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The Trojan Horse

Homer’s lliad:

Odysseus and a troop of Greek soldiers hid inside
the Trojan Horse to enter the walled city of Troy

Won the Trojan War after a 10-year siege.

Metaphor

Tricks to invite or smuggle something harmful into
a protected area.

Particle toxicology

Particles mediate much of their effects by acting
as carriers of harmful soluble components such
as organic chemicals and transition metals.

- NIPH
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Fig. 5. PM mass fraction of EC and OC at Interstate 110 (I-110), Interstate 710 (I-710), Wilshire/Sunset Blvd., and USC sampling site.
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Combustion-Derived Ultrafine Particles Transport Organic Toxicants Combusti.on-Der!ved Hydrocarbons Localize to Lipid
to Target Respiratory Cells Droplets in Respiratory Cells
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BEAS-2B cells exposed to UFP butadiene
soot particles from CAST burner

Utilized fluorescence of PAHs to study
uptake/transfer into cells

vidual, solid, spherical particles, 50-70 nm in diameter, are the fundamental structural units of the aggre- Figure 2. Fluorescence localized in punctate cytoplasmic vesicles of BEAS-2B cells. Cells were photo-
gates. (B) A TEM image of BDS showing individual spheres, 30-50 nm in diameter, arranged in branching graphed 4 hr after BDS, without carrier, was sprinkled onto the surface of the BEGM overlying the cells.

clusters. The difference in diameter of the spheres in the SEM versus TEM images results from the
10-20 nm gold/palladium conductive coating that was applied to the SEM samples. (C) A TEM image of a
portion of the surface of a BEAS-2B cell with individual spherical particles, 30-50 nm in diameter, and
small aggregates (arrows) immediately adjacent to the cell membrane. Cells were photographed after
42 hr exposure.

Excitation/emission wavelengths = 360/420 nm. Magnification, 400x.

Fluorescent PAHs were transferred from the particle surface to the cell membrane, cross the membrane into the cytosol and
accumulate in lipid vesicles.

There was no evidence of particle uptake in the cells

PAHs detach from particles and enter cells independent of the particle core ng
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The effects of fine particulate matter (SRM 2786) on three different 3D lung Calu-3 cells
models exposed at the air-liquid interface — A comparative study
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Fig. 2. The concentration of BaP-equivalent activity in blood as a function Fig. 3. Fractional retention of the readily bioavailable BaP-equivalent
of time in dogs (A)~(C) following inhalation exposure of the alveolar adsorbed onto denuded diesel soot in the dogs’ lungs as a function of time.
region to an aerosol bolus of BaP adsorbed onto organic-denuded diesel The dashed curve shows the corresponding fractional retention of
soot. Samples from blood exiting and entering the lungs were drawn at the microcrystalline BaP (data from ref. 43). Error bars show SD (n = 3).

ascending aorta and the posterior vena cava, respectively. Note that the
concentration scale in (C) is different from those in (A) and (B).
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Inhaled Nanoparticles Accumulate at Sites of
Vascular Disease

Mark R. Miller,* ">V Jennifer B. Raftii,t_'m'V Jeremy P. Langrish, " Steven G. McLean,”
Pawitrabhorn Samutrtai,* Shea P. Connell,” Simon Wilson,” Alex T. Vesey,l' Paul H. B. Fokkens,
A. John F. Boere,” Petra K.rystek,l Colin J. Campbell,§ Patrick W. F. Hadoke,” Ken Donaldson,”
Flemming R. Cassee, ' David E. Newby," Rodger Duffin,”V and Nicholas L. Mills""¥
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- http://www.particleandfibretoxicology.com/content/7/1/41
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Diesel exhaust particles induce CYP1A1 and
pro-inflammatory responses via differential
pathways in human bronchial epithelial cells

Annike | Totlandsdal'", Flemming R Cassee?, Per Schwarze', Magne Refsnes', Marit Lag'
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Diesel exhaust particles induce CYP1A1 and
pro-inflammatory responses via differential
pathways in human bronchial epithelial cells
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In vitro
DEP caused proinflammatory responses in human bronchial 16HBE cells. Effects largely driven by DEP-OE and less by the

particle core (stripped DEP). "#$%&& () %&*)+,,-*)./)01(2344%(&&)6"&)!4" &*
DEP with different organic content induce proinflammatory cytokines through different mechanisms in human airway

epithelial cells 7%&)(")%&*)#-9A9"&33&);%1/%9"&

DEP induced polarization of airway sensory nerves of humans and guinea pigs. Effects were due to DEP-OE and not the

particle core. <"=42"#)(")%&)0%)+,->*).&&(1? QIBR&#)
Increased surface coating of soot nanoparticles with secondary organic matter increase cytotoxicity, and proinflammatory

effects in normal human bronchial epithelial cells. C(#4)(N%&)+,++)D#$41"#)E94)'(9;#
In vivo

Inhalation of DEP but not pure carbon nanoparticles induce increased systolic blood presssure and attenuated

pharmaceutical vasodilation in human volunteers and in isolated rat aorta rings. 64&&2)(")%&*)DBY"F(%1)0%))

Concentrated UFP accelerated atherosclerosis in ApoE-/- mice. Effects was abolished by denuding UFPs (removing organics
by evaporation). G((=%B7?;)()%&*)+,-H*E94) 7")D#$41"

Inhalation of graphene nanosheets did not affect heart rate, blood pressure, lung function or inflammatory markers in human
volunteers. A11(J2)()%&*)+,+K*) L%)p#" (9;#"&*
NI
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Lipophilic components of diesel exhaust
particles induce pro-inflammatory
responses in human endothelial cells
through AhR dependent pathway(s)
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particles induce pro-inflammatory

responses in human endothelial cells

through AhR dependent pathway(s)
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Take-home
Combustion PM from traffic - soluble organic material on a tiny carbon core

Seluble organic materfa The majority of bioavailable lipophilic organic material rapidly detach upon
Solid carbon core el . . . cir . .
deposition, enter lung cells, and transfer into circulation within minutes

Studies in cells, animals and humans suggest that the soluble organic fraction is
central for biological effects of combustion PM, especially cardiovascular
effects

AhR is a regulator of PM-induced effects pointing towards a role of PAHs, and
the most sensitive endpoint induced by combustion PM in vitro

PAH-rich combustion PM extracts induce AhR dependent activation of calcium
and proinflammatory cytokines in human endothelial cells at concentrations
found in human blood

Data from our lab and others point towards a central role of 3- and 4-ring PAHs
(phenanthrene and pyrene) with low mutagenicity

Translocation of adhered "" NIPH
chemicals
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Trojan horse or conventional horse?
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Soluble organic material

The need to regulate UFP has been discussed for more than a decade
Solid carbon core

UFPs constitute an insignificant amount of PM2.5 mass

A main argument for additional regulation of UFPs is that particle surface area and
number concentrations are not captured by the PM2.5 mass regulation

Surface area is only a relevant metric for non-soluble particles

[T1 Particle number
[ Surface area
|1 Particle mass
[] OcC particles

For soluble particles (droplets) — Mass Matters the Most

The majority of organic chemical mass occur in the accumulation mode, and is
found in the fraction between 0.1 and 1 pm

dN/dlogDp, dS/dlogDp, dM/dlogDp

For combustion emissions, regulation targeting organic carbon, VOC/SVOC or PM1
and secondary aerosols may be more relevant

Fine Pomples m
Ultroﬁnq_ °
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