Gal-3,
PIIINP does not directly regulate inflammation but intensi-
fies fibrosis initiated by inflammatory mediators.

3.3 Clinical Research Advances on PIIINP in Dilated
Cardiomyopathy

Serum levels of PIIINP are significantly elevated in
patients with DCM and are closely associated with cardiac
structural remodeling and functional impairment. How-
ever, PIIINP is not specific to the heart, as it reflects sys-
temic collagen turnover affected by fibrosis in the liver,
skin, and musculoskeletal system. In individuals with non-
ischemic dilated cardiomyopathy (NIDCM), PIIINP lev-
els are particularly higher in those showing LGE. LGE on
CMR is a well-established non-invasive method for de-
tecting myocardial replacement fibrosis, although histolog-
ical assessment remains the definitive standard. Therefore,
while elevated PIIINP levels indicate increased collagen
synthesis linked tomyocardial fibrosis, they are not cardiac-
specific. These findings suggest that serum PIIINP levels
are a useful, albeit non-specific, biomarker for assessing
myocardial fibrosis activity in DCM patients, with its el-
evation closely correlating with fibrotic scarring observed
on cardiac MRI [2].

PIIINP, a marker of fibrosis indicative of collagen
synthesis, shows potential for monitoring the progression
of DCM and evaluating treatment responses. Although
PIIINP, when adjusted for known clinical predictors, did
not independently predict the composite endpoint of death,
heart transplantation, heart failure hospitalization, or life-
threatening arrhythmias, it remains significant in assessing
disease dynamics. A study involving 70 DCM patients over
12 months systematically measured various fibrosis mark-
ers, including PIIINP, at baseline, 3 months, and 12 months.
This longitudinal approach allows for observing changes
in collagen metabolism as the disease progresses. While
the study primarily focused on Gal-3, its methodology sug-
gests that ongoing monitoring of collagen markers like PI-
IINP could be crucial in assessing the effectiveness of anti-
fibrotic therapies. Changes in PIIINP levels before and af-
ter treatment might indirectly indicate whether myocardial
collagen synthesis is being suppressed, thus informing ther-
apeutic adjustments to slow the progression of myocardial
fibrosis. Consequently, further investigation into the clin-
ical utility of PIIINP as a monitor for disease activity and
treatment response is warranted [27].

4. Clinical Correlation Between Gal-3,
PIIINP, and Myocardial Fibrosis
4.1 Correlation Analysis Between Circulating Gal-3 and
Myocardial Tissue Fibrosis

Circulating Gal-3 levels do not directly correlate with
the severity of myocardial fibrosis. Instead, they may indi-

cate inflammation related to fibrosis and the metabolic sta-
tus of the ECM. Importantly, Gal-3 reflects active fibrotic
and inflammatory signaling rather than static histological
fibrosis load. In individuals with DCM, serum Gal-3 levels
correlate with PIIICP andMMP-2. However, no significant
association exists betweenGal-3 levels and fibrosis severity
as determined by myocardial biopsy. Similarly, in patients
with CCC, no direct link has been identified between Gal-
3 expression and myocardial fibrosis. This lack of direct
correlation may be due to Gal-3’s role as a paracrine medi-
ator of inflammation and fibrosis activation, where its circu-
lating levels reflect systemic pathological processes rather
than localized fibrosis. In patients with acute heart failure
(AHF), elevated Gal-3 levels correlate with renal tubular
andmyocardial injury but do not directly quantify the sever-
ity of myocardial fibrosis.

Dynamic changes in Gal-3 correspond with biomark-
ers of active fibrosis, highlighting its regulatory role in
the fibrotic process. In ischemic cardiomyopathy, elevated
Gal-3 levels worsen myocardial fibrosis by inducing en-
doplasmic reticulum stress. However, the Gal-3 inhibitor,
modified citrus pectin, can reverse this effect. In patients
with DCM, a baseline Gal-3 level of ≥14.54 ng/mL inde-
pendently predicts major adverse cardiovascular events, al-
though it is not directly linked to myocardial fibrosis. CMR
shows that higher Gal-3 levels are associated with diffuse
fibrosis, and this combination predicts poorer clinical out-
comes in patients with focal scarring (LGE-positive) [28].
These findings indicate that Gal-3 may act as a composite
biomarker for predicting disease progression by integrat-
ing multiple pathological processes, such as inflammation,
ECM, and fibrotic activity [29].

4.2 Advantages of Combined Assessment for Fibrosis

In patients with DCM, the combined detection of Gal-
3 and PIIINP enhances the assessment of myocardial fi-
brosis, improving diagnostic and monitoring precision [2].
Specifically, Gal-3 is involved in mediating inflammatory
responses and fibrotic activation, while PIIINP directly in-
dicates type III collagen synthesis. In contrast, type I pro-
collagen C-terminal propeptide (PICP) is associated with
type I collagen synthesis. Mechanistically, Gal-3 functions
as a pro-inflammatory and pro-fibrotic trigger, activating
pathways such as TGF-β/Smad and TLR4/MyD88/NF-κB
to initiate fibroblast activation and collagen gene transcrip-
tion [30]. PIIINP, on the other hand, acts downstream as
both a marker of synthesis and a signaling effector, reflect-
ing and amplifying collagen production. This upstream-
downstream synergy allows Gal-3 to capture the initiation
of the inflammatory-fibrotic process, while PIIINP mea-
sures the actual collagen synthesis activity [18]. Together,
they offer a comprehensive view of fibrosis progression,
which cannot be achieved by either marker alone.

In patients with non-ischemic DCM, biomarkers such
as Gal-3 and PICP show a strong correlation with the ex-
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Fig. 3. In dilated cardiomyopathy (DCM), Galectin-3 (Gal-3) facilitates the release of more type III procollagen N-terminal
propeptide (PIIINP) by activating the TGF-β1/Smad signaling pathway, which induces cardiac fibroblasts to generate abundant
type III collagen. Clinically, Gal-3 is positively correlated with PIIINP levels in patients suffering from metabolic syndrome and atrial
fibrillation, and both factors synergistically accelerate fibrosis development. As for therapeutic application, colchicine can lower PIIINP
concentrations and regulate Gal-3 expression among patients with acute coronary syndrome.

tent of LGE. Their combined detection enhances risk strat-
ification. Although LGE serves as an independent prog-
nostic predictor for these patients, Gal-3 and PICP are
closely linked to heart failure severity and provide addi-
tional predictive value for severe impairment of left ven-
tricular ejection fraction. LGE, observed through CMR,
is a well-established non-invasive reference for assessing
myocardial fibrosis, with histology as the definitive stan-
dard. Specifically, elevated levels of Gal-3, PICP, and PII-
INP are significantly associated with LGE-positive patients
and correlate directly with LGEmass. The combined use of
these biomarkers offers predictive advantages beyond in-
dividual indicators. Research suggests that Gal-3 interacts
with PIIINP during the fibrotic process in DCM. As a pro-
fibrotic factor, Gal-3 may enhance PIIINP release by acti-
vating the TGF-β1/Smad signaling pathway, which stimu-
lates cardiac fibroblasts to produce more type III collagen
[31]. Supporting data from other conditions show that in pa-
tients with metabolic syndrome and atrial fibrillation, Gal-3
and PIIINP levels are linked to left atrial fibrosis. Addi-

tionally, in ST-segment elevation acute coronary syndrome
(STE-ACS), colchicine reduces PIIINP and modulates Gal-
3. These findings, while promising, require further valida-
tion in the context of DCM (Fig. 3).

The combined assessment approach provides notable
benefits for monitoring disease progression and evaluating
treatment efficacy [32]. In patients with dilated cardiomy-
opathy, serial measurements of circulating Gal-3 have been
linked to fibrosis markers like PIIICP and OPN. While
circulating Gal-3 does not directly correlate with biopsy-
determined fibrosis severity, it is strongly associated with
adverse cardiovascular outcomes. In contrast, PIIINP, a di-
rect product of collagen synthesis, may more accurately re-
flect extracellular matrix remodeling. In the Heart ‘OMics’
in AGing (HOMAGE) trial, which focused on high-risk
heart failure patients, spironolactone treatment did not sig-
nificantly alter PIIINP levels but did significantly reduce
PICP levels, indicating decreased type I collagen synthesis.
Additionally, the reduction in PICP was linked to improved
diastolic function. These findings imply that a combined
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assessment of Gal-3 and PIIINP could provide a more com-
prehensive evaluation of anti-fibrotic treatment efficacy.

5. Predictive Value of Gal-3 and PIIINP for
Major Adverse Cardiovascular Events
5.1 Clinical Evidence for Gal-3 as a Predictor of
Cardiovascular Events

Elevated Gal-3 levels are closely associated with an
increased risk of emergency hospitalization in patients with
DCM and independently predict MACE. In DCM patients,
Gal-3 levels positively correlate with PIIINP andOPN, sug-
gesting Gal-3’s role in promoting myocardial fibrosis and
disease progression. Specifically, DCM patients with base-
line Gal-3 levels of ≥14.54 ng/mL have a 2.6-fold higher
risk of emergency hospitalization, regardless of traditional
risk factors like left ventricular ejection fraction. Further-
more, changes in Gal-3 levels over time have prognostic
significance: newly diagnosed DCM patients showed sig-
nificant decreases in Gal-3 levels at 3-month and 12-month
follow-ups, with greater reductions in those without end-
point events. This indicates that Gal-3 levels may serve as
indicators of treatment efficacy [3].

Extrapolated findings indicate that patients with acute
myocardial infarction (AMI) who have Gal-3 levels above
9.2 ng/mL face a ninefold increased risk of reinfarction.
This risk is further exacerbated by the presence of carotid
plaque [33]. Another study focusing on ST-segment ele-
vation myocardial infarction (STEMI) patients found that
those with high Gal-3 levels experienced significantly
higher rates of major cardiovascular events both during hos-
pitalization and at 1-year follow-up [34]. This group also
showed a strong association with an increased risk of de-
veloping heart failure and requiring rehospitalization [35].
Importantly, combining the assessment of Gal-3 with left
ventricular ejection fraction (LVEF) enhances the ability to
stratify risk [35].

5.2 Role of PIIINP in Predicting Cardiovascular Event
Risk

Elevated serum levels of PIIINP are biomarkers indi-
cating the severity of myocardial fibrosis and are closely
associated with structural heart abnormalities. In patients
with aortic stenosis (AS), although PIIINP does not directly
correlate with diffuse fibrosis markers identified by CMR,
its dynamic trend suggests it may serve as a surrogate in-
dicator for fibrosis progression [36]. In individuals with
DCM, PIIINP significantly correlates with declining left
ventricular function, and elevated baseline levels predict the
risk of emergency hospitalization within 12 months. Fur-
thermore, in patients with preserved left ventricular ejec-
tion fraction after STEMI, a PIIINP level of ≥381.4 ng/mL
on the 12th hospital day significantly predicts the risk of
myocardial fibrosis at one year. These findings collec-
tively highlight PIIINP’s potential as a prognostic assess-
ment tool.

Extrapolated findings indicate that in aortic steno-
sis, PIIINP is a marker of fibrosis progression. In post-
STEMI patients, PIIINP predicts late-stage fibrosis. When
combined with cardiac function markers, PIIINP signifi-
cantly enhances risk stratification accuracy. In patients with
acute decompensated heart failure (ADHF), integrating PII-
INP with NT-proBNP improves the predictive performance
of clinical models. For individuals with atrial fibrilla-
tion, PIIINP is linked to alterations in gut microbiota and
specific metabolites; its elevation may exacerbate fibrosis
through the microbiome-metabolism axis. Thus, incorpo-
rating PIIINP into existing risk assessment frameworks not
only aids in identifying high-risk patients but also supports
biomarker-guided, individualized anti-fibrotic therapy.

5.3 Dynamic Monitoring of Gal-3 and PIIINP for Event
Prediction and Application Prospects

Monitoring changes in Gal-3 and PIIINP is crucial
for assessing disease progression, treatment efficacy, and
predicting MACE in patients with DCM. In these patients,
fluctuations in Gal-3 levels are closely linked to the risk of
cardiovascular events. A study involving 70 newly diag-
nosed DCM patients, tracked over 12 months, revealed that
those with baseline Gal-3 levels of 14.54 ng/mL or higher
had a significantly increased risk of death or emergency
hospitalization. Furthermore, serial measurements showed
that Gal-3 levels were elevated at the onset in newly di-
agnosed patients but gradually decreased over time. Con-
versely, in chronic DCM patients, Gal-3 levels remained
relatively stable, indicating that these patterns may reflect
the progression of fibrosis related to the disease.

PIIINP, a marker of collagen synthesis, is also a pre-
dictive indicator due to its dynamic variations. In indi-
viduals with NIDCM, PIIINP levels are closely associated
with the extent of LGE observed through CMR. Those with
higher baseline PIIINP levels have a significantly increased
risk of ventricular arrhythmias and hospitalization due to
heart failure. Furthermore, in patients with type 2 dia-
betes and heart failure, elevated baseline PIIINP levels are
strongly linked to the development of heart failure with pre-
served ejection fraction (HFpEF) within three years, high-
lighting its importance in ongoing monitoring.

Monitoring Gal-3 and PIIINP together enhances the
predictive accuracy of cardiovascular events. In patients
with NIDCM, combining Gal-3, PIIINP, and LGE sig-
nificantly improves cardiovascular event prediction. Ad-
ditionally, tracking changes in Gal-3 and PIIINP effec-
tively assesses treatment efficacy. For instance, spirono-
lactone therapy significantly reduces PICP levels, a marker
of type I collagen synthesis, while having minimal impact
on PIIINP, highlighting different responses among colla-
gen markers. Thus, dynamic monitoring of Gal-3 and PI-
IINP not only helps evaluate myocardial fibrosis severity
and disease progression in DCM patients but also provides
crucial evidence for clinical treatment decisions and prog-
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Fig. 4. Galectin-3 (Gal-3) exacerbates fibrosis via activating theToll-like receptor (TLR)/myeloid differentiation primary response
protein 88 (MyD88)/nuclear factor-kappa B (NF-κB) inflammatory pathway. Modified pectin can alleviate myocardial fibrosis by
suppressing Gal-3 activity. During the repair phase following myocardial infarction, Gal-3 mediates macrophage polarization toward the
M2 phenotype, elevates the expression of arginase-1 and interleukin (IL)-10, and ultimately aggravates fibrotic lesions.

nosis evaluation. These biomarkers significantly enhance
risk prediction models for DCM, and their integration into
prognostic systems substantially increases predictive accu-
racy.

6. Future Research Directions and Clinical
Application Prospects
6.1 Deepening Mechanistic Research

Gal-3, a member of the β-galactoside-binding lectin
family, is vital in regulating myocardial fibrosis in DCM
through various molecular pathways [9]. The interaction
between Gal-3 and PIIINP is essential for understanding
the shift from inflammatory injury to ongoing ECM remod-
eling in DCM. In a rat model of acute myocardial infarc-
tion, Gal-3 expression was significantly linked to the acti-
vation of the Notch1-TGF-β-Smads pathway. Atorvastatin
was shown to reduce Gal-3 and collagen expression by in-
hibiting this pathway, highlighting Gal-3’s crucial role in fi-
brosis. Furthermore, Gal-3 influences fibrosis progression
through epigenetic mechanisms. Sirtuin 2 (SIRT2) medi-
ates the deacetylation of histone H3 lysine 27 (H3K27) in
the Gal-3 promoter region, inhibiting its transcription and
reducing radiation-induced myocardial fibrosis. This regu-
latory mechanism underscores the epigenetic flexibility of
Gal-3 expression, offering new insights for targeted thera-
peutic interventions.

Interactions between Gal-3 and ECM components
play a crucial role in DCM. In DCM patients, serum lev-
els of Gal-3 positively correlate with OPN, TIMP-1, and

PIIICP. This correlation indicates that Gal-3 is involved in
regulating ECM degradation and maintaining fibrosis bal-
ance [3]. The interaction between Gal-3 and PIIINP is par-
ticularly pronounced in non-ischemic DCM. Both markers
are directly linked to LGE mass in cardiac MRI, which re-
flects the severity of myocardial replacement fibrosis. Fur-
ther studies using ultrasound-targeted microbubble disrup-
tion technology to deliver Gal-3 shRNA showed a signif-
icant decrease in the I/III collagen ratio in myocardial in-
farction rats. This result confirms Gal-3’s regulatory role
in collagen subtype distribution.

The interaction between Gal-3 and the
TLR4/MyD88/NF-κB inflammatory pathway exacer-
bates fibrosis at the signaling level. Modified citrus pectin
(MCP), a Gal-3 inhibitor, reduces the release of proinflam-
matory factors like IL-1β and TNF-α by downregulating
this pathway, thus easing myocardial fibrosis. Addition-
ally, Gal-3 influences the fibrotic microenvironment by
affecting macrophage polarization. During myocardial
infarction repair, Gal-3 promotes M2 macrophage polar-
ization, increasing the expression of arginase-1 (Arg-1) and
IL-10. Conversely, Gal-3C protein inhibitors disrupt this
process and reduce fibrotic signaling cascades [11]. These
insights provide a molecular understanding of Gal-3’s
pivotal role in the fibrotic network (Fig. 4).

In summary, Gal-3 facilitates myocardial fibrosis by
orchestrating inflammation, ECM metabolism, and epige-
netic regulation [9]. It interacts with ECM markers such as
PIIINP, forming a dynamic regulatory network. Future re-

9

https://www.imrpress.com


search should focus on elucidating the time-dependent roles
of Gal-3 during different fibrosis stages and exploring its
potential as a multi-target therapeutic hub in clinical set-
tings [37].

Unified Mechanistic Model of Gal-3-Driven Myocar-
dial Fibrosis in DCM: Gal-3 functions as a key upstream
regulator, integrating several pathways in the development
of myocardial fibrosis in DCM. (1) Hippo Pathway: In the
early stages of DCM, activation of the Hippo pathway leads
to increased Gal-3 expression [38]. (2) NF-κB Pathway:
Gal-3 activates the TLR4/MyD88/NF-κB pathway, which
promotes inflammation and macrophage polarization. (3)
TGF-β/Smad Pathway: Gal-3 stabilizes TGF-β receptors,
enhancing Smad2/3 phosphorylation and activating fibrob-
lasts [10]. (4) SIRT Pathway: Gal-3 suppresses SIRT2/7,
affecting epigenetic regulation and maintaining its own ex-
pression. Collectively, these pathways contribute to colla-
gen synthesis (indicated by elevated PIIINP/PICP levels),
extracellular matrix remodeling, and the progression of my-
ocardial fibrosis in DCM.

6.2 Development of Novel Detection Technologies

As research into myocardial fibrosis mechanisms
in DCM advances, Gal-3 and PIIINP have become key
biomarkers. Developing precise detection methods is cru-
cial for early diagnosis and ongoing monitoring. Studies
indicate that serum Gal-3 levels in DCM patients signifi-
cantly correlate with adverse cardiovascular outcomes. An
optimal cutoff of 14.54 ng/mL has been identified, with pa-
tients above this level facing a 2.6-fold increased risk of
events. This finding emphasizes the need for standardized
Gal-3 detection methods for clinical risk stratification [39].
Additionally, PIIINP, a direct marker of collagen synthe-
sis, shows a strong correlation with the severity of LGE in
NIDCM patients, underscoring its diagnostic value in as-
sessing myocardial fibrosis.

Current assay development primarily focuses on en-
hancing analytical performance. For Gal-3, the main chal-
lenge is to clarify its unclear direct correlation with fibrosis.
Achieving this requires increased specificity, which can be
attained through optimized antibody selection and refined
detection conditions. In the case of PIIINP detection, its
short half-life and high variability call for the development
of more stable assay methods. Additionally, dynamic mon-
itoring technologies are becoming increasingly important,
as Gal-3 exhibits time-dependent characteristics in newly
diagnosed DCM patients. This scenario necessitates detec-
tion methods that provide exceptional repeatability and pre-
cision.

Future directions in diagnostic technology develop-
ment should prioritize several key areas. First, establishing
standardized protocols for sample collection and processing
is crucial. Second, developing automated testing platforms
can significantly streamline operations. Third, exploring
novel detection technologies will enhance both sensitivity

and specificity. Fourth, integrating artificial intelligence al-
gorithms can optimize biomarker combinations and thresh-
old determinations. These advancements will enable early
identification and precise monitoring of myocardial fibro-
sis in DCM, providing more reliable evidence for clinical
decision-making.

6.3 Exploration of Personalized Treatment Strategies
In recent years, personalized therapies targeting Gal-3

and PIIINP have shown significant promise in treating my-
ocardial fibrosis in DCM. Evidence indicates that Gal-3 lev-
els of 14.54 ng/mL or higher and PIIINP levels of 97 ng/mL
or higher are linked to poor prognosis in DCM patients,
as confirmed by multiple clinical studies. These biomark-
ers correlate with the severity of fibrosis and independently
predict adverse cardiovascular events, supporting their use
in risk stratification. Some proposals suggest that dynamic
monitoring of these biomarkers could guide personalized
anti-fibrotic therapy.

Therapies targeting the inflammation-fibrosis axis
could benefit patients with persistently high Gal-3 levels
[40]. In models of chronic Chagas cardiomyopathy, in-
hibiting STAT3 improved fibrosis, even though Gal-3 lev-
els remained unchanged. Evidence indicates that renin-
angiotensin system inhibitors can reduce myocardial ex-
tracellular volume, thereby supporting collagen modula-
tion [41]. Speculatively, interventions focusing on collagen
metabolism, such as early use of ACE inhibitors, might be
advantageous for patients with elevated PIIINP.

Research indicates that elevated levels of both Gal-3
and PIIINP are more strongly associated with an increased
risk of adverse events than either marker alone. In newly
diagnosed DCM patients, Gal-3 levels typically decrease
over 3 to 12 months, whereas in chronic patients, these lev-
els tend to remain stable. Although not yet supported by ev-
idence, it is suggested that Gal-3 and PIIINP be monitored
every 3 to 6 months in conjunction with standard therapy. If
bothmarkers remain elevated, intensified anti-fibrotic treat-
ment should be considered.

6.4 Multicenter, Large-Sample Clinical Studies
Multicenter, large-scale clinical studies are crucial

for validating the predictive value and clinical utility of
biomarkers across diverse populations [42]. In the context
of DCM, research has increasingly focused onGal-3 and PI-
IINP due to their association with myocardial fibrosis and
clinical outcomes. Studies have shown that Gal-PIIINP lev-
els of 3 levels correlate with fibrosis markers such as OPN,
TIMP-1, PIIICP, and MMP-2 [10]. However, Gal-3 levels
do not correlate with fibrosis severity as determined by en-
domyocardial biopsy. These findings indicate that although
Gal-3 does not directly correlate with histological fibrosis,
its dynamic changes reflect fibrotic activity and have signif-
icant predictive value for cardiovascular outcomes in DCM
patients.
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A study confirmed the predictive power of Gal-3 and
PIIINP in patients with NIDCM. Fibrosis assessment using
LGE on CMR revealed that patients with LGE (LGE+) had
significantly higher serum levels of Gal-3, PICP, and PII-
INP. These biomarker levels were directly correlated with
LGEmass. Kaplan-Meier analysis indicated that Gal-3 lev-
els above 13.8 ng/dL and PICP levels over 97 ng/dL sig-
nificantly predicted the risk of ventricular arrhythmia and
heart failure hospitalization. Combining LGE with Gal-3
and PICP markedly improved the prediction of outcomes
in NIDCM patients. These multicenter studies collectively
demonstrate that collagen metabolism markers, such as
Gal-3 and PIIINP, are closely linked with myocardial fi-
brosis as assessed by CMR. They effectively predict ma-
jor adverse cardiovascular events in DCM patients, provid-
ing robust biomarker tools for clinical risk stratification and
prognostic assessment.

6.5 Combined Biomarker and Imaging Assessment
Recent advancements in CMR have positioned LGE

as a leading non-invasive method for detecting myocardial
replacement fibrosis. Despite this, endomyocardial biopsy
remains the histological reference standard. However, re-
lying solely on imaging may not fully capture the condi-
tion’s dynamic progression. By integrating biomarkers with
CMR, we can enhance diagnostic and risk assessment ca-
pabilities for myocardial fibrosis in patients with NIDCM.
Research indicates that markers of collagen metabolism,
such as Gal-3, PICP, and PIIINP, show significant corre-
lation with LGE positivity and LGE mass. Notably, when
Gal-3 levels exceed 13.8 ng/dL and PICP levels surpass
97 ng/dL, these markers effectively predict major adverse
cardiovascular events. These collagen metabolism markers
are also closely tied to the severity of heart failure. In pa-
tients with a left ventricular ejection fraction below 30%,
they offer predictive value beyond LGE alone. Combin-
ing LGE with biomarkers like Gal-3 and PICP significantly
improves prognostic predictions in NIDCM patients, aiding
in the development of personalized treatment strategies. To
support clinical application, we propose a risk stratification
algorithm that integrates Gal-3, PIIINP, and CMR-LGE: (1)
**Low risk**: Gal-3 <14.54 ng/mL, PIIINP <97 ng/dL,
and LGE-negative. Annual MACE risk is <5%. Recom-
mend standard heart failure therapy and biomarker moni-
toring every 6–12 months. (2) **Intermediate risk**: Ei-
ther Gal-3 ≥14.54 ng/mL or PIIINP ≥97 ng/dL, or LGE-
positive (single lesion). Annual MACE risk is 5–15%. In-
tensify anti-fibrotic therapy and monitor biomarkers every
3–6 months. (3) **High risk**: Gal-3 ≥14.54 ng/mL and
PIIINP ≥97 ng/dL, or multi-site LGE. Annual MACE risk
is >15%. Consider advanced heart failure management and
close surveillance. Future research should investigate var-
ious biomarker combinations and multimodal imaging as-
sessments to achieve precise monitoring and intervention
for myocardial fibrosis.

6.6 Mechanisms of Fibrosis Reversal and Regenerative
Medicine

Reversing myocardial fibrosis and exploring regener-
ative strategies offer promising avenues for treating DCM,
with a focus on Gal-3 and PIIINP-guided antifibrotic ther-
apy. Collagen turnover markers, PICP and PIIINP, are in-
dicative of fibrosis reversal. Spironolactone, for instance,
reduces PICP levels and enhances diastolic function. How-
ever, changes in PIIINP and Gal-3 are less consistent, sug-
gesting varied responses among these markers. Emerg-
ing regenerative approaches aim to complement antifibrotic
treatments, with Gal-3 being a crucial therapeutic target.
Inhibiting Gal-3 not only reduces fibrosis but also fosters
a pro-regenerative microenvironment. Further research is
necessary to validate the effectiveness of combined Gal-
3/PIIINP-guided therapy alongside regenerative strategies.

7. Conclusion
Gal-3 plays a vital role in regulating myocardial fibro-

sis and is well-known for its pathophysiological functions.
Unlike markers that indicate static fibrosis, Gal-3 reflects
ongoing fibrosis activity. Its significance stems from its
dual role in mediating inflammatory responses and remod-
eling the ECM. By activating fibroblasts and encouraging
collagen deposition, Gal-3 contributes to the progression
of myocardial fibrosis, offering new perspectives on the
pathogenesis of dilated cardiomyopathy. However, stud-
ies show inconsistent correlations between circulating Gal-
3 levels and fibrosis, suggesting that this biomarker may
better represent active fibrosis rather than permanent struc-
tural changes.

In clinical settings, PIIINP often complements Gal-
3, though not universally. PIIINP acts as a non-specific
marker of systemic collagen synthesis, indicating collagen
turnover in various organs, including the heart. PICP and
PIIICP enhance its detection, making the combined mea-
surement of Gal-3, PIIINP, PICP, and PIIICP an effective
strategy for assessing changes in myocardial fibrosis while
considering systemic confounding factors. From a transla-
tional medicine perspective, this multi-marker approach not
only enhances diagnostic sensitivity but also distinguishes
different pathophysiological stages of fibrosis, providing
valuable biological insights for clinical decision-making.

In prognostic evaluations, Gal-3 is widely recognized
for its predictive value, as supported by numerous studies.
However, variability in detection methods hinders compa-
rability between these studies. Gal-3’s predictive capability
likely stems from its association with fibrosis and myocar-
dial remodeling processes. This broad-spectrum attribute
makes it a valuable tool for risk stratification in dilated car-
diomyopathy. Despite its potential, caution is necessary
due to variations in detection methods and inconsistent cut-
off values, which may compromise result comparability.
Future research should prioritize developing standardized
detection protocols to resolve these issues.
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Looking ahead, three key areas warrant attention.
First, understanding the molecular mechanisms of Gal-3 in
myocardial fibrosis is crucial, particularly its interactions
with other fibrosis-related pathways. Second, optimizing
detection technologies is vital, which involves developing
highly sensitive assays and establishing standardized cutoff
values. Finally, validating personalized strategies is nec-
essary; while current biomarker cutoffs are based on ev-
idence, monitoring intervals and treatment algorithms are
still speculative and require large-scale trials. These ad-
vancements will transition biomarkers from research tools
to routine clinical applications, ultimately improving diag-
nosis and treatment outcomes for patients with dilated car-
diomyopathy.

Author Contributions
XZ: Writing—review & editing, Writing—original

draft, Data curation. LH: Writing—review & editing, For-
mal Analysis. YX: Investigation, Writing—review & edit-
ing. FS: Writing—review & editing, Formal Analysis. YZ:
Writing—review & editing, Data curation. SZ: Investiga-
tion, Writing—review & editing. CT: Conceptualization,
Writing—review & editing, Supervision. All authors con-
tributed to editorial changes in the manuscript. All authors
read and approved the final manuscript. All authors have
participated sufficiently in the work and agreed to be ac-
countable for all aspects of the work.

Ethics Approval and Consent to Participate
Not applicable.

Acknowledgment
Not applicable.

Funding
This study was supported by the National Natural Sci-

ence Foundation of China (Grant No. 82360062).

Conflicts of Interest
The authors declare no conflicts of interest.

Declaration of AI and AI-Assisted
Technologies in the Writing Process

During the preparation of this work, the authors used
ChatGPT 3.5 to check spelling and grammar. After using
this tool, the authors reviewed and edited the content as
needed and take full responsibility for the content of the
publication.

References
[1] Liu D, Wang M, Murthy V, McNamara DM, Nguyen TTL,

Philips TJ, et al. Myocardial Recovery in Recent Onset Dilated
Cardiomyopathy: Role of CDCP1 and Cardiac Fibrosis. Circu-
lation Research. 2023; 133: 810–825. https://doi.org/10.1161/
CIRCRESAHA.123.323200

[2] Revnic R, Cojan-Minzat BO, Zlibut A, Orzan RI, Agoston R,
Muresan ID, et al. The Role of Circulating Collagen Turnover
Biomarkers and Late Gadolinium Enhancement in Patients with
Non-Ischemic Dilated Cardiomyopathy. Diagnostics. 2022; 12:
1435. https://doi.org/10.3390/diagnostics12061435

[3] Rubiś P, Holcman K, Dziewięcka E, Wiśniowska-Śmiałek S,
Karabinowska A, Szymonowicz M, et al. Relationships be-
tween circulating galectin-3, extracellular matrix fibrosis and
outcomes in dilated cardiomyopathy. Advances in Clinical and
Experimental Medicine. 2021; 30: 245–253. https://doi.org/10.
17219/acem/115081

[4] Stienen S, Ferreira JP, Bär C, Thum T, Barros A, Pitt B, et al.
Serum microRNAs and antifibrotic response to eplerenone in
acute myocardial infarction complicated by systolic dysfunc-
tion. International Journal of Cardiology. 2021; 332: 35–37.
https://doi.org/10.1016/j.ijcard.2021.02.088

[5] Kozumi K, Kodama T, Murai H, Sakane S, Govaere O, Cock-
ell S, et al. Transcriptomics Identify Thrombospondin-2 as a
Biomarker for NASH and Advanced Liver Fibrosis. Hepatol-
ogy. 2021; 74: 2452–2466. https://doi.org/10.1002/hep.31995

[6] Diehl RC, Chorghade RS, Keys AM, Alam MM, Early SA,
Dugan AE, et al. CH-π Interactions Are Required for Human
Galectin-3 Function. JACS Au. 2024; 4: 3028–3037. https:
//doi.org/10.1021/jacsau.4c00357

[7] Farhadi SA, Liu R, Becker MW, Phelps EA, Hudalla GA. Phys-
ical tuning of galectin-3 signaling. Proceedings of the National
Academy of Sciences of the United States of America. 2021;
118: e2024117118. https://doi.org/10.1073/pnas.2024117118

[8] Cason M, Celeghin R, Marinas MB, Beffagna G, Della Bar-
bera M, Rizzo S, et al. Novel pathogenic role for galectin-3 in
early disease stages of arrhythmogenic cardiomyopathy. Heart
Rhythm. 2021; 18: 1394–1403. https://doi.org/10.1016/j.hrthm.
2021.04.006

[9] Li W, Jin Q, Zhang L, He S, Song Y, Xu L, et al. Ultrasonic Mi-
crobubble Cavitation Deliver Gal-3 shRNA to Inhibit Myocar-
dial Fibrosis after Myocardial Infarction. Pharmaceutics. 2023;
15: 729. https://doi.org/10.3390/pharmaceutics15030729

[10] Chen Y, Jiang Q, Xing X, Xu L, Zhao Q, Zhang Q, et al.
Macrophage Derived Galectin-3 Promotes Renal Fibrosis and
Diabetic Kidney Disease by Enhancing TGFβ1 Signaling. Ad-
vanced Science. 2025; 12: e04032. https://doi.org/10.1002/advs
.202504032

[11] Wang X, Gaur M, Mounzih K, Rodriguez HJ, Qiu H, Chen M,
et al. Inhibition of galectin-3 post-infarction impedes progres-
sive fibrosis by regulating inflammatory profibrotic cascades.
Cardiovascular Research. 2023; 119: 2536–2549. https://doi.or
g/10.1093/cvr/cvad116

[12] Zhang L, Tian J, Li N, Wang Y, Jin Y, Bian H, et al. Exosomal
miRNA reprogramming in pyroptotic macrophage drives silica-
induced fibroblast-to-myofibroblast transition and pulmonary fi-
brosis. Journal of Hazardous Materials. 2025; 483: 136629.
https://doi.org/10.1016/j.jhazmat.2024.136629

[13] Yin J, Yu C, Zhang Z, Cong J. Timosaponin AIII alleviates
type 2 diabetes-induced cardiomyopathy by targeting galectin-
3 (LGALS3). Experimental Cell Research. 2025; 450: 114665.
https://doi.org/10.1016/j.yexcr.2025.114665

[14] Lee HJ, Park CS, Lee S, Park JB, Kim HK, Park SJ, et al.
Systemic proinflammatory-profibrotic response in aortic steno-
sis patients with diabetes and its relationship with myocardial
remodeling and clinical outcome. Cardiovascular Diabetology.
2023; 22: 30. https://doi.org/10.1186/s12933-023-01763-1

[15] Cao K, Zhu Y, Kuai Y, Chen B, Zhao Q, Yu W. Macrophage
MKL1 contributes to cardiac fibrosis in a mouse model of my-
ocardial infarction. Life Sciences. 2024; 356: 123036. https:
//doi.org/10.1016/j.lfs.2024.123036

[16] Ou SM, Tsai MT, Chen HY, Li FA, Lee KH, Tseng WC, et al.
Urinary Galectin-3 as a Novel Biomarker for the Prediction of

12

https://doi.org/10.1161/CIRCRESAHA.123.323200
https://doi.org/10.1161/CIRCRESAHA.123.323200
https://doi.org/10.3390/diagnostics12061435
https://doi.org/10.17219/acem/115081
https://doi.org/10.17219/acem/115081
https://doi.org/10.1016/j.ijcard.2021.02.088
https://doi.org/10.1002/hep.31995
https://doi.org/10.1021/jacsau.4c00357
https://doi.org/10.1021/jacsau.4c00357
https://doi.org/10.1073/pnas.2024117118
https://doi.org/10.1016/j.hrthm.2021.04.006
https://doi.org/10.1016/j.hrthm.2021.04.006
https://doi.org/10.3390/pharmaceutics15030729
https://doi.org/10.1002/advs.202504032
https://doi.org/10.1002/advs.202504032
https://doi.org/10.1093/cvr/cvad116
https://doi.org/10.1093/cvr/cvad116
https://doi.org/10.1016/j.jhazmat.2024.136629
https://doi.org/10.1016/j.yexcr.2025.114665
https://doi.org/10.1186/s12933-023-01763-1
https://doi.org/10.1016/j.lfs.2024.123036
https://doi.org/10.1016/j.lfs.2024.123036
https://www.imrpress.com


Renal Fibrosis and Kidney Disease Progression. Biomedicines.
2022; 10: 585. https://doi.org/10.3390/biomedicines10030585

[17] Karabinowska-MałochaA, Dziewięcka E, SzymańskaM, Banyś
P, Urbańczyk-Zawadzka M, Krupiński M, et al. Link between
fibrosis-specific biomarkers and interstitial fibrosis in hyper-
trophic cardiomyopathy. Kardiologia Polska. 2023; 81: 692–
699. https://doi.org/10.33963/KP.a2023.0103

[18] Ionin VA, Baranova EI, Zaslavskaya EL, Petrishcheva EY, Mo-
rozov AN, Shlyakhto EV. Galectin-3, N-terminal Propeptides of
Type I and III Procollagen in Patients with Atrial Fibrillation and
Metabolic Syndrome. International Journal of Molecular Sci-
ences. 2020; 21: 5689. https://doi.org/10.3390/ijms21165689

[19] Rao VS, Ivey-Miranda JB, Cox ZL, Moreno-Villagomez J, Tes-
tani JM. Association of Urine Galectin-3 With Cardiorenal Out-
comes in Patients With Heart Failure. Journal of Cardiac Fail-
ure. 2024; 30: 340–346. https://doi.org/10.1016/j.cardfail.2023.
05.018

[20] Pettersson-Pablo P, Samyn D, Wasim J, Vink M. Reference in-
terval for type III procollagen (PIIINP) using the Advia cen-
taur PIIINP assay in adults and elderly. Scandinavian Journal
of Clinical and Laboratory Investigation. 2021; 81: 649–652.
https://doi.org/10.1080/00365513.2021.2001045

[21] Rubiś PP, Dziewięcka E, González A, Cleland JGF. High vari-
ability in assays of blood markers of collagen turnover in car-
diovascular disease: Implications for research and clinical prac-
tice. European Journal of Heart Failure. 2025; 27: 901–904.
https://doi.org/10.1002/ejhf.3375

[22] Osokina A, Karetnikova V, Polikutina O, Ivanova A, Gruzdeva
O, Dyleva Y, et al. Prognostic potential of cardiac structural and
functional parameters and N-terminal propeptide of type III pro-
collagen in predicting cardiac fibrosis one year after myocardial
infarction with preserved left ventricular ejection fraction. Ag-
ing. 2021; 13: 194–203. https://doi.org/10.18632/aging.202495

[23] Javaheri A, Diab A, Zhao L, Qian C, Cohen JB, Zamani P, et al.
Proteomic Analysis of Effects of Spironolactone in Heart Fail-
ure With Preserved Ejection Fraction. Circulation. Heart Fail-
ure. 2022; 15: e009693. https://doi.org/10.1161/CIRCHEARTF
AILURE.121.009693

[24] Pellegrino R, Paganelli R, Di Iorio A, Bandinelli S, Moretti A,
Iolascon G, et al. Muscle quality, physical performance, and
comorbidity are predicted by circulating procollagen type III
N-terminal peptide (P3NP): the InCHIANTI follow-up study.
GeroScience. 2024; 46: 1259–1269. https://doi.org/10.1007/
s11357-023-00894-3

[25] Di Martino JS, Nobre AR, Mondal C, Taha I, Farias EF, Fertig
EJ, et al. A tumor-derived type III collagen-rich ECM niche reg-
ulates tumor cell dormancy. Nature Cancer. 2022; 3: 90–107.
https://doi.org/10.1038/s43018-021-00291-9

[26] Fan J, Wei S, Zhang X, Chen L, Zhang X, Jiang Y, et al.
Resveratrol inhibits TGF-β1-induced fibrotic effects in hu-
man pterygium fibroblasts. Environmental Health and Pre-
ventive Medicine. 2023; 28: 59. https://doi.org/10.1265/ehpm
.23-00020

[27] Kim JY, Gil TH, Lee HG, Shin JW, Jang DH, Kim HS, et
al. Plasma Extracellular Vesicles Biomarkers Linked to Lower
Muscle Mass, Function and Physical Performance in Sarcope-
nia. Journal of Cachexia, Sarcopenia and Muscle. 2025; 16:
e13784. https://doi.org/10.1002/jcsm.13784

[28] Jiménez-González S, Delgado-Valero B, Islas F, Romero-
Miranda A, Luaces M, Ramchandani B, et al. The detrimental
role of galectin-3 and endoplasmic reticulum stress in the car-
diac consequences of myocardial ischemia in the context of obe-
sity. FASEB Journal. 2024; 38: e23818. https://doi.org/10.1096/
fj.202400747R

[29] Ezhilarasan D. Unraveling the pathophysiologic role of galectin-
3 in chronically injured liver. Journal of Cellular Physiology.
2023; 238: 673–686. https://doi.org/10.1002/jcp.30956

[30] Xiao M, Zhang M, Bie M, Wang X, Guo J, Xiao H. Galectin-3
Induces Atrial Fibrosis by Activating the TGF-β1/Smad Path-
way in Patients with Atrial Fibrillation. Cardiology. 2020; 145:
446–455. https://doi.org/10.1159/000506072

[31] Screever EM, Gorter TM, Willems TP, Aboumsallem JP, Sutha-
har N, Mahmoud B, et al. Diffuse Myocardial Fibrosis on Car-
diac Magnetic Resonance Imaging Is Related to Galectin-3 and
Predicts Outcome in Heart Failure. Biomolecules. 2023; 13:
410. https://doi.org/10.3390/biom13030410

[32] Singh D, Criner GJ, Naya I, Jones PW, Tombs L, Lipson DA, et
al. Measuring disease activity in COPD: is clinically important
deterioration the answer? Respiratory Research. 2020; 21: 134.
https://doi.org/10.1186/s12931-020-01387-z

[33] Święcki P, Sawicki R, Knapp M, Kamiński KA, Ptaszyńska-
Kopczyńska K, Sobkowicz B, et al. Galectin-3 as the Prognostic
Factor of Adverse Cardiovascular Events in Long-Term Follow
up in Patients after Myocardial Infarction-A Pilot Study. Journal
of Clinical Medicine. 2020; 9: 1640. https://doi.org/10.3390/jc
m9061640

[34] Sonkawade SD, Pokharel S, Karthikeyan B, Kim M, Xu S,
Kc K, et al. Small Endogeneous Peptide Mitigates Myocardial
Remodeling in a Mouse Model of Cardioselective Galectin-3
Overexpression. Circulation. Heart Failure. 2021; 14: e008510.
https://doi.org/10.1161/CIRCHEARTFAILURE.121.008510

[35] Köktürk U, Püşüroğlu H, Somuncu MU, Akgül Ö, Uygur B,
Özyılmaz S, et al. Short and Long-Term Prognostic Signifi-
cance ofGalectin-3 in Patients with ST-ElevationMyocardial In-
farction Undergoing Primary Percutaneous Coronary Interven-
tion. Angiology. 2023; 74: 889–896. https://doi.org/10.1177/
00033197221149846

[36] Rajah MR, Marais E, Maarman GJ, Doubell E, Doubell AF,
Herbst PG. Utility of Serum Biomarkers of Myocardial Fibro-
sis in High-Gradient Severe Aortic Stenosis: An Explorative
Cardiovascular Magnetic Resonance Imaging-Based Study. Di-
agnostics. 2025; 15: 1143. https://doi.org/10.3390/diagnostic
s15091143

[37] Zetterberg FR, MacKinnon A, Brimert T, Gravelle L, Johnsson
RE, Kahl-Knutson B, et al. Discovery and Optimization of the
First Highly Effective andOrally Available Galectin-3 Inhibitors
for Treatment of Fibrotic Disease. Journal of Medicinal Chem-
istry. 2022; 65: 12626–12638. https://doi.org/10.1021/acs.jmed
chem.2c00660

[38] Du XJ, Huynh K, Ziemann M, She G, Wu W, Duong T, et
al. Galectin-3 gene deletion alters lipid profile in healthy and
cardiomyopathy mouse hearts. Biochimica et Biophysica Acta.
Molecular and Cell Biology of Lipids. 2025; 1870: 159676.
https://doi.org/10.1016/j.bbalip.2025.159676

[39] Behnoush AH, Khalaji A, Alemohammad SY, Kalantari A,
Cannavo A, Dimitroff CJ. Galectins can serve as biomarkers
in COVID-19: A comprehensive systematic review and meta-
analysis. Frontiers in Immunology. 2023; 14: 1127247. https:
//doi.org/10.3389/fimmu.2023.1127247

[40] Sharma JR, Dubey A, Yadav UCS. Cigarette smoke-induced
galectin-3 as a diagnostic biomarker and therapeutic target in
lung tissue remodeling. Life Sciences. 2024; 339: 122433. https:
//doi.org/10.1016/j.lfs.2024.122433

[41] De Luca MR, Sorriento D, Massa D, Valente V, De Luise F, Bar-
bato E, et al. Effects of inhibition of the renin-angiotensin system
on hypertension-induced target organ damage: clinical and ex-
perimental evidence.Monaldi Archives for Chest Disease. 2021;
91: 10.4081/monaldi.2021.1570. https://doi.org/10.4081/mona
ldi.2021.1570

[42] Botta C, Maia C, Garcés JJ, Termini R, Perez C, Manrique I,
et al. FlowCT for the analysis of large immunophenotypic data
sets and biomarker discovery in cancer immunology. Blood Ad-
vances. 2022; 6: 690–703. https://doi.org/10.1182/bloodadvan
ces.2021005198

13

https://doi.org/10.3390/biomedicines10030585
https://doi.org/10.33963/KP.a2023.0103
https://doi.org/10.3390/ijms21165689
https://doi.org/10.1016/j.cardfail.2023.05.018
https://doi.org/10.1016/j.cardfail.2023.05.018
https://doi.org/10.1080/00365513.2021.2001045
https://doi.org/10.1002/ejhf.3375
https://doi.org/10.18632/aging.202495
https://doi.org/10.1161/CIRCHEARTFAILURE.121.009693
https://doi.org/10.1161/CIRCHEARTFAILURE.121.009693
https://doi.org/10.1007/s11357-023-00894-3
https://doi.org/10.1007/s11357-023-00894-3
https://doi.org/10.1038/s43018-021-00291-9
https://doi.org/10.1265/ehpm.23-00020
https://doi.org/10.1265/ehpm.23-00020
https://doi.org/10.1002/jcsm.13784
https://doi.org/10.1096/fj.202400747R
https://doi.org/10.1096/fj.202400747R
https://doi.org/10.1002/jcp.30956
https://doi.org/10.1159/000506072
https://doi.org/10.3390/biom13030410
https://doi.org/10.1186/s12931-020-01387-z
https://doi.org/10.3390/jcm9061640
https://doi.org/10.3390/jcm9061640
https://doi.org/10.1161/CIRCHEARTFAILURE.121.008510
https://doi.org/10.1177/00033197221149846
https://doi.org/10.1177/00033197221149846
https://doi.org/10.3390/diagnostics15091143
https://doi.org/10.3390/diagnostics15091143
https://doi.org/10.1021/acs.jmedchem.2c00660
https://doi.org/10.1021/acs.jmedchem.2c00660
https://doi.org/10.1016/j.bbalip.2025.159676
https://doi.org/10.3389/fimmu.2023.1127247
https://doi.org/10.3389/fimmu.2023.1127247
https://doi.org/10.1016/j.lfs.2024.122433
https://doi.org/10.1016/j.lfs.2024.122433
https://doi.org/10.4081/monaldi.2021.1570
https://doi.org/10.4081/monaldi.2021.1570
https://doi.org/10.1182/bloodadvances.2021005198
https://doi.org/10.1182/bloodadvances.2021005198
https://www.imrpress.com

	1. Introduction
	2. Biological Properties of Gal-3 and Its Role in Myocardial Fibrosis
	2.1 Molecular Structure and Function of Gal-3
	2.2 Molecular Mechanisms of Gal-3 in Myocardial Fibrosis
	2.3 Expression Dynamics of Gal-3 in Dilated Cardiomyopathy
	2.4 Relationship Between Gal-3 and Other Fibrosis-Related Markers

	3. Role of Collagen Marker PIIINP in Myocardial Fibrosis
	3.1 Biological Significance and Detection Methods of PIIINP
	3.2 Molecular Mechanisms of PIIINP in Myocardial Fibrosis
	3.3 Clinical Research Advances on PIIINP in Dilated Cardiomyopathy

	4. Clinical Correlation Between Gal-3, PIIINP, and Myocardial Fibrosis
	4.1 Correlation Analysis Between Circulating Gal-3 and Myocardial Tissue Fibrosis
	4.2 Advantages of Combined Assessment for Fibrosis

	5. Predictive Value of Gal-3 and PIIINP for Major Adverse Cardiovascular Events
	5.1 Clinical Evidence for Gal-3 as a Predictor of Cardiovascular Events
	5.2 Role of PIIINP in Predicting Cardiovascular Event Risk
	5.3 Dynamic Monitoring of Gal-3 and PIIINP for Event Prediction and Application Prospects

	6. Future Research Directions and Clinical Application Prospects
	6.1 Deepening Mechanistic Research
	6.2 Development of Novel Detection Technologies
	6.3 Exploration of Personalized Treatment Strategies
	6.4 Multicenter, Large-Sample Clinical Studies
	6.5 Combined Biomarker and Imaging Assessment
	6.6 Mechanisms of Fibrosis Reversal and Regenerative Medicine

	7. Conclusion
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflicts of Interest
	Declaration of AI and AI-assisted Technologies
	References

