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Purrose. Tobacco smoke harbors toxic combustion by-products contributing to
inflammatory diseases. Cigarette smoke’s impact on ocular diseases has been poorly
characterized, despite conjunctival mucosa’s sensitivity to these toxicants. Of note,
cigarette smoke triggers redness, tearing, and discomfort, accounting as a risk factor
for glaucoma, macular degeneration, cataracts, and other eye conditions. Low quit rates
of cessation highlight the need for alternatives. Heated tobacco products (HTPs), may
represent a less toxic alternative for those smokers. This study evaluates cigarette smoke
and HTPs effects on cornea under standard and clinically relevant conditions.

MertHobs. Corneal tissues collected from donors and in vitro model in two different cell
lines of corneal epithelium were exposed to cigarette (1RGF) smoke and HTPs vapor.
Air exposure was included as a control. Tissue pathological evaluation was carried out
by hematoxylin and eosin staining. Reactive oxygen species (ROS) were measured, and
quantitative PCR assessed inflammatory and antioxidant genes expression. Proteome
analysis was used to evaluate differentially expressed proteins related to the oxidative
stress. Scratch assay measured smoke and HTPs impact on cells.

Citation: Giallongo S, Bellia F, Russo
A, et al. Comparative evaluation of
cigarette smoke and a heated
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https://doi.org/10.1167/i0vs.66.4.4 Resurts. Hematoxylin & eosin staining highlighted that cigarette smoke impairs corneal

tissue integrity, leading to ROS accumulation and inflammation, as proved by qPCR
analysis. Proteomic analysis showed that corneal tissue’s proteins were differently
oxidized by the different experimental conditions. HTP targeted structural intracellu-
lar proteins, whereas 1ROF affects different members of collagen family. Finally, cigarette
smoke, but not HTPs, impairs epithelial cells wound closure.

Concrusions. Smoking increases oxidative stress, leading to significant corneal damage
and inflammation. HTPs may offer a less toxic alternative.

Keywords: cornea, oxidative stress, cigarette smoke, tobacco heated product, proteomics

T obacco smoke harbors several combustion-derived toxi-
cants, including a significant number of free radicals.
These account for the onset, maintenance, and progression
of several diseases characterized by an altered inflamma-
tory profile.! In this context, the effect of cigarette smoke
on ocular diseases has been so far poorly characterized. To
this regard, the conjunctival mucosa is extremely sensitive
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to toxicants.? In particular, tobacco combustion byprod-
uct lead to mild conjunctival redness and excessive tear-
ing, and trigger the conjunctival-free nerve endings, caus-
ing uncomfortable sensations such as stinging, burning, and
prickling.> Smoking is also linked to various eye patholog-
ical conditions such as glaucoma, suggesting that smoking
may contribute to increase intraocular pressure.? Further-
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more, smoking is a known risk factor for age-related macu-
lar disease (AMD), a leading cause for severe vision impair-
ment. Smoking may indeed exacerbate AMD through various
mechanisms, such as promoting ocular vascular remodeling
and increasing oxidative stress, two factors ultimately trig-
gering retinal damage.> Other conditions such as cataracts
and dry eye syndrome have been linked to cigarette smoke.
Smokers have a notably higher risk of developing nuclear
cataracts or alteration of the tear film, eventually trigger-
ing vision impairment.®” Finally, smoking contributes to
ischemic diseases, increasing the risk of thrombosis and
atherosclerosis, which can adversely affect ocular health.
Atherosclerotic plaques, as the ones accumulating during
acute anterjor ischemic optic neuropathy (AION) pathogene-
sis, exacerbate indeed retinal ischemic events.® These condi-
tions might lead to vision loss, underscoring the detrimental
effects of smoking on eye health. Quitting smoking can miti-
gate these risks, aligning the health outcomes closer to those
of non-smokers. However, the number of smokers who are
willing or able to quit is relatively low, and therefore other
approaches are necessary to prevent or reduce the risk of
ocular complications in heavy smokers.”

In recent years, products that do not require combus-
tion to deliver nicotine, such as heated tobacco products
(HTPs), are increasingly replacing conventional cigarettes
worldwide. Compared to traditional cigarettes, these alter-
natives significantly reduce exposure to harmful chemical
constituents such as phenol, formaldehyde, and acrolein.!®
For this reason, combustion-free nicotine delivery systems
are being considered for smoking harm reduction.!!
However, despite the benefits provided by them, concerns
have been raised involving HTPs impact on Graves’ orbitopa-
thy and dry eye diseases, shading a light on the harmful
impact of these devices.'?!3 Therefore, the aim of this work
is to assess the impact of cigarette combustion and HTPs
on corneal tissue by using standard and clinically relevant
conditions.

MATERIAL AND METHODS
Smoke Exposure

The 1RGF reference cigarettes (Center for Tobacco Refer-
ence Products, University of Kentucky, Lexington, KY, USA)
were used for smoke exposure. These cigarettes have been
reported to produce 46.8 mg TPM, 29.1 mg tar, and 1.896 mg
nicotine per cigarette smoked after HCI regime (Center for
Tobacco Reference Products, University of Kentucky; 2018).
Cigarettes were conditioned at 22°C + 1°C and 60% + 3%
of relative humidity for at least 48 hours according to ISO
3402:1999 guidelines. LM1 smoking machine (Borgwaldt
KC GmbH, Hamburg, Germany) was used to smoke two
puffs of 1RGF cigarette after HCI regime, which ensures a
55 mL, two-second duration bell-shape profile, puff every
30 seconds with filter vent blocked. The number of puffs
for 1R6OF or HTP derives from our previous experiments to
obtain comparable amount of nicotine with a clinically rele-
vant concentration.'* Vapor exposure was carried out using
an HTP, IQOS Lumia (Philip Morris Products, Stamford, CT,
USA). Terea “Sienna Selection” was used for IQOS Lumia.
Vapor exposure was performed using LM4E vaping machine
(Borgwaldt KC GmbH). IQOS Lumia was vaped using modi-
fied HCI regime without blocking the filter vents, to avoid
the device overheating, for two. The ENDS product batteries
were fully charged before use.'*
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Cornea Isolation and Air-Liquid Interface
Exposure

After ethical committee approval (Azienda Ospedaliero-
Universitaria  Policlinico “G.Rodolico-San Marco”, n.
83/2023/PO), Human corneal tissues were obtained from
cornea donors employed for Descemet stripping automated
endothelial keratoplasty. For their surgical use, tissues had
to be transplanted within six days upon removal from
the donor. Before transplantation the tissues were stored
in Iscove’s modified Dulbecco’s medium (no. 51471C;
Sigma-Aldrich Corp., St. Louis, MO, USA) at the temperature
of 20°C to 31°C. Corneal tissue, obtained from the outer
corneal layer described above, was exposed to smok-
ing/vaping aerosol at air-liquid interface (ALD). Membranes
were placed on 12 mm Transwells inserts (Corning Incor-
porated, Corning, NY, USA), and three inserts two inserts
per test product were transitioned to the exposure chamber
with 20 mL of PBS in the basal compartment. This exposure
method is the most physiologically relevant for epithelial
cell lines exposing them to all fractions and components
of smoke/vapor.l> Moreover, 1 negative control consists
of 1 seeded insert without apical media (AIR) in the
incubator.

Histopathological Analysis

Corneal tissue was formalin-fixed, paraffin-embedded and
treated for histological examination using a standard
method.’® Two pathologists (R.C. and G.B.) separately eval-
uated all histological slides, blinded to sample identity.
Histological features were assessed on 5 pm-thick sections
stained with hematoxylin and eosin (H&E) as previously
described."”

Extracellular Reactive Oxygen Species (ROS)
Evaluation

Upon air-liquid interface exposure, corneal tissue was left
in fresh media at 37°C, 5% CO; for 24 hours. Upon this
time, the media was collected and spun in a centrifuge to
avoid any residue to influence the analysis. Therefore the
media was collected and incubated, avoiding light expo-
sure, for 30 minutes at 37 °C with 2’,7'-Dichlorofluorescein
acetate 10mM (no. 35848; Sigma-Aldrich Corp.). After this
time, fluorescence intensity (Aex = 505 nm; Aey, = 526 nm)
was assessed by using Synergy HT (Bio-Tek, Winooski, VT,
USA).

QPCR

Gene expression on cornea was assayed by quantitative
PCR. For this purpose, Corneal sections were dissolved in
TRIzol (Thermo Fisher Scientific, Waltham, MA, USA). There-
fore RNA extraction was performed by chemical separation
as previously described.'® The corresponding cDNA was
obtained by using High-Capacity cDNA Reverse Transcrip-
tion Kit (no. 4368814; Thermo Fisher Scientific) according
to manufacturer’s protocol. Gene expression was analyzed
using Brilliant IIT Ultra-Fast SYBR Green QPCR Master Mix
(Agilent Technologies, Winooski, VT, USA) and Rotor-Gene
Q 2plex (Qiagen, Hilden, Germany). For each sample, the
relative expression level of the mRNA of interest was deter-
mined by comparison with the control housekeeping ribo-
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TasLe. List of the Primers Used for qPCR

Gene Forward Primer Reverse Primer

GST AAGTTCCAGGACGGAGACCT GCTGGTCCTTCCCATAGAGC
HMOX-1 TGTTGGAGCCACTCTGTTCC GCTCAAAAACCACCCCAACC
1L18 ATGATGGCTTATTACAGTGGCAA GTCGGAGATTCGTAGCTGGA
IL6 GAAAGCAGCAAAGAGGCACT TTTCACCAGGCAAGTCTCCT
PTGS2 CTGGCGCTCAGCCATACAG CGCACTTATACTGGTCAAATCCC
TGFB CGTCTGCTGAGGCTCAAGT CGCCAGGAATTGTTGCTGTA
18S CTTAGAGGGACAAGTGGCG ACGCTGAGCCAGTCAGTGTA

somal RNA 18S using the 2744¢t method. Primers used for
this assay are reported in the Table.

Sample Preparation for Proteomic Analysis

The cornea tissue was homogenized in RIPA buffer for
60 seconds using an Ultra-Turrax homogenizer (Janke
and Kunkel, Staufen, Germany) set at maximum speed
(24,000 rpm). The protein content was precipitated with
prechilled acetone (—20°C) for 30 minutes. After centrifu-
gation (10,0009), the pellet was resuspended in 8M urea,
and the protein content was quantified using the BCA
assay. The protein sulthydryl groups were reduced with
1.6 mM dithiothreitol and alkylated with 7 mM iodoac-
etamide. The samples were diluted with 50 mM NH4;HCOj to
a final urea concentration of 0.8 M; the protein content was
digested with trypsin at 37°C for 16 hours (enzyme ratio
1:50 w/w). The resulting samples were analyzed by liquid
chromatography-mass spectrometry.

Analysis of Tryptic Digests by Liquid
Chromatography-Mass Spectrometry

Hydrolytic peptides were analyzed using a UHPLC system
(Dionex UltiMate 3000 RSLCnano; Thermo Fisher Scientific)
coupled with an Orbitrap Fusion Tribrid mass spectrom-
eter (Q-OT-qIT) (Thermo Fisher Scientific). The samples
obtained by in-solution tryptic digestion were diluted with a
5% aqueous FA solution. Peptides were eluted on a PepMap
RSLC C18 column (EASYSpray, 75 pm x 50 cm, 2 um,
100 A; Thermo Fisher Scientific) and separated by elution
at a flow rate of 0.250 yuL/min, at 40°C, with a linear gradi-
ent of solvent B (CH;CN + 0.1% FA) in solvent A (H,O +
0.1% FA). The eluted peptides were ionized by nanospray
(Easy-spray ion source; Thermo Fisher Scientific) using a
capillary temperature and voltage set to 275°C and 1.7
kV, respectively. Peptide precursor scans in the m/z range
of 400-1600 were performed with a resolution of 120,000
(200 m/z) with an AGC target for Orbitrap detection of 4.0
x 10° and a maximum injection time of 50 ms. Tandem
mass spectrometry (MS/MS) spectra were acquired using
a normalized collision energy (HCD) of 35. The dynamic
exclusion duration was set to 60 seconds with a toler-
ance of 10 ppm around the selected precursor and its
isotopes. The AGC target values and maximum injection
time (ms) for MS/MS spectra were 1.0 X 10* and 100,
respectively. The mass spectrometer was calibrated using
the Pierce LTQ Velos ESI positive ion calibration solu-
tion (Thermo Fisher Scientific). MS data acquisition was
performed using Xcalibur software v. 3.0.63 (Thermo Fisher
Scientific).

Mass spectra were analyzed using MaxQuant software
(version 2.5.1.0). The initial maximum allowed mass devi-
ation was set to 6 ppm for monoisotopic precursor ions
and 0.5 Da for MS/MS peaks. The enzyme specificity was
set to trypsin, defined as C-terminal to arginine and lysine,
excluding proline, with a maximum of two missed cleav-
ages allowed. Carbamidomethylcysteine was set as a fixed
modification, while N-terminal acetylation and methionine
oxidation were set as variable modifications. Spectra were
analyzed using the Andromeda search engine against the
homo sapiens Uniprot sequence database. Quantification
in MaxQuant was performed using the integrated label-
free quantification algorithm based on extracted ion chro-
matograms and using fast label-free quantification. The false
discovery rate was set to 1% at the peptide level and 1% at
the protein level, with a minimum peptide length of seven
amino acids required. Statistical analyses were performed
using Perseus software (version 2.1.3). Only proteins that
were present and quantified in at least two out of three
technical replicates were considered positively identified in a
sample and used for statistical analyses. The protein-protein
interaction network was performed using the STRING (https:
//string-db.org).

Cell Culture and Air Liquid Interface Exposure

Immortalized human corneal epithelial cells (HCEC)
(P10863-1M; Innoprot, Bizkaia, Spain) were cultured with
endothelial cell medium (P60104; Innoprot) according
to manufacturer’s instruction. Statens Seruminstitut Rabbit
Cornea cells (SIRC) (CCL-60; ATCC, Milan, Italy) were
cultured in minimum essential medium (Thermo Fisher
Scientific) supplemented with 10% fetal bovine serum
(Thermo Fisher Scientific), 1% penicillin/streptomycin cock-
tail (ThermoFisher Scientific) and 1% nonessential amino
acids (Thermo Fisher Scientific). Cells were passaged every
two to three days by using trypsin 1x (Thermo Fisher Scien-
tific) and maintained at 5% CO,, 37°C.

Subsequently, SIRC were used as in vitro model to test
smoke damage. When the 80% confluency was reached,
the apical medium was removed from each insert and two
inserts per test product were transitioned to the exposure
chamber with 20 mL of PBS in the basal compartment to
perform the ALI exposure. A negative control, consisting of
one seeded insert without apical media (air) in the incubator
was also included.

Scratch Assay

Scratch assay was performed as already described.!® Briefly,
cells were seeded in 24-well inserts and cultured until
confluence. At this stage, cells were exposed either to
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tobacco or heated-tobacco smoke using the ALI exposure
method. Cell culture was scraped with a 10 pL micropipette
tip. Wound closure was detected at 0, 24, 48, and 72 hours
using Cytell cell imaging system (Imsol, Preston, UK). The
uncovered wound area was measured and quantified at
different intervals with ImageJ v1.37 (NIH, Bethesda, MD,
USA).

Statistical Analysis

Statistical analysis was performed using Prism Software, for
comparison of # > 3 groups, one-way or two-way ANOVA
with Holm-Sidak post hoc test for multiple comparisons
were used where appropriate (GraphPad Software Inc., San
Diego, CA, USA; RRID: rid_000081). Data are expressed as
mean £ SD, unless otherwise stated. For all statistical tests,
P values < 0.05 were considered statistically significant.
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RESULTS

Cigarette Smoke Exposure Impairs Corneal
Integrity

Smoking exposes epithelial tissues to several chemicals
impairing tissue structure.!” Therefore we sought to assess
the integrity of corneal tissue 24 hours after smoke expo-
sure. For these purpose tissues were stained with H&E to
assess the integrity of the cornea epithelium after air, HTP,
and 1RGF exposure. Interestingly, our data (Fig. 1) showed
no evident signs of damage after air or HTP exposure.
By contrast, cornea exposed to 1RGF, exhibited a significa-
tive damage on the epithelial (E) but not on stromal (S)
layer of the tissue and alterations of the extracellular matrix
(Fig. 1). These data show that conventional cigarette smoke
might hamper epithelial corneal cells structure on corneal
tissue.
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FiGure 1.

Cornea characterization. H&E staining for corneal epithelia. Image has been labeled marking stroma (S) and epithelium (E)

Representative images showing corneal morphology after air, HTP, and 1RGF exposure. Images are representative of four different replicates.
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FIGURE 2.

Evaluation of oxidative stress and inflammation on four corneal tissues. (A) Assessment of ROS level on cornea after three hours’

air, HTP, and 1RGF exposure. (B-G) The qPCR evaluating IL6, IL1B, TGFB, HMOX1, PTGS2, and GSTP1 expression on 24 hours’ exposure
to air, HTP, and 1RGF. Images are representative of four biological replicates. (*P < 0.05; **P < 0.01; **P < 0.001; ***P < 0.0001).

Cornea Epithelium Exhibits Increased Oxidative
Stress After HTP and 1RGF Exposure

The observed damage on epithelial cells might be driven
by the several chemicals contained in smoking, eventually
triggering oxidative stress on epithelial cells. Therefore we
assessed the level of ROS released in the extracellular media
of corneal tissue 24 hours after air, HTP, and 1R6F expo-
sure (Fig. 2). Interestingly, after 1ROF exposure we observed
an increased ROS concentration in comparison to air and
HTP exposure (Fig. 2A). Therefore, to further confirm the
oxidative stress triggered by 1RGF exposure, we sought also
to assess the expression of different genes involved in the
oxidative stress signaling cascade. Interestingly, qQPCR anal-
ysis showed an increase in the expression of interleukin-6
(IL6), Interleukin-18 (IL1B); Tumor growth factor-g (TGFB),

heme-oxygenase 1 (HMOX1), prostaglandin-endoperoxide
synthase 2 after 24 hours’ 1RGF exposure compared to air
and HTP counterparts (Figs. 2B-F). Of note, we also detected
a marked decreased expression of glutathione S-transferase
pi 1 (GSTP1) after both HTP and 1R6F exposure (Fig. 2G).
Therefore these data show that 1RGF exposure significantly
increase cornea oxidative stress and the inflammatory status.

Proteomic Analysis Demonstrates a Different
Oxidation Pattern After HTP and 1RGF Exposure

The chemical and physical boost coming from both the
HTP and 1RG6F exposure may somehow affect the proteome
homeostasis. To monitor differently expressed proteins Gf
any) upon the treatment of corneal tissue with HTP and
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network for HTP (C) and 1R6F (D) exclusively oxidized proteins (FC > 5; adjusted P < 0.01). (E) Gene ontology annotation on biological
properties of the main exclusively oxidized proteins detected for treatment with HTP and 1RGF. Images are representative of four biological

replicates.

1ROF, we used a proteomic approach based on MS. As
many as 524 proteins were identified in all the samples
analyzed. Volcano plots (Supplementary Fig. S1) show
that there are no differentially expressed proteins; this
means that the proteomic pattern of tissues exposed to
air does not significantly change when the cornea samples
were treated with the HTPs vapor or the cigarette smoke.
Smoke and vapor from HTPs or conventional cigarettes also
harbor a plethora of highly unstable free radicals even-
tually enhancing ROS levels, which might be responsible
for the post-translational modifications (PTMs) of several

proteins. Oxidation, nitration, citrullination, carbamylation
and glycosylation are some of the PTMs mainly induced
by conventional cigarettes. Oxidation is the most significant
process among them, because it can affect several amino
acid residues (His, Tyr, Trp, Cys, Met) and involves various
other biological substrates. Therefore we sought to monitor
the oxidation of all the proteins previously detected. One
hundred twenty-nine out of 524 proteins are oxidized in
the sample coming from control tissues (Fig. 3A). Interest-
ingly, such a value increases to reach 186 or 152 proteins
when cornea is exposed to HTP or 1ROF, respectively. A
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Ficure 4. The 1ROF exposure impairs epithelial cell wound closure ability. (A) Wound healing assay on HCEC following ALI exposure to air,
HTP and 1ROF. Images are representative of four time points 0, 24, 48, and 72 hours. (B) Wound healing assay on SIRC after ALI exposure
to air, HTP and 1RGF. Images are representative of three time points 0, 24, and 48 hours. (C) Quantification of wound closure percentage
on HCEC and (D) SIRC exposed to air, HTP and 1R6F. (**P < 0.01; ***P < 0.0001).

detailed analysis of the protein sequence at the oxida-
tion site shows that methionine is the only amino acid
residue affected by oxidation under our experimental condi-
tions (Fig. 3B). Moreover, the frequency distribution of all
the other residues located in the proximity of the oxida-
tion site plainly excludes the presence of any consensus
sequence. Our data also reveal 18, 61, and 29 differently
oxidized proteins exclusively affected by air, HTP and 1R6F,
respectively (Fig. 3A). Moreover, 11 proteins were commonly
oxidized by air and HTP, whereas nine were oxidized by
both air and 1RGF (Fig. 3A). Furthermore, 91 proteins were
oxidized by all three experimental conditions, whereas 23
were oxidized by HTP and 1RGF (Fig. 3A).

To investigate the groups of proteins exclusively oxidized
in the air, HTP and 1RG6F samples, we therefore performed
a network analysis. The oxidized proteins from air do not
show a specific network cluster (Supplementary Fig. S2).
On the other hand, the output coming from the HTP-
treated sample reveals a peculiar cluster of proteins oxidized
(Fig. 3C) which mostly differs from that originated by the
proteins oxidized in the 1ROF sample (Figs. 3D, 3E). With
our data taken together, we showed that both HTP and
1RGF profoundly change the oxidation pattern of corneal
epithelia.

The 1RGF and HTP Exposure Impair Human and
Rabbit Corneal Epithelial Cells Wound Healing

Given the evidence collected on corneal tissues we sought to
assess the impact of HTP and 1RGF exposure on two differ-
ent in vitro models of human and rabbit corneal epithelial

cells. Therefore we performed a scratch assay to evaluate
how air, HTP, and 1RGF affect cell proliferation (Figs. 4A, 4B).
Measuring the wound closure percentage on HCEC we
observed a complete closure upon 72 hours for cells exposed
to air and HTP. Interestingly, 1R6F-exposed cells were not
able to close the wound (Fig. 4C). Once exposed to air and
HTP, SIRC completely closed the wound in 48 hours. The
1RG6F-exposed cells, on the other hand, were not able to close
the wound at this time point (Fig. 4 D). Overall, these data
show that 1RGF exposure impairs wound healing ability of
HCEC and SIRC.

DiscussIoN

Tobacco smoke harbors a complex mixture of different
chemicals, eventually being responsible for the oxidative
stress characterizing smokers.?® As a consequence, smoke
has been associated to several pathologies characterized by
an enhanced inflammatory response.?! Among them, several
ocular diseases have been linked to the toxic effects of
smoke exposure on corneal epithelium, in turn triggering an
inflammatory and oxidative stress response.?? In the latest
years, novel devices named HTPs, emerged as a poten-
tial alternative to conventional cigarettes, eventually reduc-
ing the exposure to cigarettes’ harmful chemical compo-
nents.!! Therefore HTPs emerged as a combustion-free nico-
tine delivery system considered for smoking harm reduction,
in turn also releasing an aerosol expected to be much less
toxic for the eye.!! To investigate this aspect, we explored the
impact of conventional cigarettes and HTPs on the cornea
by using standard and clinically relevant conditions.
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By H&E staining we detected significant damage to
human corneal epithelial cells after conventional cigarette
exposure, characterized by a significant spall of the outer
area of the cornea itself. This outcome might be related to
the large amount of oxidative chemicals in cigarettes, which
have been extensively reported to lead to severe tissue
damage.?® In particular, cigarette smoke has been described
as a major risk factor for pulmonary fibrosis through a
mechanism involving alterations in alveolar epithelial cells,
eventually becoming more permeable, decreasing surfac-
tant production, and misregulating inflammatory cytokines
and growth factor production.?* Further insight highlighted
the mechanisms of such an issue as relying on neutrophils
and monocytes, which, once activated, impair tissue archi-
tecture by degradative enzymes derived from such inflam-
matory cells.?> Inflammation and oxidative stress, there-
fore, are two of the main issue associated to smoke, which
might also be responsible for tissue damage.?*> Corrobo-
rating this, our data show a significative enhancement of
ROS concentration following 1RGF exposure, supported by
an increased expression of IL6, IL1B, TGFB, HMOX1, and
PTGS2, but not of GSTP1, in turn decreased upon expo-
sure to conventional cigarettes. These outcomes are relat-
able to the different works characterizing issues associated
to cigarette smoke and claiming a significative number of
highly unstable free radicals increasing ROS production and
therefore leading to an enhancement of oxidative stress and
inflammation."2%:2 Corroborating our analysis it has been
also reported that inflammatory and oxidative markers as
IL6, IL1B, TGFB, HMOX1 and PTGS2 are upregulated by
conventional cigarette in different models.?’3° Interestingly,
GSTP1 downregulation has been associated to be induced
following a dramatic increase in ROS concentration as the
one we observed following 1RGF exposition.*! Of note, the
same trend was not evidenced for HTP, which did not
alter IL6, IL1B, TGFB, HMOXI1, and PTGS2 expression of
those markers. Interestingly, prolonged inflammation in the
cornea is associated with persistent epithelial defect, even-
tually linking tabagism with an increased risk of eye-related
diseases.>? The increased oxidative stress might also lead to
post-translational modifications, eventually affecting several
pathways which might impair corneal homeostasis. The MS-
based proteomic investigation after 1RGF and HTP expo-
sure revealed several proteins differently oxidized by HTP
and conventional cigarettes. Of note, the oxidized proteins
from air do not show a specific network cluster meaning
that the oxidation process might have an unspecific origin,
like the natural propensity of methionine to be oxidized
during the sample treatment. The oxidation induced by
HTP, on the other hand, mainly addresses proteins linked
to the tubulin and myosin networks HTP, whereas 1RGF
mainly affects the oxidation of collagen chains and extracel-
lular protein components. Interestingly, it has been reported
that, once oxidized, collagen network impairs connective
tissue, an event usually associated to aging and eventu-
ally supporting the results we observed by H&E staining.*’
On the other hand, we found tubulin, myosin and actin
among the proteins oxidized by HTP, an outcome related
to cytoskeleton rearrangement.3* Interestingly, further func-
tional approach aiming to provide the outcomes given by
protein oxidation on their functionality would be the gold
standard to dissect the impact of cigarette smoke and HTPs
impact on corneal proteome. Moreover, we also assayed the
impact of conventional cigarettes and HTP on an in vitro
model of rabbit epithelial corneal cells. The detection of
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wound closure after the exposition unveiled a similar trend
for human and rabbit corneal epithelial cells exposed to air
or HTP, whereas 1RGF-exposed cells were impaired in their
ability of closing the wound. The impairment in wound heal-
ing might be relatable to the significant amount of ROS trig-
gered by 1RGF exposition, as corroborated by the in vivo
data obtained on a model zebrafish (Danio Rerio) larva.®
Therefore the stress induced by cigarettes might also impair
cell proliferation and their ability in closing the wound.
Our data, based on two different experimental models,
demonstrated using standard and clinically relevant condi-
tions that smoking has to be accounted as a risk factor
for epithelial cornea related diseases. Smoke might indeed
trigger chronic inflammation, delaying wound healing and
exacerbating dry eye syndrome by reducing tear production
and damaging the ocular surface. Furthermore, chemicals in
tobacco smoke can harm the corneal epithelium and impair
its function.® Corroborating this, we show here that conven-
tional cigarettes enhance oxidative stress, in turn oxidizing
several proteins downstream. As a result, the epithelium
undergoes a significative damage, showing also a marked
grade of inflammation. In this context, even if HTP might
represent a valuable alternative to conventional cigarettes,
both the smoking approaches are oxidative stress induc-
ers that an in-deep proteomic investigation of PTMs clearly
revealed. This is the reason why quitting smoke remains the
most reliable strategy to avoid smoke-related complications.
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