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ABSTRACT

Metabolic Dysfunction-Associated Fatty Liver Disease (MAFLD) is a highly prevalent liver disorder associated
with obesity and metabolic syndrome, replacing the term Non-Alcoholic Fatty Liver Disease (NAFLD). The
diagnosis of MAFLD is established based on the presence of hepatic steatosis accompanied by metabolic
abnormalities such as overweight/obesity, type 2 diabetes mellitus, or metabolic dysregulation. Although liver
biopsy remains the gold standard for diagnosis, its invasive nature underscores the need for practical, non-
invasive biomarkers. This review aims to summarize the current evidence regarding thrombospondin-2 (TSP-2)
as a potential biomarker of hepatic fibrosis in MAFLD. Recent data indicate that serum TSP-2 levels correlate
with the severity of steatosis, inflammation, and fibrosis. TSP-2 also shows promise in distinguishing simple
steatosis from steatohepatitis and in identifying patients at risk of advanced fibrosis. While these findings highlight
the potential role of TSP-2 in diagnosis and disease monitoring, further clinical validation is required before its
routine implementation in clinical practice.
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ABSTRAK

Metabolic Dysfunction-Associated Fatty Liver Disease (MAFLD) merupakan penyakit hati dengan prevalensi
tinggi yang berhubungan dengan obesitas dan sindrom metabolik, serta menggantikan istilah Non-Alcoholic
Fatty Liver Disease (NAFLD). Diagnosis MAFLD ditegakkan berdasarkan adanya steatosis hepatik yang
disertai kelainan metabolik, seperti kelebihan berat badan atau obesitas, diabetes melitus tipe 2, maupun
disfungsi metabolik. Meskipun biopsi hati masih merupakan baku emas dalam penegakan diagnosis, sifatnya
yang invasif menegaskan perlunya biomarker non-invasif yang lebih praktis. Artikel tinjauan ini bertujuan untuk
merangkum bukti terkini mengenai peran thrombospondin-2 (TSP-2) sebagai biomarker potensial fibrosis hati
pada MAFLD. Data terbaru menunjukkan bahwa kadar serum TSP-2 berkorelasi dengan tingkat keparahan
steatosis, inflamasi, dan fibrosis. Selain itu, TSP-2 berpotensi membedakan steatosis sederhana dari steatohepatitis
serta mengidentifikasi pasien dengan risiko fibrosis lanjut. Meskipun temuan ini menyoroti potensi peran TSP-2
dalam diagnosis dan pemantauan penyakit, diperlukan validasi klinis lebih lanjut sebelum dapat diterapkan
secara rutin dalam praktik klinis.

Kata Kunci: Fibrosis hati, MAFLD, Trombospondin-2 (TSP-2)
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INTRODUCTION

Metabolic dysfunction—associated fatty liver
disease (MAFLD) represents the hepatic manifestation
of metabolic syndrome in the context of obesity and
other metabolic risk factors. A recent meta-analysis
estimated the global prevalence of MAFLD in adults to
be approximately 38.8%.! The redefinition to MAFLD
emphasizes metabolic dysfunction, rather than the
exclusion of alcohol consumption, as the disease’s
defining characteristic.> MAFLD progresses from
simple steatosis to metabolic dysfunction—associated
steatohepatitis (MASH), fibrosis, cirrhosis, and
hepatocellular carcinoma (HCC), with the stage of
fibrosis rather than steatosis or inflammation serving
as the major determinant of prognosis.*

The gold standard for diagnosing MAFLD and
differentiating steatohepatitis from simple steatosis
remains liver biopsy. However, this procedure has
notable limitations due to its invasive nature, including
sampling errors from small biopsy specimens,
potential complications, high cost, and inter-observer
variability.* To address these limitations, several
non-invasive fibrosis assessment tools have been
developed, including the Fibrosis-4 Index (FIB-4),
the NAFLD Fibrosis Score (NFS), and the Enhanced
Liver Fibrosis (ELF) test.> Nevertheless, these
conventional biomarkers demonstrate limited accuracy
in intermediate fibrosis stages and may be confounded
by factors such as age, comorbidities, and non-liver-
specific changes. Consequently, there is a pressing need
for biomarkers that directly reflect fibrogenic activity
and provide robust diagnostic performance in MAFLD.

Among the emerging candidates, thrombospondin-2
(TSP-2) has attracted considerable attention as an
extracellular matrix glycoprotein involved in tissue
remodeling, angiogenesis, and wound healing.®”’
Recent studies have shown that circulating TSP-2
levels are elevated in patients with obesity and type
2 diabetes mellitus and correlate with the degree of
steatosis, inflammation, and liver fibrosis.®® These
findings suggest that TSP-2 may serve as a promising
biomarker for fibrosis assessment in MAFLD,
potentially complementing or even outperforming
existing non-invasive indices and biomarker panels.

DEFINITION OF MAFLD

MAFLD is diagnosed based on evidence of
>5% hepatic steatosis (on imaging or histology) in
conjunction with one of the following: overweight/
obesity, type 2 diabetes mellitus, or at least two metabolic

risk factors such as hypertension, dyslipidemia, insulin
resistance, or elevated C-reactive protein (CRP).?
Unlike NAFLD, the diagnosis of MAFLD does not
require the exclusion of significant alcohol intake
or other liver diseases, acknowledging that MAFLD
may coexist with conditions such as viral hepatitis or
alcohol-related liver disease. This inclusive diagnostic
framework better reflects real-world metabolic liver
disease and facilitates more accurate risk stratification.

PATHOPHYSIOLOGY OF MAFLD

The pathogenesis of MAFLD follows a multiple-
hit model. Insulin resistance increases the flux of free
fatty acids to hepatocytes, promoting triglyceride
accumulation, impaired B-oxidation, and enhanced
de novo lipogenesis, ultimately resulting in hepatic
steatosis.'® Lipotoxicity induces oxidative stress,
mitochondrial dysfunction, and the release of damage-
associated molecular patterns (DAMPs), which activate
Kupffer cells and inflammasomes—particularly
NLRP3 leading to the secretion of interleukin-1f (IL-
1B) and other pro-inflammatory cytokines.

Adipose tissue dysfunction contributes further through
decreased adiponectin production and increased secretion
of tumor necrosis factor-alpha (TNF-a)) and interleukin-6
(IL-6)."* Gut microbiota dysbiosis exacerbates hepatic
injury by increasing intestinal permeability and promoting
lipopolysaccharide (LPS)-mediated activation of Toll-like
receptor 4 (TLR4) on Kupfter cells."

Chronic hepatocellular injury triggers the activation
of hepatic stellate cells (HSCs), which represents the
central event in hepatic fibrosis. Under the influence of
transforming growth factor-beta 1 (TGF-B1), platelet-
derived growth factor (PDGF), and endothelin-1,
activated HSCs transdifferentiate into myofibroblasts,
producing type I and III collagen as well as other
extracellular matrix (ECM) proteins.'* Excessive ECM
accumulation increases hepatic stiffness, disrupts
normal architecture, and promotes the progression
from fibrosis to cirrhosis.

THROMBOSPONDIN-2

Thrombospondin-2 (TSP-2) is a matricellular
glycoprotein encoded by the THBS2 gene, which
regulates extracellular matrix (ECM) assembly,
angiogenesis, and wound repair.® Unlike structural
ECM proteins, TSP-2 modulates collagen
fibrillogenesis, metalloproteinase activity, and cell—
matrix interactions.”
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In fibrotic liver tissue, TSP-2 expression is markedly
upregulated. Transcriptomic analyses of patients with
NAFLD/NASH have identified THBS2 as one of the
top genes associated with fibrosis severity.” Studies
in TSP-2—deficient mice have revealed abnormal
collagen fibril formation and excessive angiogenesis,
underscoring its essential role in ECM stabilization.'?

TSP-2 actively contributes to liver fibrogenesis.
Activated hepatic stellate cells (HSCs) are the primary
source of TSP-2, and its secretion reinforces HSC
activation through multiple mechanisms (Figure 1):

Molecular Mechanisms of Thrombospondin-2 (TSP-2 in
Liver Fibrosis
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Figure 1. Molecular Mechanisms of TSP-2 in Liver Fibrosis

1. The TLR4-FAK-TGF-p/Smad Pathway:
TSP-2 binds to Toll-like receptor 4 (TLR4) on
HSC membranes, activating focal adhesion
kinase (FAK) in the cytoplasm, which amplifies
downstream TGF-f signaling. TGF-f receptors
phosphorylate Smad2/3 proteins that form
complexes with Smad4, translocate into the
nucleus, and initiate transcription of COLIAI
(collagen type I) and a-smooth muscle actin
(a-SMA), thereby promoting fibrogenesis.'®

2. Activation of the Notch Pathway:

TSP-2 stimulates Notch receptors, promoting HSC
transdifferentiation into myofibroblasts. These
myofibroblasts secrete large quantities of ECM
components, accelerating scar formation."”

3. Extracellular Matrix Stabilization:

TSP-2 enhances collagen cross-linking and ECM
stiffness while inhibiting matrix metalloproteinases
(MMPs)—the enzymes responsible for ECM
degradation—resulting in persistent scar
accumulation and progression to cirrhosis.'
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SERUM TSP-2 AS BIOMARKER FORADVANCED
FIBROSIS IN MAFLD

Accurate, non-invasive identification of advanced
fibrosis (>F3) is critical in the management of
MAFLD, as fibrosis stage is the strongest predictor of
liver-related outcomes and overall mortality.* While
liver biopsy remains the diagnostic gold standard, its
invasiveness and associated limitations necessitate the
development of reliable non-invasive biomarkers.*

Conventional non-invasive fibrosis scores—such
as FIB-4, the NAFLD Fibrosis Score (NFS), and the
Enhanced Liver Fibrosis (ELF) test—rely on indirect
markers of hepatic injury, inflammation, or systemic
metabolic abnormalities. Their diagnostic accuracy
is often reduced in intermediate fibrosis stages and
influenced by confounding factors including age,
diabetes, obesity, and systemic inflammation.’> Similarly,
direct fibrosis biomarkers such as Wisteria floribunda
agglutinin-positive Mac-2 binding protein (WFA"-
M2BP) and PRO-C3 (N-terminal type III collagen
propeptide) have shown clinical utility but remain
limited by accessibility and cost in routine practice.'® >

By contrast, serum TSP-2 directly reflects fibrogenic
activity, as it is secreted primarily by activated
HSCs during ECM remodeling.®”,'> This biological
specificity confers an advantage over indirect markers
that are affected by systemic metabolic conditions.

Recent clinical studies have underscored the
diagnostic value of circulating TSP-2. In patients
with NAFLD and type 2 diabetes mellitus, elevated
serum TSP-2 levels correlated strongly with
histological fibrosis severity, independent of metabolic
confounders.® Transcriptomic analyses further
identified THBS?2 expression as one of the top genes
associated with disease progression to advanced
fibrosis and cirrhosis.® In obesity-associated MAFLD,
serum TSP-2 levels increased progressively with
steatosis, inflammation, and fibrosis burden, effectively
discriminating high-risk steatohepatitis.! In a large
biopsy-confirmed cohort, TSP-2 demonstrated an
area under the receiver operating characteristic curve
(AUROC) of 0.80-0.87 for detecting advanced
fibrosis, outperforming conventional indices such as
FIB-4 and NFS and showing comparable or superior
accuracy to ELF and PRO-C3 panels.8,'¢,?°

Moreover, longitudinal studies indicate that serum
TSP-2 levels decline in parallel with reductions in liver
stiffness following lifestyle modification or metabolic
therapy, suggesting its potential utility as a dynamic
biomarker for fibrosis regression.®> Collectively,
these findings support serum TSP-2 as a direct and
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responsive biomarker that complements existing non-
invasive scores and refines decision-making regarding

referral, imaging, and biopsy, as summarized in Table
1.

Table 1. Diagnostic Performance of Serum TSP-2 Versus Established Fibrosis Biomarkers for Detecting Advanced Fibrosis (2F3)

in MAFLD
Biology  Ayroc
Biomarker (class) (Direct/ for >F3 Sensitivity Specificity strengths limitations Refs
Indirect) B
TSP-2 ECM 0.80-0.87 75-85% 70-85% Direct readout Assay availability/  5,8,9
matricellular of fibrogenic cut-off
protein from activity; tracks standardization;
activated treatment potential influence
HSCs (Direct) response of extrahepatic
fibrosis
ELF ECM turnover 0.83-0.88 70-85% 75-90% Strong evidence  Cost; limited 9,18
(HA+PIIINP+TIMP-1)  panel (Direct) base; regulatory  access in some
acceptance in settings
some regions
PRO-C3 / ADAPT Type Il 0.83-0.88 70-85% 70-85% Captures Assay 20
collagen active collagen standardization
formation synthesis; good  and availability
(Direct) rule-in
WFA+-M2BP Glycoprotein 0.80-0.85 70-80% 70-85% Useful across Performance 19
remodeling etiologies; single- varies by ethnicity/
marker (Direct) analyte test etiology
Hyaluronic acid (HA) ECM 0.70-0.79 60-75% 60-80% Simple assay; Lower specificity; 18
degradation low cost inflammation-
product sensitive
(Direct)
FIB-4 (Age, AST, ALT, Composite 0.76-0.82 High atlow Complementary Inexpensive; Wide indeterminate 5,8
PIt) clinical index cut-off; low trade-off widely adopted;  zone; age-
(Indirect) at high cut- good rule-out at  dependent inflation
off low cut-off
NFS (Age, BMI, Composite 0.75-0.81 Moderate Moderate Validated; easy to Poorer 5
glycemia, AST/ALT, clinical index compute discrimination in
albumin, PIt) (Indirect) T2DM/obesity;

large gray zone

Abbreviations — TSP-2: thrombospondin-2; ELF: Enhanced Liver Fibrosis test; PRO-C3: N-terminal propeptide of type Il collagen; WFA+-M2BP: Wisteria
floribunda agglutinin-positive Mac-2 binding protein; HA: hyaluronic acid; NFS: NAFLD Fibrosis Score; FIB-4: Fibrosis-4 index. Note — Sensitivity/specificity
vary by cohort and cut-points; values below summarize representative ranges reported in the cited studies.

CONCLUSION

TSP-2 represents a biologically compelling and
clinically promising direct biomarker for advanced
fibrosis in MAFLD. It is mechanistically linked to HSC
activation and ECM remodeling,®”,"*"!” demonstrates
strong diagnostic performance (AUROC 0.80-0.87)
in biopsy-validated cohorts,®®,?® and exhibits on-
treatment declines corresponding to improvements
in liver stiffness.® These characteristics underscore
its dual role in diagnosis and disease monitoring,
complementing indirect scores and imaging modalities.

In clinical pathways, TSP-2 could effectively
complement low-cost indirect indices (e.g., FIB-4,
NFS) by resolving indeterminate results and refining
referrals for elastography or biopsy. Nevertheless,
important gaps remain. Generalizability must be
established across multiethnic, non-diabetic, and
community-based populations; assay harmonization
and consensus cut-offs are required to define decision
thresholds; and head-to-head, biopsy-anchored
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comparisons with established ECM-based tests (e.g.,
ELF, PRO-C3, WFA*-M2BP) are needed to quantify
incremental value and cost-effectiveness. Furthermore,
potential contributions from extrahepatic fibrosis to
circulating TSP-2 warrant investigation.

If these challenges are addressed, integrating serum
TSP-2 into MAFLD diagnostic algorithms could reduce
dependence on liver biopsy, enhance risk stratification,
and provide a sensitive pharmacodynamic readout for
emerging antifibrotic therapies.
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