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Effects of direct and indirect exposure of
combustion-derived particles on the
human intestine tissue
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Nanoparticlesin the lung

o
Aim
<< We daily inhaled = 15 x10'2 nanoparticles >>

<< inhaled nanoparticles can cross the air-blood barrier
into the circulation and accumulate in secondary organs
and tissues.>>

Kreyling et al., Nat Biotech
(2010)

We aim to understand the toxicity of combustion-derived
nanoparticles in organs beyond the lung, i.e., liver,
brain, white blood cells, and intestine.

Wolfgang G Kreyling &, Stephanie Hirn & Carsten Schleh o © o
N Biotechnol. 28, 1275-1276 (2010) ’ ite this articl Nano Bronchial
Nature Biotechnolog) . - Cite this article . . .
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Effects of diesel exhaust
particles on the human intestine

An established 3D intestinal tissue o
model will be used to test: )

00:00:00,000

1) Direct effects, i.e., to mimic
mucociliary clearance of diesel
exhaust particles after inhalation
and swallowing;

2) Indirect effects, i.e., to mimic/
exposure of the intestine via diesel
exhaust particles and mediators
transported from the lungs via the
bloodstream.

Henning et al., AAPS PharmSciTech (2008)
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3D tissue
models

Air-liquid interface

Alveolar type Il cells (A549)

Gunasingam et al., Particle and Fibre Toxicology (2024)

Mucus producing cells (HT-29)

—

Macrophage-like cells (dTHP1)
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Direct exposure -
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CYP1A1

Exposure for 24 hours, at 37°C-

> Significant upregulation of CYPTAT gene expression
24 hours after swallowing particles.



Direct exposure

(Swallowing of particles)

Genotoxicity: DNA damage & Repair mechanism

-1 -1 -1
ATR 5 pg.mL 20 pug.mL 80 pug.mL
ATR 1.6 1.4 2.1
ATM- *
* *
ATM 15 1.8 31
CHEK2+
* %k
CHEK2 15 1.8 3.8
PARP1-
PARP1 11 1.2 1.8
H2AFX
H2AFX 3.6 1.3 3.2
0GG1 *
0GG1 0.6 0.9 0.6
*k%
PADD45AS GADD45A 15 11 27
BAXH BAX 1.3 11 1.2
{1
TP53BP1- TP53BP1 2.6 13 1.5
o S pg. mL 'DEPs 20 pg. mL 'DEPs 80 ug. mL DEPs
Exposure for 24 hours, at 37°C N=3

> Significant upregulahon of genes associated with

DNA damage and repair 24 hours after swallowing

particles.
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Indirect exposure

Condi Inflammatory reactions: Gene & Inflammatory
mediators

CXCL8 gene expression associated with inflammation Inflammatory mediators release
from indirect basal exposure of the intestine tissue to DEPs from indirect basal exposure of the intestine tissue to DEPs

(Systemic effects)

conditioned media
from lung tissue

Tumor Necrosis Factor
alpha (TNFa)
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> Significant systemic effects of conditioned media
from lung tissue on the intestine.

Exposure for 24 hours, at

37°C -



Indirect exposure

(Systemic effects) Genotoxicity: DNA damage & Repair mechanism

ATR 5 yg.mL-1 20 pug.mL-" 80 pg.mL-1
conditioned media ,
ATR 0.8 1.0 21
f I . ATM 4
rom lung tissue
ATM 0.9 0.8 0.8
CHEK2
CHEK2 37 19 3.2
PARP1 -
> PARP1 12 14 07
H2AFX= x
H2AFX 23 29** 19
0GG1
|, OGG1 0.8 0.8 07
PADD4SA GADD45A 33 3.0 20
BAX+ & BAX 13 13 02"
- 11
TP53BP1- x i TP53BP1 16 12 23"
o 1 -1 -1 _
Exposure for 24 hours, C“- 37 C 5ug.mL'DEPs 20 ug.mL'DEPs 80 pg.mL ' DEPs N =3

> Significant upregulation of genes associated with
DNA damage and repair 24 hours after systemic
effects. 8



Take home messages

» The human intestinal 3D co-culture model can be used to mimic direct and systemic
effects;

Direct exposure:

No inflammatory reactions were observed, potentially due to particles trapped in the
mucus; However, increased expression of the CYP1A1l and stronger genotoxic
responses were observed, potentially due to, e.g., PAH/metals detachment from the
particles that interacted with the intestinal cells.

Conditioned medium exposure:
Inflammatory reactions were observed in the intestinal tissue, potentially due to the
inflammatory mediators in the conditioned cell culture medium from lung-exposed

tissue.
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