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Local and systemic effects of inhaled particles
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~ View of Mexico City in the late 1990’s




Environmental health

Is it in the environment?

Is it in the body?

Is it causing disease?

hat is causing disease?

How?

Intervention/treatment?

FIGURE 9.1 Schematic representation of the major steps of a theoretical pathway useful in
the study of environmentally related health effects: these steps can be applied to air pollution.

Alfaro-Moreno et al. “Air Pollution: Health & Environmental Impacts” Taylor & Francis, 2010 @




PM25&PM10

Human Hair
50-70 microns in diameter

€ PM25
Combustion particles,

organic compounds,
metals, etc.
<2.5 microns in diameter

& PM10
Dust, pollen, mould, etc.

<10 microns in diameter

Fine Beach Sand
90 microns in diameter

~

Source : US EPA



Definition of PM,, and PM,, .

* PM,, — particles which pass through a size-selective inlet with a 50 %
efficiency cut-off at 10 um aerodynamic diameter. PM,, corresponds
to the “thoracic convention” as defined in ISO 7708:1995, Clause 6.

* PM, - — particles which pass through a size-selective inlet with a 50 %
efficiency cut-off at 2.5 um aerodynamic diameter. PM, .
corresponds to the “high-risk respirable convention” as defined in ISO
7708:1995, 7.1.

—



Inhaled particles, sizes and targets
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Inhalation toxicology

Inhaled particles, sizes and targets

In vivo
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Developing new models
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Characterization of Particulate Matter

* Physical

* Chemical

* Raul Omar Quintana-Belmares
* Annette Krais
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PM,, (ug/mg of PM)

Month Al Si P S Cl1 K Ca Ti A\ Cr |Mn |Fe Ni Cu |Zn Se Br Sr Pb
lz\lgl";mber 37.60 |55.97 [2.23]|21.78 |2.66]|18.15[82.39|5.52|1.68 |0.44[1.81|69.99[0.01 |2.96|10.10|0.17|0.34|0.75 ;'0
ng;mber 24.07 |35.08 [1.37|11.09|2.27|14.73 |47.19|3.39]|0.81 |0.20|0.98 |40.36|0.00 | 1.48[2.81 [0.10[0.17 |0.41 2'7
;%‘Eary 28.46 |39.70 [1.85(15.29|2.36|16.89|59.59 |4.04|1.73|0.29|1.25|51.33|0.12|1.94|4.82 [0.07|0.20 |0.53 2'7
gg?g”ary 35.13 |50.53 [2.00|13.71 |3.06]|18.58 [75.75|5.85|1.87|0.36|1.90 | 75.40[0.00 |3.23|5.78 |0.05|0.30|0.73 3-8
%ﬁrgh 36.80 [50.76 [2.13]|16.87|3.01]|20.28 [71.76 |5.78|1.94|0.41|1.79 |67.55(0.08 |2.31|4.73 |0.06|0.22]0.75 2'7
April 2013 |20.36 |27.92 |[1.17]|7.97 [2.03]|8.93 [31.75[2.64|0.60|0.20[0.86|29.15[0.00|2.24|1.51 |0.03|0.11]0.35 2'2
May 2013 [22.67 [27.91 [1.42]12.49|2.02[11.00(38.87|3.17|0.74 |0.25|0.95 [39.35|0.00 |4.56|2.67 |0.03|0.13 |0.44]|9*




PM,, (ng/mg of PM)
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Table 3
Table 2. Semiquantitative comparative appreciation of cellular effects induced by PM,; from Mexico City.

Cytotoxic effects

Factor loadings for three extracted principal components found in tt

. 1{111!]\."\";\' l“lr DM1 ~ ('l‘lmhl“l“'“ il“l'l1 'I'I"IF‘:I\'III'F"I'I"IF"I1“"
Proinflammatory effects o
Zone Toxicity Apoptosis DNA damage TNFa IL-6 PGE, E-selectin FroRIGHion
Northern H +HH 4 +H + + +
Central +- -+ +++ +++ +++ —++ +
Southern +- + ++ - + ++ ++ 6
roup 3
The number of + symbols indicates the magnitude of the observed effects.
TABLE 4
Multiple linear regression analysis and stepwise analysis
Wiability THNFa IL-6 E-Selectin DNA damage

Component B P Il p i P il r B P

Ni —517 0000 186 0113 —76 039 Exc. Exc. =202  0.000

Zn —45.6 0000 —098 036 —28 0001 —I17.7 014 —17.9  0.000

Pb 435 0008 314 011 106 0000 223 035 756 0000 Group 2 TNF

N 45 36 54 9 805

R? 0.86 0.44 0.81 0.18 0.222

p <.0001 0001 <.0001 0.231 0001

SW Ni, Zn, Ph Ni, Pb Ph, Zn None Ni, Zn, Pb

p: probability of the whole model. SW: stepwise procedure results. Exe: excluded from the analysis.

~
Group 1 p53

O North Center O South

Fig. 5. This radial plot shows the relationship between PM,,-component groups and biological effects, stratified by sampling site.

-Ctr. PM10 PM10+PolymixinB Insoluble fraction Soluble fraction




n.d. - not detactable.
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Coat membranes
with gelatin for 2h

Add Hulec-52
(endothelial cells)
—
24 h later, add differentiated
THP-1 (macrophages)
Next morning,
remove the medium
0 o [0 [0 | E—

Let the cells to attach
for 3hat RT

Leave under ail-liquid
conditions for 48h

Add A549 cell
(pneumocytes)

Flip membranes
back into the well

——

Expose to particles

1% (TiOy) 1+
e

Recover supernatants
for evaluation




By S

macrophages co-cultered at air-
liquid interface for 48 hours.

A549 type Il pneumocytes + THP-1

A549+M0 ||A549 + MO
+ Hulec 5a

20 McP-1 JEKED 1.944

MCP-3 R 1.910

[¥lle]  1.000 0.109

1.5 RANTES RN 14.914
vce-1 R 0.684 15

10 GRO.. K 8.366

I-TAC R 0.354

- MIP-1¢/MIP-1R K 1.394
Pentraxin-3 0.5 ccL8/MCP-2 [N 1.039 10

TNF - R0 1.000 1.980 :
GM-CSF ] 1.008 53.624

A549-+HVI0 [|A549 + MO
+ Hulec 5a

.0

Fractalkine 1.000 0.709
Eotaxin-3 1.000 0.035
ARAGEIN (Ao ENA-78 JENEYY 19.564 0.5

20 Chemerin 1.000 0.430

IL-22 Osteopontin K 1.468

L4 15 MIP-3c. 1.000 2.855

IL5 i oWl 1.000 0.606

Pentraxin-3 ’ .

PARC 05 ﬁ‘
IL-18 BPa 5

P 102 sc\e®
yal
a* * P
*

: y
4
56 _»7 [A549+M0 |A549 +Ni0
ondir T - + Hulec 5a
doStatin L2 Y 1008 |53620 | [
10 SDF-1

Angiopoietin-2

IP-10 1

0.5 Angiopoietin-1
GRO-q,

VEGF
Angiopoietin-like 4
FGF basic
HIF-1
ENA-78

1.0

0.5

Cytokines, chemokines and growth factors
secretion on cultures exposed or unexposed
to TiO,. The co-culture of epithelial cells and
macrophages did not show a large shift in the
expression of these molecules. When
endothelial cells were included in the model, a
large amount of molecules show variations
from 30% up to several fold increases.
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Spinotrapezius

Adhesion of PMN cells to blood
vesels in the spinotrapezius muscle,
after intratacheal instilation of ROFA.

Figure 7. Localization of MPO in the spinotrapezius muscle microcirculation 24 hr after ROFA exposure.
Fluorescent antibodies targeted a polyclonal antibody against MPO; nuclei are counterstained blue with
DAPI. (4) Representative confocal fluorescentimage of a venule from a saline-treated rat. (B) Representative
confocal image of a venule from a rat exposed to 0.25 mg ROFA. Note the fluorescence in the microvascular
wall indicating the presence of MPO (arrows). Bars = 20 pm; similar results were obtained with Ti0».

Nurkiewicz et al., Environ Healt Perspect 114:412-419 (2006)
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Fig 2. Effect of particles from Mexico City on E-Selectin expression. HUVEC were exposed to 40 pg/em® of total PMyg or preincubated with polymixin-
B. The fluorescence increase was detected by fluorescence microscopy (A) or by flow cytometry (B). In B, the fold-increase in mean fluoresecence intensity
is shown. Mean+8D, n = 3. * Significantly different from control (unexposed) cells (P<0.05). ** Significant difference between polymixin-B-treated

cultures and cells exposed to particles (P<0.05).
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Fig. 3. Effect of different particle fractions on E-Selectin expression in HUVEC. HUVEC were exposed to the equivalent of 40 pg/cm? of soluble and
insoluble fractions of PM;, from Mexico City. The fluorescence increase was detected by fluorescence microscopy (A) or flow cytometry (B). In B, the fold-
increase in expression is shown. Mean +SD, n =3. * Significant difference between particle-exposed cells and control cells (P<0.05). ** Significant
difference between cells exposed to soluble fraction and cells exposed to insoluble fraction (P<0.05).

Alfaro-Moreno E, et al. Environ Res 2007; 103 (2): 221-228
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Urban particulate matter induces the expression of receptors for early and @ M)
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late adhesion molecules on human monocytes et

Ratl Quintana-Belmares™', Guillermina Herndndez-Pérez™', Angélica Montiel-D4valos”,
Asa Gustafssonb, Javier Miranda“, Irma Rosas-Pérezd, Rebeca Lépez-Marure®,

Ernesto Alfaro-Moreno®™*
Figure 1: Receptors for early adhesion molecules (sLex and PSGL-1)

were induced in cells exposed to PM,, for 3 h, from 0.03 pg/mL. &v/\é(@ & Qgg'b “ LR
* p < 0.05 vs. Negative control. S
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Particulate matter /_ﬁ
inhalation

Deposition in airways or alveoli

N\

( Epithelical cells and macrophages
_ TLR2 and TLR4
PM intake receptors

/ \\ Cytokine secretion

o . TNFa, IL-1B, IL-6, IL-8,
Epithelial cells Macrophages Dendritic cells MCP-1, MIP-1c, MIP-1B, GM-CSF

PM translocation

Fibroblasts

Clotting effects

Endothelial > Systemic effects
dysfunction

Lung remodeling

FIGURE 9.3 Possible chain of events related to PM exposure. Deposited PM in the airways
or the alveoli can induce the production of cytokines that will activate other cells creating
local or even a systemic effect. The translocation of the PM may explain effects induced by

PM at distant sites.

Alfaro-Moreno et al. “Air Pollution: Health & Environmental Impacts” Taylor & Francis, 2010
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Set up:
Single QV500 chamber




Acknowledgements:

Swetox: Mexico:

Annette Krais Raul Quintana-Belmares
Asa Gustafsson Angelica Montiel

Ake Bergman Rebeca Lopez-Marure
Daniel Mucs Irma Rosas-Pérez

KI: Students:

Hanna Karlsson Andrea Cediel Ulloa

Bahare Esfahani

Sofie van den Broucke
Markus Engel
Giuseppe di Marco

Others:

Peter Hoet, KU Leuven

Jeroen Vanoirbeek, KU Leuven

Ewa Stepien, Jagiellonian University




32




