
We thank the reviewers for their time and comments. Below are detailed responses to each 

comment. The responses are italicized and the modified texts are in red. The main comments 

have been addressed by including a discussion on the limitations of this study and by clarifying 

our statistical analysis method. The revisions do not affect the conclusions of the manuscript.  

 

 

Response to anonymous referee #2 comments:  

 

1) Limitations of this study: I didn’t see any discussion regarding the limitations of this 

study, and they mainly cited their own DTT papers throughout the discussion. This 

would be my most major criticism. You have to be careful to say that your acute 

exposures here will really translate to the in vivo condition. Specifically, why does one 

need to be careful in extending the results obtained from in vitro exposures to the in 

vivo condition? What are the potential issues with extracting filters for resuspension 

into cell culture? Does the chemistry change, and if so, how might that affect the 

toxicological response?  

 

Thank you for your suggestion. We are aware that there are limitations regarding all health 

studies and have modified the manuscript to include several examples of these limitations. 

We note that the main objective of this study was to provide perspective on the relative 

toxicities of different SOA systems. Further studies are required to establish whether results 

from in vitro assays represent in vivo animal exposures, and from there, whether results 

from animal exposure studies can be generalized to actual human exposures.  

 

Line 552: “Additionally, this study confirms…” 

 

Line 562: “…to fully interpret ROS/RNS measurements. Finally, several limitations must be 

considered before generalizing results from this study to in vivo exposures. For instance, 

only one cell type was explored in this study, whereas an organism consists of multiple 

tissues comprised of multiple cell types. Interactions between different cell types and tissue 

systems were not considered in this study. Furthermore, the doses investigated may not fully 

represent real world exposures due to differences in exposure routes and potential recovery 

from doses due to clearance. Nevertheless, this study provides perspective on the relative 

toxicities of different SOA systems which future studies can build upon.”    

 

2) Rationale for using murine alveolar macrophages: I think the authors should provide 

the rationale for using murine alveolar macrophages for this study. Would certain 

phenotype of this cell line differ from human alveolar macrophages? How easily 

relatable is it to human cells? What are limitations of cell lines versus primary cells 

and would that matter?  

 

Thank you for your comment. We have included rationale for using this cell type in the 

manuscript. We chose murine alveolar macrophages as they are the first line of defense 



against environmental insults, and the particular cell line (MH-S) retains many properties 

of primary alveolar macrophages (e.g., phagocytosis, cytokine production, ROS/RNS 

production) (Sankaran and Herscowitz, 1995; Mbawuike and Herscowitz, 1989). 

Furthermore, we have successfully utilized this cell line to investigate the production of 

ROS/RNS as a result of exposure to ambient PM samples (Tuet et al., 2016). To our 

knowledge, immortalized human alveolar macrophages do not exist. Mice have also been 

widely used as a model organism for studying human responses (Rosenthal and Brown, 

2007; Takao and Miyakawa, 2015). As for the choice between cell lines and primary cells, 

primary cells are harvested from multiple animals, which increases the response variability. 

Results may therefore be less reproducible compared to cell lines.  

 

Line 137: “Exposures were conducted using immortalized murine alveolar macrophages 

(MH-S, ATCC®CRL-2019TM) as they are the first line of defense against environmental 

insults (Oberdörster, 1993; Oberdörster et al., 1992). The particular cell line also retains 

many properties of primary alveolar macrophages, including phagocytosis as well as the 

production of ROS/RNS and cytokines (Sankaran and Herscowitz, 1995; Mbawuike and 

Herscowitz, 1989). MH-S cells were cultured…” 

 

3) I noticed that the authors’ cell culture and exposure media contain fetal bovine serum 

(FBS), which is known to potentially interfere with the ELISA assays. Normally people 

use serum-free media to avoid such interferences. Do the authors have any control 

experiments to show that FBS wouldn’t interfere with their ELISA measurement?  

 

We normalized all ELISA responses to a control (cell culture supernatant from cells 

exposed to stimulant-free media supplemented with FBS) to capture any interferences. For 

our time point (24 hrs), FBS supplemented media is necessary to prevent serum starvation, 

which is known to induce oxidative stress (Kuznetsov et al., 2011; Wright et al., 2012). We 

also disagree that serum-free media is generally used for ELISA measurements, as many 

previous studies have performed exposures using supplemented media (e.g., Mukherjee et 

al., 2009; Chen et al., 2007; Sullivan et al., 2000). 

 

4) They use the cell media to extract filters. Since cell media contain a lot of 

supplementary materials/nutrients, would this affect the fraction of SOA materials 

extracted? Also, for the reactive products, would they be hydrolyzed before cell 

exposure?  

 

For oxidative potential measurements, it is known that using different extraction methods 

(e.g., different solvent, filtration, removing the filter) results in different components 

extracted and hence yields different oxidative potential measurements (Gao et al., 2017). 

However, there are limitations for each method. For instance, using an organic solvent 

requires the subsequent removal of the solvent via evaporation, which may result in loss of 

unstable components (e.g., semi-volatile organics). In this study, we chose to adapt an 

extraction method best suited for cellular exposure. While media contains species that 



would indeed alter the fraction of material extracted, these species are also present in the 

alveolar fluid and the extract obtained is biologically relevant. We would also like to note 

that plain media (without FBS) was used for extraction and that FBS was supplemented 

after filtration of extracts. We did not investigate the hydrolysis of reactive products due to 

extraction, however this would be a potential issue for all extraction methods used in offline 

analysis. Further studies comparing offline and online analysis are required to investigate 

this. 

 

5) Lines 265-266: I think the redox activity is likely more sensitive to the 

functionality/electronic configuration of the functional groups, instead of carbon 

backbone. If it is carbon backbone, it looks to me that DTT is removed by other 

mechanisms such as absorption, but not through redox mechanisms.  

 

The referenced section refers to a previous study, where the chemical oxidative potentials as 

determined by DTT consumption were measured for these SOA systems (Tuet et al., 2017). 

In this study, we focus on the cellular responses and we find that the precursor identity and 

formation condition are both important and affect the cellular responses significantly. We 

note that there may have been some confusion in this section, as we intended “carbon 

backbone” to include both carbon chain length and functionalities. We have modified the 

manuscript to clarify our findings. 

 

Line 27: “…which suggests that the chemical structure (carbon chain length and 

functionalities) of photooxidation products may be important…” 

 

Line 295: “DTT may only be sensitive to larger differences arising from different 

precursors, whereas cellular assays…” 

 

Line 305: “…for SOA precursors whose products share similar chemical structures (i.e., 

similar carbon chain length and functionalities)…”  

 

Line 529: “…SOA systems whose products share similar functionalities and carbon chain 

length are likely to induce…” 

 

6) How these inflammatory responses relate to each other? Are they involved in the same 

biological network? They probably need to provide a more detailed biological 

background for the biomarkers they measured. For example, TNF-alpha induces IL-8 

via NF-κB. This is well known in the toxicological literature. In some of the 

toxicological literature, TNF-alpha is used as positive control to stimulate IL-8 in 

BEAS-2B cells. I don’t see a clear connection between the endpoints they measured in 

this paper and this needs to be more justified. Without a connection to a specific 

biological system, it makes it hard (especially for an atmospheric chemist I’m sure) to 

understand what your results really mean.  

 



Thank you for your suggestion. We have included justification on our cytokine 

measurements.  

 

Line 106: “…cytokines indicative of the inflammatory response. TNF-α is a hallmark 

biomarker involved in triggering a number of cellular signaling cascades. More specifically, 

TNF-α is involved in the activation of NFκB, which regulates the expression of a variety of 

genes involved in inflammation and cell death, and the activation of protein kinases, which 

regulate various signaling cascades (Witkamp and Monshouwer, 2000). IL-6 has both pro- 

and anti-inflammatory effects, and may directly inhibit TNF-α (Kamimura et al., 2004). 

Furthermore, both cytokines are produced at relatively high levels in MH-S cells, ensuring a 

high signal-to-noise ratio and thus reliable measurements (Matsunaga et al., 2001; Chen et 

al., 2007).”  

 

7) Lines 288-290: The authors cite Lin et al. (2016, ES&T Letters), but I think this 

discussion is really unclear. What genes are similar? What pathways do the authors 

mean? They should make them clear. Note that Lin et al. (2016, ES&T Letters) only 

measured oxidative stress-associated genes, but not inflammatory genes in that paper. 

I noted that Lin et al. (2017, ES&T) just had a newly accepted paper where they found 

most genes are associated with the Nrf2 pathway, but not much inflammatory response 

from isoprene SOA exposure under non-cytotoxic conditions. Also, in Lin et al. (2017, 

ES&T) time course experiments, they found that IL-8 expression is time sensitive. The 

expression maximized at 9 hr and much lowered at 24 hr, which was also shown in 

Arashiro et al. (2016, ACP). Their cellular materials were collected 24 hr post-

exposure, so they might have missed the peak. How do the authors justify the 24 hr 

post exposure time? Did they conduct a series of time course experiments to see where 

things might peak in terms of cellular response? The authors and readers need to 

realize you may only captured 1 slice in time in how the cells responded.  

 

We have modified the manuscript to clarify this discussion. Specifically, we include an 

example of a gene whose fold change was similar between the two types of SOA studies in 

Lin et al. (2016) and discuss how that gene is related to the inflammatory cytokines 

measured in this study. Oxidative stress plays a crucial role in the inflammatory process, 

and as such, the oxidative stress related genes measured in Lin et al. (2016) may influence 

cytokine production. We thank the reviewer for pointing out Lin et al. (2017) and have cited 

the paper accordingly. We are aware that cytokine production peaks at different time points 

for different cytokines. In our case, TNF-α peaks around 4 hrs, while IL-6 peaks much later 

at 24 hrs (Haddad, 2001). We chose to measure both cytokines at the latter time point to 

allow comparison. Previous studies have shown that the level of TNF-α is sufficiently high 

at the latter time point for accurate determination (Haddad, 2001; Matsunaga et al., 2001). 

The manuscript has been modified to include this justification as well.  

 

Line 93: “However, the cellular exposure studies involving SOA focused on SOA formed 

from a single precursor and included different measures of response (e.g. ROS/RNS, 



inflammatory biomarkers, gene expression, etc.) (Arashiro et al., 2016; Lund et al., 2013; 

McDonald et al., 2010; McDonald et al., 2012; Baltensperger et al., 2008; Lin et al., 2017).” 

 

Line 318: “…the fold change of several genes reported in Lin et al. (2016) are actually 

similar (e.g., ALOX12, NQO1). Several of these genes directly affect the production of 

inflammatory cytokines measured in this study. For instance, studies have observed that 

arachidonate 12-lipoxygenase (ALOX12) products induce the production of both TNF-α and 

IL-6 in macrophages (Wen et al., 2007). As such, a similar response level regardless of SOA 

formation condition may be observed depending on the biological endpoints measured. 

Thus, it is possible that the inflammatory cytokines measured in this study are involved in 

pathways concerning those genes, resulting in a similar response level regardless of SOA 

formation condition.” 

 

Line 231: “following manufacturer’s specifications (ThermoFisher). This time point was 

chosen to enable comparison with ROS/RNS levels (also measured at 24 hrs, optimized in 

Tuet et al. (2016)) and to ensure a high signal for both cytokines. Previous literature have 

shown that TNF-α and IL-6 production peak around 4 and 24 hrs, respectively (Haddad, 

2001). However, while TNF-α production peaks earlier, the signal at 24 hrs is well above 

the detection limit of the assay, and previous studies have utilized this time point to measure 

both cytokines (Haddad, 2001; Matsunaga et al., 2001). Nonetheless, it should be noted that 

these measurements represent a single time point in the cellular response.…”  

 

8) Line 305: what kind of chemical structure do they mean here?  

 

Thank you for the comment. We have modified the manuscript to clarify. 

 

Line 340: “These observations further imply that the chemical structures (e.g., carbon chain 

lengths and functionalities) of oxidation products…” 

 

9) Line 322-329: I am not sure about the insertion of pentadecane oxidation products to 

the membrane. They should at least provide some references to support such a 

statement. I would expect some cellular response, specifically cytotoxicity, from these 

products since they are detergent like, which could potentially rupture the cell 

membrane. Did they see cell death from MTT data for pentadecane oxidation 

products?  

 

Thank you for the suggestion. We have included references to support this hypothesis. We 

did not observe decreases in cellular metabolic activity as measured by the MTT assay 

(mentioned in lines 282 – 286 in the revised manuscript).  

 

Line 363: “…could potentially insert into the cell membrane (Loza et al., 2014), as previous 

studies have shown that fatty acids can feasibly insert into the cell membrane bilayer 

(Khmelinskaia et al., 2014; Cerezo et al., 2011).”   



 

10) The mechanism of PAH-DNA adduct formation is well known through metabolic 

activation to diol epoxides. This is not mentioned at all in current discussion.  

 

We mentioned the formation of DNA adducts briefly in the section on naphthalene SOA 

(lines 420 – 424). The specific mechanism by which these adducts are formed is beyond the 

scope of this study, but would be interesting to investigate in future studies.  

 

11) Statistical Analysis: One more critical comment relates to the authors statistical 

analysis. Where are their linear regression results and the associated p values? Also, 

with multiple groups, one-way ANOVA should be used instead of student’s t test to get 

p-values (same idea as the increasing type I error with multiple testing). Lastly, when 

they talked about the trend, I didn’t see any statistical support to differentiate between 

groups. Are the results really statistically significant?  

 

Based on the reviewer’s comment, we believe the trend referenced refers to Fig. 3. The 

Pearson’s correlation coefficient is given in the original figure. For clarity, we have 

modified the manuscript and figure caption to reflect that correlations were evaluated using 

a 95% confidence interval. Since only two variables (cellular response and bulk aerosol 

composition, e.g., ROS/RNS and OS̅̅̅̅ c) were tested, the student’s t-test and one-way ANOVA 

are actually equivalent (Park, 2009).  

 

Line 436: “Nevertheless, a significant correlation (p < 0.05) was observed…” 

 

Line 592: “…colored by SOA system. * indicates significance, p < 0.05.” 

 

12) I’m curious why the authors didn’t gravimetrically weigh the filters before and after 

sampling to insure actual mass on filter for dose-response purposes? If you use the 

SMPS, you must make assumptions about density to calculate the mass. How was 

density accurately determined if you did use that approach? Was the SMPS sheath 

flow conditioned to the appropriate RH used in the chamber?  

 

Mass loadings were low for isoprene and pentadecane SOA. To be consistent, we choose to 

determine mass by integrating the SMPS volume concentrations for all SOA systems. An 

aerosol density of 1 g cm-3 was assumed to facilitate comparison between studies, since SOA 

density varies with precursor identity and formation condition. We have added this 

clarification to the manuscript. For all experiments, the SMPS was connected to the 

chamber for 2-3 hrs before the start of the experiment to condition the recirculating sheath 

flow.  

 

Line 201: “…multiplying by the total volume of air collected. SMPS volume concentrations 

were converted to mass concentrations by assuming a density of 1 g cm-3 to facilitate 

comparison between studies…”   



 

13) Related to #12 above, were extraction efficiencies of aerosol mass from the filters 

determined by spiking them with representative internal standards? Extracting filters 

with cell media l may not actually remove a lot of materials (such as oligomers of SOA) 

from the filters. Why wasn’t organic solvents used, then dried, and then the dried 

extracts reconstituted with cell media for the exposures? Toxicologists might find your 

dosing completely uncertain as its hard to gauge how well you removed the SOA from 

the filters without this information. This is a very important point for Figures like 

Figure 3. The AMS sees most of the SOA mass but filter extractions may not actually 

remove all of it for the exposure assessment done here.  

 

Extraction efficiencies were not measured in this study. While different extraction methods 

are known to result in different constituents being extracted from the PM sample, there are 

limitations for each method. These are discussed  in a recent publication by Gao et al. 

(2017). For example, using an organic solvent and drying the extract for reconstitution may 

result in loss of unstable constituents. For this study, we chose an extraction method best 

suited for cellular exposure.  

 

14) I have a curiosity question. Did the authors observe brown color on some of their 

filters (like from naphthalene SOA or isoprene SOA)? If so, did you seen any trends 

with brown carbon and your toxicological endpoints?  

 

We only observed brown color on our naphthalene SOA filters. We did not measure brown 

carbon in this study.  

 

15) Line 81-84: This seems to be an incomplete sentence or poorly worded sentence. Please 

revise. 

 

Thank you for your comment. We have modified the sentence.  

 

Line 91: “However, the cellular exposure studies involving SOA focused on SOA formed 

from a single precursor and included different measures of response…” 
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