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Alir pollutants contain Particulate Matter
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Tvpical chemical composition of fine particulate matter in the unitd states

Elemental Organic Surfate, Mitrate, Minerals Unknown
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Diesel and Health in America:
* The Lingering Threat
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Eeproduced from U.5, EPA (2002) Health effects assessment document for diesel
engine exhanust. EP 4800/8000-57F, May 2002
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€PM25
Combustion particles, organic
HUMAN HAIR compounds, metals, etc.

. 50-70 um <2.5um (microns)in diameter
(microns) in diameter

Superior Airways of respiration

Coarse particles:
Dp < 10 um

© PM1o
Dust, pollen, mold, etc.
10 um (microns) in diameter

Inferior Airways of respiration

Fine particles:

90 um (microns) in diameter
FINE BEACH SAND



PM, - cause cardiovascular and systemic effects

3 Pro-thrombotic
- Blood cells
- - PM coqstit_uents feaching
- - systemic circulation "

FP, metals

organic compounds
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4 Endothelial Cardiovascular

System

B dysfunction
‘ ‘. Systemic responses N Permeability T
e ‘dI Y, | " AR A Vasoconstriction

SRR

1} Hypertension

Pulmonary oxidative

Direct SNS actions to

stress & inflammation 2 P
Direct pulm: . . .
nerve Z%ex"?fc"s’ﬂ Systemic oxidative stress +
inflammatory response Vasoconstriction
Endogenous mediators: Hypatiansion :
 Activated WBC, NADPH oxidase, SNS, AT2, ET  [ntbhaebitiald AL LSl
Cytokines (IL-6, TNFa, IL1B), CRP CV oxidative stress
mnrnammation
1 CV infl t
. T Coagulation / thrombosis
Autonomic nervous AR
system imbalance T Plaque vulnerability

the vasculature

Arrhythmias l /

Myocardial electrical vulnerability Acute MI, CVA, CHF
Altered autonomic outflow to CV system
CV oxidative stress

Modified from Brook, Clinical Sci, 115, 175-187, 2008



Top 10 cause of death relation to PM, .

Top 10 causes of death

Ischemic heart disease

Trachea, bronchus, lung cancers

Lower respiratory infections

Chronic obstructive pulmonary disease

Stroke -
Diabetes mellitus -

Alzheimer disease and other dementias -

Diarrheal diseases -

Tuberculosis -

Cause group Road injury .

. Communicable, matemal, perinatal and nutritional conditions

. Moncommunicable diseases

(WHO 2015)
. Injuries
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Ir Quality Index (AQI).
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The  Daily deaths in the 1952 London smog 1
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The smog caused people dead in China (2013)

I Respiratory diseases (6%)
B Lung cancer (11%)

s 4

e Shanghai
"‘t . 9

PMas-related deaths in 2013 ‘L.
(10* persons)

e 0O ©0 & o ¢

Q. Q. \ B (1,.

All reported deaths
(100%)

Relative contribution of PM, 5-related deaths

PM, 5-related deaths in the 74 |leading cities of China (2013) in the 74 leading cities of China (2013)

Exposure-response coefficients (ERCs) for the long-term mortality effects of

PM; s.
Health outcomes B(%)*
All-cause mortality 5.37 (3.48,7.27)
Cardiovascular mortality 5.91(3.63,8.18)
Respiratory mortality 254 (0954.12)
Lung-cancer mortality 8.93 (4.32,13.55)

* Defined as the percent change of mortality per 10 pug/m” increase of PM, 5
concentration with 95% confidence intervals.

Fang et al, Sci Total Environ, 2016, 569-570:1545-52
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* Cardiovascular issue is the main disorder that PM, . might cause



10 years Air quality change in Taiwan

PMo SO, NO; Cco O O3 8hr PM,s|pg/m?)
A (ng/m’) (ppb) (ppb) (ppm) (ppb) (ppb) A% %
69~76 35k | 69~76 36Kk | 69~763K | 69~T536R | 67~T43hk | 67~74 3% 69~76 35 % 30~31 3k

2008 97 % 58.9 4.55 17.49 0.50 29.24 46.51 35.7 —
2009 98 4 59.7 423 16.76 0.48 30.74 47.89 33.3 —
2010 99 57.2 432 17.53 0.50 27.94 45.26 31.2 =
2011 100 4 54.9 3.98 16.65 0.48 29.18 45.53 32.3 —
2012 101 4 51.2 3.44 15.41 0.47 29.42 45.41 28.4 —
2013 102 4 53.9 3.59 15.18 0.46 29.96 46.42 30.3 24.0
2014 103 4 52.9 3.54 15.24 0.45 30.17 46.86 o5 23.6
2015 104 4 47.7 3.18 14.21 0.44 29.48 45.25 21.8 22.0
2016 105 4 43.5 3.03 14.11 0.43 27.92 43.03 20.9 20.0
2017 106 4 447 2.95 13.48 0.39 30.49 45.80 907 18.3
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PM, : translocate into the circulation and cause damages

Bronchus

Agglomerated diesel particle Bronchiolus

. . ar Superior Airways of respiration
Solid primary elemental 2y

i E N Coarse particles:
carbon particle pRLEe Dp<10um
Respiratory Fo
bronchiolus

g
ne

(10 - 80 nm) °

® Adsorped hydrocarbons
0 # Inferior Airways of respiration
O |
s
compounds .
and sulfur acid
in gas phase Sulfat: (S0,
Metals
[ [ ]

Alveolar duct
and alveoli

Adapted from Environ Health Perspect, 2006,114:6,810-817

Alveolar Wall: Blood-air barrier

Thrproed Laspas
irschewl scan

_

Capillaries

Alveolus

Type |

Pneumocyte
y Basement

membranes

Type Il

Antsrior Amlenos
Pneumocyte i

Nemmar et al, Brief Rapid Comm, 2002



By what mechanism that PM, . translocate into the circulation?

>,

g Poison in the air we breathe

&

Human hair enlarged

@ Travels deep into

. alveoli sacs
Actual size of

a human hair Alveoli

:."i:',‘x—Fine particulate Once in the blood

stream trace
matter (PM2.5) (@)enters metals can cause
Size comparison interior Pulmonary cancer and even
to hair airways vein geneticillness in
later generations
PM2.5 pollution level
< Can be five
u or six times
higher in
China
i Trace metals level
Trace metals frequently
found in China’s air b
pollution include copper, us Sar;o ¢
magnesium, lithium, 28 times
nickel, cobalt, arsenic, higher in
selenium and zinc China
Sources:EPA, Environmental Protection Department, Greenpeace. SCMP Graphic: Adolfo Arranz

Epithelium
lining fluid

Bronchial
epithelium

Alveolar
epithelium

Katie Vicari




The endothelial in vitro model experiment:

A. The PM, . particle
B. The model treated with PM, .




Antioxidative mechanism: Nrf-2 and HO-1 activation in PM, . treated capillary-tube cells

B C
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PM, c disrupt our vascular junction with going paracellular route

A
Reactivity of Cell Lysate Reactivity after IP with VE-Cad Ab
NAC (10 mM) + + 0 ng/ml DEP DEP (ug/ml) O 1 10
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The mechanism that PM, ¢ translocate into the circulation and
cause damages

1. Para-cellular
2. Trans-cellular

Intravascular luminal surface

Caveolae Tight junction Adhesion junction

Endothelial layer

Basement membrane Cytoskeleton fibers Focal Adhesions

Extravascular compartment




Transcellular mechanism - Vesiculo-vacuolar organelle (VVO)

o Histochem Cytochem. 2001 Aprd49(4):419-32.

The vesiculo-vacuolar organelle (VVO). A new endothelial cell permeability organelle.
Dvorak AM', Feng D.

i+ Author information

e ’ : > . L —_—

Figure 2. Electron micrographs of flank skin capillaries of wild-type (A—C
and cav-1"/" mice (D-F). Boxes in (A) and (D) indicate portions enlarged
in (B) and (E), respectively. Numerous 50- to 100-nm vesicles (caveolae),
some indicated by arrows, are present in the cytoplasm and attached to both
luminal and abluminal plasma membranes of wild-type capillary endothelial
cells (A and B), whereas caveolae are largely, although not entirely, absent
from capillaries of cav-1"/" mice (D and E). Immuno-nanogold staining for
caveolin-1 demonstrates strong labeling of caveolae in wild-type capillaries
(©) and absence of labeling in their cav-1""" counterparts (F). L, lumen;
asterisk, multivesicular body. Magnification bars = 1 um.




PM, - cause autophagy in endothelial capillary
A B Carbon Black
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PM, .-caused endothelial apoptosis might lead to atherosclerosis
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A

Blockage of autophagy might stop PM, -induced endothelial apoptosis
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Summary

Cytotoxicity ———»p53/mdm2 —— Autophagy —— Apoptosis

- VE-cadherin
~ Redistribution

Intracellular
ROS \

HO-1 ~ VEGFA

TNF-a, IL-6 /

— Permeability

I:)I\/IZ.S -

Tseng et al, Cardiovascular Toxicology, 2017



In the womb

Outdoor pollution: vehicle exhaust, industrial emissions

Harms from
high pollution

Low birth weight

Premature birth

Stillbirth

Organ damage

BOGE

*Includes exhaust gases from cooking, heating and burning solid fuels, use of household cleaners and other chemicals, VOCs, etc

Nano 2 Bronchial
©  particles . epithelium

Alveolar
epithelium

Epithelium © ©
lining fluid

Katie Vicari
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In vivo model studies

PMZJ Exposure

| |

|

Immune Response Embryonic Toxicity
Reproductive Toxicity

4
Neuron Development

Microarray

\ 4
Offspring inflammatory
Neuron morphology
Behavior Test




The PM, ¢ size is about 400 nm
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PM, - cause Embryonic Toxicity

20 pm 20 pm
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PM, - cause Fetal Brain Malformation

Heavy Metal
ﬁaﬂ)on core

\ Organic carbon

commons.wikimedia.org

www.wikipedia.org

We studied gene
expression patterns
by microarrays in
cortex and
hippocampus

-
MICROARRAY

learn.genetics.utah.edu

cliparts.co

\\w\wnresearchgate. net

www.researchgate.net

NatBiotech 2010 (28) 1300-04.

e

Cortex:

Pkn2 4
Gorab 4

Mobp 4
Hippocampus:
Kbtbd8 &
Adamil §

—

Global gene expression changes in
fetal brain induced by PM, ..




PM, < induce maternal inflammation responses
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PM, < induce maternal inflammation responses

@ fRZpEc
1000000 - 150
S 100000 & 100
2 R 50 1. 0
Q ; O 1 1 ]
S 10000 - I_\lm'\‘ N
& o s
Z 1000 S .
5 GXEN
@)
2 100 -
=
__ 150
1 X 100
0 0.25 = 50
)
Concentration of PMQS(mg) ;ll—\Q 0 I l I ,
N A\
(b) I ¥ Y
SN
3.5 Amniotic fluid cytokine
00 mg PM;.5
3 B0.25 mg PM,.¢
* /\ E3 Bgh
25 2.5 mg PMz.5 FRERESER

H25 mg PM;.5 1

15
| 9 l *%
NN
] H‘H}H 0 1 1 1
] > & & ®
Hj &

Fa TGRS MCP-1 L-1p - IL-6 - IL-10 - IL-12 Chao et al, Environmental Toxicology, 2017

[N

J—
wn

—_

=
w

Cytokine expression (fold of control)

=]



PM, . affect mIRNAs in fetal brain
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PM, : cased fetal brain cortex development delay
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PM, ¢ increase brain inflammation in the offspring
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PM, < increase inflammatory & asthma ratio in offspring
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PM increases the amounts of blood vessels in

the offspring dentate gyrus




Neural cell morphology: spine spots decrease
(MATLab Bonfire software analysis)
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Behavior Test: ¥f884H Behavior Test: PM, -#8
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What is the prevention against PM, ;??
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NADPH oxidase
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Upregulation of endogenous GSH arises protection against ROS
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G. tsugae blocks ROS generation and its sequential DNA damages
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GTDE restores PM, —induced vascular permeability
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Table. In vivo physiological conditions in samples treated 2 weeks GTDE and PM, ¢

PM, - (mg/m?3) Body Weight (g) Hemoglobin (g/dL)  White Blood Cell (cells/smL) Red Blood Cell (cells/mL)

0 272.2 17.83 1.17E+07 7.58E+09

0.2 294.8 18.67 1.20E+07 8.62E+09

2 305.5 16.67 2.32E+07 5.53E+09

20 268.8 19.67 3.01E+07# 1.83E+09*
0+GTDE 268.1 19.69 1.06E+07 6.54E+09
0.25+GTDE 259.4 22.67 8.13E+06 5.23E+09
2.5+GTDE 274.2 20.33 7.13E+06 7.20E+09
25+GTDE 292.4 19.5 9.85E+06** 5.80E+09*

Tseng et al, submitted 2017
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Aim:

Chronic Exposure to PM, . or Its Major Component Cause
Genotoxicity, Mutagenesis and Carcinogenicity in
Mammalian Cells
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The impact of Chinese PM, . In mutagenesis and carcinogenesis

gpt Assay (6-Thioguanine selection) for mutagenicity

Mutagens - — -
CHO cells

When gptis active No Colony
= - (S
CHO cells (dish) Use 6-TG as —
were treated with selection reagent —_ @
MEHP for the gpt gene

When gpt is inactivated 6-TG mutant
(mutated) colonies

(] o |

gpt Assay (6-thioguanine Selection)

Mowron

(207 - Mo colon
3 @ - car(") y
= L s . | LETG When gpf gene is
205 R ' = ) e { ] i iz AECA0 plate active... ot
I I > el s ey LA S 1 / W mutant
321 Gel el N T phage gpt ar O —_ colonies
J J =2 agis | —— MTO -
S ,
. [ : e When gpt gene is ival
187 . o \ mninai E. coli Cre+ . . Surviva
o - = ! e " T e et — inactivated (mutated)...~ = ' colonies
2 120 (ol =R e 7 ) >4 ] converted plate o
TH e By v 13 ok Pi{2 |- 1o plasmid
| %9 7 325 N il 7 by Cre-hox
sipur Luﬂnﬁ a{# recombination
i e , (T T
E Kotkata-f 5B

(317



In Vitro model: gpt-transgenic CHO AS52 cell line with 6-TG selection

Mutagens: AFB1, TCDD,
PAH, BPA, PM, ;, Aniline,
Aminophenol, DEHP...
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PM2.5 Cco ntaInS Dlmethylanlllne Table 1. Formation of DNA adducts by three ["*Clalkylanilines"

}-EA 3.5-DMA 20-D0 A
— 200 Human Control I5+a 3a+ 11 13 +1
i . '
=] Experiment 153 13%2 74 28 = 187
EI- 150" Rat Control o2 S [l %1
— Experiment =5 1100 £ 204 S5+ 59
g 100 Dog Conirol 158 21+ 14 35+ 2]
o Experiment 22=1 727+ 37 130 + 53
] i Mouse Control 68 = |6 7T+ 23 33+ 2
= 501 Experiment 162 = 9 139 + 35 146 + 22
= : :
W 0 Skipper et al, Chem Res Toxicol. 2006
Cui et al, Chem Res Toxicol. 2007
Sﬂmple Number of mutations (% of total)
Fig. 2. Levels of 9 AA (excluding aniline) in the air of publicbuildings: 1: hospital ward I, 2: bank, 3: train compartment { no smoking),
4: hospital ward II, 5: public library, 6: newspaper office I, 7: office of non-smokers, 8: office with one smoker, 9: hospital waiting room Mutation type Control 3,5-DMA+S9 N-OH-3,5- 3.5
I, 10: dentist office, 11: private club I, 12: newspaper office 11, 13: school, 14: private club I, 15: hospital waiting room 11, 16: office with DMA -DMAP
two smokers, 17: bar, 18: police office, 19: hairdresser lounge, 20: computer centre, 21: private club ITI, 22: discotheque.
- NAC - NAC -NAC
Palmiotto et al, Chemosphere, 2001 Single base pair substitution 12 (52) 19 (54) 21 (40) 25 (54)
Transversions G CtoT:A 6 (26) 4 (11) 8 (15) 14 (30)
G:Cto C:G 3(13) 1@3) 0(0) 2 (4)
Agglomerated diesel particle
- Solid primary elemental [a] . .
;aﬁ%-a;::“n;de. NH, HT/OH Hjlj R ATto T:A 2 (9) 2 (6) 0 (O) 1 (2)
PN Sy conjugation N ATtoC:G 0(0) 1(3) 0(0) 2 (4)
Organic Co:dansedhydw- U\ —_— - [ - —_— l P
ot og e i T Transitions G:Cto AT 1(4) 4 (11) 7 (13) 2 (4)
imgasphase & g, Momemoy 3,5-DMA  CYP450 142 N-OH-3,5-DMA Ac or HSO3 ester
' oo Mg ~ l l ATto G:C 0 (0) 7 (20) 6 (11) 4 (8)
\ Insertion 4 (17.5) 6 (17) 5 (10) 4 (8)
NH NHz *NH Deletion 5(21.5) 9 (26) 20 (38) 20 (43)
T S P
| k - [ - 1bp 4(17.5) 4(11) 10 (19) 10 (22)
)\H — Mr/ P
o OH 2 bp 0 (0) 5 (15) 0(0) 0(0)
Iminequinone 3,5-DMAP Mitrenium ion 3 bp 2 (g) 0 (0) 10 (19) 6 (13)
Multiple sequence change 1(4) 1(3) 6 (11) 1(2)
\ 6 \]—,?‘W Total 23 (100) 35 (100) 52 (100) 46 (100)
\\

.‘|\> Chao et al, ToxSci, 2012



The idea for Long-term ROS generation in the cells
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Monocycllc aromatic amine- Fiscul2 EO0R o
induced ROS can be detected NudleaFstsin | ROSStainig
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