CIAMC - Centro di Ricerca Dipartimentale (DELIBERA n. 3 del 5 febbraio 2025)
Environmental Pollution and Cardiovascular Diseases

CIAMC is the Departmental Research Center of DAMSS — University of Campania “Luigi Vanvitelli”, dedicated
to the translational investigation of the impact of environmental pollutants, with a specific focus on micro-
and nanoplastics (MNPs), on cardiovascular and systemic health. The Center integrates clinical research,
advanced tissue analysis, immunology and molecular biology, cardiovascular imaging, and next-generation
spectroscopic technologies to elucidate the mechanisms linking environmental exposure, inflammation, and
atherosclerosis, and to generate evidence applicable to prevention strategies and clinical practice.

Directed by Prof. G. Paolisso and Prof. Raffaele Marfella as Scientific Coordinator, CTAMC has established a
structured network of national and international collaborations with leading academic and clinical
institutions.

Prevention Strategy within a One Health Framework — CIAMC

Within the One Health paradigm, the strategy to reduce the impact of MNPs on human health is structured
along two complementary and interdependent axes: primary prevention and secondary prevention.

Primary prevention aims to reduce environmental contamination by MNPs at its source. This includes
limiting plastic production and dispersion, improving waste management systems, promoting sustainable
materials, and implementing regulatory policies at national and international levels. While this strategy is
essential and ethically imperative, it inherently involves complex political, economic, and social dimensions.
Moreover, even if large-scale primary prevention policies were initiated today, measurable reductions in
human tissue contamination would likely require decades, if not one to two centuries, given the persistence
of plastics in ecosystems and food chains.

Therefore, primary prevention alone cannot address the current burden of human exposure.

In parallel, and with immediate urgency, a secondary prevention strategy must be implemented. Secondary
prevention does not aim to eliminate environmental MNPs, but rather to mitigate their biological and
clinical impact once human contamination has occurred. This includes identifying contaminated individuals,
characterizing tissue deposition, understanding inflammatory and molecular activation pathways, stratifying
cardiovascular risk, and developing targeted diagnostic and therapeutic interventions capable of reducing
MNP-induced damage.

CIAMC's integrated translational model is specifically designed to operationalize this secondary prevention
framework through a four-step approach:

STEP 1 — Clinical-pathogenetic studies to define tissue contamination patterns and mechanistic pathways.
STEP 2 — Development of non-invasive diagnostic tools and biomarker-based risk stratification.

STEP 3 — Interventional studies aimed at modulating inflammation, metabolic dysfunction, and vascular
instability associated with MNP exposure.

STEP 4 — Evaluation and implementation of plastic-free environments and materials in clinical and
community settings to reduce ongoing exposure.

While primary prevention remains a global societal objective, secondary prevention represents an
immediate and indispensable scientific and clinical priority. In this context, CIAMC plays a strategic and
essential role by providing the translational infrastructure necessary to reduce the cardiovascular
consequences of MNP contamination in the present generation.
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The Center is equipped with advanced spectroscopic and analytical platforms for the identification,
localization, and chemical characterization of micro- and nanoplastics in human tissues. Optical
Photothermal Infrared Spectroscopy (O-PTIR) enables submicron-resolution polymer identification
directly in biological matrices without labeling. Micro-Raman spectroscopy and confocal Raman imaging
allow precise chemical fingerprinting and three-dimensional localization of particles in FFPE and fresh
tissue sections. Micro-FTIR and ATR-FTIR provide complementary polymer identification and spectral
validation. Pyrolysis—GC/MS allows definitive polymer confirmation and semi-quantitative assessment
through thermal degradation profiling. Scanning Electron Microscopy coupled with Energy Dispersive
Spectroscopy (SEM-EDS) supports morphological and elemental characterization, while Transmission
Electron Microscopy (TEM) enables visualization of intracellular nanoplastics. Standardized tissue



digestion protocols, density gradient separation, contamination-controlled filtration systems, and cryo-
sectioning platforms ensure high analytical reliability.

Molecular and Cellular Biology Platforms
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The molecular research infrastructure includes quantitative Real-Time PCR (qPCR) and digital PCR for
gene expression profiling of inflammatory, oxidative stress, and inflammasome-related pathways
(including IL-6, TNF-a, NLRP3, NF-kB). Western blotting platforms enable protein-level validation of
signaling pathways relevant to cardiovascular inflammation and metabolic dysfunction. Next-Generation
Sequencing (RNA-seq) allows transcriptomic profiling in vascular and myocardial tissues. Multiplex ELISA
systems quantify circulating cytokines and biomarkers. Flow cytometry supports immune cell
phenotyping and activation studies. Integrated metabolomics, lipidomics, and proteomics platforms
allow multi-omics characterization of exposed versus non-exposed subjects.

Clinical and Cardiovascular Assessment Platforms
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The clinical translational platform integrates advanced cardiovascular imaging and biomarker assessment.
High-resolution carotid ultrasound enables intima-media thickness measurement, plaque
characterization, and intraplaque neovascularization assessment. Advanced echocardiography with strain
imaging provides detailed ventricular function analysis. Coronary CT angiography and cardiac magnetic
resonance imaging allow structural and functional evaluation. PET-CT imaging supports assessment of
vascular inflammation. Circulating biomarkers include high-sensitivity C-reactive protein, IL-6, NT-proBNP,
high-sensitivity troponin, lipoprotein(a), PCSK9, and oxidative stress markers. Dedicated prospective
clinical databases allow short-term and long-term outcome tracking, including acute cardiovascular



events. Artificial intelligence tools, radiomics, and multivariate modeling support advanced risk
stratification and mechanistic interpretation.

Translational Integration Model

The Center operates within a fully translational framework that integrates human tissue analysis,
molecular profiling, advanced imaging, and prospective clinical outcomes. This integrated model has
already demonstrated high-impact translational relevance, including the landmark publication in the New
England Journal of Medicine (2024) on microplastics and atherosclerosis. The infrastructure positions the
Center among the few international institutions capable of directly linking environmental contaminants
detected in human tissues with molecular activation pathways and clinically relevant cardiovascular
outcomes.
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CROSS-SECTIONAL STUDY
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Fusarium solani: Maestri, C., Tonelll, M., Ferrarini, A., &
Papinutti, V, L. (2023). Fungal biodegradation of
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perspectives, Journal of Fungi, ${7), 760
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59,
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National and international collaborations of the CIAMC (Center for departmental Research on
Environmental Pollution and Cardiovascular Diseases), including molecular, biochemical, and clinical

patient networks.

Institution / Center

Massachusetts General
Hospital

Harvard Medical School

Loyola University Chicago

California Office of
Environmental Health
Hazard Assessment

University of New Mexico

IRCCS MultiMedica

Universita degli Studi di
Napoli Federico Il
(Department of
Biochemistry)

Universita degli Studi di
Palermo

Sapienza Universita di
Roma

Ospedale del Mare

AORN Antonio Cardarelli

Ospedale Santa Maria
delle Grazie Pozzuoli

Country

USA

USA

USA

USA

USA

Italy

Italy

Italy

Italy

Italy

Italy

Italy

Type of Collaboration

Research collaboration,
human tissue analysis, MTA
agreements

Academic and scientific
collaboration

Joint research collaboration

Scientific exchange and
workshops

International academic
collaboration

Molecular and translational
collaboration

Biochemical collaboration

PLASTAMINATION project
collaboration

Academic and translational
collaboration

Clinical patient recruitment

Clinical collaboration

Clinical collaboration

Focus Area

Cardiovascular pathology,
coronary plaques,
translational imaging

Environmental
cardiology, vascular
biology

Micro- and nanoplastics,
cardiovascular
inflammation

Environmental
toxicology, microplastics
risk assessment

Environmental exposure
and population studies

Advanced molecular
analyses, cardiovascular
biomarkers

Enzymatic assays,
metabolic pathway
analysis

Tissue contamination
analysis, microplastic
detection

Cardiovascular and
environmental medicine

Cardiovascular patients,
prospective cohorts

Acute cardiovascular
care, high-risk patients

Cardiovascular patient
recruitment and follow-

up



