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Abstract

Plastic pollution is a problem from the modern era, studies have found that plastics can be
broken down via bio and non-biodegradation into small sizes of plastics, called nanoplastics and
microplastics. These plastics can travel through air and end up in the human lungs. Possible
effects of presence of these plastics in the lungs are inflammation reactions, oxidative stress and
immune dysfunction. In this study we will focus on nanoplastics which have proven to be able
to be taken up through active and passive transport in alveolar epithelium. The aims of this
research are to build a lung-on-a-chip which mimics the alveolar structure and has Collagen
1 as a foundation. The other aim is to examine whether and how nanoplastics could transfer
through tubular alveolar epithelium in the established device. At last, we want to determine
if nanoplastics could disturb the tight junctions of alveolar epithelium, since this has not been
researched for a tubular alveolar epithelial structure.

The device that is used in this research was made from polydimethylsiloxaan which is a soft
elastomer after curing in a 3D printed mold. After, inlets and outlets were punched and the
chip was prepared for cell seeding of Calu-3 and A549 cells and incubation of green fluorescent
nanoplastics with the sizes 50 and 100 nm. The following concentrations of nanoplastics were
used 10, 100 and 1000 µg/mL. Staining the nuclei, cell membrane and ZO-1 proteins resulted
in determination of where the nanoplastics had traveled to in the device.
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Samenvatting

Plasticvervuiling is een probleem uit de moderne tijd, studies hebben uitgewezen dat plastic
via biologische- en niet-biologische afbraak kan worden afgebroken tot kleine stukjes plastic,
nanoplastics en microplastics genoemd. Deze plastics kunnen zich door de lucht verplaatsen en
in de longen van de mens terecht kunnen komen. Mogelijke effecten van de aanwezigheid van
deze plastics in de longen zijn ontstekingsreacties, oxidatieve stress en immuundisfunctie. In
dit onderzoek zullen we ons richten op nanoplastics waarvan is aangetoond dat ze door actief en
passief transport in alveolaire epitheelcellen kunnen worden opgenomen. De doelstellingen van
dit onderzoek zijn het bouwen van een long-op-een-chip apparaat dat de alveolaire structuur
nabootst en Collageen 1 als basis heeft. Het andere doel is na te gaan of en hoe nanoplastics
door tubulair alveolair epitheel kunnen worden getransporteerd in de gebouwde chip. Tenslotte
willen we bepalen of nanoplastics de tight junctions van het alveolair epithelium kunnen ver-
storen, aangezien dit nog niet is onderzocht voor een tubulaire alveolaire epitheliale structuur.

The chip dat in dit onderzoek is gebruikt, wordt gemaakt van polydimethylsiloxaan, een zacht
elastomeer dat na uitharding in een 3D-geprinte mal is geprint. Daarna werden ingangen en
uitgangen geponst en werd de chip voorbereid voor het zaaien van A549-cellen en incubatie
van groen fluorescerende nanoplastics met de afmetingen 50 en 100 nm. De volgende concen-
traties nanoplastics werden gebruikt 10, 100 en 1000 µg/mL. Door kleuring van de kernen, het
celmembraan en de ZO-1 eiwitten kon worden bepaald waar de nanoplastics naartoe waren
verplaatst.
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1 Introduction

1.1 Nanoplastics in the environment and their impact on the human health

Globally, plastics are extremely popular for their use in a lot of products like packaging material
and clothing, which are discarded after use. Governments try to persuade people to separate
plastic waste, but only 9% of plastics ever made has been recycled and 60% has been dumped
[1]. It is estimated that if we continue to use plastics until 2050, we will have discarded 12,000
million metric tons of plastic waste in land�lls or in the natural environment [2]. Plastic
waste that is not disposed correctly often ends up in the nature and gets broken down via
biodegradation and/or non-biodegradation into smaller particles. Examples for biodegradation
and/or non-biodegradation are UV light, wind and mechanical abrasion. If waited long enough
microplastics (MPs) and nanoplastics (NPs) occur which present respectively a diameter of
smaller than 5 mm and 0.1µm [3]. These plastics are very light, can easily travel by wind
and be inhaled in the human lungs. In fact, Parisian atmosphere research has shown that
plastics with sizes from 50 nm to 1400 nm were present in the form of �bers [4]. In other
cities, sizes varied from 2 nm to 5000 nm and shapes di�ered from �bers, fragments, �lms
and foams/granules. Most found materials were polyethylene terephthalate (PET), polyvinyl
chloride (PVC), polyethylene (PE), ethylvinyl acetate (EVA) copolymers and polystyrene (PS)
which originated from plastic items like bottles, bags and clothing. It has been shown that PS
can translocate through rat alveolar epithelial cells and cause damage to intracellular structures
[5] [6]. In general, particles smaller than 10µm can end up in the alveolar region [7]. MPs and
NPs can, depending on size and shape be taken up into circulation, see �gure 1. A lot of factors
can a�ect absorption of plastic particles into the human body, like their size, density, surface
charge and hydrophobicity and the smaller the particles the better they are distributed in the
body [4]. Particles which are larger than 10µm are mostly �ltered by the nasal and upper
respiratory tract, particles with a diameter of around 100 nm are deposited in the alveolar
region and particles of around 1 nm in the tracheobronchial region. Particles with a diameter
between 1 and 100 nm tend to behave like gas molecules, which makes it easy for them to end
up in the alveolar region and a�ect the gas exchange. If these particles end up in the lungs, they
can also damage them as was researched in animals [8]. For this reason we elaborate further
on the e�ect of NPs on alveolar epithelial cells.

Figure 1: Inhalation route that plastic particles take from the air to the blood, picture was taken from [3]. Airborne
MPs and NPs enter the lungs through the mouth, nose and trachea and are �ltered according to their size. Particles
larger than 10 µm are �ltered by nose, cilia and mucous membranes and due to their larger size they remain most of

the time in the upper repsiratory tract. Coughing and sneezing eliminates these particles, but particles smaller than 10
µm end up in the alveoli.

Observational studies state that dyspnea is one of the consequences of MPs [8]. Other e�ects of
exposure to MPs and NPs for the alveolar epithelium are asthma, wheezing and coughing [4].
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These consequences are due to dust overload, oxidative stress, cytotoxicity and translocation [8].
Research done by Dong et al. found that the e�ect of plastics on human cells were inammation
reactions. Tissue necrosis factor-a (TNF- a) and IL-8 expression had risen in A549 human
lung cells with addition of larger particles (202 nm and 535 nm) when compared to smaller
particles (64 nm). IL-6 and IL-8 expression also rose according to increasing concentration
for normal lung BEAS-2B cells [9]. Exposure to high concentrations of PS MPs has been
reported to increase the risk for chronic obstructive pulmonary disease (COPD), meanwhile
low concentrations can disrupt the pulmonary barrier by phosphorylating zonnula occludens
(ZO) proteins which decreases the functionality of the barrier tightness [9]. Another problem
is that plastics contain chemicals or additives which can leach into organs and tissues with
possibly even worse consequences, like endocrine disruption [3].

1.2 Translocation mechanisms of nanoplastics

Translocation of NPs through the alveolar epithelium may occur in three ways. The �rst one
is via phagocytosis, since macrophages are the �rst line of defence against for example NPs.
Macrophages generally clear surfactants and cell debris from lung surface. So, NPs could be
phagocytized; however NPs which are not removed by macrophages remain in the alveoli and
could be taken up by the alveolar epithelium. So, the second way of uptake is endocytosis
and via di�usion [10]. The third way of translocation is via paracellular transport through
disrupted tight junctions [10]. However, there has been no research done on this topic with
alveolar epithelial cells, but it was done on intestinal cells where was seen that tight junctions
were disturbed which led to a higher permeability. Research done by Zhang et al. in mouse
models with 50 and 500 nm NPs in intestinal cells resulted in an increase of reactive oxygen
species (ROS) and apoptosis for 50 nm NPs compared to 500 nm NPs [11]. This caused a
higher cell membrane permeability and more translocation of 50 nm than 500 nm NPs through
the intestinal barrier. Mahler et al. did transepithelial electrical resistance (TEER) measure-
ments in which they found that respectively low (2Ö109 and 1.25Ö108 nm particles/mL) and
medium (2Ö1011 and 1.25Ö1010 nm particles/mL) concentrations of 50 and 200 nm PS NPs
would not decrease TEER values, but high concentrations (2Ö1013 and 1.25Ö1012 nm parti-
cles/mL) would [12]. This means that the permeability of the intestinal barrier was higher
for high concentrations of NPs. Paracellular translocation of NPs was investigated for alve-
olar type 1 cells, but tight junctions were not disrupted and NPs did not reach further than
the apical side regarding 50 and 100 nm NPs which had no functionalization or carboxyl- and
amine-groups at the NPs [10]. Overall, literature stated that 60 nm PS NPs were cytotoxic
in BEAS-2B cells from a concentration higher than 10µg/mL [13]. Also, 44 and 100 nm PS
NPs with a 10 µg/mL concentration in gastric cells were observed to have respectively lower
viability and higher viability. A minor cytotoxicity was observed for 50 and 100 nm PS NPs at
a concentration of 100µg/mL. Mixtures of NPs sizes made a di�erence in translocation rates,
because a higher amount of ROS was generated when 50 and 500 nm PS NPs were introduced
to the intestinal barrier of mouse. This resulted in apoptosis and severely damaged and dys-
functional intestine which in turn increased absorption rates of NPs of 50 and 500 nm in size [11].

Surface modi�cation of polystyrene
PS with surface modi�cation has been used widely for research on uptake of NPs by macrophages
or epithelial cells. There are a few surface modi�cations for PS possible, like amino groups
(cationic) or carboxyl groups (anionic) to the NPs [10]. Uptake by alveolar type 1 cells of
amine-modi�ed polystyrene NPs (amine PS) was the highest and unmodi�ed polystyrene NPs
(unmodi�ed PS) had the lowest uptake, see �gure 2. However, the disadvantage of amine PS
is that it was able to create holes in the cell membrane of alveolar type 1 cells [14]. Since we
are interested if translocation of NPs could happen through tight junctions, carboxyl-modi�ed
polystyrene (carboxyl PS) NPs are a good compromise between the unmodi�ed PS and amine
PS NPs, because its greater uptake tends to give a higher chance to be monitored as compared
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