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State of the Science

Exposure?

1 Research should be guided by materials that are likely to be
economically important

1 Obviously has driven EPA top 7
1 single-walled carbon nanotubes,
1 multi-walled carbon nanotubes,
1 fullerenes,
1 cerium oxide,
1 silver,
1 titanium dioxide,
1 zero-valent iron.
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The Problem is Much Bigger

Home Markets Products Partnering & Licensing About Bvident News Blog OQuantum Dots Explained  Applications  Product Support  Distributors

More than Technology

e Future is Evident.

TARGET MARKETS NEWS
-

Evident Technologies
Anhounces Company
Restructuring Plan

Qur LEDs and Lighting products, including evidot® LEDs and dotstrandm™
LED Lights, are the first consumer products enabled by quantum dot
techrnology. We provide new colors to solid state lighting, including 'tunakble’
white LEDs with full spectrum contral and high CRI capahility. Click here for
more information about our LEDS and Lighting products.

July 6, 2009

Evident Technologies announced a
filing in chapter 11 reorganization today
and has asked the Bankruptcy courtin
Albhany, Mew vork to approve a debtor
infinancing package of § 1.35 million.

Advanced Materials

Read more..

We are the practical pioneers in semiconductor nanocrystal development,
continually advancing the state-of-the-art while focusing on how our material
science relates to enahbling new products and markets. Click here for mare
infarmation about our Advanced Materials products.

Evident Technologies is on
MSNBC

April 14, 2009

Evident Technologies, Inc., today —
announced thatthe company was the
subject of a feature segment on

MSMBEC's "Your Business" program,
ariginally airing an April 12th.

Qur Security and b ]
applications includ

gplications. Click
i. ik

Life Sciences

ng products are used in a wide-range of security
r MightMarkere brand targeting near-IR, covert

or more information about our Se%:v products. Read more..

Key Patent for Semiconductor
Nanecrystal Synthesis
Announcement

February 8, 2009

Semiconductor nanocrystal structure

with @ metal layerwhich dramatically
enhances the brightness and stability
ofthe complex ;|

Evident Technologies is pleased to inform ourvalued custorme
Septemmber 23, 2008, the Life Science line of Evident Technolog
dot products will now be available as part ofthe eBioscience pa
tools for life science research. Click here for more information afout L|fe
Science products.

Read mare news

2008 We'd like to introduce you to one of Evident's newest products -
- the world's first consumer product to utilize quantum dot
technology.
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Clint Ballinger, CEO of Evident
Technologies holds a selection of
LED lights in this 2007 file photo.

(Photo by J.S. Carras)
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Nanomaterials in Research

1 From published literature it is clear the NP research increasing CNT 2x QD

1 How to quantify exposure in academics and industrial R&D?

Can they penetrate through my gloves?
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., ""ﬁ' R ' -4 Under what condltldhs may NM penetrate?
;"‘l;r# 2] What cell types do they associate with?

J

o A Can we quantify it?
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Skin Conditions Vary e

1 Different skin types (light/dark)
1 Follicular density Lademan2006

1 Different barrier defects
1 Mechanical cuts
1 Chemicals

1 Environmental (UV, microbes,
allergens)

1 Disease
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Hypotheses:

1. Size, shape, charge and surface energy are key NM
properties that determine epithelial penetration upon first
exposure

2. Composition, dissolution properties, and translocation
determine toxicity secondarily

Are current methods & models sufficient to prove this? — No
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State of the Science

Skin Barrier Status and NM Detection Techniques

1 Histology / Immunofluorescence
1 Slicing may introduce artifacts, slow
1 Background autofluorescence

1 Transepidermal water loss (TEWL)
1 Only accepted method
1 Measures inside-out barrier only

1 Franz/Ussing Diffusion Studies

1 TEM
1 Limited tissue analysis, slow, expensive
1 Skin structures are also dark and small
1 Need amplification strategy

1 Flow cytometry (FACS)
1 Quantitative with good statistics
1 Destructive

1 NIR microscopy 1 |
1 Major innovation and future " etk http://www.odakecza.com/bilder/reviscisondarm.jpg
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TEWL - UVB Induced Barrier Damage cece

TEWL Response to UVB Irradiation in SKH-1 Mice
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« UVB induced barrier impairment is quantifiable with TEWL quantified?
» Can this be correlated to QD penetration levels?
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DAPI/ Brightfield/
QD Fluorescence QD Fluorescence:

180mJ/cm? UVB
DHLA QD 620

360mJ/cm? UVB §
DHLA QD 620

Dose = (Exposure)x(Penetration)?”
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The Trouble Is...

Difficult to detect |solated particles above
autofluorescence background




And on TEM.......

i ]




Important Points

1 TEWL on UV-induced barrier (in vivo mouse) correlated with QD
penetration

1 Need to resolve TEM/Histology results
1 Whole tissue imaging preferred

1 Quantification of NM penetration via visible fluorescence above tissue
background is problematic
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Fluorescence-activated cell

sorting (FACS) ¥

Fluorescence intensity used to quantify NM uptake

(2.5

Fo.ld change QD _

« Measure 20000 cells 2 M
i QD applied to ex

. Quantn_‘y % of fluorescent cells or 15 vivo skin 24 hr
the relative fluorescence
magnitude relative to control 1

QDonly NairQD Tape

L strip QD)

But....uptake or associated?
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State of the Science - Models

1 Are tissue models appropriate (in vitro, ex vivo, in vivo)?
1 Are exposure methods relevant?

In vitro cell culture ubiquitously used to:
Screen NM cytotoxicty
Uptake mechanisms
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State of the Science — Models |:
Problem #1 - Dose
1 Cytotoxicity studies done at acute NP exposure levels far greater than
IS anticipated to occur.
1 Skin Cell QD toxicity >20 nM
1 107 QD/cell
_ il A a a A a K & - §
Is this realistic? £ so . D d
S ool
i 40
=
= 20r
0

Control 0.3125nM 0.625nM 1.25nM 2.5nM SnM 10 nM

QD621 Concentration
O024h W48h

B R G Cr e,
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State of the Science — Models
Problem #2 Validity

1 NM can interfere with standard assays used to quantify cytotoxicity

1 HEK line
b
i SWCNT ‘

Table 3
Percent difference of HEK wviability relative to HEK controls at the highest N
concentration

CB SWCNT Con nCsn QD-COOH

(04 mg/ml) (04 mg/ml) (04 mgfml) (0047 pgfml) (20 nM)
MR +108.9* +50.7* +17.9 +316* -216* Treatment (mg/ml)
MTT -1g3* -56.7% - 14.6% -4 ~-473* ONR EMTT 09 AQ  HaB CTB  WCTO
06 AQ -584* =-20.1* +3.1 =76 +3.8
aB -99.5* -63.7* -10.1 -02 -12.0 160 QD-COQOH 655
CTB -93.0% -52.7* -20 4% -5.0 +10.0 140
CTO -81.5* -82.5* -32.7* -1/4% -17.9

* Significantly | p<0.05) different from paired control,

Treatment (nM)
BMTT 096 AQ BaRB @ CTB BCTO
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State of the Science — Models

Ex vivo Tissue Models
1 Pig, human skin — they are different
1 Storage — frozen skin is dead
1 Application of materials — no standard vehicle
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QD Ex vivo Pig Skin Penetration| ss2¢

First studies (2006) demonstrated high permeability levels and surface
chemistry dependent.

565nm PEG Invitrogen 565nm PEG-amine Invitrogen 565nm Carboxy! Invitrogen

JP Ryman-Rasmussen, et al. Toxicol Sci 2006, 91, 159.



QD Skin Penetration

More recent work (2008) ex vivo porcine skin
suggests much lower levels of permeability

621nm PMAO-PEG, 24 hours

10uM

F o

100pms 0 S )0
Lm [..Upm. 1. ke . 100um

| ———

e Is it NM shape?
* Tissue processing?
 Tissue Type?
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NANO

200
LETTERS 2000
_ _ 2000
Effects of Mechanical Flexion on the vl ool
Penetration of Fullerene Amino 155-160 |
Acid-Derivatized Peptide Nanoparticles
through Skin
N _ _ Confocal Images
Jillian G. Rouse,* Jianzhong Yang,$ Jessica P. Ryman-Rasmussen.t
Andrew R. Barron,§ and Nancy A. Monteiro-Riviere™! Control 60 min Flex 90 min Flex

B =H (Baa, 1a); C(0)0OBu (N-Boc-Baa, 1b)

FITC
conjugated- NLS
(PKKKRKYV)

-

Intensity

29, UNIVERSITY+ROCHESTER



Science and Technology
Barriers s

1 Standardized NM and viability assays

1 Need to quantify tissue penetration at realistic exposure/dose levels
1 short-term/high dose vs. long-term/low dose

1 Need accurate models of barrier impaired skin (physical, chemical or
diseased)

1 Need methods to quantify tissue penetration

Fluorescent techniques need to be calibrated- what is the detection limit?
How does quantum yield of NM effect detection?

Need novel NM amplification strategies.

Need NIR-based whole tissue imaging (no slicing, larger sample)

Can we take advantage of NIR two-photon imaging?

""‘*"5" UNIVERSITY*ROCHESTER LisaDel ouise




State of the Science

1 NIR Tissue Window
1 Some NM exhibit strong absorbance in NIR

1 Two-photon excitation microscopy

Weissleder-Nat Biotechnol 2001,19,316.——

;E: = NIR window =
E 1
g
i,
E 0.0
400 500 600 700 B0 200 1000
Wavelength (nm)

UNI\ ERSITY«sROCHESTER LisaDel ouise




State of the Science

Wild and Jones Environ. Sci. Technol. 2009, 43, 5290-5294 (Lancaster UK)

TPEM used to image TiO,, CeO,, and MWCNTs in living wheat roots

Pump at 720 nm

Image MWCNT ex 710 nm, em 300-390 nm
Image TiO, ex 720 nm, em 410-600 nm
Wheat root ex 710 nm, em 500-530 nm

FIGURE 1. Unstained MWCNTs at the surface of a living root. FIGURE 2 Unstained aggregated Ti0; nanoparticles detected
Individual and "!1!1“’95“9‘3| MWCNTs are shown in orange, and and visualized using two-photon excitation microscopy and
the root surface is shown in green. The MWCNTs were autofluorescence.

delecled and |n1aged usulg two—phmun excitation microscopy

Discovered MWCNT plerces cell membrane and is a portal for transport of PAH
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QD Limit of Detection

=889 10" mw

Near-IR
Wavelength

F, = 500mwW

Q= Quantum S 2

Yield bl 5
Near-IR RN -

Wavelength B

E%E UNIVERSITY.f ROCH]:QTER

Tissue Scattering
%—st'z m Scattering Coefficient
z=Tissue Depth

S
Beam Waist

2

ro= radius of the laser beam

rqzd rqa= radius of the QD being illuminated

Lens Collection
4,%\/ W= 2,0(1— cos(sin™(3 NA)))
NA=numerical aperture
— 4IOrszo
B WQrg exp(-2m,'2)F,




Preliminary Data: Reflectance
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State of the Science — Models |:
Cytotoxicit
In vitro cell culture ubiquitously used to: s Inflammationy | g

* Screen NM cytotoxicty
» Uptake mechanisms

Oxlidative siress level

How useful are these results?

Hormal  Antl-oxidant defense Inflammation Cytotoxicity

B

Batch of test particlas to
be companed lor pro-

Nel's “Hierarchical Oxidative Stress oo .
Paradigm”

If a link exists between an in vivo disease (eg.
allergic airway inflammation) and a mechanistic
pathway at the cellular level (eg. oxidative stress)
one can use a cell line (bronchial epithelial cells, :
macrophage) for NM high-throughput screening. ﬂ#’ﬂgi

Approprinie call tlFﬂm (g,
wpithedlal, erdothabial,
Kidnay, liver, macrophage,
sic. |

wth g
mmmmumhwm [r s ——
with slécirically sclive malsces  poo oo,

LE&LL UNIVERSITY«ROCHESTER Nel and coworkers ACS Nano 2009 3(7) 1620.




CY Y

UV exposed, 24hr after COOH, cryosectio

*QD fluorescent evident in viable epidermis 40X
*What cell types do QD interact with?

8, UNIVERSITYROCHESTER el



UV exposed, 24hr after QD-COOH
Cryosection, DAPI

» QD fluorescence associated with cell nucleus

* Are these aggregates?
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State of the Science

What is the appropriate dose metric - mass, surface
area, particle number, composition?

Pulmonary toxicity

1 Oberdorster et. al. (2005) - particle surface area
1 Wittmaack et. al. (2007) -particle number
1 Warheit et. al. (2009) - chemical reactivity

Oberdorster G, Oberdérster E, Oberdérster J. Nanotoxicology: an emerging discipline evolving from studies of ultrafine particles. Environ Health Perspect. 2005;113:823—839.

Wittmaack K. 2007. In search of the most relevant parameter for quantifying lung inflammatory response to nanoparticle exposure: particle number, surface area, or what? Environ Health
Perspect 115187-194

Warheit DB, Reed KL, Sayes CM. A role for nanoparticle surface reactivity in facilitating pulmonary toxicity and development of a base set of hazard assays as a component of nanopatrticle
risk management. Inhal Toxicol. 2009 Jul;21(S1):61-67.
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State of the Science —reactivity | ¢

Cap Exchange of TOPO for Thiols to Make }Ds Water-Soluble

‘)

x\i
e R
Thar

CdSe
gpiifgﬁh new agent CdSe/Zns
TOPO capped with thiol

organic solvents water soluble

Langmuir 2008, 24, 9194-9197
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Absorbance Company B
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Fluorescence Company B

Photoluminescence (A.U.)
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