Integrated Approaches to Meet NanoEHS
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Disease — A Complex Process
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What Do We Want to Know? What Test Systems Should Be Used?
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Mauderly et al., Chapt. 4 in: Technical Aspects of Multipollutant air Quality Management, Springer. 2011
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Kuhlbusch & al. Partide and Fbe Toxcobgy 2011, 822
htpd/waw pattideandfbrexcalogy com/content'®/1/22 m PARTICLE AND
N 'IBRE TOXICOLOGY

REVIEW Open Access

Nanoparticle exposure at nanotechnology
workplaces: A review

Thomas AJ Kuhlbusch™®* Christof Asbach’, Heinz Fissan'? Daniel Gohler and Michael StintZ

e ~60 studiesin all, 25 studies in workplaces

e Area Samplers
e Number concentration & size distribution + STEM/EDS

e Need for standardization & harmonization of
measurements & approaches

e Collection of systematic contextual information

* Tiered Approach to understanding nature of exposures
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Sector

Nanomanufacturing:
Diverse, Dynamic & Challenging to Study

Functionality

Exposure situation

Market penetration

(%)

Average
number of

companies
per sector

Average Number
of potentially
exposed workers
per company

Number
potentially
exposed workers

Production of wet Fumed silica for strength | -  Mechanical mixing of nano-
. 10 190 8 152
concrete concentrates and - composites
Produc.tlon of TiO2 apd ZnO for UV (powder and liquid) with relatively Not applicable | Not applicable 4 12!
cosmetics absorption low energy levels
Paint production TiO2 for absorption of 20 112 17 37
pollutants
Paper production Nano cellulose for Not available
- 1 29 2 1
strength and durability
Plastics/synthetics Nanoclay or nano silica - Mechanical mixing of nano-
production for strength and concentrates (powder and granules)
durability, Ag for with relatively low energy levels
antibacterial effect, ZrO2 | -  Manual application of liquid MNM- 1 ]78 6.3 56
in scratch resistant enabled end products
coating
Tire production Carbon black as filler - Mechanical mixing of nano-
and nano silica concentrates (powder) with
for strength and relatively low energy levels 100 150 I 150
durability
Toner production Rheological properties Not applicable Not applicable | Not applicable Not applicable 90°
Total 498

Bekker et al, AnnHyg 2012



An Integrated Approach to Fast Track NanoEHS

CHARACTERIZE REALISTIC EXPOSURES Z“_:
| |
IN-VITRO Toxicity Assessment =
ose Estimates ~ Mech 3
VALIDATE OBSERVATIONS in ANIMALS / §
HUMANS




We started here....
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Nanoparticle Emissions from Commercial
Photocopiers
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Deposition Models & Dose: Linking in Vivo with In Vitro Dosimetry
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Khatri et al Part Fiber Tox 2013

Mass Flux 0.072 pg/(m?min)
&

Exposure time of 480 min=
8hr

l

Estimated lung surface
dose of 34.6 pug/m?

Nasal Cavity: 150 cm?
Deep Lungs: 140 m?

SA Lungs/Nasal Ratio =
~1.2 x 104
Deposited Fraction ~5x

Nose/Alveolar Dose (cm2)
~ 2,500x 10



Sample collection

A) The nasal cavity is misted over with saline using a disposable
plastic sprayer

B) Nasal lavage fluid is collected by
aspiration from both nostrils for
1 min each through a silicon tube

2.7 mm in diameter, and trapped in

mucous trap

C) Traps are connected with the small
portable evacuator

i»

A ﬂ :
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InIL-6 in Nasal Lavage
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o M M A 10 cytokines
overexpressed (10-2X):
2 G-CSF, IL-8, VEGF, IL-6, IL-10,
. MCP1, Fractalkine, TNF-a,
EGF, IL-1B
[ IFAS-MCR-1-IL-1a
, o A\Total Protein
Time . - Ll
351 . AInflammatory cells
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215
! b Khatri, Bello et al 2012
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>
lﬂ In vitro cytotoxicity and cytokine release

UMASS

10ug/ml :
polymyxine B —> |
treatment for
60 min

Human primary respiratory
epithelial cells

and THP-1 cell line exposed
PMO.I' PI\,|0.1-2.5

Particle collection
from copy centers

l 30 ug/ml
100ug/ml

300ug/ml
Cell Viability <—

Inflammatory cytokines <«—— ﬂ 6h < ’

|
DNA damage/ROS €— | ‘
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In vitro exposure

Gene Expression €
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Delivered Dose is Critical

[.2 7 | ENM Alpha
SWCNHs-ox | 0.010
N0 0010

| 1 [Pontex% [ 0.020
110,25 [ 0.082

Ce0, 0,46 “*NH
NN 3
" o N
& nAg “*nAg
=06
= MnOx
04 1 102
Printex
021 ~(e02
“+NI110

Time (hrs)

Pal et al (manuscript in preparation)

Printex 100 & Administered

120
ODepsoited
100
i
2 80 -
=
8
; 60 -
j<3
B y =-2.8027x + 97.008
g 40 | ¥ =-8.2431x+97.008
(=)
20 1
0 T
0 1 2 3 4 5 6 7 8 9 10
Mass (ug)
100 ¢ SWCHN-ox <& Administered
[=5S EDepsoited
80
z W * <
g 60 -
2 y = -2.4552x + 79.105
S 40
g y =-13.64x + 79.105
=)
20 1
0 -
0 1 2 3 4 5 6 7 8 9 10
Mass (ug)
120 TiO2 P25 < Administered
-I T EDepsoited
100 - =]
80 - =

% Cell viability
A o
S o

N
o

o

y = -1.7604x + 89.866 y =-1.7322x + 89.866

Mass (ug)




GM-CSF
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Delivered dose makes a

difference
c 6 hr time point
Photocopier Emitted Particles Ratio of Slopes Copier NP/CuO ~ 7x
1.0 CuO Particles . 15000
i
S y =93.21x + 1010.5 # Copier-
S 0.8 4 - R2=0.77 NP
o —E' 10000
L; S~ ECuO
7] 00
© Q
s 05 - : B
5 ® 5000 - y =12.929x + 371.43
2 > R? = 0.97
2 =
a 0.2 .
[}
D 1 I
0 50 100 150 200
0.0 L
12 24 Delivered Dose (ug/mL)
Time (h)

Administered | Effective Effective Lung equivalency CuO CuO

dose Dose at 6hr | dose at 24 6hrs 24 hrs

(ng/mL) 0.1x hrs, 0.2x

30 3 6 0.13 pg/mL 15 30

estimated
100 10 20 1.3 ug/mL at 6 hr, 30 100
300 30 60 0.6 ug/mL @ 24 hrs | 150 300




Annexin V' cells
(Fold change over control)

Apoptosis Results
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m DNA damage- Comet assay
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Gene Expression (RT-gPCR), 5ug/mL

Gene expression change in THP-1 cells at 6hrs
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PM, 1., s, Apoptosis in THP-1
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In vivo instillation study in mice done at Harvard, Prof. Demokritou’s group

Lavaged neutrophils 24 hours post-particle exposure
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Summary of cytokine production

Khatri et al 2013, Inh Tox

festoystem In Vitro (Fine particle dosing) In Vltr}(zéglt??gfgrtzigllesdosing) In Vivo
Nasal Small Airway Nasal Small Airway Nasal lavage of
THP-1 Epithelial Epithelial THP-1 Epithelial Epithelial Healthy Volunteers
Cytokine Cells Cells Cells Cells (Khatri et al 2012)
0 T T T 0 T
IL-8 sk sk sk sk s % s sk sk sk sk sk ok ok % sk ok
IL-6 sk - - s sk 3k - - sk sk ok
IL-1B % - - % % - % sk ok ok
GM-CSF - - - %k - * -
TNF-a % - ok ok * - % sk ok
MCP-1 - - - sk sk ok - - ook ok
VEGF - - - e sk %k %k %k
IL-1a - - - - sk 3k e -
G-CSF - - - - - - % sk ok
Fractalkine - - - % 5% - - %% %
EGF - - - - s 3k %ok ok ok ok
IFN-y - - - % - -




Inll_6

Chronic Exposures, NL
5 exposed in 3 centers; 2-3 weeks & 8 controls

Ln(IL-6)

Acute Exposure, NL 6
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Same picture for:
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A TNF-a
A  MCP-1

|

w1

W2

A 8-OH-dG
¥ G-CSF

Under-expressed

No change:
VEGF,
IL-10,
w3 Fractalkine,
EGF, IL-1

week_type

Exposed week 2

Exposed week 3 24



Destination Nano 2013: Creating the Next Industrial Revolution

Conclusions

Approach is generalizable

Suitable for a large number of life cycle
scenarios of nano-enabled products

t provides important context for risk and
nazard assessment to Nanotech companies

mportant methodological insights for in vitro
testing and comparative assessment

Currently used to validate FRAS BOD as a
screening assay
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Questions?

X 2012 DHIMITER_BELLO@UML.EDU



Laser Printer Emissions & Human Health

“International foundation nano Control” database
In Germany:

e 2,500 persons who claim to be sick from laser printer
emissions

* 90% report respiratory tract complaints, glossalgia,
chronic cough, rhinitis, and inflammation of the
throat, tongue and paranasal sinuses

e ~30% developed asthma

* Inflammation of eyes, skin, diffuse pain and loss of
hair



m The hierarchical oxidative stress model
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Response pathways: Normal Anti- Inflammation  Cytotoxicity
oxidant
defense

Signaling pathway: Nrf-2 MAP Kinase Mitochondrial
NF-xB cascade PT pore

Genetic response: Anti-oxidant AP-1 N/A
response NF-xB
element

Outcome: Phase Il Cytokines Apoptosis
enzymes Chemokines

Nel et al. Science 311, 622 (2006)



