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Clam Chowder? Plastic Soup?

Plastic Soup

Clam Chowder



Questions about the Impact of MPs on the Human Body

* What pathways do MPs take to enter & exit the
human body?

* What are the impacts of MPs on our brains?
» Will it cause brain dysfunction?
« Wouldn't it induce a brain disease?

* Any Impact on the Digestive Tract?
» Stomach, large intestine



PET Tracing of Biodistribution for Orally Administered
%4Cu-Labeled Polystyrene in Mice
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Plastics are used commonly in the world because of their convenience
and cost effectiveness. Microplastics, an environmental threat and
human health risk, are widely detected in food and consequently
ingested. However, degraded plastics are found everywhere, creating
an environmental threat and human health risk. Therefore, real-time
monitoring of orally administered microplastics to trace them in
thebody is tremendously important. Methods: In this study, to visualize
their absorption path, we labeled polystyrene with [**Cu]Cu-DOTA. We
prepared radiolabeled polystyrene with ‘Cu. Afterward, [**CujCu-
DOTA-poly was orally to mice, and we evaluated
its transit and absorption using PET imaging. The absorption path and

microplastics have been found in mussels purchased at markets in
Belgium (/5). Considering that microplastics are widely detected
in food, we can assume that microplastics are ingested along with
the cumammalcd food. Thcreture it is highly likely that human con-
of microplastics is wid d. To und 1 the full sig-
mﬁc‘mge of mlcmpla\uc ingestion, the absorption path for
microplastics ingested with foods needs to be visualized.

PET imaging is a powerful tool for observing absorption, distribu-
tion, metabolism, and excretion (/6). PET can also be used to visualize
the in vivo distribution of toxic substances labeled with radioactive is
topes, including diesel exhaust (/7). and inhaled aerosols of toxic

distribution of [**Cu]Cu-DOTA-polystyrene were using
PET over 48 h. Ex vivo tissue radio-thin-layer chromatography (TLC)
was used to demonstrate the existence of [**Cu]Cu-DOTA-polystyrene
in tissue. Results: PET images demonstrated that [**Cu]Cu-DOTA-
polystyrene began to transit to the intestine within 1 h. Accumulation
of [**Cu]Cu-DOTA-polystyrene in the liver was also observed. The bio-
distribution of [**Cu]Cu-DOTA-polystyrene confirmed the distribution of
[®*Cu]Cu-DOTA-polystyrene observed on the PET images. Ex vivo
radio-TLC that the y-rays originated from
[®*Cu]Cu-DOTA-polystyrene. Conclusion: This study provided PET
evidence of the existence and accumulation of microplastics in tissue
and cross-confirmed the PET findings by ex vivo radio-TLC. This infor-
mation may be used as the basis for future studies on the toxicity of
microplastics.

Key Words: microplastic; polystyrene; %Cu; [**Cu]Cu-labeled polysty-
rene; PET
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Micmplaslics with diameters of less than 5 mm are recognized
as a new environmental threat and human health risk (1). Microplas-
tics have been observed to accumulate in many different marine ani-
mals, including fish (2-5), copepods (6.7), mussels (8-10),
European flat oysters (//), and others (/2-14). Fiber-type
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I hold disinfectants (/8). Figure 1 shows a schematic of the study.
We first identified the absorption path and distribution of microplastics
using PET. Microplastic polystyrene was labeled with “*Cu ([**Cu]Cu,
to yield [**Cu]Cu-DOTA-polystyrene) and then was orally adminis-
tered to mice. In a separate experiment, **Cu was orally administered
as a control to assess the effects of the harsh stomach conditions on
dechelated ®*Cu. PET was performed to monitor the absorption and
distribution of [**Cu]Cu-DOTA-polystyrene or **Cu over 48 h. The
ex vivo biodistributions of [**Cu]Cu-DOTA-polystyrene or *Cu
was measured. Ex vivo tissue radio-thin-layer chromatography
(TLC) was performed to identify whether y-rays emitted from the tis-
sue originated from [*Cu]Cu-DOTA-polystyrene or from “Cu.

MATERIALS AND METHODS

Synthesis and Radiolabeling
To 300 pL of 0.1 M sodium carbonate buffer (pH 9.0), 2.5 mg of
(0.2-0.3 pm; Sph h) were added. Then, 260
ng (47I 70nmol) of §-2-(4-isothi t 1)-1,4,7,10- y-
clododecane tetraacetic acid (p-SCN -Bn-DOTA) in 50 pL of deionized
water were added, and the mixture (pH 9.0) was shaken at 1,000 rpm and
25°C for 20 h. Unconjugated p-SCN-Bn-DOTA was removed using an
Amicon centrifugal filter (30-kDa cutoff; Millipore). DOTA conjugation
was confirmed using Fouri form infrared sp py (Nicolet
iS5; Thermo Fisher Scientific), and the resulting spectra were analyzed
using Omnic software from Nicolet Instrument Corp. To determine
moles of DOTA per milligram of plastic, 50 puL of filtrate were analyzed
by high-performance liquid chromatography (Waters). The quantity of
DOTA in the filtrate was calculated from a standard curve (prepared
from an analysis of known concentrations of DOTA). The conjugated
moles of DOTA to polystyrene were then calculated by subtracting
the moles of DOTA in the filtrate from !he total moles of DOTA for
the reaction. Ph | ch of DOTA-pon%tyrcnc
was performed using a field electron Py
and d light ing. C d DOTA-polysty was
subsequently buffer-exchanged to isotonic buffered saline for

PET IMAGING OF POLYSTYRENE + Imetal. 461



Evaluation of Absorption Pathways Using Positron Emission Tomogrjphy
(PET) (Split-timed observation of the absorption process)

Synthesis and validation of 84Cu-DOTA-PS PET/CT imaging and Bio-distribution of
64Cu-DOTA-PS

N ek COO0 _—

2N _NH; L /—\N/—COOH

Oral administration of 84Cu-DOTA-PS

« amino-polystyrene (0.2-0.3 um, Spherotech, Lake Forest, IL, USA)
» Label using Cu-64, a proton emitting isotope, by attaching DOTA chelator to MPs.
« [64Cu]Cu-DOTA-polystyrene (4.81 MBq/57.8 ug/100 uL) 100 ppm / 100 uCi is orally administered

to each mouse.
« Micrometre (um): 1x10 ° metre. A human hair has a thickness of about 80 um.

Journal of Nuclear Medicine



Biodistribution Images of Radiolabeled Cu Plastics
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Press Report

* Microplastics rapidly spread throughout the body at all time?

Named “People Who Make Korea Shine” selected by BRIC /Interview
by IOPscience, U.S.

YTN, “Microplastics travel through the body fast”
UST Class, a lecture at the Seoul Museum of Science, Saturday Science Night
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PET tracing of biodistribution for orally administered 64Cu-labeled polystyrene in
mice
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Purpose: Plasiics are used commenly in the world because of iis convenience and cost-
effectiveness. Microplastics, an environmental threat and human health risk, are widely detected in
food, and consequently ingested. However degraded plastics are found everywhere, which cause
environmental threat and human health risk. Therefore, real-time monitoring of orally administered
microplastics is tremendously important to trace them in the body

Methods: In this study, to visualize their absorption path, we labeled polystyrene with [P4CulCu-

DOTA. We prepared radiolabeled polystyrene with %Cu after, [F4CujCu-DOTA-polystyrene was then
orally administered to mice and evaluate its transit and absorption in mice using PET imaging. The

absorption path and distribution of [**CulCu-DOTA-polystyrene were determined using positron
emission tomography (PET) over 48 h. Ex vivo tissueradio thin-layer chromatography (Ex vivo-

radioTLC) was used to demonstrate the existence of [(4Cu]Cu-DOTA-polystyrene in tissue.

Results: PET images demonstrated that [*CujCu-DOTA-polystyrene began to transit to the
intestine within 1 h [54Cu]Cu-DOTA-polystyrene accumulation in the liver was also observed

Biodistribution of [*4Cu]Cu-DOTA-polystyrene confirmed the observed distribution of [P*CujCu-
DOTA-polystyrene from PET images. Ex vivo-radioTLC was used to demonstrate that the detected
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Autism Prevalence Reported by the CDC

Estimated Autism Prevalence 2018
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* Centers for Disease Contral and Prevention {COC) prevaience estmates are 4or 4 years pror 1o the report cate (e.g. 2018 figures are from 2014)



Polyethylene microsphere (PE)
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Press Report

* MPs, a potential risk factor for Autism Spectrum Disorder
(ASD)
Named as “People Who Make Korea Shine”
SBS, “Autism revealed, ‘Microplastics reduce sociability™
YTN, “Microplastics cause ASD"
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Pre/post-natal exposure to microplastic as a potential risk factor for autism
spectrum disorder
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In common with the increase in environmental pollution in the past 10 years, there has also been a E8i4 432281 - 2022.2.18 b7 Taoe A ap =+ xm
recent increase in the prevalence of autism spectrum disorder (ASD). In this regard, we
hypothesized that exposure to microplastics is a potential risk factor for ASD. To evaluate the validity b bl pies 1
of this hypothesis, we initially examined the accumulation of polyethylene (PE) in the brains of mice 27
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and then assessed the behavioral effects using mouse models at different life stages. namely,
prenatal, post-weaning, puberty, and adult models. Based on typical behavioral assessments of
autistic traits in the model mice, we established that ASD-like traits were induced in mice after PE
feeding. In addition, we examined the induction of ASD-like traits in response to microplastic
exposure using positron emission tomography, magnetic resonance spectroscopy, quantitative real-
time polymerase chain reaction, microarray, and microbiome analysis. We believe these findings
provide evidence in microplastics as a potential risk factor for ASD.
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Abstract

Background: Microplastics (MPs) are a new global environmental threat. Previously, we showed the
biodistribution of MPs using [¢4Cu] polystyrene (PS) and PET in mice. Here, we aimed to identify whether
PS exposure has malignant effects on the stomach and induces resistance to therapy.

Methods: BALB/c nude mice were fed 1.72 x 10+ particles/mL of MP. We investigated PS accumulation
in the stomach using radioisotope-labeled and fluorescent-conjugated PS. Further, we evaluated whether
PS exposure induced cancer stemness and multidrug resistance, and whether it affected tumor
development, tumor growth, and survival rate in vivo using a 4-week PS-exposed NCI-N87 mouse model.
Using RNA-Seq analysis, we analyzed whether PS exposure induced gene expression changes in gastric
tissues of mice.

Results: PET imaging results showed that a single dose of [¢4Cu]-PS remained for 24 h in the mice
stomach. The 4-week daily repetitive dose of fluorescent conjugated PS was deposited in the gastric
tissues of mice. When PS was exposed, a 2.9-fold increase in migration rate was observed for NCI-N87
cells. Immunocytochemistry results showed decreased E-cadherin and increased N-cadherin expression,
and flow cytometry, qPCR, and western blot analysis indicated a 1.9-fold increase in N-cadherin
expression after PS exposure. Further, PS-induced multidrug resistance to bortezomib, paclitaxel,
gefitinib, lapatinib, and trastuzumab was observed in the NCI-N87 mouse model due to upregulated
CD44 expression. RNA-seq results identified increased asialoglycoprotein receptor 2 (ASGR2)
expression after PS exposure, and ASGR2 knockdown decreased cell proliferation, migration, invasion,
and drug resistance.

Conclusion: We demonstrated that ASGR2 enhanced cancer hallmarks on PS exposure and induced
resistance to chemo- and monoclonal antibody-therapy. Our preclinical findings may provide an incentive
for further epidemiological studies on the role of MP exposure and its association with gastric cancer.

Key words: Microplastics, gastric cancer, cancer hallmarks, polystyrene, ASGR2

Introduction

Microplastics (MPs) with a diameter less than 5 in food and

longer be ignored [3, 4]. MP

mm are recognized as a new environmental threat
and human health risk [1]. An analysis of tap water
samples from around the world found that a high
proportion of drinking water is contaminated with
MPs (83% of samples collected worldwide, up to 94%
iem s TICSAY 9T NP ~rabasvatmatimm of Famd ~ase svmy

contamination of MP and during food processing and
cooking was reported [5, 6]. MP are a ubiquitous
global contaminant, identified throughout the marine
environment, including seawater, sediment and biota
[7]. Pre/post-natal exposure to MP as a potential risk

Lt £ a115 o otk A cmrdar saranc vwormmebad Q1



Stomach Exposed to MPs

[*4Cu]Cu--DOTA-polystyrene

Observation: What would happen if MPs stayed in the stomach for a day?
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The hallmarks of cancer comprise six biological capabilities acquired during the multistep develop-
ment of human tumors. The hallmarks constitute an organizing principle for rationalizing the
complexities of neoplastic disease. They include sustaining proliferative signaling, evading growth
suppressors, resisting cell death, enabling replicative immortality, inducing angiogenesis, and acti-
vating invasion and metastasis. Underlying these hallmarks are genome instability, which generates
the genetic diversity that expedites their acquisition, and inflammation, which fosters multiple hall-
mark functions. Conceptual progress in the last decade has added two emerging hallmarks of
potential generality to this list—reprogramming of energy metabolism and evading immune
destruction. In addition to cancer cells, tumors exhibit another dimension of complexity: they
contain a repertoire of recruited, ostensibly normal cells that contribute to the acquisition of hall-
mark traits by creating the “tumor microenvironment.” Recognition of the widespread applicability
of these concepts will increasingly affect the development of new means to treat human cancer.

INTRODUCTION

We have proposed that six hallmarks of cancer together consti-
tute an organizing principle that provides a logical framework for
understanding the remarkable diversity of neoplastic diseases
(Hanahan and Weinberg, 2000). Implicit in our discussion was
the notion that as normal cells evolve progressively to
a neoplastic state, they acquire a succession of these hallmark
capabilities, and that the multistep process of human tumor
pathogenesis could be rationalized by the need of incipient
cancer cells to acquire the traits that enable them to become
tumorigenic and ultimately malignant.

We noted as an ancillary proposition that tumors are more than
insular masses of proliferating cancer cells. Instead, they are
complex tissues composed of multiple distinct cell types that
participate in heterotypic interactions with one another. We de-
picted the recruited normal cells, which form tumor-associated
stroma, as active participants in tumorigenesis rather than
passive bystanders; as such, these stromal cells contribute to
the development and expression of certain hallmark capabilities.
During the ensuing decade this notion has been solidified and
extended, revealing that the biology of tumors can no longer
be understood simply by enumerating the traits of the cancer
cells but instead must encompass the contributions of the
“tumor microenvironment” to tumorigenesis.

In the course of remarkable progress in cancer research
subsequent to this publication, new observations have served
both to clarify and to modify the original formulation of the hall-
mark capabilities. In addition, yet other observations have raised
questions and highlighted mechanistic concepts that were not
integral to our original elaboration of the hallmark traits. Moti-

646 Cell 144, March 4, 2011 ©2011 Elsevier Inc.

vated by these developments, we now revisit the original hall-
marks, consider new ones that might be included in this roster,
and expand upon the functional roles and contributions made
by recruited stromal cells to tumor biclogy.

HALLMARK CAPABILITIES—CONCEPTUAL PROGRESS

The six hallmarks of cancer—distinctive and complementary
capabilities that enable tumor growth and metastatic dissemina-
tion—continue to provide a solid foundation for understanding
the biology of cancer (Figure 1; see the Supplemental Informa-
tion for downloadable versions of the figures for presentations).
In the first section of this Review, we summarize the essence
of each hallmark as described in the original presentation in
2000, followed by selected illustrations (demarcated by sub-
headings in italics) of the conceptual progress made over the
past decade in understanding their mechanistic underpinnings.
In subsequent sections we address new developments that
broaden the scope of the conceptualization, describing in turn
two enabling characteristics crucial to the acquisition of the six
hallmark capabilities, two new emerging hallmark capabilities,
the constitution and signaling interactions of the tumor microen-
vironment crucial to cancer phenotypes, and we finally discuss
the new frontier of therapeutic application of these concepts.

Sustaining Proliferative Signaling

Arguably the most fundamental trait of cancer cells involves their
ability to sustain chronic proliferation. Normal tissues carefully
control the production and release of growth-promoting signals
that instruct entry into and progression through the cell growth-
and-division cycle, thereby ensuring a homeostasis of cell

Hallmarks
What are the Hallmarks of Cancer?

Sustaining proliferative
signaling

Resisting Evading growth
cell death suppressors

Inducing Activating invasion

angiogenesis and metastasis

Enabling replicative
immortality
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Plastics Lodged in the Stomach Walls Stimulate Cancer
CAeII Growth
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Plastics Promote Metastasis of Cancer
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Plastics Promote Drug Resistance (CD44, PD-L1)

NCI-N87

NCI-N87+PS

-AACH
)

Fold change (2

CD44 /| GAPDH

Control +PS

NCI-N87

NCI-N87

C +PS kDa

1700 175 70
55

700 095 35

NCI-N87+PS

—

AcCytotoxicity

- % Control)

(%PS

Counts

401

w

N

i

10 {NCI-N87
Control
=10 +PS
0
4+ 807
[
=]
§ -1
20 7
° T T T T T
5 (]
10 10 10
|-
»
CD44 (Alexa 488)
* %
* %
0+ T *
*
0
_*r n.s
07 n.s
0 T T T
W o o ® — % —
°c & &2 o Z ° 3
I T -
N P o S = © c
o 'g x = 3. =3 g
3 ) o =
. - o 3
c o
o
NCI-N87
Control®@ + PS 2.5
o
; éz,of _kk
N a
< 1.54
[0
> O
& o104 L
4
o
© & 05
4 Iﬁ IE o
0 0 10 w 0.0
Control +PS

PD-L1 (Alexa647)



Plastics Promote Drug Resistance (CD44, PD-L1)
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Plastics Promote Drug Resistance (CD44, PD-L1)
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Survival Rate Reduction in Xenograft Model
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Ex vivo (Higher CD44)
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Confirmation of Metastasis Marker in Xenograft Data
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Xenograft Model (ex vivo data)
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RNA seq
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DEG & ISOFORM Change -> ASGR2 Discovery
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in vitro & ex vivo confirmation (ASGR2)
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Confirmation of ASGR2
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Confirmation of ASGR2
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Confirmation of ASGR2
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