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Charge to the Technical Review Team:  
Review any comments that may have been made on previous versions of the AOP. These are available in the discussion pages of the AOP in the AOP-Wiki.
Review the scientific evidence that is presented to substantiate the AOP.
Respond specifically to the following charge questions based on your relevant technical knowledge of the subject area:
Scientific quality
· Does the AOP incorporate relevant scientific literature and evidence?
· Does the scientific content of the AOP reflect current scientific knowledge on this specific topic?
Weight of evidence
· In your opinion, is the weight-of-evidence judgement/scoring well described and justified based on the evidence presented?
· Consider weight-of-evidence for each KER and the AOP as a whole.
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AOP Page 237:
	Scientific evidence (key refs captured?)
	Yes, for the proposed AOP structure, the literature seems complete and relevant. However, the current AOP would be strengthened by adding vascular “bridging” KEs (endothelial activation/adhesion molecules/monocyte recruitment), which are strongly supported in the literature and help avoid an overly “shortcut” progression from systemic APR directly to plaque development. In addition, the literature/evidence between the MIE and KE1 to the rest of the KEs and AO in the AOP may be reviewed thoroughly to ensure robust linkage while maintaining modularity (e.g. avoiding reference to the AO in specific KEs/KERs, and retaining it rather in the AOP description). Some references potentially worth considering: https://doi.org/10.1002/smll.201907476 ; https://doi.org/10.1161/CIRCRESAHA.107.164970 ; https://doi.org/10.1016/j.toxlet.2018.03.022 ; papers by Nancy R Webb?

Largely complete for the proposed pathway scope. Key references are captured (Gutierrez et al. 2023; Poulsen et al. 2017; Ridker et al. 2000; Christophersen et al. 2021). However, literature bridging the systemic APR to the specific vascular biology of plaque initiation (endothelial activation, NF-kB, VCAM-1/ICAM-1, monocyte transmigration) is absent. Recommend adding: Libby 2021 (Nat Rev, doi: 10.1038/s41586-021-03392-8); Pober & Sessa 2007 (doi: 10.1038/nri2171); Hadrup et al. 2020 Small (doi: 10.1002/smll.201907476).

	Scientific quality / current knowledge
	Yes, the concept that inhaled inflammatory stimuli can contribute to cardiovascular disease is consistent with contemporary understanding, but the causal strength implied by the title and some non adjacent linkages should be moderated, consistent with the AOP’s own “moderate plausibility” assessment for MIE→AO and alternative mechanistic routes.

The AOP is scientifically coherent and the acute phase response mechanism is well established. The core concept — that inhalable particles induce pulmonary inflammation, systemic APR, and thereby promote atherosclerosis via SAA-mediated impairment of reverse cholesterol transport — is biologically sound and consistent with the contemporary cardiovascular disease literature. However, the causal chain is presented with a confidence level that is not fully consistent with the authors' own ratings (MIE→AO: Moderate plausibility; KE3→AO empirical support: Moderate). The jump from systemic APR directly to plaque as AO elides several well-characterised intermediate vascular biology steps.

	WoE judgment justified?
	Yes, but consider downgrading or more explicitly justifying any “high” confidence claims for the non adjacent MIE→AO inference, because KE2960 explicitly rates plausibility as moderate and includes broad “any inhalation exposure leading to atherosclerosis” evidence language that may be too inclusive.

Partially. The authors' WoE ratings are internally consistent across most adjacent KERs but the overall AOP-level confidence implied by the abstract and title ('leading to atherosclerosis') exceeds what the component-level evidence justifies. The non-adjacent MIE→AO link (KER:2960) is explicitly rated Moderate plausibility, yet this is not reflected in the overall framing. The WoE table is appropriate in isolation.

	Domain of applicability stated + justified?
	Yes, DoA is described, but only partially justified. The broad applicability to all stressors that can be inhaled is biologically plausible, but mainly qualitative with limited description of boundaries related to species, exposure duration, particle properties, and susceptible populations.

The AOP is applicable to adult humans of both sexes and has been modelled using mice. However: (1) the breadth claim ('all inhaled stressors') is only qualitatively justified; (2) susceptible populations (smokers, dyslipidaemic individuals, pre-existing CVD) who may show heightened APR responses are not addressed; (3) exposure duration and dose-rate dependency on pathway activation are not discussed at the AOP level. The life-stage statement ('mostly observed in older individuals') is appropriate.

	Essentiality (KE / across AOP)
	The essentiality of the KEs is described to a limited extent and is unevenly supported across the pathway. Some downstream KEs are supported by intervention and knock-out studies in mice or in vitro, providing moderate evidence for essentiality. However, for the upstream Key Events, evidence demonstrating that blocking earlier events prevents downstream outcomes is sparse, and the description of essentiality is largely qualitative rather than systematically evaluated. Overall, the essentiality of the Key Events is partially described but not comprehensively justified across the entire AOP.

The essentiality section is structurally present and references relevant knockout and pharmacological intervention studies (TLR2/TLR4 KO, IL-6-/-, IL-1beta monoclonal antibody, SAA1/SAA2 double KO). However, essentiality is rated Moderate for the MIE, and only High for downstream KEs. The upstream essentiality chain (MIE -> KE1 specifically for the APR route rather than the fibrosis route) could be strengthened. The note that TLR4 KO prevents LPS-induced APR is strong evidence, but this is one stressor type. Broader evidence across particle types would strengthen the MIE essentiality rating.

	Uncertainties / inconsistencies documented?
	The Uncertainties section is one of the stronger parts of the AOP. Key uncertainties are explicitly listed: physicochemical properties modulating APR magnitude; CRP Mendelian randomisation data; species differences in SAA isoforms; inconsistency between studies (some exposures do not elicit APR). This is commendable. However, the fundamental uncertainty about whether SAA elevation is sufficient (not just correlative) to drive plaque in humans with normal lipid profiles is underemphasised.

	Reviewer notes / recommended edits
	Primary concerns regard the main title of the AOP. The current title implies a deterministic causal link from inhalation exposure to atherosclerosis. As defined in the AOP introduction, atherosclerosis is mainly characterized by an LDL accumulation in the vessels wall following the endothelial damage and the endothelial disruption and smooth muscle cell proliferation and platelet activation (Ross et al. 1971 doi: 10.1126/science.180.4093.1332).  Therefore, atherosclerosis is multifactorial, and the non adjacent KE2960 rates biological plausibility as moderate and explicitly cites multiple hypothesized pathways connecting inhaled stressors to cardiovascular disease (mediator translocation, autonomic effects, particle translocation). We recommend modifying the title to reflect the contribution rather than sole causation.

AOP 237 currently transitions from pulmonary inflammation/acute phase response to atherosclerosis without explicitly capturing key vascular biology steps that are central to plaque initiation and progression (endothelial activation, adhesion molecules, monocyte recruitment, foam cell formation, SMC proliferation/ECM remodeling, thrombosis risk). Indeed, in response to certain proinflammatory agents, such as IL-1, TNF, the endothelium can undergo phenotypic modulation (endothelium type II activation) (Pober J.S. et al. 2007 doi: 10.1038/nri2171). This phenotypic modulation lead to NF-kB production thus facilitating activation of prothrombic activators (IL-8, VCAM, ICAM, MCP-1, plasminogen activator…) (Yu et al. 2015, https://doi.org/10.1016/bs.acc.2015.03.004)
Therefore, we recommend adding at least one bridging KE such as endothelial activation (NF‑κB activation; increased VCAM‑1/ICAM‑1/MCP‑1) and/or Monocyte recruitment/transmigration and foam cell formation to mechanistically connect systemic inflammatory signaling to plaque biology.
 
In addition, a recommendation might be to look over the MIE and KE1 in terms of their current specificity towards lung fibrosis (making sure they remain modular). 

Finally, a small recommendation would be to add a statement about the potential of measuring KEs using New Approach Methodologies (NAMs) in relation to the section "Considerations for Potential Applications of the AOP".

OVERALL ASSESSMENT: AOP 237 makes a scientifically important and plausible contribution to understanding how inhalation exposures may promote cardiovascular disease through the acute phase response. The evidence base is substantial, especially in mice, and the biological mechanism (SAA disrupting reverse cholesterol transport) is well described. The following revisions are recommended:

1. TITLE: Change to 'Substance interaction with lung resident cell membrane components contributing to atherosclerosis' to reflect the contributory rather than deterministic relationship, consistent with the moderate plausibility rating for the MIE→AO non-adjacent KER.

2. MISSING KEs: Strongly recommend adding at least one bridging KE between KE3 (systemic APR) and the AO (atherosclerosis) to capture vascular endothelial activation (NF-κB activation; upregulation of VCAM-1, ICAM-1, MCP-1) and/or monocyte transmigration/foam cell formation. These steps are mechanistically well-documented, are essential to atherosclerosis initiation, and would transform the KE3→AO adjacent KER from an inferential epidemiological linkage into a mechanistically grounded one.

3. CRP FRAMING: CRP should be consistently described as a risk marker rather than a causal mediator throughout the AOP. The Mendelian randomisation evidence (Collaboration et al. 2011; Elliott et al. 2009) is correctly cited in the Uncertainties section but should also be referenced in the KE3 description and the KER 2860 biological plausibility section.

4. REGULATORY APPLICATIONS: Add a paragraph addressing the potential for measuring KEs using New Approach Methodologies (NAMs), including in vitro APR induction assays and organoid/PCLS models, consistent with the OECD's push toward animal-free testing strategies.

5. ESSENTIALITY: Supplement the essentiality section with evidence from controlled inhalation studies where blocking or reducing APR (e.g., via anti-IL-6 or anti-SAA approaches) prevents atherosclerotic progression in animal models. The Ridker et al. 2017 canakinumab trial (anti-IL-1β) provides relevant human evidence and should be referenced here.







EVENT Page 1495
	AOP Segment
	Molecular Initiating Event (MIE)

	AOP 237 element (name)
	Substance interaction with the lung resident cell membrane components

	AOP-Wiki ID (event/relationship)
	MIE:1495

	Scientific evidence (key refs captured?)
	The scientific evidence supporting MIE 1495 is biologically plausible and generally consistent with current understanding of particle-induced interactions with lung-resident cells. However, the evidence is strongly linked to lung fibrosis and would benefit from generalization to the extent possible to strengthen the robustness and modularity, and thereby relevance for AOP 237. A suggested reference to consider adding to the MIE: https://doi.org/10.1038/s41598-018-19521-9

	Scientific quality / current knowledge
	Overall high and supported by well-established biology, but moderate quality as the evidence is currently presented at a relatively general level and would benefit from additional mechanistic detail and more explicit linkage to receptor-mediated sensing and lysosomal damage pathways that are well documented in the literature. Furthermore, the references are somewhat biased toward pulmonary fibrosis–related literature.

	Biological context / LoO appropriate?
	Yes, molecular

	KE components / ontology appropriate?
	Ontologically only a few of the mechanisms described have been annotated (e.g. PAMPs, DAMPs, MARCO lysosomes, phagocytosis etc may be considered for annotation)

	Measurement / detection described?
	Yes, very broadly, albeit perhaps not comprehensively, as the MIE covers such a broad range of mechanisms. Also, consider checking whether validated/standardized test methods (e.g. OECD TGs/GDs) exist and can be mapped.

	Domain of applicability stated + justified?
	Yes, although the justifications are strongly linked to fibrosis (rather than atheroschlerosis)

	Modularity / reusability (no AOP-specific wording)?
	MIE 1495 is reused across AOPs (AOP 173 pulmonary fibrosis, and AOP 451 lung cancer), which is good modular practice and suggests the MIE is intended as a shared initiating event. However, the MIE is strongly linked to fibrosis as an adverse outcome, and would benefit from some generalization to enable better modularity and reuse.

	Uncertainties / inconsistencies documented?
	Uncertainties are only implicitly addressed and not systematically described. While the text acknowledges that different types of stressors (e.g. particles, fibres, and chemicals) may interact with lung-resident cells through multiple mechanisms, specific uncertainties related to material properties, exposure conditions, cell-type specificity, and mechanistic variability are not clearly articulated.

	Quantitative understanding (optional)
	Low - while the biological processes underlying particle–cell interactions and early inflammatory activation are well described qualitatively, there is little information on quantitative relationships such as dose–response, thresholds, or temporal dynamics, which limits predictive capability.

	Reviewer notes / recommended edits
	Overall, the MIE is a special case due to its aim to capture non-specific toxic initiating events caused by particles. This is highly relevant for the risk assessment of nano- and advanced materials, and definitely a valuable endeavor. However, in a regulatory context it is worth considering, if possible on a systematic level, the uncertainties that arise due to the various types of methods used to measure the MIE. Considerations to reference also OECD TGs/GDs focused on the specific requirements for testing nano- and advanced materials may be worth exploring in relation to this MIE.






EVENT 1496:
	AOP Segment
	Key Event (KE1)

	AOP 237 element (name)
	Increased, secretion of proinflammatory mediators

	AOP-Wiki ID (event/relationship)
	KE:1496

	Scientific evidence (key refs captured?)
	The scientific evidence supporting KE 1496 is biologically plausible and generally consistent with current understanding of pro-inflammatory activation. However, the evidence often references specifically lung fibrosis and would benefit from generalization to strengthen the robustness and modularity, and thereby relevance for AOP 237. Suggested references to consider adding to the KE: https://doi.org/10.1002/wnan.1279; https://doi.org/10.1002/smll.201907476; https://doi.org/10.1186/s12989-014-0048-2 

	Scientific quality / current knowledge
	Overall high, but strongly coupled to the pro-fibrotic downstream effects, rather than the acute phase response that follows in AOP 237.

	WoE judgment justified?
	N/A (mainly relevant for the whole AOP)

	Biological context / LoO appropriate?
	Yes, cellular

	KE components / ontology appropriate?
	Yes, the general terms for cytokines, including specifically for chemokines and interleukins are annotated, which is probably the best strategy, as there are numerous specific cytokines described in the KE. 

	Measurement / detection described?
	Yes, very broadly. However, it may be valuable to consider checking whether validated/standardized test methods (e.g. OECD TGs/GDs) exist and can be mapped.

	Domain of applicability stated + justified?
	Yes, although very briefly and there are still many uncertainties, which is also stated.

	Modularity / reusability (no AOP-specific wording)?
	KE 1496 is reused across 11 AOPs, which is good modular practice and suggests the KE is intended as a shared "hub" KE. However, the KE is currently strongly linked to fibrosis and pro-fibrotic downstream events, and would benefit from some generalization to enable better modularity and reuse.

	Uncertainties / inconsistencies documented?
	Yes, the complexity and variability of pro-inflammatory mediator responses is described, and the authors note that cytokines and other inflammatory mediators are pleiotropic and redundant. In addition, variability in measurement and biological context is described.

	Quantitative understanding (optional)
	No. No quantitative thresholds, dose–response relationships, or temporal data linking the magnitude of mediator secretion to downstream key events is described. Overall, the KE currently reflects a qualitative understanding rather than a quantitative characterization.

	Reviewer notes / recommended edits
	Overall, the KE is a special case since it tries to capture a well-described and documented biological mechanism, albeit with lacking details relating to e.g. quantitative understanding. Similar to the MIE, this is highly relevant for the risk assessment of nano- and advanced materials, and definitely a valuable endeavor. However, in a regulatory context it is worth considering, if possible on a systematic level, the uncertainties that arise due to the various types of methods used to measure the KE. Considerations to reference also OECD TGs/GDs focused on the specific requirements for testing nano- and advanced materials may be worth exploring in relation to this KE.






EVENT 1438:
	AOP Segment
	Key Event (KE2)

	AOP 237 element (name)
	Transcription of genes encoding acute phase proteins, Increased

	AOP-Wiki ID (event/relationship)
	KE:1438

	Scientific evidence (key refs captured?)
	Well documented

	Scientific quality / current knowledge
	High for mRNA induction, Moderate for the specific signaling crosstalk (cytokine to transcription factor)

	Biological context / LoO appropriate?
	Yes, molecular

	KE components / ontology appropriate?
	A dedicated table has been provided

	Measurement / detection described?
	Yes, even if not/poorly applicable to humans (biopsies)

	Domain of applicability stated + justified?
	Explicitly state functional conservation and species-specific biomarkers (Cray C, Zaias J, Altman NH. Acute phase response in animals: a review. Comp Med. 2009 Dec;59(6):517-26. PMID: 20034426; PMCID: PMC2798837, authors are already referring to this review)

Life stages applicability: This key event is applicable to all life stages/sex. --> this is not justified

	Modularity / reusability (no AOP-specific wording)?
	Good, can be reused in any pathway involving inflammatory systemic responses

	Uncertainties / inconsistencies documented?
	Uncertainty in the threshold of mRNA induction needed to result in KE3

	Quantitative understanding (optional)
	Low

	Reviewer notes / recommended edits
	-see the previous comments




EVENT 1439
	AOP Segment
	Key Event (KE3)

	AOP 237 element (name)
	Systemic acute phase response

	AOP-Wiki ID (event/relationship)
	KE:1439

	Reviewer
	PAB

	Scientific evidence (key refs captured?)
	For the current version good, assumed to be complete

	Scientific quality / current knowledge
	Moderate since the description remains somewhat protein-centric and species-restricted. 

APR is an evolutionarily conserved systemic reaction to infection, tissue injury, trauma, neoplasia, or inflammatory stimuli. Basically it involves much more species than the two mentionned in the doc. I would propose to include more species presenting the same biomarkers and not limiting to mouse and human.
Expand the KE description to explicitly mention cytokine mediation (IL-6, IL-1β, TNF-α) and systemic physiological components.

Also,  CRP and SAA are well described, however some upregulated proteins of interest are not mentioned such as (but not limited to) fibrinogen, alpha-1 glycoP and complement proteins. The KE description is accurate by mentioning that a change of 25% are a criteria to include these proteins but is also works for downregulated protein (albumin...).

Last, proteins are not the only way to monitor APP as fever and leucocytosis could be observed as well.

	Biological context / LoO appropriate?
	Appropriate, slightly simplified and centered on proteins (APP), Identifying the pro inf cytokines would enable further AO on the liver (not mentionned here)

	KE components / ontology appropriate?
	Yes for the APP, the upstream cytokine mediation is not mentionned here

	Measurement / detection described?
	Yes, immunoassays

	Domain of applicability stated + justified?
	Explicitly state functional conservation and species-specific biomarkers (Cray C, Zaias J, Altman NH. Acute phase response in animals: a review. Comp Med. 2009 Dec;59(6):517-26. PMID: 20034426; PMCID: PMC2798837, authors are already referring to this review)
Life stages applicability: This key event is applicable to all life stages/sex. --> this is not justified

	Modularity / reusability (no AOP-specific wording)?
	The acute phase response is highly modular and reusable, as it is conserved across vertebrates and activated by diverse inflammatory stimuli. However, the current description is overly restricted to human and mouse data and focuses primarily on selected proteins. Key upstream cytokines (e.g., IL-6, IL-1β, TNF-α) and the central hepatic contribution should be explicitly incorporated. Broadening species coverage and mechanistic context would improve completeness and generalizability.

	Uncertainties / inconsistencies documented?
	It is mentioned that CRP and SAA predict CVD risk as AOP 237 treats systemic acute phase response (KE1439) and acute phase proteins as key drivers toward atherosclerosis. This is plausible for SAA (mechanistic effects on HDL and foam cell formation are discussed in the KE2860), but CRP should be framed cautiously because MR evidence indicates CRP is likely a risk marker rather than a causal mediator of CHD.

	Quantitative understanding (optional)
	Low

	Reviewer notes / recommended edits
	Typo:  "(ELISA) assays or Western blot.  (refs)" --> remove the point and the space
The suggested expansions are well supported by long-standing literature and cross-species comparative immunology data.






EVENT 1443
	AOP Segment
	Adverse Outcome (AO)

	AOP 237 element (name)
	Atherosclerosis

	AOP-Wiki ID (event/relationship)
	KE:1443

	Scientific evidence (key refs captured?)
	Very minimalistic but the global overview is fine. The initiation and progression of atherosclerotic plaques is strongly supported by mechanistic, animal, and human data in cardiovascular research, and is widely accepted

	Scientific quality / current knowledge
	Well established disease

	Biological context / LoO appropriate?
	Defined at the individual level, appropriate for atherosclerosis as a vascular disease in human

	KE components / ontology appropriate?
	Ontologically valid but not very informative. More specific terms and could improve alignment with vascular and disease ontologies while remaining consistent with current AOP ontology guidance.

	Measurement / detection described?
	Yes, direct exploration (clinical) and indirect (biomarkers)

	Domain of applicability stated + justified?
	No explicit domain of applicability.
human atherosclerosis in adults of both sexes with classical cardiovascular risk factors, and that animal data are mainly supportive for upstream KEs

	Modularity / reusability (no AOP-specific wording)?
	Good

	Uncertainties / inconsistencies documented?
	Atherosclerosis is a well characterized disease

	Quantitative understanding (optional)
	Low

	Reviewer notes / recommended edits
	"It is pertinent to remark that ambient (outdoor) and indoor particulate matter are risk factors for cardiovascular and the World Health Organization (WHO) has estimated that 6.7 million annual premature deaths are associated with these risk factors (Vaduganathan et al., 2022; WHO, 2023)."

It is unclear if the estimated 6.7 M premature deaths reported are attributable specifically to exposure to particulate matter alone, or whether this figure reflects the broader burden of cardiovascular diseases, including atherosclerosis-related pathologies




RELATIONSHIP 1702
	AOP Segment
	Key Event Relationship (KER1)

	AOP 237 element (name)
	Interaction with the lung cell membrane leads to Increased proinflammatory mediators

	AOP-Wiki ID (event/relationship)
	KER:1702

	Scientific evidence (key refs captured?)
	Good, but suggested publications could be considered: https://doi.org/10.1186/s12989-016-0125-9; https://doi.org/10.1002/adma.202003913; https://doi.org/10.1039/c9na00721k; https://doi.org/10.3390/nano10010127; https://doi.org/10.1016/j.taap.2019.114830; https://doi.org/10.1021/nn200595c 

	Scientific quality / current knowledge
	Moderate and in need of strengthening for regulatory use. While e.g. the biological plausibility is high and the empirical evidence is moderate, the essentiality of the upstream KE and the quantitative understanding is low. Suggestions to improve the KER to high quality includes providing structured evidence tables (currently only provided for time-scale aspects).

	Domain of applicability stated + justified?
	While the taxonomic, life stage and sex applicability is described and justified, cell-type specificity could be clearer. I.e. beyond mast cells, macrophages, epithelial cells, and broad innate immune signalling examples, which resident lung cell types are relevant (alveolar macrophages, AT1/AT2 epithelial cells, endothelial cells)? However, this may be difficult to describe in order to keep the modularity of the KER.

	Modularity / reusability (no AOP-specific wording)?
	KER 1702 is reused across AOPs (e.g., AOP 173 pulmonary fibrosis, and AOP 451 lung cancer), which is good modular practice and suggests this relationship is intended as a shared inflammatory linkage

	Biological plausibility (KER)
	Yes, the evidence is high and well-described.

	Empirical support: Temporal (KER)
	Yes, several examples are provided. However, the evidence could potentially be easier to review if presented in a table clearly showing evidence from in vitro and in vivo studies separately.

	Empirical support: Dose (KER)
	Yes, but only one in vitro study is exemplified. Furthermore, overall, AOP 237 discusses surface area as an effective dose metric for particle-driven lung inflammation in general. But KER 1702 itself still reads mostly as a set of largely qualitative mechanistic examples and only one dose-response example. AOP 237 also flags that the quantitative understanding for MIE→KE1 is Low, which aligns with this gap.

	Empirical support: Incidence (KER)
	Described in the overall AOP: limited

	Essentiality (KE / across AOP)
	N/A (to be assessed for the AOP as a whole)

	Uncertainties / inconsistencies documented?
	Partially, the uncertainty of a potential compensation mechanism for the lack of IL-1R1 signalling is described. However, the KER would benefit from an explicit uncertainty analysis discussing biological variability in detail, stressor-specific differences, and limitations in the empirical evidence base.

	Quantitative understanding (optional)
	Low

	Reviewer notes / recommended edits
	The “Evidence Collection Strategy” section is empty. It would be beneficial to have because the KER is a highly reusable “core” module in the AOP-wiki. Furthermore, I recommend table-structuring in many section, e.g. the Temporal evidence section. In addition, the Known Feedforward/Feedback loops influencing this KER could be improved.





RELATIONSHIP 2053
	AOP Segment
	Key Event Relationship (KER2)

	AOP 237 element (name)
	Increased proinflammatory mediators leads to Increased transcription of genes encoding acute phase proteins

	AOP-Wiki ID (event/relationship)
	KER:2053

	Scientific evidence (key refs captured?)
	Strong overall. The KER includes direct cytokine-based evidence and a substantial mouse pulmonary evidence base; importantly, the page is transparent that BALF neutrophilia is used in part of the evidence base as an indirect marker of pro-inflammatory mediator release.

	Scientific quality / current knowledge
	Overall scientifically strong and transparent. The main limitation is not lack of evidence, but that the empirical support combines direct mediator evidence with indirect inflammatory readouts; this is acceptable, but the distinction should remain explicit in the summary text

	Domain of applicability stated + justified?
	Reasonably justified. The KER 2053 page explicitly lists mouse and human taxonomic applicability, both sexes, and all life stages as high, and the description notes relevance across different tissues, mainly lung and liver. However, the empirical evidence shown on the page is strongest for mouse pulmonary studies.

	Modularity / reusability (no AOP-specific wording)?
	Potentially reusable, because the KER is framed in general inflammatory terms rather than in AOP-237-specific terms. However, at the current state KER 2053 is not yet reused across AOPs, as the KER page currently lists only AOP 237 under “AOPs Referencing Relationship".

	Biological plausibility (KER)
	Highly plausible. Cytokine-driven induction of acute phase genes is a standard inflammatory mechanism. 

	Empirical support: Temporal (KER)
	Moderate. The KER 2053 page presents multiple studies showing that BALF neutrophilia and acute-phase gene transcription are both increased at the same post-exposure timepoints, which supports temporal association. However, temporal support is not stronger because the upstream KE is often represented by neutrophils in BALF as an indirect marker of pro-inflammatory mediator release, rather than by direct time-resolved measurements of the mediators themselves.

	Empirical support: Dose (KER)
	Moderate. The KER 2053 page shows a useful response-response pattern between BALF neutrophilia and acute-phase gene transcription across several studies, but much of the quantitative support uses neutrophils in BALF as an indirect marker of the upstream KE rather than direct measurements of pro-inflammatory mediators.

	Empirical support: Incidence (KER)
	Adequate. The page assigns high applicability to mouse and human, both sexes, and all life stages, although the evidence shown is strongest for mouse pulmonary studies

	Essentiality (KE / across AOP)
	N/A (to be assessed for the AOP as a whole)

	Uncertainties / inconsistencies documented?
	Partly. Uncertainties are acknowledged, and the evidence table shows some inconsistent patterns across tissues and timepoints, but the uncertainty discussion could be more explicit. For example, it could state more directly that BALF neutrophilia is an imperfect indirect indicator of the upstream KE and that downstream acute phase responses may differ by tissue and timepoint.

	Quantitative understanding (optional)
	Moderate. The KER 2053 page shows a useful response-response relationship, with repeated dose- and time-linked patterns between BALF neutrophilia and acute phase gene transcription. However, quantitative understanding is limited because BALF neutrophilia is used in much of the evidence base as an indirect marker of the upstream KE rather than a direct measurement of pro-inflammatory mediators.

	Reviewer notes / recommended edits
	Minor improvement suggested. The KER 2053 page includes an evidence collection statement, but it is brief, a little more detail on the PubMed search approach and study selection would improve transparency.






RELATIONSHIP 1589
	AOP Segment
	Key Event Relationship (KER3)

	AOP 237 element (name)
	Increased transcription of genes encoding acute phase proteins leads to Systemic acute phase response

	AOP-Wiki ID (event/relationship)
	KER:1589

	Scientific evidence (key refs captured?)
	The core evidence is strong for mice. The KER cites several studies in which increased Saa gene expression in liver or lung is accompanied by increased circulating SAA after particle exposure, providing good support for the linkage between acute phase gene transcription and the systemic acute phase response. The weaker point is human relevance: direct human tissue gene-expression data are very limited, and the section says little about secretion kinetics or plasma half-life. 

	Scientific quality / current knowledge
	Overall scientifically sound for the mouse evidence base. The KER is mechanistically straightforward. What works well here is that the KER is built on paired mRNA and protein data rather than on assumption alone. One concern is that some studies show clear and persistent Saa mRNA induction without equally clear plasma SAA elevation. That should be discussed more directly as either a kinetic issue, an assay sensitivity issue, or a species/tissue-source issue. It does not break the KER, but it does limit how confidently it can be used as a simple surrogate relationship.

	Domain of applicability stated + justified?
	Only partly justified. The KER page lists mouse and human applicability, both sexes, and all life stages as high, although the evidence presented on the page is stated to be based on animal studies, mainly mice. The biology of the acute phase response is broadly conserved, so the general direction of the KER is likely applicable across mammals. But the direct evidence presented here is mainly from mice, and an important species issue remains: Saa3 is a major pulmonary isoform in mice but a pseudogene in humans. I would therefore qualify the applicability statement and say that the KER is strongly supported in mice and inferred, rather than directly demonstrated, in humans.

	Modularity / reusability (no AOP-specific wording)?
	Currently, the KER 1589 is only used in the AOP 237, however, the KER itself is general and reusable because the relationship between acute-phase gene transcription and increased circulating acute-phase proteins is not specific to AOP 237. One potential limitation is that almost all cited evidence comes from particle or nanomaterial studies. Adding one or two non-particle inflammatory examples and  briefly describing the evidence collection strategy would strengthen the modularity claim.

	Biological plausibility (KER)
	High. The basic biological rationale is straightforward and well accepted: increased transcription of acute-phase protein genes is expected to lead to increased protein synthesis and release into the circulation. That said, it would help to acknowledge that the strength and timing of the protein signal can still be shaped by translation, secretion, tissue source, and plasma clearance.

	Empirical support: Temporal (KER)
	Moderate. The page includes several studies with time-linked upstream and downstream changes, but the temporal evidence is based mainly on matched observation timepoints rather than a deeply developed sequential time-course discussion. In several studies, Saa mRNA remains elevated longer than circulating SAA, so the temporal relationship is not as simple as 'more mRNA equals more plasma protein for the same duration'. I think this is the main scientific point that should be explained more clearly in this KER.

	Empirical support: Dose (KER)
	Moderate. There is clear dose-related support in the overall dataset, and the Gutierrez et al. 2023 correlation between lung Saa3 mRNA and plasma SAA is a useful quantitative anchor. Still, the relationship is not fully consistent across all studies, because some exposures increase mRNA without giving a clearly measurable plasma protein response. So I would keep the dose support at moderate rather than present it as fully resolved.

	Empirical support: Incidence (KER)
	Moderate to high. Across the evidence base, increased acute-phase gene transcription and increased circulating SAA often occur together, which supports concordance. It is recommend that the authors avoid overstating this as uniformly high, though, because the studies with mRNA induction but no measurable plasma SAA are important exceptions and should stay visible in the evaluation.

	Essentiality (KE / across AOP)
	N/A (essentiality assessed at the whole-AOP level)

	Uncertainties / inconsistencies documented?
	Yes, and this is one of the more important parts of the KER. The main uncertainty is that increased transcription does not always translate into a measurable systemic protein signal in the same study. The current explanation about wider mRNA dynamic range is plausible, but I think the authors should also discuss kinetics, tissue source, and species differences more explicitly. That would make the uncertainty section more balanced and scientifically stronger.

	Quantitative understanding (optional)
	Moderate. The quantitative element is useful, especially the reported correlation between lung Saa3 mRNA and plasma SAA. Still, this part is based on limited datasets and mostly acute time points. It is helpful as a proof of relationship, but not yet enough to define a broadly applicable quantitative rule for the KER.

	Reviewer notes / recommended edits
	Suggested edits: (1) keep the high-confidence conclusion for mice, but explicitly separate that from human translation; (2) explain more clearly why prolonged Saa mRNA elevation does not always give prolonged measurable plasma SAA; (3) note the Saa3-versus-human relevance issue directly in the applicability text; (4) add a brief evidence collection strategy; and (5) add one general acute-phase reference and, if possible, one non-particle example to show that the KER is reusable beyond this AOP context.





RELATIONSHIP 2860
	AOP Segment
	Key Event Relationship (KER4)

	AOP 237 element (name)
	Systemic acute phase response leads to Atherosclerosis

	AOP-Wiki ID (event/relationship)
	KER:2860

	Scientific evidence (key refs captured?)
	The key evidence base is appropriate and covers the main lines of support: SAA-induced foam-cell formation in vitro (Lee et al. 2013), plaque progression in ApoE-/- mice after SAA overexpression/administration or altered SAA expression (Dong et al. 2011; Thompson et al. 2015, 2018; Christophersen et al. 2021), and human prospective studies showing CRP/SAA predict cardiovascular risk (Ridker et al. 2000; Pai et al. 2004). I would strengthen this section by more clearly describing the HDL-remodelling mechanism and by citing translational anti-inflammatory evidence such as Ridker et al. 2017. Overall, the evidence is good, but the causal case is much stronger for SAA than for CRP.

	Scientific quality / current knowledge
	Overall scientifically sound, but the narrative would be stronger if it more clearly separated mechanistic evidence from biomarker evidence. Current knowledge supports a plausible SAA-centred pathway from systemic acute phase response to vascular lipid handling, endothelial activation, foam-cell formation, and plaque progression. In contrast, CRP is better supported as a predictor of cardiovascular risk than as a causal mediator.

	Domain of applicability stated + justified?
	Stated, but only partly justified. Most direct causal evidence comes from hyperlipidaemic ApoE-/- mouse models, so applicability to normolipidaemic populations, different life stages, and both sexes is more inferential than demonstrated. It would help to acknowledge that individuals with pre-existing dyslipidaemia or cardiovascular disease are likely the most relevant susceptible population for this KER.

	Modularity / reusability (no AOP-specific wording)?
	Mostly yes. The KER is written in generally reusable terms and is not inherently particle-specific. However, some of the quantitative discussion is tied to a specific Danish disease-burden context and would be better placed in an applications/regulatory section rather than in the reusable KER narrative.

	Biological plausibility (KER)
	High for the SAA-mediated pathway. The mechanistic rationale is credible and well aligned with current biology: SAA-enriched HDL can displace apoA-I, impair reverse cholesterol transport, promote macrophage lipid uptake and foam-cell formation, and contribute to vascular inflammation. The biological plausibility is much less certain for CRP as a causal mediator, and that distinction should be made explicit.

	Empirical support: Temporal (KER)
	Moderate. The available animal studies support that sustained or repeated acute phase signalling can precede plaque progression, but the time-course evidence linking individual systemic APR episodes to later lesion growth is still limited.

	Empirical support: Dose (KER)
	Moderate. There is some dose-related support across the broader evidence base, but the quantitative threshold relating magnitude or duration of systemic APR to degree of plaque progression is not yet well defined.

	Empirical support: Incidence (KER)
	Low to moderate. Epidemiological studies show that higher circulating CRP or SAA is associated with higher cardiovascular risk, but incidence concordance for the specific mechanistic chain captured in this KER is indirect rather than directly demonstrated.

	Essentiality (KE / across AOP)
	Moderate. Experimental reduction of SAA expression or signalling decreases plaque burden in ApoE-/- models, which supports essentiality for the SAA branch of the pathway. This is less clear for systemic acute phase response as a whole.

	Uncertainties / inconsistencies documented?
	Yes, but this section could be sharpened. The major uncertainty is that CRP has strong predictive value yet weak evidence for causality in Mendelian randomisation studies. Additional uncertainties include reliance on hyperlipidaemic mouse models, limited discussion of susceptible populations, and incomplete explanation of how transient versus chronic APR contributes to long-term plaque progression.

	Quantitative understanding (optional)
	Moderate. Human prospective studies provide useful quantitative associations between circulating acute phase proteins and cardiovascular risk, but translation from the magnitude/duration of systemic APR to the extent of plaque growth remains incompletely defined.

	Reviewer notes / recommended edits
	Suggested edits: (1) frame the KER explicitly around SAA as the main causal mediator; (2) keep CRP in the text, but describe it primarily as a predictive biomarker unless causal evidence is provided; (3) expand the vascular bridge with brief discussion of HDL remodelling, reverse cholesterol transport, endothelial activation, and foam-cell formation; (4) cite one translational anti-inflammatory study such as Ridker et al. 2017; and (5) qualify the domain of applicability by noting that most direct evidence comes from hyperlipidaemic ApoE-/- mice.



Suggested references
	Citation Key
	DOI / Link
	PubMed Link
	Role in KER

	Lee et al. 2013a
	https://doi.org/10.1016/j.bbrc.2013.02.077
	https://pubmed.ncbi.nlm.nih.gov/23454129/
	SAA-induced foam cell formation in vitro (mechanistic)

	Lee et al. 2013b
	https://doi.org/10.1016/j.bbrc.2013.03.002
	https://pubmed.ncbi.nlm.nih.gov/23500463/
	SAA-induced foam cell formation in vitro (mechanistic)

	Dong et al. 2011
	https://doi.org/10.2119/molmed.2011.00186
	https://pubmed.ncbi.nlm.nih.gov/21953420/
	SAA overexpression in ApoE⁻/⁻ mice → increased plaque (animal, causal)

	Thompson et al. 2015
	https://doi.org/10.1194/jlr.M054015
	https://pubmed.ncbi.nlm.nih.gov/25477531/
	Adenoviral SAA1 in ApoE⁻/⁻ mice; even brief SAA elevation increases plaque (animal, causal)

	Thompson et al. 2018
	https://doi.org/10.1016/j.atherosclerosis.2017.11.011
	https://pubmed.ncbi.nlm.nih.gov/29175652/
	SAA3 overexpression/knockdown in ApoE⁻/⁻ mice; essentiality of SAA branch (animal, causal)

	Christophersen et al. 2021
	https://doi.org/10.1096/fj.202002017R
	https://pubmed.ncbi.nlm.nih.gov/33570787/
	Pulmonary SAA instillation → plaque progression in ApoE⁻/⁻ mice; APR-to-atherosclerosis link (animal)

	Ridker et al. 2000
	https://doi.org/10.1056/NEJM200003233421202
	https://pubmed.ncbi.nlm.nih.gov/10733371/
	Prospective human study: CRP/SAA predict cardiovascular risk (epidemiological, biomarker)

	Pai et al. 2004
	https://doi.org/10.1056/NEJMoa040967
	https://pubmed.ncbi.nlm.nih.gov/15602020/
	Prospective human study: CRP and inflammatory markers predict CHD risk in both sexes (epidemiological, biomarker)

	Ridker et al. 2017
	https://doi.org/10.1056/NEJMoa1707914
	https://pubmed.ncbi.nlm.nih.gov/28845751/
	Translational anti-inflammatory RCT (CANTOS): IL-1β inhibition reduces recurrent CV events, supporting inflammatory hypothesis (clinical, translational)






RELATIONSHIP 2958
	AOP Segment
	Key Event Relationship (KER5)

	AOP 237 element (name)
	Interaction with the lung cell membrane leads to Increased transcription of genes encoding acute phase proteins

	AOP-Wiki ID (event/relationship)
	KER:2958

	Scientific evidence (key refs captured?)
	Based on the mouse pulmonary exposure leads to acute phase gene transcription scope, the KER’s evidence is fairly strong and internally consistent, and cites many relevant papers that have established pulmonary Saa3 as a particle-response marker. However, the main gap is direct anchoring of KE 1495 (lung resident membrane-component interaction; receptors/PRRs, membrane damage signals, etc.) to the downstream transcriptional response with more explicit mechanistic measurements (e.g., PRR activation, epithelial/macrophage signaling intermediates), rather than using exposure route as a proxy. (Perhaps this is ok for a non-adjacent KER?). References for potential consideration: https://doi.org/10.1021/acsnano.9b08818; https://doi.org/10.1007/s00204-024-03915-y 

	Scientific quality / current knowledge
	Overall, KER 2958 rests on a solid and internally consistent experimental foundation for the association between pulmonary particle exposure and acute phase gene transcription, but the mechanistic linkage to the specific upstream event (interaction with cell membrane) is partially inferential (assumed based on exposure) rather than directly demonstrated.

	Domain of applicability stated + justified?
	While the applicability to mouse is well-described, relevance to humans, sex and life stage applicability, is not.

	Modularity / reusability (no AOP-specific wording)?
	Overall, the KER shows good conceptual modularity since induction of acute phase response gene transcription is a broadly relevant inflammatory response. The downstream KE is also sufficiently generic to be reused in pulmonary- och systemic inflammation AOPs. However, the focus on particle- and inhalation exposure may limit the reusability.

	Biological plausibility (KER)
	Yes. The narrative is coherent at a high level. The KER provides a substantial mouse in vivo dataset (inhalation and intratracheal instillation) showing induction of Saa genes (especially Saa3 in lung; sometimes Saa1 in liver) after exposure to a range of particles/nanomaterials (e.g., ultrafine carbon, diesel exhaust particles, carbon black, TiO₂ NMs, CNTs, ZnO NPs, halloysite nanotubes).

	Empirical support: Temporal (KER)
	Besides the short description of time-scale, there is no emplirical evidence presented for the temporal aspects of the KER.

	Empirical support: Dose (KER)
	Besides the well-described response-response relationship (albeit based on only one study), which indirectly infers the relationship from dosed surface area of the stressor, there is no empirical evidence for direct dose-response. The question is whether the inferred description is better placed under dose-response, rather than response-response relationship description.

	Empirical support: Incidence (KER)
	Described in the overall AOP: adequate and provides insight into specifics captured relating to nanomaterials.

	Uncertainties / inconsistencies documented?
	Tissue differences (lung vs liver), the fact that physicochemical properties modulate magnitude/duration, and explicit “no-effect” examples for some materials/conditions are described

	Quantitative understanding (optional)
	The KER includes a response-response relationship (dosed surface area vs lung Saa3 mRNA) with a reported linear regression and correlation derived from a well-designed study, which is a useful quantitative anchor.

	Reviewer notes / recommended edits
	The “Evidence Collection Strategy” is not very well-described.






RELATIONSHIP 2959
	AOP Segment
	Key Event Relationship (KER6)

	AOP 237 element (name)
	Interaction with the lung cell membrane leads to Systemic acute phase response

	AOP-Wiki ID (event/relationship)
	KER:2959

	Scientific evidence (key refs captured?)
	broadly adequate and captures the main lines of support.
However, it is relatively generic and could be strengthened by summarizing a few key inhalation studies that link pulmonary inflammation/APR markers to systemic responses (Miller et al., Mikkelsen et al., Li et al., which are already cited elsewhere in the AOP) 

	Scientific quality / current knowledge
	appropriate and transparently presented

	Domain of applicability stated + justified?
	YEs, data from adult humans of both sexes, inhalable stressors interacting with pulmonary cells (with a focus on particles/PM), animal evidence (mice), and the AO (atherosclerosis) in humans.

	Modularity / reusability (no AOP-specific wording)?
	Minor edits to do: there are some AOP‑237 specific phrasings (e.g. explicit mention of downstream atherosclerosis context and nanomaterial examples tightly tied to this AOP) that slightly reduce strict modularity

	Biological plausibility (KER)
	Highly plausible

	Empirical support: Temporal (KER)
	Low to moderate: most temporal information is semi-quantitative and often derived from non‑adjacent MIE→KE3 data rather than tightly designed kinetic studies

	Empirical support: Dose (KER)
	Moderate to high: animal and controlled human studies show that higher inhalation doses/concentrations of particles interacting with the lung are associated with larger changes in systemic APR markers, while it is not so clear at low dose levels

	Empirical support: Incidence (KER)
	empirical support for this KER is good 

	Uncertainties / inconsistencies documented?
	Mentioned, the authors referred to the relevant papers when needed

	Quantitative understanding (optional)
	None

	Reviewer notes / recommended edits
	Address the modularity limitations




RELATIONSHIP 3052
	AOP Segment
	Key Event Relationship (KER7)

	AOP 237 element (name)
	Increased proinflammatory mediators leads to Systemic acute phase response

	AOP-Wiki ID (event/relationship)
	KER:3052

	Scientific evidence (key refs captured?)
	Very good main references are cited

	Scientific quality / current knowledge
	High, the KER integrates a coherent series of mouse and human studies examining circulating biomarkers and APR

	Domain of applicability stated + justified?
	Not explicit...

	Modularity / reusability (no AOP-specific wording)?
	Resuable, no specicif AOP wording

	Biological plausibility (KER)
	HIghly plausible, highly established

	Empirical support: Temporal (KER)
	Clinical studies have demonstrated that high inflammation precedes and therefore may predict CV events. A timescale section describes this point

	Empirical support: Dose (KER)
	high inflammation leads to a a higher risk, even if there are no clear dose response this has to be adressed

	Empirical support: Incidence (KER)
	Clear, Atherosclerosis is common in exposed human populations with chronic inflammatory and classical CVD risk factors, and high APR levels are associated with higher incidence of clinical endpoints

	Uncertainties / inconsistencies documented?
	 A dedicated “Uncertainties and Inconsistencies” section lists multiple mouse and human studies where pro‑inflammatory markers/neutrophils increase without APR

	Quantitative understanding (optional)
	Difficult to address as there are several biomarkers and endpoints

	Reviewer notes / recommended edits
	the KER is well established and almost complete





RELATIONSHIP 2960
	AOP Segment
	Key Event Relationship (KER8)

	AOP 237 element (name)
	Interaction with the lung cell membrane leads to Atherosclerosis

	AOP-Wiki ID (event/relationship)
	KER:2960

	Scientific evidence (key refs captured?)
	High, epidemiological/preclinical data are provided in the whole page. however, the literature search is not sufficiently detailed in the appropriate section. For instance authors should provide the screening keywords, dates of literature search, period covered...

	Scientific quality / current knowledge
	Good, Authors provide data from the current most appropriate models (mice)  for atherosclerosis and also human epidemiological data

	Domain of applicability stated + justified?
	Focuses on humans/mice. Taxonomic applicability is well-supported by conserved innate immune and inflammatory responses.

	Modularity / reusability (no AOP-specific wording)?
	Good, no specific AOP wording

	Biological plausibility (KER)
	I agree with moderate as the specific molecular triggers at the membrane that initiate the systemic cascade are not yet fully isolated from general oxidative stress

	Empirical support: Temporal (KER)
	High 

	Empirical support: Dose (KER)
	Data are too sparse to estabilsh proper dose response relationships

	Empirical support: Incidence (KER)
	High, strong correlation between air pollution concentration and the incidence of coronary events/mortality in human cohorts (Beelen et al., 2014).

	Essentiality (KE / across AOP)
	N/A (to be assessed for the AOP as a whole)

	Uncertainties / inconsistencies documented?
	limited, see and refer to the findings of doi: 10.1002/wnan.1279

	Quantitative understanding (optional)
	Low

	Reviewer notes / recommended edits
	"Interaction with lung cell membrane" is very broad, maybe try to add more mechanistic details
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