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What is Nano? 3

Nanotechnology:

“Research and technology development at the atomic, molecular or
macromolecular scale leading to the controlled creation and use of structures,
devices and systems with a length scale of approximately 1 — 100 nanometers
(nm).” (Source: National Nanotech Initiative)

“Whether a material or end product is engineered to exhibit properties or
phenomena, including physical or chemical properties or biological effects, that
are attributable to its dimension(s), even if these dimensions fall outside the
nanoscale range, up to one micrometer (1,000 nm)”(US FDA)
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Optical
engineering and
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Electronics

Biomedical and
drug delivery

Agriculture
and food

Cosmetics
and paints

Biotechnology

Interface SOence and Techadiogy, Vol 28,
Mg/ /S o101 01 E/BITE0-12- 8135850000083

Silver
nanoparticles
are used as
anti-microbial
materials

: commonly used o nanoscale
structural

- ! in cosmetics TiO, or
materials \";/ Zn0,

=9= Liposomes and 2  Sunscreens
nanotubes > --s.\ emulsions are ;% contain
are used as — f - d‘
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Chantecaille Nano Gold
Energizing Cream

Trucare Nano Silver Toothpaste
Anti Bacterial, Fights Ulcers
Canker Sore

Melaklear Nano Alpha Arbutin
Anti Melasma Spots SPF20 Skin
Lightening Cream

L
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Research In Beauty Nano- Acz Nano Zeolite Extra Strength-
Complex Keratin Gold Shampoo Detoxification Supplement

Source: Guptalote, Jounct of Ervironmentol Pethology, Tomcology ond Oncology, 37(3):209-230 (2018)
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> 800 companies worldwide use nanotechnolog% NCL

Nanotechnology Products, Applications & Instruments

(Links listed alphabetically)
AIB|CIDIEIFIGIH|IIJIKILIMINIO|IPIQIRISITIVUIVIWIX]|Y]|Z|AN
Showing results 1 - 25 of 898

AngstrEm Aerospace Corporation (Sweden)
Angstrom Arronpace Corporation mission is to develop and provide produects, induding
services based on state.of.the.-art Micro-ElectroMechanical Systems (MEMS) and
narotechnologees. Using adhvanced 3 dmmensional water level packaging, Angstrom
Artrcspace enables JD-System-in-Package modules that enables unprececdented
possibilities to combine micro-slecttoncs and MEMS sersors/actuatoes

10 Angstroms (UsA) Neve:
10 Angstroms is dedicated 1o bringing innovathve systems and equipmen:t to the Subscr

narotechnology R&D market, The compary provides both sales representation and servic 99 &l
for acvanced instrumentation companies,

https://www.nanowerk.com/nanotechnology/nanomaterial/products_a.php
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Potential Routes of Nanoparticle Exposure

TARLE 1 Machanuat of engimeered nanoparticle tocy

Mechanisms of toxichry

Reference number

Drerect mtracellulas entry 119
Cellular uptake Cell membeane bandmg ] 120 |
, | Uptake thrcugh retxculoendothetsal systems | 121 .
Relrase of more reactive soasc Sorm from nanopartacle surface &0
ROS genentioa, coodatve stress 24 122
Laped peroodaton 32, 34
Catalytc activity Protemn dematuratyos 123
Infammaton 33,124
Endothelial dysfunction 123
Manoebondnal porturbanon 126
Genotoosenty DNA dasaage, ssststioes i3 48 127
P ori Phagocytie funetson smaasrment 128
Altered cell cycle regulation 36

Source: Guptalite, Jowunct of Environmental Pothology, Toxkology ond Gncclogy, 37(3):209-230 [2015)

= Exposure to industrial and environmental
nanomaterials may impact human health
= Many reports in the current literature
about mechanisms of nanoparticle toxicity

Source: Sterm ST.EAMcNE S TOOCOLOGICAL SOENCES 101(2), 4-21 [2008)
S 10,109 3N oI 1 69
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Nanoparticles for Medical Applications
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Properties attractive for medical applications

* Improve solubility of hydrophobic drugs

* Multifunctional capability

* Target tissues and cells affected by disease

Applications

* Gene therapy

* Drug delivery

* Immunotherapy

* Tissue engineering

* Diagnostics

* Devices

* Image-guided surgery
* Imaging agents
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Rudeacmrtivy, G. R and M. K. Swamy (2018) J95C fournal of Siclopical incopansc
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Evolving Landscape of Nanotechnology ProduciNCL Nanotechnology

Global Nanotechnology Market (2015) CAGR rates (2016-2021)

* Environmenta « Biomedical
= Electronics » Consumer
« Consumer = Electronics
Those graphs ove prapoved baaed oo the Bavivass ovohtivol repoct by Somming 5, BCC Revesch (204
Global Nanotechnology Market in 2015 was Biomedical Applications of Nanotechnology
dominated by environmental, electronic and are predicted to have the highest S.year
consumer products compound annual growth rate by 2021
(1972-2015)
« Liposome « SilicaNP
= Nanocrystal « Drug-lipid complex
= Emuision * Drug-metal complex Liposomes, Nanocrystals
= lron-polymer complex = Protein NP and Emulsions dominate
= Micelle * Drug NP current nanomedicine
= Drug-protein complex = Solid liped NP landscape
» Drug-polymer complex » Nanotube
= Dendrimer Metal-protein complex
« Polymeric NP Metal-nonmetal complex
= Nanobubble Metal-polymer complex

O M0 SR o, Notusw Nosstechookogy, Ane 2047
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g r0 # rvestganons (118 Tou) Common features of Nanomedicines:
= 8 Commeceist (71 Torsl) « Primary market is cancer therapy
<0 = Intravenous administration
0 +« <350 nm in size
g > Nenooryarel = Neutral, hydrophilic surfaces
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Moan e of Nanocomponent (mm)

AMLL. Etheridge et al / Nancmediane: Nasotedhnoiogy, Biclogy, and Medkciae 9 (2013) 224, ¢
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Chemotherapy benefits

Benefits: chemotherapy
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RESEARCH Open Access

Comparison of safety and toxicity of liposomal
doxorubicin vs. conventional anthracyclines: a
meta-analysis
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WEE G DSsPE Liposorre

Doxil (doxorubicin
formulated using
PEGylated liposome) is
less cardiotoxicthan free
doxorubicin
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Immunotherapy
Benefits: Immunotherapy I NCL [n3a5ethasiogy
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Doxil improves efficacy of
cancer immunotherapeutics in
CT26 mouse model of colorectal
cancer

The Immunotherapy Opdivo & Abraxane for Recurrent HER2-Negative

Metastatic Breast Cancer

A Phaso 1 Opon-Labol M or TN !y N nabd (BMS
936558) in Combuwnabon Yl o axe] F < Ay ¢ Ol M
FPa ) C vab-Fa ol /S Ca " » SLoge Nk NS
4 I ear ‘ MNob-FFPo 1 X ) F re LR of Bre W
' 5 173 J

Abraxane is investigated in

combination with a-PD-1 in

clinical trials for metastatic
breast cancer




¢ * Characterization

Benefits: Gene therapy 3 MOt |

Laboratory

% NCL

Benefits: Gene therapy N3AStethasiogy
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Liver TTR protein Amyloid deposits
Transthyretin (TTR) is a protein A gonatic mutation in the TTR gene Amyloid deposits build up in
peimarity made in the Bver causes the TTR protein to form differont parts of the body,

chlustors known as amylold deposits
https:f/vwww.onpattro.comfhow-onpattro-works

ading 1o symptoms of hATTR
amyiosdosis
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Mechanism of Action:
* Activates Both CD4+ and CD8+ T-cells
+« Stimulates Type | interferon response
« Alters tumor micro-environment
PDS0101/Versamune®
Product Indication Partner Combination Status
Head & neck cancer
First ne treatment & 9 MERCK KEYTRUDA® Initiate Phase 2 1Q 2020°
Recurrenymetastane g
PDS0101 e Novel ~
(HPV.Cancor) Advanced HPV cancers ) === Sl Initiate Phase 2 1Q 2020
Cervical cancer Chemo-
Stage 1Ib-IVa raciotherapy Phase 2 ready

* Nanoparticles (lipoplexes, polyplexes, liposomes) were shown to improve vaccine efficacy
«  One example of such platforms is shown on this slide

=  Versamune platform is being explored for combination therapies
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Benefits: lymphatic delivery /
* id. injection
(:. C ~ * Examine draining lymph nodes
a » Draining lymph nodes

100-NPs

Injection Site

\

100nm

25nm

Smaller partacles travel through iymmphatics. Larger particles do not.

Reddy ST et al, 3ad Hubbell JA. (2007) Nanre Boctoch , 25 (10)1159-1164

* Particle distribution to lymph nodes after i.d. injection depends on their size
* Lymphatic delivery benefits vaccines, HIV and infectious diseases therapy




Toxicity
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Concerns: Toxicity 3¢ NCL

Formulation Biodistribution Toxicity

Doxorubicin HCI Bona Ma
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» Cardictoxicity

= Both nanocarrier and API can be toxic
= API toxicity can “relocate” depending on the particle biodistribution
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Immune system
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Nanoparticles and the immune system % NCL

Nanoparticles and the Immune System

Stranger

Nanoparticles Bearing Foreign Epitopes,
Made of or Targeted with PAMPs

Nanoparticles Bearing Repetitive Structures
(Break of the Immunological Tolerance)
Unfolded Proteins

Nanoparticles Causing the Release
of the Danger Signals
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Bidirectional communication

Bidirectional Communication between 9 NCL
_Nanoparticles and Proteins
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upsl.'ﬂﬁ'-'-aﬁu“ Influence on Change in Interference
and Uptake Particle Physicochemical Dissolution with
by MPS Distribution Characteristics Targeting

Nanoparticle

Interaction with .- Formation A 4 Changes
Coagulation 2“*""’“':"“ of | | of Amyloid ““"“Eﬁ““'“ to Protein
Factors omplement | | o, tures or Loes Stability

Binding of proteins to nancparticle surface result in changes in particle properties
Properties and function of some proteins may also change after binding to the nanoparticle




Protein binding

Protein binding affects particle size % NCL |nEicteshicioay
BEFORE
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Incubation with human plasma increases hydrodynamic

size of nanoparticles
Dobrovalskalo ef al, (2009), Nenomed, Nanotechnol, Biol, Med,, S:106-117.

19



Biodistribution

Protein Binding and biodistribution 3 NCL |Niaoiioiooy
in vitro in vivo
Protein analysis TEM analysis of particles uptake by
by 2D PAGE . macrophages

X
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Uncoated 3 . iy
nanoparticles ! .S é
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PEG-coated ! ‘ AN ’ M SRS ot 0 ‘

nanoparticles 2 2 e

- Particles which bind proteins are eliminated by MPS
- Particle surface protection (e.g with PEG) reduces protein binding and MPS
« Good correlation between in vitro and in vivo




MPS uptake

MPS uptake
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Capture

P @Tumor
&
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Hijacking

>

/' Tumor ’

Liver

Monocytein

Bloodstream

D

/)

Spleen

=

Two theories about nanoparticle distribution to the MPS

Capture — uptake by phagocytic cells in the tissue

Hijacking — uptake by circulating phagocytic cells which then take the particle to tissue

Zamboni et al, Handbook of Immunological properties of engineered nanomaterials{2016). V3



Macrophage polarization
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- Macrophages can acquire distinct functional capabilities depending on the
types of activating stimuli they are exposed to

« Classical M1 macrophages (efficient at killing microbes)

- Alternative activation M2 macrophages (efficient at tissue remodeling
and repair)

S Mo B R
Namopastiche Owerall Sire CODSC DAY L IMLAL LY aNOSNO ROS CDiIsy IL-30 TCFg  Asginme-l Reference
Type Polartzstion Range CDss IL-2VINY-a Cenmsation CDX0%
Flfect (mam)
Selkca M1 Lo 103000 NoChange Inovease Increate wreae No increace ¥ e
Coaange
Cola Mi-lake 100 NoChanze Inweaw Increate wreae . Dvcoesne - 0. 0TS
Foly mevic M2Low O Decivaie Dvitvase Dwivase Dectvase Ixrese ixcivase Decivase useass T |
Camene MI-dake IO 20000 Envrease e L ycate Ircate Decreate Decorane Decrease Incvease b |
Polymer
Liporomne M2-Lake O - Decvease No No Change Indreace  Indrease - Iniwease . 9.
< N,\:;f
Carhon Midde FO000 Barease I teare s teniw Detemie Intvae Iniease No b tene f103-111)
Chuanpe

Metalue M1 L 2020 Inrease intease Increare wreasie Durease InCrease Inctease 106129 L3 AN

3. 142
Trom Ouide Midake O 50 v reare Incweass I gerate S Decoeare lncreanes . Decroae (350 152, 158 155

161 162, 145 174)

Reichel D et ol 2019; 3(1): 66-88. doi: 10.7150/ntno. 30052
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Cationic Liposomes induce broad spectrum of 5 NCL}‘,.AA.M..‘_

cytokines

Cationic Liposomes

THNHF a) oftenleadsto side effects(necrosis at
theinjectionsite)

|iFre |i- 1 I-18 | (125 | (1= I-10 Imcr-1 |miria [mar1g |RanTres  [rrFo
- Ean ot Ean ot - - - - - Ean ot Ean ot >~
- >~ >~ - - > > > > >~ >~
- >~ >~ — — -~ >~ >~ >~ >~ >~
- > > >~ - > >~ - > >~ >~
Detected
cytokines IL-1ce IL-12 IL-6 TR IL-10 IL-B  |MCP-1|MIP- 1| MIP-1 B|RANTES
Group: cytokines chamokines
Detected =3
dangersigmals| MMP-1 | MMP-7 | MMP-9 | - Lposoma A
. =
Group: meatalloproteinases g 19
[
= Cationicliposomes induce wide range of pro- 10
inflammatory resporses
=  While cytokines are neededfor adjuvanticiy, o
[ i -ls b ] 1 2> 3 .
excessive secretionofsome ofthem (e.g 10 10 10 10 10

FL1H

Oxidative stress &5 underlying mechantm




Anionic liposomes
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Anionic liposomes induce chemokines 3 T\leu

800 =725
800
-
&R ~
= 00 & 300
— >00 =)
) TR = 200
0 0 -
NC P-1 ILP2 P2 1P3 LPS LP6 LPRS LPS+MNAC
40
£ 30
=23
2 E
8
o= .810
® o — — . .

P1 P2 L4 LP3 LS PG

= Induction of IL-8 by liposomes follows induction of oxidative stress and can
be prevented by antioxidant N -acetyl cysteine




Nucleic Acid Nanoparticles induce IFN
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RMNA nanoparticles
are more potentthan
DM A nanoparticles

Globular particlesare more
potentthan planarthan

Larger particles are more
potent theirsmaller
particles

fibrous particles

MHamg . of o, Nowoderffors 2028 .
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Hemolysis

Composition Terminal groups Effects of Size
SR G+0.5

30
H O 25
QO Ny—"0oH 2 20
- =T D. - - E 15
Tl Succinamic Acid =
P = 10
L YF s
e =—" O—NH2 (| | e NC PC G3-NH2 G6-NHZ
s _:r-; Amine Effects of Surface Charge
i T A
et e O e . P85 5%
EDA core 0
PADM AN =
. Q—“N—OH £ -
Dendrimers H s
[T} =
G3-G6 Ethanolamine :
i
= Cationic dendrimers are more hemolytic than their anionic s
and neutral counterparts of the same size . D - i ro
*»  Larger dendrimers are more hemolytic than smaller NE s . COOH O
ML data

MC = negative control;; PC = positive control; EDA = ethylenediamine; PAMAM = polylamidoamine)

ut



Coagulation system
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Coagulation system

Nanoparticles can be engineered to avoid or specifically interact
with coagulation system.

S

N Vs G 2
DIV - e
\ r AL LD e " S
< / - r B
o— ~p = T =5

\ Procoagulant / P LT "“ Arhticoagulant /

y AENC e

. BAD ‘ BAD

-

. |
/ Blood Flow \
/ Coagulation Factors

i
’

Endothelial Cells, Platelets \

Minskaya A& Dobrovolskaia MA. Handbook of Immunological properties of Engineered Nanomaterials (2016), Vol 2



Zeta potential
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Platelets: role of zeta potential

8

100
g

aaf
o

5% Platelet A
SEEE
$5:533583¢

=
0

8

PBS Collagen 100 75 50 25 12.5 o

— —

GS-MHZ2 FAMAM 100 pg/ml., % of surface amines

Zeta Potential is important
Less surface amines = less platelet aggregation




Infusion reactions
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= Infusionresctiors (IRs]) arethe common Immune mediated Adverse Effects of lipcsomal drugs

= Clinicalsigre of IR varybetween patients andinclude one or more ofthe followingsymptome: flushing,
urticaria, rash, pruritus, shortness of bre ath, asthma, bronchospasm, apnea, hypotension, tachycard a,
facial swelling, ighthessin the chest and throat, headache, chilks, chest pain, back pain, fever, cyanosis
orsyncope

= Themore rapidly areaction develops,the more severeit is lkelyto be
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Infusion reactions

First Generation Liposomes & Infusion Reactions
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Activation of complement, and complement-dependent

and —independent induction of cytokines underly IRs to
liposomes
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Srebeny J of al. Nature Nenctechaclegy, 2018

= Infusion reactions to PEGylated liposomes fit Gell
and Coombs classification for Type | HR, but
mediated by complement instead of IgE
« These IRs are often called anaphylactoid,
psaudoallergy or CARPA
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Cranan-Ahen et of, (2003) Avns. ool 14:1430-3437



2"d generation liposomes

2nd Generation Liposomes Overcome Infusion % NCL Alliance .
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Allergenicity
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Allergenicity: DTH to dendrimers 3 NCL [Nansiethisioay

A case of toxic epidermal
necrolysis-like
dermatitis evolving from

contact dermatitis of the
hands associated with
exposure to dendrimers

Contact Dermatitis 2008: 59: 122123

T. Toyama, H. Matsuda, |. Ishida, M. Tani,
S. Kitaba, S. Sano and |. Katayama

Department of Dermatology, Course of
Integrated Medicine, Graduate School of
Medicine, Osaka University, 2-2 Yamadaoka,
Suita, Osaka 565-0871, Japan

* Only one case of necrotizing dermatitis (type IV reaction) in response to dendrimers is reported in the
literature: fever, chills, exudative erythema and fused bullae (Nikolsky’s reaction)
* The mechanism is unknown



Immunogenicity
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Immunogenicity % NCL

ENM approved for clinical use
which resulted in antigenic

response
None
Research-grade ENM *
for which antibody was generated =
CE0 ' EMNM car_ry'tng T_hF"r
Cc70 4 and resulting anti-ENP
swcNT | * Nanoparticles Can Be Engineered To: Lpnnse
PAMAM-dendri - Be (non)immunogenic one
Liposome = Reduce imunogenicity of therapeutic proteins

=  Enhance immunogenicity of proteins/peptides
- Accidental Nanoparticles # Nanomedicines

= - o carrying ThPr
Accidental particles ' SR ‘ and resulting in anti-ThPr

contributing to antigenicity response
‘ Mone

of ThPr
Glass fibers
Cellulose fibers

Tungsten ENM carrying ThPr
Silicon Oil and not resulting in anti-ThPr
Rubber response

Stainless steel

Fluoropolymers PEG-gold-TNFa (Cyt6091)

Liposome-streptokinase
PS-liposome-Factor VI

* = antibodies were generated ONMLY after conjugation 1o protein carrier and injection in the presence of strong adjuvants
ERNM = engineersd nanomatenals: ThPr = therapeutic protesn; SWONT = single wall carbon nanctubes; PAMAM = polyamadoamine. THNF = tumar necrosis factor
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Anti-PEG antibody

Pre-existing anti-PEG antibody

38 NCL |usaitsetsiony

* PEGylation of nanoparticles is common to improve circulation “© high level of pre-axisting anti-PES
time ontibodies wos o m M not the sole,
Several studies reported existence of naturally occurring antibody exposure all'rgat! J:aami to pegnivacogin,
Functional significance of these antibodies is incompletely o PEGyloted ANA cptomer™ Ganzon etal., J

ALLERGY CLIN IMMUNOL MAY 2016
understood
d &
Ab reactive to both PEG —
revcusl
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[
o Borar Mewns 8 et al,
O - | Mclecutes, 2018

High (> 800) titer PEG-reactive
antibodies are detected in both

more prevalent in females

healthy males and females, but are

PEG AbD titer does not correlate with complement activation
by PEGylated liposomes. The Ab suggest greater risk but
can't predict the reaction and its magnitude. Functional
assay, e.g. C3 ELISA, should be used instead




Anti-PEG antibodies

Anti-PEG antibodies and drug release _N_CL}.:*.;:.',:',.":;O,,

*= Funcaionalsignificance of these antibodies 58 incompletely understood
= Triggering of prematuredrugreleas eis one potential cons equen o2
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Anti-PEG antibodies and CARPA
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= Contributionto anaphylaxs has also been reported
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= PEG Ab titer does not correlate with complement
activation by PEGylated lipocsomes.
f 2 o~ = TheAbsuggest greaterrisk but can't predictthe
o reaction and its magnitude.
= Functional ass ays ide ntify toxicity
Antibody screening helps identifying risk and
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understandingmechanisme

FPurified antk PEG antibodies contribute to the
complemant activation by D axil




Anti-inflammatory properties

Anti-inflammatory and
immunosuppressive properties

* \CL Nano(echnoio-gy

Anti-inflammatory

N

. Anti-adhesion agents

Mechanism of Action
Indirect

. Cavrkvs for anti-infllammatory drugs 1

(corbicosioraonds, indorme thacy, methofravars)
lposomes, dendrimars, polymenic NP

. Carrters for anti-cytokine agents 2

froceptors ' antagorvsts, sVANA .:;:n:.‘ cytolanaes
and signaiing molecules, DNA of anti-inflarmrnatony
cylokmes) pohymenc NF, dendnmens, lposomes,
chitcsan NP

(S=NVA against COR2, saectinsg” armiaparvsts)
lipad NP, dandnimsae-lia polymearns

. M hbition of COX and pro-imflammatory signaling

. Anti-cytoRkine activity

Direct

PAMAM dendnmers, goid NP

. Anti-oxidant activity 2

cenum oxide NP, gold NP, fullerene dernvate

goid NP 3

Mechanism of Action

Indirect

Cavriers for traditional immunesupprasshve drugs
foyciospanne, facro\mus, mpQmyon, mycooheiic
acid) iposcmas, polymeanc NP, lipikd NP

Toleroganic vaccines
fantyons, co-stvynuladory signals) polymanc NP,
ron oxide NP, PEG-goid NF. chitosan KP

Myelosupprassion
fpncraase foxaty of a camed dnug)
PISCA, FIHCA

Direct

fhitstion of T-ceN-medVated brvmunily
Fon oxide NP, tullsrens 60

anssaddnsounuiy

Intorforance with functions of the cells of the
Arvriane system
ron oxide NP, PYA-SPUON, NTWONT, quantum dots

Myolosupprosséion and toxicity to cells of the
imvniune system
S0, Co, ZnO, TIO, NP
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Immunosuppression

Immunosuppression
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Iron oxide nanoparticles (Feraheme) suppresses activation of T-
cells via a mechanism involving mitochondrial ROS in vitro

Shoh et el Tosko oy and Agohied Proarmacoiooy. J018
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Ma'les Fem'ales

Topical application of Feraheme inhibits
development of skin lesions in a mouse model
of psoriasis

Shaoh et o, Preciiion Nasosmedicne, 2019 €0



Take home message
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Take Home Message 3 NCL

*  Immunotoxicity can be GOOD or BAD
» Depends on whether it is desirable (intended)
or undesirable (unintended)

* Nanoparticles can be engineered to improve desirable
properties or to reduce undesirable ones

* Understanding SAR and mechanisms of toxicity can inform
creation of safe and efficient complex drug systems



Nanotechnology characterization lab

Nanotechnology Characterization Lab 3 NCL |\in8iesitiony

FREE Service for cancer nanotechnology concepts, by application.

NIST
1 Assay Cascade
¢ A
o > DD D i
Extramural v —_— N, 7
R&D COucmtwtntion 0 D D D e a Commercialization
Community J .
3 NCL e
e Regulatory
> 130 Assay Cascade projects
> 400 nanoparticles characterized
15 collaborations advanced to clinical trials
2 recelved regulatory approval

[ NCL has 15 years of knowledge and expertise in nanoparticle characterization and helps accelerate the ]
transiation of promising nanotech drugs and diagnostics.

60+ protocols available for research community online: https://ncl.cancer.goviresources/assay-cascade-protocols
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NCL immunology team
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Special Thanks to the NCL Immunology Team 38 NCL

Current Members Alumni

Timothyy M. Potter



