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A plastics world

Cox, K.D., et al., Environmental Science & Technology 2019



Microplastics and hanoplastics: size, shape and
composition

The production of plastics is
constantly increasing, and this
trajectory is set to persist until
2050. Humans are exposed to

different types of fibers and

particles, including micro-
nanoplastics; the potential
health effects of microplastics
are largely unknown.
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Le micrenanoplastichesono dannose
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A Le MNPs entrano nel corpo umano?
A Le MNPs alterano i processi fisiologici cellulari?

A Le MNP incidono sulla malattia cardiovascolare?

AE® possibile una terapia?



Twenty years of microplastics pollution research—what
have we learned?

Richard C. Thompson'*, Winnie Courtene-Jones', Julien Boucher?, Sabine Pahl®, Karen Raubenheimer*,
Albert A. Koelmans®

Science

Cite as: R. C. Thompson et al., Science
10.1126/science.adl2746 (2024).

Entry and accumulation of micro-nanoplastics in human body
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é:) PET

* Water bottles
o Soft drink bottles

* Polyester garments

Gyee

* Disposable cups
* Baby bottles

* Medicine bottles
» Yogurt cups

* Bottle caps

|

¢ Plumbing pipes
¢ Bath toys

* Jackets

¢ Umbrellas

Milk cartons
Cleaning bottles
Shampoo bottles
Detergent bottles
Cosmetic containers

Sources of micro-nanoplastic contamination
@)HDPE

¢ Single-use bags
Resealable bags
Cling wrap

Food packaging
Six-pack rings

{oyPs

Styrofoam
Packing foam
Single-use cutlery
Meat trays




Chronic Polystyrene (0.15 mg/mL) exposure
in AC16 cardiomyocytes
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Fluorescence microscopy of PS-NPs distribution in the perinuclear cytoplasm

Dapi FITC- PS-NPs Phalloidin Merge

S A

Barbieri et al, Environment International 2025 - submitted

At WIUqUI WHEI T RYG! YH! qJt WE UT We Are leficq




-log10 FDR p-value

DIFFERENTIAL GENE EXPRESSIONIN AC16 CELL LINE

Polystyrene 0,1um
Polyethylene 10pym
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POLYSTYRENE

log2 fold change

* p-value threshold: 0,05

T UP - regulated genes
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-log10 FDR p-value

POLYETHYLENE
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T UP - regulated genes
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Barbieri et al, Environment International 2025 - submitted
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Non-Mito Oxygen Consumption Spare Respiratory Capacity
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MITOCHONDRIAL RESPIRATION ANALYSIS
(SEAHORSE XF ASSAY)

Mitochondrial Respiration

-~ CTR
_ 1507 = TR
S
£
—
<]
£
o
o
O
o]
80

Basal Respiration

o
?

I
S

N
o
1

o
I

CTR TR

20

CTR TR

Time (minutes)

Maximal Respiration

100+
80
60+
40+
20
0-

*%

OCR (pmol/min)

CTR TR

60-

40+

OCR (pmol/min)

CTR TR

ECAR (mpH/min)

Mitochondrial Respiration

N D O ®
A . A

- CTR
= TR

o

T T T

20 40 60
Time (minutes)

ATP Production

o

401
30
*%

20
101

OCR (pmol/min)

OCR (pmol/min)

0..
CTR TR

Spare Respiratory Capacity

250-

200-

X 1501

S 100
@)

50

0..

CTR TR

80

Proton Leak

CTR TR

Coupling Efficiency

CTR TR

Polystyrene 0,1um

FLUORESCENCE MICROSCOPY MITOTRACKER

ker Positive Cells

of Mitc

150

100

INVESTIGATION

Control

CTRL NP-PS

D12

Barbieri et al, Environment International 2025 - submitted

m~RAI K WO0ecUYGHiet qRAL WRGGERI WA RaYHS




Chronic Polyethylene exposure
in AC16 cardiomyocytes
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CHRONIC POLYSTYRENE (0.1 NG/ML) EXPOSURE
IN HUMAN IPSC-DERIVED CARDIOMYOCYTES
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Micro - and nanoplastics disrupt cardiac contractile dynamics.



Entry and accumulation of micro-nanoplastics in

the human body: cardiovascular effects

s MNPs The main mechanisms
Dermal exposure Oral exp Inhal I exp 08 ’
‘ t B k Oxidative stress  Inflammation
:-":;".. | I ‘ [} & ‘.' 3
ERR— »; 3 Sttt """Mh‘ﬂ!ﬂhﬁm ' o ¢
v Vi ;, i - ‘M::_ U mmmmm Apoptosis Pyroptosis
i - 8>3 = 5/ O un -ty v -
tmmciral v vincslerare J ) _."!. /.-.
. .3.“ [ S— . =
:ghﬂto-ﬁ-:_’_‘:':’ ‘9 e L) @
e T s Sy S e Interaction of cells and cellular components
',’ ' Distribution & Aggregation E Y
'\ >0 | E— @ ’}
e . the capillaries ' G o7 A
' Sy Ceey ' -

oo
..........

Subclinical

Cardiovascular
5 — i toxicity
g[ [ Anhythmia | Atherosclerosis | Myocardial infarction | Other CVDs ]]

Zhu X, et al., Micro- and nanoplastics: a new cardiovascular risk factor? Environ Int 2023;171:107662.



PLASTIC FOLLUTION, GAF [ CVD
A Accumulation of micro-nanoplastics in human arteries?
A Accumulation of micro-nanoplastics and CVD?




The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Microplastics and Nanoplastics

in Atheromas and Cardiovascular Events

R. Marfella, F. Prattichizzo, C. Sardu, G. Fulgenzi, L. Graciotti, T. Spadoni,
N. D’Onofrio, L. Scisciola, R. La Grotta, C. Frigé, V. Pellegrini, M. Municino,
M. Siniscalchi, F. Spinetti, G. Vigliotti, C. Vecchione, A. Carrizzo, G. Accarino,
A. Squillante, G. Spaziano, D. Mirra, R. Esposito, S. Altieri, G. Falco, A. Fenti,
S. Galoppo, S. Canzano, F.C. Sasso, G. Matacchione, F. Olivieri, F. Ferraraccio,
|. Panarese, P. Paolisso, E. Barbato, C. Lubritto, M.L. Balestrieri, C. Mauro,
A.E. Caballero, S. Rajagopalan, A. Ceriello, B. D’Agostino, P. lovino,
and G. Paolisso

2 The NEW ENGLAND
JOURNAL of MEDICINE

N Engl J Med 2024,390:906910.
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Follow-up (3 years)

Observation of Major Adverse Cardiovascular Events R
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Microplastics and Nanoplastics in Atheromas and
Cardiovascular Events

PRIMARY
ENDPOINT

Composite of nonfatal
myocardial infarction,
nonfatal stroke, or death
from any cause among
patients with plaque
containing MNPs and
patients with plaque that
did not contain MINPs.

Tissue levels biomarkers
interleukin-18,
interleukin-1p, TNF-a,
interleukin-6, CD68,
CD3, and collagen in
patients with evidence of
MNPs as compared with
those without.

R Marfella et al. N Engl J Med 2024;390:906910.
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Microplastics and Nanoplastics in Atheromas and

Cardiovascular Events
MNPs in Carotid Artery Plaque
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R Marfella et al. N Engl J Med 2024;390:906910.
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Figure S2. Proportion of individuals with MNPs among different centers of recruitment (A) and areas of living (B).
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Microplastics and Nanoplastics in Atheromas and

Cardiovascular Events
Characteristics of the Patients at Baseline

Tabk 1. Charscteristics of the Putients i Baseline.*
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Laser Direct Infrared (LDIR) Imagiog®INPs in Plague Atheroma

Particle Analysis

Library  Microplastics Starter 2.1

Identifications | Statistics  Settings
Highlight particles on image
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Microplastics and Nanoplastics in Atheromas and Cardiovascular Events
Electron Microscopy Analysis of Atheromatous Plaque
A Transmission Electron Microscopy

R Marfella et al. N Engl JMed 2024;390:900-910.
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Microplastics and Nanoplastics in Atheromasand

Cardiovascular Events

Inflammatory Markers in plaque sample

R Marfellaet al. N Engl J Med 2024;390:906910.
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Microplastics and Nanoplastics in Atheromas and

Cardiovascular Events:
Associations between the presence of MNPs and cardiovascular
events

Table 53. Cox regression analysis for the primary cutcome.

107 15 | Haza rd rati o 4.5 ot I';:ﬂr;:ip I:I Ith Variables Hazard Ratio (95% Confidence Interval)
= 904 o9l (95% Cl,2.00-10.27)
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o 104
_._._,_.—l—’—'_ LDL cholesterol 0.96 (0.93 - 1.00)
0
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@ ESC European Heart Journsl (2024) 00, 112 STATE OF THE ART REVIEW

E}‘m;usg:'e” hitps/doi.org/10.1093/eurheartj/ehae552 Epidemiology, prevention, and health care policies

Micro-nanoplastics and cardiovascular
diseases: evidence and perspectives

Francesco Prattichizzo @ '*, Antonio Ceriello'*, Valeria Pellegrini’,

Rosalba La Grotta', Laura Graciotti’, Fabiola Olivieri’*, Pasquale Paolisso ® °,
Bruno D’Agostino®, Pasquale lovino®, Maria Luisa Balestrieri’, Sanjay Rajagopalan®,
Philip J. Landrigan®'°, Raffaele Marfella''!, and Giuseppe Paolisso’ "'

Human Exposure to Microplastics and Nanoplastics

Microplastics and Nanopl inthe Bloodstream Accumulation of Microplasticsin Arteries
Humans are exposed to microplastics (MPs) and Once absorbed, MPsand NPs can enter the bloodstream, MPs and NPs have beenfound embeddedin
nanoplastics (NPs) through ingestion (contaminated where they circulate and interact with vascular structures atherosclerotic plaques, suggesting a
food and water), inhalation (airborne particles), and (3,4). possible role in plaque formation and

dermalabsorption (contact with plastics and industrial

progression(5,6).
pollutants) (1,2). g )

Pathophysiological Effects 6{ Microplasticsinthe

Clinicallmpact: CardiovascularDisease and Stroke Risk Tl{erapeutic Stretegies: Primary and Secondary R
Vasculature ) . . The accumulation of MPs and NPs in the vascular system anary prevention ‘apgroach.(16). Secondarypreventlc
The presence of MPs and NPs invascular tissues is has been linked to an elevated risk of cardiovascular strategies are essential, including pharmacological

as»soci.aned with endqthelial dygfunction, iﬂcreased diseases, including myocardialinfarctionand stroke (9,10). Entgr\(sntions targeting inflammation (statins, PCSK9
oxidative stress, and inflammation, key drivers of inhibitors, SGLT2i) and experimentalapproachessuchas
atherogenesis (7,8). enzyme-based degradationof MPs (10,11).



PRIMARYPrevention

hat can Vﬁ‘do?

|
» Reducing the use of single-use plastics
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. Ensuring plastics are recycled properly
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» Using eco-friendly alternative plastic
products, such as reusable water bottles,
reusable bags and stainless steel or wooden
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* Avoiding products contalnmg mlcroplastlcs
such as some laundry detergents, facial
exfoliants, and cosmetics containing plastic
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SECONDARY Prevention
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What can we do

now to reduce /\

t h M N P 4 ff t PHASE1: PHASE 2:
e s e e c s Clinical and pathogenetic Non-invasive diagnostic

studies stuchies

on health? 3

MNPs Vanvitelli Research

Center L %)
PHASE 4: N=—"

Centro di Ricerca Universitario Assessment ol plastic-free matenals

’ ..' : Inquinamento Ambientale e and environments

PHASE 3:
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Microplastic Research Center
Objectives
To investigate the impact omicroplastics on human health,identify
diagnostic biomarkers, anddevelop innovative strategies for
prevention and remediation.

Research Line 11 Clinical and Pathogenetic Studies
Adentify microplastics in humantissues
A\ssesstheir effects on pathogenetic pathways and clinicaloutcomes

Research Line 2T Non-Invasive Diagnostic Studies
MDevelopimaging and Albasedtools (PET, CT, MRI) fonicroplastic detection
Adentify circulating microplastic biomarkers (lymphocytes, eosinophils, neutrophils)

Research Line 3T Intervention Studies
A\specific therapy
Arecision therapy



THERAPY

ASPECIFIC therapy PRECISION therapy

Plastic BIODEGRADATION

The main mechanisms
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Pericolo cumulativo

ASPECIFIC therapy

Cardiovascular events can beprevented by SGLTZ21inhibitors ., 1,
—1 No-SGLT2i
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PRECISION therapy




