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ARTICLE INFO ABSTRACT
Keywords: Aim: Asphyxial deaths represent a major diagnostic challenge in forensic practice, as classical morphological
Asphyxial deaths signs are nonspecific and may overlap with other causes of sudden death. Fibronectin (FN), an extracellular
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matrix glycoprotein sensitive to hypoxia, is emerging as a candidate biomarker of oxygen deprivation. We
investigated its expression in cardiac tissue from asphyxial deaths compared with traumatic controls.
Methods: We retrospectively collected formalin-fixed, paraffin-embedded left ventricular myocardium from au-

topsies in Palermo and Genoa (2021-2025). The cohort included 54 cases: 45 asphyxial deaths (5 smothering, 4
strangulation, 15 hanging, 17 drowning, 4 chemical asphyxia) and 9 non-asphyxial traumatic controls. We
performed FN immunohistochemistry (IHC) with a monoclonal antibody and quantified FN-positive car-

diomyocytes using dedicated image-analysis software.

Results: We found significantly higher FN expression in all asphyxial deaths compared with controls (mean 11.7
+ 3.6%). The highest intensities were observed in smothering (46.1 + 7.2%) and strangulation (45.0 + 8%),
followed by chemical asphyxia (35.1 + 9.8%), hanging (27.8 + 6.6%), and drowning (21.4 &+ 5.9%). FN levels
varied between subgroups, but their consistent elevation confirms its reliability as a marker of hypoxic injury in

asphyxia.

Conclusion: FN upregulation in the myocardium is a consistent hallmark of asphyxial deaths, reflecting extra-
cellular matrix changes under hypoxia. FN identifies hypoxic stress rather than mechanism-specific asphyxia;
nonetheless, it can be a valuable aid in forensic diagnosis, especially when morphology alone is inconclusive.
Integration of FN IHC with conventional autopsy and histology could enhance diagnostic accuracy and support

medicolegal assessments of asphyxial death.

1. Introduction and, when prolonged, to irreversible death. Mechanisms are heteroge-
neous and include mechanical airway obstruction (e.g., hanging,

Asphyxia refers to the deprivation of oxygen with concurrent accu- smothering, or choking), impairment of gas exchange due to drowning
mulation of carbon dioxide, leading to hypoxemic-hypercapnic injury or chemical agents, and suppression of the respiratory centre or
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neuromuscular function. Regardless of aetiology, asphyxial deaths share
a standard pathophysiological sequence. Early loss of oxygen delivery
triggers anaerobic metabolism with conversion to lactate and rapid
metabolic acidosis. Hypercapnia develops because carbon dioxide
elimination is impaired; this leads to cerebral vasodilation and increased
intracranial pressure, promoting hypoxic-ischaemic encephalopathy
and brainstem dysfunction. Because external signs like petechiae,
cyanosis, and congestion are nonspecific, postmortem diagnosis is
complex, and forensic pathologists now turn increasingly to biochemical
and immunohistochemical markers to detect hypoxic injury [1].

Fibronectin (FN) is a high-molecular-weight glycoprotein of the
extracellular matrix (ECM) composed of two similar subunits containing
binding domains for collagen, integrins, heparin, and fibrin [2]. It exists
as soluble plasma and insoluble cellular FN. In canonical functions, FN
mediates cell adhesion and migration by binding to integrin receptors
and other ECM proteins, supports mesodermal differentiation and pro-
liferation, and organizes the provisional fibrin-FN matrix that guides
fibroblast and endothelial ingrowth during wound healing [2,3]. FN
fibrils capture growth factors, limiting their diffusion and concentrating
cytokines and morphogens, which in turn shape gene expression and
tissue morphogenesis [3,4]. FN also mediates mechanotransduction [4].

In hypoxic conditions, FN exhibits several non-canonical roles that
actively modulate ECM remodeling, cell adhesion, and inflammatory
pathways. Since the diagnosis of asphyxia in forensic pathology remains
notoriously challenging, the identification of molecular signatures that
mirror hypoxia-driven tissue changes is crucial. In this perspective, FN
emerges as a particularly promising biomarker, as suggested by its po-
tential utility as an auxiliary marker in asphyxial deaths, where the poor
specificity of gross findings highlights the value of integrating histopa-
thology with immunohistochemistry targeting FN and related markers.
On this rationale, we designed the present study.

2. Materials and methods
2.1. Human tissue samples

Formalin-fixed, paraffin-embedded (FFPE) myocardial samples were
enrolled from the Institutes of Legal Medicine of the Universities of
Palermo and Genoa. The study cohort comprised cases of asphyxial
deaths 45 and 9 non-asphyxial traumatic controls, classified as follows:
smothering (n = 5), strangulation (n = 4), hanging (n = 15), drowning
(n =17), and chemical asphyxia (n = 4). For each case, only one sample
was collected, specifically from the posterior wall of the left ventricular
myocardium.

Exclusion criteria included visible signs of putrefaction, a postmor-
tem interval (PMI) exceeding 96 h, cardiac trauma, known cardiac dis-
ease, moderate to severe coronary artery disease, previous myocardial
infarction, and age above 65 years. As a reference group, we included
control cases (n = 9) consistent with traumatic deaths.

2.2. IHC and quantitative immunolocalization analyses

Serial sections (3 pm thick) were cut from FFPE blocks, deparaffi-
nized, rehydrated, and subjected to antigen retrieval using Novocastra
Epitope Retrieval Solution (pH 9; Leica Biosystems) in a thermostatic
bath at 98.5 °C for 30 min. Sections were then cooled to room temper-
ature and rinsed in phosphate-buffered saline (PBS). Endogenous
peroxidase activity was quenched with 3% H,0,, followed by Fc
blocking with 0.4% casein in PBS (Leica Biosystems).

Tissue sections were incubated with rabbit monoclonal FN (clone
F14, 1:2 pH9; AN569-5 M, BioGenex). Signal detection was carried out
using the Novolink Polymer Detection System (Leica Biosystems) with
DAB (3,3-diaminobenzidine, Novocastra) as the substrate chromogen.
Nuclei were counterstained with Mayer’s hematoxylin.
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2.3. Image acquisition and quantitative analyses

We analyzed and imaged slides under a Zeiss Axioscope-Al, and
micrographs were collected using a Zeiss Axiocam 503 Color digital
camera with the Zen 2.0 Software (Zeiss).

We performed quantitative analyses by calculating the average
percentage of positive signals in five randomly selected, nonoverlapping
fields at medium-power magnification (x200). Images were acquired in
a blinded fashion using Positive Pixel Count v9 (2 4+ moderate positivity:
signal intensity range 175-100; 3 + strong positivity: signal intensity
range 100-0) ImageScope software (Aperio ImageScope version
12.3.2.8013, Leica Biosystems).

2.4. Institutional review board, informed consent and data availability
statements

The study was conducted in accordance with the Declaration of
Helsinki. Ethical approval and informed consent were not required, as
only archival, anonymized FFPE samples from judicial autopsies were
analyzed, in compliance with national forensic regulations.

We did not require specific informed consent for this study because
we analyzed anonymized tissue samples obtained from judicial au-
topsies. National regulations allow the use of such material for scientific
purposes without consent from next of kin, provided that we do not use
personally identifiable information.

The data supporting the findings of this study are not publicly
available due to ethical and privacy restrictions, as they involve patient-
related clinical and histopathological information. We may provide ac-
cess to anonymized data upon reasonable request.

3. Results

The investigation of FN expression across our cohort unfolded in
progressive steps, encompassing a semiquantitative evaluation, fol-
lowed by the analysis of quantification of signal, and a structured
quantitative confirmation. We first applied IHC to control kidney FFPE
sections, where tubular cells of the cortical region displayed a pattern of
immunoreactivity, with a moderate density of positive cells with cyto-
plasmic label. This step validated the staining protocol and provided a
reliable internal benchmark for subsequent analyses.

To ensure reproducibility, two operators (B.B. and V.C.) indepen-
dently performed a semiquantitative evaluation of FN expression on all
samples, noting a discernible increase in signal intensity within the
asphyxial death group compared to controls. Subsequently, B.B.
randomly selected five areas at x 200 magnification to perform signal
quantification using the dedicated image-analysis tool, designed for
objective signal quantification. This dual-level approach confirmed the
preliminary observation: FN expression was consistently upregulated in
asphyxial deaths compared with controls, with a heterogeneous distri-
bution among the different subtypes.

At the quantification analysis, we observed a marked and significant
upregulation of FN expression in all cases of asphyxial death relative to
the control group.

Importantly, despite variation in group sample sizes, FN expression
did not follow a uniform pattern: the highest intensity was present in
deaths due to smothering and strangulation, where staining intensity
and percentage of staining reached their peak.

By contrast, hanging, drowning, and chemical asphyxia showed
comparatively lower — though still significantly elevated — expression
levels, underscoring the variability of FN deposition across distinct
mechanisms of asphyxial death.

In quantitative terms, the control group exhibited a mean percentage
of FN signal of 11.7 + 3.6%, whereas asphyxial deaths demonstrated
markedly higher values: smothering, 46.1 + 7.2% (n = 5); strangulation,
45.0 £+ 8% (n = 4); hanging, 27.8 + 6.6% (n = 15); drowning, 21.4 +
5.9% (n = 17); chemical asphyxia, 35.1 + 9.8% (n = 4) (Fig. 1).
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Fig. 1. Cardiomyocytes expressing FN increase in the asphyxial death group. (A)-(L), representative input (up) and output (down) images and quantitative analyses
of FN: (A) and (B) control group, (C) and (D) smothering group, (E) and (F) strangulation group, (G) and (H) hanging group, (I) and (J) drowing group, and (K) and
(L) chemical asphyxia group. Original magnification x 200. Scale bars 100 pm. (M) Statistical analysis: two-tailed unpaired Student t test. Mean =+ standard error

shown; *, p < 0.05; **, p < 0.01; ***, p < 0.001; **** p < 0.0001.

This variability suggests that, while FN upregulation represents a
shared hallmark of asphyxial deaths, the magnitude of expression may
reflect differences in the pathophysiological cascade triggered by each
asphyxial mechanism.

4. Discussion

This study shows upregulation of FN in cardiac tissue from asphyxial
deaths compared with controls. This consistent finding across semi-
quantitative and quantitative analyses suggests that FN can mark tissue
hypoxia and reflect myocardial remodeling under severe oxygen
deprivation.

FN displays several non-canonical roles in hypoxic conditions, un-
dergoing a functional shift driven by an oxygen-sensitive rewiring of the
integrin-TGF-B-mechanotransduction axis that usually governs fibrillo-
genesis. In canonical settings, FN polymerization into load-bearing fi-
brils requires a5p1-integrin engagement, cytoskeletal tension to unfold
type III repeats and expose cryptic self-assembly sites, and a TGF-f feed-
forward loop that augments contractility and matrix assembly. Hypoxia,
however, uncouples this circuit: hypoxia increases FN transcription and
secretion but blunts the mechanical program needed for fibrillogenesis,
causing FN to accumulate pericellularly in non-fibrillar or loosely
organized forms. Studies show this “secretion-without-assembly”
phenotype during epithelial transdifferentiation under low Os, in line
with the force-dependent, multi-stage integrin/TGF-f} control of FN as-
sembly. Overall, hypoxia shifts FN from a structural scaffold to a dy-
namic organizer of biochemical signaling, a clearly non-canonical role
[5,6].

Within hypoxic microenvironments — exemplified by tumors but
relevant to any severely hypoxemic tissue — FN acts as a signaling hub
that coordinates integrin crosstalk, growth-factor bioavailability, and
stromal activation. Comprehensive reviews show that hypoxia condi-
tions the stromal compartment (notably cancer-associated fibroblasts)
to secrete and assemble FN-rich provisional matrices, alter the integrin

repertoire («581 and av-class), and potentiate FAK/Src and YAP/TAZ
mechanotransduction. In this configuration, pericellular and partially
polymerized FN presents and concentrates cytokines and growth factors
(e.g., latent TGF-p via LTBP-1; VEGF at Hep II sites), thereby amplifying
angiogenesis, leukocyte trafficking, and invasive cell behavior — features
that are archetypally non-canonical for a matrix glycoprotein [7,8].

Hypoxia’s influence is not limited to fibrillogenesis blockade; it also
reprograms downstream pathway usage. In non-small-cell lung cancer,
substrate-bound FN activates FAK/MAPK signaling, elevates HIF-1a,
and upregulates WISP3, thereby sustaining angiogenesis, epithelial-
mesenchymal transition (EMT), and stemness in vitro and in vivo — an
FN-driven, HIF-linked circuit in which signaling clearly outweighs ar-
chitecture. This same axis feeds into Wnt activation, further entrenching
a pro-angiogenic, pro-invasive state [9].

Splice-variant usage deepens this non-canonical turn. Hypoxic,
remodeling microenvironments strongly upregulate the extra domain B
(EDB) isoform (FN-EDB), which endows FN with distinct receptor-ligand
interactions (notably with avp3/avp5) and signaling behaviors. FN-EDB
not only enhances tumor cell adhesion and motility via FAK/PI3K/AKT
and ERK/MAPK cascades, but also interfaces with atypical p1-integrin
signaling from endosomal pools, sustaining intracellular FAK activity
away from the plasma membrane and promoting invasion, anoikis
resistance, and EMT. FN-EDB promotes immune evasion within the
tumor microenvironment and enhances angiogenesis by activating
endothelial integrins and HIF-1-dependent pathways, including VEGF,
DLL4/Notch, and MMP remodeling. In hypoxic settings, FN shifts these
functions to a regulator of signaling, vascular remodeling, and immune
responses [10].

Mechanistically, hypoxia is synergistic with TGF- in specific tissues,
further steering FN toward signaling roles. In skeletal muscle, oxygen
deprivation cooperates with TGF-p to upregulate CCN2/CTGF specif-
ically in myofibers (not fibroblasts) through an HIF-1-dependent but
Smad3-independent route, with ERK/JNK and SP1/SP3 as critical in-
termediates. CCN2/CTGF is a matricellular amplifier that remodels ECM



T. D’Anna et al.

and augments integrin signaling, thereby biasing the microenvironment
toward fibrosis and paracrine activation rather than simple matrix
replacement. This concept illustrates that hypoxia redirects ECM com-
ponents — including FN — toward pro-remodeling and pro-signaling
functions [11].

Importantly, not all regulation of FN in these settings is HIF-driven.
The VHL tumor-suppressor pathway controls proper FN deposition
independently of hypoxia; VHL competence promotes FN expression and
matrix incorporation, whereas its loss disrupts deposition. This finding
underscores that oxygen tension is only one determinant of FN’s struc-
tural fate; when VHL/ECM surveillance or the mechanical limb of the
integrin circuit is perturbed, FN remains non-fibrillar and increasingly
“signaling-prone” [12].

Crosstalk with endocrine cues can also gate hypoxia-like FN pro-
grams. Triiodothyronine (T3) increases FN expression through HIF-1
activation — demonstrating that the “hypoxic” FN transcriptional mod-
ule can be engaged by non-hypoxic stimuli, broadening the circum-
stances in which FN adopts non-canonical roles. Such endocrine-HIF
intersections help explain FN upregulation in heterogeneous clinical
contexts beyond frank ischemia [13,14].

From a systems perspective, current syntheses of hypoxia signaling
emphasize its integration with PI3K-mTOR, ERK/MAPK, NF-«xB, and ER-
stress axes. FN sits at the convergence of these pathways: as an integrin
ligand, it controls FAK/Src and RhoA/ROCK mechanics; as a growth-
factor reservoir, it sculpts cytokine gradients; and as a splicing-variant
platform (EDB), it re-specifies receptor usage and endosomal
signaling. The net effect in low-O, milieus is an FN-centric network that
favors inflammatory amplification, angiogenesis, and fibro-activation —
precisely the non-canonical functions observed in hypoxic disease states
[15].

In sum, hypoxia transforms FN from a structural macromolecule into
a microenvironmental signal integrator. By elevating secretion while
limiting fibrillogenesis, by reprogramming integrin and splice-variant
engagement (notably FN-EDB), and by coupling to HIF-conditioned
TGF-f, MAPK, and Wnt circuits (e.g., WISP3 induction), FN becomes a
platform that orchestrates early stress responses, vascular remodeling,
and immune modulation. This framework accounts for the abundant yet
poorly fibrillar FN in hypoxic tissues. It clarifies why, in hypoxemic
settings — including those encountered in asphyxial pathology — FN
predominantly exerts non-canonical roles centered on signaling,
angiogenesis, and stromal re-patterning rather than on mature fibrillar
load-bearing [5,6,9,11,15].

Fig. 2 below illustrates the shift of FN from a structural ECM
component to a signaling platform under the influence of hypoxia and
regulatory pathways such as VHL loss.

Experimental models of acute myocardial infarction demonstrate
irregular accumulation of FN in the cytoplasm and interstitium of car-
diomyocytes; quantitative immunohistochemistry (IHC) shows that the
area of FN-positivity in early infarction is approximately 75 times
greater than in mechanical asphyxia and control cases [16]. Upregulated
FN in hypoxic myocardium is part of a provisional ECM; its degradation
products act as chemotactic signals for neutrophils and macrophages
and modulate inflammatory recruitment. Moreover, FN fibrils can bind
more than forty growth factors and cytokines, including TGF-p and
platelet-derived growth factor, altering their availability during hypoxic
injury [4]. These properties suggest that increased FN deposition may
indicate early hypoxic stress before overt necrosis. Conversely, studies
on drowning show no significant difference in FN expression between
saltwater, freshwater drowning, and controls [17], and analyses of
ligature marks report strong FN positivity in dermal vessels but
emphasize that its reliability as a vitality marker is controversial [18].

ECM dynamics intertwine with the pathophysiology of asphyxial
deaths. During mechanical obstruction or immersion, hypoxia and
reperfusion induce reactive oxygen species, activate matrix metal-
loproteinases, and disrupt cellular adhesion. Early deposition of FN
within the myocardium and vascular walls may represent an adaptive
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attempt at stabilizing the ECM, recruiting inflammatory cells, and
sequestering growth factors [1,2,4,5,7,9,10,15,16].

FN is a multifunctional ECM glycoprotein involved in cell adhesion,
wound healing, and tissue repair, whose expression is known to be
modulated by hypoxic stress and inflammatory stimuli [19,20].

In line with previous studies that have demonstrated hypoxia-driven
upregulation of FN in ischemic myocardium and other tissues [21,22],
our data suggest that asphyxial deaths, irrespective of their specific
etiology, converge on a typical molecular response characterized by
ECM remodeling and increased deposition of FN.

Notably, FN expression differed among asphyxial subtypes. Smoth-
ering and strangulation showed the highest levels [23]. By contrast,
hanging, drowning, and chemical asphyxia displayed comparatively
lower, though still significant, levels of FN expression. This variability
may depend on the duration and dynamics of hypoxia, the contribution
of concomitant mechanical and vascular factors, and the degree of sys-
temic inflammatory activation at the time of death [24,25].

From a forensic perspective, these observations hold particular
relevance. Identifying FN upregulation as a consistent feature of
asphyxial deaths may help in the search for objective histological and
molecular markers to support the often difficult diagnosis of asphyxia at
autopsy. Although traditional morphological signs of asphyxia are well
described, they remain nonspecific and may overlap with other causes of
sudden death [1,26,27].

Including immunohistochemical markers like FN in forensic work-
flows could improve diagnostic accuracy, especially when the context is
unclear or evidence is limited. The variability in group sample sizes,
while partly inevitable in forensic studies, may have influenced the
statistical robustness of subgroup analyses.

Furthermore, we consistently found increased FN expression in
asphyxial deaths. However, FN is not unique to asphyxia, as similar
upregulation also appears in ischemic cardiomyopathy and inflamma-
tory heart disease [28]. Differentiating asphyxial death from sudden
cardiac death (SCD) is challenging when the deceased has underlying
cardiac disease. A 2022 forensic study observed that in such cases,
traditional autopsy and microscopy cannot distinguish asphyxia from
SCD because there are no specific morphological features for either. The
authors employed Fourier-transform infrared (FTIR) spectroscopy to
analyse lung tissue and built classification models capable of dis-
tinguishing asphyxia from SCD, even after decomposition. The study
highlights the limitations of morphology-based diagnosis and the need
for biochemical techniques [29].

The limitations of morphology-based diagnosis have prompted
research into biochemical markers of hypoxia. Among the molecules
studied, hypoxia-inducible factors, aquaporins (AQPs), cytokines (IL-1f,
IL-10, IL-15), surfactant proteins, miRNAs, and metabolic profiles have
shown promise. However, the specificity and stability of many markers
are still unproven, and postmortem degradation complicates interpre-
tation. FTIR spectroscopy offers a rapid and inexpensive way to distin-
guish biochemical patterns in lung tissue [29], but it requires specialised
equipment and further validation. Researchers explored IHC of neck
skin to determine the vitality of ligature marks: tryptase, CD15, IL-15,
AQP3, cathepsin D, and FN are effective in detecting early inflamma-
tory or haemostatic responses in neck compression. However, IHC re-
sults may be influenced by supra-vital reactions, autolysis, and sampling
time [18], necessitating cautious interpretation. A systematic review of
IHC analyses of ligature marks found that FN, together with cathepsin D
and P-selectin, showed strong positivity in the dermis of vital ligature
marks. In experimental studies, Legaz and colleagues observed an
extreme positive reaction of FN in the dermis of vital ligature marks. In
contrast, cathepsin D showed increased granular staining, and P-selectin
showed only weak positivity [18,30]. The same review emphasised that
FN’s role is to promote wound healing by facilitating cell migration and
ECM formation [18].

Another study compared ligature marks with bruises and found
reduced FN levels in ligature marks, with this difference particularly
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notable in hanging cases [1,31]. The reduction may reflect compression-
induced dehydration and reduced plasma extravasation, distinguishing
ligature marks from blunt trauma.

Research on mechanical strangulation models has shown that
immunohistochemical markers — including tryptase, IL-15, CD15, major
histocompatibility complex II (MHC-II), CD1a, AQP1/AQP3, and FN —
can detect early inflammatory reactions before overt vascular changes
occur [18,32]. These markers may establish the antemortem origin of
ligature marks even when death occurs rapidly. FN is advantageous
because it is a component of the ECM and may be less susceptible to
early postmortem degradation.

Looking forward, forensic pathology is moving toward a molecular
era. In addition to FN, several biomarkers are under investigation: AQP3
and AQPS5 as indicators of antemortem dehydration in ligature marks,
cytokine profiles (IL-1p, IL-10, IL-15) in drowning, surfactant proteins
(SP-A and SP-D) and apolipoproteins in drowning, miRNAs such as
miRNA-122 and miRNA-3185, and metabolomic signatures. FTIR
spectroscopy and mass spectrometry-based metabolomics can differen-
tiate asphyxia from SCD and other causes of death [29]. However, these
techniques require further validation, and there is still no single marker
that definitively diagnoses asphyxia [33].

Future research should focus on standardised sampling and fixation
protocols to minimise variability in immunohistochemical staining and
reduce false positives/negatives, multiplex marker panels combining FN
with other inflammatory, vascular and metabolic markers to increase
sensitivity and specificity, time-course studies examining marker
expression at different postmortem intervals under controlled environ-
mental conditions, integration of biochemical data with scene and cir-
cumstantial evidence to build probabilistic models that assist forensic
experts in court.

5. Strengths and limitations

This study sheds light on FN expression in asphyxial versus traumatic
deaths, reinforcing its potential value as a forensic biomarker of hyp-
oxia. However, we acknowledge several limitations that may have
influenced the interpretation of our findings.

Because of its retrospective design, the study had limited clinical and
circumstantial information, and the small, heterogeneous subgroups of
asphyxia reduced the strength of subgroup comparisons. Postmortem
interval variability could have influenced protein preservation, despite
the application of exclusion criteria. We restricted sampling to the
posterior wall of the left ventricular myocardium, which prevented us
from assessing regional differences in FN expression. Finally, the
absence of a multiparametric panel combining FN with other hypoxia-
related markers restricted the ability to evaluate additive or synergis-
tic diagnostic value.

Future studies should focus on larger cohorts, improved image
analysis tools, and additional hypoxia-related markers to confirm the
specificity and reliability of FN in forensic practice. Our work represents
a pilot study, and we are aware of its intrinsic limitations related to
sample size; nonetheless, we intend to broaden the casuistry in future
investigations. Despite these limitations, we believe that assessing FN
might become a valuable addition to the diagnostic workup of asphyxial
deaths, helping to better interpret and stratify complex cases.

6. Conclusions

Our findings expand current knowledge on forensic biomarkers of
asphyxial deaths by providing controlled comparative data on FN
expression in cardiac tissues from asphyxial versus traumatic fatalities.
FN immunohistochemistry should be regarded as a complementary tool
rather than a standalone diagnostic marker.

In conclusion, our findings highlight FN as a promising marker in
asphyxial deaths, showing also distinct expression patterns depending
on the underlying hypoxic mechanism. These results not only reinforce
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the role of FN as a key player in the myocardial response to oxygen
deprivation but also open new perspectives for its application as a
forensic biomarker.
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Fig. 2 “Fibronectin (FN) plasticity under microenvironmental stress and
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