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Abstract

Tenascin-C (TNC) is an extracellular matrix glycoprotein whose expression in adults is associated with inflammatory and vascular
remodeling processes, such as atherosclerosis. This exploratory narrative review resulted in the inclusion of studies that evaluated the
association between serum TNC levels and the severity of Coronary Artery Disease (CAD). The findings indicate that TNC levels above
89.48 ng/mL exhibit a sensitivity of 86.4% and a specificity of 77.6% for identifying the presence of CAD, whereas values above 100.91
ng/mL are predictors of complex and severe coronary lesions (Gensini Score). It is concluded that serum TNC is a promising marker for
risk stratification and monitoring of CAD progression, although its standardization in clinical practice requires validation in larger cohort
studies.
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INTRODUCTION

Cardiovascular diseases (CVD) are the leading
cause of mortality worldwide, accounting for ap-
proximately 17.9 million deaths annually, according
to the World Health Organization (WHQO). Within
the spectrum of CVD, Coronary Artery Disease
(CAD) is the most prevalent heart disease global-
ly. Although multifactorial, its primary etiology is
atherosclerosis of the coronary arteries, which re-
duces vascular blood flow. This reduction in coro-
nary reserve leads to a state of chronic myocardial
hypoxemia, which may progress to acute coronary
syndrome (ACS) or even acute myocardial infarc-
tion (AMI), with consequent tissue necrosis'? The
formation of atherosclerotic plaques results from a
chronic inflammatory process initiated by the influx
of lipids, particularly LDL-c, and inflammatory cells,
such as foam cells, into the subendothelial tissue.
In addition, there is hyperplasia of smooth muscle
cells in the tunica intima, further exacerbating vas-
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Currently, the methods used for CAD detection
are still considered complex and costly, such as
genetic testing; insufficiently sensitive for early le-
sions, such as imaging examinations; or highly non-
specific, such as lipid profile measurement, which
delays and hinders diagnosis2. In this context, al-
though there is still a limited number of studies cor-
relating variations in serum TNC levels with athero-
sclerosis, some studies have identified increased
levels of this glycoprotein in CAD. Given the lack
of accessible methods for detecting CAD at ear-
ly stages, as well as the limited number of studies
in this field, this review aims to discuss the use of
serum TNC measurement in individuals with CAD
and to encourage the development of new clinical
studies evaluating the relationship between serum
TNC and the monitoring of diseases of atheroscle-
rotic etiology.
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Figure 1 - Structural representation of Tenascin-C: a hexameric extracellular matrix (ECM) glycoprotein.
Each subunit is composed of four domains: the N-terminal or Assembly Domain, Epidermal Growth Fac-
tor (EGF)-like domains, Fibronectin type Il (FNIII) repeats, and a Fibrinogen-like globe. The FNIII domain
contains a constant region, represented by repeats 1-5 and 13-15, and a variable region, represented by
asterisks within the FNIII repeats, responsible for the existence of different isoforms generated by alterna-
tive splicing.

Tenascin-C (TNC) is a glycoprotein present in the
extracellular matrix (ECM) that plays, during the em-
bryonic period, an important role related to cellular
differentiation, adhesion, and effects on the cell cy-
cle, such as growth and apoptosis®. In adulthood,
TNC concentration remains low; however, in certain
pathological conditions, such as neoplasms, trauma,

and inflammatory diseases, its serum levels are sub-
stantially elevated.

TNC exhibits a hexameric structure, and each
subunit contains four domains: the N-terminal do-
main, epidermal growth factor (EGF)-like domains,
fibronectin type 1l (FNIII) repeats, and a fibrino-
gen-like globe (Figure 1). Each TNC domain is capa-
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ble of interacting with other ECM molecules through
different types of receptors. These interactions may
result in structural alterations, modifying the stiffness
of the cellular environment or regulating the action
of ECM components on cells. In addition, TNC iso-
forms, arising from alternative splicing of genes en-
coding part of the FNIIl domain, are also associated
with increased TNC diversity and its ability to inter-
act with other compounds. Due to its structure and
interaction with different receptors, TNC is capable
of inducing a series of processes such as cell migra-
tion, adhesion, dissemination, as well as the synthe-
sis of proteases and pro-inflammatory cytokines®”.

TNC expression is tightly regulated across differ-
ent stages in the human organism. In the embryo,
TNC contributes to the morphogenesis of essential
tissues, such as limb formation, skeletal organiza-
tion, as well as ligaments and tendons. It accumu-
lates around the epithelium of the lungs, kidneys,
developing teeth, and around certain cells of the de-
veloping central nervous system (CNS)2.

Its presence in healthy adult individuals is more

CORONARY ARTERY DISEASE

localized and at relatively low levels, being found in
some connective tissues resistant to tensile stress,
beneath epithelial tissues, and in specific stem cell
niches. In addition to its role in physiological condi-
tions, TNC is also rapidly produced in response to
stress conditions that require extensive cellular turn-
over, plasticity, and tissue remodeling. Its presence
is observed in cellular, mechanical, or chemical in-
juries, following viral and bacterial infections, within
the tumor stroma, and in chronic inflammatory con-
ditions such as atherosclerosis®”#%10,

Alterations in TNC levels under pathological con-
ditions demonstrate the involvement of this glyco-
protein in inflammation, fibrosis, and consequently
in tissue remodeling”'". In this context, although ref-
erence values for normal TNC concentrations vary
among the analyzed studies, Gao et al. (2019)" de-
fine a serum level < 89.48 ng/mL as a reference val-
ue in healthy adults. Furthermore, current evidence
indicates that TNC participates in mediating stress
responses in organs of the cardiovascular system,
particularly in CAD'2.
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Figure 2 - Schematic representation of atherosclerosis: Initially, the formation of the atherosclerotic
plaque begins with endothelial injury and dysfunction at sites of disturbed blood flow, followed by the ac-
cumulation of LDL (c). Subsequently, LDL (c) deposits in the tunica intima and undergoes modification by

reactive oxygen species, which favors its phagocytosis by macrophages and the formation of foam cells.
Finally, the accumulation of oxidized LDL (oxLDL), followed by activation of T cells and macrophages,
increases the production of pro-inflammatory cytokines in this region, thereby establishing a chronic
inflammatory state.
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Coronary Artery Disease (CAD) is a condition with
high morbidity and mortality, significant prevalence,
and substantial impact on the economy and healthcare
systems of multiple countries'. CAD is characterized
by a reduction in blood flow through the coronary arter-
ies, either due to partial narrowing or complete obstruc-
tion of the lumen, with atherosclerosis being its primary
cause. The formation of atherosclerotic plaques in the
coronary arteries develops similarly to that in other arter-
ies, resulting from abnormal deposition of cholesterol,
blood cells, and lipoproteins — particularly low-density
lipoprotein (LDL) — in the tunica intima of the arteries'
(Figure 2). Triggering factors include genetic predispo-
sition and individual lifestyle habits that create a pro-in-
flammatory and pro-thrombotic environment within the
myocardial vascular supply'.

In addition to these factors, plaque formation and
its associated inflammatory cascade promote a reduc-
tion in coronary reserve, impairing blood supply to the
myocardium. Subsequently, plaques may undergo ero-
sion and rupture, potentially progressing from throm-

METHODOLOGY

This study consisted of a narrative literature re-
view that included original articles retrieved from
databases of the United States National Library
of Medicine service for free access to MEDLINE
(PubMed), Scientific Electronic Library Online (Sci-
ELO), the Virtual Health Library (VHL), and the Bra-
zilian Digital Library of Theses and Dissertations
(BDTD). The search strategy involved identifying
Health Sciences Descriptors (DeCS/BIREME) and
Medical Subject Headings (MeSH/PubMed), which
generated the following general descriptors: (“Tena-
scin-C”) AND (atherosclerosis OR atheroscleroses).

References iden-
tified in the da-
tabases used (n

(n=37)

l

Studies assessed
(n=37)

Identification

bosis to embolism, which can lead to ischemia at var-
ious sites, posing harmful or even fatal consequences
for the individual'. Therefore, CAD is commonly as-
sociated with angina pectoris and acute myocardial
infarction (AMI)™,

Although various methods are available for detecting
atherosclerosis, they present limitations, particularly in
the coronary arteries, including high cost, invasive pro-
cedures, low sensitivity, restricted ability to assess ather-
oma composition, low resolution, and exposure to ion-
izing radiation'”. The limitations of available diagnostic
tests, combined with the potential severity of cardiovas-
cular diseases, underscore the need to identify biomark-
ers with high specificity and sensitivity at an accessible
cost to assist in CAD detection.

In light of the above, this exploratory narrative re-
view aims to evaluate the evidence regarding the asso-
ciation between serum Tenascin-C levels and the sever-
ity or progression of Coronary Artery Disease (CAD),
discussing its potential as a complementary tool in car-
diovascular risk stratification.

The inclusion criteria were: (1) availability of
full text; (2) publication in English, Portuguese, or
Spanish; (3) studies addressing the relationship be-
tween CAD and TNC. The exclusion criteria were:
(1) review articles; (2) editorials (Figure 3).

The exploratory analysis of the data focused on
identifying cutoff values for serum TNC and its abil-
ity to predict atherosclerotic burden. Source selec-
tion was based on academic relevance and the re-
cency of evidence, aiming to construct a rationale
linking glycoprotein expression to the severity and
progression of vascular disease.

Excluded after title and abstract screening (n = 19)
Review study (n =4)

Screening

Studies selected for
full-text reading
(n=17)

Eligibility

Editorial (n =1)
Not compatible with the research objective (n = 4)
Animal model study (n = 10)

Excluded after full-text reading (n = 13)
Does not specify the type of tenascin (n =2)

v
Studies included
(n=4)

Does not assess serum TNC levels (n =7)
Little or no discussion on TNC (n = 2)
Little or no discussion on CAD (n =2)

Inclasion

Excluded after full-text reading (n = 13)
Does not specify the type of tenascin (n 2)
Does not assess serum TNC levels (n =7)
Little or no discussion on TNC (n = 2)

Little or no discussion on CAD (n =2)

Figure 3 - Flowchart of included and excluded articles, according to the established inclusion and exclu-
sion criteria.
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RESULTS

The selection of articles was based on those aligned
with the study objective, which consists of evaluating
the relationship between CAD and TNC. Initially, the
aim was to investigate the relationship between the
serum presence of TNC in cardiovascular diseases and
atherosclerosis; however, the identified studies direct-
ed the focus toward assessing the association between
elevated serum TNC and CAD (Table 1).

In the study by Mehri et al. (2021)™, 80 serum
samples were analyzed, including 20 from the control
group and 60 from patients with CAD, aiming to evalu-
ate differences in serum levels of distinct compounds,
including TNC, between these groups. The serum anal-

ysis of TNC in both groups demonstrated a statistically
significant difference (p = 0.01), with a mean TNC level
of 1049 + 355 (ng/mL) in the CAD group and 683 +
145 (ng/mL) in the control group. The CAD group was
subdivided into three groups based on the number of
occluded vessels, as assessed by angiography: 20 pa-
tients with one occluded vessel, 20 with two occluded
vessels, and 20 with three occluded vessels. The analy-
sis of these three subgroups also indicated a significant
difference compared to the control group (p < 0.05)".
The identified studies thus directed the focus toward
evaluating the association between elevated serum
TNC and CAD.

Table 1 - Synthesis of the included studies evaluating Tenascin-C (TNC) in Coronary Artery Disease

(CAD).
Title Authors Year Methodology Summary Level of Evidence
Investigates serum TNC levels in patients
with CAD and the relationship between
Evaluation of the serum Analysis of 60 serum bloch.emlcal parameters and CAD pro-
. . gression. Serum TNC levels were sig-
levels of Mannose bin- samples from patients °. . .
. . . . nificantly increased in the CAD group
ding lectin-2, Tenascin- . s with CAD and 20 heal-
s Mehri et al. 2021 compared to the control group. The study 3B
-C, and total antioxidant thy serum samples. As- .
. . . . suggests that CAD may be diagnosed at
capacity in patients with sessed using the ELISA .
coronary artery disease method early stages based on the evaluation of
Ty artery ’ these serum parameters. Further research
is needed to establish its diagnostic and
therapeutic value.
Sie;e::V}T coro:fgnsen(; Evaluates the value of TNC in relation to
E10gTaphy P . the severity of atherosclerosis by com-
in 157 patients with . : .. .
. . . parison with the Gensini score. Higher
Tenascin-C: A Potential chest pain suspected of .
. . . . serum TNC levels were detected in the
Biomarker for Predic- " atherosclerosis. Patients . . .
. . Gao et al. 2019 . . CAD group, with a significant positive 3B
ting the Severity of Co- were divided into CAD . . .
. correlation observed with the Gensini
ronary Atherosclerosis and non-CAD groups . .
. score. TNC levels may be considered in
according to symptoms . . .
. . CAD risk assessment prior to angiogra-
and angiographic fin- b
dings. Py-
Selection of 90 patients Investigates the relationship between co-
with chest pain, without ronary artery calcium score (CAC) and
Relation between co- known CAD, and grou- serum TNC levels. Mean serum TNC
ronary artery calcium ping according to their levels were significantly higher in pa-
scorgyan d se?/um Tenas- coronary artery calcium tients with higher CACS compared to the
cinC level in patients Yildiz et al.'® 2015 scores (CACS). Patients low-CACS group and the control group. 3B
without knownp coro- were assessed for risk A significant relationship between CAC
nary artery disease factors and underwent and serum TNC levels was demonstrated,
Ty artery laboratory analyses for suggesting that TNC measurement may
biochemical parameters, be used to identify elevated CAC and,
including TNC. consequently, CAD risk.
Evaluates serum levels of TNC and
Serum measurement of OX40L in acute coronary syndrome
Clinical implications of TNC and OX40L in 50 (ACS). TNC levels in serum samples
Tenascin-C and 0X40 healthy individuals and from ACS patients were significantly hi-
ligand in patients with Yang; Ren' 2014 170 patients with stable gher compared to those from control and 3B

acute coronary syndro-
me

angina, unstable angina,
and acute myocardial
infarction.

stable angina groups, and both TNC and
OXA40L levels increased with clinical se-
verity progression from stable angina to
ACS.
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In the study conducted by Gao et al. (2019)'?,
157 patients presenting with angina/chest pain and
suspected coronary atherosclerosis underwent co-
ronary angiography. According to angiographic fin-
dings and clinical presentation, they were divided
into two groups: CAD (81 patients) and non-CAD
(76 patients). Serum TNC levels were measured in
these groups to assess their relationship with athe-
rosclerosis severity, using the Gensini score, which
evaluates disease severity based on lesion location
and degree of luminal narrowing. The study de-
monstrated significantly higher mean serum TNC
levels in the CAD group (p < 0.001). ROC curve
analysis established a serum TNC cutoff value of
89.48 ng/mlL, yielding a sensitivity of 86.4% and
a specificity of 77.6% for identifying CAD. Fur-
thermore, values above 100.91 ng/mL showed a
sensitivity of 82.7% and specificity of 79% for pre-
dicting a high Gensini score. A positive correlation
between serum TNC levels and the Gensini score
was also observed (p < 0.01) across all patients, in-
dicating TNC as a predictor of higher Gensini sco-
res. These findings suggest that serum TNC levels
may indicate the severity of atherosclerosis even
prior to angiography. However, serum TNC levels
also exhibited a positive correlation with other bio-
markers and biochemical indices'.

The study by Yildiz et al. (2015)" evaluated 90
patients presenting with chest pain without a prior
diagnosis of CAD. A 64-slice computed tomogra-
phy scan was performed to determine the coronary
artery calcium score (CACS), allowing classification
into the following groups: CACS = 0 (control group;

DISCUSSION

The elevation of TNC in CAD may be explained
by its expression by vascular smooth muscle cells
and activated macrophages within the atheroma,
where it promotes inflammation and extracellular
matrix remodeling. TNC interacts with multiple cel-
lular receptors, resulting in structural alterations
and amplification of protease and pro-inflammato-
ry cytokine synthesis. This sustained inflammatory
microenvironment directly contributes to intimal
hyperplasia, lipoprotein retention, and increased
vulnerability of the atherosclerotic plaque, facilitat-
ing its histopathological progression and eventual
evolution toward acute coronary syndromes.

The analysis of the four selected studies indi-
cates that Tenascin-C (TNC) transcends its role
as a mere structural protein, acting as a dynamic
biomarker of vascular integrity. Unlike traditional
markers of myocardial necrosis, TNC expression in

Mundo Satide. 2026,50:¢e18082025

30 patients), CACS between 0 and 400 (low-CACS
group; 30 patients), and CACS > 400 (high-CACS
group; 30 patients). Serum TNC levels in the high-
-CACS group were 84 (2-456) ng/mlL, compared
to 28 (0.7-212) ng/mL in the low-CACS group and
4.7 (0.03-30.7) ng/mL in the control group. These
findings indicate that mean TNC levels were subs-
tantially higher in both high- and low-CACS groups
compared to the control group, demonstrating a
correlation between CACS and TNC, as well as
their association with CAD. ROC curve analysis
identified a serum TNC cutoff value of 8.09 ng/
mL, with a sensitivity of 72% and specificity of 82%
for predicting CACS > 100, while a value of 1.19
ng/mL was established as the cutoff for CACS = 0.
Additionally, the study demonstrated a correlation
between TNC levels and triglyceride levels'®.

In Yang and Ren (2014)", a total of 220 indivi-
duals were analyzed, including 170 patients with
angiographically confirmed CAD and 50 healthy in-
dividuals. The CAD group was subdivided into 120
patients with acute coronary syndrome (ACS) — in-
cluding 70 with unstable angina and 50 with recent
AMI — and 50 patients with stable angina. Serum
TNC levels were markedly higher in CAD patients
(39.39 £ 19.80 ng/mL) compared to both the con-
trol group and the stable angina group (28.65 +
12.32 ng/mL, p < 0.01; and 31.22 £ 18.92 ng/mL,
p < 0.05, respectively). The study also evaluated
OX40, a member of the tumor necrosis factor (TNF)
receptor superfamily expressed in activated T cells,
which was elevated in the CAD group and showed
a positive correlation with TNC serum levels™.

adults is virtually absent under physiological condi-
tions and is specifically reactivated in response to
inflammatory stress and extracellular matrix (ECM)
remodeling characteristic of atherosclerosis®”5.
CAD is a silent disease and difficult to diagnose
in its early stages. At this stage, current approaches
rely on clinical history combined with basic bio-
chemical tests, such as lipid profile evaluation and
markers for comorbid conditions (e.g., diabetes),
to stratify risk. However, these assessments are
nonspecific for CAD detection. Genetic testing has
emerged as a screening tool prior to more inva-
sive procedures; nevertheless, it remains costly and
limited in accessibility, as only a few institutions
provide such services?®. Regarding TNC expression
in patients with early-stage vascular involvement,
available studies have not clearly established how
early serum TNC elevation may occur, which may

DOI: 10.15343/0104-7809.202650e 180820251
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limit its clinical applicability in early detection.
Nonetheless, it may serve as a complementary test
to current methods. For instance, Yang and Ren
(2014)' observed increased serum TNC and oth-
er biomarkers in patients with stable angina com-
pared to controls, even before progression to ACS,
suggesting that TNC, combined with clinical history
in individuals with stable angina and atherosclerot-
ic risk factors, may be considered?'.

Moreover, physical testing and imaging meth-
ods, particularly coronary computed tomography
angiography, are important tools for CAD detec-
tion in clinical practice??. However, access to these
examinations is often limited, and they have con-
straints in early detection. In addition, they are in-
vasive techniques involving exposure to ionizing
radiation, catheter insertion, and contrast agents.
In this context, TNC measurement may be advan-
tageous, as demonstrated by Gao et al. (2019)'?
where serum TNC levels were able to predict se-
vere CAD even prior to the Gensini index.

Nevertheless, the use of serum TNC measure-
ment in CAD diagnosis still requires further advance-
ment for clinical application. This is due to the lim-
ited number of available studies and the relatively
small sample sizes in the analyzed works!%151819,
Furthermore, it is important to note that TNC is also
elevated in other diseases and conditions associat-
ed with increased levels of additional biomarkers.
In the analyzed studies, positive correlations were
observed with NT-proBNP, HbA1c, and OX40 lev-
els — the latter demonstrating superior diagnostic
accuracy in predicting adverse events in patients

CONCLUSION

Current evidence, although limited and de-
rived from cross-sectional studies, strongly
suggests that serum Tenascin-C is a promising
biomarker for stratifying disease severity and
monitoring CAD progression, correlating with

CRediT author statement

with ACS"™. While TNC reflects structural matrix
damage, OX40L signals immune activation, making
their combined assessment a powerful indicator of
atherosclerotic plaque instability. Additionally, renal
function may influence TNC levels, complicating in-
terpretation. Therefore, the analysis of serum TNC
levels and their correlation with other biomarkers
requires further investigation'. Despite promising
results, the real clinical feasibility of TNC measure-
ment as a routine biomarker still faces substantial
challenges. Currently, detection methods — predom-
inantly based on enzyme-linked immunosorbent
assays (ELISA) — are largely restricted to research
settings, with higher costs and lower levels of au-
tomation compared to established and low-cost
cardiovascular biomarkers, such as high-sensitivi-
ty troponin and C-reactive protein (CRP). Further-
more, pre-analytical and analytical issues, including
biological sample stability over time and inter-assay
reproducibility, still lack rigorous standardization
protocols. For TNC to be incorporated into routine
clinical practice in a cost-effective manner, the de-
velopment of automated and commercially scalable
detection platforms will be essential.

Current evidence, although limited and derived
from cross-sectional studies, strongly suggests that
serum Tenascin-C is a promising biomarker for
stratifying disease severity and monitoring CAD
progression, showing correlation with angiograph-
ic and calcium scores. To establish its role in early
diagnosis or screening, long-term prospective co-
hort studies with larger populations and standard-
ized measurement methods are imperative.

angiographic and calcium scores. To establish
its role in early diagnosis or screening, long-term
prospective cohort studies with larger popula-
tions and standardized measurement methods
are imperative.
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