PETA INTERNATIONAL A
SCIENCE CONSORTIUM LID.

adolphe institute

excellence in pure and applied nanoscience

Development of a Targeted Mass Spectrometry Protein Assay to ldentify Early Stages of Pulmonary Response to

Carbon Nanotube Exposure in a 3D Lung Model

G. Hilton 14, H. Barosova 3, B. Rothen-Rutishauser 3, M. Bereman 1!
1Toxicology Program, North Carolina State University, Raleigh, NC. 2 PETA International Science Consortium Ltd., London, UK. 3 Adolphe Merkle Institute, Université de Fribourg, Fribourg, Switzerland

NC STATE

UNIVERSITY

TARGETED PROTEIN ASSAY

INTRODUCTION

Over the past 10 years, liquid chromatography tandem mass spectrometry
(LC-MS/MS) based proteomics has been increasingly used for protein assay
development owning to Iits promise for specific, reproducible, and
guantitative measurement of changes in protein expression levels.!
Proteomics offers advantages over monoclonal antibodies by measuring
proteins without the use of animal-derived materials and providing a higher
throughput measurement of 1000s of proteins per sample.
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The study described herein demonstrates the use of global proteomics to
thoroughly Investigate the cellular response of multi-walled carbon
nanotube (MWCNT) exposure using an In vitro tri-culture lung model.
MWCNTs possess fiber-like characteristics that are similar to asbestos,
thus creating concern for possible induction of pulmonary fibrosis In

exposed populations.?3
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Figure 1: Proteomic sample preparation overview. All samples were processed on the

following ThermoScientific LC-MS/MS instruments: Q-Exactive Plus (Discovery) and
Quantiva (Targeted).*>
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Figure 2: (A) Air-Liquid Interface (ALI) and suspended Mitsui-7 exposure. (B) Cell
morphology: Apical, basolateral, and cross-section images were collected at 96h. F-
actin is shown in magenta, the cell nuclei in cyan, and the intermediate filaments on the
basolateral side in yellow. Scale 20 ym.

ANOVA MODEL
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Figure 4. ANOVA model was fit using the media sample data sets.

A PATHWAYS

.

Basal Cell Apical

ENRICHMENT ANALYSIS

B UPSTREAM MEDIATORS

RhoA Signaling

Integrin Signaling

Signaling by Rho Family GTPases

Rac Signaling

EIF2 Signaling

Ephrin Receptor Signaling

Paxillin Signaling

Regulation of Actin-based Motility by Rho
Actin Nucleation by ARP-WASP Complex

Cdc42 Signaling
PI3K/AKT Signaling

VEGF Signaling

Leukocyte Extravasation Signaling
|£-Adrenergic Signaling

Protein Kinase A Signaling

ERKS5 Signaling

Actin Cytoskeleton Signaling
14-3-3-mediated Signaling

NRF2-mediated Oxidative Stress Response

Acute Phase Response Signaling
m :
’ I

CDKS5 Signaling
Apoptosis Signaling

3210 1 2 3 Basal Cell Apical
Z-score

Death Receptor Signaling
RhoGDI Signaling

HIPPO signaling

Count
0O 6 12

Average Log,,

Exposure Method

CCL5
EGF
PI3K
MYC
IL1B
Apl
GLI1
HIF1A
ESRRG

EGFR
PGR

SYVN1
ERBB2
IL6
PCGEM1
HSPA5
CSF2
EGLN
HSF1
1gG
mir-122
TRAP1

CBX5
CST5

JAG2

Wash
Cells
Media

Air-Liquid Interface MWCNT Submerged MWCNT

Exposure

Figure 3: (A) Timeline for Mitsui-7 (M-7) exposure and collection. Submerged total
exposure dose equals 18 pg/mL. ALl exposure deposition equals 200 ng/cm? of
bovine serum albumin (BSA)/day and 2 ug/cm? of Mitsui-7/day (10 ug/cm? total). (B)
TEM images of Mitsui-7 suspensions for ALI and Submerged exposure method.®

PROTEIN LEVEL ANALYSIS

Complement Component 3 protein

> Apical

= 10 I

G 8

E 6 Submerged
5 4 ALl

o 2

0

Exposure Method

Figure 5. Example comparison analysis used to evaluate significance on the
protein level (3 replicates/group). Welch t-test was used to calculate all p-values.

Figure 6. Heat maps show top 25 enriched A)
Pathways and B) Upstream Mediators for
proteins found to be significant In the
comparison of 96h Mitsui-7 (M-7) ALI versus
submerged exposure. Sample sets were
uploaded into IPA containing: protein ID, p-
value (calculated from t-test), and log, fold
change (M-7 ALI / M-7 submerged) exposure.
These heat maps demonstrate a greater
amount of significant proteins found in the
apical wash collection at the ALI compared to
the apical media collection under submerged
conditions. Note: Z-scores are considered
significantly enriched when values are greater
than 1.96 or less than -1.96 (a = 0.05).
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or deaminated AA Figure 7. (A) Candidate proteins used for targeted protein
residues assay. (B) Schematic of targeted MS. (C) Ciriteria used to

refine proteins suited for targeted MS assay development.

FUTURE DIRECTIONS
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. - Physiological Relevance
Experimental Tractability

Mine proteomic data for common features of expression across different
experimental models following nanomaterial exposure.

ldentify novel mediators of stress response found in proteomic data not reported in
single endpoint studies.

Use global proteomic data to develop a multiplexed targeted protein assay to be
used in place of antibody-based testing.

Develop IATAs to assess pulmonary response to CNTs that includes existing data,
exposure information, physico-chemical characterization, read-across, non-testing
approaches (e.g., QSARs), omics data, and in vitro testing.

Work is ongoing to develop an in vitro co-culture system to predict the development
of pulmonary fibrosis after exposure to CNTs.’8
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