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Biosafety of Nanoparticles
Our Approach

= |s there a need for concern?

= Nanoparticles are being used in many industries

= A variety of shapes and surface chemistry exist at this time- little is known about
the effect of nanoparticles on the host

= (Carbon nanotubes have shown asbestos-like health risks
H = (Colloidal silver ingestion causes argyria
I = Pharmaceutical, biological research, medical applications
= “Wait and see” methodology not acceptable

= Exposure and fate both very important considerations

= \What do we want to know?

= [f biomedically-relevant nano-materials can cause damage to cells, cell pathways or
genomic DNA

= [f DNA damage correlates to organ specific effects or cytotoxicity
= How are we investigating the concerns?

= Building on a suite of in vitro cellular assays for hazard assessment of nanoparticles

= Prescreening biomarkers in vitro which might translate to in vivo biomarkers of hazard
assessment

= Predicatively modeling cellular effects of nanoparticles APL
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Need for Concern?

Industrial Problem:
Nanoparticles May Not Be Eliminated by HEPA Filters

How HEPA filters work: High Efficiency Particulate Air Filter
99.9% efficient at 0.3 micron

Filtration Mechanisms
There are four basic wavs media captures particles:
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particles are heavier than the fluid surrounding them. As the fluid changes
direction to enter the fiber space, the particle continues in a straight line |

and collides with the media fibers where it is trapped and held. =
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particles are not held in place
by the viscous fluid and diffuse within the flow stream. As the particles
traverse the flow stream, they collide with the fiber and are collected.
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size that are not quite large

enough to have inertia and not small enough to diffuse within the flow
stream. These mid-sized particles follow the flow stream as it bends
through the fiber spaces. Particles are intercepted or captured when they
touch a fiber.
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Need for Concern?

Nanoparticles: Protection? Fate? Elimination?

Nanoparticle size and respiratory disposition

(Maynard and Kuempel, 2005)
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Table 1. Biodistribution and renal filtration as a function of hydrodynamic diameter

& Figures and tables index

Molecule MW (kDa) | HD (nm) | Urine/blood filterabiity | Blood half-hfe Whole body halfife Ref,
(%) (min) (h)
Inuiin 5 30 100 9 14 1819
Lysozyme 15 34 80 12 13 2021
Myoglobin 17 34 9 20 20,22
S0y 30 2 1l 14 2
53 -
Bernce-Jores 4 ; 1§ - 30 23,24
Fab' 50 6.0 gl 40 420
SalFil, 60 ; Oé - 7 51 5
Has 67 2 0.3 110 160 2
13 -
[se(Fi)y Ly 120 g 3@ - 170 X 5
e 152 110 0.1 30 730.0 520
3 nkmown HDs were calculater Lsing the Tollwing power law it to terature valies: HD = 4 W8 + ¢ MR, where 4 = -
0.00000000261¢, 8 = 3,326, € = 0.9482 and D = 0.500L: & = 0,999, KD, fiydrodynamic diamater; MW, molecular weight,

...and cannot be eliminated by
filtration in the kidneys
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Barrier Capacity of Human Placenta for Nanosized Materials
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BACKGROUND: Humans have been exposed to fine and ultrafine particles throughout their history.
Since the Industrial Revolution, sources, doses, and types of nanoparticles have changed dramati-
cally. In the last decade, the rapidly developing field of nanotechnology has led to an increase of
engineered nanoparticles with novel physical and chemical properties. Regardless of whether this
exposure is unintended or not, a careful assessment of possible adverse effects is needed. A large
number of projects have been carried out to assess the consequences of combustion-derived or engi-
neered nanoparticle exposure on human health. In recent years there has been a growing concern
about the possible health influence of exposure to air pollutants during pregnancy, hence an implicit
concern about potential risk for nanoparticle exposure in utero. Previous work has not addressed the
question of whether nanoparticles may cross the placenta.

OBJECTIVE: In this study we investigated whether particles can cross the placental barrier and affect
the fetus.

METHODS: We used the ex vivo human placental perfusion model to investigate whether nanopar-
ticles can cross this barrier and whether this process is size dependent. Fluorescently labeled polysty-
rene beads with diameters of 50, 80, 240, and 500 nm were chosen as model particles.

RESULTS: We showed that fluorescent polystyrene particles with diameter up to 240 nm were taken
up by the placenta and were able to cross the placental barrier without affecting the viability of the
placental explant.

CONCLUSIONS: The findings suggest that nanomaterials have the potential for transplacental transfer
and underscore the need for further nanotoxicologic studies on this important organ system.

KEY WORDS: barrier tissue, ex vivo perfusion, human placenta, nanoparticles, nanotoxicity. Environ
Health Perspect 118:432-436 (2010). doi:10.1289/ehp.0901200 available via http:/idx.doi.org/
[Online 12 November 2009]

size and shape to risk?
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Research Question: What is relationship of chemistry, nanoparticle
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Need for Concern?

Hazards of non toxic dust: Effects may not be acute

= Pulmonary alveolar proteinosis is a
rare disease in which a type of
protein builds up in the air sacs
(alveoli) of the lungs, making
breathing difficult

= |n some cases, the cause of
pulmonary alveolar proteinosis is
unknown

= In other cases it is associated with
infection or an immune problem

= [t also can occur with cancers of
the blood system, and after
exposure to high levels of dust

= This rare disorder generally affects
people 30 - 50 years old and is
seen in men more often than in
women
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How are we investigating?
Suite of Assays and Cells

" Assays- Cellular Screen

= Acute measures of toxicity

= MTT Assay- cellular metabolic activity
= Live/Dead Assay- cellular membrane integrity

= [ong-term measures
= DNA Ladders; Flow Cytometry (Annexin-V)- apoptosis/ necrosis

= Flow Cytometry- Cell cycle analysis/ growth kinetics
= Cytokine Detection Assay- multiplex immunoassay for human cytokines

= Cells Lines

= HL60- promyloblast- peripheral blood

= THPI- monocytes- peripheral blood

= HepG2- hepatocyes- liver

= AS549- alveolar epithelial-lung

= MCF7- breast adenocarcinoma- mammary gland

APL
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Nanoparticle Variations

Nanoparticles are significantly different in all aspects

Our studies will consider the following distinctions in particles:
= Composition

= Size

= Shape (aspect ratio)

= Surface charge

Initial Studies:

* Gold nanoparticles characterized by NIST
= 2nm,10nm, 30nm, 60nm

= Results shown for HepG2 and A549 cell lines
Follow up Experiments:

= Comparison of Carbon nanotubes and Fullerenes
* Immune cell responses to incubations

= ROS Evaluations

APL
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Results:

MT

ASSAY 24H-72H

Assay results shown up to 72H of incubation with nanoparticles- little death observed compared to positive control
(cell death induced by H202)
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Results:
LIVE /| DEAD ASSAY 24H-72H

Assay results shown up to 72H of incubation with nanoparticles- little death observed compared to positive control
(cell death induced by H202)

24 H Live Dead- 10, 30, 60nm Gold 72H Live Dead- 10, 30, 60nm Gold
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The Inflammatory Response
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Results:
17-Plex Cytokine Assay

Cytokine Concentration, Gold Nanoparticle Challenge
(72hr)
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Results:
17-Plex Cytokine Assay

. . Cytokine Concentration, LPS Challange Compared to Gold Nanoparticles
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Results:
Prescreening Biomarkers In vitro and Predicative Modeling

= |nvestigation of cytokine responses using modeling is necessary
for prescreening of potential biomarkers

* When placed into model

= Analyzing cytokine assay data- noticed that response values
for 2nm and 30nm particles were less then for 10nm and for
60nNm

= This was noticed for almost all cytokine assays

= Selected IL-7 assays have the same distribution of values
(expected that the response value should increase with
decreasing or increasing nanoparticle size)

= \Wanted to find any rule for experimental data distribution
and then find parameters that change noticeably with the
cluster size increasing

= By analyzing the data for IL-7 assay -found some interesting
%’[ ¢ 11%Igt @&ogggggucted by:
Interdisciplinary Center for Nanotoxicity ~ Jackson State University
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Results:

Prescreening Biomarkers In vitro and Predicative Modeling-
In silico approaches

Physical

: Toxici
Properties g axicy

= SARSs: Structure-
Activity
Relationships

=" QSARSs: Quantitative
Structure-Activity
Relationships

Environmental Biokinetic
Distribution Parameters

Modeling Effort Conducted by:
Interdisciplinary Center for Nanotoxicity ~ Jackson State University
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Results:
Prescreening Biomarkers In vitro and Predicative Modeling

= 3-dimensional plot of data- difficult to see regularity

Surface Plot for IL-7 cytokine
assay

60.0 0.0 Oof‘o

Modeling Effort Conducted by:
Interdisciplinary Center for Nanotoxicity ~ Jackson State University
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Results:
Prescreening Biomarkers In vitro and Predicative Modeling

= When plotted on one axis, can see a sinusoidal Cytokine sesay L7

curve, which is gradually damping 1200
= Looked for equation to fit the curve o B
= Among several thousands curve fitting functions .

we found the following: 800 ¢ .

§ ‘ ¢ * L v e

Y (1L7)=7.88E-03-(X,2-ATAN(X,))+3.64-(COS(X,) £ L

ATAN(X,))+3.64 .

4

= where Y(IL7) is response variable, IL-7 cytokine 200

assay values, X, — gold nanoparticle size in nm, ’

X, — concentration in nM 000 :
= Need to check robustness of this equation with WPy w® 3828 %8 %33

experimental data for other sizes of gold g * 3 °° s ©” g o’

nanoparticles

Au cluster, size+concentration, nm+nM

Modeling Effort Conducted by:
Interdisciplinary Center for Nanotoxicity ~ Jackson State University
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TEM Images of Gold Nanoparticles:
Incubated with cells
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Conclusions:

= Well characterized gold nanoparticles have shown little/ no effect in acute
toxicity assays

= Further testing is scheduled for more cell lines and various types of
nanoparticles

= Data from follow on experiments will be compiled into the database for
continued modeling for prediction of relative risk of well characterized
materials

= Disruption of cellular pathways and biomarkers of exposure will be used to
develop predictive monitoring tools
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