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Introduction:

Exposure to engineered nanomaterials (ENM) poses a potential risk to human and environmental health through long-term, repetitive, low-
dose exposures. Current ENM hazard assessment tools are based on short term, high-dose exposures using simple 2D in vitro test
systems, which lack environmental realism in terms of dose delivery, exposure duration and biological complexity. Thus, there is an urgent
need for more realistic and predictive in vitro test systems for ENM safety assessment; Physiologically Anchored Tools for Realistic
nanOmaterial hazard aSsessment (PATROLS) seeks to overcome these disadvantages.

PATROLS Aims to:

Establish and standardise a battery of innovative, next generation hazard assessment tools that more accurately predict adverse effects
caused by long-term (chronic), low dose ENM exposure (example Figure 1) in human and environmental systems to support regulatory |
risk decision making and help reduce the need for animal testing. iterature.

https://ec.europa.eul/jrc/en
Methods

Figure 1. TEM image of
Titanium Oxide
(TiO,).These  specific
EMNs are wused for
exposures to  both
models.

ENMs are from the
European
Commission's Joint
Research Centre (JRC)
and are standard
particles used
throughout the

Characterisation will be completed during the growth and optimisation of the tissue models and after the addition of particles to the systems.
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culture and thus is able to support extended and repeated ENM exposures.
PP g g Exposure to ENM:

TiO
Figure 2: Diagrammatic representation of the HepG2 3D liver spheroid 96-well plate set up with transfer from hanging drop onto agarose coated wells. DQ1, Membrane Integrity _ Membrane Integrity
g 0.8 100 Viability £ o 150 110 Viability
1 1 - - -84 - 110+ iabili
Liver Functionality (Pro-)inflammatory Response : : N
O IL-6Acute 3 IL-BAcute BB TNF-u Acute £ 06 80 1001 £ 100 O 2 s
A @ Acute Bl Long-term B 03 Acute Sl C 3 IL-6 Longterm @ IL-8 Long-term @M TNF-o Long-term A §= ™ e 2 gl D ¢ 53
0.15- - < =l = v 0.4 o £ go
0.05+ 200 5 0.44 n g . >
- 3 Fa0 3 > 807 o 50 3.5 70
- @ (R D 0.2 60
1 703
0.044 %, E‘ 0.2 - 20 28 E gﬁi
- < 150 o 201 T 0.0 0 N o N o a2 N
2 oo - 5 R g s g I 2 <2 S A S A
g = 0.03 2 o o N °' N ® ¢ A [TiO] ugrem’
£ =) 2 2 2 [TiO,] uglcm?
€ = [DQ4,] ug/cm [DQ4,] ugicm 2 .
£ - had - — Membrane Integrit
E ) 1 L L L = 1 g Membrane Integrity 3 embrane Integrity
2 0.024 ® 3 N £ 0.8+ - 150
é . a 2 g %2.0_ -100 1101 Vlablllty § 110- Viability
= K] l 5 | 100- 0.6 1
= 50 2 80 = 100
0.01- £ g 1 > S L100 ©
a = 1.0 o & sof s s 8
(2] o = -
0.00- 0.00 . , : . . : 5 P ° B S 2 0 PS03, 3
0.00 2.50 5.00 10.00 20.00 Aflotoxin B1 0.00 2.50 5.00 10.00 20.00 Aflotoxin B1 0.00 2.50 5.00 10.00 20.00  Aflotoxin B1 2 0.5 20 60 & 70
Positive Control Positive Control Positive Control 5 20 S gﬁ_
. . ) . 01— - 2 0.0 (] '
Concentration of TiO i i = 0.0- L0 0 . . : . . : T T
. . 2 . . Concentration of TiO, . - Concentration of TiO, ENM Exposure £ N NN M 2 Q Q:_f,: o Q:c’o NS @ N R
Figure 3: Comparison of (A) Albumin and (B) Urea production and (C) IL-6, IL-8 and TNF-a pro-inflammatory response post TiO, ENM acute (24hr) and long-term (120hr) © & v T , ~ >
exposures. Mean data (n=3) -~~~ -~~~ "7 [DQ;,] ugiem? B [PQ1,] ug/cm [DQ;;] ugicm?
mCPBI OMN Frequency Membrane Integrity )
A ECPBI OMN Frequency B1.60 _ - 250 :-°: 0s- 150 - Viability = Membrane Integrity
G t n .t 140 7 3.50 140 ) § 100 E 0.8 100 110+ Viability
3 2 0.6 e y
eno OXICI y 1.20 " 1 3.00 i 41 200 & E&‘U.ﬁ 100 © :;' 90 .?“ 0.6 L 80 100
S 120 ) C ¢ 3 2w F § 2  E g
< = 4 > ] - 60 = i
1.00 | 1 250 > 1.00 | 3 g 04 o < = 0.4 a 3
& ) o 41 150 5 o 3 70 3 (3 S 80-
c - o © F50 S, 60 3 40 S o
0.80 T {200 S @ 9380 | o 2 0.2 5‘31 s S N
[ ¢ 5 o [ T l s £ . L g 021 L 20 N
S 0.60 1150 i 0.60 r . . 1102 Z 0.0- Lo RN N S . 551
‘D 3 e S M ] o N® $ o < 0.0- - ' ' ' ' ' y N N
0.40 1 1.00 § 0.40 | 1 o050 § N RN 2 AN 4 [DQ;] uglem? it N Qq;? N2 Y o S S A N S A
0.20 1 0.50 § 020 ¢ S (Pl uolem [TiO,] ug/em? [TiO,] uglem?
s 0.00 ' ' ' ' ' 0.00
0.00 ' ' ' ' ' 0.00 000 250 500 10.00 20.00 Positive Bl Blue Dextran Bl TEER
0.00 2.50 5.00 10.00 20.00 Positive . .
] ] TiO, Exposure Concentration
TiO, Exposure Concentration Figure 6: Membrane integrity and cellular viability after a quasi-ALI exposure to DQ,, and TiO, 24 hours post-exposure (A and D), 48
Figure 4: Cytotoxicity (CPBI) and genotoxicity (micronuclei frequency) assessment using the CBMN assay post (A) acute (24hr) and (B) long-term hours post-exposure (B and E) and 72 hours post-exposure (C and F). N=3 subjects with all assays performed in triplicate. The data are
(120hr) exposure to TiO, ENM. Mean data (n=3) presented + SEM. Significance indicated within a cell type: * = p< 0.06 & ** = p< 0.01. presented as the mean +SEM.

Further development of the models
Specific organ dynamics need to be taken into consideration, including movement (i.e. breathing motion) and flow dynamics (i.e. blood-flow) via the use of 3D printing and cell types (such as immune cells)
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(Samantha Llewellyn 2019)

Conclusion:
Neither ENM, nor exposure scenario influenced the endpoints analysed. It is intended that following the successful development of such models, they can be used to establish
advanced in vitro testing methods that will contribute towards the reduction of in vivo testing approaches across toxicology and drug discovery research
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