


Nanopartikul Nedir?

Basic definition: based on the size
(between 1-100 nm)

1 nanometric dimension: nanosheet
2 nanometric dimensions: nanotube
3 nanometric dimensions: nanopatrticle

[ Nanomaterial: a material composed by nanoparticles ]

ISO (International Organization for Standardization) ISO/TS 27687:2008 Nanotechnologies -
Terminology and definitions for nano objects - nanoparticle, nanofibre and nanoplate
(http://www.iso.org/iso/iso_catalogue.htm)

ASTM (formerly American Society for Testing and Materials) 2456-06 Standard Terminology Relating to
Nanotechnology
(http://www.astm.org/Standard/index.shtml)

SCENIHR (Scientific Committee on Emerging and Newly Identified Health Risk) Scientific Basis for the
Definition of the Term "nanomaterial”, ISSN 1831-4783 ISBN 978-92-79-12757-1,
doi:10.2772/39703 ND-AS-09-004-EN-N.



If the diameter of the Earth represented
1 meter...

1 nanometer
would be the size of a dime

Tanim:

Nanometre buyuklugundeki partikuller
optik, manyetik, kimyasal ve vyapisal
ozellikleri ile kendilerine ait genis
buyuklukteki,esdegerlerinden ayrilirlar.




Nanometers
*

\¢
.
.

Water Nanodevices White A period Tennis |
molecule Nanopores blood cell
Dendrimers
Nanotubes
Quantum dots
Nanoshells

Bir nanometre,bir metrenin milyarda biridir. insan sacginin 1/80.000
kalinhigini dusunun. 10 H* atomu yan yana geldiginde 1 nanometredir.



Influenza virus
75-100 nM

AccV SpotMagn Det WD Explil |-
30.0 kV 394‘ BOBX SE 7.9 3 T
T yudl “ 4 - b

o~




Nanoteknolojiye ni¢in bu kadar onem atfediliyor?

Hangisi Daha Sert?

—
Ve-alis ]

Isin dis sadliyorlar

-




(APPLICATIONS OF NANOPARTICLES )
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Multimilyar dolarlk bir endistrive 2015 yili igin trilyon dolara ulagacagi tahmin ediliyor !..

Single electron
transistors

Gas sensors




Elektronik sigaralar yuksek duzeylerde toksik
metal nanopartikulleri icermektedir!..

CHECK OUT
STEPHEN DORFF IN
“CHASE IT”
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Ne biliyoruz?

* Nanopartikullerin ozellikleri nanotipta
kullanimini ozendirmektedir.

« Antikorlar ile fonksiyonilize edilerek spesifik
hucrelere baglanabilirler.

* Nanopartikuller biomarkir yolu ile tanida
kullanilabilir.



Ne biliyoruz?

Nanopartikuller eksternal radyasyona cevap
vererek Is1 uretip, cevresindeki hucreleri
oldurebilirler.

_Ipit ve polimer yapisindaki nanopartikuller
nedefe vardiklarinda dekompose olarak ilaci
nucreye verebillirler.

Quantum dots’lari caplarina gore degisik
renkte 1sIk sacarlar ve komplex tanilarda
kullanilabilirler.



Ne biliyoruz?

PEG, nanopartikulleri ortmede en sik kullanilan
polimer olup, biyo-uygunluk ve biyo-mobiliteyi
saglar.

Hedefe yonelik olarak tasarlanan
nanopartikullerin kanser tedavisinde
kullaniimasi yakindir.

En ideal nanopartikulun 3 fonksiyonu da
icermesi beklenir; saptar, tanir ve tumor
hucrelerini attake eder.



Nicin Dikkatli Olmaliy1z?

Cunku
seyler(partikuller)
bu olcekte farkl
davranirlar!..
Burada kuantum
mekanikler
onemli bir rol
oynuyor.

Nanopartikullerin boyutu
buyudukce cozeltideki altin

partikullerin rengi berraktan
pembe mor renk almaktadir.

hitto A fvwwav awebexhibits.orgf o lorf9.html




Nicin Dikkatli Olmaliyi1z"?

wunku biyolojik Why else do we care?
islemlerin olgegi ile [

This is the scale of biological processes
| Ig | I | bl r d urum b U. * Human cells and bacteria have ﬁ 4
diameters around 1-10 Rl
micrometers
BUT
* Cellular machinery is on the

nanoscale

— Diameter of DNA is ~2
nanometers

- Hemoglobin, the protein that
carries oxygen through the
body, is 5.5 nanometers in
diameter

Structure of hemoglobin
PDB ID: 1BUW




Nanopartikillerin Saghk Uzerine Yan Etkileri V

midir?

- Findings from air pollution epidemiology

» Particles < 2.5 pym associated with respiratory and cardiovascular
effects

- Studies of industrial fumes (e.g., welding fumes) and
combustion (e.g., diesel) products

» Wide range of effects: pulmonary and eye imtation, fever, lung canc

- Initial animal inhalation studies of engineered
nanomaterials

» Pulmonary fibrosis, granulomas, and inflammation
» Lung cancer, mesothelioma-like effects

» Cardiovascular effects: oxidative stress, plaque
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S

o affect occupational health?

m NIOSH:

d on results from human and animal studies, airborne nanoparticles can be
eposit in the respiratory tract; and based on animal studies, nanoparticles «
ood stream, and translocate to other organs.” [1]

1 other words, human and animal studies have shown that inhaled nanopal
nd up in the lungs, and nanoparticles in the blood can find their way to oth
bossibly unintended) organs.

ies in warkers exposed to aerosols of some manufactured or incidental micr
and nanoscale (ultrafine) particles have reported adverse lung effects inclu
on decrements and obstructive and fibrotic lung diseases. The implications
s ta engineered nanoparticles, which may have different particle propertie:
tain.” [1]

asically, studies have shown that workers that inhaled incidentally created

anoparticles have reported health problems, but this may not be the case |
/pe of nanoparticle.



Partikiuil Buyuklgu ve Akciger Birikimi

Inertial
impactation

Interception

Gravitational

electrostatic sedimentation

deposition
>1-6 pm

Largely
phagocytosed

Brownian
diffusion

CepoSition and
uptake in alveali

(van Rijt SH et al, ERJ 2014, 44(3): 765-774)




Nanopartikuller burundan beyine, akcigerlerden diger
organlara ve deri yolu ile penentre olabllirler

NANOPARTICLES INTERNALIZED
IN CELLS

Mithocondrion «

Nucleus «
Cytoplasm
Membrane »
Lipid vesicle «

*Circulatory (Artheriosclerosi
system thomi
Nanoparticles '
ingestion

‘ Heart{arrvthmia, heart disea

Gastro-intestinal *
system

Y
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sLymphatic p, . 1oconiosis

Orthopedic implant « '
SySte{n Kaposi

wear debris




Nanopartikullerin Yol Actigi Pulmoner
Fibrozis

Aluminum welding
Silicosis Asbestosis pneumoconiosis




National Toxicology Program

J Cadmium based “quantum dots”
» Role of skin intearnty on pharmacokinetic studies after
dermal exposure

- Titanium dioxides: Dermal pharmacokinetics
~» Impact of coatings and crystal state

Pulmonary and oral toxicity

- Multiwalled carbon nanotubes
» Influence of length and diameter on pulmonary toxicity

» Role of particle size on pulmonary toxicity

-1 Nanosilver
» Role of particle size and shape on PK and toxicity



CHAPTER 2

Tumours of the Pleura

Mesothelioma is the most frequent neoplasm affecting the pleu-
ra and remains a major health threat for many years to come.
Although the causation by asbestos is firmly established since

Mezotelwr?Saf;O ﬁlé irwf& world r onséﬁys of this dan-
i Lol ‘!‘g ’bﬁﬁ&j ika . yﬁoneﬁtﬁheal TR
Vg I an c ries, NG o . :
eyleri ddgeyen mezotel hiicrelerinden koken 2
1 F) r #gﬂg? 0 000 mesothelioma deaths have been pre- P il
. icted 10 occu ihg the next 25 years. Despite this grim out- C
look. the worldwide production of asbestos has not declined A
significantly.
Less is known about the cellular and molecular mechanisms
operative in the evolution of asbestos-induced mesothelioma.
Clastogenic effects are well documented, but the sequential
acquisition of genetic alterations which typically form the basis =
of tumour development, are still poorly understood. During the World Health Organization Classification of Tumours
past decade, several studies have identified sequences of the
oncogenic SV40 virus in human mesotheliomas, but it remains @

to be shown whether or not SV40 is causally involved in their
etiology Pathology & Genetics

Tumours of the Lung, Pleura,
Thymus and Heart

Edited by William D. Travis, Elizabeth Brambilla,
H. Konrad Miller-Hermelink and Curtis C. Harris




MPM-Epidemiyolojl

« Nadir, ama agresif bir kanser

» Son 20 yilda artis;WHO Mortalite Istatistikleri

2000-2004:
« USA: 2433/yil

« Bati Avrupa: 2966/yl

* Dogu Avrupa: 340/yil

« UK; 1820 /yil

» Japonya: 825/yil

« 2000-44 yillari arasinda tum Avrupa’da 168.000

6lum olacagi tahmin ediliyor.Bati Ulkelerinde
erkeklerde daha siktir (5:1). Risk yasla artiyor.
Median yas US icin 72 yas.

1.Julian Peto,IMIG 2008, Amsterdam



MPM:Nedenleri

Asbest temasi

— % 70-80 (% 50-60 mesleksel, % 20 meslek disi ve cevresel)
» Kohort calismalarinda asbest iscilerinin % 10 ‘u MPM’den 6lmektedir.
Asbest disi diger dogal lifsel yapili mineraller

— Erionite: Ic Anadolu(Nevsehir)

— Fluoro-edenite; Biancovilla,Sicily,IT

— Winchite; Zonolite miners&millers, in Libby,MT,US
SV40 DNA virus (simian virus 40)

Genetic yatkinlik;
— BAP1 Somatik Mutasyon

« Radyasyon (Hodgkin Lenfomali hastalarda 30 kat risk artimi

« Carbon Nanotubes

http://www.atsdr.cdc.gov/



http://www.atsdr.cdc.gov/

Non-Asbestos Malignant Mesothelioma;Kapadokya
Bolgesinde MPM.

Thorax, 1978, 33, 181—-192

An outbreak of pleural mesothelioma and chronic
fibrosing pleurisy in the village of Karain/Urgip in

Anatolia

Y. I. BARIS. A. A. SAHIN, M. OZESMI, I KERSE, E. OZEN, B. KOLACAN,
M. ALTINORS, AND A. GOKTEPELI

From the Departments of Chest Diseases, Histology, and Pathology, Hacettepe University School
of Medicine, and the Institute of Mineral Research and Exploration, Ankara, Turkey

 Following initial observations of cases of

malignant pleural mesothelioma in Karain village
of Central Anatolia (1,2).

1. Baris Yi, et al. Kanser 1975; 5: 1-4
2. Baris Yi, et al. Thorax 1978; 33: 181-192.



Non-asbestos Mezotelyomalar

« MMMF ile iligkili MPM rapor edilmemistir!..

« Son zamanlarda carbon nanotube(CNT’s) ve
diger high-aspect ratio olan ve silica, silver ve
nickel den vyapilan nanopartukullerin MPM
patogenezinde potansiyel riskleri olduguna dair
yayinlar mevcuttur.

Space elevators, tennis racquets, and mesothelioma

ubes see



Karbon bircok kimyasal form ve sekilde

karsimiza cikmaktadir!..

- Diamond Graphite Amorphous carbon

Single Wall Carbon Nanotubes
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Carbon Nanotubes(CNT)

I £xamples of carbon nanotubes proaucers

FRANCE ‘ BELGIUM CYPRUS RUSSIA

| *Arkema * Nanocyl + Rosseter * NanoCarblab

CANADA UK

+ Raymor Industries * Thomas Swan CHINA

+Gisangzhou Yorkpoint
T+ Shenzen Nano Tech Port

* Sun Nanotech

S

UNITED STATES
+ Ahwahnee Techaology
+ Apex Nanomaterials
* BuckyUSA
* Carbolex
+Carbon Solutions

+ Cnano Technology

*Hyperion Catalysis

* idaho Space Materials

* Nanocs

* Nanolab

+ Nanostryctured and Amorphous
Materials (NanoAmor)
*Nanolailor

* SES Research
» SouthWest NanoTechnologies GERMANY
* Unidym (previously CNI)

KOREA

+ ljin Nanotech

IAPAN

* Mitsul Carbon Nanotech

+ Showa Denko Inorganic Materials
* Bayer Material Sclences * Carbon Nanotech Research Institute
* Mitsubishi Corp

+Toray

Source: YOLEDEVELOPPEMENT




Donaldson et ail Particlke and Fitere Toox TW O o, :
Rt e, particleandfib retoxicol ooy g — @ PARTICLE AMND
T~ FIBRE TOXXICOLOGY

REWIEW Open Access

Asbestos, carbon mnanotubes and the pleural

mesothelium: a review of the hypothesis
regarding the role of long fibre retention in the
Parietal pleura, iNnflammation and mesothelioma

Ken Donaldso rﬁ“. Fiona A Murphy, Rodger Duffin, Craig A Poland

Ifhe structure off carbon nanotubes (CNI)
and why they might cause mesothelioma

—
EUROPFPEAN RESFPIRATORY SOCIETY li ——

=ESS EARCELONA 2010 - /,;;-":*’:';?:;"—“—'{/——’ /tf';:i‘:}f?’if""

e

Seyved Yardan Madani'l, Abraham Mandel' and
Alexander M. Scifalian -2~

T L Centre for Nanotechnology & Regenerative Medicine, UCL Division of Surgery S Interventiconal
Science, University College London, London, UK; TRoyal Free London NMHS Foundation Trust
Hospital., London, UK

Reocsmed: 23 May 2013;  Reviessed: 3 Octobsasr 2013 Socapted: 3 Octobear 2013; Publishsad: 3 Decasmbsr 2013



Nicin MPM Yapabilir?

Nanopartikuller buyuk partikulleren daha toksik

Lifsel yapili maddeler

— Demetler halinde bulunuyorlar boylece daha kalin ve
uzun hale geliyorlar

Grafitik olduklari igin biyolojik olarak
biyopersistan yani durabl

CNT’s boyutlarina bagli olarak ¢cok genis yuzeye
sahipler ;SWCNT ~300m>?/g

Fonksiyonlastirme ve kimyasal modifikasyonlar
toksisiteyi arttiriyor
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Erionit

Erionite fiberleri, her biri
yaklasik 0.5 ym capinda
olan fibrillerden meydana
gelmis , 5-6um capinda ve
30-40pum uzunlugunda bir
mineraldir (1).

Uc cesit erionite
tanimlanmistir: erionite-
Na, erionite-K, ve erionite-
Ca, hepsi karsinojendir.
(2-4).

Coombs DS and et al. The Canadian Minerologist 1997; 33: 1571-1606,

Maltoni C, et al. Environ Res 1982; 29: 238-244.

Wagner JC, et al. Br J Cancer 1985; 51: 727-730.

IARC 1987;42:287.

Dogan AU. Cappadocian mesothelioma villages.The symposium on nutrition,environment, and cancer.
March 31-April 3, 2002, Ankara, Turkey.




Cok Guglu Bir Karsinojen;Erionite Nano farkh kimyasal yigin malzemelerden
yuzey alani nedeniyle farkh davranir!.

 Erionite, fibroz ve, hexagonal

yapidadir. .

as"b?stten 20 __kat _buyu AL Anothei -r;e';son nanomaterials behave differently from bulk materials of
 Kuguk molekulleri adsorbe ederek the same chemical is because of surface area - or the area of an object

yuksek katalitik aktivite that is an exposed surface.

gostermektedir. Frkiscute, s, | I o For these

edge is 1 meter in

length. Cubes,

B 1000
B cubes.

% o each edge
1m ¥ 58, is 0.1
& meters in
R RRRER [ength, but
g\/ X BEERR there are
L (m— POLTCTETLL

im
Volume

(in cubic meters): ImXImX1m=1m’ (0.1m X 0.1m X 0.1m) X 1000 cubes = 1 m*

Resim 1. Erionite’in molekil yapisi Surface Area
(in square meters):  (1m X 1m) X 6 sides =6 m?  (0.1m X 0.1m) X 6 sides X 1000 cubes = 60 m*

1. Coffin DL, et al. IARC Sci Publ 1989;
90:167-172.
2. Dogan UA.Cancer Research 2006.




Zeolit Koylerinde Lif Analizi Calismalari

 Erionite retention is in the same
range as tremolite in the BALF
of tremolite exposed subjects
analysed by TEM. p<0.005 NS(p=0.09)

« The geometric mean of lung
tissue fibre content was higher
In patients from zeolite
villages(130x106° fibres.g* dry
lung) than in the pts from
asbestos villages (11x10°
fibre.g-1 dry lung).

£
e
o
3
o
)
L=
o
o
2
-—
o
3
E
3
O

- _ T it : 100
e environment in tremolite Concentration (AB/m| BALF)

villages was 8-1020 times more
dustier

Fig. 1: The cumulative curve for concentration of
FBs in the erionite group is compared with the
curves recorded for concentration of ABs in
control and tremolite group.

1.Dumortier P, et al. Occup Environ Med 2001;58:261-266.
2.Karakoca Y,et al. Indoor Built Environ 1997; 6: 100-105
3.Simonato L, et al. IARC Scientific Publication No.90, 1989.
4.Pooley FD. Dust and Disease. 1979.

5.Sebastien P, et al. Lab invest 1981; 44: 420-425.



Animal studies with CNT- Initial focus on
Inflammation.

Exposure + model material outcome reference

Intracheal instillation, | NanoLab Granuloma, Huzcko 2005
guinea pigs (12.5 mqg) CNT Fibrosis (lung)
Intracheal instillation, SWCNT Inflammation Warheitet al 2004
(0.25 and 1.25 mg/rat) Mutiple granuloma

Intracheal instillation,  SWCNT Granuloma Lam et al, 2004
mice Inflammation> CB
(0.1, 0.5 mg/mouse)

Intracheal instillation, rats Inflammation Muller et al, 2005
(0.5- 5 mg/rat) Fibrosis
Pharyngeal aspiration Progressive fibrosis  Shevdova et al,
(10- 40 ug/mouse) Granulomas 2005

Inhalation, mice Systemic immune | Mitchell et al,
(0.3- 5 mg/m?3, 12 wks) MWCNT effects 2007
Intraperitoneal injection MWCNT Granuloma Takagi et al, 2008
P53 +/- mice C60 formation
Intraperitoneal injection SWCNT, Granuloma Poland et al, 2008
Mice (C57BI/6) MWCNT formation with

(specially MWCNT

fabricated




Animal studies with CNT- continued

Exposure + model material outcome reference

Inhalation, mice (30 | MWCNT Reach subpleural Ryman-Rasmussen
mg/m°’ for 6 hours) (Helix tissue, causing 1 2009
Materials) _fibrosis

Inhalation, Wistar rats MWCNT Dose-response Ellinger-
(11 and 241 mg/m? for 6 BayTubes, | inflammation. Ziegelbauer &

hours), 3 months follow- Micronized Septic fibrosis. Pauluhn (2009)
up Quartz as Role of Co
reference

Inhalation, Wistar rats ( MWCNT Granuloma and ' Pauluhn, 2010
13 weeks, 0.1-6 mg/m?) BayTubes, | hyperplasia at
micronized | overload conditions
> 0.4 mg/m?>

Based on the sub-chronic study, Bayer has suggested a OEL of 0.05 mg
BayTubes/m? (Pauluhn et al, Reg Toxicol Pharmacol).

Brussels-Nanoparticles-23.02.2010



Animal studies with ENili- Fecus on MPM:

Exposure +

model

Single
intrascrotal
injection,Fisher
344 rats

Single
injection, 19
p53
heterozygous
mice

i.p.

material

MWCNT
1mg/kg, 7
animals,
Crocidolite and
vehicle

as reference

MWCNT

1X10°
(3mg/head)inl
ml suspension,
crocidolite and
fullerene as
reference

outcome reference

6/7; 85.7%
i.p.
disseminated
meso. With
bloody
ascites
14/16; 87.5% Tagagi A, et al.2008
i.p.

mesothelioma

Sakamoto Y, et al, 2009

9% Tumor incidence

90

70
60
30

| |

positive

grey zone

negative
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RESEARCH Open Access

FPromotion of lung adenocarcinoma following
inhalation exposure to multi-walled carbon
Nnanotubes

Linda hl Sarpent' | Dale v Porter!, Lauren W Staska® Ann F Hubbks', David T Lowene ', Lori Bareelli',

Bu calismada ilk kez inhale edilen
MWCNT lerin farelerde adeno ca
ve adenom acisindan kuvvetli
promoter oldugunu gosteriyor.

Yine bu calismada inhale edilen
MWCNT lerin sarkomatoz
mezotelyoma gelisimini promot
etigini gosteriyor.

Bundan dolayit MWCNT lerin sigara
veya diger inisiyatorlere temas
edenlerdende promoter olarak etki
edebilecegini gostermektedir.

Rijit MWCNT cap 40-50 nm ve 4
micm uzunluk en fazla inflamatuvar
ozellige sahip.

raph shows a pulmanary wein in
on variably-szed




Sadece Inhale Edilebilen
Lifler Sagliga Zararhdir!

Cap <1y [Lif Boyutu] Uzunluk =10p
Biyodurability

39



Carbon nanotubes

/N

Multi-wall/ single wall

Translocation-  —— |nsoluble core Soluble components
effects at sites distal
to the lungs / \ l
Short Long .
- organics metals
(<~20 um) (> 2[-;’ um) g

\ Long fiber effects J

Nanoparticie effects: | | ¢ strated phagocytosis N
e.g., surface area and cell activation) Metal toxicity

\ \ Transition
metals
Effect of
aggregation status

DONALDSON ET AL. \ l

Oxidative stress,

inflammation and
8-0OH-dG
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Nanotoxicology, 2012; Early Online, 1-11
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5. Lesion formation along the diaphragm after pulmonary exposure to CNT. Histological sections through the diaphragm showing normal
pleura in the case of the vehical control (A) and the short CNT (B) and tangled CNT (C). Only the mice treated with the long CNT showed
nal aggregations of inflammatory cells along the mesothelium (D). The extent of these lesions was quantified and is shown in (E). On
s with picrosirius red, reticular collagen fibres could be seen stained red (F, arrow). Scale bar = 50 pm. Significance indicated compares
nt groups with vehicle control ** indicates p < 0.0001.

Figure 4. Lesion formation along the chest wall after pulmonary exposure to CNT. The chest wall was examined by scanning electron microscopy
6 weeks after the mice were exposed to the CNT panel by aspiration. Vehicle control, NTg, - and NT,,,,-treated mice (see labels on images) had
normal mesothelium. Aggregates of cells were identified overlying the mesothelium in the mice treated with the NT,,,,, sample (see image labelled
NTieng and callout showing a higher magnification). Scale bar = 1 pum.



Hucre Hasarinin Mekanizmasi

H20 + O2

PEROXIDASE / GSH PULMONARY DISEASES
H202 CATALASE - ASBESTOSIS
 BRONCHOGENIC CARCINOMA

+ MESOTHELIOMA
Deferoxamine )

Phytic Acid FENTON REPAIR
LESIONS en broducti
Fes. Fe2+ ‘OH | —» “ona Collagen production

Altered Cell Replication
+ PROTEINS + Differentiation
\ + MEMBRANES Cytokines (IL-1, TNF, IL-8)

Growth Factors (FN, TGFB8,
PDGF, IGF-1)

ROS TARGET CELL INJURY

ASBESTOS
\ Crrosimes ¥ [EPITHELIAL CELL
MESOTHELIAL CELL

INFLAMMATORY CELLS
AM, PMN AND LYMPHOCYTES

KAMP AND WEITSMAN




Clearance “— l o Systemic
= Translocation

(L S FIBRO
% ALVEOLITIS
EPITH. CEL

l Cytokines, Chemokines
Cytokines and
/ \ growth factors
=g
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Asbestos
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Extracellular avi5-Integrin

Cytoplasm
\& ROS Production
ROS Mitochondrial DNA Damage

Thioredoxin —ll Mitochondria-derived ROS

Nucleus DNA Damage - (p53)

_,] Z 7‘_“\'\_./‘.,'

PTEN, CYR61 GADD4S5, p21 | | 1GDF15, STC1, Noxa; {BCL2| | MCL1, SOD2, FST)

Tumor Suppression Cell Cycle Arrest I Apoptosis Cell Survival

' la p— Py —"\,..
“Eiapnem _ Bax/Bak) # pe3 )/

mioc hod t

‘ROS production; A¥m; caspase-9
Apoptosis

(PKC3)

Fig 1. Hypothetical model depicting some of the crucial events that lead to asbestos-induced alveolar epithelial cell
mitochondria-regulated apoptosis. Asbestos, which is an iron containing fiber, is rapidly internalized via the avg5s
integrin receptor and induces mitochondna-denved ROS production. By mechanisms that are stll uncertain, mito
chondnal ROS signaling that results from asbestos exposure stabilizes p53 and promotes p53-dependent transcrip
tion of a variety of mportant proteins involved with tumor suppression, cell cycle arrest, apoptosis, and cell
survival, Asbestos-induced AEC intrinsic apoptosis is augmented by mitochondnal translocation of proapoptotic

Bcl-2 family members (eg, Bax and Bak ) p53 and PKCé. The model isa modified version of one mitially developed
52.59-62,64 81,8

R . P S 3 o v e . PR
by Hevel et al*' that incorporates their findings as well as the work of others. (Color version of figure

is available online.)




Determinants of the potential toxicological
effects of MNP: a proposed pathway

Physico-chemical characteristics

{

Mechanisms of interaction of MNP with cells
and tissues leading to toxicity

AN
I
= MNP
Alterations of Inflammation, Alterations of
cell viability oxidative stress endogenous molecules

~~

Tissue remodelling Cancerogenesis

Other effects?




Fibre Analysis Studies in Zeolite Villages

Fibre ContentX106 per gram dry tissue

JAVAN \Y/ Pleural plaque no tumor cells, S (+)

FA (BALF) F Lung tissue,Tube A no tumor cells, 342 |N.D 17,08 [N.D
GB F44 Normal lung 133 ([N.D 1,67 N.D
KS F 45 Interstitial fibrosis 155 |N.D 451 1
SG F, 65 MM patient + fresh frozen tumor|1,37 |N.D Iy 0

tissue and normal tissue #B5, B6, B7,
B8, Family (18) + #44 DNA from whole
blood. Very conjested lung + areas of
desquamatous pneumonia and

atelectasis
Al Lung and tumor but 80% lung tissue. (1,75 |N.D 13,75 |2
Al F,46 (S)Pleural plaque with foci of[3,63 |N.D N.D 1

inflammation and epitheliod epith
90% is PP




TNF-a inhibits asbestos induced cytotoxicity via a NF-kB dependent
pathway: a possible mechanism for asbestos induced oncogenesis.

2+ @—»

Crocidolite Cell Death

Macrophages (and other cells)

Crocidolite 4 >/<'

—» Cell Survival

|
I
|
Y

Yang H, Bocchetta M, Kroczynska B, Elmishad AG, Chen Y, Liu Z, Bubici C, Mossman BT, Pass HI, Testa
JR, Franzoso G and Carbone M, Proceedings of the National Academy of Sciences USA, 2006.



Asbestos Carbon nanotubes

n

Clearance Inflammation Clearance Inflammation

Figure 2 The frustrated phagocytosus paradugm as it relates to long and short fibres of asbestos (left) and various forms of carbon

nanotubes (right). \\ compact arbon nanotube ‘particles ]
them a =M. self sufficiently to enclose long asbestos or long nanotubes, resulting in

incomplate ¢

Short Compact Carbon Nanotubes Long Thin Fibrous Carbon Nanotubes

A

Hematoxylin & Eosin Stain

Picro-Sirius Red Collagen Stain

;S

Figure 6 Lesnons on the peritoneal face of the diaphragm after intra-peritoneal injection of 2 forms of carbon nanotube dlﬂermg in
aspect ratio. shows sections through r)*e- peritoneal aspect of the |ap}‘ra;m of /6 mice 6 months after intra-peritoneal
inj fi | k { h Haematoxylin & Eosin (panels A and

of CNT

PMN

Figure 3 Frustrated phagocytosis {(arrows) and the associated
acute inflammatory reaction in the bronchoalveolar lavage of
mice whose lungs have been instilled with long nanotubes.
Aspiration of 50 pg ng fibrous multi-walled carbon nanotubes
{CNT) into the lungs of C 7Rl,6 mice caused an acute inflammatory
influx of inflammatory
choalveolar la
y both within macrophages (hollow
utside the maaophage in the proce
e gocytosis {black arrow
taken at x1000 magnification.

Donaldson et al ( 2010).
Particle & Fibre Toxicology




Pleural fl 3d, lymph
and particle clearance
to mediastinum and
central lung lymph
nodes

Alvealus

Figure 7 Diagrammatic representation of the relationship between the visceral and parietal pleurae. The visceral pleura (VF) and the

parietal pleur (PP) are seen in close apposition separated by a pleural space that contains a small volume of pleural fluid (pf). Contact between
the 2 pleurze s mads via the mesothelial cell layers (m) on the surface of the parietal and visceral pleurag. Pleural macrophages (PM) are
present in the pleural space. The rigid chest wall is tightly locked to the lungs by the adherence of the visceral pleura to the parietal pleura
allowing mavements of the chest wall causad by the action of the diaphragmatic muse and intercostal muscle (IM) to expand and relax the
lungs, allowing pulmonary inspiration and expiration. The pathway for particles to reach the pleural space is unknown but the path for an
alrborne particle (1) that deposits in the distal alveoli (2] is shown as It passes into the interstitium (3) enters the pleural space (4) and exts
through a stoma in the parietal pleura () into a lymphatic capillary (Ic, 5) to enter the yrmph flow to the lymph nodes in the mediastinum and

- ' ™
/ i ! ‘J e
Figure 8 Scanning electron micrograph image of chest wall from a normal rat showing the parietal pleural surface with mesothelial
cells (M) and a stoma (white arrows, St) that is approximately 3 um in diameter.

central lung.

Parietal
pleura

Pleural Space

2 3

Figure 9 A) diagram showing the events leading up to formation of black spots. A1) particles enter the pleural space; AZ) in focusing
exit via the stoma (St} some particles interstitialise through the loose lymphatic capillary endothelium and ma _ropkar'es begin o accumulate
response; A3) macrophages and particles ferm a mature ‘black spot’ with mesenchymal cell activation and proliferation depending on the
toxicity and dose of the parti B) In B1 a single long fibre is intercepred as it attempts to negotiate the stomatal opening and is retain
other fibres are caught up and there is an accumulation of retained long fibres: 3) macrophages attempt to phagootose the fibres and u
frustrated phagocytosis releasing a range of pro-inflammatory, genotoxic and mitogenic mediators close to the pleural mesorhelial cells. P =

pleural mesothelium; St = stoma; LC = kmph capillany.
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PARIETAL PLEURA

‘Wang ’ stoma

Wang NS. Diseases of the
pleura. Masson.. Nex York, 1983




Review Open Access Mesothelioma: Do asbestos and carbon nanotubes pose the same health risk? Marie-

ClaudeFJaurand, AnnieRenier, and JulienDaubriac

Table 4: Comparison between physical and chemical parameters of asbestos and CNTs

Parameter Comparison

Shape Both are elongated particles; fibre shaped.

Dimensions Asbestos fibre diameter: range of 100 nm. Chrysotile fibrils: = 50 nm of diameter. Same order as MWCNTs.

Structure Chrysotile: multi-layered rolled sheets of brucite (MgOH,) and silicon oxide (SiO,). Important aggregation with CNTs, which
may form more entangled bundles, ropes, than asbestos.

Chemistry Different chemistry. Possibility of metal impurities in both asbestos and CNTs.

Surface reactivity  Both show sorptive properties to biological molecules. ROS production: no definitive answer for CNTs.

Table 5: Comparison between biological effects of ashestos and CNTs

Cellitissue response

Comparison

Particle uptake

Demonstrated with both types. Conflicting results with CNTs. Exocytosis found with CNTs, so far not
investigated with asbestos.

Cytotoxicity

Both cytotoxic.

DNA damage, mutation, gene interaction

Found with both asbestos and CNTs.

Transfection

Gene transfer is with asbestos. CNT gene knockdown.

Biodistribution

Both types are cleared via the lymphatic system and found in different organs

Inflammation, granulomas, fibrosis

Found with both asbestos and CNTs. Both types show dependence of biological effects with fibre
dimensions: bioactivity of long fibres.

Cancer

MM found with both asbestos and CNTs by peritoneal exposure.




Sonug

e CNT; uzunluk:cap >3 high aspect ratio,
sert ve fleksibl,

e Teknolojik olarak kullanilma potansiyelleri
hayellerin Otesinde,

e Lif paradigmasini saglyorlar,

e Inhalasyonla plevral bosluk ve plevraya
ulasiyorlar

e Dissolusyon ve eksresyonlari hakkinda
tam bilgi mevcut degil,

e Regulasyonu nasil olacak, toz 6lcimu ve lif
sayimi ve calisanlarin periyodik takipleri
cok belli degil,

(OSHA musaade edilebilir(PNOR) limit 5 mg/mm3, NIOSH

tavsiye edilen temas limiti 1 micg/mm?3)



« Lancet oncology dergisinin aralik 2014 sayisinda IARC adina rapor
hazirlamakla yukumlt bir grup arastirici ¢ok tabakali 7 nolu karbon

tipun elde mevcut hayvan deneylerine
dayanarak(rodentler Uzerinde yapilan invitro calismalar) insanlar
icin bir madde olarak
yani IARC’In

sayfasinda ise bu madde hakkinda 20 yil once muhtemel
karsinojenik etkisi hakkinda uyari yapildigini ve bunun sonunda
kanitlandigini otoritelerin bu nedenle diger toksik ve zehirli yeni
maddelerin markete girmesi konusunda uyanik olunmasi gerektigi ve
karbon nanotup Uretimi ve yayginlastiriilmasi konusunda buyuk
dikkat gerektigini vurgulamaktadirlar.

1. http://lwww.psr.org/environment-and-health/environmental-health-policy-institute/responses/iarcs-review-carbon-
nanotubes.html
2. www.thelancet.com/oncology Vol 15 December 2014
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Rereferanslar:

1.Deposition of ultrafine particles in the human lung
and the mechanisms behind their health effects

Dr Sundeep Salvi MD, PhD(UK), FCCP(USA)
Director, Chest Research Foundation, Pune, INDIA,ERS 2014

2. Nanoparticle toxicology: a scientific state-of-the-art

Jorge Boczkowski, MD PhD
UMR 955 (Inserm-Université Paris Est)
Créteil, France,ERS 2014

3. Nanoparticles and Respiratory Health In vitro and in vivo studies of
nanoparticles and the

Prof. Dr. Peter S. Thorne

Dept. of Occupational and Environmental Health

University of lowa,ERS 2014






Malignant Pleural Mesothelioma(MPM):Epidemiology
Tahmini MPM Insidansi

Ulke Tahmini Kaynak 7
yillik kaba Projection of annual numbers of male mesotk
insidans/mil deaths 2000-2050, assuming no asbestos expos
yon Kisi ; men born after 1970
Avustralya 30 Mezotelyoma
kayit
UK 30 Mezotelyoma

martalite kayit

Belcika 29 Arastirici
tahminleri 1
Hollanda 23 Mortalite _ :
isrtatistikleri Julian Peto, IMIG 2008, Amsterdam
Tarkiye 7.8 Arastirici Bianchi C and Bianchi T. Industrial Health. 2007:45:379-

tahminleri 387




CROCIDOLITE AMOSITE
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Mean dimensions (fm) and proportions of fibers
In lung samples and pleural black spots

Lung Black spots p Value

Mean length* 4.45 +/- 0.45 3.82 +/- 0.22 NS
(2.9) (3.03)

Mean diameter* 0.13 +/- 0.01 0.19 +/- 0.01 p<0.001
(0.10) (0.13)

Maximum length 90 26

Length >5 [m 21.7% 22.5%

Length > 8 [m 11.4% 10%

Length > 15 [m 3.9% 2.1%

*Mean +/- SEM Boutin C, et al. Am J Respir Crit Care Med 1996, 153: 444-9



Potential Zeolite Mexican Mesothelioma Epidemic
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e~ > Calvillo
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alpa (SGM) showing the sites of the villages from whence nine cases came: 1. Los Sabinos; 2. Jalpa; 3. Apulco;
. Guadalupe. The valley runs from Juchipila in the south to Calvillo in the north.
Il"ld':.'.‘.u..‘.ll' Bulll I:nurun 2008:17:496-515

ligren EB and et al, recently reported a mesothelioma cluster in the Southern
part of the State of Zacatecas.This is the first study that came from outside of
Turkey...
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“Asbestos, a known
carcinogen, claims more than
107,000 lives every year.”
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NIOSH Hazard Assessment Research Priorities

- Studying carbon black, single-walled carbon nanotubes
(SWCNT), multi-walled carbon nanotubes (MWCNT),
TiO,spheres and wires, silicon nanowires, silver, nickel,
quantum dots, Zn0O, WC-Co, etc

- Evaluating
» Exposure routes: pulmonary and dermal
~» Biological endpoints: pulmonary, cardiovascular, CNS, and dermal

-1 Determining the relationship between given
physicochemical properties of a nanoparticle and its
bioactivity

-1 Developing in vitro screening tests for rapid prediction
of the bioactivity of a given nanoparticle

TIO2, tianium dicxide
Zn0, Zinc oxide

WC-Co, lungsten carbide/cobalt
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Kapadokya Bolgesinde MPM: Insidans

 Erionite koylerinde,
erionite olan

(1).

* Bu risk amphibole temasi
olan asbest iscilerinden
cok daha fazladir! (2).

1. Baris YI, et al. Int J Cancer 1987; 39: 10-17.

-—

The New York Times, May 5, 1997

In Anatolia,
Town Curse
[saLegacy

{

Of Cancer |

|

By STEPHEN KINZER

KARAIN, Turkey — Although this
Place looks like any small {arming
village in central Anarolia, people in
the area believe it bears a special |
curse.:

2. Simonato L, et al. IARC Scientific Publication N0.90, 1989.

p. Ad

Villagers have varying explana-
tions [or the cancer cases here, most
of which affect the lungs and liver,
Some suspect there may be silicon
dus{ in the volcanic stone blocks
from which many locai homes are
built. Others biame ashestos in the
earth or water from local wells,

"I think it could be from the stregs
we live with here,” sald Ali Dogan, a
29-year-old farmer whose uncle and
grandfather died in their 30's.

L}r. Igzeltin Baris of Hacettepe
University in Ankara, who spent four
years studying patients here and lat-
er published a study of the epidemic,
said he believed the cause is erionite,
a; asbestos-like fibrous mineral in




