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W) Check for updates

Lipid-laden Macrophages Are Not Unique to Patients
with E-Cigarette or Vaping Product Use-associated
Lung Injury

To the Editor:

E-cigarette or vaping product use-associated lung injury
(EVALI) has caused hospitalizations and mortality in the
United States since August 2019 (1). The main respiratory
clinical symptoms of patients with EVALI include organizing
pneumonia and diffuse alveolar damage (2). Lipid-laden
macrophages (LLMs) have been seen in the lungs of patients
with EVALI (3). LLM typically results from impaired pulmonary
surfactant recycling and/or uptake of exogenous lipids (4)
and is indicative of impaired innate defense. Moreover, LLM
has been proposed as a unique biomarker of patients with
EVALI who use vape products that contain tetrahydrocannabinol
(THC) and/or vitamin E acetate (5, 6). However, it is currently
unproven whether LLM is a unique clinical feature of EVALI,
and whether they should be used for diagnosis remains
debatable (7). Indeed, in animal studies, exposure to

e-cigarette vapor that does not contain THC resulted in
accumulation of LLMs, impaired immune responses to viral
infection, and decreased pulmonary surfactant expression (8).
Some of the results of these studies have been previously
reported in the form of abstracts in international conferences
(9, 10).

The goal of the current study was to measure Oil Red O
(Abcam) staining as a marker of lipid deposition in alveolar
macrophages from asymptomatic vapers, and in parallel to assess
surfactant levels and antibacterial capacity. All data are presented as
mean * SD. We performed research bronchoscopies on healthy
nonsmokers (age, 27.75 * 7.29 yr; body mass index [BMI],
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29.63 * 5.65 kg/m?; percentage predicted FVC [ppFVC],

104.42 = 14.06; ppFEV;, 102.25 = 14.83), smokers (age,

33.63 + 7.37 yr; BMI, 28.44 * 6.78 kg/m? ppFVC, 106.05 * 11.14;
ppFEV}, 101.53 * 12.70), and vapers (age, 26.40 = 7.55 yr; BMI,
29.46 + 6.33 kg/m% ppFVC, 101.53 * 8.77; ppFEV, 101.20 * 9.34)
to obtain macrophages from BAL as previously described (11).
Serum cotinine concentrations were measured to verify the tobacco
use status of the subjects. Smokers (154.97 * 109.37 ng/ml) and
vapers (122.45 = 95.36 ng/ml) showed significantly increased
cotinine concentrations compared with the nonsmokers

(0.02 = 0.06 ng/ml), with no difference between the two tobacco
product user groups. Apart from the female-to-male sex ratio, there
were no significant differences in subject demographics. All
subjects completed a 2-week smoking or vaping diary before the
bronchoscopy. Dual-users (subjects using both combustible
tobacco and e-cigarettes) were excluded from the study and all
vapers used nicotine in a propylene glycol/vegetable glycerin base.
The smokers reported a mean of 10.67 * 5.54 cigarette use per day
and a mean pack-year history of 8.61 = 5.29. The vapers exhibited
a widely variable pattern of e-cigarette use with an average of
13.16 £ 16.72 ml used per day for some subjects and 88.08 * 82.59
puffs per day for others. The self-reported vaping history
indicated the use of second- to fourth-generation e-cigarettes. Five
of the vapers were never-smokers and the other vapers had
switched to exclusive vaping at least 6 months before
bronchoscopy. The BAL macrophages were examined for

lipid deposition and BAL fluid was examined for antibacterial
capacity and levels of surfactant proteins. One-way ANOVA was
used to analyze the statistical difference across the groups. Tukey’s
multiple comparisons tests were used for comparing between
groups.

BAL cytospins were stained with Oil Red O stain (Abcam)
for the histological visualization of cellular lipid deposition.

We observed that otherwise healthy smokers and vapers had
significantly increased and comparatively equal numbers of LLM
relative to nonsmokers, who showed no evidence of lipid deposition
(Figure 1). The extent of macrophage lipid deposition was also not
different between asymptomatic smokers and vapers (Figure 1,
bottom left), indicating that LLMs may not be a unique feature
of patients with EVALIL A significant correlation was observed
between the available serum cotinine concentrations and the
percentage of LLMs (R=0.65) (Figure 1, bottom right),
suggesting a role for nicotine in LLM formation. Importantly, the
evaluation of THC using a drug test kit (Easy@Home catalog no. #
EDTH-114) showed no measurable amount of THC in any of our
subjects’ BAL samples, suggesting that THC and vitamin E
acetate were not the causes of LLM. Furthermore, the presence of
LLMs, in both smokers’ and vapers’ lungs, with the correlation to
serum cotinine concentrations, indicated that not only are LLMs
not specific to patients with EVALLI, they are not even specific to
vapers.

We then measured pulmonary surfactant proteins in
concentrated BAL fluid using Western blotting as previously
described (11). The proteins were normalized to albumin content
in BAL fluid. The most abundant surfactant protein, SP-A
(surfactant protein A), was significantly reduced in both
smokers and vapers compared with nonsmokers (Figure 2,
blot at top left and SP-A graph). Although smokers had a greater
reduction in SP-A levels compared with nonsmokers, the
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Figure 1. Smokers and vapers show increased lipid deposition in alveolar macrophages. BAL samples were collected from healthy nonsmokers,
smokers, and vapers to obtain the alveolar macrophages and secreted proteins. Cytospin slides were prepared and Oil Red O stain was used to identify
intracellular lipid deposition in alveolar macrophages. The representative images of Oil Red O staining in nonsmokers, smokers, and vapers are shown with
positively stained macrophages marked with arrows. The graphs show the percentage of cells with positive staining for lipid deposition per subject. The
cytospin slides from smokers (n=19) and vapers (n = 15) had significantly higher numbers of Oil Red O-positive macrophages than the nonsmokers
(n=9). A regression analysis of available serum cotinine concentrations with the percentage of LLMs showed a strong correlation (R = 0.65). The pink dots
are female subjects and the blue dots are male subjects. Tukey’s post hoc test derived the P values that are provided on the graphs. LLMs =lipid-laden

macrophages; Macs = macrophages; NS = nonsignificant.

difference between smokers’ and vapers’ SP-A levels was not
significant (Figure 2, SP-A graph). Other surfactant protein

levels remained unaltered across the groups (Figure 2, SP-B to
SP-D). To see if antibacterial capacity was functionally affected by
product use, we measured Pseudomonas aeruginosa growth

in cell-free BAL fluids. We observed significantly increased

P. aeruginosa growth (cfu/ml) in both smokers’ and vapers’ BAL
fluid, indicating a reduced antibacterial capacity in both smokers and
vapers relative to nonsmokers (Figure 2, lower left). Like macrophage
lipid deposition, there was no difference in antibacterial capacity
between smokers and vapers (Figure 2, lower left). However,

only a weak correlation was observed between serum cotinine

and cfu/ml values (R=0.33) (Figure 2, lower right). These data
suggested that the impaired antibacterial activity was nicotine
independent and that other factors may have been involved in the
process.

Our observations demonstrated that asymptomatic vapers
had increased LLM accumulation in their lungs. We further
observed that SP-A was significantly decreased in both smokers
and asymptomatic vapers as compared with nonsmokers, which
may compromise alveolar surface tension (12). Furthermore,
surfactant proteins have antibacterial activity (13, 14) and the
reduced SP-A levels corroborate the observed decreased

Correspondence

antibacterial capacity in smokers and vapers. Together, these
changes suggest increased susceptibility to infection and, indeed,
reduced antibacterial capacity was identified in vapers’ BALs.
Interestingly, the available serum cotinine concentrations showed a
strong correlation with percentage LLM (R =0.65) but not cfu/ml
values (R=0.33), indicating more complex mechanisms may be
involved in the observed reduced antibacterial capacity in smokers’
and vapers’ lung. These observations are consistent with our
previous study, in which we found that vapers’ BAL had
increased protease levels to the same extent as smokers’ BAL fluid
(11). Interestingly, smokers and asymptomatic vapers had
comparatively equally elevated LLM with no evidence of THC
and/or vitamin E acetate use, suggesting that LLM may not be a
unique feature to patients with EVALI. Our study provides
further support to the stipulation that lipid deposition in

alveolar macrophages may not be a unique feature of the EVALI
diagnosis and expands our current thinking to include the
involvement of other lung injuries and altered host defense
processes such as antimicrobial activity and surfactant protein
levels (7, 15, 16). Furthermore, the strong correlation of LLMs
with serum cotinine suggests that lipid deposition within
macrophages may be related to tobacco product use irrespective
of the pulmonary health status of the subjects. The aberration
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Figure 2. Smokers and vapers show reduced pulmonary surfactant A levels and reduced antibacterial capacity. BAL samples were collected from healthy
nonsmokers, smokers, and vapers to obtain the secreted proteins. Concentrated BAL fluid was used for the estimation of SP (surfactant protein) levels by
Western blotting. The primary antibodies used were the SP-A antibody (Novus Biologicals), SP-B antibody (ABclonal), SP-C antibody (ABclonal), SP-D
antibody (R&D Systems), and human serum albumin antibody (R&D Systems). The densitometric analysis was performed to evaluate the change in
expression. The graphs show significantly decreased SP-A expression in both smokers and vapers compared with the nonsmokers, and all other
surfactant proteins remained unaltered across the three groups (n =12 per group). The data are represented as fold change compared with the
nonsmokers. For the evaluation of the antibacterial property, BAL fluids were incubated with 10% cfu/ml of P. aeruginosa for 2 hours and plated on Luria-
Bertani agar plates. After 24 hours of incubation, colony-forming units were significantly greater in both vapers and smokers (n=11 each) than in the
nonsmokers (n =10), indicating a reduced pulmonary antimicrobial capacity in users. The regression analysis of available serum cotinine concentrations
with cfu/ml showed a weak correlation (R=0.33). The pink dots and squares are female subjects, and the blue dots and squares are male subjects.
Tukey’s post hoc test derived the P values are provided on the graphs. NS = nonsignificant; P. aeruginosa = Pseudomonas aeruginosa.

in antibacterial capacity and surfactant protein levels in with limited numbers of subjects. An extended longitudinal
otherwise healthy smokers and vapers argues against the study with more age-matched and sex-matched subjects
perception that e-cigarettes are a safer alternative to conventional  including more vapers without prior smoking history would
combustible tobacco cigarettes. This study has some limitations: provide more insight into the deleterious effects of continued
our study is cross-sectional with only age-matched groups e-cigarette use.
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W) Check for updates

Spirometric Classifications of Chronic Obstructive
Pulmonary Disease Severity as Predictive Markers
for Clinical Outcomes: The HUNT Study

The classification of chronic obstructive pulmonary disease (COPD)
severity is important in guiding therapy and prognosis (1). The
Global Initiative for Chronic Obstructive Lung Disease (GOLD)
has recommended GOLD grades (1) based on post-bronchodilator
percentage-predicted FEV, (ppFEV;), which is widely used in
respiratory medicine. However, ppFEV has been criticized
because of its susceptibility to physiological variation (2-4).
Studies have recommended alternative expressions of FEV; that
could be used for the classification of COPD severity (2, 3, 5-9).
For the first time, we have compared the predictive abilities
of a broad range of FEV, expressions for cause-specific mortality
and hospitalization.

Some of the results of these studies have been previously
reported in the form of a preprint (https://doi.org/10.1101/
2020.11.03.20221432).

Methods

This study included people aged =40 years who participated in
the HUNT2 Study (Trendelag Health Study 2) during 1995-1997
(n=44,384; 75.2% participation). A 5% random sample
(n=2,300) and people reporting asthma-related symptoms,
diagnosis, or use of medication (n=7,123) were invited to
perform spirometry (10). For the analysis, we included 890 people

8This article is open access and distributed under the terms of the Creative
Commons Attribution 4.0 International License (https://creativecommons.org/
licenses/by/4.0/).
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