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Potential Health Impacts of Nanomaterials-
What endpoints should we focus on?

Editorial

Air Pollution and Pneumonia
The “Old Man” Has a New “Friend”

Hospitalization for community-acquired pneumonia (CAP) ap-

pears to be occurring more frequently (1, 2). Why is this? To

answer this question we need to know why individuals develop

this condition. Many predisposing factors to CAP have been -

described, such as the increased risk associated with extremes of

age and comorbid diseases (3, 4).
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Macrophages are a Critical Target for
Inhaled Nanomaterials

Mouse lung sections-
48 hrs post inhalation exposure to 13 nm
superparamagnetic iron oxide (SPIO) nanoparticles

How Is normal macrophage
function affected by
nanoparticle exposure?
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Scavenger Receptors and Innate Immunity

Innate immune defense
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Scavenger Receptor A (SR-A) Mediates
Macrophage Uptake of Engineered Nanoparticles
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How are Macrophage Activation Pathways
Impacted by Nanoparticles?

Study Design:

ENP LPS or Bacteria
Pretreatment Challenge

@ 0-24 hr @ o-6hr Phenotype
(mRNA, Protein)
wash |:>
Functional

Assays

“ Amorphous silica (fluorescent)
(50 nm, zeta = -23.5 mV in RPMI)

. Superparamagnetic iron oxide (SPIO)

- (13 nm, zeta = -21.9 mV in RPMI)
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Exgression Profile Results

TABLE 1. Summary of Differentially Expressed Genes in
Mouse Bone Marrow-Derived Macrophages Following
Exposure to SPIO, Silica, or LPS

DE genes” vs DE genes” vs

pretreatment challenge control LPS (GTA)”
none none
silica (25 peg/ml) none 67
SPIO (25 wg/mL) none 1029
none LPS (10 ng/mL) 5027
silica LPS 4954 44 (15)
SPI0 LPS 5483 1044 (499)

union 6831 1058 (503)




Gene Regulation Changes Induced by

Silica and Iron Oxide Nanoparticles

A.

Silica SPIO

Upregulated:
lipid metabolism and oxidative
stress-response pathways

Suppressed:
cell cycle and some immune
response pathways
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Functional enrichment

SPIO
up-regulated
genes (p-value)

SPIO
down-regulated
genes (p-value)

Significant for up-regulated genes

Ceramide pathway 8.50E-03 6.35E-01
Phosphatidic acid pathway 6.42E-03 1.00E+00
Response to hypoxia and oxidative stress 3.86E-04 9.59E-01
Sphingomyelin pathway 3.54E-03 5.40E-01
Steroid metabolism_Cholesterol biosynthesis 2.42E-07 1.00E+00
Significant for down-regulated genes

Cell adhesion_Leucocyte chemotaxis 6.70E-01 5.67E-03
Cell adhesion_Platelet-endothelium-leucocyte interactions 2.36E-01 3.31E-05
Cell cycle_Core 9.47E-01 3.95E-07
Cell cycle_G2-M 7.48E-01 1.39E-07
Cell cycle_Mitosis 4.71E-01 1.04E-04
Cell cycle_S phase 6.75E-01 7.09E-03
Chemotaxis 1.89E-01 2.35E-07
Cytoskeleton_Spindle microtubules 7.44E-01 1.05E-05
Development_Blood vessel morphogenesis 2.83E-01 9.04E-13
Regulation of epithelial-to-mesenchymal transition 9.74E-01 1.10E-03
Immune response_Th17-derived cytokines 6.03E-01 8.24E-03
Inflammation_Interferon signaling 9.15E-01 9.40E-04
Inflammation_MIF signaling 7.95E-01 5.18E-04
Reproduction_Progesterone signaling 5.12E-01 3.56E-03
Significant for up- and down-regulated genes

Blood coagulation 5.00E-03 3.16E-02
Development_Regulation of angiogenesis 1.29E-02 2.53E-05
N-acyl-sphingosine phosphate pathway 2.27E-02 1.69E-04
Transport_lron transport 1.67E-02 3.06E-03

Even ‘benign’ nanoparticles which lack direct cytotoxic or
proinflammatory effects can alter the regulation of hundreds of genes.



Nanoparticle Exposure Shifts the LPS
Mediated Activation Profile of Macrophages
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Pro-Inflammatory and Anti-Inflammatory
Cascades are Uncoupled in Nanoparticle
Exposed Macrophages
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SPIO Disrupts the IL-10 Anti-inflammatory
Feedback Pathway
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) L |

IL-10 needed for resolution of
iInflammation.

Regulation of IL-10 depends
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SPIO Nanoparticle Treatment Reprograms

Oxidative stress
response

Inflammation
response

MacrophageTol

SPIO-
LPS

LPS

| 4 Activation

Sulfiredoxin 1 homolog (S. cerevisiae)
Thioredoxin reductase 1

Glutathione S-transferase, mu 1

Catalase

Glutathione synthetase

O)qdatlve stress induced growth inhibitor 1

Thioredoxin interacting protein
Microsomal glutathione S-transferase 1

Antioxidant
Response Amplified

Neutrophil Recruitment
Ligands Suppressed

Phagocytic Receptors
Downregulated

Feedback (Resolution)
Pathways Suppressed
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Arg2 Arginase type Il
Ctsd Cathepsin D
Cxcl1 Chemokine (C-X-C motif) ligand 1
1M2a Interleukin 12a
Tnf Tumor necrosis factor
Trafs ThIC 4 #;—l £ X3 I~
Ccl12 { Chemokine (C-C motif) ligand 12
Ccl24 Chemokine (C-C motif) ligand 24
Cclé Chemokine (C-C motif) ligand 6
Ccl7 Chemokine (C-C motif) ligand 7
Ccl8 Chemokine (C-C motif) ligand 8
Ccr1 Chemokine (C-C motif) receptor 1
Ccer5
Cxcl11
Cxcl9 Chemoklne (C-X-C motlf) Ilgand 9
Csf1
C1lga Complement component 1, q subcomponent, alpha
C1r Complement component 1, r subcomponent
C3 Complement component 3
Fecgr3 Fc receptor, 1gG, low affinity 111
Fcgrd Fc receptor, IgG, low affinity IV
Fcris \Fc receetor-like S, scavenger receptor
Ifnb1 nterreron beta 1, fibroblas
Ifitm1 Interferon induced transmembrane protein 1
Ifitm6 Interferon induced transmembrane protein 6
Ifi2712a Interferon, alpha—lndumble protein 27 like 2A
I1m agonist
1110
e
1n21r Interleukin 21 receptor
114i1 Interleukin 4 induced 1
ll4ra Interleukin 4 receptor, alpha
ll6ra Interleukin 6 receptor, alpha
Irak1bp1 Interleukin-1 receptor-associated kinase 1 bihding protein 1
Lif T Y
Socs1 Suppressor of cytokine signaling 1
Socs3 Suppressor of cytokine signaling 3
Tnfsf10 mily, member 10
Tnfsf8 Tumor necrosis factor (ligand) superfamily, member 8
Tnfrsf9 Tumor necrosis factor receptor superfamily, member 9
i e
-1.5 4] 1.5
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Impact of Engineered Nanoparticles on
Pathogen Phagocytosis

ENP S. pneunoniae
Pretreatment Challenge
(0-50 pg/ml) (MOI=10)

“ 24 hr ‘ 2hr Flow
- wash - % - Cytometry,

Microscopy

Silica

Kodali et al. ACSNano 2013 Pacific Northwest



Impact of ENPs on Pathogen Phagocytosis

ENP S. pneunoniae
Pretreatment Challenge
(0-50 pg/ml) (MO1=10)
l 24 hr . 2hr Flow
— -wash ‘ - Cytometry.

* Phagocytosis inhibited in
a dose-dependent manner
by SPIO

* Results confirm gene

expression predictions- particle

specific effect

*SR-A required for recognition
of S. pneumoniae
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Hazard Analysis Based on Macrophage
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Shared Receptor Uptake Pathways For
Nanomaterials and Pathogens - Potential
Mechanisms for Interactions
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Summary

» Macrophages use common receptor based mechanisms
for clearance of bacteria and nanoparticles- creates
potential mechanisms for dysregulating innate immune
functions

» Even non-cytotoxic nanoparticles can alter the regulation
of hundreds of genes.

» Phenotypic effects of ‘transcriptional reprogramming’ of
cells by nanoparticles are not always readily apparent
until cells are challenged

» Altered susceptibility to pathogens or other co-exposures
may be more important health outcome than “direct
toxicities” of nanoparticles
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