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Systems Toxicology Assessment workflow at PMI
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Presentation Notes
developed a fi ve-step strategy for the toxicological assessment of biologically  active substances using a systems biology approach ( Hoeng et al., 2012 ). The strategy, detailed in Figure 22.1 , is based on: (i) generation of high-quality systems-level data; (ii) evaluation of systems response profi les in the context of causal biological networks; (iii) identifi cation of the key molecular mechanisms perturbed upon exposure; (iv) quantifi cation of the perturbations in each biological network; and (v) determination of the biological Impact of exposure in the biological system.Generation of High-Quality Systems-Level Data As in any other scientifi c discipline, any systems toxicology approach is only as good as the quality of thestudy design and the generated data. Good experimental design must begin with the formulation of a relevant scientifi c question that addresses a knowledge gap and that is clear (provides a specifi c aim) and realistic given the available resources.Evaluation of Systems Response Profi lesHigh-throughput technologies, such as transcriptomics, can generate overwhelmingly large amounts of data that cannot be analyzed easily without the use of computational tools. The outputs consist of long lists of values called system response profi les that represent the entire gene-level cell responses to the exposure of interest. A major limitation of this approach is that it can be challenging to discriminate between biologically relevant signals and experimental noise ( Ideker et al., 2011 ). Quite often, what differentiates a true signal from noise is the adoption of an arbitrary threshold. Establishing such a threshold can be tricky because of the risk either of erroneously rejecting true signals (because of low statistical power) or of incorporating noise as true signals (becauseof high false discovery rates). Moreover, the generation of DEG lists requires little computational knowledge and may be useful to identify potential genes of interest, but alone such lists do not provide comprehensive mechanistic information. Without a biological context it is not possible to predict whether expression changes in a particular gene wi\All our models havebeen shared with the scientifi c community both throughpublications in peer-reviewed scientifi c journals and bycrowd verifi cation in the context of the sbv IMPROVERNetwork Verifi cation Challenge ( Meyer et al., 2011;Ansari et al., 2013 ). In this challenge, participants fromthe scientifi c community were recruited to review,improve, and extend the biological network models.
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Toxicological Assessment of Tobacco Products
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Primary Human 
Bronchial epithelial 

cells (NHBE)

Toxicological Assessment of Tobacco Products

Study Design

• Conventional cigarette (3R4F)
• Candidate Reduced Risk 

Product (cRRP)

Exposure

What is the Biological impact of a cRRP compared to 3R4F?

cMRTP

cRRP

3R4F
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Toxicological Assessment of Tobacco Products

Cigarette smoke / cRRP aerosol 

Particulate phase Gas-vapor phase Whole smoke / aerosol
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Toxicological Assessment of Tobacco Products

Gonzalez-Suarez et al. Chem. Res. Tox. 2015 

Step I: Cell Viability 

 Dose-dependent decrease in cell viability upon exposure to 3R4F AE.
 Selected appropriate doses for HCS analysis

N=3 N=3

cRRP cRRP
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Step II: High-Content Screening

Toxicological Assessment of Tobacco Products

• 7 Different Assays

• 14 Toxicological endpoints

• 6 Doses + vehicle

• 3 replicate wells per dose

• 2 time points (4h & 24h)

• ≥ 3 independent experiments

• Cell Count
• Cell cycle
• Phospho-H2AX
• Phospho cJun
• ROS formation
• GSH content
• Caspase 3/7
• Cytochrome C
• Membrane permeability
• Nuclear size
• Mitochondrial mass
• Mitochondrial potential
• NF-κβ translocation
• Gap-Junction

DNA Damage

Cell / Oxidative stress

Apoptosis / necrosis

Mitochondrial health

Proliferation

Inflammation
Cell communication
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Step II: High-Content Screening

 Dose-dependent responses in multiple endpoints upon 
exposure to 3R4F.

 Selected appropriate doses for Transcriptomics

Toxicological Assessment of Tobacco Products

Gonzalez-Suarez et al. Chem. Res. Tox. 2015

4h 24h 4h 24h
Cell Count - 100 - 200*
DNA Damage (p-H2AX) 200* 200* - -
Cell Stress (p-cJun) - 100 - 200*
ROS Formation - 100* - -
GSH Content 50 100 - 200*
Cell cycle NA 13 NA 140
Apoptosis (Cytochrome C) - 100 - 280*
Necrosis (membrane permeability) 100 100 350* -
Mitochondrial Membrane Potential - 100 - 280
Mitochondrial Mass 50* 200* - -

3R4F cMRTP

• 7 Different Assays

• 14 Toxicological endpoints

• 6 Doses + vehicle

• 3 replicate wells per dose

• 2 time points (4h & 24h)

• ≥ 3 independent experiments

cRRP
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cRRP

Gonzalez-Suarez et al. Chem. Res. Tox. 2015

Toxicological Assessment of Tobacco Products

Gene expression (DEG)

• 2 items: 3R4F & cRRP

• 3 Doses + vehicle

• 1 time points (4h)

• ≥ 3 independent experiments

 Increased number of DEG in response to 3R4F compared to cRRP.
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Gonzalez-Suarez et al. Nutraceuticals:  
Efficacy, Safety & Toxicity. 2015 I(n Press)

Toxicological Assessment of Tobacco Products

Gene expression (Network Biology)

1. Biological Impact

2. Network Level 
Perturbation

3. Subnetwork Level 
Perturbation

4. Leading nodes

Step-wise approach
Increased Granularity
Increased mechanistic insight
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Gonzalez-Suarez et al. Chem. Res. Tox. 2015

Toxicological Assessment of Tobacco Products

cRRP3R4F

Gene expression: Biological Impact Factor (BIF)

• Sum of all perturbations across all biological networks

• Vehicle control (0%)
• Reference value (100%)
• Reference:  highest level of overall perturbation 

• δ value (-1 to 1): compares underlying biology to reference

 Dose-dependent responses in 3R4F and cRRP.
 At comparable doses, lower biological impact of cRRP
 δ suggest similar underlying biology between 3R4F and 

cRRP
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cRRP cRRP cRRP cRRP

Gonzalez-Suarez et al. Chem. Res. Tox. 2015

Toxicological Assessment of Tobacco Products

• BIF values can be separated into its mechanistic components
• Surface area proportional to level of network perturbation
• Vehicle control (0%)
• Values normalized to reference

Gene expression: BIF Mechanistic Components

 Dose-dependent responses in 3R4F and cRRP.
 At comparable doses, lower biological impact of 

cMRTP
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Senescence

Response to DNA damage

Necroptosis

Autophagy

Apoptosis

cRRP3R4F

Gonzalez-Suarez et al. Chem. Res. Tox. 2015

Toxicological Assessment of Tobacco Products

Gene expression: Cell Fate Subnetwork Perturbations

cRRP3R4F
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Senescence

Response to DNA damage

Necroptosis

Autophagy

Apoptosis

cRRP3R4F

Gonzalez-Suarez et al. Chem. Res. Tox. 2015 

Toxicological Assessment of Tobacco Products

CELL CYCLE

0 6 13 25 50 100 200Puffs /L 0 35 70 140 200 300 350Puffs /L

Gene expression: Cell Fate Subnetwork Perturbations

cRRP3R4F

cRRP
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Gonzalez-Suarez et al. Chem. Res. Tox. 2015 

Toxicological Assessment of Tobacco Products

Gene expression: Cell stress Subnetwork perturbations

Exposure to cRRP has a lower biological impact on NHBE cells 
compared to 3R4F

cRRP3R4F

cRRP
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Toxicological Assessment of Environmental toxicants 

Primary Human 
Bronchial epithelial 

cells (NHBE)

Study Design

Exposure

What is the Biological impact of these chemicals in NHBE cells?

• Phase I (2012): 15 compounds*

• Phase I (2014): 32 compounds*

*HPHC (harmful & potentially harmful smoke constituents)
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 Dose-dependent decrease in cell viability observed in 17 toxicants.
 Selected appropriate doses for HCS analysis

• 32 toxicants

• 6 Doses + vehicle

• 24h exposure

• ≥ 3 independent experiments

Toxicological Assessment of Environmental toxicants 

Cell Viability (24h)

Step I: Cell Viability 
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High-Content Screening

 10 toxicants selected for Transcriptomics

• 6 Different Assays

• 13 Toxicological endpoints

• 6 Doses + vehicle

• 3 replicate wells per dose

• 2 time points (4h & 24h)

• ≥ 3 independent experiments

Toxicological Assessment of Environmental toxicants 

 3 Doses selected for Transcriptomics:
• cRRP dose
• 3R4F (CC) dose 
• HCS-toxic dose
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In vitro Toxicological assessment of p-Cresol

Gene Expression
cRRP Dose

CC Dose

Toxic Dose

High Content ScreeningNetwork Biology

Cell Cycle

Oxidative Stress

Apoptosis

CCcRRP Toxic

CCcRRP Toxic

CCcRRP Toxic

CCcRRP Toxic

Necroptosis

cRRP Dose
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Gene Expression High Content Screening
cRRP Dose

CC Dose

Toxic Dose

In vitro Toxicological assessment of o-Anisidine

Network Biology

Oxidative Stress

ToxiccRRP CC

DNA damage Response

Apoptosis

ToxiccRRP CC

ToxiccRRP CC

cRRP Dose

Biological effects in line with previous reports
Generally, little to no effect observed at cRRP and CC doses
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Summary

The combination of systems biology and high-throughput imaging tools is a
valuable approach to investigate molecular mechanisms of toxicity:

• Mechanistic insight into toxicity pathways activated upon exposure
• Investigate biological perturbations at sub-cytotoxic exposures
• Systematic and robust assessment

Challenges and future directions:
• Continuous improvement of Biological Networks
• Incorporation of additional “omics” endpoints
• Increase the number of HCS-based endpoints
• Expand the number of cellular models

Ensure transparency and data traceability
Foster collaboration and data sharing
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Thank you for your attention and Q&A

“It doesn’t matter how many resources you have, 

if you don’t know how to use them, they will never be enough”

www.picturequotes.com
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