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Need for in vitro nanoparticle toxicology models

® nanotechnology - a revolutionary impact on biology and medicine
® very little information regarding the toxicity of nanomaterials

® nanomaterials are utilized in numerous commercial applications where
dermal contact, inhalation, or oral ingestion is likely

® potential adverse effects of nanoparticle exposure include allergenicity,
cytotoxicity, and genotoxicity

® there are no accurate in vitro tools available to predict or assess the risks
of nanomaterials. EXxisting in vitro monolayer cell culture models provide
little correlation with in vivo situation.

® urgent need for in vitro tissue models that can be utilized for toxicological
evaluation of nanoparticle materials.
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Reconstructed Human Tissue Models
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Special considerations for working with nanoparticles

J Nanoparticle properties and their
toxic effect will be highly formulation
dependent.

- In vitro exposure conditions should
match in vivo exposure conditions
as closely as possible in order to
draw correct conclusions.

d Don’t want to underpredict or
overpredict toxicity.
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Results obtained in penetration and genotoxicity
studies with EpiDerm and EpiAirway
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EpiAirway — Lung penetration of nanoparticles

Z 10.57 ym

Z 10.56 pm

Apical
M +— syrface

49 nm Nanoparticles (24 hr exposure) 100 nm Nanoparticles (24 hr exposure)
10.5 pm below apical surface 10.5 pm below apical surface
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EpiDerm — Skin penetration of nanoparticles

Apical

Apical
<+ gsyrface

<+ surface

49 nm Nanoparticles (48 hr exposure) 100 nm Nanoparticles (48 hr exposure)
8.55 pum above basal layer 0.60 pm above basal layer
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EpiDerm — Skin penetration of nanoparticles

— EpiDerm 100nm Neutral 24 h
EpiDerm Control
A

4

EpiDerm 100nm Négative Charge 24 hr EpiDerm 100nm Positve Charge 24h ~ . % 1D

A. Control EpiDerm tissues, B. Neutral particles,
C. Negatively charged patrticles, D. Positively charged particles.

A . MatTek
Silvia Letasiova, PhD.




EpiDerm — Genotoxicity of nanoparticles

EpiDerm-200 SWCNT = single wall carbon
100 160 nanotubes
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80 /\\ ] UFTIiO = ultra-fine Titanium Oxide
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0 i . . l . . o MMS = methyl methane sulphonate
A No H20 Acetone SWCNT SWCNT UFTIiO UFTIiO Min-U-Sil Min-U-Sil MNNG MMS
treatment 48 96 48 96 1.6 16 0.05 18

Topical application: pg/cm2

100 140 Average patrticle size:
90 B 2 1 —4 nm for SWCNT,
80 _—T P P - 120 120 nm for Fn-C60,
) .
= | 450 nm for Min-U-Sil
< 60 %]
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= 50 T 2
— - 60 &
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40 —
20 =
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Nottreated Acetone SWCNT SWCNT Fn-C60 Fn-C60 MMS MMNG
B 48 96 48 96 18 0.05
Topical application: na/cm?2 mg/ ml
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Examples of other published nanotoxicology
applications utilizing EpiDerm, EpiDerm-FT and
EpiAirway tissues
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EpiDerm — Skin Irritation Screening of Nanoparticulate Cerium Oxide

3 SafePharm Laboratories, UK
Particle and Fibre Toxicology B0 Mad Centa

Fesearch Open Access

Initial in vitro screening approach to investigate the potential health
and environmental hazards of Envirox™ — a nanoparticulate cerium

oxide diesel fuel additive
Barry Park*!, Patricia Martin2, Chris Harris!, Robert Cuest3,
Andrew Whittingham?, Peter Jenkinson?® and John Handley3
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Peter lenkinson - pjenkinson@safepharm.couk; lohn Handley - jhandley@safepharm.couk
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Figure |

Manoparticulate cerium oxide.
® Results of the in vitro screening approach | e e e rovcebor 2 412 e parclesndibielexcology comtontEntT2
reported here with a limited nuMber of assays | | @ @@ e s s cusy
are clearly negative. T — Expomure trne (mint) e 0D,y Avibiy  Ergmim M
°Based on the available hazard data, these NEGHTIVE CONTROL o eas 10
studies do not raise any significant concerns R 2t Lz oz 0
for potential adverse human health or HORHANG €0 1200 V075 o736 Teee
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organisms to nano cerion oxide. 4 oo
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EpiDerm — Skin Irritation Screening of Nanosilica

Korea University, College of Medicine

Toxsoology 265 (2000) 178~ 1E1

e A A R Contanmts lists available at SciencelDirect =
AEy TONIGOLOGY

Toxicology ege

journal homepage: www._alsavier.com/flocateftoxicol

Short communication

Assessment of dermal toxicity of nanosilica using cultured keratinocytes, a
human skin equivalent model and an in viveo model

Yoon-Hee Park=1, Ji Na Kim=-1, Sang Hoon Jeong?2, Jae Eun Choi2, Seung-Ho Lee®, Byeong Hyeok Choi=,
Jung Pyo Lee<, Kyung Hee Sohn©, Kui Lea Park<, Meyoung-Kon KimP?, Sang Wook Son?a-*

2 paborarory of Cell Simnoling and Nonomedicine, Department of Dermatology and Ddvision of Brain Korea 27 Project for Biomedical Soience,
Korea University College of Medicine, Seowl South Korea

E pepartment of Biochemistry & Molecular Biology, Korea Universiry Colleze of Medicine, Seoul, Sowth Korea

= Nadonal rnstituce of Toxicological Research, Seowl, Sowth Korea

® This study was designed to determine whether nanosilica has the potential to cause acute
cutaneous toxicity, using cultured HaCaT keratinocytes (CHK), a human skin equivalent
model (HSEM) (EpiDerm), and in vivo model.

® Nanosilicas reduced the cell viabilities of CHKs in a dose-dependent manner. However, the
HSEM revealed no irritation at 500ug/ml of nanosilica. Furthermore, this result concurred with
Draize skin irritation test findings.

® The present study data indicate that nanosilica does not cause acute cutaneous irritation.

® Furthermore, this study shows that the HSEM used provides more useful screening data than
the conventional cell culture model on the relative toxicities of NPs.
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EpiDerm -FT— SKkin Irritation Screening of Single Walled Carbon Nanotubes
(SWCNTS)

NIOSH, USA
Tmcicology 257 (2009 1&1-171
e ~ Contants lists awvailable at SciemcalDiract =
ERa et _ TONIGOLDGY
R e Toxicology oy
. gjl - L

journal homapaga: www. alseviar.comJslocate/toxicol

Oxidative stress and inflammatory response in dermal toxicity of
single-walled carbon nanotubes

A.R. Murray =-P-*_ E. Kisin?, S.5. Leonard®, S.H. Young*, C. Kommineni?, V.E. Kagan~©,
V. Castranova?bt, aA_A. Shvedowva2b-+

® The authors hypothesize that SWCNT may be toxic to the skin (due to iron impurities).

® To test this hypothesis, the effects of SWCNT were assessed both in vitro and in vivo using
EpiDerm FT engineered skin, murine epidermal cells (JB6 P+), and immune-competent
hairless SKH-1 mice.

® Engineered skin exposed to SWCNT showed increased epidermal thickness and
accumulation and activation of dermal fibroblasts which resulted in increased collagen as
well as release of pro-inflammatory cytokines.

® These data indicated that topical exposure to unpurified SWCNT, induced free radical
generation, oxidative stress, and inflammation, thus causing dermal toxicity.
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Other Literature related to NP research & reconstructed tissue models

® Jeong, S.H., Kim ,J.H., Lee, S., Lee, J.P., Kim, J.H., Sohn, K.H., Park, K. L., Kim, M-K., Son, S.W. 2010.
Assessment of penetration of quantum dots through in vitro and in vivo human skin using the human skin

equivalent model and the tape stripping method. Biochemical and Biophysical Research Communications. 394
(3), 612-5.

® Carter, J.M., Kennedy, J.M., Oberdorster, G., and Clark, E.D. The Use of Fluorescently Labeled Nanoparticles
to Determine the Effect of Particle Size on Translocation From the Lung. In: The 43 Annual Meeting of the
Society of Toxicology; 2004 Mar 21-25. The Toxicologist, 78 (S1), 440. (MatTek TR # 347 — Available per
rerequest).

® BeruBe, K., Balharry, D., Jones, T., Moreno, T., Hayden, P., Sexton, K., Hicks, M., Merolla, L., Timblin, C., Shukla,
A., Mossman, B. 2009. Characterization of Airborne Particulate Matter and Related Mechanisms of Toxicity:
An Experimental Approach. In: Maynard, R.L. editor. Air Pollution and Health. London, UK: Imperial College Press.
p. 69-110.

® Chalupowicz, D.G., Frankowski, R., Sanchez, Y., Kou, J., Barnette, M., and Walsh, P.T. Cellular Responses of
Primary Human Bronchial Epithelial Cells to Whole Cigarette Smoke Exposure. American Journal of
Respiratory and Critical Care Medicine, Abstracts Issue 177, Abstract nr PA199. (MatTek TR # 482 — Available per
rerequest).

® Walsh, P.T., Chalupowicz, D.G., Frankowski, R., Barnette, M. Exposure of a Multi-Cellular In Vitro Model of
Human Airway Tissue to Whole Cigarette Smoke. American Journal of Respiratory and Critical Care Medicine,
Abstracts Issue 177, Abstract nr PA728. (MatTek TR # 481 — Available per rerequest).

® Weisensee, D., Kurkowsky, B., Hebestreit, M., Wagner, S., and Schueller, J. In Vitro Exposure of Organotypical
3D Epithelial Tissues to Cigarette Smoke as a Potential Alternative to Rodent Inhalation Studies. Poster
presented at: Society of Toxicology 50th Annual Meeting; 2011 March 6-10; Washington, D.C. (MatTek TR # 642 —
Available per rerequest).
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CONCLUSIONS

1.
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Nanomaterials are able to penetrate into NHu-3D tissue models
EpiAirway and EpiDerm.

Nanoparticle penetration into EpiDerm tissues is charge-dependent.

We observed dose-dependent increase in %Tail DNA after treatment
EpiDerm tissues with: single wall carbon nanotubes (SWCNT),
Fullerenes C60 (Fn-C60), ultra fine titanium oxide (UF-TiO,) and Min-
U-SIL-5.

Organotypic in vitro models of human skin (EpiDerm, EpiDerm-FT)
and airway (EpiAirway, EpiAirway-FT) have been successfully
utilized for a variety of nanoparticle research applications.

Results suggest good correlation with in vivo data.

In vitro organotypic models appear promising for in vitro
nanotoxicology applications.
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