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Landmark and Trends in Ultrafine pollution research : BRI 775 YAF 28D H 1% & B

*1993-5. Large scale studies on particulate air pollution and mortality :
1993-5. M7 REIGY L SE LI DUV T O RKBIBLZR TR

- Dockery et al 1993, N Engl J Med 329:1753-9

- Pope et al 1995, Am J Resp Crit Care Med 151:669-74]

+ 1995. Ultrafine hypothesis proposed to account for the systemic actions of UFP :
1995. UFPO RS EM Z #3272 DI FRE S 7 k-G

- Seaton et al 1995, Lancet 345:176-8

+ 1997. Epidemiological data sets observed to support the ultrafine hypothesis :
1997. BRI KE & SR T D e OICBIE SN T P T — 4

- Peters et al 1997

* 2001. Acute exposure to PM can trigger a myocardial infarction :
2001. PMOGMERREZILOAEIEZFHIET D

- Peters et al 2001, Circula5on 103:2810-5

+ 2002. Hierarchical Oxidative Stress Model for susceptibility to air pollutants :
2002. KRIGREA~DEZHEIZONTOE =T LF—72 (LA h L AET )L

- Li et al. 2002 Inhal Toxicol

- Li et al. 2003 Clin Immunol

+ 2004. AHA statement on the cardiovascular effects of air pollution
2004, KEIEHD L MEFBIZ OV TOAMA (American Heart Association) FHA

- Brook et al 2004, Circulabon 109:2655-71
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+ 2005-7. Air pollution promotes atherosclerosis (in man)
2005-7. RAR{GHILT 7 v — < PREIRELIE 2 et 5 (& hT)
- Kunzli et al 2005, Environ Health Perspect 113:201-6
- Hoffmann et al 2007, Circulabon 116:489-96
+ 2005-9. Controlled exposures to diesel exhaust impair multiple aspects of
cardiovascular health.
2005-9. 7 o — B /YR A OHIFE S U7 MREE S LB ORERED S AR 72 JRyiE 24872 5
- Mills et al. 2005, Circulabon 112:3930-6
- Mills et al 2007, N Engl J Med 357:1075-82
- Lucking 2008 Eur Heart J 29:3043-51
+ 2010-15. Growing evidence for pre-natal exposure to air pollution affecting birth
outcomes and future health
2010-15.HHFET 7 b 71 L & REROREREIZ RS 5 RERIG R~ OIG FLIIEEE ORI % Fik
L
- Volk et al. 2013, JAMA Psychiatry,
Pedersen et al. 2013 Lancet
* 2011-15. Revised estimates suggest several million people die of air pollution per
year.
2011-15. SKIE S IIZRHIIIEFERKIGRIC L DB T A DI Z RE L T D
- WHO stabsbces 2011, 2014; Lim et al 2012,
Lancet 380:2224-60; Lelieveld et al 2015,
Nature 525:367-71
+ 2012. TARC classify diesel exhaust as a carcinogen.
2012. IARC(International Agency for Research on Cancer, [EFSEAFIEHER) X7 ¢ —

AR A RN AE L LT LT



[MRHEE] £4 5 HRAT B 187 2 2017 & 6 A

- IARC Monographs; Benbrhim-Tallaa et al. 2012, Lancet Oncology 13:663-4
+ 2012-15. Estimates of the effects of long-term exposure to air pollution (ESCAPE

project).

2012-15. K5JER~DOEMRTE OB (ESCAPE 7m¥ =7 })

- Beelen et al. 2014, Lancet 383:785-95

Landmark and Trends in Ultrafine nanotoxicology research

ki 77 7 v P—if%Eo BZ L g

+ 1990-1992. First studies showing toxicology of nanosized particles highlights concept
of size, surface area, etc.
1990-1992. 7/ YA ZKLT OFNEZ R T RANDOHIENTY A X RIEATE OBEE % 585
LT

- Oberdorster et al, 1990; 1992

- Ferin et al 1992

* 1995-1999 . Increased laboratory based studies coincided with epidemiological
studies (see above) assessing the impact of nanoparticles upon cellular machinery
1995-1999. I X 7522 T OMIEITMBABEE ~D T/ KL T DR E T 2 751
WrgE (B2 R X)) &—&Lk

- Li et al 1997

- Stone et al. 1998

+ 2000-2005. Progress into the cellular mechanisms of nanoparticles
2000-2005. F/ KiF-1EHI ORI A T = 2 L OHaR

- Stone et al 2000a,b; Brown et al. 2001, 2002, 2004

+ 2002. Studies demonstrating the possibility of NP translocation from lung to
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circulation

2002. filii» HIEBRR~DNP (F/ Kif) BEOD RIREN: & FEFET 5 AFSE

- Oberdorster et al 2002, J Toxicol Environ Health A 65:1531-43

* 2004. Coining of the phrase ‘Nanotoxicology’
2004. fkf) T/ mE 2iED T

- Donaldson et al. 2004 Occ Health

* 2005-7. Governmental reports on ‘Nanoscience’ and why we must conduct more
health-effects based research
2005-7. T/ BE LA R £ < ORBEEBIZIES HEE T DR TR
BRNIE N D BRI DWW T OBUF#

- Royal academy report 2005; Schenhir 2005; 2007;
2005. Start of FP6 (Particle Risk Project) continuing on to FP7
2005. EP7IZHE< FP6 (Kif-U A7 7Fay=r ) OAZ— |

+ 2006-8. Recognition of nanoparticle-epitope (protein) binding and protein coronas
(leading to a sub-discipline within the field)
2006-8. F~/ RiF—HURIRESE (X oI H) fa L s o7 Ean ) oilik (R
BROY 7T 4 7Y AZEL)
-Lynch 2006, Dawson 2008

* 2007. Further important paper on the influence of the nanoparticle-cell
Interaction
2007. F / Ri—H AR EAEH ORBIZ OV T O S BICEHE R0

- Unfried et al 2007

+ 2008. Specific characteristics of CNTs can produce asbestos-like health effects.
2008. CNTs(W —R > T/ F 2 —7)DRHEITT AN MMk E L LT

- Poland et al . (2008)
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+ 2005-10. (MASS) in vitro and in vivo with new types of nanomaterials (QDs, Ag, Au,
Fullerenes, CNTs, SiO2, Fe20s/ FesO4)
2005-10(MASS). LW A T DF /<=7 VTN (&EFFy b, & 77—,
A—RF ) Fa—7, BibTr AR, =N =figk) & M2 in vitroGRERE
N) B & Oin vivo(A1EN) K

* 2010. Emphasis on dose-response metrics
2012. FHESOGSTE B HE 0GR A
— Oberdorster 2010. J Intern Med 267:89-105
+ 2010 & 2013. NIOSH recommendations for occupational exposure levels for CNTs
2010&2013. CNTs O TE L~ L ONIOSH(National Institute for Occupational
Safety and Health, >K[E 757872 26 AR 220 #) &
+ 2011. Detailed characterisation of nanoparticles increasingly required for publication
2011, AERDOTZOIZETETERSND T/ =T U TV ORI R
- Bouwmeester et al 2011. Nanotoxicology
+ 2013. EU directives on in vivo research increases desire for in vitro systems to
predict nanoparticle hazard.
2013. in vivo WFEIZ DWW TEUDHERITT / Kif P — R & THITTE Din vitroEHBR R~
DHELZEEL L TN D,
+ 2013. The first nano-legislation: under EU cosmetic regulation 1223/2009
2013, wMID T/ iE% : BUILHER A 1223/20090 F T
+ 2014. IARC classification of Mitsui-7 MWCNTs as possible human carcinogens (2B)
2014. AREMEDH D b MEPAME L L TMitsui-7 MWCNTs (XEH—HR>F /) F=
—7) OEEESTIEKR (IARC) O53%H

+ 2014-15. Coherent approach to Nanosafety (NanoSafety Cluster; NanoREG).



[MRHEE] £4 5 HRAT B 187 2 2017 & 6 A

FoRE (F )KL T AHX— ; NanoREG) ~OBRART 7u—F

Emphasis on NP grouping and need of adverse outcome pathways to be developed.
2014-15. NP O 7 V—753 1 DR L S SN DA ERT U N LR D%
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elemental carbon core
TLHIRRECTIET D RFE =T
secondary sulphates and nitrates
AR OHRERYE & iR

organic carbon species

BV P R

adsorbed soluble and vaporous hydrocarbons
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hydrated sulphates and nitrates
AKFR U TRt & Rt
redox-active metals
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X 3 DERIX
Passage of particles
KL DR
Biological mediators
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central nervous system
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deposition in respiratory tract

ERER/ W

lung inflammation

Jiti D 9

Systemic inflammation

BB DRIAE

Blood-borne particles

IR AR ALY VAT

Neuronal transport?
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Passage through BBB?

AR ABEFY 72 18t 9~ 2 R 2

Autonomic regulation of cardiovascular function
OB HERE D F ARt M B

Mucociliary clearance
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Gastrointestinal tract

HIE

Translocation via interstitium

B R OB H)

Extra-pulmonary organs(e.g. heart and liver)
Jitist Dligis (1] 2 1X0M & i)

Cardiac dysregulation, Vascular dysfunction, Increased blood thrombogenecity

OEFAE A2, mERERE A4, NS 5 Mk AR TR
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Atherosclerosis, Stroke, Myocardial infarction
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Rehospitalisation with myocardial infarction
OREZEIC X 2 FEARE

Acute asthma
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Increased systolic blood pressure

R4 2 US e 1 of =

Ischaemic stroke

o P I 25 R

Impaired lung function
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iy

Allergic inflammation
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Myocardial ischaemia and infarction
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Arrhythmia

IR

Lung cancer
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Bronchitis
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SUE SR

pA

Deep vein thrombosis

RAER R AR

Cognitive and behavioural changes

PEn LATEN D2

Neuropathy & neurodegenerative disease

RAH AR & AR ZE MR
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Low birth weight, pre-term birth and small gestational age

(RHPEIRE, FPEIR I K ONR IR BRI
TOXICOLOGICAL MECHANISMS
PR A T = K

Oxidative stress

fefb A kLA

Pulmonary and systemic inflammation
fitids X OV & DRIE

Genotoxicity

EAREEE

Changes in fibrinogen & prothrombin level
T47 V) —=rrkTa b Lokl
Platelet activation

/RIS PEAE

Von Willebrand factor induction

T U4 LT T RRTFOFHE
Reduced heart rate variability

B LTz bmnsedt
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Increased blood pressure

I+ E5

Lipid peroxidation products

NEE R

Vasomotor dysfunction

i EEBEREA 42

Disturbed Lipid metabolism

e B P

Oxidative stress and inflammation in the CNS
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inhaled nanoparticles
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CLEARANCE VIA LYMPHATIC VESSELS
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CLEARANCE VIA MOCOCILARY ESCALATOR
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pleural cavity

Ja e

PASSAGE TO SYSTEMIC CIRCULATION
TRTE BR A~ 2%

Bronchiolar epithelial cells

A

AU S R
Airways
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Mucus

HEHR

Relocation

AL E

interstitial space

R A ~— A
clearance via lymphatic vessels
Vogr )T oA
uptake by fibroblasts
FRMEZE IR L 2 1B HL
blood capillary

EAM A

alveolar macrophage
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alveolar space
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TRANSLOCATION OF NANOPARTICLE-LADEN MACROPHAGES?

F IR ER AN~ v T 7 — Y OBE)
type 1 epithelial cell

2471 LR

type II epithelial cell

%A 71 E R

Endocytosis

T KPP A b= A

11



[HRFEE] £41 2 TR

Exocytosis

T IYA b=V R

NANOPARTICLE TRANSLOCATION
T R B H)

single particle
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aggregated/agglomerated particles
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